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Thirty-four years ago, the first edition of the Manual of Clinical Problems in Pulmonary Medicine 
was published. Inspired by the talented and enthusiastic members of a relatively new Pulmonary 
Division at the University of California Medical School, San Diego (founded in 1968), the 
Manual emphasized the importance of clear and rational approaches to clinical challenges. 
Subsequent editions, while acknowledging the “half-life of truth” in clinical medicine, contin-
ued to integrate essential fact with well-researched expert opinion and provided an annotated 
bibliography emphasizing the path to understanding the current “state of the art.” Despite the 
enormous changes in every facet of health technology, the Manual’s focus on the clinician has 
remained constant. It has been an invaluable resource for physicians of all skill levels who were 
faced with a wide variety of pulmonary problems.

Now in its seventh edition, we have endeavored to provide clinicians with concise, clear, and 
practical essays on topics that are highly relevant to specific situations. The chapters are modeled 
after collegial conversations, consultations, and teaching sessions, rather than an encyclopedic 
compendium.

The current edition is divided into three sections. The first section is an up-to-date  overview 
of the various resources and procedures available to the pulmonary physician. The second 
 section, which is a new one for the Manual, describes common clinical presentations of respira-
tory disorders. It emphasizes how the subtleties inherent to respiratory complaints might guide 
the formulation of differential diagnoses as well as the initiation of treatment. The last, and 
largest, section contains state-of-the-art information about specific pulmonary disorders.

The editors express their heartfelt appreciation to the faculty, fellows, alumni, and friends 
of the UCSD Division of Pulmonary and Critical Care Medicine for the many hours they 
spent authoring these chapters. We are especially grateful to our pulmonary colleagues at the 
Naval Medical Center San Diego (“Balboa”), who came through in a clutch with their superbly 
 written chapters.

We hope you enjoy reading these chapters as much as we enjoyed authoring and editing 
them.

Timothy A. Morris
Andrew L. Ries

Richard A. Bordow

Preface
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1

Chest radiography provides noninvasive information about patient anatomy and pathology, 
and is invaluable in the assessment of lung, pleural, mediastinal, cardiovascular, and chest wall 
diseases. Wilhelm Roentgen discovered x-rays in 1895 and until recently the traditional radio-
graphic assessment employed a cassette or dedicated chest unit with intensifying screens to re-
cord the x-ray image, and lightboxes to view the films. This has largely been supplanted by 
electronic imaging, computer manipulation, wide area network distribution, and viewing on 
computer workstations.

Effective use of imaging modalities in general and of chest radiography in particular depends 
upon integrating clinical information with the imaging findings. A request for a chest radiograph 
should convey specific information and questions to the radiologist to get the most useful in-
terpretation. Comparison studies and supplementary views can complement the interpretation 
of an abnormal radiograph. Knowledge of the limitations, costs, and relative radiation risks are 
important issues to consider.

TECHNIQUE
Standard chest radiographs are made at a 6-ft or 2-m distance (from x-ray tube focus to image 
detector), in frontal, usually posteroanterior (PA) and left lateral projections (left side against the 
image detector). The patient is instructed to take and hold a maximal inspiration. The image de-
tector should have a wide dynamic range and a high sensitivity, in order to display multiple shades 
of gray and limit the required radiation dose. Using kilovoltage between 120 and 140  kilovolt peak 
(kVp) makes it possible to display normal anatomy and pathologic findings of the mediastinum 
and chest wall in tandem with findings in the lungs on the same image. During interpretation of 
the image, the radiologist can change the window level and window width (contrast and bright-
ness) on the fly and enhance the visibility of different structures on the chest radiograph. A fixed 
grid is used to absorb x-ray scatter, which otherwise would degrade the quality of the image.

Portable or bedside examinations account for a large proportion of chest radiographs, despite 
their greater cost and diminished quality. They are more difficult to interpret because of shallow 
inspiration, which crowds normal structures together to simulate lung parenchymal abnormali-
ties, and lower kilovoltage technique, which can result in overexposed lungs and an underpen-
etrated mediastinum. Because of the apical lordotic projection of the x-ray beam in bedridden 
patients, the diaphragm obscures a considerable portion of the lower lobes. Antilordotic projec-
tion distorts the configuration of the chest as well. The anteroposterior projection and short 
tube-cassette distance geometrically magnify the cardiac silhouette, which obscures part of the 
lungs. On supine radiographs, pleural effusions and pneumothorax are more difficult to detect. 
It is important to avoid overinterpretation of bedside studies, particularly those of poor quality.

Radiographic Evaluation 
of Lung Disease
Paul Stark
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Fluoroscopy of the chest serves mainly as a guide to special procedures or as a means of local-
izing a lesion seen on only one radiographic view. However, diaphragmatic paralysis,  mediastinal 
shift resulting from air trapping, or tracheobronchial collapse can be detected with fluoros-
copy by observing these structures dynamically in deep inspiration, in deep expiration, during 
 coughing, and with sniffing maneuvers.

SUPPLEMENTAL RADIOGRAPHIC STUDIES
In the past, apical lordotic views were used to assess lesions obscured by the clavicle and first rib. 
In practice, lordotic views are confusing and should be avoided. The pulmonary apices can be ade-
quately visualized with frontal, high kilovolt peak techniques and with oblique chest radiographs.

Oblique views were used formerly to assess cardiac chambers, but are now useful mainly 
to provide additional tangential projections of the pleura, as in screening for asbestos pleural 
plaques. Localization of pulmonary nodules and differentiation of lung from chest wall pathol-
ogy can be facilitated. Oblique views can be useful when abnormalities are located in the costo-
phrenic sulcus or superimposed on the hilar regions. The tracheobronchial tree is best seen on 
the left anterior oblique projection, since it is unobscured by the thoracic spine. As mentioned, 
the contralateral oblique views provide the best display of the pulmonary apices: the left anterior 
oblique view for the right apex and the right anterior oblique view for the left apex.

The lung bases are better visualized on supine views of the abdomen due to better penetra-
tion and more favorable orientation of the central x-ray beam. Antilordotic chest radiographs 
can be utilized in bedridden patients to enhance the visibility of the lung bases.

Lateral decubitus views have a variety of uses. In the case of pleural disease, they have a dual 
function: to show that an effusion is mobile (not loculated or organized) by layering when it 
is dependent, and to reveal whether the otherwise obscured lung expands normally when it is 
nondependent. The decubitus view is named according to the dependent side. The study is often 
misused to see whether large effusions are mobile (or layer out). Additional studies like computed 
tomography (CT) scanning or ultrasonography are better tools to guide the drainage of such 
 effusions and to determine the optimal site for insertion of needles or tubes.

In the bedridden patient, gas–liquid levels in lung abscesses or pleural pockets can be best 
demonstrated with the decubitus position, because it requires a horizontal x-ray beam to show a 
gas–liquid level. This position is also effective for the detection of pneumothorax on the nonde-
pendent side in patients who cannot assume the upright position. The decubitus position allows 
assessment of diaphragmatic mobility by inducing expansion of the lung on the nondependent 
side, even in uncooperative patients.

Frontal chest radiography in the prone, recumbent position is an examination that expands 
the posterior lung and shifts pleural effusions, resulting in unobstructed views of the lung base.

Traditionally, an expiratory image has been used to detect a small pneumothorax, because 
the trapped pleural gas will appear larger in a smaller hemithorax. This procedure is not recom-
mended for several reasons: (1) a pneumothorax so small as to be visible only on an expiratory 
study is not clinically relevant; (2) prospective studies have shown that virtually every pneu-
mothorax detected on expiratory images can be identified as well on an accompanying inspira-
tory study; and (3) the expiratory examination cannot be compared with prior or subsequent 
inspiratory studies to see whether the patient is getting better or worse. A pair of inspiratory and 
expiratory chest radiographies can test for mediastinal shift or detect subtle findings caused by air 
trapping. Similarly, a forced expiration, or Valsalva maneuver, will cause a reduction in the size 
of systemic veins compared to an inspiratory study, and can be used to help distinguish venous 
vascular structures from enlarged lymph nodes or other solid lesions and may be useful in the 
detection of large airway collapse as seen in tracheomalacia.

DIGITAL CHEST RADIOGRAPHY
Traditionally, the pattern of x-rays that emerges from the body was captured by intensifying screens 
whose light directly exposed the film. The developed film negative was then displayed, viewed, 
and interpreted on a light box. The film itself had three functions: detection, display, and storage.

In 1980, storage phosphor plates were introduced. They are composed of barium halide 
(Br, J, F) doped with europium. Storage phosphor plates receive and store the x-ray image, which 
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is then decoded by a laser reader which generates an electronic output. CR, or computed radiogra-
phy, has virtually replaced conventional film and has separated the detection, display, and storage 
functions, previously unified by conventional film. Today, in most institutions, digitized images 
are read on the video screen of dedicated workstations (soft copies). Detail resolution has improved 
such that it is now comparable to conventional radiography. Additionally, the wide latitude of CR 
leads to a marked reduction in over- or underpenetrated images. CR is most useful for bedside 
imaging, where the benefits of consistent image quality (by avoiding the frequent under- and over-
exposure of conventional films) outweighs the lower spatial resolution of CR.

In the radiology department and in ambulatory settings, dedicated chest units are used. 
 Earlier machines utilize direct digital radiography which employs an electrically charged 
 selenium drum with an electrometer for readout. More recently, flat panel radiography with 
a phosphor composed of cesium iodide that emits light after interaction with incident x-rays 
is utilized. The emitted light activates a light-sensitive thin film transistor (TFT) composed 
of a silicon photodiode matrix that generates electrical charges which are ultimately converted 
into shades of gray by a processor. The processed image is eventually sent to a picture archiving 
and communication system (PACS) and from there to a video workstation. This image can be 
enhanced, manipulated, zoomed, and panned during readout. Dual energy radiography allows 
for separation of high–atomic number structures (i.e., calcium) from soft tissue structures: thus 
osseous structures and soft tissues can be visually separated, facilitating the display of nodules, 
hidden by ribs or other bony structures.

PACS is an important advance that has eliminated the conventional file room. PACS allows 
for storage of digital images and their distribution throughout the entire enterprise. Retrieval of 
comparison studies is facilitated, speeding up the radiologic interpretation of current images. 
Multiple physicians can view the same image simultaneously throughout the health care enter-
prise at multiple sites. The problem of lost images has been nearly eliminated and duplication 
of images is only rarely needed.

Computer-Aided Diagnosis
Computer-aided diagnosis (CAD) refers to computerized algorithms designed for the automated 
detection of lung nodules and interstitial lung disease. Automated nodule detection can be im-
plemented as an advanced PACS application. The location of possible nodules can be indicated 
as overlays on images. Temporal subtraction techniques subtract a previous chest radiograph 
from a current chest radiograph in order to enhance interval changes. These algorithms have the 
potential to improve performance and enhance diagnostic accuracy and work flow, but to date, 
have limited utility because of a high false-positive rate.

SCREENING
The exception to the concept of carefully planned radiography is the screening examination. 
Large screening surveys for tuberculosis have been shown to be ineffective with current preva-
lence rates, although institutions still use routine chest radiography for pregnant women who 
have positive tuberculin skin tests or have not been tested before delivery, for health-care  workers; 
some states require chest radiographs for teachers or food handlers. Screening radiography for 
tuberculosis can be justified in patients in whom skin tests are unreliable (e.g., those with AIDS). 
Usually, just a frontal view is sufficient, since the lateral view doesn’t contribute  additional useful 
information in this particular setting.

Screening for occupational lung disease is a well-established practice and has epidemiologic 
and clinical utility. An elaborate system of classification of pneumoconiosis-related changes in the 
lungs and pleura has been developed for the International Labor Organization (ILO). A  network 
of readers qualified by examination (so called B-readers) is maintained by the  National Institute 
of Occupational Safety and Health (NIOSH).

Screening for lung cancer has been studied extensively; its efficacy can be expressed in terms 
of cost per resectable lung cancer discovered, by decrease of disease-specific mortality in the 
population, or by a favorable stage-shift in detected cancers. The recently completed National 
Lung Cancer Screening Trial (NLST) demonstrated a 20% lung cancer mortality reduction 
in individuals after three annual screening rounds with CT compared to chest radiographic 
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screening for lung cancer during an 8-year follow-up. Whereas systematic screening of high-risk 
groups is of measurable yet still debatable utility, a routine annual chest radiography, as part of 
an annual physical examination, is of limited value. See Chapter 2 for further discussion of chest 
CT in lung cancer screening.

Another controversial screening application is the routine admission chest radiograph. 
 Patients with no history or findings related to the heart or lungs are not likely to show abnormal-
ities. Similarly, a routine preoperative screening chest radiography has low efficacy in patients 
without clinical evidence of heart or lung abnormalities, but in patients older than 60 years, the 
likelihood of confirming significant pathology increases. Preoperative radiographies can play an 
important role as reference studies in the postoperative period.

Error
Radiologic evaluation of the chest is accompanied by a significant rate of error. Studies dealing 
with detection of well-defined, predetermined abnormalities (e.g., lung cancer) have shown an 
average false-negative rate of 30% to 40%. Part of these errors of omission may be attributed 
to failure to detect lesions against the background complexity of normal anatomy or due to an 
incomplete search of the image: satisfaction of search occurs while the reader is distracted by one 
positive finding and stops investigating the image for further abnormalities.

Errors of commission occur due to mistakes in interpretation of detected abnormalities that 
are not assigned the appropriate diagnostic significance. It has been shown that the likelihood of 
reaching a correct diagnosis based on an imaging examination is enhanced by the availability of 
an appropriate clinical history and by independent double reading of relevant studies.

FURTHER READING
 1. Gurney JW, ed. Diagnostic Imaging of the Chest. Salt Lake City, UT: Amirsys; 2006.

Comprehensive review of the subject.
 2. Webb WR, Higgins CB. Thoracic Imaging: Pulmonary and Cardiovascular Radiology. Baltimore, 

MD: Lippincott, Williams & Wilkins; 2010. 
Up to date review of chest and cardiac imaging.

 3. Reed JC. Chest Radiology: Plain Film Patterns and Differential Diagnosis. Philadelphia, PA: Mosby; 2003. 
Practical approach to differential diagnosis and interpretation of chest radiographs.

 4. Milne ENC, Pistolesi M. Reading the Chest Radiograph—A Physiologic Approach. Philadelphia, PA: 
Mosby; 1993. 
Detailed review of cardiopulmonary physiology as it pertains to the interpretation of chest radiographs.

 5. Friedman PJ. Practical radiology of the hila and mediastinum. Postgrad Radiol. 1981;1:269. 
Practical approach to radiographic anatomy as it pertains to interpreting the chest radiograph.

 6. International Labour Office. Guidelines for the Use of the ILO International Classification of Radio-
graphs of Pneumoconiosis. 2000 ed. Geneva, Switzerland: International Labour Office; 2002.

 7. Korner M, Weber CH, Wirth S, et al. Advances in digital radiography: physical principles and 
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Describes computer-aided diagnosis and the value of lateral chest radiographs in tandem with the frontal 
chest radiograph, in detecting pulmonary nodules.

 9. Mendelson DS, Khilnani N, Wagner LD, et al. Preoperative chest radiography: value as a baseline 
examination for comparison. Radiology. 1987;165(2):341–343. 
Preoperative chest radiographs may have an important role to play when used as reference films for 
postoperative imaging.

10. Eisenberg RL, Pollock NR. Low yield of chest radiography in a large tuberculosis screening pro-
gram. Radiology. 2010;256(3):998–1004. 
Universal chest radiography in a large pre-employment TB screening program was of low yield in 
 detection of active TB.
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Lung ventilation and perfusion (V·/Q· ) scanning is a powerful tool for assessing regional 
 pulmonary blood flow and ventilation. Its most common application is for diagnosing pulmo-
nary embolism, strongly suggested by a focal perfusion defect without a matching ventilation 
defect. Although contrast-enhanced computed tomographic (CT) scanning is becoming more 
popular for this purpose, nuclear medicine lung scanning remains the most affordable, reliable, 
and noninvasive diagnostic option for pulmonary embolism. In addition, V·/Q·  scanning has 
unique diagnostic properties that make it useful in several other clinical situations.

Perfusion scans are performed after injection of the radioisotope technetium-99m (99mTc), 
incorporated into particles of macroaggregated albumin (MAA) or human albumin microspheres 
(HAM). A typical dose of 99mTc MAA for a Q scan contains 100,000 particles and 37 to 148 
MBq (1–4 mCi) of radioactivity. Because the individual particles are larger than the pulmonary 
capillary lumen, they become trapped in the lungs on the “first pass.” The focal 99 Tc radioactiv-
ity intensity therefore reflects the proportional distribution (but not the absolute amount) of 
blood flow to each lung region. The temporary capillary obstruction from the particles is harm-
less, as only 0.3% of the capillaries are affected and the albumin particles disintegrate by 8 hours.

Because the distribution of pulmonary blood flow is gravity-dependent, the radioisotope 
ideally should be injected half in the supine and half in the prone position. Injecting in the 
sitting or standing position can lead to artifactual apical “defects” on the scan. Optimally, the 
perfusion scan should include at least six views: anterior, posterior, right and left lateral, and two 
oblique views.

Ventilation scanning can be performed with several different radiopharmaceuticals, either as 
a gas or as an aerosol. The most commonly used isotopic gas is xenon-133 (133Xe). For ventila-
tion scans, 133Xe is mixed with air or with a suitable concentration of oxygen to obtain a dose of 
approximately 185 MBq/L (5 mCi/L). After several deep breaths of air, the patient is connected 
to a shielded spirometer containing the radioactive gas. Usually, an initial breath is taken to 
total lung capacity and recorded (single-breath scan). Next, the patient breathes tidally while 
the distribution of gas is recorded (wash-in phase). After the concentration of radioactivity has 
equilibrated between the patient’s lung and spirometer (equilibrium phase), the patient resumes 
breathing room air (washout phase). Retention of the gas locally during the washout phase is 
the most sensitive finding for detecting ventilation abnormalities; this phase should be used for 
interpretation.

Aerosolized radiolabeled particles have become popular alternative agents for ventilation 
scans. The most widely used of these is 99mTc DTPA. Because it is an aerosol rather than a 
gas, 99mTc DTPA distribution is determined by the mass and inertial properties of the aerosol 
particles as well as by the patterns of regional ventilation. Turbulent airflow in large airways can 
lead to deposition on bronchial walls, causing localized “hot spots” that complicate scan inter-
pretation. Although they have some practical advantages, some ventilation scans performed with 
aerosolized 99 Tc particles yield different results than 133Xe scans. Pertechnegas, consisting of 
very small (<1 μm) aerosolized 99mTc-labeled carbon particles, avoids some of the disadvantages 
inherent in other radiolabeled particle ventilation scans. The small Pertechnegas particles travel 
to the alveoli without being deposited on airway walls. Thus, there is less residual radioactivity 
superimposed on the perfusion images. It is yet to be determined whether the theoretical advan-
tages of Pertechnegas will translate into improved diagnostic accuracy over more conventional 
(and less expensive) methods.

While cost and efficiency considerations have led to widespread use of aerosols, at UCSD, 
we prefer 133Xe for diagnostic ventilation studies. In addition to the more physiologic image of 
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ventilation, there are practical advantages to this method. Because of the much larger dose of 
xenon gas (740 MBq) compared to 99mTc-MAA (148 MBq), the (133Xe) ventilation scan can fol-
low the (99Tc) perfusion scan without significant degradation of the ventilation images. In this 
sequential technique, the ventilation scan can be performed in the view that optimally displays 
the perfusion defects; also, a normal perfusion scan makes ventilation scanning unnecessary, 
minimizing scanning cost and radiation exposure. Finally, aerosols do not provide a washout 
phase, and that phase has additional diagnostic value in several clinical contexts.

The major application of perfusion and ventilation scans has been to exclude or confirm the 
diagnosis of pulmonary embolism. Multiple clinical trials defining the sensitivity and specific-
ity of lung scans for pulmonary embolism have concluded that the perfusion and ventilation 
tests should be considered separately. Interpreted alone, the sensitivity of the perfusion scan is 
 extremely high. Indeed, a normal perfusion scan excludes the diagnosis of clinically significant 
embolism, and outcome studies have shown that withholding treatment in patients with a nor-
mal scan (and no venous thrombosis) is safe. However, abnormal perfusion scans are nonspe-
cific. To enhance specificity, three key features should be considered: (1) the size of the perfusion 
defect, (2) matching chest x-ray findings, and, if necessary, (3) corresponding ventilation scan 
findings (comprising a ventilation/perfusion, or V·/Q·  scan). If the perfusion defects are in areas 
with infiltrates by chest radiograph or if all defects are subsegmental in size, the study is nondi-
agnostic, and ventilation scanning will add little of diagnostic value. If one or more defects are 
segmental or larger, without corresponding chest x-ray findings, a ventilation scan is done. If the 
areas with perfusion defect(s) ventilate normally, the scan is diagnostic for pulmonary arterial 
occlusion. If they ventilate abnormally, the scan is nondiagnostic.

Unfortunately, a large proportion of patients tested for possible pulmonary embolism will 
have nondiagnostic V·/Q·  scans. Depending on the patient population being investigated, 10% 
to 20% of scans will disclose normal perfusion and another 15% to 20% will be diagnostic of 
acute pulmonary embolism; the remainder will be nondiagnostic. Nondiagnostic studies, how-
ever, are associated with a significant incidence of embolism. Calling such nondiagnostic studies 
“intermediate” or “low” probability may, unfortunately, lull the physician into complacency that 
pulmonary embolism is not present.

In patients with acute symptoms, the V·/Q·  scan indicating “pulmonary arterial obstruction” 
means acute pulmonary embolism in the overwhelming majority of patients. However, any 
process that blocks blood flow through the pulmonary arteries can produce this pattern. Among 
such processes are chronic pulmonary thromboembolic disease (where the obstruction is due, at 
least in part, to fibroblastic organization of a once-active thrombus), Takayasu’s arteritis, fibros-
ing mediastinitis, primary tumors of the pulmonary arteries, pulmonary artery agenesis, and, 
rarely, invasion or compression of pulmonary arteries by tumors or other mediastinal compo-
nents (e.g., aorta, lymph nodes).

Another application of V· /Q·  scans is in the quantitative measurement of lung function in 
the presurgical assessment of a patient with limited lung reserve. For example, in a patient 
considered for lung resection for cancer or bronchiectasis or for bullectomy, the lung scan 
provides important regional information that spirometry and other function tests cannot. 
Specifically, it can define whether the proposed area of resection/bullectomy is a major con-
tributor to the patient’s overall ventilation and pulmonary blood flow. In these situations, it 
is helpful to perform “quantitative” scans, in which the proportion of counts from various 
lung regions (relative to the entire lung) are measured to determine their contribution to the 
total lung ventilation and perfusion. If, for example, a right lower lobe site of bronchiectasis 
is poorly ventilated and barely perfused, its removal won’t significantly impair gas exchange 
function; indeed, it may even improve it. If, however, the lobe carries a large percentage of 
the total blood flow, its resection may have serious hemodynamic and gas exchange conse-
quences. Thus, quantitative V· /Q·  scans provide topographic data that, along with indica-
tors of global function such as spirometry, help complete the pulmonary assessment of the 
 surgical candidate.

V·/Q·  scanning also offers a means of noninvasively differentiating primary pulmonary 
 hypertension (PPH) from large-vessel, chronic thromboembolic pulmonary hypertension 
(CTEPH). In PPH, perfusion scans are normal or demonstrate a “mottled” appearance; whereas 
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in CTEPH, multiple, segmental or larger perfusion defects are invariably present. It should be 
noted, however, that the Q·  scan results in CTEPH often significantly underestimate the actual 
degree of angiographic obstruction. Patients with unexplained pulmonary hypertension and one 
or more segmental perfusion defects should undergo further workup, especially if the perfusion 
defects are mismatched (see Chapter 66).

Modern nuclear medicine imaging hardware and processing software can generate three- 
dimensional tomographic images (single photon emission computerized tomography, or SPECT 
scans) of the lungs. Compared to conventional planar V·/Q·  imaging, SPECT V·/Q·  scans provide 
higher image contrast, which results in higher sensitivity and reduced nondiagnostic interpreta-
tions of ventilation/perfusion. In addition, the three-dimensional images improve anatomical lo-
calization and correlation of ventilation and perfusion defects. Parametric images of V·/Q·  ratios, 
coregistered images with diagnostic chest CT scans, and fusion images from hybrid SPECT/CT 
scanners are newer technologies that will provide simultaneous physiologic and anatomic images 
for research and (eventually) clinical use.

Radioisotope techniques using thrombus-specific targeting agents have also been used, or 
are under study, for the detection of venous thrombi and pulmonary emboli. The prototype 
of such approaches, radiolabeled fibrinogen (RLF), is no longer available, but was of great 
value in prior epidemiologic studies of deep venous thrombosis. Of potentially greater diag-
nostic value are radiolabeled antibodies and other radiolabeled agents with high affinity for 
fibrin, platelet receptors, and other components of active thrombi. Radiolabeled antifibrin 
antibodies, for example, bind to sites on the surface of acute thrombi and allow them to be 
detected by gamma camera imaging. An important advantage these agents may have over 
other imaging modalities is the ability to distinguish acute thrombi from other causes of vas-
cular obstruction. For example, intravascular “scars” in the deep veins or pulmonary arteries 
resulting from prior (inactive) thromboembolic disease may be confused with acute thrombi 
on more conventional “anatomic” tests, such as ultrasound imaging, V· /Q·  scanning, helical 
CT, and even contrast angiography. However, radiolabeled antibodies will bind to vascular 
lesions only if biological components of thrombosis are present. In addition, because the 
antibodies bind equally well to both deep vein thrombi and pulmonary emboli, both lesions 
may be imaged with a single test.

Gallium-67 (67Ga) lung scanning has limited usefulness in pulmonary medicine. After intra-
venous injection, 67Ga accumulates in tissues with increased metabolic activity (e.g., neoplasm, 
inflammation). Although capable of detecting roentgenographically inapparent foci of disease, 
the clinical application of 67Ga scanning is limited by its nonspecificity. Certain “niches” for 
67Ga lung scanning are still used by some clinicians. For example, in sarcoidosis, 67Ga scanning 
is frequently positive and is used in some centers to follow the progression of this condition. 
Whether 67Ga scanning can predict functional deterioration or response to therapy more accu-
rately than do more standard tests (e.g., chest roentgenogram, spirometry) remains inconclusive.

Finally, radiolabeled white blood cells have been used widely to detect the presence of 
 abscesses in the lungs and solid organs. The technique is imprecise and typically used only if 
other means of diagnosing infection have failed.
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22. Soler X, Hoh CK, Test VJ, et al. Single photon emission computed tomography in chronic throm-
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References 22 and 23 emphasize that SPECT V/Q is an accurate method of detecting perfusion defects 
in patients with CTEPH.

3 Pulmonary Function 
testing
Timothy A. Morris

The pulmonary function laboratory is an invaluable resource for diagnosis and management of 
patients with respiratory disorders. Pulmonary function tests (PFTs) are best interpreted using 
the same approach employed for a physical examination: the pattern of findings yields the most 
clinically useful information, rather than any one particular value. PFTs have a variety of clinical 
uses, including characterizing the type and degree of respiratory dysfunction (even when it is 
clinically undetected) and diagnosing disease associated with a particular pattern of dysfunc-
tion. PFTs can quantify objectively the physiologic severity of disease, to help monitor disease 
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progression and gauge the impact of therapeutic intervention. The accuracy of PFTs and the 
clinical utility of the results depend on (1) the technical and clinical expertise of the personnel 
performing and interpreting the studies, (2) the quality of the equipment, (3) the application of 
consistent and validated testing techniques, (4) the precision of the data collection and reduc-
tion, and (5) the selection of appropriate normal predictive data.

Abnormal PFT values are identified in each subject with the use of individualized normal 
ranges, which are based on empirically derived regression equations that take into account pa-
rameters such as age, height, and sex. For some PFT values, weight, race, and altitude of the 
laboratory should also be considered. Published series for predicted normal values are numerous 
(see Table 3-1).

For many PFT parameters such as vital capacity (VC) and the forced expiratory volume in the 
first second (FEV1), predictive values calculated from equations from different published studies 
are generally similar. For other tests (e.g., single-breath diffusing capacity for carbon monox-
ide [Dlco], instantaneous maximal expiratory flows, partial pressure of oxygen in arterial blood 
[Pao2]), predictive values derived from different equations can differ significantly. For such pa-
rameters, it is important that each laboratory evaluates its testing methodology and choice of pre-
dicted values by comparing measured values in normal subjects (n 5 10–20) with the predicted 
ones. If more normal subjects than expected have test results outside normal limits, then both the 
testing methodology and choice of predictive values need to be reevaluated. The optimal predic-
tion equations can then be identified from the study that produces the lowest sum of residuals.

Predicted values for some pulmonary function parameters differ by race. Optimal correction 
factors are controversial and not well defined. For African Americans, the ATS recommends 
reducing Caucasian predicted values for VC, total lung capacity (TLC), and FEV1 by 12%. 
Predictive values for residual volume (RV), functional residual capacity (FRC), and instanta-
neous flows (e.g., forced expiratory flow [FEF], 50%) are reduced by 7%. For Asians, the issue 
of race correction is more complex and is affected by the individual’s geographical (and hence 
nutritional) history.

The clinical significance of abnormal PFT results for an individual patient requires an ap-
preciation of the lower limits of normal. Although the mean plus or minus 1.96 times SD (two-
tailed t test, P < .05) is a commonly used statistical criterion for normally distributed data, the 
mean minus 1.65 times SD (one-tailed t test, P < .05) is a more appropriate limit of normal when 
extreme values in one direction are not considered to be clinically abnormal (e.g., high flow rates 
or VC). For parameters in which the data are not distributed normally, the lower limits must 
be defined either by normalizing the regression equation or by observing the actual upper and 
lower percentile values taken from a large population. Identification of the limits of normal for 
a specific patient is best accomplished using computer-developed reports that derive the normal 
limits for each measured parameter from its corresponding prediction equation. As a rule of 
thumb, approximate lower limits of normal for some parameters (95th percentile) are presented 

Test References

Spirometry 6, 7, 10
Flow–volume 8
Lung volumes (RV, FRC, TLC) 9, 10, 22
Dlco 13, 14
Pao2, Paco2, pH 12
MIP/MEP 11

RV, residual volume; FRC, functional residual capacity; TLC, total lung capacity; Dlco, carbon monoxide, 
diffusing  capacity; Pao2, arterial oxygen  tension; Paco2, partial pressure of carbon dioxide in arterial blood; 
MIP, maximum inspiratory pressure; MEP, maximum expiratory pressure.

TABLE 3-1  Suggested References for Normal Values
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in Table 3-2. It should be noted that, despite rigorous efforts to predict optimal normal values, 
a relatively wide range of normal is still found for most PFT parameters. Hence, the most useful 
“normal values” in an individual patient are baseline measurements made when the patient was 
free of disease.

Individual results from patients with mild disease can widely overlap the range of predicted 
normal values. For this reason, it is best to interpret such borderline results as reflecting either 
mild disease or a variant of normal function (low-normal). Such findings are best interpreted in 
the context of other complimentary PFT results and clinical data. They may suggest the need for 
further testing if clinically indicated.

Selection of the appropriate PFTs to perform in each patient is essential for obtaining the 
maximal clinical information without unnecessary use of healthcare resources. The clinical situ-
ation being evaluated should guide the selection from among the wide variety of PFTs available. 
A survey of the available tests and their potential applications follows.

Spirometry is used to characterize the pattern of inspiratory and expiratory flow (Fig. 3-1) 
and to measure certain lung volumes (e.g., VC, FEV1, expiratory reserve volume, inspiratory 
capacity, and tidal volume). Spirometry alone can often differentiate obstructive from restrictive 
pulmonary disorders by measuring VC, FEV1, and expiratory flow rates. In obstructive disor-
ders, spirometry demonstrates a decrease in flow rates and a normal or decreased VC (Fig. 3-2). 
If the VC is decreased, however, further testing is often necessary to determine if the defect is 
attributable to obstruction alone. Asthma, chronic bronchitis, and emphysema are the most 
common obstructive diseases. Obstruction can also result from a localized lesion (e.g., a tumor, 
foreign body, granulation tissue, or scarring) anywhere in the tracheobronchial tree.

Restrictive defects typically reduce the TLC, VC, or both. They can be due to a large variety 
of disorders that reflect five basic pathophysiologic categories (summarized by the mnemonic 
PAINT): Pleural disease, Alveolar, Interstitial, Neuromuscular weakness involving ventilatory 
muscles, and Thoracic cage abnormalities (e.g., kyphoscoliosis, obesity).

In restrictive disease, spirometry demonstrates a decrease in VC and normal or increased 
ratio of FEV1 to forced vital capacity (FVC). Flow rates may be reduced solely because of the 
reduction of absolute lung volumes in the absence of any identifiable causes of obstructive airway 
disease (Fig. 3-3). Spirometry alone, however, cannot identify the presence of restriction when a 
patient has combined obstructive and restrictive disorders; in such patients, direct measurements 
of TLC are needed to identify, characterize, and quantify the restriction.

The FEV1 is the most reproducible flow parameter and is particularly useful in diagnos-
ing and monitoring response to therapy in patients with obstructive disease. The FEV1 as the 
percent of the predicted value (FEV1 %pred) has been recommended as a means of grading the 
severity of ventilatory disease, using somewhat arbitrary threshold values for each gradation. 

Parameter Limits of Normal (% Predicted)

VC, FVC 75
FRC 70, 130
RV 65, 135
TLC 80, 120
FEV1 75
FEV1/FVC (%) 85
FEF 25/75 65
MIP 65

VC, vital capacity; FVC, forced vital capacity; FRC, functional residual capacity; RV, residual volume; TLC, 
total lung capacity; FEV1, one-second forced expiratory volume; FEF, forced expiratory flow; MIP, maximum 
inspiratory pressure.

TABLE 3-2   Approximate Upper and Lower Limits of Normal  
at the Fifth Percentile Level
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The FEV1 %pred corresponds reasonably well to disease severity in patients with chronic ob-
structive pulmonary disease (COPD) (see Chapter 64) and is endorsed for this purpose by the 
American Thoracic Society/European Respiratory Society (ATS/ERS) guidelines as well as the 
Global Initiative for Chronic Obstructive Lung Disease (GOLD). Although the ATS/ERS 
guidelines also endorse the FEV1 %pred to grade the severity of restrictive diseases, there is less 

Figure 3-1. Illustration of the measurement of forced vital capacity and maximal inspiratory and 
expiratory flow parameters in a normal subject, displayed as a flow–volume curve (top) or a volume–
time curve (bottom).
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evidence to support that recommendation. A wide variety of diseases fall into the category of 
restriction, with many different manifestations and natural histories that may not be consistently 
quantified by reductions in FEV1 %pred. Patients with combined restriction and obstruction 
pose an additional challenge of rating the severity of each component. In those cases, adjustment 
of the FEV1 %pred by the TLC %pred may help grade the severity of the obstruction.

The FEF measured during expiration of 25% to 75% of the VC (FEF25%–75%), also called 
the maximum mid-expiratory flow rate, can be decreased in diseases of the small airways that are 
manifested by dynamic airway compression during exhalation. The FEF25%–75% may be more 
sensitive than the FEV1 in detecting mild dysfunction of the small airways. However, other 
types of lung defects may also lower the FEF25%–75%, and the clinical significance of an isolated 
finding of decreased FEF25%–75% is uncertain. The wide range of normal values for FEF25%–75% 
and related instantaneous flows such as FEF50% and FEF75% also limit the clinical usefulness of 
these parameters.

In an effort to obviate the need for prolonged forced expiration in patients with obstruc-
tive lung disease, the FEV expired in the first 6.0 seconds (FEV6) has been proposed as a sur-
rogate for FVC. Analyses indicate that the FEV1/FEV6 is comparable to the FEV1/FVC ratio 
for identifying obstructive lung disease, is reasonably comparable to FVC for diagnosing re-
strictive disease, and that its reproducibility is superior to FVC. Volume-based flow parameters 
(e.g., FEF 25% –75%), however, may differ significantly if based on the FEV6 rather than the FVC, 
necessitating new reference values based on the FEV6.

Spirometry performed before and after exercise is useful for confirming the diagnosis of 
exercise-induced asthma. In patients undergoing evaluation for hypersensitivity lung disease 
(bronchospastic or restrictive), physiologic testing after inhalation of cholinergic agents or of the 
suspected antigenic material is often useful in identifying a specific cause. In addition to serial 
measurements of VC and expiratory flow rates, it is often useful to monitor other pulmonary 
measurements, such as airway resistance, specific conductance, and lung volume increases.

In contrast to the volume–time graph, the flow–volume loop (Figs. 3-1, 3-3, and 3-4) dis-
plays flow rates in relation to lung volume during maximum inspiration from RV and maximum 
expiration from TLC. The principal advantage of the flow–volume loop is that the relationship 
between flows and lung volume is more readily recognized. Common obstructive diseases such 
as asthma and COPD manifest markedly decelerating flows as the lung volumes decrease during 
exhalation. A hyperbolic-appearing concave shape to the expiratory portion of the flow–volume 
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Figure 3-3. Examples of flow–volume curves in obstructive and restrictive disease, compared to 
a normal subject. Although it represents data from the same respiratory maneuver as the standard 
volume–time plot, the flow–volume loop provides a more graphic demonstration of the relationship 
between flow rates and lung volumes. Although flow rates referenced to forced vital capacity are lower 
than normal in the patient with restriction, when referenced to the absolute lung volumes, the flows 
are actually higher than in a normal subject.
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curve represents this phenomenon (Fig. 3-3). Although marked blunting of peak flows and the 
resultant square loop shape of flow–volume curves are commonly taught to be characteristic of 
localized upper airway obstruction (e.g., tracheal stenosis), it is important to note that these are 
relatively insensitive signs of localized obstruction and usually signify severe localized airway 
narrowing (Fig. 3-4).

The “absolute” lung volumes are typically evaluated at three specific respiratory states: 
TLC (the volume after maximal use of the inspiratory muscles), RV (the volume after maximal 
use of the expiratory muscles), and FRC (the “resting volume” during minimal use of the ven-
tilatory musculature) (Fig. 3-3). Gas dilution (or washout) techniques, body plethysmogra-
phy, and radiographic planimetry can be used to measure lung volumes directly or indirectly. 
Although all three techniques give comparable results in normal subjects, this is frequently 
not the case in patients with lung disease. Gas dilution techniques (e.g., helium dilution, 
nitrogen washout) are the most commonly available methods for measuring absolute lung vol-
ume, but often underestimate the true TLC in patients with obstructive disease. Because they 
measure only the lung volume that communicates freely with all air spaces within the lungs, 
poorly ventilated lung regions (such as the superior regions in typical COPD patients) can 
be largely underrepresented. Body plethysmography measures the compressible gas volume 
within the thorax and gives more accurate TLC measurements in COPD, although  under 
some conditions plethysmography may overestimate lung volumes in patients with severe 
 obstruction. TLC can also be measured from conventional posteroanterior chest radiographs 
using planimetric or ellipsoid techniques; although averages of radiographic volumes from 
groups of normal subjects have shown remarkable correspondence to plethysmographically 
measured TLC, the accuracy of the measurements in individual patients can limit the clinical 
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Figure 3-4. Effects of different degrees of tracheal obstruction on flow–volume loops. Prior to treat-
ment, a patient with a tracheal web displays a squared loop, characteristic of localized fixed obstruction 
of central airways. After partial treatment, the stenosis is difficult to appreciate from the flow–volume 
loop, despite residual stenosis resulting in a tracheal diameter of 9 mm. The stenosis is even more dif-
ficult to appreciate on volume–time displays (not shown).
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usefulness of these measurements to serial studies. In patients with severe reduction in lung 
volumes from space-occupying abnormalities, radiographic TLC can be significantly larger 
than plethysmographic measurements. Assuming the patient has made an adequate effort (an 
often overlooked assumption), a reduced TLC indicates the presence of a restrictive disorder.

Measurements of Dlco by either the single-breath or the steady-state method are relatively 
sensitive, albeit nonspecific, indicators of respiratory dysfunction and loss of alveolar–capillary 
surface area. Decreases in the single-breath Dlco correlate well with loss of lung tissue second-
ary to emphysema; however, in contrast to the steady-state method, the single-breath method 
occasionally gives false-negative results. Because of the wide range of normal values, both the 
single-breath and steady-state techniques are of limited use for early detection of emphysema. 
The Dlco is also reduced in a variety of restrictive diseases involving the lung parenchyma, such 
as sarcoidosis, interstitial fibrosis, and drug toxicity. It can also be low in pulmonary vascular 
diseases such as pulmonary emboli; hence, the specificity of the abnormal Dlco is low. The 
test may be most useful in the evaluation of a patient complaining of dyspnea who has normal 
spirometry and arterial blood gases. In such patients, a low Dlco strongly suggests the presence 
of significant lung disease, although a normal Dlco does not exclude the presence of disease. 
Recent data also indicate that serial measurements of Dlco are useful in treating patients with 
Goodpasture syndrome, in which an occult pulmonary hemorrhage is mirrored by an increase 
in Dlco.

Maximum inspiratory pressure (MIP) is determined during maximum inspiratory effort 
against a closed system, usually at RV, while maximum expiratory pressure (MEP) is typically 
measured at TLC. MIP and MEP are useful direct tests of respiratory muscle strength in patients 
with suspected neuromuscular disease or in those with dyspnea, restricted lung volumes, and an 
absence of parenchymal or thoracic cage abnormalities on chest roentgenograms. Measurement 
of MIP and MEP is nonspecific in that it cannot distinguish among lack of effort, muscle weak-
ness or dysfunction, and neural disease. Nonetheless, the test is useful for following the course 
of the disease. Tests to assess respiratory muscle fatigue have improved but are too complex for 
widespread clinical use. The contributions of respiratory muscle fatigue to dyspnea and respira-
tory failure remain poorly defined.

Exercise testing is useful for diagnosis and assessment of dysfunction in patients with lung 
and heart disease (see Chapter 4). Its measured parameters include respiratory rate and tidal 
volumes, arterial blood gases, expired gas concentrations, and, frequently, heart rate and blood 
pressure. Abnormalities in gas exchange (e.g., hypoxemia or hypercapnia) can occur in patients 
who are normal at rest. Exercise testing can be valuable in detecting lung disease, assessing the 
impact on exercise, establishing the need for supplementary oxygen, and assessing the impact of 
therapy, including rehabilitation programs for patients with chronic lung diseases.

Assessments of changes in FRC and flow limitation of tidal volumes during exercise can 
help to identify causes of dyspnea during exercise and exercise limitation not otherwise detected 
during conventional exercise testing. Such testing is currently available in relatively few cen-
ters, and its clinical usefulness remains to be fully defined. Assessing changes in tidal breathing 
flow–volume curves during the application of negative pressures can be useful also in identifying 
patients for whom airway collapse may play an important role in the genesis of dyspnea at rest 
or during exercise.

Pulse oximeters expand the ability to monitor arterial oxygenation in a variety of situations 
(e.g., during general anesthesia or bronchoscopy and in intensive care units). However, the abso-
lute accuracy of these devices for measuring oxygen saturation (±3%–5%) limits their usefulness 
when accurate assessments of oxygenation are needed (e.g., prescribing long-term ambulatory 
oxygen therapy, detecting changes in arterial oxygenation with exercise).

Causes of hypoxemia include hypoventilation, diffusion abnormalities, ventilation– 
perfusion mismatches, right-to-left shunts, and decreased oxygen in inspired gases. Gas exchange 
abnormalities leading to hypoxemia and hypercapnia occur as a result of (1) wasted ventilation, 
when lung units are ventilated but not perfused, (2) shunted pulmonary blood flow, when lung 
units are perfused but not ventilated, and, more commonly, (3) other less extreme forms of 
ventilation–perfusion mismatch. The alveolar–arterial oxygen difference (P[A−a]o2) estimates 
the degree of shunt and low mismatch. More specific tests are available to quantify and define 
the topography of such mismatching within the lungs. Wasted ventilation can be calculated 
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by determining the dead space ratio (dead space per unit of tidal ventilation) using the Bohr 
equation:

V̇D
5

Paco2 − Peco2

V̇T Paco2

where Peco2 is the end-tidal expiratory concentration of carbon dioxide and Paco2 is the arterial 
carbon dioxide concentration. An elevated dead space ratio (>0.45), in the absence of restrictive 
or obstructive lung disease, may suggest pulmonary vascular disease.

The degree of right to left shunt can be assessed by determining the arterial oxygen tension 
(Pao2) while the patient breathes 100% oxygen; this technique does not distinguish between in-
tracardiac and intrapulmonary shunts. A Pao2 of less than 550 mmHg suggests the presence of a 
shunt. However, resorptive atelectasis induced by breathing 100% oxygen for prolonged periods 
of time may convert areas of low oxygen into areas of temporary shunting. Quantitative informa-
tion regarding the spectrum of mismatch can be derived by elegant but complicated multiple in-
ert gas methods, which remain a tool of the research laboratory. The topography of relationships 
can be displayed in a semiquantitative fashion by ventilation and perfusion scintiphotography.

The importance of disturbances of respiration during sleep has been increasingly recognized. 
Comprehensive sleep studies, including electromyographically and electroencephalographically 
defined stages of sleep and arousals, are important for understanding the relationship between dis-
turbances of respiration and sleep, daytime fatigue, and excessive daytime sleepiness. The increas-
ing availability of miniaturized, portable multichannel recorders provide a much less- expensive 
option for the detection of nocturnal desaturation, alterations in inspiratory airflow and ventila-
tory effort, and cardiac arrhythmias that may occur only during sleep (see Chapter 81).
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4 Exercise
Andrew L. Ries

Exercise is a physiologic stimulus that stresses the body’s capability to increase metabolic activity 
and gas transport in response to higher work demand. Diseases that adversely impact cardio-
pulmonary organ function and limit respiratory reserves may produce exertional symptoms not 
present at rest. Dyspnea on exertion is among the most common complaints leading patients to 
seek medical advice. Because dyspnea is a subjective symptom, with multiple potential origins, 
evaluation during exercise is useful in reproducing a patient’s symptoms and characterizing the 
physiologic responses. Exercise testing should be used for evaluating patients complaining of 
exercise limitation and may have several objectives:

 1. Measure an individual’s work capacity (e.g., to guide exercise training, follow the course of 
disease, prognostic indicator of risk)

 2. Assess the factors limiting exercise tolerance (e.g., evaluate unexplained dyspnea, assess re-
spiratory disability)

 3. Evaluate changes in gas exchange with physical activity (e.g., detect exercise-induced hypox-
emia, prescribe supplemental oxygen)

 4. Evaluate exercise-induced bronchospasm/asthma (e.g., assess changes with disease or the 
effects of therapeutic interventions)

There are differences in the physiologic principles and appropriate techniques used for ex-
ercise testing of different populations, such as normal individuals, cardiac patients, and patients 
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with pulmonary disease. These differences reflect the reason(s) for exercise limitation in each 
of these groups. Therefore, to be safe and informative, exercise testing should be planned with 
consideration of these limiting factors.

In the normal individual, maximum exercise capacity is limited by the level to which car-
diac output can be elevated to meet the metabolic demands of the muscle and by the ability of 
the muscles to generate sufficient metabolic energy. No limitations are imposed by ventilatory 
reserves or pulmonary gas exchange in healthy persons, except with extreme exercise levels in 
trained athletes.

In normal subjects, low-level exercise results in an increase in cardiac output (primarily due to 
an increase in heart rate), widening of the arterial-mixed venous oxygen difference (a−vo2), and 
increase in oxygen consumption (V·o2) and carbon dioxide production (V·co2). Minute ventila-
tion increases sufficiently to maintain the alveolar ventilation at a level sufficient to remove all the 
carbon dioxide produced; therefore, the Paco2 remains normal. The P(a−a)o2 gradient may de-
crease slightly with exercise because of improvement in ventilation–perfusion (V·/Q· ) relationships 
as pulmonary blood flow increases and pulmonary perfusion becomes more evenly distributed.

As the exercise level is increased further, the blood flow to the exercising muscles ultimately 
becomes inadequate to provide sufficient oxygen to maintain pure aerobic metabolism. At that 
point, anaerobic glycolytic metabolism occurs (anaerobic threshold). Lactic acid enters the ve-
nous circulation, is buffered by bicarbonate, and an additional amount of carbon dioxide is pro-
duced. In response to this nonoxidative carbon dioxide production, minute ventilation (V·e) rises 
disproportionately to the V·o2—a signal that the anaerobic threshold has been reached. At higher 
exercise levels, lactic acidosis decreases the pH level sufficiently to drive V·e higher, out of propor-
tion to carbon dioxide production, causing a fall in Paco2. This classic sequence of response to 
exercise has been characterized carefully in normal subjects. For example, at lower “aerobic” levels 
of exercise, the physiologic variables reflecting increased metabolic demand are related closely, 
e.g., V·o2, V

·co2, V
·e, heart rate, cardiac output, and a-vo2. The patterns of physiologic response to 

exercise stress can be used to detect abnormalities in patients with cardiac or pulmonary dysfunc-
tion. In patients with left ventricular failure and reduced stroke volume, for instance, the heart 
rate increases and the a-vo2 difference widens more at a given level of V·o2 than in normal subjects.

In many patients with lung diseases, the classic physiologic pattern of exercise limitation 
described in normals does not occur because pulmonary patients generally are not limited by 
cardiac output but, rather, by ventilatory limitations, pulmonary gas exchange compromise, or 
both. Recent evidence suggests that peripheral muscle dysfunction also may contribute to the 
limitations in maximum exercise tolerance in patients with chronic lung disease. Ventilatory lim-
itations are imposed by factors such as disordered respiratory mechanics, an increase in the work 
of breathing, disturbances of V·/Q·  relationships (e.g., large dead space ventilation), and respira-
tory muscle fatigue. Recent work emphasizes the important role of dynamic hyperinflation in 
end-tidal lung volume in patients with chronic obstructive pulmonary disease (COPD) as a cause 
of exertional dyspnea and exercise limitation. Gas exchange limitations may be a consequence 
of alveolar hypoventilation, shunting, and right heart failure, or V·/Q·  mismatch. Because the 
limitation to exercise in many pulmonary patients is not of hemodynamic origin, the use of heart 
rate, for example, to guide “maximum exercise” or training targets is often not useful. Further-
more, many patients with moderate to severe lung disease may not achieve a definable anaerobic 
threshold because they are forced by dyspnea to discontinue exercise before this point is reached.

Thus, it is characteristic in pulmonary patients for exercise limitation to occur at V·o2 and 
heart rate levels well below those predicted from nomograms developed in normal populations. 
Furthermore, to test exercise tolerance safely in pulmonary patients, it is important to monitor 
arterial oxygenation; hypoxemia is not a consequence of exercise in normal subjects, except at 
extreme levels of exertion.

The practical details of exercise testing in the pulmonary patient depend on the purpose 
for which such testing is done. For example, if the exercise testing is a prelude to developing an 
exercise training program for a patient with chronic lung disease, testing is best accomplished 
on an apparatus (e.g., treadmill) that requires exercise comparable to that used during training 
(e.g., walking). This is because muscle conditioning is most specific for the type of exercise used 
in training and may not be transferable directly to another form of exercise. For example, toler-
ance for walking is not improved by training on a supine bicycle or by arm exercises.
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The specific measurements made also depend on the purposes of the test. For instance, if 
the question relates to whether the patient requires supplemental oxygen during exercise, then 
measurement of arterial blood gases (ABGs) (or cutaneous oximetry) at rest and during exercise 
is necessary, and the exercise level should be appropriate to the patient’s daily activities. Further-
more, if arterial hypoxemia appears with exercise, the test may be repeated with supplemental 
oxygen provided at known flow rates, to ensure that the flow rate selected prevents hypoxemia.

Laboratory exercise testing is most commonly performed using either (1) rapid, progressive, 
incremental levels to a symptom-limited maximum or (2) defined steady-state levels. The former 
is most useful for determining exercise tolerance and the limitations to maximum performance. 
The latter may be preferred for assessing training prescriptions (e.g., heart rate target for endur-
ance exercise) or for accurately measuring physiologic variables requiring a steady state (e.g., 
AGSs, cardiac output, or dead space ventilation). Simpler exercise tests, such as the 6-minute 
walk test and the shuttle walk test (SWT), have been used increasingly in recent years to mea-
sure exercise tolerance outside of a laboratory setting. Timed distance walk tests measure the 
maximum distance a person can walk within a defined period (e.g., 6 minutes). In the SWT, 
the subject walks back and forth between two traffic cones placed 10 m apart on a flat course. 
The incremental SWT uses a recorded metronome to pace the walking speed, which is increased 
every minute until the subject is unable to keep up with the pace or stops because of symptoms. 
The endurance SWT measures the maximum time (up to 20 minutes) that the subject can walk 
at a constant speed, set at 85% of the maximum speed from the incremental SWT. Such field 
tests have the advantage of requiring less equipment and technical expertise; however, attention 
must be paid to the details of testing procedures because variations in factors such as the walking 
course, patient instructions, encouragement during tests, use of oxygen or monitoring devices, 
and number of tests performed will influence the results. If these tests are to be used widely, 
then better standardization of procedures is needed. Also, these tests do not provide the detailed 
physiologic data typically included in more formal laboratory exercise tests.

Two common errors in the use of exercise tests in pulmonary patients are to assume that 
(1) normal ABG values at rest obviate the need for exercise measurements and (2) one can judge 
from resting pulmonary function and ABG testing that the patient will or will not have seri-
ous gas exchange deterioration with exercise. Neither of these assumptions is correct. Also, it is 
often difficult to relate a patient’s report of dyspnea on exertion to his or her actual physiologic 
performance during exercise—not a surprising fact, as dyspnea, like pain, is a largely subjective 
sensation.

In exercise training for the pulmonary patient, another common error is to select target 
training levels that are too low. In normal subjects or cardiac patients, training levels typically 
are chosen at submaximum percentages (e.g., 60%–70%) of maximum V·o2 or heart rate. Many 
patients with chronic lung disease, however, are often ventilatory limited at low levels of exercise, 
which may be below their anaerobic threshold. Such individuals are able to sustain exercise levels 
at higher percentages of maximum (e.g., 90% or above), even though the absolute levels are low.

Exercise testing has become an increasingly important component of the diagnostic-management 
approach to the patient with pulmonary disease. Familiarity with the techniques used and with the 
utility of the data derived is essential to proper patient care.
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2. Palange P, Ward SA, Carlsen K-H, et al. Recommendations on the use of exercise testing in clinical 
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Arterial blood gas (ABG) measurements allow the assessment of pulmonary gas exchange and 
the presence and severity of acid–base disturbances. The information they provide, such as oxy-
hemoglobin saturation, arterial oxygen and carbon dioxide tension (Pao2 and Paco2), and pH 
values, is best considered in light of other relevant clinical information. Proper interpretation 
requires knowledge of the clinical state, the therapy being applied, and, frequently, other data 
such as mixed venous oxygen saturation, hemoglobin concentration, and cardiac output.

To provide accurate information, the arterial blood gas specimen must be collected, handled, 
and analyzed properly. Typically, blood from the radial artery is collected into a heparinized 
syringe by direct puncture with a 20G (or smaller) needle or, when repeated sampling is neces-
sary, an indwelling arterial catheter. Arterial catheters must be carefully monitored for local 
complications, including infection, thrombus formation, occlusion of arterial flow, and distal 
microemboli. The radial artery or (less commonly) the dorsalis pedis artery is the preferred site 
for monitoring, since the ulnar or posterior tibial arteries provide redundant circulation in case 
of arterial blood flow compromise. The brachial and femoral arteries do not have collateral arter-
ies and are less desirable, but can be used when circumstances warrant.

The ABG specimen should be collected without exposure to ambient air, usually by allowing 
arterial pressure to force blood into the syringe. Many devices have been designed specifically for 
this purpose and facilitate good sampling technique. Any bubbles introduced into the syringe 
during collection should be promptly expelled; the sample should then be mixed to ensure com-
plete anticoagulation and placed in ice water. Analysis should take place within minutes using 
an instrument system that has been recently calibrated against commercially available standards 
for each blood gas electrode (Po2, Pco2, and pH). The electrodes and sampling chambers are 
maintained at 37°C, and the results must be corrected to the patient’s body temperature if it is 
abnormal. Pao2 and Paco2 are expressed in terms of pressure, typically as mmHg or kilopascal 
(kPa) (1 torr = 1 mmHg = 7.5 kPa).

In addition to the directly measured values (oxyhemoglobin saturation, Po2, Pco2, and pH), 
ABG results often include calculated values that depend on the accurate measurement of Po2, 
Pco2, and pH. The electrodes are extremely accurate when calibrated correctly (Po2 and Pco2 ± 
2 torr, pH ± 0.01 units), and the calculated values are equally precise. The most common calcu-
lated values are the bicarbonate level, base excess or deficit, and alveolar–arterial oxygen differ-
ence. A common misconception is that the [HCO3

−] value calculated from ABG analysis (via the 
Henderson–Hasselbalch equation, described in the “Arterial pH, Bicarbonate and Acid–Base 
Homeostasis” section) is less accurate than that measured in the chemistry laboratory. With 
modern analytical techniques, the measured and calculated values rarely differ significantly, pro-
vided they are in the normal range. However, venous blood is typically measured in a chemistry 
analyzer after dissipation of the CO2, and the assumptions about the original Paco2 when the 
sample was obtained render the chemistry laboratory’s measurement less accurate in the presence 
of a respiratory disturbance. The alveolar–arterial oxygen gradient requires knowledge of the 
inspired oxygen (Fio2) and typically relies on an assumed respiratory exchange ratio (R or RER), 
which may be abnormal in disease states or non–steady state conditions (e.g., hyperventilation).

The initial evaluation of an ABG measurement should include consideration of its technical 
adequacy. A few simple rules can help: (1) Po2 above 48 is unlikely to have been collected from a 
venous sample; (2) the sum of the Pao2 and Paco2 should be less than 140 mmHg if the patient 
is breathing room air; and (3) a rapid large change in the calculated bicarbonate by more than 
5 mEq suggests an error in the Paco2 or pH, or the presence of excessive amounts of heparin (an 
acid) in the collection syringe in the absence of a primary metabolic disturbance.

Evaluation of Arterial 
Blood Gases and  
Acid–Base Homeostasis
Timothy A. Morris
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OXYGEN
The normal value of Pao2 decreases with age and is influenced by barometric pressure (Pb) and, 
therefore, by altitude. A Pao2 less than 80 mmHg is abnormal at sea level. However, the pre-
dicted value for Pao2 in Denver (where ambient barometric pressure is 625 mmHg) for a young 
person is typically about 80 mmHg and is lower for elderly persons (60–65 mmHg).

The classification of hypoxemia severity based on Pao2 is somewhat arbitrary: at sea level, 
reduced values down to 60 mmHg are usually considered mild hypoxemia; 45 to 59 mmHg, 
moderate; and below 45 mmHg, severe. The major causes of hypoxemia are (1) a decrease in 
the oxygen content of the inhaled gas (e.g., from reduced barometric pressure with altitude or a 
hypoxemic gas mixture), (2) global hypoventilation, (3) ventilation–perfusion (V·/Q· ) imbalance, 
and (4) right-to-left shunt (intrapulmonary or intracardiac). Decreased mixed venous oxygen 
content by itself, as can occur when cardiac output is severely reduced, does not typically cause 
hypoxemia directly. However, it will markedly worsen the effects of shunt or V·/Q·  imbalance 
(Table 5-1).

The first two mechanisms can be differentiated from the latter two by the calculation of the 
alveolar–arterial oxygen difference (A−a)Do2 using the simplified alveolar gas equation:

Pao2 =
 Pio2 − Paco2 (5.1)R

where R = V·co2/V
·o2 and (A−a)Do2 = Pao2 − Pao2.

The (A−a)Do2 (also known as the [A−a] gradient or the [A−a] Po2 difference) is normally 
less than 20 mmHg. Patients with hypoxemia resulting from a decreased Fio2 (e.g., altitude) or 
from hypoventilation (elevated Paco2) have a normal P(a−a)o2, whereas the other processes lead 
to a widened P(a−a)o2.

Characteristically, patients with hypoventilation or V·/Q·  mismatch show a 3- to 5-mmHg 
rise in Pao2 for each 1% increment in Fio2; those with a shunt show a less than 2-mmHg rise for 
each 1% increment in Fio2. Alternatives to the (A−a)Do2 calculation are the Pao2/Pao2 or Pao2/
Fio2 ratios; these values are easier to compute but are more highly dependent on changes in Fio2.

The Pao2 accounts for only the small amount of oxygen transported in solution in the 
plasma. The bulk of the oxygen-carrying capacity of blood resides in hemoglobin contained in 
red blood cells. The relationship between the Pao2 and hemoglobin oxygen saturation (Sao2) is 
depicted in a sigmoid-shaped oxyhemoglobin dissociation curve. At relatively high Pao2 values, 
a decrease in Pao2 corresponds to a minimal decline in Sao2. If the Pao2 drops to 60 mmHg 
(corresponding to an Sao2 of 90%), the Sao2 falls more rapidly with further drops in Pao2. For 
this reason, efforts to elevate the Pao2 much above 60 to 65 mmHg rarely provide significant 
clinical benefit in the management of hypoxemic patients. The oxyhemoglobin dissociation 
curve depends on many factors, and may change depending on clinical conditions. For example, 
the dissociation curve is shifted to the right in acidosis and to the left in alkalosis: a Pao2 of 60 
at pH of 7.30 corresponds to a saturation of 87.7%, whereas an identical Pao2 at pH of 7.50 
corresponds to an oxygen saturation of 93.4%.

The pulse oximeter is a popular and relatively low-cost method for estimating oxyhemoglo-
bin saturation. It is invaluable for monitoring patients continuously, and it can reduce the num-
ber of ABG analyses required when treating a patient on a ventilator or with respiratory failure. 

Status (A−a)Do2 Pao2/Pao2 Pao2/Fio2

Normal 5–20 .0.80 .500

Low V· /Q
·

30–50 0.65–0.70 300–450

Shunt .60 ,0.55 ,250

TABLE 5-1  Guidelines for Assessing Hypoxemia



    Chapter 5 • Evaluation of Arterial Blood Gases and Acid–Base Homeostasis    2 5

The accuracy of oximetry is reasonably good if one assumes no significant carboxyhemoglobin 
or methemoglobin. In addition, the agreement between oximetry- and ABG-derived oxyhe-
moglobin saturation is not as strong when patients are significantly hypercarbic or hypoxemic. 
 Oximetry, of course, gives no information about alveolar ventilation or about the acid–base 
status; so ABG analysis must be performed to gain information about those processes.

CARBON DIOXIDE
The Paco2 reflects the balance between carbon dioxide production and carbon dioxide elimina-
tion by ventilation. This is stated by the following equation:

Paco2 =
 k × V·co2 (5.2)

 V· a

where V·co2 = carbon dioxide production per minute, V·a = alveolar ventilation, and k is a con-
stant. If V·a decreases, Paco2 will rise (hypercapnia), whereas a rise in V·a will result in a fall in 
Paco2 (hypocapnia).

The normal range for Paco2 is 37 to 43 mmHg, regardless of age. Paco2 values of 30 to 
37 mmHg are regarded as mild hypocapnia, 26 to 29 mmHg as moderate, and below 25 mmHg 
as severe. Mild hypercapnia is in the 44- to 50-mmHg range; moderate, 51 to 60 mmHg; and 
severe, above 60 mmHg. These numbers should also be compared with baseline values, as any 
sudden change from the baseline Paco2 may portend a serious change in pulmonary function.

Hypercapnea may be further divided into conditions where the total amount of ventilation 
itself is decreased versus those in which the total ventilation is normal, but the proportion of 
ventilation resulting in gas exchange, the effective ventilation, is low. Decreased total ventilation 
may be due to disorders of the control of breathing (e.g., opiate overdose, hypothyroidism, 
brainstem strokes, etc.) or to weakness of the muscles of ventilation (e.g., myasthenia gravis, 
organophosphate poisoning, etc.). Decreased effective ventilation typically occurs in disorders 
that increase dead space ventilation (e.g., chronic obstructive airway disease).

ARTERIAL pH, BICARBONATE AND ACID–BASE HOMEOSTASIS
Two major principles of physical chemistry govern our understanding of acid–base balance. The 
first principle is that dissociation constants describe the equilibrium between a weak acid (HA) 
and its conjugate base:

HA ↔ H+ + HA−

or expressed mathematically:

KA = [H+][A−] (5.3)
 [HA]

The primary buffer in blood is the carbonate–bicarbonate base pair. Carbon dioxide is hy-
drated to carbonic acid and this dissociates to bicarbonate and [H+], according to the following 
relationship:

CO2 + H2O ↔ H2CO3 ↔ H+ + HCO3
−

 pK = 6.1 (5.4)

Mathematically, this is expressed as:

K = 
[H+][HCO3

−] 
[H2CO3]    

or, since H2CO3 is ine quilibrium with CO2,

K =
 [H+][HCO3

−]
[CO2] 

(5.5)
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Rearranging and supplying the correct constants gives the Henderson equation, whereas 
taking the negative log of each side and rearranging gives the Henderson–Hasselbalch equation:

[H+] = 
24[Pco2]  pH = 6.1 + log 

[HCO3
−]

[HCO3
−] [0.03 × Pco2] (5.6)

Henderson equation Henderson–Hasselbalch equation
The Hendersen–Hasselbalch equation is represented graphically in curve (a) of Figure 5-1 

as the inverse logarithmic relationship between Paco2 and pH when the [−HCO3] = 24 mEq/L. 
The relationship becomes much more “user-friendly” when one realizes that, within the ranges 
of pH 7.1 to 7.45, the relationship can be approximated by line (b), which has a slope of 0.08 
decrease in pH for each 10-torr increase in Paco2.

Although pH is the usual form of reporting the ABG, it may be illustrative to convert 
 logarithm-based pH units to [H+] in nanoequivalents per liter (nEq/L). A normal pH (between 
7.37 and 7.43) converts to [H+] of 43 to 37 nEq/L. A change in pH of 1 unit corresponds to a 
tenfold change in concentration, and a 0.3-unit pH change corresponds to a twofold concentra-
tion change (log[10] = 1, and log[2] = 0.3). On this basis, it is easy to construct a conversion 
table even when a scientific calculator is not available (Table 5-2). This conversion permits easier 
calculation of acid–base relationships using the simplified Henderson formula.

An elevation of blood pH (decrease in blood [H+]) is called alkalemia, whereas a decrease in 
pH (increase in [H+]) is called acidemia. A condition that leads to acidemia or alkalemia is an 
acidosis or alkalosis, respectively, but compensatory mechanisms may actually leave the patient 
with a normal pH.

THE ANION GAP
The second principle that governs acid–base homeostasis is that a solution must contain equal 
numbers of positively and negatively charged ions. For biologic systems, this can be expressed as:

a

b
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Figure 5-1. Graphical illustration of the relationship between pH and Paco2 if the [HCO3] were 
normal (24 mEq/L). The curve (a) represents the negative inverse logarithmic relationship predicted by 
the Hendersen–Hasselbalch equation (see text). The line (b) represent the portion of the relationship 
where Paco2 ranges from 30 to 80 torr, which is well approximated by a line with a slope of 0.08 pH 
decrease for every 10 torr Paco2 increase.
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Total cations − Total anions = 0, or

[Na+] + [K+] – [Cl−] – [HCO3
−] – [A−] – [Unmeasured anions] = 0

140 + 4 – 102 – 25 – 15 – 2 = 0 (5.7)

The concentration of the unmeasured anions that are normally present (e.g., So4
2− or Po4

2−) 
is only 1 to 3 mEq/L, and the [H+] concentration is so low relative to other charged species that 
it can be neglected. [A−] represents the base pairs of other weak acids in blood. These consist 
predominantly of charged amino acid residues on plasma proteins. The pK of these charged 
groups is typically 6.6 to 6.8, and so they are 90% dissociated at pH 7.4. The total concentration 
of these protein-based weak acids in blood (ATOT in mEq/L) is typically 2.4 times the protein 
concentration (g/dL). Thus:

A− = ATOT × 0.90 = [protein g/dL] × 2.4 × 0.90 (normal = 11–16) (5.8)

This equation allows calculation of [A−] and fosters an understanding of the effect of hypo-
proteinemia on its magnitude. This concept is also the basis for the more common calculation 
of the “anion gap” in which [A−] and [K+] are assumed to be constant. With that assumption, a 
shortened version of the equation is:

Anion gap = [Na+] – [CI−] – [HCO3
−] (normal range = 10–15) (5.9)

Here, increases in the anion gap above the normal range reflect the presence of unmeasured 
anions, but there is no provision for changes resulting from hypoproteinemia or for changes in 
[A−] caused by pH (which changes the dissociation state of the buffer groups). Correct estima-
tion of the amount of unmeasured anions in solution is essential, as an elevation indicates the 
presence of a metabolic acidosis.

APPROACHES TO ACIDOSES AND ALKALOSES
As noted, the hydrogen ion concentration [H+] is controlled to a very narrow concentration 
range between 10 and 100 nEq/L. To maintain the [H+] within this range, acid generation must 

Alkalemia Acidemia

pH [H+] (nEq/L) pH [H+] (nEq/L)

8.00 10 7.30   50

7.90 12.5 7.20   63

7.80 16 7.10   79

7.70 20 7.00 100

7.60 25 6.90 125

7.50 32 6.80 160

6.70 200

Normal

7.40 40

TABLE 5-2  Conversion between pH and Hydrogen Ion Concentration
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closely match acid elimination. This extremely low concentration range (six orders of magnitude 
less than that of most other electrolytes) is even more remarkable relative to those overall rates of 
acid production. More than 100 mEq of “fixed” nonvolatile acids (e.g., sulfates or phosphates) 
and approximately 13,000 mEq of volatile acid are generated daily as byproducts of metabolism. 
The kidney excretes nonvolatile acids while the lungs eliminate the volatile acid load as CO2 
(equivalent to 200 mL/minute).

Disorders that alter CO2 elimination (e.g., ventilatory changes that affect Paco2) are re-
flected in the denominator of the Henderson–Hasselbalch equation. These are referred to as 
respiratory derangements of acid–base balance. Conversely, if the excretion of fixed acids slows 
or accelerates in relationship to production, or if there is abnormal intake of acid or alkali, a 
metabolic disturbance in acid–base balance is said to develop. These changes are largely reflected 
in the numerator of the Henderson–Hasselbalch equation.

If the bicarbonate–carbonate system were the only buffer in blood, then changes in pH as a 
result of acute changes in Paco2 should not cause any change in bicarbonate levels. However, the 
presence of other blood buffers with a pK that is different from that of bicarbonate means that 
changes in pH will generate or use [H+] with a resulting small change in [HCO3

−].
The magnitude of the changes in pH and in bicarbonate as a result of acute changes in 

Paco2 can be quantified in three different ways. First, the Henderson–Hasselbalch relationship 
illustrated in Figure 5-1 can be simplified (within ranges of Paco2 30–70 torr) as an expected 
decrease in pH of 0.08 for every 10 torr increase in Paco2. A nomogram of the expected re-
lationship can also be used, or it can be estimated from prediction equations (Table 5-3). For 
example, elevation of Paco2 from 40 to 60 mmHg (an acute respiratory acidosis) produces a 
fall in pH (20 × 0.008) of 0.16 unit to 7.24 and a 2-mEq rise (0.1 × 20) in [HCO3

−]. An acute 
respiratory alkalosis, characterized by a decrease in Paco2, produces a rise in pH of the same 
magnitude as that in acute respiratory acidosis, but bicarbonate falls 0.2 mEq for every 1-mmHg 
decrease in Paco2.

The ability to predict pH and bicarbonate changes in response to ventilation is the  basis 
of the concept of “base excess” and “base deficit.” Base excess (or deficit) is the difference 
 between the measured bicarbonate and the bicarbonate level that would be predicted on the 
basis of the measured Pco2 change alone. In other words, the base excess represents the amount 
of strong acid that would have to be added to the blood to return the pH to 7.40 if the Paco2 
were 40 torr, while the base deficit (or a negative number for base excess) represents the amount 
of strong base that would have to be added. Base excess is often reported with the directly mea-
sured ABG results. While it uses essentially the same information as the Henderson–Hasselbalch 
equation, it is a useful means of estimating the metabolic processes that are present in combina-
tion with respiratory changes. However, the calculations assume normal values for electrolytes 
and serum protein that may not be valid. Thus, uncritical use of base excess or deficit values can 
lead to error.

Although a great idea of variability exists in clinical situations, the response of an other-
wise healthy person to a chronic (more than several days) change in Paco2 is compensation 
through increased elimination or retention of bicarbonate by the kidney. These compensatory 
mechanisms act to restore the pH toward, but not quite to, normal values. The magnitude of 
these compensatory metabolic changes in otherwise healthy persons are well established from 
clinical observation (Table 5-3). For every 10 mmHg elevation of Paco2 in chronic CO2 reten-
tion, bicarbonate retention results in an increase in levels by 4 mEq/L, blunting the pH change 
to 0.03 units for every 10 torr change in Paco2. With chronic hyperventilation, there is renal 
bicarbonate elimination until levels fall by 5 mEq for every 10 torr fall in Paco2 with full com-
pensation. However, it is important to keep in mind that the determination of whether a process 
can be attributed to “normal compensation” or whether it represents an independent process 
(i.e., other pathology, response to medications, etc.) is a clinical decision. An appreciation of the 
expected magnitude of compensation in normal subjects may support this clinical decision, but 
it is not a substitute for it.

Metabolic acidosis and alkalosis occur when there is a primary disturbance in the bicar-
bonate concentration of the blood. Respiratory responses occur to moderate the acidemia or 
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Respiratory Acidosis (Primary Disorder, ä Paco2; Compensation, ä [HCO3
−])

Acute Chronic

ΔpH –0.008 × ΔPco2
a –0.003 × ΔPco2

ΔH+ 0.8 × ΔPco2 0.3 × ΔPco2

ΔHCO3
− 0.1 × ΔPco2 0.4 × ΔPco2

H+ 0.8 × Pco2 + 8 0.3 × Pco2 + 27

Respiratory Alkalosis (Primary Disorder, å Paco2; Compensation, å [HCO3
−])

Acute Chronic

ΔpH –0.01 × ΔPco2
a –0.003 × ΔPco2

ΔH+ 0.75 × ΔPco2 0.3 × ΔPco2

ΔHCO3
− 0.2 × Pco2 0.5 × ΔPco2

H+ 0.75 × Pco2 + 10 0.3 × Pco2 + 28

Metabolic Acidosis (Primary Disorder, å [HCO3
−]; Compensation, å Paco2)

ΔPco2 1.1−1.3 × ΔHCO3

Pco2 1.5 × [HCO3] + 8

Pco2 Last two digits of the pH

Metabolic Alkalosis (Primary Disorder, ä [HCO3
−]; Compensation, ä Paco2)

ΔPco2 0.6–0.8 × ΔHCO3

Pco2 0.7 × [HCO3] + 21

TABLE 5-3   Predicted Changes in Response to Processes  
Causing Acidosis or Alkalosis

aApplicable for Pco2 between 40 and 80 mmHg.

alkalemia (Table 5-3). A quick rule of thumb is that the Paco2 in response to a metabolic aci-
dosis should equal the last two digits of the pH, although maximum respiratory compensation 
will only reduce the Paco2 to 12 to 15 mmHg. If significant underlying respiratory disease is 
present, adequate compensation may not occur, and the pH will be lower than anticipated. For 
example, a Paco2 of 35 mmHg in the presence of a pH of 7.20 suggests an inadequate respi-
ratory compensation caused either by underlying respiratory disease or by altered respiratory 
drive from a central nervous system (CNS) process. An individual with normal lungs would 
reduce his Paco2 to approximately 20 mmHg. Significant hypoventilation (Paco2 . 45) re-
sulting from metabolic alkalosis also occurs, but less consistently. The best “rule of thumb” in 
metabolic alkalosis is that Paco2 rises by 0.7 for every 1-mEq rise in [HCO3

−].
When independent metabolic and respiratory processes affect the pH, a mixed acid–base 

disturbance is said to exist. It is most easily recognized when both processes drive the pH in the 
same direction, so there is no confusion regarding one compensating for the other. For instance, 
during cardiac arrest, respiratory acidosis and metabolic acidosis coexist in a combined acid–base 
disturbance and result in a greater reduction in pH than expected from the Paco2 elevation 
alone. Combined metabolic and respiratory alkaloses can lead to a marked elevation of pH with 
cardiac arrhythmia, fall in cardiac output, or seizures.
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In contrast, a mixed metabolic and respiratory disturbance exists when a process leading to 
acidosis is superimposed on an alkalosis, or vice versa. These are common in clinical practice 
and tend to be a little more difficult to recognize because the pH tends to be more normal. 
For instance, patients with chronic respiratory acidosis from obstructive pulmonary disease will 
develop a compensatory metabolic alkalosis. If treated with corticosteroids or diuretics, they may 
develop a further metabolic alkalosis resulting in a normal or slightly alkalemic pH. One specific 
condition to be aware of is the mixed metabolic acidosis and respiratory alkalosis of salicylate 
intoxication. The characteristic pattern of low pH, elevated anion gap, and a lower Paco2 than 
predicted from the compensation rules points to such a diagnosis.

Common conditions leading to acid–base derangements are listed in Table 5-4. In general, 
therapy should be directed at the underlying condition and not simply at correcting the pH 
toward a normal value.

To understand fully acid–base derangements, it is valuable to use a systematic approach to 
the analyses of the ABG results (Table 5-5). Most approaches begin by identifying any respi-
ratory component to the derangement. If the entire abnormality is explained on the basis of 
acute respiratory changes, then a primary respiratory disorder is said to be present. If there is 
change in [HCO3

−] beyond that predicted for an acute respiratory disturbance, one may ask if 
the change of a magnitude appropriate to compensation for a chronic respiratory disturbance. 
Metabolic compensation that is greater than the predicted value suggests a combined acid–
base disturbance, whereas compensation that is less that the predicted range indicates either a 

Respiratory Acidosis Respiratory Alkalosis

•	 Diminished	ventilatory	drive
•	 Sedatives
•	 Central	hypoventilation	syndromes
•	 Severe	CNS	depression	or	injury
•	 Diminished	respiratory	muscle	function
•	 Guillain–Barré	syndrome
•	 Myasthenia	gravis
•	 Severe	hypokalemia
•	 Diminished	pulmonary	function
•	 Chronic	obstructive	pulmonary	disease
•	 Status	asthmaticus
•	 Severe	restrictive	disease

•	 Catastrophic	CNS	event
•	 Drug	with	direct	stimulation	of	respiration	

(salicylates, progesterone)
•	 Sepsis	(early)
•	 Cirrhosis
•	 Pregnancy	(third	trimester)
•	 Decreased	lung	compliance	(J	receptor)
•	 Anxiety

Metabolic Acidosis Metabolic Alkalosis

With normal anion “gap”
•	 GI	bicarbonate	loss
•	 Renal	tubular	acidosis
•	 Ureteral	diversion
•	 NH4Cl or HCl infusion
•	 Rehydration
•	 Hyperalimentation
•	 Compensation	for	respiratory	alkalosis	With	

elevated	anion	“gap”
•	 Ketoacidosis
•	 Lactic	acidosis
•	 Salicylate	intoxication
•	 Methanol	ingestion
•	 Ethylene	glycol	ingestion

•	 Hypochloremia	(often	with	volume	contrac-
tion)

•	 Hypokalemia
•	 Mineralocorticoid	excess
•	 Bartter	syndrome
•	 Administration	of	alkali
•	 Compensation	for	respiratory	acidosis

TABLE 5-4  Common Causes of Disturbances of Acid–Base Balance

CNS,	central	nervous	system.
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Step-by-Step “Quick and Dirty”

	 1.	 Is	the	patient	acidemic	or	alkalemic?
	 2.	 If	the	Pco2 is abnormal, estimate whether 

an acute change in Pco2 is sufficient to 
explain	 the	 pH	 change.	 If	 so,	 then	 the	
disturbance is predominantly a respiratory 
disturbance in acid–base balance.

	 3.	 If	an	acute	change	 in	Pco2 is insufficient 
to	explain	all	of	 the	pH	change,	evaluate	
the nature of the additional metabolic 
disorder.	 Is	 the	 metabolic	 disturbance	
consistent with the predicted compensa-
tion	for	a	chronic	respiratory	change?

	 1.	 Determine	the	predicted	pH	if	all	of	the	
abnormality were due to changes in 
ventilation	 (i.e.,	 if	 the	 Pco2 were cor-
rected to 40).

	 2.	 Determine	 the	 difference	 between	 the	
measured and predicted pH.

	 3.	 Estimate	the	base	deficit	or	excess:	multi-
ply the difference between the measured 
and	predicted	pH	and	move	the	decimal	
point two places to the right (answer is in 
milliequivalent	per	liter).

	 4.	 If	the	disturbance	appears	primarily	meta-
bolic,	evaluate	the	adequacy	of	respiratory	
compensation. The absence of complete 
respiratory	 compensation	 or	 of	 excessive	
respiratory compensation for a metabolic 
disturbance implies a secondary respira-
tory disturbance.

	 5.	 If	a	metabolic	acidosis	is	present,	ascertain	
the presence or absence of unmeasured 
anions using the anion gap or charge neu-
trality equations.

	 6.	 Identify	 other	 metabolic	 disturbances	
present in the patient with an anion gap 
metabolic acidosis.

 4. Calculate the anion gap to estimate the 
contribution of strong ions to any base 
deficit.

TABLE 5-5  Approaches to the Interpretation of Blood Gases

mixed disorder or incomplete compensation. A similar analytic approach should be used if the 
primary disorder is metabolic. Finally, the presence of increased amounts of unmeasured anions 
determines the presence of a metabolic acidosis even when [HCO3

−] is normal.
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Ultrasound (US) technology is an important tool in pulmonary medicine, especially in the in-
tensive care unit (ICU) setting where it can facilitate accurate and safe vascular access and help 
determine a cause for shock. It is also important in evaluating pulmonary and pleural disease. 
The value of an US option rests in its associated absence of radiation, low cost, bedside avail-
ability, and short examination time. Although US among current pulmonary and critical care 
practitioners remains underutilized, the standard of care is quickly swinging toward routine 
utilization in medical practice.

6 Thoracic Ultrasound 
Uses in Pulmonary 
Medicine
David	R.	Riker
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TECHNICAL ASPECTS AND PHYSICS OF ULTRASOUND
US images are generated by ceramic crystals located in the ultrasound transducer. The crystals 
are electronically stimulated to produce sound pulses, which contact the tissue and are reflected, 
refracted, adsorbed, or scattered. Echoes returning from tissues distort the crystal elements, pro-
ducing an electric pulse, which is processed into a gray scale image. When no sound wave is 
reflected, as found with a transudative pleural effusion, the image is termed “anechoic” and 
appears black. The term “isoechoic” is used when echoes display comparable amplitude with 
surrounding tissue, like the liver or spleen, and the term “hyperechoic” is used when the echo 
display is stronger than surrounding tissue, as with the diaphragm and pleura. “Hypoechoic” 
refers to echoes weaker than surrounding tissue.

When sound waves strike a moving object such as blood traversing a vessel, frequency 
changes occur and an alteration in sound waves create a Doppler effect which may be used to 
determine blood flow velocity and direction. Color Doppler sonography is sensitive to Dop-
pler signals in the field and shows flow in color. Standard color changes include (1) red signal 
as flow moves toward the transducer and (2) blue signal when flow travels away from the 
transducer.

PREPARING FOR EXAMINATION
Frequency—Higher-frequency transducers (5 or 7.5 MHz) provide improved resolution for 

structures like chest wall and pleura. For deeper (e.g., lung tissue) imaging, a 3.5-MHz 
transducer is more suitable. Frequency is directly related to resolution: as frequency in-
creases, resolution increases as well. However, frequency and penetration are inversely 
related.

Probe—For the chest ultrasound, curvilinear or convex probes are appropriate. For chest survey 
and a wider view of the thoracic and abdominal cavities, convex probes are preferred. The 
linear probe gives better resolution and can be used in patients with a thin thoracic chest 
wall. A sector transducer should be considered for lesions with a small US window or in 
patients with narrowed intercostal spaces.

Gain and power—These are manually adjusted to give sharpness to the image.
Mode—B-mode (brightness mode or bidimensional mode) converts sound waves into real-time 

gray scale anatomical images. M-mode is motion modulation, and it offers less information 
in thoracic ultrasound imaging.

Color Doppler sonography—Allows visualization and delineation of vascular structures in the 
 ultrasound field.

NORMAL FINDINGS
Layers of chest wall muscle and fascia are represented by linear shadows of soft tissue echogenicity. 
Positioning the transducer in a longitudinal (perpendicular) direction to the ribs  creates a “ba-
twing” sign where the ribs appear as curvilinear echogenic interfaces with prominent acoustic 
shadowing. When using the high-frequency probe, the parietal pleura and visceral pleura are 
seen as two thin bright echogenic lines, normally measuring no more than 2 mm in thickness. 
The space between the visceral and parietal pleura is about 0.3 to 0.4 mm. Normally, the visceral 
pleura slides over the parietal pleura during the respiratory cycle; this phenomenon is termed 
“sliding sign.” Using M-mode, it is possible to confirm the lung sliding by the “seashore sign”: 
the visceral pleura moving during respiration resembles the “sand” and the immobile parietal 
pleura and chest wall tissue the “sea.” The normal diaphragm is seen through the lower intercostal 
spaces as an echogenic 1- to 2-mm-thick and curved line which contracts with inspiration. The 
costodiaphragmatic angle may disclose the “curtain sign,” which describes how the normal air-
filled lung during inspiration moves downward in front of the probe and temporarily obscures 
the sonographic window. In normal conditions, US cannot discern the lung, but the sound pulse 
distortion caused by chest wall structures originates horizontal artifacts that are seen as a series 
of echogenic parallel lines equidistant from one another below the pleura. These lines are known 
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as reverberation artifacts or “A lines” and diminish in intensity with increasing distance from the 
pleura. In the presence of lung sliding, A lines correlate with normal aeration pattern. B lines 
are also reverberation artifacts and originate from the pleural surface and extend vertically in a 
ray-like pattern to the bottom of the screen. B lines are also known as “lung rockets” or “comet 
tails” and may be seen in lateral chest walls in normal subjects, but more often are associated with 
lung diseases.

US is a valuable tool in managing pleural disease. It is more sensitive than clinical examina-
tion or chest x-rays (including lateral decubitus film) in diagnosing a pleural effusion. It can 
detect as little as 50 mL of pleural fluid. In addition, US can estimate the amount of fluid, 
determine whether it is free flowing or encapsulated, and suggest the nature of the effusion. 
Pleural effusion displays as an echo-free space between visceral and parietal pleuras. When ef-
fusions are large enough to cause compression atelectasis, the lung may display as a hyperechoic 
tongue-like structure within the effusion (the “jellyfish” or “tongue” sign). On M-mode, it is 
possible to see visceral pleura moving toward the chest wall during respiration, creating the 
sinusoid sign.

US may help define anatomy when a radiograph suggests hemidiaphragmatic elevation. It can 
differentiate between subpulmonary effusion, subphrenic fluid collection, and diaphragmatic pa-
ralysis by defining the diaphragm’s position and real-time motion. US is also useful in the evalu-
ation of unilateral “white lung” in chest x-ray because it can distinguish between fluid and solid 
lesions.

US may also disclose the nature of a pleural effusion and define one of four typical pat-
terns: (a) homogeneously anechoic, (b) complex nonseptated with heterogeneously hyper-
echoic spots inside the effusion, (c) complex septated with septa or fibrin strands, and (d) 
homogeneously echogenic. Transudates have a homogeneously anechoic appearance, while 
patterns b, c, and d corresponded to exudates. Pleural nodules are highly specific for exu-
dates and often indicate malignancy. Pleural thickening and parenchymal lesions strongly 
suggest exudates. The homogeneously echogenic pattern may be due to hemorrhagic effusion 
or empyema.

Pleural thickening is defined as a focal echogenic lesion arising from either pleura that is 
greater than 3 mm in width and usually indicates empyema, hemothorax, or iatrogenic pleurode-
sis. The thickened pleura may contain high-echogenic lesions that indicate calcification. Small 
pleural effusions have similar ultrasonographic characteristics to pleural thickening.

Primary or metastatic pleural tumors may appear as echogenic or hypoechoic nodules 
 located within the visceral or parietal pleura. The presence of nodules highly suggests a malig-
nant pleural effusion. However, the observation of lung consolidation adjacent to pleural fluid 
suggests a parapneumonic effusion.

Organized effusions like complex parapneumonic effusions, empyemas, and hemorrhagic 
effusions are characterized by the presence of floating weblike structures within pleural fluid 
corresponding to fibrinous septa or by echogenic particles that move with respiration or heart 
beats (“plankton sign”) or by increased echogenicity. Contrast enhanced CT scans are less 
sensitive for clearly defining strandings or septations in the evaluation of complex pleural 
effusions.

THORACENTESIS, CHEST DRAINAGE CATHETERS, AND BIOPSIES
The Society of Critical Care Medicine recommends the use of thoracic US guidance for all pleural 
procedures. Thoracic US reduces procedure failures (dry taps) and complication rates. A recent 
chest x-ray or CT scan should be available in order to confirm the indication of the procedure 
and the affected side.

Lower-frequency probes (3.5–5 MHz) are the most appropriate to guide pleural fluid drain-
age because it is possible to evaluate deeper structures as well as to avoid vital organs such as 
the liver, spleen, or blood vessels. Higher-frequency transducers (7.5–10 MHz) have a better 
resolution in evaluating pleural thickening/nodules and to guide pleural biopsies. The patient 
should be placed in the most appropriate position to evaluate the site of interest. The seated 
position is often the most appropriate but patients on mechanical ventilation or in the ICU 
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cannot tolerate this position. In those cases, lateral decubitus or oblique positioning is required. 
For free-flowing effusion drainage or pleural biopsy in ICU patients, a posterior axillary line ap-
proach optimizes the point of entry by raising the head of the bed and adducting the ipsilateral 
arm. An alternative option requires the patient turned to a lateral decubitus position with the 
target hemithorax up.

With the patient in the optimal position, US localizes the effusion and ensures that the dia-
phragm or lung are not in the projected path of the thoracentesis needle. The operator should 
measure the depth of the pleura or pleural effusion from the skin surface and mark the skin site 
of entry. When the needle is inserted, it should enter the skin at the same angle of the US probe. 
While real-time needle visualization can be used for thoracentesis, it may not improve yield or 
safety. However, when considering pleural or lung biopsy, this method of active ultrasound guid-
ance is preferred.

Ultrasound-guided thoracentesis improves procedural success and safety. The risk of pneu-
mothorax using US guidance is 2.7% to 3.6% compared to 5% to 18% without. In a large 
(n 5 523) retrospective study of complication rates during thoracentesis, US guidance was as-
sociated with a lower rate of pneumothoraces (4.9% vs 10.3%) and need for chest drainage 
tube insertion (0.7% vs 4.1%) than thoracentesis without ultrasound. While there is a higher 
risk of pneumothorax in mechanically ventilated patients undergoing thoracentesis compared 
to spontaneously breathing patients, the rates of pneumothoraces are low (1.3%–2%) when US 
guidance is utilized.

Closed Pleural Biopsy
Thoracic ultrasound allows detection of focal pleural abnormalities with higher sensitivity 
than chest CT imaging. The presence of pleural fluid or pleural air is required for a closed 
blind pleural biopsy in order to avoid lung perforation; US guidance may reduce the risk of 
lung laceration in patients with small or no pleural effusion. In malignant disease, pleural 
biopsy by US guidance has a sensitivity between 77% and 86% and a specificity of 100%. 
Blind closed pleural biopsy has a sensitivity of 65% for malignant disease and 90% for 
tuberculosis. For this procedure, most studies favor the use of core needle biopsy (Tru-Cut) 
over pleural biopsy needles (Abrams or Cope) and fine-needle aspiration. Complication 
rates of image guided pleural biopsies are less than 5% (pneumothorax, hemothorax, and 
vasovagal reaction), whereas closed pleural biopsy without US may have complication rates 
as high as 11%.

Chest Drain Insertion
Thoracic US is a useful tool during chest tube insertion to locate the most appropriate site for 
drain placement. For loculated effusions, US may enhance the success of chest tube drainage 
by isolating the largest locule or largest separate collections in the case of multiple locules. 
US allows the precise insertion of small bore catheters (8–14 F) to treat pleural disease with 
high efficacy (resolution in 73%–94% of cases) and low risk of complications. Empyema can 
also be successfully treated without the need for larger chest tubes. In patients with empyema 
failing conventional management (large bore chest tube insertion), 76.5% of cases were suc-
cessfully treated with US-guided small pleural catheters. US can reduce complication rates of 
chest tube placement in the emergent ICU setting equal to rates comparable to nonemergent 
situations.

US IN SPECIFIC LUNG DISEASES
Consolidation
Consolidated areas of the lung are hypoechoic or isoechoic in relation to the liver, hence the 
term “hepatization sign” (tissue like pattern). When the transducer is parallel to the long axes 
of bronchi, air bronchograms can be seen as linear hyperechoic patterns which converge to-
ward the hilum. When the transducer is in short axis, air bronchograms may be seen as scat-
tered round or elongated hyperechoic structures. They may move cranio-caudally within the 
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respiratory cycle, depending on lung compliance. These “dynamic air bronchograms” differenti-
ate lung consolidation from resorptive atelectasis. Another sonographic finding of consolidation 
is a fluid bronchogram that is characterized by US as flow signal-free tubular structures, corre-
sponding to exudate-filled airways. C lines or “shred sign” can be observed in incomplete lobar 
consolidation. These findings are similar to B lines; however, the artifact arises from the region 
of consolidation, not from the pleural line. Thoracic US has superior sensitivity and specificity 
in the diagnosis of pneumonia in ER patients compared to chest x-ray (99% and 95% vs 67% 
and 85% respectively). Thoracic US compares favorably with chest CT as a gold standard for 
detecting consolidation, with 90% sensitivity and 98% specificity. The US finding of consolida-
tion, however, is nonspecific and must be interpreted for each clinical situation. ARDS, lung 
contusion, pulmonary embolus, and infiltrating tumors such as bronchoalveolar carcinoma may 
all show consolidation patterns.

Pneumothorax
Pneumothorax can present in an emergent fashion, requiring rapid identification. Relying 
on radiographic modalities such as chest x-ray and CT imaging may cause a delay in pneu-
mothorax diagnosis and treatment. US can be used to rapidly rule out pneumothorax. Pre- 
and post-procedure US scanning during thoracentesis, transbronchial biopsy, and central line 
placement can exclude large pneumothoraces. Lung sliding reflects the normal interaction of 
lung and chest wall; its presence rules out pneumothorax and its absence is highly predictive 
of pneumothorax. Difficulty with pneumothorax exclusion or absence of lung sliding can oc-
cur with subcutaneous emphysema and low lung compliance conditions such as ARDS and 
pulmonary fibrosis. Other conditions with absence of lung sliding are large consolidations and 
contusions, emphysema,  hyperinflated lungs, and pleural adhesions. In the case of low lung 
compliance diseases with absent lung sliding, the presence of B lines (“comet tail artifacts”) 
excludes a pneumothorax. The absence of lung sliding and B lines in the presence of A lines is 
highly suggestive of pneumothorax. With a pneumothorax, the “seashore sign” on M-mode 
is absent and instead the “stratosphere sign” (or “barcode sign”) is observed. Stratosphere sign 
is composed of horizontal and parallel lines without the presence of a pleural line. The pleural 
line divides the “sea” and the “shore” when a pneumothorax is not observed. Rarely, a “lung 
point” is detected, which is the area of transition between the pneumothorax and aerated 
lung that intermittently contacts the chest wall with inspiration. Using M-mode, “lung point” 
appears as “seashore sign” combined with the “stratosphere sign.” The lung point confirms 
the presence of pneumothorax with a 79% sensitive but a 100% specific for pneumotho-
rax. Thoracic US using these methods is more sensitive than chest radiography for detecting 
pneumothorax.

Alveolo-Interstitial Edema
In the setting of acute dyspnea, the US presence of diffuse B lines in the anterior chest wall reli-
ably differentiates patients with pulmonary edema from those with COPD having a sensitivity 
of 100% and specificity of 92%. Lung comet artifacts detect early pulmonary edema before 
clinical manifestations are apparent, which may support the use of US as a noninvasive modal-
ity for the hemodynamic management of critically ill patients. Ultrasound may also have a role 
in detecting interstitial lung disease such as pulmonary fibrosis, sarcoidosis, viral pneumonia, 
lymphangitic carcinomatosis, silicosis, and radiation pneumonitis. Interestingly, ILD patients 
may also show pleural surface alterations such as pleural thickening (85%) and irregular pleural 
architecture (98%).

TRANSTHORACIC BIOPSIES OF LUNG LESIONS
Biopsy of peripheral tumors abutting the pleura or invading the chest wall can be sampled with 
US guidance using fine needle aspiration (FNA) with a 22 G spinal needle or core needle biopsy 
(CNB). Both procedures offer a high diagnostic yield and a low rate of pneumothorax. Lung car-
cinomas usually present as a homogeneous hypoechoic rounded or pleomorphic shape lesions. 



    Chapter 6 • Thoracic Ultrasound Uses in Pulmonary Medicine   3 7

Necrosis within the tumor gives an anechoic signal. Lung lesions have respirophasic movement 
that is absent when infiltration of the chest wall occurs.

Transthoracic biopsies can also be considered in the diagnosis of lung consolidation, par-
ticularly in immunocompromised patients. Lung abscess are observed on US imaging as oval 
hypoechoic lesions with hyperechoic and irregular margins. About 90% of US-guided lung as-
pirates yield pathogenic organisms.

CENTRAL VENOUS CATHETER ACCESS
US-guided central vein cannulation (CVC) with a linear high-frequency probe (7.5–10 MHz), 
compared to the anatomic landmark method, can reduce the numbers of failed catheter place-
ments and complications. The benefits are more apparent in critically ill patients: access time, 
number of attempts as well as complications such as carotid artery puncture, hematoma, he-
mothorax, pneumothorax, catheter-associated blood stream infections are significantly reduced 
with US.

There are two methods for central line placement using US: indirect and direct. In the indi-
rect method, US is used to establish the puncture site and angle of needle insertion and visual-
ize the associated surrounding vessels, including arteries. The direct method uses real-time US 
guidance to direct the needle into the vein. A sterile cover or sheath is applied to the US probe. 
Both direct and indirect approaches are superior to the traditional landmark method. Although 
the indirect method can be used, the direct method is preferred to maximize procedural success 
while minimizing complications.

MEDIASTINAL ULTRASOUND
The greatest role of medistinal US is interrogation of the anterior superior mediastinum. Tumors 
adjacent to the sternum can be biopsied under US guidance, with reduction in bleeding risk be-
cause surrounding vessels or tumor vessels can be easily evaluated during the procedure. US can 
be used in the evaluation of patients with superior vena cava syndrome, allowing evaluation of the 
superior vena cava, adjacent veins, as well as collateral vessels. Pericardial effusion is easily detected 
by mean of US, with subcostal and parasternal views being most useful. Pericardiocentesis can 
also be performed under US guidance. EBUS (endobronchial ultrasound) has rapidly become the 
modality of choice to assess and stage mediastinal, paratracheal, and subcarinal lymph nodes (see 
Chapter 7).
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Exciting advances in bronchoscopy over the last 10 years have improved the diagnosis and treat-
ment of lung disease. New technologies have diminished invasiveness, increased diagnostic 
yields, and decreased risks. And as a corollary, patients have benefited from lower health care 
costs and more streamlined transitions to appropriate care. Improved diagnostic yields from 
advanced pulmonary procedures such as endobronchial ultrasound and navigational bronschos-
copy have revolutionized the approach to lung cancer staging and to the diagnosis of peripheral 
pulmonary lesions.

FLEXIBLE FIBEROPTIC BRONCHOSCOPY
Flexible bronchoscopy consists of inserting a bronchoscope into the airways via the nares or 
oral pharynx to visualize the airways from the larynx to the subsegments of the tracheobron-
chial tree. Flexible bronchoscopy accounts for 97% of all airway interventions performed 
by pulmonologists. The most common indications for flexible bronchoscopy are (1) for 
assessing lung masses, lung cancer staging, undiagnosed pulmonary infiltrates, mediasti-
nal lymphadenopathy, hemoptysis, disorders affecting the central airways, endobronchial 
lesions; (2) for placing an endotracheal tube; and (3) for therapeutic suctioning of secretions 
and mucus plugs.
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Flexible bronchoscopy carries a very low complication rate. Temporary hypoxemia is 
the most common complication and may be avoided in most cases by using supplemental 
oxygen during the procedure. Significant bleeding occurs in 1% to 4% of bronchoscopies. 
It usually is associated with transbronchial biopsies, brushings, or endobronchial biopsies. 
For this reason, most authorities recommend that a patient’s platelet count be above 50,000 
per μL for a bronchoscopy that will include a biopsy. Aspirin does not increase the risk of 
bleeding after a transbronchial biopsy, provided there are no other risk factors. One study, 
however, demonstrated an increased risk of bronchoscopy-associated bleeding with other 
antiplatelet agents, such as clopidogrel. For these reasons, we do not delay bronchoscopy 
merely because a patient has used aspirin, but we will delay elective bronchoscopy until 
other antiplatelet agents have been discontinued for 7 days. Warfarin should be held for 5 
days prior to bronchoscopy, but certain patient populations may require “bridging” with 
heparin or low–molecular-weight heparin in the interim before procedure. With these pre-
cautions, mortality associated with flexible bronchoscopy is typically less than 0.04%. The 
deaths result from hemorrhage, cardiovascular events, bronchospasm, aspiration pneumonia, 
or medication reactions.

A variety of sampling techniques, including bronchial washing, bronchial brushing, bron-
choalveolar lavage, endobronchial or transbronchial forceps biopsy, and endobronchial or trans-
bronchial needle aspiration, allows the operator to collect specimens from the respiratory tract. 
Selected paratracheal and parabronchial lymph nodes or other lesions also can be sampled by 
transbronchial needle aspiration techniques. Fluoroscopy or computed tomography (CT) guid-
ance can help localize lesions during the procedure.

Flexible bronchoscopy is limited by the fact that it allows visualization only of the lumen and 
internal surface of the airways. The bronchoscopist cannot see lung diseases within the interior 
bronchial wall or the parabronchial structures. Indirect signs, such as mucosal and anatomical 
wall changes, may be used to assess pathology outside of the airway, but they are often inaccu-
rate. Radiological imaging prior to the procedure provides valuable information, although it is 
unreliable for defining the pathological characteristics of lung lesions. For these reasons, tissue 
sampling of lesions outside the airways via flexible bronchoscopy had been limited by low yield 
and dependent on user experience. In some cases, mediastinoscopy has higher yields, but is 
limited by its highly invasive nature.

ENDOBRONCHIAL ULTRASOUND BRONCHOSCOPY
Endobronchial ultrasound (EBUS) has greatly advanced the bronchoscopist’s ability to precisely 
visualize and biopsy extrabronchial lesions as well as lymph nodes. It has greatly enhanced the 
ability to accurately diagnose and stage thoracic cancers, without the costs and complications 
inherent to thoracic surgery.

EBUS uses an ultrasound probe at the end of a flexible bronchoscope. The ultrasound 
creates images of tissues beyond the airway lumen (e.g., endoluminal, intramural, and para-
bronchial structures) based on their differences in resistance to sound waves. It is valuable 
for evaluating endobronchial and peripheral lesions, for lung cancer staging with lymph 
node biopsy, and for distinguishing masses from their surrounding tissues and vascular 
structures.

EBUS bronchoscopy, like conventional bronchoscopy, is performed with a flexible scope 
fitted with a standard camera, a working channel, and a suction channel. In addition, the EBUS 
bronchoscope includes a convex ultrasound probe. Although the scope can be flexed and rotated 
in a way similar to a conventional flexible bronchoscope, the camera is at an oblique angle. The 
ultrasound probe is surrounded by a saline-filled balloon to help create close contact with the 
airway mucosa and to remove the air-interface which otherwise would cause artifact. The ultra-
sound probe has a biopsy channel that allows a biopsy needle to be inserted with a real-time view 
of its orientation and depth into the tissue or lesion.

The most common indication for EBUS bronchoscopy is the evaluation and staging of 
lung cancer and of other masses external to the endobronchial wall. In lung cancer staging, 
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EBUS has been essential for mediastinal and hilar lymph node sampling and for evaluating 
mediastinal invasion by tumor. Suspicious mediastinal and hilar lymph nodes can be accu-
rately biopsied via EBUS guided transbronchial needle aspiration (TBNA) with sensitivities 
recorded up to 90%. In fact, EBUS-TBNA is not different from mediastinoscopy in sensitiv-
ity, negative predictive value, and diagnostic accuracy of lymph node staging of non–small 
cell lung cancer.

EBUS-TBNA alone has been found to have a sensitivity of 0.93 (95% CI, 0.91–0.94) and 
a specificity of 1.00 (95% CI, 0.99–1.00) in diagnosing cancer spread to the lymph nodes. The 
sensitivity is increased when selecting for lymph nodes that are suspicious on CT or positron-
emission tomography (PET) scan. Previous prospective studies have found no significant dif-
ferences between mediastinoscopy and EBUS bronchoscopy in determining the true pathologic 
nodal stage. In another review study, mediastinoscopy would have changed the tumor stage and 
treatment planning in only 2 (2.7%) of 73 patients.

Besides facilitating biopsies, EBUS also can evaluate tumor depth, disclose the relation-
ship of vessels to the surrounding structures, and precisely localize a lesion’s borders prior to 
brachytherapy.

Benefits of EBUS include (1) avoidance of a surgical incision, (2) increased comfort for 
the patient, (3) enhanced ability for repeat sampling of lymph nodes, and (4) safety. In a meta-
analysis of 11 studies with 1,299 patients, only two complications occurred with EBUS (0.15%, 
one case of pneumothorax requiring chest tube placement; one case of transient hypoxemia). In 
a study of 153 patients undergoing EBUS-TBNA of mediastinal lymph nodes, there were no 
major or minor complications seen with EBUS.

Limitations of EBUS-TBNA are its decreased yield when sampling lymph nodes under 
5 mm and difficulty in accessing all of the lymph node zones in the chest. However, most small 
lymph nodes are typically benign. Furthermore, EBUS can typically sample more lymph node 
areas with less risk of complications than can mediastinoscopy.

EBUS is a safe, cost-effective, and accurate procedure for the work up and staging of lung 
cancer, as well as the characterization of lung lesions. Although the performance of EBUS bron-
choscopy is not yet part of standard pulmonary fellowship training, its use is expanding and 
more programs are recognizing its importance.

NAVIGATIONAL BRONCHOSCOPY
The incidental detection of peripheral pulmonary lesions is on the rise, as CT imaging for lung 
cancer screening becomes more popular. Determining the etiology of asymptomatic peripheral 
lesions is often a challenge. They are frequently unreachable by conventional bronchoscopy, and 
the yield of transbronchial lung biopsy, even under fluoroscopy, has been poor. Historically, the 
diagnostic approach ranged from watchful waiting, with possible delays in the treatment of ma-
lignancy, to surgical resection, with relatively high associated morbidity. Although transthoracic 
needle aspiration biopsy (TTNA) is commonly used to sample solitary peripheral nodules, it is 
frequently unable to access them.

Navigational bronchoscopy is a form of bronchoscopy that uses a virtual, three-dimensional 
computerized map of the airways to guide the bronchoscope and biopsy tools to the exact loca-
tion of a peripheral lesion. This “road map” of the airways is first constructed with specialized 
computer software that uses data from a recently completed CT scan of the chest. Once the 
airways are mapped out, the patient is brought back to the bronchoscopy suite and placed in 
an electromagnetic field. A conventional bronchoscope is then placed into the airways, with a 
modification that allows real-time images from the bronchoscope to be superimposed over the 
previously developed virtual map. A special catheter is inserted through the working channel of 
the bronchoscope. This small steerable catheter has a location sensor at its tip and its position 
is visualized in the electromagnetic field within the body. The catheter is then guided by hand 
through the small airways to the lesion based on directions made by the virtual map. Once the 
lesion is reached by the catheter, standard bronchoscopic tools inserted through the channel can 
sample the lesion.



Navigational bronchoscopy is improved even further when combined with radial probe 
endobronchial ultrasound (RP-EBUS). RP-EBUS uses a radial ultrasound probe that, when 
inserted through an extended guide sheath during navigational bronchoscopy, can confirm 
visually that the lesion has been reached. After the steerable catheter reaches the target on the 
road map, the RP-EBUS probe is inserted to the area to further confirm the presence and 
location of the lesion. The real-time images significantly improve the accuracy and yield of 
biopsies.

Navigational bronchoscopy is most helpful for localizing peripheral lesions in the distal air-
ways. A “bronchus sign,” a radiographically visualized airway leading to the target lesion, is a 
good indication that navigational bronchoscopy would be useful. Although CT-guided trans-
thoracic biopsy has higher yields for peripheral lesions, navigational bronchoscopy has signifi-
cantly less risk of pneumothorax.

A drawback of the computer generated “virtual map” is the lack of finely detailed informa-
tion about the airway. However, the image data are becoming more comprehensive as technology 
improves. It is noteworthy that the imaging data are not captured in real time. It is taken from 
the prior CT scan images, so the bronchoscopist must assume that the images reflect the patient’s 
current condition. Bronchoscopy performed under navigation also can be obscured by imaging 
artifact. These limitations, as well as the need for specialized training, somewhat hinder the wide-
spread use of navigational bronchoscopy. Nevertheless, navigational bronchoscopy with the ad-
dition of RP-EBUS is a promising, low-risk tool for obtaining tissue from peripheral lung lesions.
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Postoperative pulmonary complications (PPCs) are major contributors to increased hospitaliza-
tion costs, morbidity, and mortality. The goal of preoperative pulmonary evaluation is to assess 
and identify individuals who are at increased risk for PPCs. This evaluation is accomplished by 
carefully reviewing the specific characteristics of the patient and the details of the operative pro-
cedure. Recently, sleep apnea has been focused on as an emerging risk factor for PPCs.

PPCs are variably defined in the literature and encompass outcomes such as pneumonia, atel-
ectasis, bronchospasm, pneumothorax, pleural effusion, hypoxemia, prolonged mechanical ven-
tilation, and need for reintubation. The reported incidence of PPCs varies widely, depending on 
the patient population, type of surgery, and criteria used to define a PPC. No one standard exists.

The most important operative risk factor for a PPC is the anatomic location of the proce-
dure. Surgeries close to the diaphragm (i.e., thoracic and upper abdominal) are associated with 
a much higher risk of PPCs versus those further away from the diaphragm. Neurosurgical and 
orofacial operations are exceptions to this rule, in view of a higher risk for aspiration pneumonia 
and airway compromise. Chest and upper abdominal surgeries are associated with significant 
decreases in both vital capacity and functional residual capacity (FRC). FRC decreases by about 
30% after upper abdominal surgery and by 35% after thoracotomy, compared to about 10% 
to 15% reduction for lower abdominal surgery. Postoperative diaphragmatic dysfunction may 
contribute significantly to restrictive pulmonary physiology. Maintaining an adequate FRC is 
important to prevent atelectasis and subsequent ventilation–perfusion mismatch. Other surgical 
factors associated with increased PPC risk are increased duration of surgery and complexity of 
the operation. PPCs are very uncommon in extremity surgery.

Data about the reduced risk of PPCs with laparoscopic versus open techniques in a variety 
of surgeries such as splenectomy, cholecystectomy, colectomy, and, recently, bariatric surgery 
continue to emerge. Compared to open approaches, laparoscopic procedures are associated with 
less impairment in postoperative lung function, possibly due to decreased postoperative pain. 
Interestingly, the decreased PPC risk with laparoscopic procedures appears to hold despite the 
fact that operative times are usually longer than for open approaches.

General anesthesia can lead to pulmonary complications by several mechanisms. Endotra-
cheal intubation may be complicated by aspiration or bronchospasm. Anesthetic gases attenu-
ate hypoxic vasoconstriction, impair mucociliary function and clearance of secretions, abolish 
the cough reflex and periodic sighs, and impair diaphragmatic function. The consequences are 
ventilation–perfusion mismatch, atelectasis, and decrease in FRC. There is some evidence that 
regional neuraxial (spinal, epidural) anesthesia results in fewer PPCs than general anesthesia. A 
systematic review of randomized trials showed that the odds of postoperative pneumonia are 
reduced by 39% with neuraxial blockade compared to general anesthesia. When comparing pro-
cedures using a combination of regional and general anesthesia versus general anesthesia alone, 
the odds of respiratory depression are reduced by 57% and pneumonia by 47%. Thus, regional 
anesthesia, with or without general anesthesia, appears to be associated with lower risk of PPCs.

The impact of increasing age on PPCs has been difficult to determine since aging is accom-
panied by additional comorbidities that impact the risk of PPCs and other postoperative compli-
cations. One large meta-analysis that included only studies using multivariate analyses reported 
that not only is age an independent risk factor for PPCs, but also that this risk increased with 
advancing age. This same analysis also showed that higher American Society of Anesthesiolo-
gists (ASA) class and level of functional dependence were associated with significantly increased 
PPC risk.

8 Preoperative 
Pulmonary Evaluation
Stephen H. Lee
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Chronic obstructive pulmonary disease (COPD) is a consistent risk factor for PPC. The 
incidence of PPC increases with the severity of underlying disease and likely results from peri-
operative changes in lung volumes, diaphragmatic function, and chest wall mechanics, as well as 
the effects of anesthesia. Acute exacerbations should be treated before any elective or nonemer-
gent surgery. For those with chronic, stable COPD, lung function should be optimized as much 
as possible. The routine use of prophylactic antibiotics is not recommended. It may be necessary 
to delay surgery to achieve these goals. Those with active, symptomatic asthma are prone to more 
PPCs; therefore, like COPD exacerbations, uncontrolled asthma should be treated appropriately 
before surgery. If needed, a short course of preoperative corticosteroids does not appear to in-
crease the incidence of postoperative complications. During induction of anesthesia, the use of 
thiobarbiturates and oxybarbiturates is associated with a much higher incidence of wheezing in 
asthmatics compared with nonasthmatics. Propofol does not appear to cause wheezing in either 
population. Well-controlled asthma does not appear to be a risk factor for PPCs.

Smoking, whether active or past, is an important risk factor for PPCs. Compared to never 
smokers, current smokers have greater odds of postoperative pneumonia, unplanned intubation, 
and prolonged mechanical ventilation. It also appears that the risk of these respiratory events 
increases with greater pack-year history. Former smokers also have increased risk of PPCs, but 
not as high as current smokers. Quitting should be a goal for any smoker, but the optimal timing 
of smoking cessation in relation to surgery to reduce PPCs remains unclear. Expert consensus 
generally recommends smoking cessation as early as possible and, whenever possible, at least 4 
to 8 weeks before surgery.

Counterintuitively, obesity does not appear to increase the risk of PPCs when confounding 
variables are considered. Obstructive sleep apnea (OSA), however, a condition strongly associ-
ated with obesity and increasing age, is being recognized as a likely risk factor for PPCs. Patients 
with sleep apnea are predisposed to difficult to manage airways, postoperative hypoxemia, and 
upper airway collapse, the risk of which increases with medications with sedative and muscle 
relaxant properties that are used commonly in the postoperative period. Anesthesiologists should 
now be well aware of the perioperative risks for patients with sleep apnea. The ASA has estab-
lished practice guidelines for the perioperative management of patients with OSA. Certainly, 
careful clinical monitoring is warranted in such patients, given the potential impact that pain, 
diaphragmatic and chest wall dysfunction, sedatives, and analgesics may have on upper and 
lower airway respiratory function during the postoperative period. For those with known sleep 
apnea already on positive pressure therapy preoperatively, it should be continued in the postop-
erative period. For those without a definitive preoperative diagnosis of sleep apnea, but who are 
strongly suspected of having OSA, empiric therapy with positive pressure should be considered 
in the postoperative period.

There is growing awareness of pulmonary hypertension (PH) as a potential risk factor for 
increased PPC (e.g., prolonged mechanical ventilation), but the data are relatively scant and 
complicated by the varied ways in which PH is diagnosed. Currently, the link of PH to increased 
risk of postoperative mortality is well established.

Preoperative evaluation should include a through history and physical examination. Al-
though physical examination findings themselves do not appear to be significant predictors of 
PPCs, abnormalities may lead to further investigation that uncovers underlying conditions that 
are linked to higher PPC risk. In otherwise healthy patients, routine, preoperative chest radiogra-
phy to detect occult disease are not recommended since they rarely alter the choice of anesthetic 
technique or the surgical approach. For those with cardiopulmonary disease, a chest radiography 
before high-risk surgery may be helpful as a baseline against which postoperative imaging stud-
ies may be compared. Routine arterial blood gases (ABG) are also not recommended. Although 
several older case series identify Paco2 higher than 45 mmHg as a significant risk factor for 
PPCs, a recent review of blinded trials did not find hypercarbia to be a significant risk factor in 
either univariate or multivariate analyses. Furthermore, hypercarbia is usually found in patients 
with severe underlying lung disease that can be suspected on clinical grounds and confirmed by 
pulmonary function testing.

Methodologic differences in studies about preoperative pulmonary function testing (PFT) 
make it difficult to draw firm conclusions about the value of these tests. Several reviews suggest 
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that the information from the clinical evaluation (e.g., history, physical examination, functional/
ASA class) is just as informative PFTs for purposes of preoperative evaluation. Nevertheless, in 
patients undergoing high-risk surgery, it may be reasonable to perform PFTs in those with a 
history of unexplained dyspnea, chronic lung disease, or significant smoking. In such patients, 
the PFT results may influence preoperative pulmonary care and other perioperative manage-
ment strategies.

Several multivariate risk factor indices have been developed and validated to help clini-
cians stratify risk of different PPCs such as pneumonia and respiratory failure. Some of these 
 indices, while comprehensive, are not practical in daily practice because of the number of vari-
ables included. Practical risk indices use variables that can be easily assessed and/or acquired 
preoperatively. Canet and coworkers have developed a simple-to-calculate predictive index for 
a composite PPC end-point that includes respiratory infection, respiratory failure, broncho-
spasm, atelectasis, pleural effusion, pneumothorax, and aspiration pneumonia. Gupta et al. and 
 Arozullah et al. have published risk indices using only five and seven simple variables, respec-
tively, that are specific for postoperative respiratory failure as defined by failure to extubate 
within 48 hours after surgery or unplanned reintubation.

The preoperative physiologic evaluation of patients undergoing lung resection surgery re-
quires additional considerations. All patients should undergo evaluation to determine whether 
they can withstand the loss of resected lung tissue without significantly increasing morbidity or 
mortality risk. Candidates for lung resection surgery should undergo spirometry and testing for 
diffusion capacity in order to calculate the percent predicted postoperative (PPO) pulmonary 
reserve remaining after resection. The percent PPO FEV1 may be calculated by using the fol-
lowing formula:

Preoperative FEV1 × (No. of segments remaining after surgery/Total no. of segments)
Predicted FEV1

There are a total of 19 bronchopulmonary segments: RUL (3), RML (2), RLL (5), LUL 
(5), and LLL (4). The percent PPO diffusing capacity is calculated in a similar fashion. Both 
the PPO FEV1 and diffusing capacity may also be calculated based on the results of quantitative 
perfusion scanning. There are several published evidence-based guidelines for lung resection 
candidates. The American College of Chest Physicians recommends no further testing if both 
the percent PPO FEV1 and diffusing capacity are greater than 60% predicted. If either value is 
between 30% and 60% predicted, simple exercise testing is recommended for further risk strati-
fication. If either value is lesser than 30% predicted, formal cardiopulmonary exercise testing is 
recommended. These patients are at high risk for PPCs.
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The many exciting advances in the pharmacotherapy of airway diseases and of pulmonary hy-
pertension have resulted in marked improvements in quality of life, and at least in pulmonary 
hypertension, they have improved prognosis as well.

AIRWAY DISEASES
The pharmacotherapy of asthma and chronic obstructive pulmonary disease (COPD) includes 
similar medication classes. In both, drug selection, doses, and therapeutic combinations are ad-
justed according to a stepwise approach that is based on the severity of a patient’s current symp-
toms. Important differences exist between the therapeutic strategies for the two diseases: for 
example, pharmacological therapy improves symptoms of COPD but not long-term morbidity 
and mortality.

Short-acting beta-2 agonists (SABAs) are bronchodilators that provide rapid symptomatic 
relief from acute bronchospasm and improve lung function for up to 6 hours. Inhaled SA-
BAs (albuterol, levalbuterol, pirbuterol) delivered via metered dose inhalers (MDIs) or nebuliz-
ers are preferred over oral forms (isoproterenol, metaproterenol) because of their faster onset 
(5–15 minutes), their greater efficacy and tolerability, and their reduced potential for cardiac 
stimulation. Possible adverse reactions to SABAs include tremor, tachycardia, and electrolyte 
disturbances. Levalbuterol is the R-enantiomer of albuterol; it may cause less tachycardia than 
albuterol but is more expensive and typically is reserved for patients with significant risks for 
adverse effects from albuterol. The use of terbutaline is limited because of the greater incidence 
of tachycardia.

Ipratropium is a short-acting anticholinergic bronchodilator that is beneficial for patients with 
increased mucus gland secretions, acute asthma exacerbations, and COPD. It is similar to a 
SABA and has a rapid onset (15–20 minutes) and short duration (2–8 hours). Its anticholinergic 
properties warrant caution in patients with narrow-angle glaucoma or urinary obstructive disor-
ders. Ipratropium is commonly given in combination with albuterol (DuoNeb•, Combivent• 
RESPIMAT•) to provide additive benefits, primarily in COPD. Combivent RESPIMAT• is 
safe in patients with soy and peanut allergies, but Combivent• MDI is contraindicated because 
of the soy lecithin used as a suspending agent.

Long-acting bronchodilators provide sustained control in patients with moderate to se-
vere asthma or COPD symptoms. They are commonly used along with short-acting agents for 
symptomatic relief. Long-acting beta-2 agonists (LABAs), such as salmeterol, formoterol, and 
arformoterol, have a slower onset than SABA and a long (12–24 hour) duration. Indacaterol 
(75–300 mcg/day) is a very long-acting beta-2 agonist that lasts an entire day and is approved 
only for COPD.

Many authorities are against LABAs as monotherapy for asthma, without the addition of 
corticosteroids, because of an increased risk of asthma-related death. Tiotropium is a once-daily, 
long-acting anticholinergic bronchodilator approved for COPD. Tiotropium (18 mcg) inhaled 
daily has been shown to be more effective than salmeterol in preventing exacerbations in moderate 
to severe COPD. It also may be efficacious as supplemental therapy in poorly controlled asthma.

Inhaled corticosteroids (fluticasone, beclomethasone, budesonide, flunisolide, triamcinolone) 
reduce airway hyperresponsiveness and prevent long-term inflammation. The onset of improve-
ment is 5 to 7 days, and further improvements may occur for several subsequent weeks. Patients 
should rinse their mouths with water following each inhalation in order to avoid oral thrush. 

9 Pharmacotherapy
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Inhalation is the preferred route because of the risk of adverse effects observed with systemic cortico-
steroids (prednisone, prednisolone, methylprednisolone, triamcinolone IM). The systemic agents 
are typically reserved for acute exacerbations, during which they are given in high-dose “burst” 
therapy, followed by tapering doses over 3 to 10 days. Side effects from short-term systemic cor-
ticosteroids include hyperglycemia, increased appetite, edema, weight gain, mood alterations, hy-
pertension, and peptic ulcers. Long-term use may lead to adrenal axis suppression, dermal striae, 
diabetes, osteoporosis, and heart failure exacerbation. There is evidence of growth suppression in 
children that leads to minor reductions in adult height with the use of inhaled glucocorticoids.

Roflumilast (Daliresp•) is an oral phosphodiesterase-4 (PDE-4) inhibitor with anti- 
inflammatory effects that inhibit lung infiltration by neutrophils and leukocytes. At a dose of 
500 mcg PO daily, it improves lung function and reduces the risk of COPD exacerbations 
associated with chronic bronchitis. Roflumilast is contraindicated in moderate to severe liver im-
pairment and in nursing mothers. Noteworthy adverse effects include weight loss, diarrhea, and 
neuropsychiatric effects that may contribute to suicidal ideations. It is metabolized via CYP3A4 
and CYP1A2, so drug–drug interactions may occur with other inducers/inhibitors.

Methylxanthines, such as theophylline, inhibit phosphodiesterase and relax bronchial smooth 
muscle, reduce infiltration of eosinophils into the bronchial mucosa, increase diaphragm con-
tractility, and improve mucociliary clearance for up to 24 hours. Theophylline is an alternative 
agent for asthma, but is not a preferred first-line therapy because of its narrow therapeutic index 
and lower efficacy for acute exacerbations. For COPD, theophylline is generally regarded as 
third-line therapy, after inhaled anticholinergics and beta-2 agonists. Peak drug levels should be 
drawn at steady state 2 to 4 hours after an oral dose or 1 hour after an IV dose, with a goal of 5 to 
15 mcg/mL. Dose-related toxicities include tachycardia, nausea, vomiting, seizures, central ner-
vous system stimulation, hyperglycemia, and hypokalemia. Adverse effects at therapeutic doses 
include insomnia, dysuria, and aggravation of gastroesophageal reflux disease and peptic ulcer 
disease from relaxation of the lower esophageal sphincter. Theophylline is a major substrate of 
CYP1A2, CYP2E1, and CYP3A4, which can cause numerous drug interactions.

Mast cell stabilizers (cromolyn) block the early and late reactions to allergens by stabiliz-
ing mast cell membranes and inhibiting the subsequent activation and release of inflammatory 
mediators from eosinophils and epithelial cells. They are indicated in mild persistent asthma. It 
is inhaled at a dose of 20 mg nebulized or 2 MDI puffs three to four times daily. Its advantages 
include its safety during pregnancy and the absence of known significant drug interactions. 
Therapeutic response is achieved within 2 weeks, and a maximal response occurs at 4 to 6 weeks. 
The most common adverse effects include cough, mouth/throat irritation, and unpleasant taste.

Leukotriene modifiers inhibit the leukotriene pathway that causes airway edema, smooth 
muscle contraction, and the inflammatory processes associated with allergen response in asthma. 
Leukotriene modifiers are divided into two classes: (1) leukotriene-receptor antagonists (zaf-
irlukast and montelukast), which prevent leukotriene binding; and (2) leukotriene-receptor 
inhibitors (zileuton), which inhibit their synthesis. They are indicated in mild to moderate per-
sistent asthma, and may be beneficial as supplemental therapy as alternatives to increased doses 
of inhaled corticosteroids. The benefits, however, are less pronounced in elderly populations. 
 Montelukast is approved for adults at 10 mg PO once daily and children aged 1 year and older 
at 4 to 5 mg PO once daily, but it has been used in patients as young as 6 months. Zafirlukast 
is dosed 20 mg PO BID in adults and 10 mg PO BID for children aged 5 years and older. 
Zileuton is dosed 600 mg PO four times daily or 1,200 mg PO BID (ER formulation) for 
adults and children aged 12 years and older. They are all administered on an empty stomach in 
order to increase bioavailability. Liver function is typically monitored at baseline, monthly for 
3 months, then every 2 to 3 months for one year. Headache and GI upset are the most com-
mon side effects, but mood alteration, aggression, agitation, hallucinations, depression, suicidal 
ideation, and tremor may occur. There have been reports of Churg–Strauss syndrome occurring 
when leukotriene modifiers are begun concurrent with rapid systemic corticosteroid tapering, 
although a cause–effect relationship has not been established definitively. The leukotriene modi-
fiers are metabolized principally through CYP3A4, CYP2C9, and CYP1A2 (especially zileuton), 
which increases the risk of drug interactions with agents such as warfarin and theophylline.
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Omalizumab is an IgG1 monoclonal antibody specific for IgE that prevents its binding to IgE 
receptors on mast cells and basophils. The resulting reduction in allergic response pathways is ef-
ficacious in patients prone to allergic asthma exacerbations, even those that are poorly controlled 
with high-dose corticosteroids and LABAs. Clinical responses, however, may take several weeks 
to occur. It is typically used only in patients who are at least 12 years old. The dose ranges from 
150 to 375 mg subcutaneously every 2 to 4 weeks, depending on body weight and pretreatment 
IgE serum levels. Adverse reactions include pain and/or bruising at the injection site and upper 
respiratory tract infections. There is a small, but finite risk of hypersensitivity and anaphylactoid 
reactions, so administration and monitoring are typically performed in a physician’s office.

Macrolides are a class of antibiotics that can have beneficial anti-inflammatory and immune 
modulatory effects in asthma, including decreased airway mucus secretions and reduced bacte-
rial adhesion biofilms. Prophylactic therapy with macrolides may also play a role in reducing 
pneumonia-related exacerbations of COPD. In recent studies, azithromycin 250 mg daily or 
three times weekly for 1 year decreased the frequency of exacerbations in patients with COPD. 
While current guidelines do not recommend prophylactic antimicrobial therapy at this time, 
criteria for their use in preventing acute exacerbations have been proposed.

PULMONARY VASCULAR DISEASES
The pharmacologic treatment of pulmonary arterial hypertension includes supportive medica-
tions such as diuretics, anticoagulants, and digoxin, as well as therapy that is targeted toward the 
pulmonary vasculature itself (“advanced therapy”). This section only describes the latter group 
of agents. Their selection is based on clinical factors such as the severity of each patient’s illness, 
as described in detail in Chapter 74.

Calcium channel blockers have been associated with prolonged survival, sustained functional 
and hemodynamic improvement only in patients who respond to acute vasoreactivity testing.26 
Calcium channel blockers should be titrated to the maximal tolerated dose (diltiazem 120– 
960 mg/day, nifedipine 30–240 mg/day, amlodipine 2.5–30 mg/day) with close monitoring 
of blood pressure, heart rate, and oxygen saturation. Verapamil is not typically used because 
of its more pronounced negative inotropic effects. Hypotension and peripheral edema are of-
ten reported at the doses required to alleviate pulmonary arterial hypertension symptoms, and 
 ventilation–perfusion mismatching and decreased right ventricular function can also occur. 
 Calcium channel blockers are not recommended in patients with significant right heart failure, 
hemodynamic instability, or portopulmonary hypertension and have no role in patients who do 
not respond to acute vasodilators.

Prostanoids have vasodilatory and antiproliferative effects, and improve hemodynamics and 
functional capacity in patients with pulmonary arterial hypertension. They are typically reserved 
for more seriously ill patients due to their complicated administration and side effects. Parenteral 
prostanoids (epoprostenol, treprostinil) require continuous infusion and adverse effects include 
headache, jaw pain, flushing, nausea, diarrhea, rash, arthralgias, hypotension, and injection site 
pain or infection. Inhaled prostanoids (iloprost, treprostinil) have fewer systemic and infusion-
related side effects, but can cause cough, throat irritation, and may exacerbate underlying lung 
disease.

Epoprostenol (Flolan•, Veletri•) has the most evidence for improving survival and is con-
sidered first line in functional class IV patients (see Chapter 74). Epoprostenol administration is 
complex due to a half-life of only 3 to 5 minutes. Patients must manage a continuous infusion 
through a central venous catheter, prepare doses and back-up supplies daily, and maintain most 
formulations on ice. Initiation is done in a closely monitored setting with trained personnel. 
Dosing is started at 1 to 2 ng/kg/min and titrated to symptom control and adverse effects. There 
is no absolute maximum dose, but adverse effects are often dose-limiting. Recommendations for 
dose conversion between epoprostenol brands are not currently available.

Treprostinil (Remodulin•) can be administered intravenously, subcutaneously, or by in-
halation for functional classes II, III, and IV patients (see Chapter 74). The advantages of 
treprostinil over epoprostenol include a longer half-life of 4 hours, the option of subcutaneous 
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administration, and greater stability at room temperature. Parenteral doses are initiated at 1.25 
ng/kg/min and titrated weekly. Infusion site pain is a common limitation of the subcutaneous 
route. Transition from epoprostenol can be initiated at 10% of the epoprostenol dose and ti-
trated up in increments of 20% while the epoprostenol is titrated down.

Inhaled prostanoids may provide additional symptomatic and functional benefits in com-
bination with other oral agents. Inhaled iloprost (Ventavis•) is initiated at 2.5 mcg and titrated 
up to a target dose of 5 mcg six to nine times per day. Each treatment requires about 10 minutes 
to administer. Inhaled treprostinil is initiated at three breaths (54 mcg) four times daily and 
titrated every 1 to 2 weeks to a target dose of nine breaths four times daily. Inhaled treprostinil 
offers advantages such as less frequent dosing, shorter treatment times, and once-daily dose 
preparation.

Endothelin-receptor antagonists are oral agents that improve hemodynamics, exercise capacity, 
and time to clinical worsening in group I pulmonary arterial hypertension, functional classes 
II, III, and possibly selected class IV patients (see Chapter 74). Bosentan (Tracleer•) is also ap-
proved for class IV patients. Endothelin-receptor antagonists are only available through limited 
distribution programs due to the risk of hepatotoxicity and teratogenicity. Endothelin-receptor 
antagonists are not recommended in moderate to severe hepatic impairment or with other medi-
cations that may cause liver impairment. Liver-associated enzymes must be monitored monthly 
during bosentan therapy, but routine monitoring is not required with ambrisentan (Letairis•). 
The FDA classifies endothelin-receptor antagonists as “pregnancy category X,” in which the risks 
involved for pregnant women clearly outweigh the potential benefits. For this reason, women 
of child-bearing potential must use two forms of effective birth control and check monthly 
pregnancy tests while taking endothelin-receptor antagonists and for 1 month after therapy is 
discontinued. Other adverse effects include peripheral edema and anemia. Hemoglobin is moni-
tored every 3 months with bosentan.

Bosentan is a non-selective ETA and ETB antagonist that is initiated at 62.5 mg twice daily 
for 4 weeks and titrated up to 125 mg twice daily. Ambrisentan is a selective ETA antagonist that 
is initiated at 5 mg and increased to 10 mg daily if tolerated. Use of either agent at the same time 
as potent CYP3A4 or 2C9 inhibitors (e.g., cyclosporine, ritonavir) or inducers (e.g., rifampin) 
should be avoided or done cautiously. Bosentan is also a CYP3A4 and 2C9 inducer, so closer 
monitoring of other CYP3A4 or 2C9 substrates (e.g., warfarin, sildenafil) may be warranted.

Phosphodiesterase-5 inhibitors (sildenafil, tadalafil) are oral agents that improve exercise ca-
pacity, hemodynamics, and delay clinical worsening in group 1 pulmonary arterial hyperten-
sion, functional classes II and III. Headache, flushing, nausea, diarrhea, dyspepsia, epistaxis, and 
nasal congestion are the most common side effects. Serious adverse effects include hypotension, 
loss of vision or hearing, priapism and vaso-occlusive crisis. Phosphodiesterase-5 inhibitors are 
contraindicated with nitrates because of the risk of severe hypotension and death. Combination 
with other antihypertensives, particularly alpha-blockers, should be initiated at the lowest dose 
and carefully monitored. Use with potent 3A4 inducers or inhibitors should be avoided or done 
with caution.

Sildenafil (Revatio•) is FDA approved at a dose of 20 mg orally three times daily, but has 
been studied in doses up to 240 mg/day. For patients who are temporarily unable to tolerate oral 
medications, sildenafil can be given in an intravenous dose of 10 mg three times daily. The use of 
sildenafil in children and adolescents is not recommended due to reports of increased mortality 
at higher doses. Tadalafil (Adcirca•) is dosed at 40 mg orally once per day, but reduced doses of 
20 mg daily are recommended in the presence of hepatic or renal impairment.
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10 Pulmonary 
Rehabilitation
Andrew	L.	Ries

Comprehensive pulmonary rehabilitation (PR) programs are well established as a means to en-
hance standard medical therapy, control and alleviate symptoms, optimize functional capacity, 
and reduce disability for patients with chronic lung diseases. The primary goal is to restore 
the patient to the highest possible level of independent function. This can be accomplished 
by helping patients to become (1) more knowledgeable about their disease, (2) more actively 
involved in their own healthcare, and (3) more independent in performing daily care activities. 
Consequently, patients do much better and become less dependent on family, friends, health 
professionals, and expensive medical resources.

The typical program includes multidisciplinary participation by physicians and allied health 
professionals such as nurses, respiratory and physical therapists, exercise specialists, psycholo-
gists, and others with a particular expertise. The program should be tailored to the needs of the 
individual patient. To be successful, it should address important emotional and psychosocial 
problems and optimize medical therapy to improve lung function. The goal of the rehabilitation 
program is to provide support for the patient, family, and primary care physician. Any patient 
with symptomatic chronic lung disease is a candidate for PR. The greatest experience with PR 
has been in patients with chronic obstructive pulmonary disease (COPD); however, patients 
with other chronic lung diseases are also appropriate candidates. PR has also been found to be a 
beneficial adjunct to surgical programs such as lung transplantation and lung-volume reduction 
surgery. In these settings, PR not only helps to better prepare patients for surgery and facilitate 
their recovery but also aids in selection by assisting both patients and staff to better understand 
and weigh the risks and potential benefits.

Appropriate patients for PR are those who recognize that their symptoms are caused by lung 
disease, perceive impairment or disability related to that disease, and are motivated to be active 
participants in their own care to improve their health status. Patients should be stabilized on 
standard medical therapy and evaluated carefully before entering a program so that appropriate 
and realistic goals can be set. Pulmonary function tests are used to characterize the lung disease 
and quantify its severity; however, patient selection should be based on symptoms and disability, 
not on arbitrary criteria based on lung function alone. Exercise testing helps to assess initial 
exercise tolerance, evaluate possible blood gas changes (e.g., exercise-induced hypoxemia), and 
plan a safe and appropriate training program.

The components of a comprehensive PR program include education, instruction in respira-
tory chest physiotherapy techniques, psychosocial support, and exercise training. Educating 
patients and significant others about lung disease and teaching them specific ways to deal with 
problems are essential. Educated patients are better able to cope with their disease, easier to deal 
with, and more likely to avoid unnecessary visits to physicians’ offices, emergency departments, 
and hospitals. Patients should be taught appropriate chest and respiratory therapy techniques. 
Proper coughing and postural drainage techniques are important for all patients, especially 
those with excess mucus production. Techniques of pursed-lip and diaphragmatic breathing 
and relaxation training help to improve ventilatory efficiency and assist patients in gaining 
control over the frightening symptom of dyspnea. Patients with respiratory therapy equipment 
should be instructed in its proper use, care, and cleaning. Patients with significant hypoxemia 
should be evaluated for optimal methods of continuous oxygen therapy and instructed in its 
proper use because oxygen therapy has been shown to improve survival and to reduce morbidity 
for these patients. Lightweight portable oxygen systems should be emphasized for ambulatory 
patients.
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Patients with chronic lung disease have significant psychosocial problems as they struggle 
to cope with symptoms that they often poorly understand. They become depressed, frightened, 
anxious, and dependent on others to care for their needs. Progressive breathlessness leads to a 
vicious fear–dyspnea cycle in which increasing dyspnea produces more fear and anxiety, which, 
in turn, leads to more dyspnea. In PR, these problems can be dealt with effectively by enthusi-
astic and supportive staff who can communicate with, understand, and motivate these patients. 
Important family members and friends should be included in program activities. Support groups 
and group therapy sessions are also effective. Patients with severe psychiatric disorders may ben-
efit from individual counseling and psychotherapy. Psychotropic drugs should generally be re-
served for patients with severe levels of psychological dysfunction.

Exercise training provides both physiologic and psychological benefits and is an ideal op-
portunity for patients to practice methods for controlling dyspnea. The exercise program should 
be safe and designed appropriately for each patient’s interest, environment, and level of function. 
Walking programs are particularly useful and have the added benefit of encouraging patients to 
expand their social horizons. Other types of exercise (e.g., cycling, swimming) are also effective. 
Because many patients with chronic lung disease have limited exercise tolerance, emphasis dur-
ing training should be placed on increasing endurance, the time of sustained activity. Exercise 
training of the upper extremities may be beneficial for the many pulmonary patients who report 
disabling dyspnea for daily care activities involving the arms (e.g., lifting, grooming) at work 
levels much lower than for the legs.

In recent years, increased attention has been drawn to peripheral muscle dysfunction in 
patients with chronic lung disease and the role of muscle fatigue as a limitation to exercise toler-
ance. This has stimulated new research initiatives in this area. Specific peripheral muscle strength 
and endurance training regimens have been developed and incorporated into PR programs. The 
potential role of respiratory muscle fatigue in pulmonary patients has led to attempts to train 
the ventilatory muscles. Although ventilatory muscles can be trained successfully, the role of this 
type of training in improving exercise performance has not been clearly established.

Exercise-induced hypoxemia occurs unpredictably in patients with COPD who may not 
be hypoxemic at rest. Hypoxemia is not a contraindication to exercise training. Patients with 
exercise-induced hypoxemia can be given convenient, lightweight portable systems for ambula-
tory oxygen so that exercise can be performed safely.

There is now a substantial body of evidence with well-designed trials that demonstrate the 
benefits of PR. As an effective, preventive healthcare intervention, PR has proved to be cost 
effective in decreasing both hospitalization days and the use of expensive medical resources. 
After rehabilitation, patients have an improved quality of life, reduced symptoms, increased 
exercise tolerance, more independence, increased ability to perform activities of daily living, and 
improvement in psychological function, with less anxiety and depression and increased feelings 
of hope, control, and self-esteem. Even after a short-term intervention, benefits typically last for 
at least 1 to 2 years.
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Advanced minimally invasive therapeutic procedures have a unique role in the management 
of airway obstruction and stenosis, as well as in asthma. Examples include tumor ablation and 
airway stenting techniques via rigid bronchoscopy, as well as bronchial thermoplasty. These 
procedures provide physicians with opportunities to make marked improvements in patients’ 
quality of life.

RIGID BRONCHOSCOPY WITH ADVANCED THERAPEUTIC TECHNIQUES
Rigid bronchoscopy is especially suited to help manage diseases of the central airways. The rigid 
bronchoscope is a nonflexible metal tube. The lumen is sufficient to permit mechanical ven-
tilation during general anesthesia and to visualize and pass instruments into the airways. It is 
especially useful for the management of large airway obstructions and for massive hemoptysis. 
Although rigid bronchoscopy is more invasive than flexible bronchoscopy and requires general 
anesthesia, the ability to control the airway and ventilate a patient during the procedure offer 
distinct advantages over fiberoptic bronchoscopy. The large lumen of the tube allows removal of 
large amounts of tissue and clotted blood. Its rigid distal edge can be used to “core out” lesions 
or, if manipulated properly, to dilate stenotic airways or to place airway stents. Flexible bronchos-
copy can be performed through the lumen of a rigid bronchoscope; in fact, rigid bronchoscopy 
is rarely used without some flexible bronchoscopy.

Rigid bronchoscopy is essential in the treatment of large airway obstruction from benign or 
malignant causes. Benign airway stenosis is associated with a wide variety of disorders, including 
sarcoidosis, amyloidosis, broncholithiasis, relapsing polychondritis, Wegener’s granulomatosis, 
lung transplantation, pill aspiration, and postintubation tracheal stenosis. Bronchoscopic tech-
niques commonly used for these conditions include laser excision, dilatational therapy, and stent 
placement.

Malignant obstruction of the central airways is a common indication for rigid bronchoscopy. 
Malignant airway obstruction comes in three forms: (1) endobronchial tumor, (2) pure extrinsic 
tumors with external compression, or (3) a combination of the above. The therapeutic goal is 
usually palliation, since cure of malignancies at stages advanced enough to obstruct the central 
airways is rare. The therapeutic modality used with the rigid bronchoscope depends on the 
form of obstruction and the tumor type. Techniques used during rigid bronchoscopy to manage 
malignant airway obstruction include (1) endobronchial ablative techniques such as Nd:YAG 
laser therapy, argon plasma coagulation, electrocautery, and cryotherapy; (2) dilatational therapy 
using the rigid bronchoscope itself or inflated balloons; (3) airway stents; (4) brachytherapy; and 
(5) photodynamic therapy.

Endobronchial ablative therapies are used to destroy endobronchial lesions. The Nd:YAG 
laser is the most commonly used ablative techniques. It produces a variety of effects, including 
coagulation, carbonization, and vaporization of malignant tissue. Tissue penetration is approxi-
mately 6 mm. The most appropriate indications for Nd:YAG laser therapy are short endo-
bronchial obstructing lesions with patent airways and functional lung distal to the obstruction. 
The best results are achieved in the large central airways (trachea, main bronchi, and bronchus 
intermedius). Airway patency can be established in approximately 80% to 90% of patients with 
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obstructing lesions in those airways. Besides palliating a variety of symptoms, Nd:YAG laser 
therapy usually improves functional status. It should be emphasized that airway obstruction 
from purely extrinsic airway compression is a contraindication to all the endobronchial ablative 
methods, including Nd:YAG laser therapy. Major complications are rare (~1%) and include 
perforations (tracheobronchial wall, blood vessels), arrhythmia, myocardial infarction, air embo-
lism, and death. Safety and training guidelines for laser therapy have been published.

Other endobronchial ablative techniques are relatively new in interventional pulmonology, 
including argon plasma coagulation, a form of electrocautery using argon gas. The advantage of 
argon plasma coagulation is the ability to treat lesions at right angles to the probe, which facili-
tates therapy directed at the upper lobes. Tissue penetration is generally limited to 3 mm, and 
complications are rare. A disadvantage of argon plasma coagulation is that it is time-consuming, 
making it unsuitable for debulking large tumors. Standard electrocautery can be used in most 
situations in which laser is used. Its main advantage is cost savings for the institution. However, 
electrocautery, especially in the presence of supplemental oxygen, carries the risk of developing 
endotracheal fire.

Cryotherapy uses cold temperatures to destroy tissue. It requires successive freezing cycles 
during the same treatment session. Unfortunately, the resulting depth of tissue destruction is 
hard to predict and cell death happens progressively over a 1- to 2-week period. This requires a 
second “clean-up” bronchoscopy after the initial treatment to remove necrotic debris. It is not 
suitable for emergency management of central airway obstruction. In addition to its application 
in tumor destruction, cryotherapy is also useful for the removal of foreign bodies, large mucus 
plugs, and blood clots.

Dilatational therapy for benign airway stenosis is performed with either the rigid broncho-
scope itself or with a variety of angioplasty and valvuloplasty balloons. Sequentially larger diam-
eter scopes or balloons are introduced into the airways for progressive dilatation. The risk of a 
tracheobronchial tear is minimized with an experienced and cautious operator. For this reason, 
several treatment sessions may be necessary to achieve the desired airway diameter.

Endobronchial stents are invaluable tools to help maintain airway patency. Indications in-
clude (1) extrinsic large airway compression from benign or malignant causes; (2) preparation 
for subsequent therapy in patients with malignancy (e.g., radiation therapy after tumor debulk-
ing by laser); (3) benign airway obstruction, such as tracheobronchomalacia; and (4) tracheo-
esophageal fistulas. A variety of different silicone stents are available. These include Silastic™ 
stents, nitinol metal stents, and hybrid stents. Important features of Silastic™ stents include ex-
ternal studs that impede migration and smooth edges. Placement and removal of Silastic™ stents 
requires rigid bronchoscopy. Metal stents can be placed under bronchoscopic or fluoroscopic 
guidance and may not require rigid bronchoscopy.

Possible stent complications include migration, the development of granulation tissue at 
the stent margins, and impacted secretions. Stent migration in the subglottic space is a particu-
larly difficult problem that can be prevented by a percutaneous suturing technique or Y stent 
placement. Metal stents carry unique complications including stent fracture and difficulty with 
removal secondary to epithelialization through the metal mesh surfaces. Consequently, the FDA 
has issued a black box warning against the use of pure metal stents in benign disease.

Brachytherapy (endoluminal radiotherapy) is an additional treatment option for malignant 
airway lesions. The procedure is used mainly for palliation, although cure is possible for certain 
lesions (e.g., carcinoma in situ).

BRONCHIAL THERMOPLASTY
Bronchial thermoplasty is a relatively new therapy approved by the FDA in 2010 for patients 
with severe asthma. It is a bronchoscopic procedure that uses a special radiofrequency catheter 
to apply controlled thermal energy to the smooth muscle of the airways. Airway smooth muscle 
is felt to play a key role in the bronchoconstriction during asthma attacks as well as in the re-
modeling and narrowing of the airways from chronic inflammation. Smooth muscle destruction 
with thermal energy leads to its replacement with connective tissue that has less capacity for 
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bronchoconstriction and continued remodeling. In theory, this mechanism of bronchial ther-
moplasty reduces symptoms in patients with severe asthma.

Bronchial thermoplasty is considered a viable option in patients with severe asthma that is 
not controlled with inhaled corticosteroids and long-acting beta agonists. A complete treatment 
course requires three sequential bronchoscopic procedures performed 3 weeks apart from each 
other: one procedure for each lower lobe individually, and one procedure for the two upper lobes 
together. A special “Alair” radiofrequency catheter delivers a series of 10-second heated bursts of 
thermal energy to the lining of the lungs.

Two multicenter randomized controlled trials (AIR and RISA) have reported improved 
quality of life and improved asthma symptoms with bronchial thermoplasty, when compared 
to patients on standard pharmacologic therapy. However, both trials were limited by the pos-
sibility of placebo effects from the procedures themselves. In a large multinational, randomized, 
prospective, double-blinded, sham-controlled trial (AIR II) of 288 patients comparing bronchial 
thermoplasty with a sham bronchoscopic procedure, there were significantly fewer emergency 
room visits, severe exacerbations, and days missed from school or work in those who under-
went bronchial thermoplasty. The benefits persisted for at least 2 years. However, none of the 
studies have shown any significant effect on FEV1, peak flow, rescue medication use, or airway 
hyperresponsiveness.

Bronchial thermoplasty appears to be a relatively safe and well-tolerated procedure. Ad-
verse events typically include transient increases in respiratory symptoms (cough, wheezing, and 
chest discomfort) due to a brief increases in airway inflammation following the procedure. Most 
symptoms are mild to moderate and require only temporary increases in asthma inhaler therapy. 
A small proportion of patients may require temporary hospitalization. Symptoms generally re-
solve within 1 week. In the AIR II trial, there were no severe adverse events attributed to bron-
chial thermoplasty and no late occurring adverse events up to 5 years on follow up.

With the currently available information, the role of bronchial thermoplasty is still unclear 
in the management of asthma. Additional studies are needed to define the exact patient popula-
tion who would benefit from this innovative form of therapy.
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12 Pulmonary 
Therapeutics
Garner	G.	Faulkner	and		Deneen	A.	LeBlanc

Pulmonary therapeutics encompass a wide range of treatment options ranging from oxygen 
therapy to advanced airway management. This chapter describes the modalities and devices that 
deliver oxygen, enhance airway humidity, provide bronchial hygiene, and expand the lung.

OXYGEN DELIVERY
Supplemental oxygen to maintain oxygen saturation above a safe threshold is frequently neces-
sary in patients with pulmonary disease. The initial step in determining an appropriate oxygen 
delivery method is to assess whether a low-flow or a high-flow system is required to maintain 
saturation. Low-flow oxygen systems supply 100% oxygen from either a 50-psi outlet or a cyl-
inder tank and deliver gas flow at rates substantially less than the patient’s peak inspiratory flow 
rate. As the patient inhales, inspiratory flow mixes ambient air with the low flow of supplemental 
oxygen, thereby increasing the fraction of inspired oxygen (Fio2) delivered to the airway and 
the alveoli, but the actual partial pressure delivered to the alveoli is determined by the alveolar 
gas equation (Pao2 ≈ Fio2(Patm − PH2O) − Paco2/RQ). The resulting Fio2 is somewhat vari-
able, depending on the proportion of the inspired flow that comes from the fixed, low flow 
of supplemental oxygen versus the remainder of the flow that comes from ambient air. If the 
supplemental oxygen flows are lower, more ambient air is entrained, the supplemental oxygen 
is diluted, and the Fio2 is relatively small. At higher flows, less air tends to be entrained and the 
Fio2 is higher. 
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Low-flow delivery devices include (1) nasal cannulas, (2) simple masks, (3) non-rebreather 
masks, and (4) reservoir cannulas. Nasal cannulas are simple nasal prong devices that typically 
allow flows from 1 to 6 liters per minute (Lpm), although some varieties allow 6 to 15 Lpm. 
Pediatric nasal cannulas support flow rates less than 1 Lpm. Nasal cannulas typically increase the 
Fio2 by about 4% for every Lpm of supplemental oxygen, although precise Fio2 also depends on 
the patient’s own inspiratory flow rate (Table 12-1).

Reservoir cannulas are nasal prong devices similar to standard nasal cannulas but with an 
additional oxygen reservoir designed to store and conserve gas. There are two common varieties, 
the pendant and mustache. The reservoirs on both devices store 100% oxygen, but the mustache 
stores 18 to 20 mL, while the pendant holds nearly 40 mL. They also differ in the placement of 
the reservoir along the cannula. The mustache reservoir (e.g., Oxymizer) extends from the nasal 
prong region of the device and sits directly on the patient’s upper lip. Some patients may be 
reluctant to use them, however, because of their cosmetic appearance and their heaviness on the 
face. Some patients prefer the pendant reservoir, which hangs from the cannula tubing at chest 
level. It can be concealed more easily and lies lighter on the face. Both devices contain an internal 
diaphragm within the reservoir housing that regulates the flow of gas and air-entrainment during 
inspiration. They provide the patient with a higher Fio2 than what would be delivered at the 
same flow rate with a standard nasal cannula. This feature conserves gas, which could be impor-
tant for long-term (home) users. The reservoir cannulas, however, require the patient to generate 
adequate inspiratory pressures to open their internal diaphragms. They are ideal for patients with 
higher-than-normal oxygen requirements such as those with pulmonary fibrosis and pulmonary 
hypertension, provided they can generate adequate inspiratory pressures.

Simple masks are conical plastic face masks that cover the nose and mouth. Similar to nasal 
cannula, they work by mixing a low flow of supplemental (100%) oxygen with inspired ambi-
ent air. They can raise the Fio2 to approximately 35% to 50%, using oxygen flow rates of 5 to 
10 Lpm. Open ports on both sides of the mask allow the inflow of ambient air during inhalation 
and the release of expired gas during exhalation. Because of the volume between the mask and 
the face, supplemental oxygen flows greater than or equal to 5 Lpm are needed to prevent the 
build-up of expired carbon dioxide within the mask itself. This property can be problematic if 
the oxygen flow rate is erroneously titrated below the threshold of 5 Lpm as a patient’s oxygen-
ation improves. If the oxygen requirement falls below 35%, the simple face mask should be dis-
continued and a nasal cannula should be used to deliver the lower Fio2. For this reason, simple 
face masks are often used as short-term devices, in areas such as postoperative recovery units.

A non-rebreather mask is a face mask with a construction similar to that of a simple mask 
with the addition of an oxygen reservoir bag attached to the base of the mask. The reservoir bag 
holds a supply of 100% oxygen, which is separated from the mask by a one-way valve. As the 
patient inhales, the one-way valve opens, allowing oxygen from the bag to flow into the mask. 
During exhalation, the valve closes and prevents expired carbon dioxide from contaminating 
the oxygen reserve. Additionally, the mask contains side ports, one of which is covered with a 

Nasal Cannula  
Liter Flow

Delivered Fio2%  
(Approximation)

1 24

2 28

3 32

4 36

5 40

6 44

TABLE 12-1   Approximate NC Fio2, Delivery Conversion
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one-way valve that operates in a different manner from the reservoir valve. The side valve closes 
during inspiration to minimize air entrainment and dilution of inhaled oxygen, and opens on 
exhalation to release exhaled gas from the mask. It is often assumed that a non-rebreather mask 
provides 100% Fio2, but this is false. The delivery range for the mask is typically 60% to 80%; 
the precise amount depends on the integrity of the seal achieved between the patient’s face 
and mask borders as well as the patient’s inspiratory flow. In addition to delivering relatively 
high Fio2 to hypoxemic patients, non-rebreather masks are commonly used to treat small pneu-
mothoraces by washing out nitrogen (see Chapter 27) and to deliver helium–oxygen (Heliox) 
therapy to treat airway obstruction (see Chapter 33).

High-flow oxygen devices deliver gas at flow rates that approximate the patient’s peak inspi-
ratory flow, so less ambient air is haphazardly entrained from around the mask or cannula. This 
feature allows them to control the entrainment of air and the resulting oxygen-to-air ratio. They 
deliver a more constant and predictable Fio2 to the patient than do low-flow devices. Depending 
on the specific device used, the resulting Fio2 delivery may range from 21% to 100%. High-flow 
delivery devices include (1) air-entrainment masks; (2) large volume entrainment nebulizers; and 
(3) humidified, heated high-flow nasal cannulas. Although they all use some degree of high-flow 
oxygen, they have very different properties and clinical uses.

An air-entrainment mask (e.g., VentiMask) is typically cone-shaped and is similar to a simple 
mask, but with the addition of a jet nozzle adapter that creates a Venturi effect to mix the supple-
mental oxygen with ambient air. The Venturi effect is the reduction in pressure that occurs at 
a site where the high-flow oxygen travels through a constricted section of the tubing. At that 
site, specific-sized air-entrainment ports allow the system to regulate the air-to-oxygen dilution 
ratio precisely. Each mask is packaged with various-sized jet nozzles that are color-coded to cor-
respond to a specific Fio2. VentiMasks deliver 24% to 50% Fio2 at flow rates that approximate 
the patient’s peak inspiratory flow. They are most often used when patients require consistent 
delivery of low to moderate Fio2 levels, for example, COPD patients at risk for carbon dioxide 
retention. The VentiMask can be modified for tracheostomy patients who require supplemental 
oxygen during transport.

A large volume entrainment nebulizer operates under the same principle as the VentiMask, 
but it also supplies moisture to the airways. The system consists of a self-contained Venturi 
device with an adjustable air-entrainment port, as well as a capillary tube that feeds sterile water 
into the system. A nebulizer aerosolizes the water and the system delivers it along with the en-
trained air–oxygen mixture to the patient. Large volume entrainment nebulizers can work with 
aerosol facemasks or tracheostomy masks. They come in a variety of styles and Fio2 delivery 
ranges, typically between 28% and 100% Fio2. They are excellent for patients with high oxygen 
requirements or tracheostomy patients who need supplemental airway hydration.

A humidified heated high-flow nasal cannula (e.g., Comfortflow™, Optiflow™) is a relatively 
new technology that consists of a very high-flow nasal cannula, a servo-controlled humidifier, 
and a heated wire circuit. The combination of features delivers extraordinarily high air flows 
(20–50 Lpm) that enter the respiratory system at body temperature, fully saturated with water. 
Humidification and heating allow delivery of much higher flows than would be tolerable oth-
erwise. Colder, drier air would rapidly evaporate the moisture from airway membranes, which 
would be painful, retard mucocilliary airway clearance, and lead to tracheobronchial obstruction. 
The unique properties of humidified heated high-flow nasal cannula systems differentiate them 
from the “high-flow” devices described above. One notable difference is that the 20- to 50-Lpm 
flow is typically very close to the patient’s actual peak inspiratory flow. For that reason, nearly all 
of the patient’s breath is from the system itself, with virtually no haphazard entrainment of ambi-
ent air. The system connects to a high-pressure gas source that delivers oxygen along with an air 
blender, the combination of which can deliver a precise Fio2 in the range of 21% to 100%. Hu-
midified heated high-flow nasal cannula systems are most often used for patients with high peak 
inspiratory demand, high Fio2 requirements, or those who cannot tolerate facemask devices. It 
also serves as an excellent transition device for patients liberated from noninvasive mechanical 
ventilation but still demanding high inspiratory flow delivery. The very high flows also flush air 
from some of the anatomical dead space and supply small amounts of airway positive-end expira-
tory pressure (PEEP), although the clinical significance of those actions is uncertain.
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HUMIDIFICATION
Humidification adds water vapor to gas, and may play an important role in the delivery of 
oxygen and other medical gases. Moisturization of otherwise dry inhaled gases helps to maintain 
the integrity of mucus membranes and normal mucociliary airway clearance. Dry mucus mem-
branes with impaired ciliary action can lead to retained secretions and the potential for airway 
obstruction by thick mucus plugs. In general, flows in excess of 4 Lpm should be humidified. 
It is especially important that gas delivered through an artificial airway such as an endotra-
cheal tube be properly humidified since that method bypasses the upper airway (the primary 
physiological mechanism for moistening and heating inspired air). Three common devices to 
humidify inspired oxygen and other medical gases are (1) bubblers, (2) passovers, and heat–
moisture exchangers.

A bubbler is a simple unheated device that consists of a capillary tube extending into a water 
reservoir. Gas passes through the capillary tube into the water and then bubbles to the surface. 
The bubbles have a relatively high surface area, which allows the water to moisturize the gas as it 
ascends to the surface. However, since the water vapor capacity of air is dependent on tempera-
ture, the unheated air has a limited potential to be humidified. As the patient’s respiratory sys-
tem heats the room-temperature gas to body temperature, the water carrying capacity increases. 
The warming air evaporates water from the airways, which may dry the mucous membranes.

A passover device directs the gas source over a container of water before delivering it to the 
patient. As the gas passes over the water surface, water vapor is pulled into the gas current. The 
passover systems may also provide heat as the air passes over the water, which increase the water 
content of the air. If the flowing air remains heated at approximately body temperature until it 
reaches the patient, the inspired gas will be fully saturated with water as it traverses the airways 
and will not dry them out. Heated passovers are commonly used in conjunction with invasive 
and noninvasive ventilator circuits as well as humidified, heated high-flow nasal cannula systems.

A heat moisture exchanger (HME) captures the patient’s expired breath and uses its tem-
perature and moisture to heat and humidify inspired gas. As the patient exhales, a membrane in 
the HME captures the expired heat and water vapor, which are then added to the next inspira-
tory breath. Referred to as an “artificial nose,” the HME is designed to mimic the action of the 
nasal membranes and turbinates. They are most often used with nonheated ventilator circuits 
that are employed for short periods of time (e.g., postoperative mechanical ventilation and ven-
tilator transports).

BRONCHIAL HYGIENE
Bronchial hygiene therapy, also known as secretion clearance, embodies a variety of noninvasive 
techniques that help mobilize and remove secretions to improve gas exchange. In the past, hand-
clapping, postural drainage, and directed coughing were the only modalities available. These 
techniques had many drawbacks, and have been largely replaced with newer, more efficacious 
modalities such as: (1) percussion; (2) mechanical insufflation and exsufflation; (3) airway oscil-
lation; (4) high-frequency airway oscillation; and (5) high-frequency chest wall oscillation.

Percussion is performed with handheld electrical or pneumatic devices that generate vibra-
tional and percussive energy waves. The device interface is placed over specific regions on the 
patient’s chest wall that correspond to lung segments and lobes. The vibration and percussion 
loosens secretions, liquefies them, and moves them into the larger airways. The concurrent use 
of percussion, postural drainage (the use of positioning and gravity to drain segmental areas of 
the lung), and directed coughing/breathing techniques is especially efficacious. An example of a 
percussor device is the G5 Percussor™. The small size and portability of these devices make them 
ideal therapeutic choices to target specific lung segments. Unfortunately, the external pressure 
that must be applied to the chest wall during therapy can be very uncomfortable to the patient 
(and the respiratory care practitioner administering it).

Mechanical insufflation and exsufflation devices (e.g., The CoughAssist Mechanical Insuf-
flation/Exsufflation™) simulate coughing by mechanically applying positive and then negative 
pressures during a breath cycle. Positive pressure (20 to 50 cm H2O) is gradually applied to the 
airway via a face mask, mouthpiece, or tracheostomy adapter during a 2- to 3-second inhalation. 
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Negative pressure is then applied for 2 to 3 seconds of exhalation. The rapid change from posi-
tive to negative pressure creates an abrupt expiratory flow that mimics an actual cough. A typical 
treatment consists of five cycles of inspiration/expiration. Secretions move into the upper airway 
where they can be physically expelled by the patient or suctioned out by the clinician. Patients 
with chronic neuromuscular disorders that result in a weak or absent cough, such as amyotrophic 
lateral sclerosis or quadriplegia, may particularly benefit from this therapy at home and in the 
hospital to maintain effective bronchial hygiene.

Airway oscillation devices (e.g., the Acapella™ and the Flutter Valve™) are handheld instru-
ments that provide oscillation (movement of small amounts of air back-and-forth with rapid 
vibratory energy) as well as an expiratory flow resistance. The patient exhales into the device, 
which generates oscillations that travel through the airways and loosen secretions. Expiratory 
resistance from the device also creates back pressure to stent open the airways and promote lung 
expansion. Airway oscillation devices are useful in long-term treatment of chronic pulmonary 
disease (bronchiectasis, cystic fibrosis, etc.) as well as for acute disease where the patient cannot 
tolerate more aggressive forms of secretion clearance.

High-frequency airway oscillation devices (e.g., Percussionaire, Intrapulmonary Percussive 
Ventilation™) generate internal high-frequency (12–25 Hz) percussions within the airway. It 
is performed with a pneumatically driven device that also incorporates a nebulizer to deliver 
aerosolized water or medications during treatment. Oscillatory frequencies are manipulated 
from slow to fast in order to break up secretions and move them up into the large airways for 
expulsion.

High-frequency chest wall oscillation devices generate oscillatory vibrations externally 
on the patient’s chest wall. The two of the most common ones are the Frequencer™ and the 
 ThairapyVest™. The Frequencer™ is handheld and uses acoustic frequencies to generate gentle 
chest wall vibrations. As the sound waves penetrate the chest wall, secretions are loosened, liq-
uefied, and moved into the large airways. It is particularly helpful for patients who cannot tol-
erate traditional percussive secretion clearance therapy. The ThairapyVest™ is an inflatable vest 
attached to a variable air-pulse generator that delivers external chest wall vibrations through 
pressure pulses. The pressure pulses loosen secretions, which travel into the large airways. The 
vest is particularly helpful for patients with widespread retained secretions, such as those with 
cystic fibrosis.

LUNG EXPANSION
Lung expansion therapy includes a variety of modalities focused on preventing or correcting 
atelectasis. Incentive spirometry encourages patients to take slow deep and prolonged inhalations 
that mimic yawns or sighs. Intermittent Positive Pressure Breathing (IPPB) delivers positive pres-
sure to spontaneously breathing patients during inspiration in order to increase FRC. Positive 
Airway Pressure (e.g., the EZ Pap™) expands the lungs with positive pressure during exhalation. 
The patient exhales against a resistance threshold, which can be adjusted for the desired effect. 
The back pressure stents open the airways and increases lung volume. It is a good alternative for 
patients who do not improve with standard incentive spirometry or who require supplemental 
oxygen during lung expansion therapy.

FURTHER READING
1. Cairo JM. Administering medical gases: regulators, flowmeters, and controlling devices. In: Cairo 

JM, Pilbeam SP, eds. Mosby’s Respiratory Care Equipment. 7th ed. St Louis, MO: Mosby; 2004.
A comprehensive textbook of respiratory care equipment, this specific chapter focuses on O2/gas 
administration.

2. Cairo JM. Lung expansion device. In: Cairo JM, Pilbeam SP, eds. Mosby’s Respiratory Care Equip-
ment. 7th ed. St Louis, MO: Mosby; 2004.
A comprehensive textbook of respiratory care equipment, this specific chapter focuses on lung expansion 
techniques.

3. Fink J. Humidity and bland aerosol therapy. In: Wilkins RL, Stoller JK, Kacmarek RM, eds. Fun-
damentals of Respiratory Care. 9th ed. St Louis, MO: Mosby; 2009.
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fication and delivery of bland aerosol.

4. Dymedso website. The Frequencer, Acoustical Airway Clearance Device User Manual. http://www 
.dymedso.com/pdf/manuel_V2_ENG_US-CAN_v11-02-04.pdf. Accessed May 4, 2011.
Thorough overview of the Frequencer airway clearance device.
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mentals of Respiratory Care. 9th ed. St Louis, MO: Mosby; 2009.
A review of medical gases and their administration, specifically oxygen therapy.

6. Myslinski MJ, Scanlan CL. Bronchial hygiene therapy. In: Wilkins RL, Stoller JK, Kacmarek RM, 
eds. Fundamentals of Respiratory Care. 9th ed. St Louis, MO: Mosby; 2009.
A comprehensive textbook covering fundamentals of respiratory care, this specific chapter discusses the 
various therapies encompassing bronchial hygiene.

7. Oakes D. Clinical Practitioner’s Pocket Guide to Respiratory Care. 4th ed. Old Town, ME: Health 
Educator Publications; 1996.
A thorough overview of respiratory care and techniques for the bedside practitioner.

8. Wilkins RL. Lung expansion therapy. In: Wilkins RL, Stoller JK, Kacmarek RM, eds. Fundamentals 
of Respiratory Care. 9th ed. St Louis, MO: Mosby; 2009.
A comprehensive textbook covering fundamentals of respiratory care, this specific chapter reviews lung 
expansion therapy.
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13 Tobacco Control
David	M.	Burns

Cigarette smoking causes lung cancer, oral cancer, laryngeal cancer, esophageal cancer, kidney 
cancer, bladder cancer, pancreatic cancer, leukemia, cervical cancer, stomach cancer, abdominal 
aortic aneurysm, atherosclerotic peripheral vascular disease, cerebrovascular disease, coronary 
heart disease, and chronic obstructive pulmonary disease. The use of oral contraceptives in-
creases the risk of vascular disease in women who smoke, and there are higher fetal and maternal 
complications of pregnancy if women smoke during the last 6 months of pregnancy. In addi-
tion, there is sufficient evidence to suggest that smoking causes cataracts, hip fractures, low bone 
density, peptic ulcer disease, and adverse surgical outcomes resulting from poor wound healing 
and postoperative respiratory complications.

The major goals of tobacco control interventions are prevention of tobacco initiation, cessa-
tion of tobacco use, and prevention of exposure to second-hand tobacco smoke. Prevention of 
smoking initiation is a crucial public health goal in itself, but near-term reduction in smoking-
related disease rates in the total population can only be achieved by smoking cessation. Prevent-
ing adolescents from smoking contributes little to reduction in disease rates until 30 years or 
more after the point at which they would have started to smoke.

Tobacco control efforts are intended to influence individual tobacco use. Tobacco con-
trol interventions may be focused on the individual smoker (e.g., pharmacologic treatment), 

http://www
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the environment (e.g., restrictions on where smoking is allowed). They may also focus on the 
product itself and its marketing, now that the Food and Drug Administration has been given 
jurisdiction over tobacco products. Since the 1960s, tobacco control strategies have gradually 
transitioned from being focused exclusively on education and interventions with the individual 
smoker toward an understanding of the role of environmental factors in promoting and enhanc-
ing cessation and preventing initiation. Efforts to educate the smoker and clinic-based cessation 
assistance have been supplemented by efforts to change community norms, to increase the cost 
of cigarettes, to restrict where smoking is allowed, to limit tobacco industry marketing practices, 
and to provide societal-based persistent and inescapable messages to quit coupled with support 
for cessation. The current belief is that an effective program utilizes a multilayered approach that 
combines a multitude of options for cessation assistance supported by environmental changes 
denormalizing tobacco use, including restrictions on smoking behavior and increasing the 
 psychological and financial cost of tobacco use.

Changes in public policies about tobacco use can affect large numbers of individuals at 
minimal cost. Increasing the price of cigarettes is the most powerful tool in altering smoking 
behavior, and tax increases result in lowered total and per capita cigarette consumption, higher 
cessation rates, and reduced initiation levels. Most studies demonstrate a relatively consistent 
decline in consumption of 4% for each 10% increase in price. Increases in the cost of cigarettes 
can influence both short-term cessation attempts and long-term cessation success.

Changes in public policies on where tobacco use is allowed also affect large numbers of 
individuals at minimal cost. There has been a marked increase in the fraction of the working 
population protected by total bans on smoking in the workplace, from 3% in 1986 to 77% by 
2003. Multiple workplace observations have demonstrated that instituting a change in work-
place smoking restrictions is accompanied by an increase in cessation attempts and a reduction in 
number of cigarettes smoked per day. Once restrictions on smoking in the workplace have been 
successfully implemented, smokers continue to reduce the number of cigarettes smoked per day 
and there is an increase in the success rate of smokers attempting to quit. The current widespread 
implementation of restrictions on where smoking is allowed is felt to be a principal factor in the 
marked fall in the percentage of smokers who smoke more than a pack per day and the recent 
decline in the average number of cigarettes smoked per day by daily smokers.

The healthcare system is a logical and potentially productive means of reaching smokers, 
with cessation messages increasing the chances of successful cessations. Approximately 70% of 
smokers see a physician each year, offering the potential to reach large numbers of smokers with 
advice to quit. The fraction of patients who report receiving cessation advice in the last year from 
their physician remains too low, but it has been increasing over time and now exceeds 60% of 
all smokers who have seen a physician. The U.S. Food and Drug Administration has approved 
a variety of pharmacologic approaches to smoking cessation over the last two decades, including 
nicotine replacement therapy with gum, patches, nasal and oral inhalers; clonidine; bupropion; 
and varenicline. Nicotine patches and gum have been approved for over-the-counter sale since 
1996. Use of nicotine replacement in conjunction with buproprion further improves cessation 
rates compared to either used singly. Use of long-term (6 months or longer) nicotine replace-
ment and pretreatment with nicotine replacement for several weeks prior to the cessation date 
look promising as improvements in pharmacological management.

Multiple controlled clinical trials have demonstrated that both physician advice and phar-
macologic treatment have substantial effects on long-term successful smoking cessation. In their 
offices, physicians should record a patient’s smoking history, motivate the smoker to quit, ne-
gotiate a quit date, follow up the quit attempt, and notify the smoker about additional cessa-
tion assistance. Current recommendations suggest that all patients interested in making a quit 
attempt be offered some form of pharmacological assistance. When physicians provide this type 
of intervention, they can double the rate of long-term successful cessation in their patients. In 
addition, physician encouragement can also double the likelihood that a patient will participate 
in more structured cessation assistance, such as a smoking clinic or telephone counseling, which 
provides additional improvements achieving long-term abstinence. Once these interventions 
move beyond the controlled investigational setting, and are used in isolation without the struc-
ture and support provided by a clinical trial, they have less impact on the smoker.
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The gap between the effect achieved in clinical trials and population-based data defines the 
potential that can be achieved if these strategies are delivered in a more comprehensive, orga-
nized manner and integrated with other available cessation resources.

The natural history of achieving successful abstinence commonly includes multiple cessa-
tion failures prior to achieving successful abstinence, and this should be recognized in clinical 
practice. Cessation should be viewed as a long-term process that will require continued monitor-
ing and motivation for repetitive cessation attempts as a normal part of treatment. There is a 
high rate of relapse back to smoking for at least 2 years following cessation, and as with most 
addictions, former smokers need to be abstinent for 5 or more years in order to be confident of 
continued success. This reality emphasizes the need for continued monitoring of the smoking 
status of former smokers.

Improving the effectiveness of individual interventions requires integrating tobacco control 
resources so that they support the availability and effectiveness of cessation messages and as-
sistance. This can be accomplished by reducing healthcare system barriers to access (particularly 
cost) of cessation aids and counseling, and linking physician or other practitioner advice with 
telephone hotline counseling. It is particularly useful to encourage healthcare systems to view ces-
sation as a population-based intervention utilizing messages delivered by various media and mul-
tiple personnel rather than having messages come exclusively from physicians. To obtain maximal 
benefit, we need to integrate tobacco control interventions into healthcare delivery systems, link 
them to community cessation resources, and create an environment that encourages access. When 
this is done, marked improvements in population-based rates of cessation are possible.

There is concern that successful cessation by more than half those who have ever smoked 
has left behind a residual population of smokers who have more difficulty quitting and are more 
resistant to tobacco control interventions. Despite the compelling logic of this concern, the evi-
dence shows that current smokers are quitting at higher rates and there is little evidence that tax 
increases or other tobacco control efforts are losing their effect on increasing cessation.

Two common components of most comprehensive tobacco control programs are mass 
media and self-help materials. They share the ability to reach large numbers of individuals at 
relatively low cost. However, they also share the misconception that they are autonomous in-
terventions whereby cessation goals are achieved simply by delivering self-help materials or ex-
posing the smoker to the media message. It is clear that both of these tobacco control channels 
are just that: channels. They are methods by which other tobacco control interventions can be 
facilitated, reinforced, and publicized and by which agendas can be set. However, in isolation, 
without integration into a more comprehensive approach, they have little effect.

Changing the environment in which the smoker lives and smokes to provide persistent and 
inescapable messages to quit while giving support for cessation has been a goal of most compre-
hensive tobacco control approaches, but accomplishing this goal has been problematic. Com-
prehensive statewide programs in California and Massachusetts have reduced smoking behaviors 
and disease risks, and are models for programs in other states. Unfortunately, downturns in tax 
revenue and political pressures have markedly reduced or eliminated the funding for many state 
tobacco control efforts and are likely to continue to minimize their future impact.

Telephone counseling services are effective in promoting long-term successful cessation both 
independently and in conjunction with healthcare system interventions. Several approaches to 
individualized counseling are available to provide assistance to the general population of smokers.

Computer-based interactive software can tailor the intervention and counseling provided to 
an individual smoker. The possibility of providing this kind of customized intervention over the 
Internet, in public locations where smokers have access, on home computers, or in hand-held 
devices can overcome some of the traditional resistance of smokers, particularly younger smok-
ers, to the more intensive, but more effective, smoking cessation interventions.

Current models of smoking behavior postulate that smokers cycle through stages during 
which they are disinterested in cessation, contemplate quitting, make a quit attempt, and are 
either successful or relapse back to smoking. Smoking relapse can be followed by a period of 
disinterest in cessation or the smoker may think about making an additional cessation attempt. 
Individual components of a comprehensive tobacco control program may affect the process 
of cessation at different stages. For example, public information campaigns can help smokers 
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think about the need to quit, physician advice may trigger a cessation attempt, and working in a 
smoke-free environment may facilitate abstinence once the attempt is made. Public information 
about the risks of smoking, negative images of the smoker, and physician warnings about risks 
can all convince a smoker to attempt to quit. In addition, the desire to set a good example for 
children and concern about being dependent on smoking are reasons smokers give for wanting 
to quit. Acute illness can also trigger cessation activity and provides a teachable moment for ces-
sation in healthcare interactions.

Forces influencing smoking cessation attempts may be different from those that lead to 
longer-term successful cessation. For example, older smokers are less likely to report making a 
cessation attempt in the last 12 months, but they are more likely to quit successfully for 3 or 
more months based on that attempt. This observation suggests that efforts to promote cessation 
among older smokers can yield important benefits.
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Agency for Health Care Policy Research web site for clinical practice guidelines 

http://www.ncbi.nlm.nih.gov/books/NBK12193/
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According to a report published in March 2011 by the Centers for Disease Control and 
 Prevention, nearly a third of hospitals are unprepared for the six types of mass-casualty disasters 
that public health officials fear most. A comprehensive approach to disaster medicine requires 
a blend of emergency and public health medicine principles. Planning for disasters ranges from 
preparing for isolated incidents such as power outages, accidents, chlorine gas spills, or build-
ing collapse to higher-impact occurrences, such as nuclear catastrophes, earthquakes, wildfires, 
hurricanes, and tsunamis. Most disasters result from natural events and produce injuries familiar 
to acute care physicians. However, acts of terrorism involving chemical, biological, and nuclear 
agents present unique situations beyond the practical experience of most healthcare providers. 
Because these exposures either impact the respiratory system or require intensive care, pulmon-
ologists will play a prominent role in managing these patients. Catastrophic events may lead to 
a mass-casualty incident in which an overwhelming number and severity of casualties present to 
a medical system. Multiple challenges must be considered, including surge capacity, triage, crisis 
standards of care, and allocation of scarce resources. Personal protection equipment (PPE) and 
decontamination are beyond the scope of this chapter, but references to this subject are provided 
in the annotated bibliography.

BASIC PRINCIPLES
Surge Capacity and Management in Disaster Planning
Surge capacity may be defined as the ability to manage and adapt to a large and unexpected influx of 
patients. This may range from the usual ebb and flow of a routine busy hospital up to a major di-
saster where emergency mass critical care (EMCC) may need to be invoked. Surge management 
includes the processes and strategies used to adapt patient care capacity to higher than usual 
numbers. As a pulmonologist involved with disaster planning, it is crucial to understand your 
resources, available treatment and disaster response strategies, personal protection, and commu-
nication methods with internal and external chains of command.

To simplify, surge capacity planning can be divided into four broad categories of 
consideration:

 1. Personnel (“staff,” including all critical care and hospital based professionals)
 2. Hospital environment (“space,” such as intensive care units [ICUs], step-down units, and 

wards)
 3. Equipment (“stuff,” such as ventilators, medications, etc.)
 4. “System” (processes required for communication and coordination)

For each resource, there are six key strategies that are used to adapt to a disaster surge, listed 
with examples:

 1. Prepare: planning for likely disasters ahead of time, stockpiling supplies and cross-training 
personnel.

 2. Substitute: using equivalent medications for narcotics or antibiotics, rather than the specific 
ones desired; having a coronary care unit (CCU) nurse caring for a sick medical intensive 
care unit (MICU) patient.

 3. Conserve: accepting lower oxygen saturations to conserve oxygen, managing some patients 
with higher nurse/patient ratios.

 4. Adapt: using anesthesia machines instead of standard ventilators in “low risk” patients.
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 5. Reuse: reusing lines or tubes, possibly after some effort at sterilization.
 6. Reallocate: providing life-saving care, such as a ventilator or an ICU bed/level of care, only 

to those patients with the best chance of survival.

When planning for the continuum of potential disasters, mass casualty standards of care can 
be divided based on the severity of the disaster:

 1. Conventional: the staff, space, stuff, and systems are all consistent with routine daily prac-
tices and with preserved normal standard of care, but toward the limits of usual care. An 
example would be the normal “competition” that may happen in any ICU, where patients 
may have to wait in other areas such as the emergency room (ER) or postanesthesia care unit 
(PACU) while ICU beds are “opened up.”

 2. Contingency: the staff, space, stuff, and systems are used in ways that are not consistent 
with usual practices, but have little, if any, impact on the normal standard of care. An 
example would be where a PACU or intermediate care unit had to be urgently repurposed 
to function as an ICU for days or weeks. This occurred in NYC’s Bellevue Hospital follow-
ing Hurricane Sandy, where patients were relocated based on the availability of generator 
power.

 3. Crisis capacity: the staff, space, stuff, and systems are not consistent with a usual standard of 
care, but likely provide the best care possible given the magnitude of the disaster and avail-
able resources. An example would be the events involving Memorial Medical Center in New 
Orleans after Hurricane Katrina in 2005, where healthcare staff, under conditions without 
power and of nearly exhausted resources, was ultimately required to make triage decisions 
regarding which patients had the best chance of survival. At least 34 patients died during or 
immediately after the hurricane.

It is imperative that any limitation of usual care during a disaster is coordinated with local, 
county, and/or state partners depending upon the extent and duration of the event. Mutual 
aid agreements should be in place with neighboring facilities during disaster planning so that 
resources and patient transfers can be effectively managed and tracked. Medical and legal 
policies are currently in place in many states with some federal guidance, but still in active 
evolution.

EARTHQUAKES
Since 2006, there have been an increasing number of earthquakes throughout the world. 
 Medical casualties usually result from the secondary damage caused by structural collapse, 
flooding, and, most recently in Japan, nuclear radiation exposure. Experiences in both Haiti 
and the  Philippines demonstrate that care of disaster victims following an earthquake is difficult 
because of the destruction of existing medical, transportation, and communication system in-
frastructure. The pulmonologist/intensivist will likely be involved in stabilizing trauma patients 
from injuries such as long-bone fractures, open femur fractures, pelvic fractures, gangrene, skull 
or spinal fractures as they await or recover from surgical intervention. Medical issues from en-
trapment, weather extremes, and dehydration also should be anticipated. Complications from 
crush injuries, including infection, renal failure, anemia, and cardiomyopathy, are common 
and require intensive support. Coordination of care during a chaotic influx of patients is chal-
lenging and requires enhanced and redundant communication and triage of resources and staff. 
Nursing and physician ratios are expanded, while lab and radiology utilization will be limited. 
Some useful tools to the provider in order to rapidly assess patients include portable ultraso-
nography, digital x-rays, and communication devices (including GPS systems) to coordinate 
transfer and locations of alternate echelons of care. Situational awareness and cross training of 
staff are key recommendations following every disaster where communication and access are 
limited. It is important to convene a multidisciplinary ethics committee that will help coordi-
nate and support difficult decisions during allocation of scarce resources in conjunction with 
the incident command system internally and external to the healthcare facility using the steps 
outlined above.
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IONIzING RADIATION EXPOSURE
Ionizing radiation exposure arising from nuclear accidents (e.g., Chernobyl), sequelae of earth-
quakes (e.g., Fukishima), or possible acts of terrorism has the potential for creating catastrophic 
mass casualties. Significant human exposure to ionizing radiation may result from a single point 
source (e.g., radiation dispersal device [RDD] or “dirty bomb”), accident or sabotage in a nuclear 
power plant, or detonation of a nuclear weapon, which may also result in additional injury pat-
terns due to the blast, thermal, light, and electromagnetic pulse (affects communication and 
electronic equipment) energy emissions. The clinical effects following exposure can be predicted 
from the method of detonation, weather conditions, physical environment, and duration of 
exposure. An individual’s radiation dose can be estimated by determining the time of onset and 
severity of prodromal symptoms (nausea and vomiting), the decline in absolute lymphocyte 
count over the first 48 hours, and the appearance of chromosome aberrations in peripheral blood 
lymphocytes. Exposure can be in the form of local irradiation, whole-body irradiation, external 
contamination, internal contamination, or a combination. Frequently, the adverse effects of ra-
diation exposure are seen in association with traumatic injuries. Regardless of the scenario, the 
principles of decontamination and treatment of casualties arising from radiation events remain 
the same.

The management of radiation exposure initially should consist of actions to (1) minimize 
exposure time, (2) increase distance from the source, and (3) maximize shielding. Decontami-
nation efforts should be initiated in the field. All uninjured but externally contaminated indi-
viduals can be decontaminated without medical interventions. Simply removing clothing and 
washing the skin with soap and warm water is effective in removing more than 99% of external 
contamination. Injured contaminated patients pose unique problems for the healthcare facility. 
Treatment of life-threatening injuries always takes precedence over decontamination (i.e., pay 
attention to the ABCs first). All casualties with non–life-threatening injuries should be decon-
taminated before treatment. This should be followed by a radiologic survey to determine the 
dose, assess prodromal symptoms, and collect samples for biodosimetry. Patients can then be tri-
aged based on the estimated dose received and the presence or absence of other injuries. Surgery 
for traumatic injuries, if indicated, should be performed within 36 hours of exposure. Further 
surgery should be delayed for 6 weeks to allow recovery of immune function and normalization 
of wound healing. Internal contamination can result from wounds, ingestion, or inhalation of 
radioactive material. Wounds can be decontaminated by irrigation and removal of foreign mate-
rial. Debridement should be limited to devitalized tissue. Gastrointestinal decontamination may 
include the use of cathartics or chelating agents. Whole-lung lavage can potentially remove as 
much as 50% of the radioactivity after inhalation of significant amounts of material. This reduc-
tion in radioactivity is accomplished primarily through the removal of alveolar macrophages, 
which have engulfed contaminated particles in the alveoli and alveolar ducts.

Acute Radiation Syndrome
Acute radiation syndrome (ARS) may develop after systemic irradiation. Generally, ARS results 
from acute whole-body doses above 1 gray (Gy). With exposures exceeding 10 Gy, survival is 
unlikely and treatment should be limited to comfort care. The syndrome progresses through 
four distinct phases: prodromal, latent, manifest illness, and recovery/death. After exposure, 
prodromal symptoms may develop within hours, but also may develop as late as 6 days after 
exposure. Prodromal symptoms classically consist of nausea, vomiting, and diarrhea. The dura-
tion to onset of these symptoms depends upon the dose received. Rapid onset of prodromal 
symptoms suggests shorter latency and predicts a more severe acute illness (usually .6 Gy ex-
posure). After the prodromal phase, symptoms may remit for hours to days, which may appear 
to suggest recovery, but this transient latent phase is followed by the manifest-illness phase. This 
stage may last for weeks and is characterized by profound immune suppression. The time course 
and severity of ARS depends upon the degree of exposure. A person exposed to a supra-lethal 
dose of radiation may experience all phases within hours before death. At lower doses, ARS may 
consist predominantly of a hematopoietic syndrome. With increasing exposure, gastrointestinal, 
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cardiac, and cerebrovascular syndromes will be seen. After significant exposure, interstitial radia-
tion pneumonitis can develop, which can progress to fibrosis. Patients who develop acute lung 
injury requiring mechanical ventilation should be treated with usual ICU care with attention to 
a lung-protective strategy using the lowest Fio2, in order to maintain oxygen saturation greater 
than 90% so as to decrease the possibility of additional oxygen toxicity. Monoclonal antibodies, 
vitamin A, interleukin 11, fibroblast growth factors, and pentoxifylline are currently consid-
ered experimental therapies for radiation-induced lung injury. Angiotensin II receptor blockers, 
angiotensin-converting enzyme inhibitors, and penicillamine may attenuate radiation-induced 
lung injury in rat models.

Depending upon the severity of the hematopoietic syndrome, treatment with cytokines, 
transfusions, or stem cell transplantation may be indicated. Supportive care may include ad-
ministration of antibiotics, antiemetics, antidiarrheal medications, fluids, electrolytes, and anal-
gesics. Because there will likely be many casualties following radiation injury, the US National 
Marrow Donor Program, the US Navy, and the American Society for Blood and Marrow Trans-
plantation collaboratively developed the Radiation Injury Treatment Network (RITN), which 
comprises 55 hematopoietic stem cell transplant centers, donor centers, and umbilical cord 
blood banks across the United States with the goal of providing surge capacity and guidelines 
for the management of radiation exposure. Critical care should be provided for patients who de-
velop multiorgan failure days to weeks after exposure, as their dose received is likely to have been 
less than 10 Gy. Patients who experience multiorgan failure within hours of exposure (.6 Gy) 
should receive expectant care.

CHEMICAL EXPOSURE
After intentional chemical exposure, patients most frequently present with symptoms similar 
to toxic inhalation of common industrial agents, such as chlorine, organophosphate products, 
or combustion. Chemical substances can be classified as (1) inhalational toxins that primarily 
affect the lungs or (2) neurotoxic agents that primarily involve the central nervous system. If 
appropriate hazardous materials (HAZMAT) assessment is available, prompt identification of 
the agent will allow the clinician to prepare specific antidotes and treatment supplies before the 
patient’s arrival.

Inhalational Toxins
Inhalational toxins may be classified as (1) direct respiratory irritants and (2) airway vesicants. 
Chemical asphyxiants such as carbon monoxide, hydrogen cyanide, and hydrogen sulfide may 
produce significant morbidity, but do not usually cause pulmonary injury unless exposure is 
overwhelming, as occurred in 1984 with the accidental release of 30 to 40 tons of methyliso-
cyanite in Bhopal, India. Over 2,000 people died, with autopsy findings consistent with acute 
respiratory disease syndrome (ARDS) and overwhelming pulmonary toxicity. Chronic lung dis-
eases, such as chronic obstructive pulmonary disease (COPD) and pulmonary fibrosis, prevail 
in survivors.

Direct Respiratory Irritants (Chlorine, Phosgene)
Chlorine is a highly reactive greenish yellow gas that is 2.5 times as dense as air. It is used in the 
production of chemicals, bleaching and plastics processing, and in a variety of recreational and 
household settings (e.g., swimming pools, cleaning solutions). Previously it was thought that 
chlorine reacted with tissue water to form hydrochloric acid and oxygen radicals and caused 
significant mucosal irritation. However, hydrochloric acid is much less toxic than chlorine, and 
recent animal studies demonstrate that chlorine directly damages the respiratory system via oxi-
dative injury of epithelial proteins. Symptoms range from mild to moderate chest burning, chest 
tightness, cough, throat irritation, dyspnea, and ocular irritation. Severe or prolonged expo-
sures can result in ulcerative tracheobronchitis, diffuse alveolar damage with hyaline membrane 
formation, and pulmonary edema. Treatment includes supplemental humidified oxygen and 
inhaled/nebulized bronchodilators. Nebulized sodium bicarbonate and inhaled budesonide have 
been used with mass chlorine exposures from swimming pools and from exposure to mixing 
cleaning fluids with a suggestion that symptom duration and pulmonary sequela are reduced.



7 8   Section I • Pulmonary Resources and Procedures

Phosgene and diphosgene have been used in chemical warfare. These agents are poorly soluble 
in water and, thus, have a delayed onset of action (30 minutes–8 hours). Initial exposure pro-
duces a burning sensation of the mucus membranes of the eyes, nose, throat, and upper respira-
tory tract. More severe exposures can result in cough, wheezing, stridor, dyspnea, hypotension, 
and noncardiogenic pulmonary edema. Development of acute lung injury after exposure to 
phosgene carries a poor prognosis. Treatment of respiratory irritant exposure is supportive with 
bronchodilators and local care. The use of steroids has been advocated, but is of unproven 
benefit.

Vesicants (Mustards)
The mustard compounds are a family of similar agents that have had significant use on the 
battlefield, either alone or in combination with other chemical and biological agents. The most 
common agent is sulfur mustard, which has a simple structure and is easily produced with 
ingredients typically used to manufacture plastics. Mustard vapor, which smells like garlic, is 
heavier than air and concentrates in low-lying areas. Because of its low volatility, mustard can 
persist in an environment for up to 5 days. Liquid mustard is rapidly absorbed and hydrolyzed 
in extracellular fluid. Within 2 minutes of exposure, mustard can irreversibly alkylate cellular 
DNA, resulting in necrotic cell death. Also, within minutes target organs irreversibly bind 
the chemical agent, making delayed elimination difficult, if not impossible. Skin, eye, airway, 
bone marrow, gastrointestinal, and nervous system findings predominate. The clinical effects 
of mustard toxicity typically begin 2 to 48 hours after exposure. More severe exposures are her-
alded by earlier onset of signs and symptoms. Typical manifestations include skin blistering and 
eye and airway symptoms resulting from direct irritant effects. Incapacitating respiratory tract 
injury can occur at vapor exposures significantly lower than those that cause skin blistering. 
A sore throat or productive cough that begins within 4 hours of exposure implies lower respi-
ratory tract involvement and should prompt immediate airway evaluation and intervention. 
Sloughing and ulceration of the trachea and bronchi can lead to obstruction. Pseudomembrane 
formation may cause necrotic obstruction that can complicate airway management. Mortality 
soon after exposure is most often related to pulmonary complications. Later mortality is usually 
due to bone marrow suppression and septic complications of lung injury and superficial skin 
lesions.

The initial approach to mustard gas contact is to minimize further exposure. Primary pre-
ventive techniques with barriers, such as protective clothing and lotions, may provide limited 
protection. Effective and early decontamination maneuvers (within 5 minutes) can remove re-
sidual agents on the skin. In contrast to treatment of thermal burns, care of chemical dermal 
wounds should include addressing large blisters or bullae with frequent irrigation and applica-
tion of topical antibiotics. Because of the superficial nature of chemical burns compared with 
heat-related burns, skin grafting is seldom needed and initial fluid requirements are not as great. 
Pain management includes the judicious use of oral or systemic narcotics. Topical mydriatics, 
 lubricating ocular gels, and local anesthetics can help relieve irritant ocular pain and later scar-
ring. Humidified air and cough suppressants help soothe inhalational injury. Bronchodilator 
therapy is the mainstay of treatment. Airway control should be considered if dysphonia, cough, 
or respiratory distress occurs soon after exposure. The role of corticosteroids is controversial; 
however, they may be useful in severe cases. Antibiotics should be reserved for confirmed cases 
of infectious pneumonia. Sulfur-containing drugs should be avoided because they may potenti-
ate the cellular injury caused by sulfur mustard exposure. In some animal studies, pretreatment 
or treatment within 20 minutes of exposure with N-acetylcysteine (Mucomyst, Mucosil-20) 
eliminated some of the organ damage. Some experts recommend post exposure treatment with 
intravenous sodium thiosulfate (500 mg/kg/day) for 48 hours, followed by 10 days of oral 
 N-acetylcysteine and vitamin C. Although sulfates are contraindicated with mustard exposure, 
preparations that act as sulfur donors have minimized systemic effects and elevated the lethal 
dose in research animals. Persons who have been exposed to mustard are at significant risk for 
long-term effects, particularly lung and upper airway cancers. Persons with respiratory exposure 
may experience asthma or syndromes similar to COPD.
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Neurotoxic Agents
In the 1930s, German scientists developed toxic “nerve agents” in industrial organophosphate 
factories. The four major compounds are tabun, sarin, soman, and VX. These agents inhibit 
the ability of acetylcholinesterase to hydrolyze acetylcholine. The accumulation of acetylcholine 
produces excess stimulation of nicotinic and muscarinic receptors.

The attachment of the nerve agent to the enzyme becomes permanent through a process 
called “aging” when acetylcholinesterase cleaves a portion of the bound nerve agent to produce 
a stable bond. The time required for aging varies, ranging from 2 minutes for soman to hours 
for other nerve agents. If administered prior to aging, several compounds can remove the nerve 
agent from the enzyme. The most important group of such compounds is the oximes. Nerve 
agents are liquids that may constitute both a liquid hazard and a vapor hazard during dispersal. 
All nerve agents rapidly penetrate clothing, skin, and mucous membranes. They may be ab-
sorbed by inhalation, ingestion, or dermal contact. Symptoms depend on the route of exposure 
and dose. After dermal contact, symptoms may be delayed for up to 18 hours; however, after 
inhalation, symptoms occur within seconds to minutes.

The clinical manifestations of nerve agent toxicity reflect the hyperstimulation of muscarinic 
and nicotinic receptors in the nervous system. Muscarinic effects include rhinorrhea, pinpoint 
pupils, blurred vision, hypersecretion by glands (e.g., salivary, lacrimal, sweat, respiratory), bron-
chospasm, nausea, vomiting, diarrhea, bradycardia, abdominal pain, and bowel and bladder 
incontinence. Nicotinic effects include skeletal muscle twitching, cramping, weakness, tachy-
cardia, and hypertension. Mild exposure results in rhinorrhea, pinpoint pupils, bronchospasm, 
increased secretions, and dyspnea. More severe exposures cause muscle fasciculations, nausea, 
vomiting, diarrhea, unconsciousness, seizures, paralysis, apnea, and death. Patients who survive 
exposure to nerve agents may experience fatigue, irritability, and memory impairment for weeks 
after recovery from the short-term effects.

The management of patients begins with a careful assessment of airway, breathing, and cir-
culation. Victims should be separated from the source of exposure and rapidly decontaminated. 
Clothing should be removed, eyes flushed with water for 5 to 10 minutes, and skin washed 
with soap and water. Antidotes for nerve agent poisoning are atropine sulfate and pralidoxime 
chloride (2-PAM or Protopam chloride). The initial dose of atropine is 2 to 6 mg intramuscularly 
(IM), depending on the severity of exposure, followed by 2 mg IM every 5 to 10 minutes until 
secretions and dyspnea or airway obstruction are minimized. As an oxime, 2-PAM acts as an 
acetylcholinesterase reactivator that binds the nerve agent and removes it from the enzyme. 
The initial dose is 600 to 1,800 mg IM, depending on the severity of exposure. Lorazepam or 
diazepam can be used as an adjunct to control seizures.

Providing medical care to a contaminated patient will tax even the most practiced clinician. 
PPE such as gas masks, respirators, and thick overgarments lead to heat stress within 30 minutes 
and make adequate communication with the patient and staff nearly impossible. Manual dex-
terity is also compromised. It should be noted that chemical agents traverse latex gloves readily 
and double gloves should be changed every 20 minutes. Wash the patient with lukewarm water 
and mild soap rather than hypochlorite bleach solution because bleach can potentiate further 
chemical injury. Eyes, mucus membranes, and wounds should be irrigated for at least 2 minutes 
with normal saline. There are a variety of commercial decontamination solutions that are effec-
tive and non-toxic.

Biologic Agents
The biologic agents that concern pulmonary physicians include “biologic toxins” (ricin and bot-
ulinum), “infecting zoonoses” (anthrax, plague, tularemia), and communicable viruses (smallpox 
or viral encephalitides). The agents that pose the most likely threat include anthrax, smallpox, 
plague, and ricin. In 2002, anthrax and ricin had been intentionally released, while smallpox and 
plague still present a substantial communicable risk to the population.

Anthrax
Anthrax is caused by the spore-forming Bacillus anthracis. Historically it is a disease of skin con-
tamination (Woolsorter disease). In 2001, it had been used as an aerosolized bioweapon killing 
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5 and infecting 22 others via the US mail. There are three forms of anthrax infection depending 
on the route of exposure: cutaneous, gastrointestinal, or inhalational. To produce respiratory 
infection, 3,000 to 5,000 airborne spores (1–1.5 μm in size) must be inhaled, phagocytosed by 
pulmonary macrophages, and transported via lymphatics to hilar and mediastinal lymph nodes, 
where they may remain dormant as “vegetative cells” for approximately 10 to 60 days or longer. 
Rapid germination in the lymph nodes to the bacillary form leads to massive toxin production 
by the replicating bacteria resulting in hemorrhagic mediastinitis. Acute disease initially resem-
bles a severe influenza-like illness, followed by rapid progression to sepsis, shock, multiorgan fail-
ure, and death. Inhalational anthrax has a high fatality rate (50%–70%), but number of spores 
inhaled, underlying clinical status, and age of patient impact the clinical course of disease. Diag-
nosis requires clinical suspicion and assessment for mediastinal widening in severely ill patients. 
B. anthracis is easily cultured from blood, CSF, ascites, and vesicular fluid using Biosafety Level-2 
precautions. Rapid detection via immunohistochemistry and polymerase chain reaction (PCR) 
is also available through the laboratory response network. Treatment is predicated on the early 
use of effective antibiotics (usually a combination of intravenous ciprofloxacin, rifampin, and/or 
clindamycin), complete pleural drainage, and meticulous ICU care. A vaccine (AVA-Biothrax) 
against the bacterial toxin is the only licensed human anthrax vaccine in the United States, but is 
currently only available to the Department of Defense. Prolonged chemoprophylaxis with cipro-
floxacin (500 mg twice daily), levofloxacin (500 mg daily) or doxycycline (100 mg twice daily) 
for 60 days, with or without vaccine, has been used in potentially exposed patients.

Plague
Plague is caused by Yersinia pestis, a Gram-negative coccobacillus of the Enterobacteriaceae family. 
It holds a historic place in pandemic human diseases and as an intentional agent of warfare since 
the 1300s. A rodent reservoir zoonosis, plague occurs naturally in endemic areas and is transmit-
ted by all species of fleas. There are three clinical forms: (1) bubonic (lymphadenitis), (2) septice-
mic (usually from hematogenous spread), and (3) pneumonic (the greatest threat as a biowarfare 
agent). Pneumonic plague produces a severe, overwhelming pneumonia with hemoptysis, fever, 
cough, chest pain, dyspnea, and tachycardia. Chest radiographs show bilateral alveolar opaci-
ties, pleural effusions, and cavitations. Hilar lymphadenopathy is often present, but mediastinal 
widening is not, which can help distinguish the presentation from inhalational anthrax. Shock 
and death occur within 2 to 6 days with mortality approaching 60%. Diagnosis is via culture of 
sputum or body fluid showing Y. pestis, direct fluorescent antibody (DFA), PCR, or IgM assays. 
Treatment is with IM streptomycin 1 gm twice daily or gentamycin (5 mg/kg IV/IM once daily). 
Alternative agents include doxycycline (100 mg IV twice daily or 200 mg once daily), ciprofloxa-
cin (400 mg IV twice daily), or chloramphenicol (25 mg/kg IV 4 times/day). Antibiotics must be 
administered early to improve survival. Persons with possible exposure should receive chemopro-
phylaxis with oral doxycycline or ciprofloxacin. No plague vaccine is currently available.

Smallpox
Smallpox is caused by the Variola virus and is believed to have been eradicated in 1980, with 
the last case of endemic smallpox occurring in Somalia in 1977. It is likely that it still exists in 
bioweapons arsenals in some countries. Smallpox is extremely contagious and clinical disease car-
ries a 30% mortality rate. Clinical manifestations appear in a series of distinct phases: incubation 
phase (7–17 days), prodrome phase (lasts 2–4 days), eruption phase, vesicular phase, pustular 
phase, crust phase, and desquamation phase. Rash and fever syndrome occurs after a prolonged 
incubation period. The rash is similar to chickenpox and any severe case of “chickenpox” should 
be suspect for smallpox. Respiratory symptoms can occur owing to mucosal lesions or second-
ary infection. Confirmation of smallpox can be performed by PCR analysis of skin scrapings, 
body fluids, and oropharyngeal swabs and processed using Biosafety Level 4. Currently, there is 
no FDA approved treatment for acute infections. The public health approach is predicated on 
prevention and control by isolation, cohorting, and ring vaccination strategies. An antiretroviral 
agent, cidofovir, shows promise in animal studies and is being tested for therapy. Vaccinia im-
mune globulin decreases pulmonary viral loads and pneumonitis in animals with vaccinia or 
cowpox, but there is no evidence that it offers any survival or therapeutic benefits in patients 
infected with smallpox.
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Ricin
Ricin is a biologic toxin consisting of a protein extracted from the seed of the castor bean plant. It 
is easy to produce and highly toxic. Exposure to the freeze-dried powder can occur through inha-
lation, ingestion, or injection. Ricin causes ribosomal inactivation in cells to produce necrotic cell 
death. Inhaled ricin (based upon animal data) causes rapidly progressive, severe respiratory failure 
with pulmonary edema within 3 hours and is frequently fatal. Diagnosis is by enzyme-linked im-
munosorbent assay (ELISA) analysis of nasal mucosal swabs taken within 24 hours of exposure. 
Specific ricin antigen testing or immunochemical staining of serum and respiratory secretions 
can also be done. Acute and convalescent titers are recommended. Management is mainly sup-
portive. There is currently no effective antidote, although a vaccine is under development.
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References 28 and 29 are excellent as a guide to help prepare ICU for surge capacity.
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Useful Web Sites
United States Army Office of the Surgeon General. This site offers detailed military-relevant infor-
mation on chemical and nerve agents. 

http://sis.nlm.nih.gov/Tox/ChemWar.html

REAC/TS Radiation Emergency Assistance: Center/Training Site. Provides support to the US De-
partment of Energy, WHO, and the International Atomic Energy Agency in the medical management 
of radiation accidents. Web site contains information for management of radiation emergencies and 
guidance for initial hospital medical management. 

www.orau.gov/reacts

Armed Forces Radiobiology Research Institute. Multiple references available at this web site for 
download including (1) Medical Management of Radiological Casualties Handbook, (2) Pocket Guide 
for Responders to Ionizing Radiation Terrorism, and (3) Textbook of Military Medicine: Consequences of 
Nuclear Warfare. 

www.afrri.usuhs.mil

Center for Disease Control and Prevention—Emergency Preparedness and Response. Excellent 
web site geared toward both natural disasters and acts of terrorism. 

www.bt.cdc.gov

American College of Radiology. Provides access to the handbook Disaster Preparedness for Radiology 
Professionals. 

www.acr.org

Institute of Medicine of the National Academies. Guidance for establishing crisis standards of 
care for use in disaster situations. 

http://www.iom.edu/Reports/2012/Crisis-Standards-of-Care-A-Systems-Framework-for-Catastrophic-

Disaster-Response.aspx

http://sis.nlm.nih.gov/Tox/ChemWar.html
http://www.orau.gov/reacts
http://www.afrri.usuhs.mil
http://www.bt.cdc.gov
http://www.acr.org
http://www.iom.edu/Reports/2012/Crisis-Standards-of-Care-A-Systems-Framework-for-Catastrophic-Disaster-Response.aspx
http://www.iom.edu/Reports/2012/Crisis-Standards-of-Care-A-Systems-Framework-for-Catastrophic-Disaster-Response.aspx
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15 Mechanical Ventilation: 
Devices and Methods
Timothy A. Morris

The introduction of microprocessor-controlled algorithms to manage ventilator performance 
has markedly expanded the ability to provide a variety of modes for ventilatory support. In 
mandatory ventilation, the most commonly used type, the ventilator delivers an inhaled breath 
for a set time, during which a number of parameters are controlled. A variety of inspiratory flow 
patterns may be delivered in order to target specific tidal volumes, or inspiratory flow may be 
adjusted based on the pressure during inspiration. The ratio of inspiratory to expiratory time 
may be inverted to produce very long inspiratory times, very short expiratory times, or both. 
Positive end-expiratory pressure (PEEP) may be applied to the airway to keep alveoli open 
throughout exhalation. The choice of appropriate modalities for ventilatory support is deter-
mined by the respiratory objectives for the patient at a given point in the disease course (e.g., 
improving oxygenation, optimizing CO2 clearance, resting respiratory muscles, etc.). One of 
the advantages of the newer generation of microprocessor-based mechanical ventilators is that 
the same ventilator can deliver markedly different types of ventilatory support as the patient’s 
requirements change.

The wide variety of mandatory ventilation modalities may be categorized according to 
how the following functions are handled: (1) control and adjustment of air movement into 
the lungs during inspiration, (2) function during exhalation, (3) initiation and termination of 
mandatory (machine-controlled) breaths, and (4) function during spontaneous (patient-driven) 
breaths. Each function has the goal of improving arterial oxygenation, protecting the alveoli 
from overdistension, or reducing the work of breathing by synchronization with spontaneous 
patient effort.

CONTROL: VOLUME VS PRESSURE
The most fundamental aspect of mandatory modes of mechanical ventilation is how air move-
ment into the lungs is controlled and adjusted during an inspiration. The basic choice is either 
to control pressure or to control flow (and hence, volume). The most straightforward model to 
conceptualize pressure control (PC) is a simple pressure-driven system. In this idealized situa-
tion, the patient’s airway would be connected to a large source of air maintained at a specific 
pressure. At the start of inspiration, pressurized air from the source enters the lungs at a flow 
rate determined by the resistance and compliance of the patient’s respiratory system. As the lung 
pressure approaches equilibrium with the pressure from the source, flow decelerates at a rate 
determined by the respiratory system’s resistance and compliance. In this model, the pressure in 
the airways would be “controlled” at a constant level, while at any given instant, the flow rate 
would depend on the resistance and compliance of the respiratory system.

In volume control (VC), the ventilator supplies a predetermined pattern of air flow to the 
lungs and it is the airway pressure that changes, depending on the respiratory system’s resistance 
and compliance. The volume of air delivered to the lungs is determined by the flow rate and 
duration of the breath delivered. A simple, idealized model to conceptualize VC is a highly pres-
surized tank of air connected to the patient’s airway by a resistor valve to control airflow, a setup 
similar to the high-pressure pump used to inflate one’s car tires at a filling station. In this ideal-
ized system, flow is held constant, and the intrapulmonary pressure at any given instant depends 
on the resistance and compliance of the lungs. The lungs (like car tires) are not allowed to reach 
equilibrium with the high-pressure tanks.

These two idealized systems are, of course, too cumbersome and inflexible for actual clini-
cal use. However, modern ventilator modalities simulate either one of these two basic models 
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by using microprocessor-controlled valves to regulate the output from high-pressure solenoid 
pumps. The ventilator generates a “volume-controlled” breath by repetitively sampling the flow 
it is delivering during inspiration and adjusting the solenoid output to provide a precise flow pat-
tern for a specific duration of time (volume 5 flow 3 time). To generate a pressure-controlled 
breath, the microprocessor samples the pressure it is delivering and adjusts the solenoid pump 
output to achieve and maintain a constant pressure in the airways.

During any single breath, the ventilator may control airway pressure (PC) or airflow (VC), 
but not both simultaneously. However, a ventilator mode entitled “volume-targeted pressure con-
trol” or “pressure-regulated volume control” is designed to provide the benefits of both PC and 
VC. In this mode, any single inhalation is a pressure-controlled breath, so the airflow and volume 
during that inhalation depend on the patient’s characteristics. However, the amount of pressure is 
adjusted from breath to breath in order to target a specific tidal volume. The clinician sets a target 
volume, similar to VC. The ventilator targets this volume during each breath by adjusting the 
pressure-control setting up or down according to the tidal volumes delivered during the previous 
few breaths. This mode enhances the ventilator’s synchrony with the patient’s ventilatory muscles, 
as does PC, and also promotes the delivery of specified tidal volumes, as does VC.

As modern ventilators develop faster methods of monitoring and adjusting their output, as well 
as more complete control over airway pressure and flow, they increase their versatility and applicabil-
ity to a variety of clinical needs. For example, if a patient who coughs or “bucks” when an older-style 
ventilator is delivering an inhaled breath (in pressure-control or volume-control mode), the airway 
pressure may rise rapidly, exposing the lungs to barotrauma before the ventilator detects the high 
pressure and ends the breath. Modern ventilators, however, can adapt to rapid changes in lung com-
pliance (such as coughing or bucking) by (1) increasing the rapidity with which the flow and pressure 
in the airway is monitored and (2) using the microprocessor to constantly adjust both the inhalation 
valves and exhalation valves in the airway circuit without ending the inspired breath. Thus, baro-
trauma is minimized, minute ventilation is preserved, and the work of breathing is reduced.

BREATH SEQUENCE IN MANDATORY VENTILATION
Ventilator modes also differ in scheduling when mandatory breaths (driven entirely by the ventila-
tor) are given. Mandatory breaths can be delivered at a set rate (controlled*) or they may be triggered 
by the patient’s effort (assisted). With intermittent mandatory ventilation (IMV) or synchronized 
intermittent mandatory ventilation (SIMV), mandatory breaths are delivered only at specific time 
intervals, resulting in a set number of breaths per minute. With continuous mandatory ventilation 
(CMV) or assist/control (AC), the ventilator assists with a mandatory breath every spontaneous 
inhalation effort that it detects. In addition, if the patient does not trigger an assisted breath within 
a specified time interval, the machine delivers a mandatory breath, similar to IMV. In CMV or 
AC, the patient may receive some combination of assisted and controlled breaths, depending on set 
ventilator rate and his own intrinsic respiratory rate. Patients receiving only assisted (self-initiated) 
breaths may become fatigued because, although assisting the breath decreases the work of breathing, 
it does not entirely rest the ventilatory muscles. Once the diaphragm begins an inhalation, it contin-
ues to contract throughout the entire inspiratory cycle. One approach to resting the diaphragm is to 
set the ventilator rate such that a majority of breaths are controlled (machine initiated).

Whatever modality is chosen, matching the ventilator response to the patient’s demand re-
duces the work performed by the respiratory muscles and may prevent respiratory muscle fatigue. 
The patient perceives the ventilator’s response on each breath in four ways: (1) the energy neces-
sary to begin inspiratory flow, (2) the rate at which inspiration flow actually occurs given the level 
of muscle effort expended, (3) the duration of inspiratory flow (inspiratory time), and (4) the vol-
ume inspired. When the response of the ventilator fails to match the patient’s demand in one or 

Unfortunately, the term “control” has two unrelated meanings in ventilator literature. “Volume control” and 
“pressure control” refer to the adjustment of airflow and pressure, respectively, during inhalation. When refer-
ring to breath sequencing, a “controlled” breath is one initiated by the ventilator, independent of any triggering 
by the patient.”
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more of these aspects, the work performed by the patient increases, the ventilatory drive increases, 
and the patient becomes uncomfortable and may begin to fight the mechanical ventilator.

TRIGGERING INHALATION
Mechanical ventilators differ in their responsiveness to patient effort in their inspiratory triggering 
mechanisms, their inspiratory demand values, and their mechanisms of ending the inspired breath. 
When a mechanical ventilator is assisting the patient’s breath, it must “sense” that the patient has 
begun inhaling and initiate the machine-driven breath using an inspiratory triggering mechanism. 
For many ventilators, the breath is triggered once the patient’s spontaneous efforts exceed a preset 
negative pressure. For earlier generations of mechanical ventilators, this threshold was –2 cm H2O 
or more. Newer generations of mechanical ventilators have thresholds that can be set as slow as 
–0.5 cm H2O. In addition, ventilators also can be triggered by a drop in the flow passing by the en-
dotracheal tube. Flow triggering may make the ventilator more sensitive to the patient’s inspiratory 
effort and, by using software to drive the pressure at the airway opening to a slightly positive value, 
further reduces patient work during spontaneous breathing. The result is a virtual elimination of 
the ventilatory work added by the mechanical ventilator circuit during spontaneous breathing.

The work performed by the patient increases when the flow provided by the mechanical 
ventilator lags behind that demanded by the patient. Inspiratory demand valves on older models 
of many mechanical ventilators required greater effort to produce higher flows. More recently, 
ventilator inspiratory flow valves have been designed to increase flows with much smaller effort.

DURATION OF INHALATION AND EXHALATION
Modern ventilators also may vary the duration of the inspiratory and expiratory phases of breath-
ing to suit the needs of the patient. Conscious patients, for example, tolerate mechanical ven-
tilation more readily with relatively brief inhalation times, allowing more time for exhalation 
(similar to the normal cadence of spontaneous breathing). However, if severe hypoxemia occurs, 
the patient may require long inspiratory and short expiratory times: a reversal of the normal 
inspiratory-to-expiratory (I/E) time ratio, termed inverse ratio ventilation (IRV). The IRV mode 
is commonly used with pressure-controlled ventilation, but can be used with volume control as 
well. The inspiratory time, respiratory rate, and I/E ratio are, of course, interdependent. Some 
ventilators allow the setting of two parameters (such as I/E and rate) directly; the other param-
eter is adjusted as needed. Because IRV so distorts the normal pattern of ventilation, the patient 
usually requires sedation, neuromuscular blockade, or both to avoid patient–ventilator dyssyn-
chrony. This mode of ventilation is able to achieve acceptable levels of arterial oxygenation at 
lower peak and end-expiratory airway pressure. It remains controversial whether this effect is the 
result of the inspiratory pressure plateau preventing alveolar collapse or whether the short expira-
tory times, which do not allow expiration flow to finish before inspiration begins, simply provide 
PEEP at the alveolar level that is not measured at the airway opening (alveolar or intrinsic PEEP).

PEEP
During exhalation, the ventilator may either allow the lungs to reach atmospheric pressure or 
it may provide a continuous source of positive pressure throughout exhalation (positive end- 
expiratory pressure, or PEEP). The most common use of PEEP is to prevent damaged alveoli from 
collapsing during exhalation, increasing the proportion of ventilated lung units and decreasing the 
amount of shunt. Because a large component of gas exchange dysfunction in lung injury is attrib-
uted to intrapulmonary shunting, PEEP may relieve hypoxemia in these cases without requiring 
the use of high oxygen concentrations. Some clinicians also use PEEP for other uses, such as (1) re-
ducing the work of breathing in patients manifesting intrinsic PEEP from obstructive lung disease; 
and (2) decreasing intrathoracic venous return (preload) in patients with congestive heart failure.

While the ventilator is in the PEEP mode, pressure support (PS) may be used to reduce 
inspiration work. PS is triggered by inspiratory efforts in the same way that assisted breaths are 
triggered. Once this occurs, PS increases the airflow to maintain a positive pressure higher than 
the PEEP pressure, allowing the ventilator to provide some of the work of inhalation without 
controlling the patient’s breathing pattern.



    Chapter 15 • Mechanical Ventilation: Devices and Methods   8 7

BILEVEL VENTILATION AND AIRWAY-PRESSURE  
RELEASE VENTILATION
Bilevel ventilation and airway-pressure release ventilation (APRV) both describe a mode in 
which mandatory breaths per se are not delivered, but the ventilator alternates between two 
different pressure levels. The two pressure levels are referred to as PEEPhigh and PEEPlow, but 
the term “PEEP” in this circumstance refers to the ventilator’s method of maintaining airway 
pressure, and does not refer to a particular phase of respiration. As with the PEEP used during 
mandatory ventilation, spontaneous breathing is permitted, and even encouraged through the 
use of small amounts of PS.

APRV is a subset of bilevel ventilation in which PEEPhigh is sustained for a majority of the 
time, in order to enhance alveolar recruitment and subsequent oxygenation. CO2 clearance is 
achieved by periodically releasing the airway pressure down to PEEPlow, which is typically kept at 
zero (atmospheric) pressure. After a fraction of a second, before the alveoli have fully equilibrated 
with the PEEPlow pressure, the airway pressure is returned to the PEEPhigh value and optimal 
oxygenation resumes. Although this pattern is similar to IRV with PC, APRV has the advantage 
of permitting spontaneous ventilation throughout the cycle, reducing the requirement for phar-
macological paralysis and deep sedation.

HIGH-FREQUENCY OSCILLATING VENTILATION
High-frequency oscillating ventilation (HFOV) is an intriguing form of mechanical ventilation 
that does not deliver mandatory breaths. As in APRV, maintenance of relatively high mean 
airway pressures optimizes oxygenation. In HFOV, however, CO2 clearance without alveolar 
deflation is achieved by rapid (5–6 Hz) oscillations in airway pressure. Manipulation of the 
amplitude, frequency, and “inspiratory” proportion of the oscillations may enhance CO2 clear-
ance. HFOV offers potential physiological benefits in certain cases of severe respiratory failure. 
However clinical studies have not identified a population in which HFOV consistently provide 
better outcomes than more conventional forms of mechanical ventilation.

PROPORTIONAL ASSIST VENTILATION
Synchronization between the patient and the mechanical ventilator may be enhanced in a new 
generation of mechanical ventilators. Complex software algorithms and rapid feedback mecha-
nisms to control airway pressure and flow allow these ventilators a great deal of flexibility to 
adjust their function to patient demands. One such strategy made possible by these develop-
ments is proportional assist ventilation, which is designed to provide a fixed proportion of the 
energy required for ventilation regardless of the size of the tidal volume generated or minute 
ventilation required. The energy required to move the respiratory system during ventilation can 
be divided into that part required to overcome the elastic recoil of the lung and chest wall, and 
that part required to overcome the resistance to airflow through the airways. A proportional as-
sist mechanical ventilator continuously adjusts the pressure it provides throughout inspiration, 
calculating at each adjustment both the pressure required to drive the instantaneous airflow and 
the pressure required to support the current inspired volume. The clinical benefits of propor-
tional assist ventilation and other new modes of mechanical ventilation are unclear and are topics 
of ongoing research.

FURTHER READING
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20. Younes M, Puddy A, Roberts D, et al. Proportional assist ventilation: results of an initial clinical 
trial. Am Rev Respir Dis. 1992;145:121.
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16 Mechanical Ventilation: 
Complications and 
Discontinuation
Timothy A. Morris

Mechanical ventilation itself poses an increased risk for serious complications and should be 
 discontinued as soon as it is safe to do so. Unnecessarily prolonged mechanical ventilation may 
be minimized by (1) frequently assessing the ventilated patient to determine when the patient 
is capable of breathing without mechanical assistance and (2) progressing the transition to 
 unassisted breathing as rapidly as tolerated by the patient. The term weaning, which implies a 
mandatory stepwise reduction in support, is more appropriately referred to as liberation from 
mechanical ventilation, which implies no such requirement.

In general, the reasons for mechanical ventilation dictate both the complications of mecha-
nical ventilation and the method of liberation. Patients are placed on mechanical ventilators 
 because of (1) failure to maintain adequate arterial oxygenation on supplemental oxygen, 
(2) failure to maintain adequate alveolar ventilation (excrete carbon dioxide), or (3) therapeutic 
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objectives not directly related to gas exchange (e.g., hyperventilation for head trauma, paralysis for 
tetanus). More than one indication may coexist; however, one indication usually predominates.

COMPLICATIONS
Complications associated with endotracheal intubation are common to all ventilated patients 
and include sinusitis, laryngeal injury, and tracheomalacia (see Chapter 33). In addition, patients 
with hypoxic ventilatory failure are at higher risk because they often require high fractional inspi-
ratory oxygen concentrations (Fio2) and elevated peak and end-expiratory ventilatory pressures. 
The inhalation of an Fio2 above 0.5 for extended periods of time increases the risk of oxygen 
toxicity and pulmonary fibrosis. The use of an Fio2 of 1.0 (i.e., 100% oxygen) can result in an 
increased shunt fraction because of resorption atelectasis involving segments of the lung contain-
ing low ventilation–perfusion (V·/Q· ) units.

Hemodynamic Compromise and Barotrauma
Hemodynamic compromise and barotrauma are associated with high inspiratory and expiratory 
pressures. High inspiratory pressure and positive end-expiratory pressure (PEEP) may unpredict-
ably diminish cardiac output and blood pressure. Although PEEP typically reduces intrapulmo-
nary shunting due to alveolar collapse, it also may lead to (1) a fall in left ventricular compliance 
and right atrial venous return; (2) an increase or decrease in pulmonary vascular resistance; and 
(3)  overdistention and injury of unimpaired (“normal”) alveolar units. The net effect on cardiac 
output and gas exchange is usually impossible to predict for an individual patient. Therefore, some 
patients with severe hypoxic ventilatory failure who receive high levels of PEEP may benefit from 
systemic arterial and pulmonary artery catheterization for repeated measurements of hemodynamic 
parameters and gas tensions. However, these invasive methods of hemodynamic monitoring carry 
their own complication risks, which must be weighed against their potential to guide PEEP, intra-
vascular volume expansion, and drug therapy. When hemodynamic stability and oxygen delivery 
can be achieved, efforts should be aimed at decreasing the Fio2 to a safer level (below 0.7).

Hemodynamic compromise also may occur in the setting of an increase in intrathoracic 
pressure inherent in mechanical ventilation by reducing the venous return from the rest of the 
body and, in some cases, by decreasing ventricular filling and cardiac output. Naturally, patients 
with low venous pressure or tenuous right ventricular function are especially vulnerable to this 
effect, while volume expansion may help mitigate it. Patients with obstructive diseases such as 
chronic obstructive pulmonary disease (COPD) and asthma are at particular risk for hemody-
namic deterioration from intrathoracic pressure increases during mechanical ventilation. Those 
patients may be incapable of fully exhaling during the ventilator cycle, and can build up danger-
ous levels of end-expiratory pressure, termed “intrinsic PEEP” or “auto-PEEP.” Although dif-
ficult to measure precisely, intrinsic PEEP is often reflected on the ventilator’s flow-time graph 
by the failure of the expiratory flow to return to zero prior to the initiation of the next inhalation.

The risk of barotrauma in mechanically ventilated patients is high and correlates with mean 
and peak airway pressures. Pneumothorax may be unpredictable in presentation. A tension 
pneumothorax, in which the intrapleural pressure becomes markedly positive, may cause cata-
strophic vascular collapse. However, a pneumothorax also may be manifest as a subtle radio-
graphic finding because of the limited potential for some severely damaged lungs to collapse. 
The presence of a chest tube (either prophylactic or therapeutic) does not guarantee that another 
pneumothorax will not develop in the same hemithorax; in fact, patients with severe adult respi-
ratory distress syndrome (ARDS) may require multiple chest tubes bilaterally. If a bronchopleu-
ral fistula develops, ventilation may be further compromised. Patients with hypoxic ventilatory 
failure are at increased risk for barotrauma; this is probably related to localized differentials in 
alveolar pressure and distention, rather than to absolute transpulmonary pressure. The markedly 
distorted lung architecture in these patients may lead to barotrauma at much lower pressures.

Although it occurs less abruptly than barotraumas, damage to alveoli from repeated overin-
flation during mechanical ventilation (“volutrauma”) is arguably a much higher risk for patients 
with acute lung injury or ARDS (see Chapter 67). The insidious and progressive damage to the 
lungs by volutrauma is illustrated by the higher mortality observed in the multicenter ARDS-net 



    Chapter 16 • Mechanical Ventilation: Complications and Discontinuation   9 1

trial for patients ventilated with higher tidal volumes, despite the fact that their oxygenation was 
significantly better early-on than those ventilated with lower tidal volumes.

Infection
Intubated patients of all types are at an increased risk of infection. Bacterial overgrowth of gastric 
contents, following adjustment of gastric pH with antacid or H2-blocking agents, is a major 
source of nosocomial pneumonias. Whether the risk can be minimized by substitution of sucral-
fate for these agents as prophylaxis for gastric bleeding remains controversial. Malnutrition can be 
a major problem in patients requiring prolonged ventilatory support. Nutritional support should 
begin as soon as possible in any patient in whom prolonged ventilatory support is contemplated.

In some mechanically ventilated patients, respiratory complications are related to the therapeu-
tic modalities that necessitated mechanical ventilation, rather than to the ventilator per se. Some of 
these patients enter the intensive care unit (ICU) with relatively normal lungs. Paralyzed patients, 
for example, are at very high risk if disconnected from mechanical ventilation, even briefly. Ap-
propriate safeguards, including carefully tested apneic alarms, should be initiated in this situation. 
The application of barbiturate coma for head trauma patients, particularly in conjunction with 
rigorous maintenance of the head-up posture, may lead to problems maintaining bronchial secre-
tion clearance, even in patients with normal lungs. This group may develop lobar collapse and 
Gram-negative pneumonia if careful prophylactic measures are not initiated (see Chapter 12).

In addition to respiratory complications, patients on mechanical ventilation also may 
 experience cardiac arrhythmias, seizures, and gastrointestinal bleeding. Arrhythmias may be re-
lated to hypoxemia, hypokalemia, or other electrolyte disturbances and the use of drugs (e.g., 
beta agonists, aminophylline) with an arrhythmogenic potential. Seizures may occur because of 
 hypoxemia, rapid reversion of chronic hypercapnia, or drugs such as theophylline. Gastrointes-
tinal bleeding from gastritis or frank gastric ulceration is common; however, the mechanisms 
responsible are not clear. Antacids and H2-receptor blockers appear to reduce the incidence of 
bleeding, particularly in patients with acute central nervous system disease (e.g., head trauma, 
cerebrovascular accidents).

DISCONTINUATION
Mechanical ventilation should be discontinued as soon as it is safe to do so. Although this usually 
requires the reversal, to some degree, of the primary causes for mechanical ventilation, the causes 
need not be entirely resolved before patients can be safely extubated. The phrase liberation from 
mechanical ventilation has largely replaced the term weaning to describe the process of ventila-
tor discontinuation, in recognition that gradual tapering of ventilator support is typically not 
necessary. Procedures to liberate patients from mechanical ventilation have the general purpose 
of assuring the medical team that mechanical ventilation is no longer necessary. Somewhat more 
controversial is the potential for the process to gradually train the respiratory muscles in some 
patients to assume the entire work of breathing.

As much as 40% of the time on mechanical ventilation is spent after gas exchange itself has 
improved to the point that spontaneous breathing could be possible. Methods to decrease the 
time it takes to liberate patients from mechanical ventilation may reduce complication rates 
and save considerable expense. Timing is a major issue. The patient who is extubated too early, 
requiring reintubation, is subject to difficulties obtaining an airway, laryngeal injury, aspiration 
pneumonia, and cardiac ischemia, all of which lead to a higher mortality. Conversely, the patient 
who is left on mechanical ventilation too long risks nosocomial pneumonia, tracheal injury, and 
the other complications mentioned.

Successful extubation requires that the work required for breathing be substantially less than 
the capacity to breathe. The work of breathing depends on factors such as (1) the amount of gas 
exchange required, which in turn depends on O2 consumption and CO2 production; (2) gas 
 exchange efficiency, including the (A–a) O2 gradient and V·D/V·T; and (3) the physical work 
 required to inflate the lungs, such as lung and chest wall compliance. The capacity to breathe, 
in turn, depends on (1) neurologic mechanisms to control breathing, (2) respiratory muscle 
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strength, and (3) endurance. Despite a great deal of clinical investigation, it is still difficult to 
predict when the balance of these factors permits discontinuation of mechanical ventilation in 
particular patients.

Indications
The good news for clinicians is that complex, time-consuming, and often inconsistent methods 
of weaning are largely being replaced by simpler algorithms that are at least as effective. In our 
center, we use a protocol represented by the acronym STEER, for screening, testing, exercising, 
evaluating and reporting on the progress of patients being liberated from mechanical ventilation. 
Essential to the process is the classification of patients into one of four basic categories: (1) those 
in whom immediate extubation is likely to be successful; (2) those in whom weaning is progress-
ing toward the goal of extubation; (3) those who are not progressing, in whom further investiga-
tion is necessary; and (4) those in whom weaning of any type is contraindicated.

Screen: The first step is to identify patients in whom initiation of the liberation process 
would likely cause harm (described above as category 4). This group generally has one or more 
of the following problems: (1) inadequate gas exchange, evidenced by a low Po2/Fio2 ratio or the 
requirement for high levels of PEEP; (2) inability to cough or clear secretions during spontane-
ous breathing; (3) instability such as shock or hypotension; (4) severe muscle weakness or paraly-
sis; (5) sedation or obtundation; (6) major procedures planned in the near future; (7) unstable 
myocardial ischemia; or (8) elevated intracranial pressure. Patients with these contraindications 
to weaning are monitored daily for signs of their resolution. Others begin the process of libera-
tion. This aggressive approach is safe and shortens the duration of mechanical ventilation.

Test: The next step is to distinguish those patients who are ready for immediate discon-
tinuation of mechanical ventilation from those in whom intermediate steps are necessary. The 
patient’s respiratory performance (while receiving minimal support from the ventilator) may 
predict when extubation will be tolerated. A variety of “weaning parameters” have become popu-
lar, such as minute ventilation, respiratory rate, and inspiratory pressures. A simple and accurate 
predictor is the “rapid shallow breathing index,” representing the ratio of the respiratory rate to 
the tidal volume (f/V·T). Our preference is to test the f/V·T during brief periods of spontaneous 
breathing (on T-piece or with low amount of pressure support) at least once daily. Patients with 
low f/V·T ratios are allowed to continue spontaneous breathing and, if they tolerate the “sprint” 
for 1 to 2 hours, are extubated. Those in whom the initial f/V·T is high require further steps to be 
liberated from mechanical ventilation.

Exercise: For those patients who cannot be extubated immediately, intermediate steps may 
be necessary. Whether the patient’s performance during these weaning steps is the cause of 
or the result of improved respiratory status is controversial. Options include (1) periodically 
“sprinting” the patient with intervals where the ventilator provides lower levels of assistance, 
using IMV, pressure support, or T-piece with humidified oxygen flowing past; or (2) intermit-
tently decreasing the assistance from the ventilator allowing the patient to gradually assume the 
burden of ventilation, using IMV, pressure support, or a combination. Although there is no 
general consensus on the relative merits of these two strategies, recent evidence appears to favor 
periodic sprinting.

Evaluate: Whatever the modality chosen, a few points should be considered when designing 
a weaning program. First, patients may improve faster than expected, and any liberation process 
should include processes to identify those who have developed the ability to breathe without 
mechanical assistance. Conversely, during the sprint, the patient should not be allowed to work 
the respiratory muscles to exhaustion, because a prolonged period of rest may then be necessary 
before the next attempt. If possible, the intensity of each sprint should be more demanding than 
the previous one, until the patient is eventually performing unassisted spontaneous ventilation. 
Finally, the clinician must routinely evaluate the patients’ progress during weaning, and identify 
those who are not advancing toward extubation (category 3).

Report: The STEER protocol ensures that the clinician is expeditiously informed when the 
patients is capable of spontaneous ventilation, and can be extubated. On the other hand, patients 
who fail to progress during weaning can be systematically evaluated to disclose any reversible 
causes of prolonged dependency on the ventilator (see “Procedure” section).
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Procedure
The STEER protocol is best begun early in the morning when the patient is rested and the ICU 
staff count is maximal. The patient should be observed clinically and with oximetry. Clinical 
evidence of respiratory muscle fatigue includes tachycardia, an increase in the respiratory rate to 
35 or above, or complaints of severe dyspnea. In most patients, these signs indicate the need to 
return to the prior level of ventilatory support regardless of blood gases. However, a Pao2 of less 
than 60 mmHg or a pH less than 7.25 is also an indication to stop the weaning interval.

Psychological factors can be a major problem for some patients during weaning. An attempt 
should be made to carefully explain to the patient the weaning process and the likely sensations. 
The development of trust between the patient and staff is particularly important. Continued 
reassurance and confidence often achieve the best results.

Failure to advance toward liberation from the ventilator (category 3) typically can be traced 
to insufficiencies of gas exchange, ventilatory drive, muscle strength, or endurance. In general, 
a Pao2 greater than 60 mmHg on 35% oxygen or less should be enough to permit spontaneous 
breathing. True neurologic abnormalities of ventilatory drive are rare and, when present, are usu-
ally inconsistent with successful weaning. However, secondary abnormalities of respiratory drive 
are common and usually reversible. The most common secondary abnormalities are metabolic 
alkalosis and oversedation. One hallmark of a suppressed respiratory drive is the presence of an 
elevated Paco2 during weaning without a corresponding increase in respiratory rate. Mechanical 
advantage and muscle strength also are critical to successful weaning, and should be considered 
in relation to the work the muscles are obligated to perform. The maximum inspiratory pressure 
(MIP) is a simple measure of muscle strength, and the peak pressure needed by the ventilator to 
move a tidal volume breath provides a gross approximation of the work the muscles will have to 
perform. Useful rules of thumb are that the MIP should equal the ventilatory peak pressure and 
that the vital capacity should at least equal the tidal volume provided by the ventilator.

Careful examination of the patient during the liberation process may help explain the rea-
sons for failure to progress. The pattern of muscle fatigue during weaning is usually character-
ized by a decreasing tidal volume and an increasing respiratory rate. An important warning 
sign is the development of paradoxical motion of chest and abdomen, in which the abdomen 
moves inward during inspiration, suggesting diaphragmatic fatigue. These changes may precede 
Paco2 elevation and indicate the need to return the patient to a higher level of ventilatory sup-
port. A number of factors may contribute to muscle weakness and fatigue: inadequate nutrition, 
respiratory muscle deconditioning and atrophy, electrolyte depletion (potassium, phosphate, 
magnesium, and calcium), hormonal imbalance (thyroid or steroid), neural and neuromuscular 
lesions (including spinal cord lesions), and increased lung volume. Many of these problems are 
easily detected once they are considered. Correcting them can make a profound difference in a 
patient’s ability to be liberated from mechanical ventilation.
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Patient-driven protocols are a set of medical staff-approved care plans driven by the patient’s condi-
tion and response to therapy that allow respiratory care practitioners (RCPs) to initiate, change, 
discontinue, or restart treatments and services. RCPs provide cardiopulmonary interventions 
and treatment that can improve patient outcomes and reduce morbidity, mortality, and costs. 
RCPs are licensed within each State to provide treatment, support, and monitoring. The scope of 
practice for RCPs includes protocol-directed care, however, and requires supervision by a medi-
cal director. The medical director is ultimately responsible for the content of protocol-directed 
care plans and is accountable for the competency of RCPs performing protocol-based treatment. 
The use of established protocols may help respiratory therapists deliver appropriate and efficient 
care under conditions of an increased workload. Protocols are based on scientific evidence and 
include guidelines and options at decision points. The use of protocols can help assure that all 
treatments have established indicators, but are also highly effective in reducing the volume of 
unnecessary care. Data suggest that 25% to 60% of respiratory therapy treatments may be misal-
located. Evidence-based literature exists supporting the use of protocols to minimize unnecessary 
treatments and provides self-administration options for patients who demonstrate their ability 
to do so as documented by the respiratory therapists. It is important to note that numerous 
studies have concluded that protocols can reduce the volume of unneeded care, and therefore, 
contribute to an overall reduction in workload. For patients who require bronchodilator therapy, 
protocols can be effective in switching patients from small volume nebulizers to the less time-
consuming metered dose inhalers administered via hand-held spacer devices.

Early and sustained experience at the University of California, San Diego (UCSD) dem-
onstrated that when protocols were implemented in 1993, up to 60% reduction occurred in 
routine medicated aerosol and chest physiotherapy. Such reductions are attributed to reducing 
variation in treatment, providing guidelines for medical necessity, allowing the RCP to refine 
the care plan based on response to therapy, and providing the RCP with guidelines on when it is 
imperative to contact the MD when further evaluation is necessary. Although today’s healthcare 
system demands increased efficiency, it is imperative to balance that demand with the need for 
appropriate, effective, and skilled patient care. In order to provide safe, cost-effective care, the 
concept of patient-driven protocol evolved.

The success of patient-driven protocols depends on a clear understanding of the elements 
by all healthcare practitioners charged with implementing them. Protocols ensure that (1) the 
physician’s intentions are realized; (2) care is appropriate, timely, and driven by the patient’s con-
dition; (3) lower cost alternatives are implemented when appropriate; and (4) most important, 
clinical conditions requiring physician notification are clear. Protocols are simply algorithmic 
paths that specify what care will be delivered, when it will be discontinued or altered, and when 
the physician will be contacted for changes in management. They cover only those alterations in 
care that the hospital physicians agree should always occur when the protocol criteria are fulfilled.

Once the physician establishes the need for treatment, protocols provide a means to ensure 
that what is supposed to happen to the patient does happen. Access to the program may be 
structured so the physician can request a specific therapy, specific protocol, or simply “respira-
tory care protocol.” If the therapist identifies the opportunity to use a protocol of care that differs 
from the initial physician request, he or she contacts the physician to review and approve new 
or additional care plans. The protocols supplement, but never override, physician instructions; 
orders that deviate from the protocols continue to define the care delivered.

Physicians who use protocols should be familiar with the protocol path or algorithms and 
understand the ability of the protocol program to achieve the desired outcomes. On the other 
hand, they should also recognize exceptionally complicated cases for which protocols may be 
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inappropriate. Protocols should contain clear decision points defining when the therapist should 
apprise the physician of changes in patient status, both directly if there is any acute deterioration 
in a patient’s condition or indirectly for the inability of the patient to achieve the desired out-
comes. Advantages to physicians include: (1) the ability to write flexible orders that can adapt to 
predictable changes in the patient’s condition; (2) assurance that the care provided is state of the 
art; (3) notification when the patient’s status changes significantly; (4) freedom from documen-
tation; and (5) the ability to exempt patients who do not fit the protocols.

DEVELOPMENT
In a 1992 consensus paper the American College of Chest Physicians (ACCP) was among the 
first physician groups to endorse and promote the use of patient-driven protocols. They identi-
fied the following elements of successful respiratory care protocols:

 1. Clearly stated objectives.
 2. Outline of the protocol including a decision tree or algorithm.
 3. Description of alternative choices at decision and action points.
 4. Description of potential complications and corrections.
 5. Description of end points and decision points where the physician must be contacted.

The ACCP also identified that implementation and maintenance of respiratory care proto-
cols requires:

 1. Use of written protocols with sound scientific basis.
 2. Strong medical director support.
 3. Intensive education of RCPs.
 4. Medical staff approval and confidence in the protocol.
 5. Frequent auditing of outcomes and continuing education.
 6. Adjustment of protocol to meet needs and new scientific evidence.

Respiratory care protocols are developed by physicians, RCPs, and other members of the medi-
cal team as a group process and depend on a thorough review of published literature and the savvy 
of experienced clinicians. Tailored to the specifics of each hospital, the protocols reflect the consen-
sus of the medical team regarding the optimal care plans to be used in most cases for specific respi-
ratory conditions. Protocols allow a physician to have active input into evaluation and treatment 
algorithms, as well as to specify when a protocol should be stopped and when he or she should be 
notified. The clarity and detail with which these plans are made far exceed what is possible through 
written orders for each individual patient. Similarly, the respiratory care practitioner becomes 
much less an “ancillary service” and more an agent of the physician, ensuring that patients receive 
timely and appropriate interventions as outlined in the protocol. The respiratory care practitioner 
is trained to evaluate and quantify the physiologic effects of treatment on each patient. Round-
the-clock documentation of physiologic parameters can be invaluable to the care of patients with 
respiratory conditions. Furthermore, the therapist is able to follow a clear consensus plan on how to 
adjust therapy based on the “real-time” condition of the patient and previous response to treatment.

ADVANTAGES
Although the hospital or department administrator may realize that protocols have the ability to 
significantly reduce expenses, the creation of respiratory care protocols more than 20 years ago 
had little to do with cost reduction. The need arose as technology to support mechanical ventila-
tion was developed and devices were designed to treat and support patients with respiratory im-
pairments. As treatment became more complex and dynamic, caring for the respiratory patient 
was like hitting a moving target. Patient condition changed continuously, requiring ongoing 
modifications to treatment. The observation and feedback from the bedside therapist became an 
important asset to the physician, who could not always be in the room.

Initiating and maintaining a respiratory care protocol program requires a team effort among 
(1) the medical director of respiratory care; (2) a program leader to oversee planning and keep 
the program on track; (3) interested physicians to plan and utilize the protocols; and (4) the 
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therapists who will execute them. Step-by-step instructions on how to plan and initiate respira-
tory care protocol programs, as well as detailed examples of specific protocols, are referenced 
below. The number of protocols implemented and the timeline for program expansion likely 
depend on the readiness of the respiratory care (RC) department and physician staff. It is essen-
tial to provide specific training and competency assessment prior to implementing any protocol. 
Program development extends well beyond drafting a set of protocols. It includes defining re-
lated policies, identifying responsibilities, determining competencies and required training, and 
establishing mechanisms to monitor activities.

Protocols must be considered statements of what everyone agrees should happen when cer-
tain conditions occur. All of the “stakeholders” must be offered the opportunity to modify the 
protocols prior to acceptance. Although attempts to gain some consensus among physicians 
in the institution regarding the complex aspects of RC delivery may take considerable time 
(4–12 months), the early “buy-in” is critical. All suggestions should be incorporated or addressed 
in some way. All applicable medical staff committees should review protocols in the develop-
mental stage, and a one-on-one conference should be conducted with key stakeholders to foster 
the support needed for implementation. An understanding of the medical center environment, 
medical staff objectives, and incentives for change may assist in developing a strategy to gain 
medical staff support of protocols.

CONSIDERATIONS
Many barriers are encountered during implementation of complex programs such as these. 
Despite known benefits of protocol-driven care, therapists can view them as too much work 
and physicians can perceive them as loss of control over the patient. Such barriers need to be 
addressed and can be overcome through education, participation, and sharing in the positive 
outcomes of the program. Establishing a high level of support and intrinsic motivation among 
RC staff is the most important aspect of implementation and can also be the most difficult, par-
ticularly in a program that demands that the therapists learn new skills, enhance communication 
abilities, and adapt to change. Workgroups and teams consisting of members of the department 
accelerates planning and implementation.

The adage that “the best evidence of life is growth” is particularly true for RC protocols. 
To be effective and to reflect the true state of the art in therapy, the protocols must be regularly 
reappraised. The protocols must be routinely updated as new medical information relevant to 
RC becomes available. In addition, routine feedback from physicians and other staff members 
during protocol updating helps to ensure that the protocols remain practical while fostering 
communication with the entire healthcare team.

Overall, the available evidence regarding RC protocols suggests that they can confer several 
benefits, including (1) Enhanced allocation of RC services, including arterial blood gas (ABG) 
sampling, arterial line placement, use of supplemental oxygen, bronchial hygiene therapies, and 
bronchodilators. The advantage of enhanced allocation can be achieved either by implementing 
protocols for individual respiratory treatments or by using a comprehensive protocol service, in 
which protocols guide the choice of respiratory treatments and the specific RC plan. (2) In the 
case of weaning, protocols can accelerate patients’ liberation from mechanical ventilation, with 
associated benefits of shorter ICU stay and cost savings. As hospitals continue to struggle with the 
myriad of challenges they face as a result of the nation’s continuing healthcare crises, protocol-
based care offers a refreshing and practical strategy for improving the level and intensity of all RC 
services.

FURTHER READING
1. American Association for Respiratory Care. 2011. Resources for Patient-Driven Protocols. http://

www.aarc.org/resources/protocols.
2. AARC Position Statement. Respiratory Therapy Protocol: position statement. May 16, 2001. 

http://www.aarc.org/resources/position_statements.
3. Kollef MH, Shapiro SD, Clinkscale D, et al. The effect of respiratory therapist-initiated treatment 

protocols on patient outcomes and resource utilization. Chest. 2000;117:467–475.
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18 Techniques for Clinical 
Quality Improvement 
and Error Reduction 
Techniques
Gregory B. Seymann

BACKGROUND
Generations of physicians have been raised with the notion that the practice of medicine is based 
on science as well as art. This traditional thesis suggests that science provides an understanding 
of pathophysiology, justifies its application to technology and pharmacology, and enables clini-
cians to heal patients. The “art of medicine” has been relegated to the individual practitioner who 
forges a unique relationship with his or her patient, and chooses how best to apply the scientific 
data to each case. This process has been deemed an “art” ideally practiced by a seasoned clinician 
who is capable of creating a customized treatment plan.

This conception of the practice of medicine has changed markedly since the Institute of 
Medicine (IOM) published its seminal report in 1999, To Err Is Human, declaring, “medicine 
is not as safe as it should be—and can be.” It referenced two studies suggesting, “At least 44,000 
people, and perhaps as many as 98,000 people, die in hospitals each year as a result of medical 
errors that could have been prevented…,” an annual mortality rate that exceeded AIDS or breast 
cancer. This information awakened the public and the medical community to the fact that 
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despite the exponential increase in the volume of scientific discoveries, the US healthcare system 
was not performing optimally for all patients.

The early advocates of the patient safety and quality improvement movements realized that 
the data from the IOM might represent only the tip of the iceberg and suggested that many 
more nonfatal errors resulting in temporary harm or in “near misses” must go unreported. Sub-
sequently, a follow-up study by the Office of the Inspector General (OIG) in the Department 
of Health and Human Services disclosed that during the month of October 2008, the adverse 
event rate among hospitalized Medicare beneficiaries was 27%. Of these events, only 1.5% led 
to death. The remainder of the events led to serious or temporary harm, or prolongation of the 
hospital stay. Most importantly, physician reviewers in this study determined that 44% of the 
events were clearly or likely preventable. These events impacted 270,000 patients per month, at 
an additional annual cost to Medicare of $4.4 billion.

The nature and frequency of the events defined as “errors” are fairly broad. The OIG study 
confirmed that, despite significant media attention, drastic errors such as wrong-site surgery re-
main exceedingly rare. The majority were attributed to medications (e.g., excessive bleeding due 
to anticoagulants, delirium due to psychoactive drugs, and renal insufficiency due to nephrotox-
ins). Other studies consistently demonstrate that medical errors commonly involve underuse of 
interventions proven to be beneficial. McGlynn and colleagues reviewed the care provided to a 
large, geographically diverse group of patients over a 2-year period. They found that overall ad-
herence to a group of well-developed, standardized measures of quality (e.g., vaccination for in-
fluenza in the elderly, treatment of uncontrolled hypertension, treatment of elevated cholesterol 
in patients with known coronary artery disease) was 54.9%. In other words, patients received 
evidence-based standard of care approximately half the time. The majority of the deficiencies 
involved underuse of proven interventions.

The fiscal impact of these errors alone is staggering and has energized the entities that pay for 
healthcare to call for change. In addition to the $4 billion in expenditures for inpatient medical 
errors, preventable hospital readmissions cost the US healthcare system $25 billion annually. 
Increasingly, healthcare advocacy groups, private and public payers have created incentives for 
hospitals and physicians to improve the quality and safety of patient care.

SYSTEMS IMPROVEMENT: EXAMPLES
Revisiting the concept of the “art of medicine” reveals that its role is more limited than physi-
cians who have been trained to believe. In reviewing some examples of the errors listed above, 
it is apparent that many interventions that are well-supported by evidence don’t reliably reach 
the patients who need them. Why can’t the scientific method be applied to the “art of medicine” 
too? In other words, rigorous investigation to discover better ways to ensure consistent applica-
tion of appropriate medical interventions to eligible patients may add as much benefit to patient 
outcomes as the discovery of new knowledge. The adage becomes: “We don’t need to do better 
things, we need to do things better.”

It was clear to the authors of the IOM report that high error rates in healthcare are not linked 
primarily to negligent or poorly trained physicians. Other industries, notably the automotive 
and aviation industries, have achieved decades of success in improving the reliability of their 
products and services, and offer excellent models for medicine. In contrast to medicine, these in-
dustries have not put the primary culpability for error on the individual employee. Instead, they 
have accepted the inherent fallibility of the individual worker, and have sought ways to improve 
their systems to account for it. Leaders in the fields of patient safety and quality improvement 
have spent the past two decades exploring ways to apply such concepts to medicine, and to en-
ergize the healthcare community to accept this approach.

There have been many success stories among those who embrace the idea that we can trans-
form healthcare into a highly reliable industry. It is instructive to review several examples of how 
the scientific method was employed to yield innovative changes in local hospitals.

The Keystone Project focused on the application of a simple intervention to eliminate cen-
tral venous catheter (CVC)-related bloodstream infections in their intensive care unit (ICU). 
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Data suggested that CVCs were responsible for 80,000 bloodstream infections annually and up 
to 28,000 deaths in ICUs, at a cost of $2.3 billion. Secondly, they identified a set of evidence-
based best practices to reduce CVC-related bloodstream infections:

 1. Strict adherence to handwashing
 2. Full sterile barrier precautions during CVC insertion (cap, gown, mask, drape)
 3. Skin preparation with chlorhexidine
 4. Avoidance of the femoral insertion site when possible
 5. Prompt removal of unnecessary catheters.

These best practices were known to most clinicians who practiced in the ICU at the time of 
the study, but it was unclear how strict adherence would improve outcomes. More importantly, 
the investigators recognized that a systematic change was needed to ensure that these practices 
were followed reliably; counting on physicians and nurses to remember each step every time was 
not sufficient to effect a change in practice technique.

As part of the study, a physician and nurse champion were recruited for every ICU. These lo-
cal leaders were tasked with educating their colleagues about the changes, and exerted influence 
in their units to facilitate acceptance of the intervention. A procedure cart with necessary equip-
ment was created to ensure that compliance with sterile precautions was easy for physicians, 
and a checklist was created to facilitate adherence with all five steps. Unit staff was empowered 
to stop practitioners in non-emergent situations if the listed practices were not being followed, 
and daily rounds included a discussion of catheter removal on every patient. Teams were given 
feedback on a regular basis about their rates of CVC-related bloodstream infection.

Using this straightforward model, the median number of ICU bloodstream infections in the 
study hospitals dropped from 2.7 infections per 1,000 catheter days to 0 within 3 months of 
implementation. Remarkably, the median infection rate remained at 0 for a full 18 months of 
observation. The overall incidence of bloodstream infections was reduced by 66%. The study 
population encompassed 85% of the available ICU beds in the state of Michigan, and thus the 
impact was widespread. Extrapolation of these practices to ICU’s across the country has major 
implications for patient safety.

Prevention of hospital-acquired venous thromboembolism (VTE) is another subject in 
which performance lags far behind evidence. It is estimated that 100,000 deaths annually are 
attributable to VTE in the United States. Despite well-established evidence and widely dissemi-
nated national guidelines, rates of appropriate pharmacologic prophylaxis among hospitalized 
patients fall between 30% and 50%. Clinicians at a San Diego, California University hospital 
understood that this poor performance represented an opportunity for improvement. With de-
velopment and implementation of a simplified risk assessment tool, they increased and sustained 
rates of appropriate VTE prophylaxis to 98%. The investigators recognized that physicians 
needed reminders to ensure reliable performance of the risk assessment. They organized a multi-
disciplinary team, consisting of hospitalists, pulmonologists with expertise in VTE, pharmacists, 
nurses, and information systems specialists to develop an evidence-based protocol. Their risk 
assessment tool stood apart from others in existence because it was simple to use. Rather than a 
numerical point-based scoring system, the tool was designed such that clinicians could quickly 
review criteria and classify patients as low, moderate, or high risk for VTE.

An equally important facet of the intervention was the “forcing” of the risk assessment on 
admitting physicians by its inclusion in routine admission orders. Physicians could not finalize 
their hospital admission orders without completing the VTE risk assessment, which prompted 
ordering of the appropriate anticoagulant prophylaxis. An advantage at the study hospital was 
the presence of a computerized order entry system, which made dissemination of the risk assess-
ment more seamless; however, it could have easily been incorporated in preprinted handwritten 
admit order checklists.

Finally, the remarkable success was also attributable to the investigators ongoing re- 
evaluation of their results, which allowed them to achieve “continuous quality improvement.” 
For example, shortly after implementation, rates of appropriate VTE prophylaxis rose from 50% 
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to 80%. Realizing that this laudable improvement left 20% of patients without adequate protec-
tion from VTE, the investigators reviewed utilization data for the protocol. They discovered that 
physicians occasionally misclassified patients with significant VTE risk factors as low-risk. After 
modifications to reduce this error were implemented, improvement was again noted, to 98% by 
the end of the study period.

SYSTEMS IMPROVEMENT: KEY CONCEPTS
These two straightforward interventions are illustrative of some of the broader concepts that 
drive successful quality improvement. A solid grasp of such concepts will be useful for all clini-
cians who are motivated to effect positive change in their practice, unit, hospital, or health 
system (Table 18-1).

The first concept is to keep it simple. Healthcare providers are busy, and changes to workflow 
that are burdensome or complicated are unlikely to be adopted. The Pneumonia Severity Index, 
developed by Fine and colleagues and published over a decade ago, was a rigorously developed 
and well-validated prediction tool that allowed clinicians to estimate 30-day mortality risk for 
patients with community-acquired pneumonia. In addition, it has been validated as a safe and 
effective tool to be used to determine site of care for such patients. Although it is a central part 
of the risk adjustment methodology in most clinical studies of pneumonia, in actual practice it 
is rarely used, because it requires a complex scoring system that integrates data from 19 different 
variables. Similarly, models for VTE risk stratification predating the San Diego study had been 
cumbersome and required point systems to risk stratify patients. In contrast, the simplified tool 
was adopted quickly at the local institution, with powerful results. The model is now being dis-
seminated widely across the country.

The Keystone Project beautifully illustrates that something as simple as a checklist can have 
dramatic impact on patient outcomes. Interventions such as this must not only be simple, but 
must integrate smoothly into the workflow of the practitioner. In the case of the Keystone Project, if 
the checklist were not located conveniently on the procedure cart, the likelihood of compliance 
would have been markedly less. Any impediment to an already busy workload is an opportunity 
to skip a step; it is unlikely a physician or nurse would have gone searching for the checklist dur-
ing the process of CVC insertion. In the case of the VTE study, the protocol was embedded in 
the admission orders, which could not be completed without it. If the setup required the physi-
cian to actively seek out the orderset, again an opportunity to bypass this critical step would have 
arisen. These “workarounds” are the enemy of any good quality improvement effort, thus it is 
critical to ensure that the intervention provides minimal interruption to the otherwise routine 
workflow of the practitioner.

Both the Keystone Project and the VTE prophylaxis project are examples of the power of 
standardization of a process. Prior to the interventions, each physician approached the practice 
of insertion of a CVC or selecting VTE prophylaxis according to his own individual preference. 
This variation in practice allowed room for error. Through the CVC checklist and the VTE 

TABLE 18-1      Key Concepts for Successful Quality Improvement 
Interventions

•	 Keep	interventions	simple	for	users
•	 Ensure	interventions	integrate	into	the	standard	workflow,	so	interruptions	are	minimized
•	 Attempt	to	standardize	processes	when	possible
•	 Provide	timely	feedback	on	performance
•	 Make	efforts	to	secure	“buy-in”	from	the	primary	users	of	any	new	process
•	 Create	a	culture	of	safety	in	your	organization
•	 Once	improvement	is	realized,	continue	ongoing	monitoring	to	ensure	it	is	maintained
•	 Set	high	thresholds	for	achievement	and	continue	to	strive	for	further	improvement
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orderset, clinicians were reminded of evidence-based best practices every time the decision 
point arose. The fact that the majority of physicians did things the same then allowed investi-
gators to study the effect of the process itself, and in the case of the VTE prophylaxis protocol, 
flaws were identified early on that were addressed to increase the power of the intervention.

Timely feedback on performance serves as a motivator for change. Medical training selects for 
people who are inherently motivated to perform at a high level, and so regular feedback drives 
improvement. In the Keystone Project, teams were given monthly reports of their rates of CVC 
infections, which in this case, served to reinforce the power of the checklist and strengthen the 
adherence by physicians and nurses.

Ensuring that there is buy-in from the primary users of the quality improvement intervention 
is another critical key to success. The VTE prophylaxis effort achieved this by involving a multi-
disciplinary team consisting of key stakeholders, with broad representation to ensure that issues 
that affect all users were considered before implementation. The Keystone Project accomplished 
this by assigning local clinical “champions,” in this case from medicine and nursing, to lead the 
effort. When workers see an initiative embraced by their colleagues, it is often easier to garner 
support than when it is viewed as a “top down” mandate from administrators.

Creating a “culture of safety” is another key concept that all institutions seeking systematic 
error reduction must strive to achieve. One component of such a culture is the abolition of tra-
ditional chains of authority when issues of patient safety arise. In the Keystone Project, a priori 
agreement that the administration at each participating hospital would empower and support 
the nursing staff to enforce physician compliance with the CVC best practice measures was es-
sential for success. This concept has been used successfully in the aviation industry, where it is 
standard practice that anyone on the flight crew may challenge a superior if there is a perceived 
or potential deviation from safety procedures. Without such a team approach in healthcare, 
significant progress in error reduction cannot be achieved.

It is important that leaders of positive change do not rest on their laurels after a successful 
effort. The term “quality improvement” should more realistically be replaced with “continuous 
quality improvement,” because we can always look for ways to do better. The VTE project achieved 
a significant improvement in outcomes after the protocol was rolled out; however, the investiga-
tors were not satisfied with a performance of 80%, even though it represented over a 50% relative 
increase. With the concept of “continuous quality improvement” firmly in mind, they reassessed 
the structure of their protocol and, with minor revisions, improved their results further.

Finally, it is important to ensure that early success is maintained over time. As many frustrated 
smokers and dieters are aware, it is difficult to maintain positive behavioral changes over time 
without ongoing accountability. “Holding the gains” is a central goal for realistic and lasting 
improvement, and ongoing audits of successful interventions remain important. The investiga-
tors in the Keystone Project monitored the effectiveness of their checklist for 18 months before 
reporting their data, and both the VTE and CVC infection prevention initiatives continue to 
perform active surveillance to ensure their successes are retained.

CONCLUSIONS
The practice environment for healthcare providers has shifted to move quality and safety to the 
forefront. Advances in the understanding of the techniques required to improve the delivery of 
healthcare have moved the industry closer toward achieving the goal of providing the right care 
to the right patient at the right time, every time.

External forces will make it increasingly difficult for the individual clinician to avoid incor-
porating some of the tools required to integrate quality improvement techniques into practice. 
Public reporting of performance on quality measures for hospitals has been in effect since 2003, 
and reporting of physician performance is on the horizon. “Pay for performance” methodologies 
are being actively implemented by the federal government and private payers, with the inten-
tion of redesigning reimbursement strategies to reward quality rather than quantity of care. 
Maintenance of certification from the American Board of Internal Medicine in all specialties 
requires concrete demonstration of facility with quality improvement techniques, in addition 
to the written exam.
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The increasing momentum to engage clinicians, patients, payers, and regulators of the 
healthcare delivered in the United States in optimizing performance will ultimately serve to 
maximize the health and welfare of our population. Raising awareness of the topic among con-
sumers and providers of care is essential, and nurturing physicians to lead the charge will ensure 
that the quality agenda moves forward in a direction that benefits both. For those inspired to 
learn more, the references provide opportunities for more in-depth study.

FURTHER READING
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2. Department of Health and Human Services, Office of Inspector General. Adverse Events in Hospitals: 
National Incidence Among Medicare Beneficiaries. Washington, DC: Government Printing Office; 2010.
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tions/51/compact_action_brief_preventing_hospital_readmissions. Accessed August 3, 2011.
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9. Fine M, Auble T, Yealy D, et al. A prediction rule to identify low-risk patients with community-
acquired pneumonia. N Engl J Med. 1997;336:243–250.
Investigators in this study derived and validated an accurate, reliable tool that is useful in predicting 
pneumonia mortality rates and also in determining the need for inpatient care, but is too complex 
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psychology, and of the application of systems redesign to improve safety in the workplace. The essay, by 
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14. Gawande A. Better: A Surgeon’s Notes on Performance. New York, NY: Picador Books (Henry Holt 
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19 Disability and 
Medicolegal Evaluation
William	G.	Hughson

Many physicians dislike writing medicolegal reports. They are more comfortable with their tradi-
tional role of diagnosing and treating disease. However, providing clearly written reports is essen-
tial in ensuring that their patients receive appropriate workers’ compensation and other benefits 
following work-related disease and injury. These reports are read by nonmedical personnel such as 
disability raters, insurance claims adjusters, and workers’ compensation judges and often require 
the use of special forms and obscure terms to achieve specific legal and administrative goals.

It is important to distinguish between impairment and disability. Impairment describes an 
anatomic or functional loss caused by a disease process. Disability describes the effects of the im-
pairment on the patient’s life, including the ability to work. It can be defined as the inability to 
perform at a specified level of activity, or as undue distress during the performance of that task. 
The degree of disability is directly related to the physical requirements of the job. For example, 
a teacher with a forced expiratory volume in 1 second (FEV1) of 1 L might have no disability, 
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whereas a general laborer would need retraining for another job. Nonmedical people who rely 
on the physician’s opinions make the final decision regarding disability.

The medicolegal report should contain all of the sections found in a typical medical consul-
tation plus a detailed occupational history. A patient-generated form that is completed before an 
examination can facilitate the latter. The assessment section of the report should contain answers 
to all of the questions listed in Table 19-1. We favor a question-and-answer format because it 
saves time and allows a clearer explanation of the issues and the physician’s opinion. The key 
points that should be discussed require a very specific vocabulary with legal implications.

WHAT IS THE DIAGNOSIS?
This is generally the easiest question to answer. Each lung condition should be listed along 
with the evidence supporting its diagnosis. For example, the diagnosis of asbestosis is based 
on a history of exposure, appropriate latency, the presence of interstitial markings on the chest 
radiograph, pulmonary function tests showing a restrictive pattern and reduction in the diffusing 
capacity, and crackles on physical examination. Nonpulmonary diagnoses should also be listed, 
particularly those affecting impairment or disability.

IS THE DIAGNOSIS WORK-RELATED?
This requires a judgment that the disease was caused, aggravated, accelerated, or precipitated 
by a workplace exposure. This opinion must be expressed in terms of reasonable medical prob-
ability, which means it is more likely than not (i.e., >50% probability) that the diagnosis is 
work-related. The legal system understands that there will always be some uncertainty, but 
failure to express your opinion in terms of reasonable medical probability renders it useless for 
resolving the legal issues for the patient. Causation is defined as a new disease that has been 
caused by work (e.g., an insulator with asbestosis). Aggravation means a preexisting condition 
that did not interfere with work or usual activities is now worse because of employment (e.g., 
chronic obstructive pulmonary disease in a smoker exposed to industrial dusts). Acceleration 
means a preexisting condition that would naturally worsen with time deteriorated more rap-
idly because of employment (e.g., airway obstruction in a patient with emphysema exposed 
to fumes). Precipitation means a preexisting condition that became manifest for the first time 
because of employment (e.g., asthma in an atopic patient exposed to flour). The time sequence 

 1. What is the diagnosis?
	 2.	 Is	the	diagnosis	work-related	by	causation,	aggravation,	acceleration,	or	precipitation?
	 3.	 	Is	there	evidence	of	impairment?	If	so,	how	severe	is	the	impairment?	What	rating	system	is	

used,	and	how	do	the	patient’s	findings	correspond	to	this	system?
	 4.	 Is	temporary	disability	present?	If	so,	is	it	partial	or	total?	What	is	the	anticipated	time	of	recovery?
	 5.	 	Can	the	patient	return	to	his	or	her	previous	occupation?	Could	the	patient	return	to	the	job	

if	it	were	modified?	Are	there	any	work	restrictions	or	preclusions?
	 6.	 	Is	permanent	disability	present?	If	so,	is	the	patient	stationary	for	rating	purposes?	When	did	

the	patient	become	permanent	and	stationary?
	 7.	 	How	severe	is	the	permanent	disability?	What	rating	system	is	used,	and	how	do	the	patient’s	

findings	correspond	to	this	system?
	 8.	 Are	there	permanent	work	restrictions?	If	so,	what	are	they?
	 9.	 	Is	there	any	basis	for	apportionment	of	the	permanent	disability?	If	the	work	injury	had	not	

occurred,	would	a	preexisting	condition	contribute	to	the	disability?
10.	 Is	vocational	retraining	indicated?	If	so,	which	types	of	jobs	are	appropriate?
11.	 	Is	 further	medical	 treatment	needed?	 If	so,	what	 is	 the	nature,	 frequency,	and	duration	of	

the treatment?

TABLE 19-1  Questions to Be Answered in a Disability Evaluation Report
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of the disease in relation to employment is very important. For example, pneumoconiosis takes 
years to develop, and immune-mediated reactions require weeks to months before sensitization 
occurs. It is important to note whether symptoms are worse at work, and then improve on 
weekends or vacations. The presence of similar problems in coworkers is highly suggestive. The 
nature and severity of exposure should be determined by obtaining Material Safety Data Sheets 
and available industrial hygiene information. The use of protective devices (e.g., respirators) 
and adequacy of ventilation should be described.

IS THERE EVIDENCE OF IMPAIRMENT? IF SO, HOW SEVERE 
IS THE IMPAIRMENT?
Subjective data (e.g., dyspnea, weakness, and pain) must be differentiated from objective 
data because symptoms are often unreliable measures of disease in the setting of litigation. 
The physical examination and chest radiographs provide diagnostic information, but are not 
useful in measuring function. Basic spirometry remains the cornerstone for assessing impair-
ment. Other techniques (e.g., exercise testing) are added as necessary. It is important to know 
which rating system applies to the patient’s case. The American Medical Association’s (AMA) 
Guides to the Evaluation of Permanent Impairment is the one most commonly used. The refer-
ral source should give clear instructions and provide the rating system to the physician when 
necessary.

IS DISABILITY PRESENT?
If so, is it partial or total, temporary or permanent? The key question is “Can the patient return 
to the usual and customary activities of employment?” This requires a clear understanding of the 
patient’s work, including the physical effort needed and the potentially harmful exposures. The 
work history can be obtained from the patient, and supplemented with a written job description 
provided by the employer. Partial disability exists when the patient can perform some, but not 
all, of the usual job responsibilities. Useful questions include: Could the patient return to the job 
if it were modified? Are there any work restrictions or preclusions? In most states, the employer is 
required to make reasonable accommodations. However, job modification is often difficult, and 
the definition of reasonable can be contentious. Total disability exists if the patient is completely 
unable to perform the job, even with accommodation. If the disability is temporary (either 
partial or total), it is important to provide both the patient and the employer with an estimate 
of the time needed for recovery. This allows assignment of tasks to other workers. If permanent 
disability is likely, it is wise to advise both the employer and patient as soon as possible. This 
facilitates realistic planning for the patient’s future.

IS DISABILITY PERMANENT?
If permanent disability is present, is the patient stationary for rating purposes? How severe 
is the disability? The patient is permanent and stationary for rating purposes after maximal 
medical improvement has been achieved and no prospect is seen for further recovery. The 
report should include a lucid description of the patient’s impairment and its impact on work 
capacity. This includes any permanent restrictions and preclusions, but caution is warranted. 
Sweeping statements such as “No further exposure to dusts or fumes” may make the patient 
unemployable. Precision is needed, with a description of any specific precluded exposures 
(e.g., allergens or sensitizers) and consideration of dose (e.g., respirator use, ventilation re-
quirements, Occupational Safety and Health Administration-permissible exposure limits). For 
example, an insulator with mild asbestosis might be able to continue working under current 
regulations, because permissible dust levels are now very low. The description of permanent 
disability must contain terminology appropriate for the rating system that applies. For ex-
ample, in California, words such as minimal or moderate, occasional or frequent have specific 
meanings when used to describe dyspnea. The California Labor Code has categories such as 
Disability precluding heavy work and Standard ratings with percent disability caused by pulmo-
nary disease. Copies of rating systems can be obtained from the referral source or from state 
and federal regulatory agencies.
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IS THERE ANY BASIS FOR APPORTIONMENT?
Apportionment is only considered when permanent disability is present. It is used to describe the 
relative contribution of occupational and nonoccupational lung diseases to the total disability. 
However, the medical concept of apportionment differs from the legal principle, just as impair-
ment differs from disability. For example, whereas most physicians would consider preexisting 
asthma as a factor in a painter with pulmonary impairment, the legal concept of apportionment 
is concerned only with preexisting disability. A useful question is: If the work injury had not 
occurred, would the preexisting condition contribute to disability? In the case of the painter, if 
no evidence was found of disability before the injury at work (e.g., work restrictions, prior job 
loss because of the condition), no basis would be seen for apportionment, and the entire disabil-
ity would be considered work-related. If a preexisting condition causing disability is aggravated 
or accelerated by employment, the increment in disability is apportioned and is compensable. 
The best way to deal with apportionment is to dictate two paragraphs describing the permanent 
disability. The first describes existing disability factors (subjective and objective) and work restric-
tions. The second describes disability factors and work restrictions that would have existed with-
out the occupational injury. The hearing officer then decides the extent of disability represented 
by each of the two paragraphs and, by subtraction, allocates the disability caused by employment.

IS VOCATIONAL RETRAINING APPROPRIATE?
Patients with severe impairment may be totally disabled from any type of employment. Those with 
better function are suitable for retraining, which is a worker’s compensation benefit. The physician 
should describe the types of jobs and work preclusions suitable for the patient. The physician may be 
asked to communicate with vocational rehabilitation counselors regarding the  patient’s condition.

IS FURTHER MEDICAL TREATMENT NEEDED?
It is important to describe the nature, frequency, and anticipated duration of all treatment. In 
most instances, the cost of medical care is paid by workers’ compensation if employment has 
contributed to disability, even when nonoccupational factors are present. Apportionment of 
medical costs is usually not allowed.
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20 Air Travel and  
High-Altitude Medicine
David	J.	De	La	Zerda	and	Frank	L.	Powell

INTRODUCTION
The most common medical emergency elicited by ascending to high altitude is hypobaric 
 hypoxia from a low partial pressure of inspired oxygen (Pio2). The decrease in Pio2 at high 
altitude is predicted by the formula: Pio2 5 Fio2 × (Pbaro – Ph2o). Fio2 is the fraction of in-
spired oxygen and remains constant at 21% regardless of the altitude. Pbaro is the atmospheric 
pressure (e.g., 760 mmHg at sea level). Ph2o is the partial pressure of water vapor when the air 
is fully humidified, as it is in the alveoli. Pbaro is the major factor that determines Pio2 because 
at body temperature (37°C), Ph2o is 47 mmHg and Fio2 and Ph2o are constant. Table 20-1 
shows the Pio2 at various altitudes. The drop in Pbaro at high altitudes causes hypobaric hy-
poxia. In patients with preexisting hypoxemia from lung disease, either air travel or activities 
at high altitude (e.g., skiing and mountaineering) can increase the risk of developing severe 
hypoxemia.

AIR TRAVEL
Although most commercial flights cruise between 22,000 and 44,000 ft (6,700–13,400 m), 
the Federal Aviation Administration mandates that cabins should be pressurized to simulate 
an altitude below 8,000 ft (2,438 m). At that altitude, the partial pressure of oxygen in arterial 
blood (Pao2) in normal individuals is typically between 75 and 53 mmHg, which corresponds to 
a decrease in oxygen saturation of 3% to 5% from sea level.

According to the Centers for Disease Control and Prevention (CDC), in-flight medical 
emergencies are rare. One in 10,000 to 40,000 air travelers have a medical incident, 1 in 
150,000 require the use of medical equipment or drugs, and 0.3 of 1,000,000 die (and two-
thirds of these deaths are due to cardiac disease). The most common medical problems are 
vasovagal, gastrointestinal, respiratory, cardiac, and neurologic incidents. Prescreening pa-
tients appears to be valuable in assuring healthy flying. In a study of 1,115 patients referred 
for screening, 1,011 were cleared for travel and none had significant in-flight problems. The 
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TABLE 20-1  Barometric Pressure, Altitude and Oxygen

Barometric	pressure	(mmHg)
Altitude	(ft)
Arterial	oxygen	(mmHg)
Arterial	oxygen	saturation	(%)

590
6,500

150
95

460
13,000

90
90

300
20,000

65
80

270
26,000

55
65

215
32,000

45
55

remaining 104 patients had a variety of unstable and stable conditions that precluded air 
travel. Preflight evaluations and management requires some understanding of the risks in-
volved for a variety of specific disease states. Even with preflight screening, a few problems 
can be anticipated.

Most, but not all, patients with chronic obstructive pulmonary disease (COPD) can fly 
safely with little or no intervention. There is considerable individual variation, since even the 
moderate altitudes reached in commercial aircraft can lead to changes in ventilatory  function. 
After 60 minutes at 8,000 ft (2,438 m, Pb 5 565 mmHg), pulmonary function changes 
 reported in both healthy persons and patients with severe COPD include a fall in forced vital 
capacity (FVC), increase in residual volume, and variable changes in airway resistance. In a 
small cohort of 44 COPD patients with FEV1 of 34% (9%) of predicted who flew for a 
median time of 3 hours over a 28-day period, 18.2% reported symptoms and signs during 
their flight.  Complaints were primarily dyspnea, edema, wheezing, and cyanosis. Only two pa-
tients  requested supplemental oxygen, and none required hospital admission. Other studies have 
shown similar results.

Patients with pulmonary hypertension have an increased risk of hypoxia during air travel be-
cause lower inspired oxygen tension induces pulmonary artery vasoconstriction. The subsequent 
elevation in pulmonary vascular resistance may increase the stress on the already compromised 
right ventricle. For this reason, patients with functional class III or IV should probably avoid 
unnecessary flights. Ideally, patients in functional class I and II should receive a formal evalu-
ation with a hypoxia-altitude simulation test before air travel. If, after a thorough evaluation, 
a patient is deemed fit to fly, the Aerospace Medical Association recommends that exercise be 
limited during the flight.

Asthma is a common pulmonary condition that poses a risk of exacerbation during air travel. 
Most flight-associated exacerbations can be managed with inhaled bronchodilators alone. While 
it is most convenient for the patients themselves to bring their own bronchodilators on board, 
emergency-use bronchodilators are part of the standard in-flight emergency medical kits on 
commercial planes. The Aerospace Medical Association recommends that all asthmatic patients 
bring a course of oral prednisone on board for use in an emergency during the flight.

Pneumothorax poses a special risk during flight. Before air travel, the etiology of a pneumo-
thorax must be established and corrected. A recent pneumothorax may expand during air travel 
and progress to become a tension pneumothorax. The presence of a pneumothorax, therefore, is 
an absolute contraindication for air travel. It may be reasonable to travel 3 weeks after successful 
drainage of a pneumothorax, provided complete resolution is confirmed radiographically prior 
the flight.

Extrapulmonary air in the chest cavity (e.g., following thoracic surgery) also may pose sig-
nificant risk and should delay air travel. If the cabin pressure was to abruptly decrease, the en-
trapped air may rapidly expand and increase the risk of life-threatening tension pneumothorax.

Commercial air travel is associated with an increased risk for the development of deep vein 
thrombosis (DVT). Extrinsic risk factors include immobility, dehydration, increased venous 
pressure from cramped seating, endothelial damage from seat edges, and hemoconcentration 
from fluid shifts to the interstitial space from decreased cabin pressure. Intrinsic risk fac-
tors that contribute to the development of DVT from air travel include history of DVT or 
pulmonary embolism (PE), postthrombotic syndromes, malignancy, pregnancy, and chronic 
venous insufficiency. In high-risk patients, the American College of Chest Physicians (ACCP) 
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recommends frequent ambulation (when permitted by the aircrew), isometric calf muscle 
exercise, aisle seating, and graduated compression stockings (below-knee, 15–30 mmHg of 
pressure at the ankle). ACCP recommends against the use of aspirin or anticoagulants to 
prevent DVT during air travel, but anticoagulant treatment for other purposes should not 
be discontinued.

The primary cardiac response to moderate hypobaric hypoxia that occurs during flight 
is an increase in heart rate with a subsequent reduction in stroke volume. These processes 
may increase the risk of coronary events in patients with previous histories of coronary artery 
disease. Stable cardiac disorders, however, do not preclude flight. For example, stable angina 
requires little, if any, change in management, but air travel within 2 weeks of myocardial in-
farction would be advisable only if there is no angina or dyspnea at rest, the passenger is not 
alone or rushed, and nitroglycerin is readily available. Complicated myocardial infarction or 
limited ambulatory ability requires further cardiology evaluation and perhaps stress testing 
before air travel.

The Aerospace Medical Association considers the following cardiovascular conditions as 
contraindications for commercial flights: uncomplicated myocardial infarction within 2 to 
3 weeks, complicated myocardial infarction within 6 weeks, unstable angina, decompensated or 
severe congestive heart failure, uncontrolled hypertension, coronary artery bypass grafts (CABG) 
within 10 to 14 days, cerebrovascular accident (CVA) within 2 weeks, uncontrolled ventricular 
or supraventricular tachycardia, Eisenmenger syndrome, and severe symptomatic valvular heart 
disease. Further recommendations regarding these conditions are beyond the scope of this re-
view, but cardiology evaluation is strongly recommended before air travel.

Supplemental oxygen may circumvent most barriers to flight among patients with limited 
cardiopulmonary function. The sea level Pao2 is a useful screen to predict which patients 
might require supplemental oxygen in flight. Oxygen should be considered for patients with a 
sea level Pao2 of less than 70 mmHg. For those with a Pao2 more than 70 mmHg, a number 
of preflight evaluations have been used to predict oxygen requirements during flight. For those 
who already require supplemental oxygen, some authors suggest simply adding 2 L/min of 
flow to baseline requirements. Others use more complicated prediction equations. Such equa-
tions should be used with caution, because they are derived from specific populations. More 
subjective issues such as cardiopulmonary reserve or muscle weakness are not included in the 
equations. Prediction equations also tend to overestimate Pao2 values for healthy controls. 
Below is one such equation that resulted in a high predictive value (r2 5 .99, P  .001) at 
moderate altitude:

Pao2 alt 5 0.19(FEV1 × Pao2 grnd) − 11.51[ln(max alt − grnd alt)]

where Pao2 alt 5 Pao2 at expected altitude achieved, Pao2 grnd 5 Pao2 at baseline elevation, 
max alt 5 maximum altitude achieved in meters, and grnd alt 5 baseline elevation in meters.

In 1984, Gong et al. described the use of the hypoxia-altitude simulation test (HAST) or 
hypoxia inhalation test, to objectively evaluate at sea level the oxygen demands in patients with 
pulmonary diseases. Their initial report included 22 patients with COPD who were asked to 
breathe a low Fio2 (high nitrogen) mixture of gases from a tight-fitting mask for 15 minutes. 
Three different Fio2 are typically used: 0.209 (baseline), 0.17 (simulating 5,000 ft), and 0.15 
(simulating 8,000 ft). These conditions are comparable to the results achieved in hypobaric 
chambers, but are much simpler to perform.

HAST is a relatively simple test. Initially a baseline arterial blood gas is obtained to mea-
sure Pao2 and Paco2. The inhaled gas mixture is then changed to an Fio2 of 0.15. The patient’s 
vital signs, oximetry, and symptoms (e.g., dyspnea or chest pain) are closely monitored. If 
worrisome symptoms or physical signs occur, or if pulse oximetry readings fall below 85%, 
then arterial blood gases are repeated and the test is stopped. If the saturation remains greater 
than or equal to 88% for 20 minutes, then the test is completed and arterial blood gases are 
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repeated. If Pao2 at the end of the test is greater than 55 mmHg, then supplemental oxygen 
typically is not required for air travel. If it is less than 50 mmHg, then supplemental oxygen 
would be warranted. A borderline test result (Pao2 between 50 and 55 mmHg) may be supple-
mented by an additional arterial blood gas sample taken while the patient is walking and 
breathing an Fio2 of 0.15.

In summary, several medical problems may occur during air travel. At-risk patients should 
be carefully evaluated prior to travel and appropriate recommendations should be made based 
upon their underlying conditions. Hypoxia associated with reduced cabin barometric pressure 
can be prevented by supplemental oxygen. Patients with preexisting needs for supplemental 
oxygen may increase their oxygen flow by 2 L/min above their baseline requirements during air 
travel. For those with milder hypoxemia, HAST or several prediction equations may help guide 
the decision to supply supplemental oxygen for air travel. Arrangements should be made by the 
patient with the airline way in advance of the travel date to determine method of administration, 
stopping points at elevated altitudes, and length of travel time during which supplemental oxy-
gen may be needed. In more challenging situations, discussion with the airline’s flight surgeon 
may be needed to complete the arrangements.

HIGH-ALTITUDE ILLNESS
Altitudes exceeding those typically simulated by pressurized cabins can produce a unique set 
of disorders that range from benign to fatal. Fortunately, the more serious problems arise with 
considerable less frequency. However, increasingly publicized accidents in remote locales reflect 
a surge of interest in high-altitude adventure and a corresponding risk of high-altitude illness. 
Most high-altitude illnesses occur among the 12 million skiers traveling to mountainous areas 
each year. However, increasing numbers of people are adventuring into extreme altitudes where 
more serious problems can occur.

Altitudes can be defined physiologically as “high altitude” (5,000–11,500 ft, or 1,500–
3,500 m) above sea level, “very high altitude” (11,500–18,000 ft, or 3,500–5,500 m) and 
“extreme altitude” (.18,000 ft or 5,500 m). Altitudes above 20,000 ft have been called the 
“death zone” as permanent life is not sustainable at such heights. Ascent to high altitudes can 
produce a continuum of altitude-related illnesses. Acute mountain sickness (AMS) is most com-
mon at high altitudes (5,000–11,500 ft), while high-altitude pulmonary edema (HAPE) and 
high-altitude cerebral edema (HACE) are more serious high-altitude illnesses that may result 
in death but occur only rarely at very high and extreme altitudes. A number of other altitude 
disorders can arise, but exceed the scope of this review. These include snow blindness, retinal 
hemorrhages, hypothermia, and high-altitude flatus expulsion (a serious concern for climbers 
trapped in the closed confines of a tent during inclement weather), and problems associated 
with chronic exposure.

Ski resorts constitute the bulk of recreational destinations at high altitude. Many resorts 
are located at or above 10,000 ft (3,000 m), and they can be accessed very rapidly by motor-
ized transport. There are also commercial and research activities at high altitudes, such as 
copper mines at 19,520 ft (5,950 m) in Chile and astronomy at 13,779 ft (4,200 m) at the 
Mauna Kea Observatory in Hawaii. Some 6,000 people climb Mt. Rainier at 14,408 ft (4,392 
m) per year, and 800 climbers summit Denali, the highest peak in North America at 20,320 
ft (6,193 m). Nearly 50% of all travelers to these altitudes experience some symptoms. Alti-
tude illness is reported by 66% of climbers on Mt. Rainier, 47% on Mt. Everest, and 30% 
on Denali.

Factors contributing to the development of altitude-related illnesses include the maximum 
altitude achieved, rate of ascent, intensity of exercise, viral illnesses, alcohol consumption, 
sleep-enhancement drugs, and individual susceptibility. Other factors may include age and 
gender. However, there is no good predictor of who will, and who will not suffer altitude ill-
ness except a subject’s previous history at high altitude. Considerable evidence suggests that 
the incidence of mountain sickness increases substantially above 10,000 ft (3,000 m) and with 
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rates of ascent greater than approximately 1,000 ft (300 m) per day. A number of extrinsic 
factors may also contribute by way of lowering the barometric pressure below what would be 
predicted by altitude alone. Latitude, temperature, low-pressure storm systems, and winter 
season may result in lower barometric pressure than expected and, therefore, predispose to 
altitude-related illness.

Acute adaptation to high altitude and to moderate altitude is similar. At higher altitudes, 
FVC declines by about 4% at 15,000 ft (4,572 m) and about 13% at 29,000 ft (8,839 m), 
probably due to increases in interstitial edema. Other changes occurring as a result of acute 
exposure include increased minute ventilation and decreased lung compliance. At rest, ventila-
tion/perfusion matching becomes more homogenous, but probably worsens with exercise. Dif-
fusion limitation becomes a major determinant to adaptation, especially at extreme altitudes. 
Hemodynamically, cardiac output and cerebral blood flow increase, as does pulmonary vascu-
lar resistance from hypoxia-induced vasoconstriction. Hemoglobin concentrations rise within 
1 to 2 days from hemoconcentration. Changes in hemoglobin–oxygen affinity are mainly a 
result of changes in blood pH and Pco2, which tend to offset any effects of 2,3-diphosphoglyc-
erate. Acute hypobaric hypoxia results in a significant decrease in maximum oxygen consump-
tion and exercise performance, and this never fully recovers to sea level values even with full 
acclimatization.

AMS represents the most common altitude-related illness. Upon rapid ascent, symp-
toms may appear immediately on arrival at altitude and usually resolve spontaneously over 
a few days. However, AMS can develop as many as 3 days after ascent. Headache, the most 
common complaint, occurs in as many as 70% of visitors above 8,000 ft (2,438 m). Sleep 
disturbances and sleep-disordered breathing (e.g., Cheyne–Stokes respirations) occur in 60% 
to 80% of travelers to altitude and may contribute to worsening disease. Other symptoms of 
AMS include nausea, vomiting, dyspnea, peripheral edema, malaise, anorexia, and fatigue. 
The most common method for diagnosing AMS is the Lake Louise system with five self-
reported scores (headache, GI symptoms, fatigue, dizziness/lightheadedness, and difficulty 
sleeping rated 0–3 points each) and three clinical scores (change in mental status, 0–3 points; 
ataxia, 0–4 points; and peripheral edema, 0–2 points). AMS is defined as a headache plus a 
score of at least 3 points from the self-reports or 5 points if the clinical assessment is included 
too. There is some discussion in the literature about the role of headache in AMS, but it 
is noteworthy that headache is required for AMS diagnosis with the Lake Louise scoring 
system.

The mechanism behind AMS is quite likely multifactorial. Chief among them are hypobaric 
hypoxia and the individual response to the insult. Many people suffering from AMS have a low 
hypoxic ventilatory response, although this is not a universal finding. In addition, many people 
experience an alteration in body fluid mechanics with retention and redistribution. Evidence 
continues to mount for increased cerebral blood flow and, possibly, capillary leak as the main 
cause of headache and AMS. This theory is consistent with AMS representing the least danger-
ous end of a spectrum of high-altitude illnesses, which ends with HACE that can be fatal (see 
below). There are no specific laboratory markers of AMS, leaving the diagnosis to historical 
details in the appropriate setting.

The self-limited nature of AMS usually requires only conservative management, even al-
lowing for continued ascent after brief recovery periods. Treatment of AMS consists primar-
ily of symptomatic measures, using acetaminophen or nonsteroidal antiinflammatory drugs for 
headache or antiemetics (preferably prochloperazine, because it increases hypoxic ventilatory 
response). For refractory or more severe cases, further ascent should be postponed and descent 
of at least 1,000 ft (300 m) considered. Dexamethasone has been used successfully in treating 
symptoms of AMS, usually at doses of 4 mg every 6 hours (some suggest a loading dose of 8 mg). 
Failure to resolve after 1 to 2 days of conservative or medical management could indicate pro-
gression to more serious high-altitude pulmonary or cerebral edema (see below), which require 
prompt attention and descent by whatever means possible, including helicopter evacuation as 
necessary.

To prevent AMS, a gradual rate of ascent (,1,000 ft per day to above 10,000 ft) that allows 
time for the body to acclimatize is the best approach. Alcohol and other soporifics should be 
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avoided. Acetazolamide, the most effective pharmacological prophylaxis, acts by creating a meta-
bolic acidosis. It augments the normal response of the kidneys to compensate for the respiratory 
alkalosis that accompanies hyperventilation from hypoxia at high altitude. Most studies suggest 
125 to 250 mg of acetazolamide twice per day, starting before ascent and continuing for a few 
days at high altitude. Acetazolamide is a diuretic, so it is essential to remain hydrated. People 
with sulfa allergy cannot use acetazolamide. Recent studies have not supported Ginko biloba as 
an effective prophylactic for AMS.

At altitudes above 10,000 ft (3,000 m), HAPE can occur. HAPE is more serious but also 
more rare than AMS. For example, in workers on the high-altitude railroad at 3,500 to 5,000 
m in Tibet, over 50% had AMS but HAPE occurred only in about 0.5%. The pathogenesis of 
HAPE is not fully understood, but quite likely involves a variety of changes in the pulmonary 
vascular system. Among them are uneven hypoxic pulmonary vasoconstriction, altered pul-
monary hemodynamics, blood flow heterogeneity, and increased capillary permeability. These 
changes lead to extravasation of proteins, blood, and fluid from the pulmonary capillaries into 
interstitial tissue and alveolar units, causing a potentially cascading scenario of worsening inflam-
mation and alveolar flooding.

Clinically, patients with HAPE invariably have symptoms of AMS, but will also have 
progressive dyspnea on exertion or at rest, and, initially, a nonproductive cough that may 
progress to pink frothy sputum. Signs include increasing tachypnea, tachycardia, and cyano-
sis. Rales typically arise first in the right midaxillary line and spread diffusely with worsening 
disease, especially while sleeping. Chest radiographs reveal diffuse patchy infiltrates, with 
prominence of pulmonary arteries. Notably absent are Kerley B lines or other evidence of 
pulmonary venous congestion, because pulmonary capillary wedge pressures typically remain 
normal.

HAPE is the most common cause of death due to altitude-related illnesses, and, therefore, 
requires immediate treatment. Numerous studies have attempted to delineate methods to pre-
vent HAPE, but only AMS prevention strategies have been advocated until recently. Descent 
remains the most important aspect of successful treatment of HAPE, with most authors recom-
mending descent to 2,000 to 3,000 ft (600 to 1,000 m). Supplemental oxygen also plays a major 
role in the treatment of HAPE, if it is available. Unfortunatley, HAPE victims are often unable 
to descend because of their physical condition or because of poor weather. In these cases, the 
calcium-channel blockers (nifedipine at 20–30 mg orally every 6–8 hours) or phosphodiesterase 
inhibitors (tadalafil 10 mg every 12 hours, sildenafil 50 mg every 8 hours) can be used to reduce 
pulmonary hypertension. Dexamethasone (2 mg every 6 hours or 4 mg every 2 hours) can be 
helpful too. Portable hyperbaric chambers (e.g., the Gamow bag) can also simulate a descent 
of about 1,476 ft (450 m), but are usually only found on large expeditions to very remote 
destinations.

Patients with preexisting pulmonary hypertension are at risk of worsening at high alti-
tude. Those with mean pulmonary artery (PA) pressure greater than 35 mmHg or systolic 
PA pressure greater than 50 mmHg at baseline should typically avoid travel to greater than 
2,000 m; but if such travel is necessary or strongly desired, they should use supplemental oxy-
gen during the sojourn. Patients with milder degrees of pulmonary hypertension may travel 
to altitudes less than 3,000 m, but should consider pulmonary vasodilators or supplemental 
oxygen.

The most serious illness for high-altitude visitors is HACE, which occurs even more rarely 
than HAPE but may be a harbinger of death. Symptoms indicating HACE include worsening 
ataxia, changes in level of consciousness, coma, severe lassitude, seizures, cranial nerve palsies, 
retinal hemorrhages, cyanosis, and hallucinations superimposed on symptoms of AMS or HAPE. 
Studies have shown elevated cerebral spinal fluid pressures (up to 300 mmHg). Autopsies have 
also often revealed clinically indolent pulmonary edema. The disorder requires prompt recogni-
tion and immediate descent, if possible. In addition, dexamethasone (4 mg, intravenously, intra-
muscularly, or orally, followed by 4 mg every 6 hours) and oxygen remain important adjuncts. 
Portable hyperbaric chambers are also useful, when available.

In summary, increasing numbers of people are traveling to high altitude for a variety of 
reasons. Many of these travelers suffer symptoms of AMS, which resolves over a few days as 
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acclimatization progresses and can be reduced by gradual ascent or acetazolamide. Fewer travel-
ers at higher altitudes may experience HAPE or HACE, which require prompt attention and 
descent to prevent life-threatening progression. Patients with pulmonary hypertension should be 
evaluated for travel to high altitude.
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INTRODUCTION
Breathing is an involuntary action, controlled by the subconscious and normally does not prompt 
recognition by the conscious mind. Dyspnea is defined as an uncomfortable awareness or sensa-
tion associated with breathing. However, awareness of breathing is not synonymous with dys-
pnea, since the context of the awareness is crucial to determining if the sensation is uncomfortable 
or not. For example, a sprinter who completes a 400-m race may breathe quite hard; however, 
the work of breathing is expected in this setting and is not in itself an uncomfortable sensation.

Dyspnea is one of the more common complaints in pulmonary medicine and is more com-
mon in women and obese and older patients. The complaint of dyspnea is often difficult to 
elicit in clinical practice, since patients may provide disparate descriptions use such as “I can’t 
breathe,” “I am smothering,” “I get tired,” “I am puffed,” and “I am panting.” In addition, the 
evaluation of dyspnea may be delayed when patients and physicians attribute the symptom to 
aging, obesity, deconditioning, and/or smoking.

PRESENTATION
Dyspnea is an alarming symptom, even when compared to chest pain. Among patients who pres-
ent with dyspnea and/or chest pain, all-cause mortality is much higher when dyspnea or dyspnea 
and chest pain are the presenting symptoms. In this group, mortality due to myocardial infarc-
tion and coronary revascularization is much higher when compared to patients who presented 
with chest pain alone.

Dyspnea is affected by numerous receptors and factors, as well as by one’s perceptions. 
The cerebral cortex interprets dyspnea-related data from chemoreceptors, muscles, skin, and 
the lung in order to place them in context. The medulla and subcortex receive input from the 
afferent receptors and central chemoreceptors as part of the control of breathing. The chest wall 
has mechanoreceptors in muscle spindles and tendon organs that are innervated by the anterior 
horn cells and project to the somatosensory cortex. The vagus nerve also has afferent nerves that 
relay information about lung inflation and volume changes. Chemorecepters in the carotid body 
and the medulla detect changes in pH, Pco2, and Po2. Myelinated nerves and unmyelinated C-
fibers in the lung conduct information from the lungs, larynx, and trachea and send information 
via the vagus nerve regarding pulmonary stretch and air movement. Even the skin of the face 
and mucous membranes of the nasopharynx detect air flow and affect the sensation of dyspnea.

The differential diagnosis of acute onset of dyspnea is quite broad and includes asthma, 
anxiety -related hyperventilation, pneumothorax, pulmonary embolism, exacerbation of 
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chronic lung disease, pulmonary edema, and myocardial ischemia. The evaluation of acute 
dyspnea should be guided by the history, physical examination, and judicious diagnostic test-
ing.  Basic  diagnostic evaluation may include an electrocardiogram, chest radiography, com-
plete blood count, and arterial blood gases. History and physical examination in conjunction 
with these diagnostic tests should establish the diagnosis of pulmonary edema, pneumothorax, 
and chest trauma. In a pure hyperventilation syndrome, arterial blood gases demonstrate re-
spiratory alkalosis and normal alveolar–arterial gradient. The detection of myocardial ischemia 
and pulmonary embolism may be more difficult and generally mandates additional testing 
such as cardiac enzymes, D-dimer measurement, echocardiography, and thoracic imaging: 
either by contrast-enhanced computed tomography (CT) or ventilation–perfusion scanning. 
The Well’s Score or Geneva Score can help stratify the patient’s probability of having pulmo-
nary embolism. Spirometry can identify airflow obstruction. The brain natriuretic peptide 
(BNP) and N-terminal pro-brain natriuretic peptide (NT-pro-BNP) are useful in identifying 
decompensated heart failure, although, it can increase in other conditions such as pulmonary 
embolism.

Chronic dyspnea is shortness of breath that has persisted for more than 3 weeks. As is the 
case in acute dyspnea, the diagnosis of chronic dyspnea can usually be identified with a careful 
history, physical examination, and a few basic tests such as chest radiography, electrocardiogra-
phy, spirometry, and simple laboratory testing (complete blood count, chemistry, and thyroid 
testing). Elements of the history such as previous diagnoses may, however, be misleading in 
patients with chronic dyspnea. One study demonstrated that a historical diagnosis of reactive 
airway disease was associated with a positive predictive value (PPV) of only 0.55 for the fi-
nal diagnosis of asthma. Similarly, a patient’s report of chronic obstructive pulmonary disease 
(COPD) was associated with a PPV of 0.45 for COPD. A history of smoking in patients with 
chronic dyspnea carried a PPV of 0.40 for COPD.

ETIOLOGY AND DIFFERENTIAL DIAGNOSES
The etiology of chronic dyspnea may be difficult to identify. The initial clinical impression is 
reported to be correct 55% of the time and correct 72% of the time when pulmonary function 
testing was utilized in the decision making. However, a systematic evaluation of the patient can 
identify the diagnosis with a high degree of accuracy. Laboratory testing (complete blood count, 
comprehensive metabolic profile, thyroid stimulating hormone [TSH] and BNP) can be helpful. 
A recent study found that 14% of the patients presenting with chronic dyspnea had significant 
anemia. This same study evaluated the BNP and found that it had a strong negative predictive 
value for cardiomyopathy but a very poor PPV for it.

Chronic unexplained dyspnea exists if the diagnosis is not apparent after basic testing. There are 
a number of approaches to this diagnosis; two studies have disclosed the clinical benefits of algorith-
mic approaches. The algorithmic approaches to dyspnea usually employ early challenge by metha-
choline to test for subtle airway hyperactivity. Not surprisingly, the diagnosis of chronic dyspnea is 
most commonly pulmonary, but the more common diagnosis vary according to age (see Table 21-1). 
Younger populations tend to have higher percentages of asthma and vocal cord dysfunction when 

TABLE 21-1     Diagnoses Associated with Chronic Dyspnea

Pratter 
1989

Depaso 
1991

Martinez 
1994

Flaherty 
2001

Morris 
2001

Pratter 
2011

Average	age	(years)
Asthma	(%)
COPD	(%)
ILD	(%)
Cardiac	(%)

52
29
14
14
9

59
17
5
5

14

55
24
0
8

14

36.9
31
—

15
18

29
47
3
8

16

60.2
29
9
8

16
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compared to studies in older patients. The most common diagnosis is reactive airway disease. It 
 accounts for the final diagnosis in between 17% and 55% of patients with chronic dyspnea.

In patients diagnosed with reactive airway disease, methacholine challenge is required for 
the diagnosis in 41% to 72% of cases. A decreased diffusion capacity is helpful in clarifying the 
diagnosis of obstructive lung disease from asthma and is universally decreased in patients with 
interstitial lung disease. In addition, a decrease in the diffusion capacity can be useful in identi-
fying patients with pulmonary vascular disease, and additional testing such as echocardiography 
and imaging for thromboembolism may be helpful. A decrease in vital capacity or lung volumes 
should trigger a search for interstitial lung disease or neuromuscular disease with a mandatory 
minute volume (MVV) and maximal inspiratory pressure and maximal expiratory pressures.

Two other diagnoses may be more difficult to identify. One study identified a surprising 
number of young patients with mitochondrial myopathy that was detected with a decreased 
MMV and confirmed with muscle biopsy. In this population, the maximal inspiratory and 
expiratory pressures were often normal. Morris et al. studied a military population and found 
that vocal cord dysfunction was the etiology of chronic dyspnea in 10% of patients. About 
20% of patients with vocal cord dysfunction may be identified by a truncated inspiratory limb 
on the flow-volume loop in the absence of other evidence of significant air flow obstruction. 
Fiberoptic laryngoscopy during exercise may be required to diagnose the patient with vocal 
cord dysfunction; many may have a false positive methacholine inhalation challenge test.

Cardiopulmonary exercise testing may be very useful in identifying the organ system respon-
sible for dyspnea as well as identifying deconditioning, obesity, and nonphysiologic dyspnea as 
the cause of the symptom. Further, cardiopulmonary exercise testing was able to direct invasive 
testing when indicated. After a diagnosis is made through diagnostic testing, it is usually recom-
mended that the diagnosis be confirmed with a positive response to therapy.

QUANTIFICATION OF DYSPNEA
After a diagnosis of dyspnea has been established and therapy is being contemplated, it is often 
useful to quantify the degree of dyspnea with a detailed description of the amount of activity that 
stimulates the symptoms. As patients improve, it is typical for them to continue to complain of 
dyspnea. This may represent failure to improve or it may represent an increase in activity. Good 
documentation and objective measures of exercise levels are very useful in this setting.

In addition, there are a variety of patient-assessment tools available to quantify patients’ 
symptoms. These include the Visual Analogue Scale, the Borg Dyspnea Index, and the Mahler 
Dyspnea Score. Each of these tests can be repeated as an objective measure of the patient’s symp-
toms. The Visual Analogue Scale and the Borg Index are also useful during exercise testing for 
the patient to rate their degree of symptoms.

CONCLUSION
The clinical complaint of shortness of breath is a common complaint that is associated with 
 difficulty in diagnosis and significant implications for the patient. With a systematic approach, 
the diagnosis can be identified and treatment begun with a high degree of success.
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INTRODUCTION: THE PULMONARY VASCULAR SYSTEM
Under normal conditions, the pulmonary vascular bed is a low resistance and high compliance 
circuit that accommodates the entire cardiac output at pressures that are 20% to 25% of systemic 
pressures. Normal pulmonary artery pressures are as follows: for systolic, 15 to 30 mmHg; for 
diastolic, 4 to 12 mmHg; and for mean, 9 to 18 mmHg. Even during exercise, when the cardiac 
output increases by 2- to 4-fold, the normal pulmonary vascular bed can accommodate increased 
flow with only modest increases in pressure and minimal effects on pulmonary vascular resistance.

Disruption of the normal pulmonary vascular bed can occur as a result of a primary vascu-
lopathy of the pulmonary vessels, diseases of the lung parenchyma, thromboembolic disease, and 
pulmonary venous hypertension secondary to left heart dysfunction. Identification of the ana-
tomic location of the diseased portion of the pulmonary vascular bed is paramount in the evalua-
tion of pulmonary vascular disease. Diseases that involve the precapillary pulmonary arterial bed 
have a very different natural history and treatment strategy as compared to primary parenchymal 
lung disorders and diseases affecting the postcapillary, pulmonary venous compartment.

Pulmonary hypertension (PH) is present when the mean pulmonary artery pressure is 
greater than 25 mmHg. Pulmonary arterial hypertension (PAH) is present when the mean 
pulmo nary artery pressure is greater than 25 mmHg and the pulmonary capillary wedge  pressure 
or left ventricular end-diastolic pressure is less than or equal to 15 mmHg. The pressure gradient 
from the mean pulmonary artery pressure to the pulmonary capillary wedge pressure is the trans-
pulmonary gradient; elevation of the gradient distinguishes PAH from other causes of elevated 
pulmonary pressures. Despite the fact that PAH is defined clinically by elevated pressures, it is 
truly a disease of increased pulmonary vascular resistance. Pulmonary vascular resistance is equal 
to the transpulmonary gradient divided by cardiac output. It is the pulmonary vascular resistance 
that determines disease severity. Normal pulmonary vascular resistance is less than 3 WU, and if 
there is significant PAH, the pulmonary vascular resistance must be higher than this. The right 
ventricle, unlike the left ventricle, is ill-equipped to maintain cardiac output against an increased 
afterload. As destruction of the precapillary vessels progresses, pulmonary vascular resistance 
increases and the right ventricle fails. A patient may experience dyspnea, chest pain, fluid reten-
tion, and syncope.

While increased pulmonary vascular resistance and right heart failure account for the major-
ity of morbidity and mortality in PAH, alterations in ventilation and perfusion matching and 
impairments in oxygen diffusion also play a role. Increased dead space ventilation, particularly 
in patients with chronic thromboembolic PH, may account for symptoms of dyspnea that seem 
to exceed what alterations in hemodynamics alone might predict.

DETECTION OF PULMONARY HYPERTENSION
The majority of PH is due to heart diseases associated with elevated pulmonary arterial pressures 
due to increased pulmonary venous pressures (e.g., congestive heart failure, valvular heart disease) 
and to parenchymal lung disease (e.g., chronic obstructive pulmonary disease and interstitial 
lung disease). PAH is rare and has a prevalence of 15 to 40 cases per million. Before treatment can 
be properly planned, it is essential to identify the etiology of elevated pulmonary arterial pressure 
because pulmonary vasodilators used to treat PAH are not helpful in most other causes of PH.

The most common presenting symptom in PAH is dyspnea (.85%) which is often  initially 
attributed to more common cardiopulmonary disorders leading to a sometimes problematic 
 delay in diagnosis. Data from multicenter PAH registries indicate that more than 20% of patients 
 report symptoms for more than 2 years before the correct diagnosis is made. Other symptoms 
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that may help suggest the diagnosis of PAH include fatigue (26%), chest pain (22%), presyncope/ 
syncope (17%), edema (20%), and palpitations (12%).

Cardiac exam findings consistent with PAH include elevated jugular venous distention, a 
right ventricular heave, a loud P2, a fixed split S2, a right sided S3, and a tricuspid regurgitation 
murmur. The absence of physical examination findings of left heart disease is important to a 
diagnosis of PAH. The presence of pulmonary edema or pleural effusions should raise suspicion 
for left heart disease or, in the correct setting, rare conditions such as pulmonary veno-occlusive 
disease. Exam findings consistent with alternative causes of dyspnea such as obstructive lung 
disease or sleep disordered breathing should prompt further evaluation.

EPIDEMIOLOGY OF PULMONARY VASCULAR DISEASE
The current World Health Organization classification of PH (see Table 22-1) provides an excel-
lent outline of populations at risk for developing PAH. The idiopathic form of the disease (IPAH) 

Basis for Current Classification Schema of Pulmonary Hypertension
Group I
1. Pulmonary arterial hypertension (PAH)
  1.1. Idiopathic (IPAH)
  1.2. Familial (FPAH)
  1.3. Associated with (APAH):
   1.3.1. Connective tissue disorder
   1.3.2. Congenital systemic-to-pulmonary shunts
   1.3.3. Portal hypertension
   1.3.4. HIV infection
   1.3.5. Drugs and toxins
   1.3.6.  Other (thyroid disorders, glycogen storage disease, Gaucher disease, hereditary  hemorrhagic 

telangiectasia, hemoglobinopathies, chronic myeloproliferative disorders, splenectomy)
  1.4. Associated with significant venous or capillary involvement
   1.4.1. Pulmonary veno-occlusive disease (PVOD)
   1.4.2. Pulmonary capillary hemangiomatosis (PCH)
  1.5. Persistent pulmonary hypertension of the newborn

Group II
2. Pulmonary hypertension with left heart disease
  2.1. Left-sided atrial or ventricular heart disease
  2.2. Left-sided valvular heart disease

Group III
3. Pulmonary hypertension associated with lung diseases and/or hypoxemia
  3.1. Chronic obstructive pulmonary disease
  3.2. Interstitial lung disease
  3.3. Sleep disordered breathing
  3.4. Alveolar hypoventilation disorders
  3.5. Chronic exposure to high altitude
  3.6. Developmental abnormalities

Group IV
4. Pulmonary hypertension due to chronic thrombotic and/or embolic disease (CTEPH)
  4.1. Thromboembolic obstruction of proximal pulmonary arteries
  4.2. Thromboembolic obstruction of distal pulmonary arteries
  4.3. Nonthrombotic pulmonary embolism (tumor, parasites, foreign material)

Group V
5. Miscellaneous

Sarcoidosis, histiocytosis X, lymphangiomatosis, compression of pulmonary vessels (adenopathy, 
tumor, fibrosing mediastinitis)

TABLE 22-1  Revised WHO Classification of PH17
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accounts for nearly half of the prevalent PAH in recent published registries; it affects women 
more frequently than men (1.7:1) and presents most often in the third decade of life.

Other specific populations at risk for developing PAH include patients with associated 
diseases such as connective tissue diseases, congenital heart diseases, portal hypertension, and 
stimulant use.

Familial forms of PAH have been identified with gene mutations in two receptors of the 
transforming growth factor-b family, bone morphogenic protein receptor-2 (BMPR2) and 
activin-like kinase type-1 (ALK-1). Penetrance is incomplete, so the mutation is not useful for 
screening the general population.

The majority of patients with chronic obstructive pulmonary disease (COPD) have mild to 
moderate elevations in pulmonary pressures. Dyspnea is due to altered lung mechanics, hypoxia, 
and impaired ventilation rather than elevations in pulmonary vascular resistance. Severe, “out-
of-proportion” elevation of pulmonary pressure and pulmonary vascular resistance occurs in a 
small subset of patients with COPD who have a relatively high mortality. Pulmonary vasodilator 
therapy is not helpful in this population. The only therapy that has proven helpful for reducing 
pulmonary artery pressures is long-term oxygen therapy.

The true prevalence of chronic thromboembolic PH is unknown, but occurs in less than 
5% of patients after acute pulmonary embolism. In up to two-thirds of patients with chronic 
thromboembolic PH, there is no antecedent diagnosis of acute pulmonary embolism. One may 
speculate that the acute pulmonary embolism diagnosis was missed in those cases. Risk factors 
for the development of chronic thromboembolic PH following an acute pulmonary embolism 
include systolic pulmonary pressure greater than 50 mmHg at the time of presentation and a 
large clot burden.

RIGHT HEART CATHETERIZATION IN THE EVALUATION  
OF PULMONARY VASCULAR DISEASE
Right heart catheterization is mandatory in the diagnosis of PH and must be performed prior 
to initiating pulmonary vasodilator therapy. It is a safe procedure in patients with PH. Compli-
cation rates are only 1.1% and are most frequently related to venous access, arrhythmias, and 
hypotension from vagal episodes. Overall procedure-related mortality is rare and is reported in 
0.05% of cases.

During right heart catheterization, assessment for intracardiac left to right shunts is made with 
measurement of oxygen saturations in the great vessels and cardiac chambers.  Hemodynamics 
are measured with particular attention toward the accurate measurement of pulmonary capillary 
wedge pressure. To eliminate the impact of respiration on measured pressures, all measure-
ments including pulmonary capillary wedge pressure should be made at the end of exhalation. 
 Cardiac output can be measured using the Fick method or with thermodilution. Each method 
has unique limitations, but both have proven reliable in the diagnosis of PAH.

For patients in whom pulmonary venous hypertension is suspected but pulmonary capil-
lary wedge pressure measurements are less than 15 mmHg, maneuvers such as fluid challenge, 
exercise challenge, or inotropic challenge can be used during right heart catheterization to elicit 
elevated pulmonary capillary wedge pressure.

In addition to accurate measurement of hemodynamics, right heart catheterization allows 
for vasoreactivity testing. During the right heart catheterization, a pulmonary vasodilator such 
as nitric oxide, epoprostenol, or adenosine is used to identify a small subgroup of patients 
who respond well to treatment with high-dose calcium channel blockers. The current criteria 
for patients who are “vasoreactive” is a fall in mean pulmonary artery pressures of more than 
10 mmHg to an absolute value of less than 40 mmHg while maintaining cardiac output.

PAH is a rare disorder of the small precapillary pulmonary vessels. There are a number of 
associated conditions that confer increased risk for developing PAH. The primary treatment is 
with specific pulmonary vasodilator therapy.

Chronic thromboembolic pulmonary hypertension occurs following acute pulmonary em-
bolism in a small number of patients. While medical therapy for chronic thromboembolic pul-
monary hypertension can improve hemodynamics, there is limited clinical outcome data to 
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support their use in chronic thromboembolic pulmonary hypertension. Surgical thromboendar-
terctomy remains the treatment of choice.

FURTHER READING
1. McLaughlin VV, Archer SL, Badesch DB, et al. ACCF/AHA 2009 expert consensus document 

on pulmonary hypertension: a report of the American College of Cardiology Foundation Task 
Force on Expert Consensus Documents and the American Heart Association, developed in 
 collaboration with the American College of Chest Physicians, American Thoracic Society, Inc., 
and the  Pulmonary Hypertension Association. Circulation. 2009;119(16):2250–2294.
Comprehensive US guidelines on the diagnosis and management of pulmonary hypertension.

2. Waxman AB. Exercise physiology and pulmonary arterial hypertension. Prog Cardiovasc Dis. 
2012;55(2):172–179.

3. Kovacs G, Berghold A, Scheidl S, et al. Pulmonary arterial pressure during rest and exercise in 
healthy subjects: a systematic review. Eur Respir J. 2009;34(4):888–894.

References 2 and 3 are excellent references describing the effects of exercise on the pulmonary 
circulation.
4. Zhai Z, Murphy K, Tighe H, et al. Differences in ventilatory inefficiency between  pulmonary 

arterial hypertension and chronic thromboembolic pulmonary hypertension. Chest. 2011;140(5): 
1284–1291.

5. van der Plas MN, Reesink HJ, Roos CM, et al. Pulmonary endarterectomy improves dyspnea by 
the relief of dead space ventilation. Ann Thorac Surg. 2010;89(2):347–352.

6. Brown LM, Chen H, Halpern S, et al. Delay in recognition of pulmonary arterial hypertension: 
factors identified from the REVEAL Registry. Chest. 2011;140(1):19–26.

7. Badesch DB, Raskob GE, Elliott CG, et al. Pulmonary arterial hypertension: baseline characteris-
tics from the REVEAL Registry. Chest. 2010;137(2):376–387.

References 6 and 7 are derived from the REVEAL Registry, a large US database of patients with PAH 
treated at referral centers.
8. Montani D, Price LC, Dorfmuller P, et al. Pulmonary veno-occlusive disease. Eur Respir J. 

2009;33(1):189–200.
Comprehensive review of pulmonary veno-occlusive disease.

9. Rich S, Dantzker DR, Ayres SM, et al. Primary pulmonary hypertension. A national prospective 
study. Ann Intern Med. 1987;107(2):216–223.
Baseline characteristics of patients with PAH in the first NIH registry.

10. Newman JH, Trembath RC, Morse JA, et al. Genetic basis of pulmonary arterial hypertension: 
current understanding and future directions. J Am Coll Cardiol. 2004;43(12, suppl S):33S–39S.

11. Chaouat A, Naeije R, Weitzenblum E. Pulmonary hypertension in COPD. Eur Respir J. 
2008;32(5):1371–1385.

12. Hoeper MM, Lee SH, Voswinckel R, et al. Complications of right heart catheterization pro-
cedures in patients with pulmonary hypertension in experienced centers. J Am Coll Cardiol. 
2006;48(12):2546–2552.

13. Hoeper MM, Maier R, Tongers J, et al. Determination of cardiac output by the Fick method, 
thermodilution, and acetylene rebreathing in pulmonary hypertension. Am J Respir Crit Care Med. 
1999;160(2):535–541.

14. Rich S, Rabinovitch M. Diagnosis and treatment of secondary (non–category 1) pulmonary hy-
pertension. Circulation. 2008;118(21):2190–2199.
Excellent review of the approach to diagnosis and treatment of non-WHO group I PAH.

15. Nootens M, Wolfkiel CJ, Chomka EV, et al. Understanding right and left ventricular systolic func-
tion and interactions at rest and with exercise in primary pulmonary hypertension. Am J Cardiol. 
1995;75(5):374–377.

16. Sitbon O, Humbert M, Jais X, et al. Long-term response to calcium channel blockers in idiopathic 
pulmonary arterial hypertension. Circulation. 2005;111(23):3105–3111
Seminal study responsible for the current guidelines for calcium channel blocker use in the treatment of 
pulmonary arterial hypertension.

17. Simonneau G, Galiè N, Rubin LJ, et al. Clinical classification of pulmonary hypertension. J Am 
Coll Cardiol. 2004;43(12, suppl S):5S–12S.



1 2 8

The cough reflex arc usually begins with stimulation of irritant receptors located primarily in 
the vocal cords, trachea, and airways. These sites are sensitive to mechanical, thermal, chemical, 
and pH disturbances commonly caused by mucus or aspiration. Afferent impulses then travel 
to the brain via the trigeminal, glossopharyngeal, superior laryngeal, and vagus nerves and are 
 processed in the cough center located in the medulla. Efferent impulses are then transmitted via 
the vagus, phrenic, and spinal motor nerves to the glottis, diaphragm, intercostals, and abdomi-
nal muscles, culminating in a choreographed sequence of (1) inspiration, (2) glottic closure, 
(3) diaphragmatic relaxation, (4) forceful expiratory muscle contraction (raising intrapleural 
pressure up to 200 mmHg), followed by (5) sudden glottic opening, explosively releasing the 
large transpulmonary pressure gradient between the pleura and the airway. Expiratory volume is 
no greater than during a forced exhalation, but extreme narrowing of the airway caused by the 
pressure gradient leads to higher linear velocities (close to the speed of sound), which are gener-
ally effective in dislodging mucus and foreign materials. Patients with chronic airway obstruction 
produce appropriate intrathoracic pressures but generate lower linear velocities and a less effec-
tive cough because of pathologic airway collapse.

Occasional cough caused by minor irritations (e.g., aspiration of oral secretions) is normal. 
Cough remaining after upper or lower respiratory tract infections (typically viral, mycoplasma, 
chlamydia, or pertussis) may continue for 8 weeks or more. This type of postinfectious cough is 
the most common cause of subacute cough (lasting 3–8 weeks). An empiric course of macrolide 
antibiotics is usually warranted in this clinical setting, though treatment after the first 2 weeks 
is of unproven benefit, and the course should be self-limited. Chronic cough (lasting more 
than 8 weeks) can cause complications, distress, and be debilitating to the individual. Most 
chronic cough is attributable to upper airway cough syndrome (UACS) from postnasal drip 
(PND), asthma (often cough variant), or gastroesophageal reflux disease (GERD), alone or in 
combination.

The initial step in the evaluation of chronic cough is screening for special situations (e.g., 
ACE inhibitor therapy) and identifying high-risk patients, namely the immunosuppressed, 
smokers, and those with purulent sputum or hemoptysis. Immunosuppressed patients need an 
aggressive workup to exclude atypical bacterial and fungal infection usually requiring sputum 
culture, a noncontrast chest computed tomography (CT) scan, and a bronchoscopic evalu-
ation if parenchymal abnormalities are discovered. Although chronic cough occurs in up to 
75% of cigarette smokers, the majority do not seek treatment. Those who do should get a 
posteroanterior (PA) and lateral chest radiograph to screen for obvious lung cancer with most 
abnormalities mandating timely CT characterization and outpatient pulmonary evaluation and 
follow-up. Smokers must also be repeatedly counseled about smoking cessation, especially dur-
ing the evaluation of potential lung cancer. Individuals with a chronic cough productive of 
purulent sputum with or without hemoptysis need to have the etiology established, that is, 
bronchiectasis, sinusitis, atypical lung infection, or chronic bronchitis (active smokers). Such 
individuals need cultures (for typical and atypical organisms), antibiotic therapy, and a PA and 
lateral chest radiograph. If parenchymal abnormalities exist, further investigation with a non-
contrast chest CT scan and serologies may be appropriate to rule out an atypical lung infection 
requiring specific therapy (e.g., fungal or mycobacterial infection), as well as an appropriate 
bronchiectasis work up.

Patients on angiotensin-converting enzyme (ACE) inhibitor therapy complaining of a 
chronic dry cough should be switched to an angiotensin receptor blocker (ARB). Up to 15% 
of patients on ACE inhibitors experience an irritant-mediated cough (typically within the first 
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6 months of therapy) quite likely secondary to bradykinin accumulation (also broken down 
by the ACE).

The next step in the evaluation and management of chronic cough involves a diagnostic, 
therapeutic medication trial using history and physical examination to establish whether obvi-
ous symptoms of UACS, asthma, or GERD exist (e.g., PND, episodic wheeze, sour taste in 
the mouth). If no obvious symptoms exist, UACS can be inferred on physical exam if signs of 
chronic sinusitis are present, or upper airway examination demonstrates upper airway secre-
tions, cobblestoning, and laryngeal inflammation. Ultimately, the practitioner and the patient 
must decide to pursue a stepwise approach in which UACS, GERD, and asthma are treated 
sequentially, or an aggressive approach where all three conditions are treated at once, with 
medications then sequentially pulled away after the cough abates. People who are fearful of 
medications usually prefer a stepwise approach, whereas individuals debilitated by coughing 
will try everything (at once) to make the cough stop. While many practitioners (as scientists) 
prefer a stepwise approach, many times all three diseases require maximal therapy in order for 
a chronic cough to resolve.

UACS describes cough due to the irritation, inflammation, and sensitization that occurs in 
the upper airway in the setting of PND. Individuals may or may not be aware of a dripping sen-
sation or sinusitis symptoms. Occasionally, upper airway laryngoscopic examination and sinus 
CT scan are indicated, but generally a trial of an oral, potent (first generation) antihistamine 
(e.g., diphenhydramine, cetirizine) is the appropriate initial step. A nasal steroid can be used as 
an alternative for those intolerant to the drowsiness of antihistamines, but therapeutic effect may 
take longer to be achieved. Oral leukotriene antagonists and nasal cromolyn are alternatives. In 
general, if the cough fails to improve despite maximal therapy as outlined above in 2 to 4 weeks, 
the diagnosis of UACS should be considered less likely.

GERD, like UACS, may be obvious on history or occult, with patients experiencing no 
symptoms referable to reflux. A nocturnal cough is often seen in GERD as well as asthma. 
While overnight pH studies can provide a definitive diagnosis, the standard of care involves a 
more pragmatic trial of lifestyle changes (weight loss, head of bed elevation, smoking cessation, 
and dietary modification) with once-daily proton pump inhibitor therapy. GERD-related cough 
should generally improve after 8 weeks of the above interventions.

Traditional asthma (i.e., accompanied by wheezing) or cough variant asthma (positive 
bronchoprovocation test without the clinical syndrome of asthma) is another common cause of 
chronic cough. Often these patients have a personal or family history of atopy, and will demon-
strate sputum eosinophilia. Recently, a distinction has been made between cough variant asthma 
and eosinophilic bronchitis, a more appropriate term for individuals with cough, atopy, sputum 
eosinophilia, and a negative result for the bronchoprovocation test. Bronchoprovocation testing 
should not be performed within 2 months of a respiratory illness because hyperreactivity may be 
a normal consequence in the postinfectious period. As with the other common causes of chronic 
cough, an empiric diagnostic, therapeutic trial often obviates the need for advanced testing. In-
haled glucocorticoids are the first-line therapy for both cough variant asthma and nonasthmatic 
eosinophilic bronchitis. Improvement in cough should occur in 2 to 4 weeks.

When combined therapy for UACS, GERD, and asthma fail to improve chronic cough, 
other less common causes should be entertained. While bronchoscopy has no role in the routine 
evaluation of chronic cough, it should be considered in patients who fail empiric therapy to 
exclude an endobronchial cause (e.g., tumor, foreign body, broncholith). Occasionally, bron-
choscopy will reveal significant lower airway purulence not suspected by the dry nature of the 
cough and the bland nature of imaging. These patients benefit from cultures (looking for pseu-
domonas), antibiotics, and chest physiotherapy.

Occasionally, cough remains unexplained and may be labeled chronic idiopathic cough 
or, more appropriately, cough hypersensitivity syndrome since it is believed to be caused by 
increased sensitivity of the mucosal irritant receptors (and their coupled ion channels). There is 
no specific therapy for this syndrome. The diagnosis of psychogenic cough, where cough like a 
tic, is one of exclusion and should only be considered when emotional stress is the predominant 
trigger and all other diagnoses have been excluded. Speech therapy may be of some benefit.



1 3 0   Section II • Presentations of Respiratory Disorders

With intrapleural pressures rising as high as 300 mmHg, chronic cough can cause severe 
complications, including sleep disruption, multiple rib fractures, emesis, stress incontinence, 
social isolation, and syncope. While cough is one of many causes of vasovagal syncope, cough 
syncope is not vasovagal. Instead, it is a direct consequence of extremely forceful coughing, lead-
ing to increased intracranial pressure and reversal of middle cerebral artery blood flow during 
diastole. Treatment is aimed at the cough.

Nonspecific antitussive therapies are occasionally required. Central acting medications like 
dextromethorphan (DM) or codeine may effectively control symptoms, but the latter therapy’s 
abuse potential makes it a second-line choice. Sedation may be a limiting side effect for some. 
Gabapentin at doses from 300 to 1,800 mg daily showed benefit in a study of 62 patients 
with chronic refractory cough, but side effects were common (30%) and cough worsened for 
some after discontinuation. In the occasional patient with persistent cough, oral benzonatate 
(e.g., Perles) or nebulized lidocaine (e.g., 5 mL of 4% solution) may provide substantial relief.
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24 Pleural Effusion
Henri G. Colt

Pleural fluid serves as a lubricating film between the visceral and parietal pleural surfaces. A few 
milliliters of pleural fluid are present normally within the pleural space. In normal individuals, 
thoracentesis may yield less than 1 mL of fluid, although quantities of 3 to 20 mL have been 
obtained in as many as 10% of healthy individuals in some series. The protein content of pleural 
fluid is below 1.5 g/dL, and the protein electrophoretic pattern is qualitatively similar to plasma, 
although the content of albumin is slightly higher and that of fibrinogen slightly lower.

The volume and composition of pleural fluid are maintained virtually constant in healthy 
individuals by an intricate balance of hydrostatic and oncotic pressures and by the relative per-
meabilities of the pleural capillaries and lymphatics. Systemic arteries supply the parietal pleura 
and bronchial arteries do the same for the visceral pleura. Fluid and protein exchange in the 
pleural space is almost exclusively achieved through the parietal pleura. Fluid may accumulate as 
a result of any process that obstructs lymphatic drainage.

Pleural effusion is defined as the abnormal accumulation of fluid within the pleural space. 
It may be caused by either excess fluid production or decreased absorption; in some conditions, 
both mechanisms may be operative. Effusions are a common manifestation of both systemic and 
intrathoracic diseases. Factors that determine whether pleural fluid accumulates include (1) on-
cotic pressure in the pleural fluid, pleural microcirculation, and lymphatics; (2) permeability of 
the pleural microcirculation; and (3) pressures in the systemic and pulmonary veins. The most 
common cause of a pleural effusion is congestive heart failure with elevation of the pulmonary 
venous pressure. Whether elevation of systemic venous pressure alone (pure right heart failure) 
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prompts pleural effusions remains controversial, but elevations of both systemic and pulmonary 
venous pressures appear to result in larger effusions.

Peritoneal fluid can gain access to the pleural space via diaphragmatic defects and transdia-
phragmatic lymphatics. Simple transfer of ascitic fluid across diaphragmatic defects has been 
invoked as a mechanism for pleural effusions that accompany ascites, as occurs in cirrhosis and 
Meig syndrome (i.e., benign ovarian fibroma, ascites, and pleural effusion). A similar mechanism 
has been proposed for fluid accumulation in pancreatitis or subdiaphragmatic abscess, although 
enhanced transdiaphragmatic lymph flow also can play a role.

From a pathophysiolgic perspective, increased negative pressure in the pleural space enhances 
fluid accumulation (as occurs in patients with atelectasis). While decreased plasma oncotic pres-
sure favors pleural fluid accumulation, it is unlikely to be sufficient, since effusions are rare in 
congenitally hypoalbuminemic individuals. Increased capillary permeability caused by local in-
flammation, circulating toxins, or vasoactive substances play a role in pleural fluid accumulation 
associated with collagen-vascular diseases, pancreatitis, pulmonary emboli, and pneumonitis. 
Furthermore, as pleural space oncotic pressure approaches that of plasma (32 cm H2O), fluid 
resorption is impaired. An increase in pleural oncotic pressure also contributes to some effusions. 
This occurs as a consequence of (1) enhanced capillary protein leak, (2) protein exudation from 
local pleural inflammation or tumor, or (3) defective lymphatic resorption.

On physical examination, patients may have dullness to percussion, diminished breath 
sounds, and reduced tactile and vocal fremitus over the involved hemithorax. Altering the 
 patient’s position will occasionally shift these physical findings to dependent regions. Large 
effusions (1,500 mL) are frequently associated with an appreciable inspiratory lag, bulging 
 intercostal margins, contralateral mediastinal shift, or atelectasis (e.g., egophony,  bronchial 
breath sounds). Nonthoracic signs might suggest the cause of the effusion; pedal edema, 
 distended neck veins, and an S3 gallop, for example indicate possible congestive heart failure.

Often, the chest roentgenogram is the only clue to the presence of an effusion. It also may 
suggest its cause (e.g., cardiomegaly and redistribution of pulmonary veins in heart failure, lung 
or pleural-based masses, atelectasis, rib erosions signifying metastatic carcinoma, or an elevated 
hemidiaphragm suggesting subdiaphragmatic abscess, volume loss, or bronchial obstruction). At 
least 150 mL of fluid is required to detect an effusion on a standard posteroanterior and lateral 
chest roentgenogram. Today, pleural ultrasonography is increasingly used to image both large 
and small effusions. Typically, fluid initially collects between the anteroinferior lung surface 
and the diaphragm. It then obliterates the costophrenic angle on the frontal view of the chest 
radiograph, or creates a triangular density that obscures the ipsilateral diaphragm and posterior 
costophrenic sulcus on a lateral film. Further accumulation obliterates the hemidiaphragm and 
opacifies the hemithorax with an upward concavity that extends higher laterally than medially. 
On the lateral view, pleural fluid ascends obliquely along the posterior chest wall. Significantly 
smaller quantities of pleural fluid are detectable on lateral decubitus views. On lateral decubitus 
films, fluid layers along the dependent chest wall. On the opposite decubitus view, fluid shift 
allows examination of underlying parenchyma. However, decubitus films often are not neces-
sary because both loculated and free flowing fluid are detected by pleural ultrasonography before 
thoracentesis. A very large effusion should cause a contralateral mediastinal shift. When this 
shift does not occur, parenchymal collapse or mediastinal fixation, often from a tumor, may be 
present.

When underlying parenchymal abnormalities or adhesions between pleural layers exist, 
atypical patterns of fluid accumulation result. A subpulmonic effusion can harbor more than 
1,000 mL of fluid and may resemble merely an elevated hemidiaphragm. However, the “dia-
phragmatic” contour is often more horizontal than usual, with a steep angulation laterally that 
creates a shallow costophrenic angle. A lateral decubitus film may layer the fluid and reveal 
the true diaphragmatic shadow. When pleural fluid becomes loculated (or entrapped) within 
an interlobar fissure, it can create the appearance of an elliptic opacity, or pseudotumor, on 
the posteroanterior film and a spindle-shaped opacity tapering into fissure lines on the lateral 
film. For unknown reasons, this appearance is especially common with congestive heart failure 
and resolves as hemodynamics improve. Fluid that is loculated laterally can result in a smooth, 
contoured, semicircular opacity abutting a pleural surface, which can simulate a mass lesion on 
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a posteroanterior film. Loculations are frequently seen in patients with evolving parapneumonic 
effusions or empyema after either thoracic surgery or pleurodesis. It is noteworthy that com-
puted tomography (CT) scans often exaggerate the amount of fluid actually present.

The information from chest radiographs can be supplemented by pleural  ultrasonography 
and CT scans. Bedside ultrasound, which is now commonplace, visualizes the effusion as well 
as loculations, diaphragmatic movements, and the underlying lung. CT scans should be per-
formed in the investigation of unexplained exudative effusions, and can be useful in distinguish-
ing malignant from benign pleural thickening. CT scans should be performed with contrast 
enhancement, and before complete drainage of the effusion. Scans also are performed in cases of 
complicated pleural infections, especially if initial tube drainage has been unsuccessful, magnetic 
resonance imaging (MRI) may also help distinguish malignant from benign disease, particu-
larly if chest wall or diaphragmatic involvement is suspected. Positron emission tomography– 
computed tomography (PET–CT), in combination with MRI may have a role to monitor 
response to chemotherapy in the treatment of malignant mesothelioma.

The differential diagnosis of pleural effusion should reflect the clinical context and ancillary 
findings, but thoracentesis and careful examination of the pleural fluid are indicated in nearly 
every instance. Thoracentesis has low morbidity in experienced hands. Precautions should be 
used in patients with a bleeding diathesis, a very small effusions, or an obliterated pleural space, 
as well as in patients taking anticoagulant drugs, those who are uncooperative, and those for 
whom even a small pneumothorax could be extremely hazardous. Ultrasound guidance increases 
the likelihood of successful sampling, and reduces the risk of complications. Furthermore, ultra-
sound has a specificity similar to that of CT in differentiating malignant from benign effusions, 
and identifies exudative effusions through detection of septations (loculations) or echogenicity. 
It is traditionally suggested that no more than 1,000 mL of fluid be removed at any one sitting 
to avoid reexpansion pulmonary edema, but this complication is unusual. The procedure should 
probably be halted, however, if the patient begins to cough, has chest pain, or other possible 
signs of increasingly negative pleural pressure. Regardless, fluid should be removed slowly.

Numerous laboratory examinations can be performed on pleural fluid; those required are 
largely dictated by the clinical context. If foul-smelling pus is obtained, for example, extensive 
biochemical analysis is not required; only Gram stain and culture are needed. Pleural fluid dif-
ferential cell count abnormalities are not disease specific, and any long-standing effusion may be 
populated by lymphocytes, although very high lymphocytic effusions (80%) are most com-
monly seen in patients with tuberculosis, lymphoma, chronic rheumatoid pleurisy, sarcoidosis, 
and postcoronary artery bypass graft.

In most situations, fluid analysis is needed to distinguish a transudate from an exudate, an 
important distinction necessary for differential diagnosis of the cause of the effusion. An exudate 
is defined by any one of the following: ratio of pleural fluid to serum protein greater than 0.5; 
lactate dehydrogenase (LDH) ratio greater than 0.6; or LDH greater than two-thirds of the 
normal serum value. These represent Light criteria. Other key measures are white blood count 
and differential, glucose, and pleural pH. A hematocrit is useful in the diagnosis of hemithorax.

Exudates are characteristic of malignancy, parapneumonic effusions, and a variety of infectious 
and noninfectious inflammatory states. Acidosis (pH  7.30) and reduced glucose (60 μg/dL) 
are characteristic of empyema and rheumatoid pleurisy, but can occur in other conditions, such 
as pleural carcinomatosis and evolving parapneumonic effusions. Measurement of amylase is war-
ranted in clinical settings in which an elevated pleural fluid amylase would suggest conditions such 
as esophageal rupture, pancreatitis, pancreatic pseudocyst, and, rarely, certain malignancies. The 
use of pleural cholesterol levels is still investigative, and no set of measures has yet replaced Light 
criteria (LDH, protein) to differentiate exudates from transudates. If chylothorax is suspected, 
triglycerides and chylomicron analysis (by lipoprotein electrophoresis) should be requested; fluid 
is not always turbid or milky in these instances. Serologies are useful, since antinuclear antibodies 
(ANA) titers 1:320 are suggestive of systemic Lupus and rheumatoid factor (RF) titers 1:320 
are suggestive of rheumatoid arthritis. However, neither of these serological tests are sufficient 
by themselves to make the diagnosis. Pleural adenosine deaminase (ADA) is elevated (70 U/L) 
in tuberculsosis, but is also elevated in rhuematoid arthritis, malignancy, and empyema. Pleural 
fluid cytologic examination is indicated whenever neoplasm is suspected. The yield for malignancy 
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increases if cell blocks and smears are prepared from the sample. If lymphoma is suspected, a speci-
men should be sent for flow cytometry or immunocytochemistry. Tumor markers are not routinely 
indicated, but a positive pleural fluid mesothelin is highly suggestive of pleural malignancy, such as 
mesothelioma and metastases from ovarian, pancreatic, and bronchogenic adenocarcinoma.

One point of particular interest has been the differentiation between a benign parapneu-
monic effusion that requires no chest tube drainage and one that does (increasingly referred to as 
a complicated parapneumonic effusion). The need for drainage, in addition to antibiotic therapy, 
is indicated by a positive Gram’s stain, culture, or the presence of pus in the pleural space 
 (empyema). Drainage also should be considered if pleural fluid pH is below 7.10 or if pleural 
glucose is low and LDH is greater than 1,000 g/L after excluding other diagnoses for these 
 abnormalities (e.g., tuberculosis, rheumatoid arthritis, and pleural carcinomatosis).

The procedures described above, along with the results of cultures for bacteria, fungi, and 
tuberculosis, will yield a diagnosis for most pleural effusions. In some instances, however, add-
itional evaluation is warranted. A closed needle biopsy of the pleura might be considered in cases 
in which granulomatous diseases or a neoplasm are suspected. The British Thoracic  Society 
guidelines, however, suggest Abrams or Cope needle biopsy only in areas with a high inci-
dence of tuberculosis, although thoracoscopic and image-guided cutting needles have a higher 
diagnostic yield. If malignancy is suspected and there is evidence of pleural nodularity on 
 contrast-enhanced CT, image-guided percutaneous pleural biopsy is warranted. Routine flexible 
bronchoscopy is of no demonstrated value unless imaging studies demonstrates a parenchymal 
or nodal abnormality or are suggestive of bronchial obstruction, or if the patient has hemoptysis.

In patients with an undiagnosed exudative effusion, or one in which malignancy is suspected, 
thoracoscopy is a remarkably safe and commonly used diagnostic procedure.  Thoracoscopy can 
be performed through a single access site, often under local anesthesia or using spontaneous 
ventilation and intravenous sedation in the operating room setting. General anesthesia and tra-
cheal intubation are desirable in some cases in which adhesions, loculations, or infection are 
suspected. Thoracoscopy permits direct visualization of the pleura and external surface of the 
lung, lysis of adhesions, biopsy of pleura and lung, pleural fluid removal, and pleurodesis. If nec-
essary, indwelling pleural catheters can be inserted using thoracoscopic or flex-rigid  pleuroscopic 
guidance.

Open pleural biopsy under general anesthesia may be required for patients in whom other 
procedures have failed to provide a diagnosis or when contemplated lung biopsy poses special 
risk (e.g., pulmonary hypertension) and open exposure is required to assure hemostasis. Despite 
proceeding to thoracoscopy or open biopsy, a small number of effusions remain undiagnosed 
and either resolve or, subsequently, express themselves as neoplasm. This may particularly be the 
case for malignant mesothelioma.

Treatment of pleural effusions is usually focused on the underlying disease. Repeat thera-
peutic thoracentesis may be necessary in cases of a large effusion, when the patient has signifi-
cant underlying parenchymal lung disease, or when prognosis is poor and the patient refuses 
pleurodesis or indwelling pleural catheter. Symptoms such as dyspnea, chest pain, or cough 
should resolve after evacuation of the effusion. If not, repeat therapeutic thoracentesis is prob-
ably not warranted. Patients with symptoms that coincide with recurrent fluid accumulation 
should be considered for pleurodesis or for insertion of an indwelling, tunneled percutaneous 
pleural catheter for periodic drainage. This may be particularly helpful in patients with malig-
nant mesothelioma or pleural carcinomatosis. Patients with trapped lung may also benefit from 
indwelling pleural catheters. Patients with empyema, tuberculosis effusions, or hemithorax may 
require a multidisciplinary approach to care, with considerations for image-guided, thoraco-
scopic, or open surgical exploration and drainage.
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25 Hemoptysis
Henri G. Colt

Hemoptysis (i.e., coughing up blood) is a frightening event for both healthcare provider and 
patient and may occur in a variety of clinical conditions. The amount and quality can range 
from blood-streaked sputum to several cups of blood or even massive bleeding leading to exsan-
guination. Death is rare, but may occur as a consequence of asphyxiation and respiratory arrest 
associated with flooding of the tracheobronchial tree. Massive hemoptysis is a life-threatening 
medical emergency that may not be controllable even by endotracheal intubation and mechani-
cal ventilation.

The incidence of hemoptysis reflects the type of population studied (e.g., surgical vs medi-
cal or cancer center vs tuberculosis clinic). In the United States, the most common causes are 
chronic bronchitis, bronchiectasis, and bronchogenic carcinoma, followed by tuberculosis, fun-
gal infections (especially aspergillosis or aspergilloma), bacterial pneumonia and abscess, and 
pulmonary infarction. Less common causes of hemoptysis include mitral stenosis, Goodpasture 
syndrome, endobronchial foreign bodies, bronchial adenoma, pulmonary arteriovenous (AV) 
fistulas, Behçet disease, lung parasites (ascariasis, paragonimiasis, and schistosomiasis), Wegener 
granulomatosis, drugs (cocaine, anticoagulants, penicillamine), cystic fibrosis, lymphangioleio-
myomatosis, pulmonary artery injury from a balloon-tipped catheter, coagulopathies, and even 
bioterrorism (pneumonic plague, tularemia, and tricothecene mycotoxin). Hemoptysis also may 
be caused by airway inflammation, granulation tissue overgrowth, and erosion of tracheobron-
chial mucosa from indwelling metal, hybrid, and silicone airway stents. When a diagnosis is not 
found, hemoptysis is said to be cryptogenic. This should be a diagnosis of exclusion, although it 
has been reported in up to 40% of cases, usually in tobacco smokers.
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The approach to the diagnosis and initial management focuses on the following questions:

 1. What is the origin of the bleeding (lungs, the airways, nasopharynx, or digestive tract)?
 2. Can the bleeding be stopped?
 3. Will the bleeding recur at some time in the future?
 4. Does the patient have a systemic disease that predisposes to bleeding?
 5. Is emergency intervention needed? If so, what kind of surveillance should be instituted, and 

what might be done to prevent recurrent bleeding?

The anatomic source of bleeding depends on the specific pathologic process. However, 
bronchial arteries and collaterals from axillary, intercostal, diaphragmatic, and other systemic 
arteries of the thorax are the source of bleeding in most cases. Inflammation associated with 
infection and carcinoma can cause reactive hypervascularity of bronchial arteries and stimulation 
of collaterals. Localized inflammation can result in bleeding by erosion of these hypervascular 
networks of vessels. Chronic inflammation may encourage enlargement of the bronchial arter-
ies as a result of enhanced abnormal communication with pulmonary arterioles. Furthermore, 
angiogenic growth factors can be released that promote neovascularization and recruitment of 
collateral circulation from systemic blood vessels. Pulmonary arteries, capillaries, and veins are 
the source of hemoptysis in fewer than 10% of cases.

Hemoptysis associated with chronic bronchitis accounts for more than 50% of hemoptysis 
cases in the United States and arises from superficial vessels in the bronchial mucosa. Hemop-
tysis associated with chronic fibrocavitary disorders such as tuberculosis, is caused by rupture or 
erosion of enlarged bronchial arteries and bronchopulmonary anastomoses. Pulmonary artery 
aneurysms and vessel rupture secondary to wall invasion can also occur. In mitral stenosis, the 
primary sites of bleeding are bronchial veins with blood supplied from both bronchial arteries 
and reversed blood flow from pulmonary veins.

Recent world events warrant special emphasis on potential bioterrorist causes of hemoptysis. 
Pneumonic plague is caused by Yersinia pestis, a Gram-negative bacillus that can be weapon-
ized and spread by aerosolized droplets, causing rapidly progressive pneumonia, chest pain, and 
hemoptysis. Treatment includes oral doxycycline or ciprofloxacin. Tularemia, caused by the 
aerobic Gram-negative coccobacillus Francisella tularensis, has also been weaponized. Its aero-
solization causes influenzae-like symptoms with rapidly progressive pneumonia and hemoptysis. 
The treatment of choice is intravenous gentamicin. Finally, tricothecene mycotoxin, also known 
as “yellow rain” in its aerosolized form, causes sore throat, skin necrosis, and hemoptysis. An oily 
residue on the facial skin of victims of biologic attacks might lead one to suspect the diagnosis. 
Treatment is, for the most part, supportive.

All instances of hemoptysis require careful evaluation to determine the cause and site of bleed-
ing. The history is invaluable and establishes the duration and extent of bleeding, prior episodes, 
and the presence of known cardiopulmonary or other diseases. Hemoptysis must be differentiated 
from hematemesis and nasopharyngeal bleeding. The physical examination provides specific clues 
to the diagnosis (e.g., oronasopharyngeal bleeding site, microtelangiectasia, pulmonary or cardiac 
findings). The chest radiograph may suggest the cause and location of the hemoptysis in up to 
50% of cases. A “negative” radiograph is not reassuring: one study suggested that the radiographs 
of 25% of patients with hemoptysis due to lung cancer provided no clues to this diagnosis. The 
characteristic radiographic finding of blood in the air spaces is a confluent or patchy alveolar 
filling pattern that becomes reticular over days and clears in 3 to 10 days. However, the pattern 
may represent blood aspirated from another bleeding site elsewhere in the lungs, making precise 
localization of a bleeding site challenging. Computed tomography (CT) scans, including multi-
detector CT with angiography (MDCTA) (high resolution angiographic studies performed with 
a single breath hold to reduce scanning time and respiratory motion artifacts) can identify under-
lying disease, assist in the diagnosis and mapping of bronchiectasis, usually precluding surgical 
resection if bronchiectasis is bilateral or diffuse, as well as direct surgical interventions in case focal 
pulmonary or vascular abnormalities are identified. More importantly, CT may detect vascular 
lesions such as aneurysms and arteriovenous malformations, and has a high accuracy predicting 
involvement of nonbronchial systemic arteries in patients with massive bleeding. Information 
from MDCTA is essential for planning arterial embolization, providing more accurate informa-
tion about bronchial and nonbronchial systemic arteries than conventional angiography.
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Other relevant laboratory studies include a complete blood count; smear, culture, and 
 cytologic examination of the sputum; and, when appropriate, arterial blood gas analysis, as 
well as ventilation/perfusion (V

.
)/(Q

.
) lung scans if pulmonary emboli are suspected. Perfusion 

scans are not, however useful in localizing a bleeding site. Several studies have found an elevated 
single-breath diffusion capacity (Dlco) in patients with intrapulmonary bleeding, although it 
does not  appear that Dlco plays a useful role in the diagnosis or care of most patients (except, 
possibly, in  patients with suspected Goodpasture syndrome).

Flexible bronchoscopy is indicated for a patient with hemoptysis of uncertain cause. 
 Bronchogenic carcinoma has been detected bronchoscopically in at least 2% to 13% of patients 
with hemoptysis and a normal chest radiograph. Foreign bodies, bronchial adenoma, and other 
causes of bleeding are also readily identified. Furthermore, the site of the bleeding can usually 
be determined if a careful, systematic bronchoscopic inspection is performed, or if patients have 
previously undergone biopsy of endobronchial abnormalities.

The need for diagnostic flexible bronchoscopy in evaluating hemoptysis is clear, but whether 
it should be performed emergently or after bleeding has ceased remains controversial. A report 
from the American College of Chest Physicians stated that 64% of physicians favored performing 
bronchoscopy in the first 24 hours after an episode. Although early bronchoscopy is desirable be-
cause it minimizes the likelihood that the site will go undiscovered when bleeding has stopped, no 
evidence indicates that delaying bronchoscopy for 24 or 48 hours will adversely affect the ultimate 
outcome (e.g., detection of operable carcinoma). Flexible bronchoscopy should be performed care-
fully, however, and operators should be ready to handle massive bleeding by having large-channel 
bronchoscopes available for suctioning; equipment for emergency intubation, sedation, and ventila-
tion; and, preferably, the capacity and ability to perform rigid bronchoscopy. Operators should be 
familiar with the use of tamponade balloons and endobronchial blockade balloon devices. They 
should recognize that cough induced by the procedure can promote more bleeding and that blood 
can easily spread throughout the tracheobronchial tree during the procedure, completely filling the 
central airway, obscuring the bleeding site, and causing asphyxiation. A bronchoscopy team that is 
well-versed in their response to emergencies should be available. Overall, bronchoscopy in a moder-
ately or massively bleeding patient should not be taken lightly. Patients should be hospitalized in the 
intensive care unit, and the threshold for intubation with a large endotracheal tube should be low.

Arteriography and embolization of bronchial and related collateral vasculature (e.g., inter-
costal, axillary, and subclavian arteries) are increasingly useful in the treatment of hemoptysis 
that is not responsive to conservative measures. As mentioned previously, MDCTA is oftentimes 
favored over conventional angiography. Initially, bronchial artery embolization (BAE) was a 
temporizing measure until patients could undergo definitive surgical management by lung resec-
tion or to repair vascular injury. Many experienced clinicians now believe BAE plays a primary 
role for long-term control of recurrent or persistent hemoptysis (e.g., recurrent episodes of more 
than 200 mL/day) even in patients who might be candidates for resectional surgery. Patients 
who are particularly suitable include those with diffuse lung disease in whom bleeding can arise 
from more than one site, and those who are not candidates for surgery (which is often the case 
because of preexisting comorbidities and poor respiratory reserve).

Since the first bronchial artery embolization for hemoptysis in the 1970s, many physicians 
have successfully used this technique to stop hemoptysis and prevent its recurrence. Actual vi-
sualization of a bleeding blush during arteriography is rare. Localization is inferential from the 
visualization of the abnormal vascularity of reactive bronchial arterial networks; hence, previous 
specific localization by flexible bronchoscopy can be important. Bronchial arteries usually pres-
ent as nodular or linear structures within the mediastinum and around the central airways on 
contrast-enhanced CT. Vessels greater than 2 mm in diameter are considered abnormal. They 
are often found in the retrotracheal, retroesophageal, and aortopulmonary window regions as 
well as along the posterior wall of the main bronchi. Collateral blood supply from nonbronchial 
systemic arteries should not be overlooked, and can be a cause for recurrence, even in the event 
of presumed successful bronchial artery embolization. Pleural thickening greater than 3 mm in 
an area adjacent to a pulmonary abnormality and tortuous enhancing vascular structures within 
hypertrophic extrapleural fat are signs of abnormality. Pseudoaneurysms should also be searched 
for specifically, as they may be seen in up to 10% of patients undergoing arteriography for 
 hemoptysis, particularly those with underlying tuberculosis.
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Inadvertent embolization of spinal arteries is a significant complication of bronchial artery 
embolizaton. However, it is uncommon if care is exercised in identifying possible spinal arteries 
branching from vessels considered for embolization. A number of investigators have reported 
initial control of bleeding in 80% to 90% of cases, with long-term recurrences in 10% to 55%. 
Recanalization or growth of new bronchial vessels can limit the long-term effectiveness of this 
therapeutic procedure in some patients. Embolization materials include Gelfoam, steel coils, 
polyvinyl alcohol, and isobutyl-2-cyanoacrylate. Increasingly, gelatin cross-linked particles called 
tris-acryl microspheres are used. Although infusion of sclerosing liquids or small embolic par-
ticles is appealing because of the theoretic advantages of occlusion of flow distal to collateral 
feeder vessels, the incidence of bronchial wall necrosis, spinal artery occlusion, and intense acute 
chest pain sometimes precludes the use of these agents. Early recurrence after bronchial artery 
embolization is usually the result of incomplete embolization. Rebleeding has been reported 
in up to 30% of cases. Late recurrence, on the other hand, is probably due to recanalization of 
previously embolized vessels, revascularization, or disease progression. Rebleeding can often be 
controlled by reembolization. Patients with aspergilloma or malignancy seem to have the worst 
outcomes, with greater chances for recurrence and higher mortality than patients with other 
benign causes for hemoptysis, including tuberculosis.

Therapy for hemoptysis, therefore, depends on the bleeding severity, the specific cause of the 
bleeding, and the patient’s overall condition. The four goals of therapy are to prevent asphyxiation 
(often by protection of the contralateral airway), stop the bleeding, treat the primary cause, and 
prevent recurrence. If the volume of hemoptysis is large (.200 mL/day), or if the patient has mini-
mal respiratory reserve, an emergency exists. The first goal of therapy is to identify the bleeding site, 
stop the bleeding, and prevent aspiration of blood into other major airways. In experienced hands, 
flexible bronchoscopy will identify the bleeding site. MDCTA is helpful, especially if emboliza-
tion is being considered. In some cases of massive bleeding, rigid bronchoscopy may be necessary. 
 Tamponade balloons or endobronchial balloon blockade devices can be inserted and left in place for 
hours or days while the patient is stabilized and readied for resectional therapy. Coughing, however, 
can dislodge the balloon. If therapeutic embolization of bronchial arteries is contemplated, plac-
ing a Fogarty tamponade balloon may allow time for the prerequisite angiographic or CT studies. 
Bronchoscopists should avoid removing newly formed clot from the secured segmental bronchial 
airway once bleeding has ceased. Clot removal in these instances may lead to recurrent bleeding.

Another approach to protecting functional airways involves placing a special endotracheal 
tube with an inflatable distal cuff into the nonbleeding right or left main stem bronchus. The 
use of a double-lumen tube permits adequate suctioning of blood. However, placement of the 
tube requires experienced personnel, and tube insertion can be difficult, especially in the actively 
bleeding patient. It may be wise to first insert a large endodtrachceal tube and, if necessary, 
selectively intubate the patient’s good lung while turning the patient on the lateral decubitus 
position (bleeding site downwards). A suction catheter or even the flexible bronchoscope can be 
inserted adjacent to the endotracheal tube to help suction blood from the bleeding bronchus. 
Increasingly, bronchial arteriography with embolization is advocated for patients with massive 
hemoptysis who do not respond to more conservative measures, and in patients with moderate 
hemoptysis to help prevent recurrence. Recent improvements in angiographic techniques have 
minimized its potential complications. The efficacy of temporizing measures such as iced saline 
lavage, epinephrine, and Fogarty balloon placement is not well documented, and dependent 
on local expertise. The role of intravascular infusions or topical applications of vasoconstrictor 
agents (e.g., vasopressin) has not been established. Reports of successful treatment of bleeding 
pulmonary aspergilloma by percutaneous intracavitary infusion of amphotericin are anecdotal.

Surgical resection of any bleeding site requires its identification and a patient able to toler-
ate thoracotomy. Occasionally, patients require emergency surgery before a diagnosis has been 
established, particularly in cases of massive hemoptysis. In an often-quoted older study, Crocco 
et al. found that the mortality of patients with massive hemoptysis (i.e., 600 mL of blood/ 
16-hour period) treated medically was 75%. Among similar patients treated by surgical resec-
tion, the mortality was 23%. An especially high mortality rate in patients treated medically was 
also observed in the setting of massive hemoptysis associated with lung abscesses. The high mor-
tality rate associated with conservative medical therapy may reflect the bias of a nonrandomized 
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study and a patient population with advanced tuberculosis and multiple disease processes. Other 
studies have found comparable mortality rates between conservative medical management and 
surgical resection. Surgery, especially in an emergency setting, has a mortality rate as high as 
40%, and has a high risk of fistula formation, intraoperative bleeding, and postoperative respira-
tory failure. In a report from the American College of Chest Physicians, the majority of those 
surveyed preferred bronchial artery embolization over conservative or surgical management for 
controlling hemoptysis. Nevertheless, experience supports the role for surgical resection if all 
efforts to control bleeding medically (e.g., strict bed rest, no chest percussion or spirometric test-
ing, aggressive cough suppression, bronchoscopic intervention) are unsuccessful and emboliza-
tion of bronchial artery and related vessels is either not available or unsuccessful.
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Complications of thoracic surgery fall into two broad categories: those common to any surgical 
procedure and those unique to pulmonary resection. This chapter focuses on the latter for which 
the risk of postoperative complications ranges from 38% for major pulmonary resections to 0% 
in patients undergoing wedge thoracoscopic resection. Thorough knowledge of the topic should 
serve as the basis for successful avoidance of complications and complete recovery of the patients.

Most complications can be prevented, or at least attenuated, by comprehensive preoperative 
preparation and meticulous intraoperative technique. Prevention of complications begins preop-
eratively. Surgeons should rely on (1) the comprehensive assessment of the patient’s pulmonary 
functional status; (2) correction, or improvement in the disease states associated with impaired 
healing; and (3) optimization of the patient’s functional status by pulmonary rehabilitation and 
smoking cessation.

Preoperative evaluation of pulmonary function is one of the most extensively studied topics 
for assessing and risk-stratifying postoperative risk among patients undergoing pulmonary resec-
tions. Although controversy exists about those cutoff values that convey higher risk, some points 
are broadly accepted. All patients regardless of age, physical status, or extent of the lesion should 
have preoperative pulmonary-specific evaluation. Patients are at lower risk of complications and 
should be able to withstand pulmonary resection including pneumonectomy, if the FEV1 and 
Dlco are greater than or equal to 60% of predicted. Further testing, including the quantitative 
V/Q scan and VO2 max testing may be helpful to assess resectability if the FEV1 and Dlco are 
lower than the above-mentioned cutoff point.

Optimizing nutrition and diminishing and discontinuing immunosuppressive medications 
can maximize a patient’s healing potential. Patients need to stop smoking, since smoking ces-
sation improves outcomes following surgical procedures. The ratio of actual postoperative to 
predictive postoperative FEV1, has been shown to be better in patients undergoing perioperative 
rehabilitation. Pulmonary rehabilitation of several weeks’ duration is advisable, in cases when the 
timing of the operation is elective.

Despite careful preoperative evaluation and training, postoperative pulmonary complications 
occur frequently after pulmonary resection in 14.5% to 38% of patients. Atelectasis is common 
early after surgery and may progress to pneumonia and even respiratory failure if left untreated. 
Patients commonly present within the first 48 hours after surgery with nonspecific symptoms 
such as low-grade fever, shortness of breath, tachypnea, and tachycardia. Radiographic evalua-
tion is usually diagnostic. Incidence can be lowered by preoperative smoking cessation and train-
ing in the use of incentive spirometry. Postoperatively, aggressive pain management, particularly 
the use of the regional anesthesia, allows for the maintenance of adequate respiratory volumes. 
Adequate pain management along with the use of bronchodilators and mucolytics can help 
with effective secretion clearance. When massive atelectasis is present, fiberoptic bronchoscopy 
provides rapid and effective evacuation of secretions as well as evaluation for possible anatomic 
abnormalities of the airways.

Postoperative hemorrhage is relatively uncommon after pulmonary resection, with reported 
incidences between 2.4% and 8%. Pulmonary vessels, systemic sources such as intercostal ves-
sels, bronchial arteries, and large systemic vessels are all potential sources of bleeding in any 
operative scenario. Intraoperative compromise of these blood vessels can occur during dissection, 
or due to a stapler malfunction. Thorough knowledge of the intraparenchymal vascular anatomy 
and meticulous dissection help to decrease the incidence of these complications. In addition, 
bleeding from adhesions and vessels in the inferior pulmonary ligament as well as from dissected 
lymph node beds can create problems in the immediate postoperative period.

Complications of 
Pulmonary Resections
Eugene M. Golts
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Bloody chest tube output of 200 mL/hour for 2 hours postoperatively, and/or hemodynamic 
instability suggests significant hemorrhage and warrants prompt further investigation. However, 
one should never rely solely on the chest tube drainage for determination of the amount of 
bleeding. Blood clots or adjacent pulmonary parenchyma can obstruct and diminish drainage 
thereby misleading the observer about the severity of the problem. Serial chest radiographs are 
useful in detecting an incompletely drained hemothorax. In cases where there is a suspicion of 
bleeding, the chest tube insertion sites should be examined for presence of the bloody drainage 
around the chest tubes.

Prompt reexploration is warranted if there is (1) failure to achieve hemodynamic stability de-
spite seemingly adequate resuscitation with blood products, (2) continued excessive drainage from 
chest drains, or (3) a significant undrained hemothorax on the chest radiograph.  Coagulopathies 
should be aggressively corrected, but this action should not delay potentially life-saving surgery.

When bleeding is suspected, the thoracic cavity should be inspected systematically to evalu-
ate all the above-mentioned sources of bleeding. Sudden massive hemorrhage after pulmonary 
resection is almost always due to a problem with the major vascular stump, such as a slipped 
ligature, and requires emergency re-do thoracotomy.

Although postoperative pleural effusion is relatively common after pulmonary resection, 
high chest tube output in the immediate postoperative period should raise the suspicion of post-
operative hemorrhage. Determining the hematocrit of the chest tube drainage may be helpful in 
differentiating bleeding from innocuous “blood tinged” drainage.

Large amounts of chest tube drainage that occur later in the postoperative course may signify 
development of chylothorax. The incidence is reported to be less than 2%. One should suspect 
chylothorax when a large amount of milky drainage is present in the chest tubes after lobectomy, 
or smaller pulmonary resections, or when there is a rapid accumulation of fluid in the postpneumo-
nectomy space. Occasionally, tension chylothorax can develop, which is manifested by respiratory 
and circulatory compromise. Chylothorax is best diagnosed by testing pleural fluid for chylomi-
crons. Lymphangiography can sometimes pinpoint an area of the injury. Treatment should be 
conservative with cessation of all oral intake and initiation of parenteral nutrition. Somatostatin 
analogues can be added to decrease chyle production. Presence of excessive drainage despite insti-
tution of conservative measures signifies the need for the reoperation which is usually successful.

In the absence of chylothorax, or bleeding, a conservative approach to even large volumes 
of chest tube output is warranted. In many institutions, including University of California, San 
Diego (UCSD), chest tubes are removed when the drainage decreases to less than 200 mL/day. 
Other surgeons accept significantly higher rates of pleural drainage. Most small pleural effusions 
that recur after the removal of the chest drains can be observed safely. Large or symptomatic 
effusions should be drained by thoracentesis as the first step. Tube thoracostomy should be 
considered, if fluid reaccumulates after thoracentesis.

Postoperative air leaks occur commonly after pulmonary resection and usually are small and 
arise from lung parenchyma denuded of a pleural cover. The reported incidence after resections 
other than pneumonectomy ranges from 7.6% to above 50%. Variability is largely due to dif-
ferences in the definition of an “air leak.” In general, an air leak that persists for longer than 
7 days is considered a complication. There is no single variable that predicts a higher incidence 
but low FEV1, steroid use, lobectomy, upper lobe resections, and the presence of adhesions are 
touted as risk factors. The incidence can be lowered by adherence to a meticulous operative tech-
nique. Dissection should be localized to fissures whenever possible. Lung parenchyma should 
be handled gently with atraumatic instruments. Areas of exposed parenchyma, such as windows 
for the passage of the staplers, should be over-sewn with the fine absorbable suture or covered 
with pleural or pericardial fat flaps. Although not airtight, these flaps along with parenchymal 
expansion allow for closure of potential air leaks. Test inflation of the remaining lung to 25 to 
30 cm H2O pressure, while submerged under a layer of saline pinpoints the location of occult 
air leaks. Use of staplers for the division of the lung parenchyma helps decrease the severity of 
the prolonged air leaks. Pericardial and synthetic strips used for reinforcement of the staple line 
may reduce the incidence of the air leaks even further, especially in patients with emphysema. 
Recently, various surgical sealants have been used successfully for the same purpose. However, 
none of these devices should be considered as substitutes for meticulous surgical technique. 
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Prolonged air leaks can be prevented by routine placement of chest tubes to water seal, rather to 
traditional 20 cm of H2O suction.

Should a prolonged air leak develop, the chest tube outside of the patient should be checked 
as a possible source of the leak. If still undetected, the chest tube should be withdrawn a few 
centimeters to change the position of the suction holes relative to the lung tissue and to allow the 
opposition of parenchymal surfaces; this may promote closure of the air leak. Prolonged air leaks 
can be treated with the instillation of talc or other sclerosants into the pleural space, to incite 
an inflammatory reaction and to obliterate the alveolopleural fistulae. Finally, many patients 
with prolonged air leaks can be discharged home with a Heimlich valve and followed weekly on 
an outpatient basis with removal of the chest drain in a few weeks. These maneuvers allow for 
the management of the vast majority of the air leaks and avoid a return to the operating room.

Postresectional space is the result of the inevitable reduction in the volume of the lung after 
any resection. Management of the space depends on the extent of the resection. It is expected 
to occur after the pneumonectomy and can safely be left to fill with fluid in the postoperative 
period. Most of the parenchymal volume reduction after surgery is offset by a combination of 
hemidiaphragm elevation, reexpansion of the remaining lung, mediastinal shift to the side of 
resection, and narrowing of the intercostal spaces on the operated side. These mechanisms can be 
inadequate in cases of large resections, in the presence of visceral and/or parenchymal restriction 
due to inflammatory process, or when the mediastinum has decreased mobility due to infection, 
prior radiation, or surgery. Anywhere between 20% and 40% of patients after pulmonary resec-
tion will have residual space in the chest at the completion of surgery, as demonstrated by imme-
diate postoperative chest radiography. The proportions would most likely be even higher, if more 
sensitive imaging techniques, such as thoracic computed tomography (CT) scans, were utilized.

Fortunately, the great majority of postresectional spaces do not create any problems and 
resorb in the postoperative period. However, it would be unwise to assume that all of the residual 
spaces are harmless. At least some of the spaces contribute to the development of prolonged air 
leaks or empyema.

Several intraoperative maneuvers such as complete mobilization of the inferior pulmonary 
ligament and careful placement of chest drains to allow for the excellent drainage of the postre-
sectional space should help to avoid problems postoperatively. Surgeons should recognize the 
potential for the development of large postresectional space intraoperatively. In the cases of 
lobar or bilobar resections, and in resections for infectious processes, preemptive interventions 
should be undertaken. Pleural tenting is easily performed, adds little time to the operation, and 
has been shown to decrease the duration of air leaks and chest tube drainage. Intraoperative, or 
postoperative creation of a pneumoperitoneum by insufflation of 1 to 2 L of air in the peritoneal 
cavity either percutaneously, or transdiaphragmatically can help in the obliteration of the space. 
More aggressive interventions, such as thoracoplasty, phrenic nerve crush, and diaphragmatic 
transfer achieve good results at the expense of decreases in the pulmonary mechanical function 
postoperatively. In the postoperative period, a brief trial of increased suction on the chest tubes 
to 30 to 40 cm of H2O can help in the obliteration of the space. Aggressive secretion manage-
ment, incentive spirometry use, and early bronchoscopy for the management of secretions allows 
for maximal reexpansion of the residual lung tissue. In general, many residual postresectional 
spaces can be observed. Should they become infected, they should be drained completely and 
obliterated by muscle flaps, or by means of thoracoplasty.

Bronchopleural fistula is a known complication of pulmonary resection. The incidence var-
ies widely, ranging from almost 10% in cases of pneumonectomy for infections to much less 
than 1% for sublobar resections performed for oncologic reasons. Bronchopleural fistula is more 
common after a right-sided pneumonectomy. Risk factors for the development of broncho-
pleural fistulae are associated with risk factors portending poor healing. Consequently, each 
patient’s condition should be optimized preoperatively to maximize his or her healing potential. 
Intraoperatively, surgeons should avoid extensive devascularization of the bronchial stump as 
well as aggressive lymph node dissection in peribronchial planes next to the resection margin. 
The stump should be trimmed close to the next proximal bifurcation of the bronchial tree prior 
to closure in order to prevent pooling of secretions. Finally, coverage of the stump with pedicled 
muscle, or a pericardial flap may prevent the development of this complication.
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The clinical presentation of a bronchopleural fistula depends on size and extent of the 
 resection and ranges from very subtle signs of infection to severe respiratory compromise and 
overwhelming sepsis. After a pneumonectomy, the combination of a sudden drop in pleural 
 effusion and a sudden increase in watery sputum should suggest a bronchopleural fistula. Air leak 
is usually present when a chest tube is reinserted. Bronchoscopy should be performed  urgently 
to diagnose the bronchopleural fistula and to possibly treat small fistulae by the  application of 
fibrin sealant. The patient should be positioned with the head of the bed elevated and operated 
side in the dependent position to minimize soiling of the bronchial tree by pleural fluids. The 
chest cavity should be emergently drained as completely as possible. If a bronchopleural fistula 
occurs within the first postoperative week, a technical error should be suspected requiring pos-
sible revision of the stump and flap reinforcement. In cases of late bronchopleural fistula forma-
tion, a common problem is rupture of an empyema through the bronchial stump. In these cases, 
open debridement by means of creation of an Eloesser flap and long-term packing of the chest 
cavity may be the only option. Eventually, these patients might become candidates for chest 
cavity obliteration by means of pedicle skeletal muscle flaps.

Some complications develop due to changes in anatomic relations of the intrathoracic struc-
tures after pulmonary resections. Lobar torsion results from rotation of the remaining lobe around 
the longitudinal axis of the bronchovascular pedicle. Torsion of the right middle lobe  after right 
upper lobectomy is most common, but any lobe can be affected. It progresses to the lung gan-
grene, if left untreated. This complication is prevented by fixing the right middle lobe to the 
right lower lobe in appropriate anatomic position and observing proper lung reinflation prior 
to closure of the chest. Diagnosis is usually made based on symptoms of systemic toxicity, chest 
radiography with lobar consolidation, bronchial cut-off and bronchoscopic evidence of a partial 
bronchial obstruction that recurs after the bronchoscope is withdrawn. This condition mimics 
development of lung gangrene as the result of compromised circulation of the remaining paren-
chyma. Fortunately, prompt reexploration with relief of torsion, inspection of the pulmonary 
vasculature, and resection of the devitalized parenchyma is indicated in both of these conditions.

Cardiac herniation may occur as the result of the heart protruding into the pleural cavity 
through a residual pericardial defect. It can happen on either side. Herniation usually happens in 
the immediate postoperative period and is precipitated by changes in the patient’s position or by 
changes in the relative pressures between the right and left hemithorax. Circulatory compromise 
ensues and patients may die unless prompt exploration is undertaken. This complication can be 
avoided by preemptive closure of pericardial defects, either primarily or with a variety of patches. 
Definitive treatment consists of closure of the pericardium during the reexploration.

Postpneumonectomy syndrome occurs infrequently after pneumonectomy and is much 
common after right pneumonectomy. The cause of this late and rare complication is the com-
pression of the left mainstem bronchus or trachea between the aorta and left pulmonary artery. 
Similar compression of the right mainstem bronchus has been described in the cases of left 
pneumonectomy in the patients with the right-sided aortic arch. Patients usually present with 
respiratory symptoms and recurrent pulmonary infections. Bronchoscopy and CT scan of the 
chest are diagnostic. Treatment consists of dissection of adhesions around the compressed seg-
ment of the airway and movement of the heart back to the midline. It can be accomplished by 
filling the operated side with various types of prosthetic material.

Postpneumonectomy pulmonary edema is a very serious complication that occurs at a rate 
of 2% to 4%. It is more common after right pneumonectomy than left. Mortality varies from 
40% to 90%. Several events have been implicated as potential triggers for the development of 
this complication, including fluid overload, unbalanced suction causing overinflation of the re-
maining lung, interruption of the lymphatic drainage from the remaining lung during aggressive 
subcarinal dissection, and administration of blood products perioperatively. Postpneumonec-
tomy pulmonary edema develops 2 to 4 days after pneumonectomy. Symptoms are those of pro-
gressive respiratory insufficiency with the clinical picture closely resembling rapid development 
of acute respiratory distress syndrome (ARDS). Prompt diagnostic workup focused on other 
treatable causes of ARDS should be undertaken. Treatment is directed at maintenance of ac-
ceptable oxygenation levels and prevention of secondary complications. Institution of extracor-
poreal membrane oxygenation may be necessary. Prevention efforts are centered on adherence to 
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protective lung strategies throughout the operation, minimizing fluid administration periopera-
tively, avoiding transfusion of blood/blood products transfusion, and liberal use of pressors and 
diuretics once adequate fluid status has been achieved.

In summary, complications after pulmonary resections are relatively common due to the 
typically poor overall health status of the patient requiring resections and due to the complex-
ity of the operations themselves. The incidence of most complications can be lowered, or their 
severity lessened, by meticulous preoperative preparation, careful intraoperative conduct, and 
attention to postoperative recovery.
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27 Pneumothorax
Henri G. Colt

The pleural space is located between the visceral pleura surrounding the lung and the parietal 
pleura lining the inside of the rib cage and is occupied by a small amount of lubricating pleural 
fluid. Pleural pressure is negative compared with atmospheric pressure, which helps maintain 
lung inflation. If the parietal or visceral pleura is breached and the pleural space is exposed to 
atmospheric (positive) pressure, air enters the pleural space (i.e., pneumothorax occurs), and 
the lung collapses inward toward the mediastinum. Any condition that impairs the structural 
integrity of either pleural membrane can produce a pneumothorax. This entity presents a true 
healthcare problem, affecting more than 20,000 individuals each year in the United States and 
costing more than $130 million in healthcare expenditures. The prognosis and management 
depend on the underlying cause. Pneumothorax is often categorized as (1) idiopathic or spon-
taneous, (2) iatrogenic, or (3) traumatic. Within each category, pneumothoraces can be either 
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uncomplicated (usually unaccompanied by symptoms or prolonged air leak) or complicated (ac-
companied by symptoms, radiographic evidence of mediastinal shift, bleeding, or prolonged air 
leak). Pneumothorax can also be categorized as “primary” (no underlying lung disease, estimated 
to occur in 18 to 28 per 100,000 men each year in Great Britain), and “secondary” (presence of 
underlying lung disease). Primary spontaneous pneumothorax has an estimated yearly incidence 
of 6 per 100,000 in men and 2 per 100,000 in women. It rarely produces a prolonged air leak. 
Secondary spontaneous pneumothorax, on the other hand, especially in patients with chronic 
obstructive pulmonary disease (COPD) occurs in approximately 26 per 100,000 persons per 
year. Extrapolated to the entire population, this results in about 4,500 cases each year in the 
United States. At least 20% of these patients will have prolonged air leaks encompassing greater 
risk of increased morbidity, prolonged hospital stays, and increased used of healthcare resources.

In regard to anatomic abnormalities and other possible risk factors for pneumothorax, smok-
ing has been identified as being associated with a 12% increased risk as compared to 0.1% risk 
for nonsmoking healthy men. Patients with spontaneous pneumothorax also tend to be taller, 
suggesting that greater distending pressures at the apex of the lung as compared to the base of 
the lung might be a contributing factor, especially for the development of apical blebs. Indeed, 
subapical blebs and bullae have been noticed during thoracoscopy and by computed tomog-
raphy (CT) in a majority of patients with primary spontaneous pneumothorax, although no 
significant correlation has been found between existence of these abnormalities and the need to 
remove them by stapler resection to prevent recurrence. Pleural porosities invisible to white light 
but detectable on autofluorescent examination, as well as inflammation-mediated small airways 
obstruction with emphysema-like changes are also suggested etiologic mechanisms. Overall, the 
risk of recurrence after a primary spontaneous pneumothorax is about 50%. The absence of 
recurrence in about 50%, and the absence of a firm cause and effect relationship between un-
ruptured blebs or bullae noted on CT scan, makes treatment decisions problematic. Risks for 
recurrence is increased in the presence of underlying disease such as COPD and pulmonary 
fibrosis, and age greater than 60 years, but contrary to what was once believed, physical activity 
has not been identified as a risk factor.

Spontaneous (idiopathic) pneumothorax (SP) occurs in patients without a history of any event 
known to cause pneumothorax (e.g., trauma or intervention). It generally occurs unexpectedly 
in an apparently healthy individual. Patients usually have no evidence of bullous lung disease 
on radiographic, thoracoscopic, or open surgical examination. Spontaneous pneumothoraces 
should be categorized as secondary, however, when abnormal lung parenchyma is noted, ei-
ther from underlying lung disease or by identifying bulla or blebs during radiographic or direct 
examination.

At least two different mechanisms can lead to spontaneous pneumothorax. One is a visceral 
pleural tear (i.e., a bronchopleural fistula) caused by rupture of a subpleural bleb or bulla or by a 
parenchymal process that erodes through the visceral pleura (e.g., necrotizing pneumonia). Blebs 
are found in up to 90% of patients with presumed primary pneumothorax. Another mechanism 
is partial bronchial obstruction that acts as a check valve. Subsequent progressive hyperinflation 
of distal air spaces occurs until air eventually dissects along bronchovascular spaces into the hilus 
and mediastinum, leading to pneumomediastinum. From there, air can also dissect through 
fascial planes in the neck, resulting in subcutaneous emphysema, or through visceral pleura into 
one (usually the right) or both pleural cavities, resulting in pneumothorax.

In a young, otherwise healthy individual without radiographic evidence of lung disease, SP 
usually results from the rupture of subpleural apical blebs or bullae. The peak incidence is be-
tween the ages of 20 and 30 with a 4:1 male predominance, and as mentioned previously, with 
a predilection for tall, thin individuals. The incidence of SP has been reported to be increased 
in cigarette smokers, but this remains controversial. Interestingly, most patients who smoke 
continue to do so after a first episode of pneumothorax, even though the recurrence rate is more 
than 50% during the first 4 years after a first episode.

In most cases, symptoms develop at rest; however, onset can be associated with strenuous 
activity in up to 20% of cases and with a forceful cough or sneeze in at least 5%. Spontaneous 
pneumothorax should always convey a high index of suspicion for the presence of intrinsic 
lung disease, particularly if pneumomediastinum also is present. Among the lung conditions 
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often associated with pneumothorax are emphysema (particularly bullous emphysema), diffuse 
interstitial processes (e.g., eosinophilic granuloma, sarcoidosis, usual interstitial pneumonia, 
desquamative interstitial pneumonia, and the pneumoconioses), necrotizing pneumonias (in-
cluding tuberculosis), endometriosis (catamenial pneumothorax in women during menses), and 
acquired immune deficiency syndrome (related to malnutrition or Pneumocystis carinii pneumo-
nia and associated with prolonged air leaks and decreased survival).

Iatrogenic pneumothorax most commonly occurs after invasive thoracic procedures, such 
as thoracentesis, transbronchial lung biopsy, and subclavian vein catheterization; however, it 
also can complicate virtually any invasive procedure involving the neck or abdomen (e.g., liver 
biopsy, transtracheal aspiration, intercostal nerve block, and even acupuncture). A very infre-
quent cause may be tracheotomy, where iatrogenic tracheal laceration should be suspected in 
the presence of otherwise unexplained pneumothorax, pneumomediastinum, or even pneumo-
peritoneum. Iatrogenic pneumothorax can complicate positive pressure ventilation and, in this 
setting, can be life threatening. The mechanism is usually a combination of partial bronchial 
obstruction caused by edema, secretions, and check-valve air entry leading to progressive alveolar 
expansion and rupture.

Traumatic pneumothorax can occur in the setting of penetrating or nonpenetrating chest 
trauma. The former generally presents no diagnostic problem; however, the latter should 
prompt a careful search for rib fracture, bronchial rupture, and esophageal injury. Rib fractures 
are associated with tears of the visceral pleura and pneumothorax; bronchial rupture is associated 
with deceleration injury; and esophageal rupture is often associated with mediastinal air en-
try. Pneumothorax can also result from abdominal trauma (e.g., abdominal stab wound, bullet 
wound) and diaphragmatic tears.

The clinical manifestations of pneumothorax depend on its size, the clinical context in 
which it occurs, and the mechanism(s) involved. Chest pain and dyspnea are common present-
ing symptoms. The pain is usually of sudden onset and initially pleuritic in character. After a few 
hours, it often changes to a dull ache, and spontaneous resolution of the pain can occur within 
2 to 3 days. At least 10% of patients do not experience pain. Dyspnea occurs in 80%, often with 
spontaneous resolution within 24 hours despite persistence of the pneumothorax. Prominent 
coughing occurs in 10%; occasionally, it is the major or only symptom. Less than 5% of patients 
are asymptomatic. Symptoms can be transient and do not always correlate well with the radio-
graphic size of the pneumothorax.

The most common physical findings are tachypnea, splinting, and decreased inspiratory 
expansion of the involved hemithorax, a tympanitic percussion note, decreased fremitus, and 
decreased breath sounds on the involved side. In patients with a check-valve mechanism, the 
initial complaint of substernal pressure or discomfort is often interpreted as cardiac in origin. 
Subsequently, the patient can experience chest pain, dyspnea, and relief of the substernal symp-
toms if pneumothorax or decompression into cervical subcutaneous tissues occurs. Mediastinal 
emphysema can be detected on auscultation by the presence of a mediastinal crunch (Hamman 
sign) coincident with cardiac systole and diastole. Similarly, subcutaneous emphysema may be 
noted on palpation of the anterior chest, axilla, shoulders, and neck. Subcutaneous infiltration 
of air may not always be readily visible, but can often be felt. Dyspnea can be exaggerated and 
persistent when underlying lung disease is present. In severely traumatized or mechanically ven-
tilated patients, symptoms and signs can be obscured or difficult to interpret. This also is the 
case in patients with emphysema who have severe hyperinflation and diminished breath sounds. 
An electrocardiogram may show nonspecific ST–T wave changes and axis shifts, suggesting 
myocardial or thromboembolic disease.

The diagnosis of pneumothorax is usually made on clinical history and review of chest ra-
diographs. In some cases, it may be necessary to obtain end-expiratory chest films to visualize 
the pleural reflection of the collapsed lung, but standard erect chest radiographs usually suffice 
for initial diagnosis. Comparisons may be necessary with previous films, particularly in the case 
of small loculated abnormalities, and in patients on mechanical ventilation; or with known bul-
lous lung disease. CT scanning is helpful to document or identify unilateral or bilateral bullous 
abnormalities during or after episodes of pneumothorax, as well as to guide chest tube drainage 
in patients with complex, uniloculated, or multiloculated pneumothoraces. Pleural and bullous 
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air collections can be distinguished to avoid inadvertently inserting chest tubes into lung bullae. 
An American College of Chest Physicians (ACCP) consensus report did not recommend routine 
CT scanning after a first episode of pneumothorax and did not achieve consensus regarding 
the role of CT scanning for recurrent pneumothorax or for planning surgical intervention. The 
value of ultrasound imaging remains to be determined, although ultrasonographic features can 
be helpful, particularly in supine trauma victims. Both chest radiographs and CT scans can be 
used to ascertain the size of the pneumothorax, although distinguishing whether the abnor-
mality is large or small differs between British and American Guidelines. (Both use a distance 
2 cm between the lung margin and the chest wall. British Thoracic Society [BTS] guidelines 
measure this at the level of the hilum, and American guidelines measure this from the apex to 
the cupola.) Another way to evaluate patients with pneumothorax, particularly after a chest tube 
has been inserted, is to document the volume, duration, and trend of the air leak. The Cerfolio 
classification System is based on observation of the timing of the air leak in the respiratory cycle 
(graded 1–4 according to whether the air leak is continuous, inspiratory only, expiratory only, or 
present during forced expiration only).

Complications of pneumothorax are classified as acute and long term and can occur in all 
types. Acute complications include tension pneumothorax, acute respiratory failure, bilat-
eral pneumothorax, hemothorax, and pyothorax. Long-term complications include failure to 
reexpand (i.e., persistent pneumothorax) and recurrence. Prolonged air leaks contribute to 
respiratory failure by increasing work of breathing, and are associated with significant other 
comorbidities such as pneumonia, pulmonary embolus, empyema, atelectasis, nosocomial in-
fections, and subcutaneous emphysema. Furthermore, prolonged air leak is associated with in-
creased hospital stay, as noted in the National Emphysema Treatment Trial and in numerous 
studies of outcomes after lung resection.

Tension pneumothorax, which can appear rapidly and, if untreated, result in death, is caused 
by continued air entry into the pleural space. The persistent accumulation of positive pressure 
within the pleural cavity results in substantial lung collapse, mediastinal shift toward the con-
tralateral side, and possible compression of the uninvolved lung. This situation can occur after 
rupture of an apical bleb if the visceral pleural tear forms a flap (i.e., opening with inspiration and 
closing with expiration). Tension pneumothorax also can occur after rupture of the mediastinal 
pleura caused by an intrapulmonary check valve if air continues to be pumped into the medi-
astinum. This situation is made worse if the patient is on mechanical ventilation and in some 
cases of cardiopulmonary resuscitation. It can also occur after penetrating chest wounds when air 
continues to enter the chest with each inspiration, especially if check-valving at the site of chest 
wall injury prevents expulsion of air during expiration. Patients with indwelling chest tubes for 
pneumothorax with acute deterioration also may have suspected tension. In these cases, the chest 
tube may not be communicating adequately with the area of air leakage (because of adhesions, 
plugging of the chest tube itself, or chest tube malfunction).

A diagnosis of tension pneumothorax should be considered in the setting of (1) progres-
sive dyspnea and tachycardia, (2) shift of the trachea and mediastinal structures away from the 
involved side, and (3) increasing tympany of the involved side. Roentgenograms can confirm 
those events, but, if suspected, immediate decompression by transthoracic insertion of a needle 
attached to a syringe may be indicated. If a patient has a chest tube in place already and the 
development of a tension pneumothorax is suspected, all bandages should be removed and the 
tube carefully inspected. Waiting for radiographic confirmation may be fatal.

Bilateral pneumothorax is a rare event that usually is not detected without a chest roent-
genogram. Reinflating one lung with a chest tube usually maintains patient stability until this 
complication is recognized.

Pneumothorax can be accompanied by hemothorax and pyothorax. In these cases, patients 
are said to have a hydropneumothorax. Evacuation of the pneumothorax and evaluation of the 
pleural effusion are mandatory. Hemothorax, often caused by adhesion rupture, lung paren-
chyma, or vascular structures, is potentially lethal because the pleural space easily accommodates 
a large amount of blood and because tamponade of the bleeding site may not occur. In the 
presumably healthy individual who develops an SP, discovery of pleural effusion is an indica-
tion for diagnostic thoracentesis to exclude bleeding. Effusions occur in about 20% of patients 
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and are nonbloody; however, radiographic obscuring (i.e., blunting) of the costophrenic angle 
requires at least 100 mL of fluid. In the otherwise healthy individual, bleeding is more common 
with recurrent pneumothorax and is caused by rupture of vascular adhesions between visceral 
and parietal pleura. If tamponade does not occur, a patient can exsanguinate rapidly from such 
a benign source. Bleeding sites in other forms of pneumothorax are much more variable, but the 
same rule applies—thoracentesis should be performed on all effusions to exclude hemothorax.

Pyothorax, on the other hand, usually results from the entry of organisms along with air. 
Remember that a persistent pneumothorax noted radiographically, particularly in the presence 
of a thick visceral pleural peel, suggests chronic bronchopleural fistula, which may require special 
procedures (such as interposed muscle flaps) for surgical correction. Rare in SP not associated 
with preexisting lung disease, it is much more common with lung rupture caused by necrotiz-
ing pneumonia or penetrating trauma. The symptoms and findings are the same as those of an 
empyema.

The management of pneumothorax depends on the setting in which it occurs. Patients 
with uncomplicated SP and no underlying lung disease have four reasonable treatment options: 
(1) observation (inpatient or outpatient); (2) aspiration by needle or by a small lumen cath-
eter; (3) insertion of a small chest tube or catheter attached to a one-way flutter valve; or 
(4) insertion of a chest tube attached to water seal (closed ) or suction drainage. Of these, needle 
aspiration using a 14G to 16G needle, which is a favored therapeutic technique by the Brit-
ish, is the least desirable, although associated with decreased length of stay, and may lacerate 
the lung and introduce infection. The traditional practice in the United States is either to 
hospitalize for observation of complications or to insert a chest tube for 1 to 3 days, or both. 
In case of observation, the rate of resolution is between 1.25% and 2.2% of the volume of the 
hemithorax per day. Both large- and small-bore chest tubes can be attached to one-way flut-
ter devices (Heimlich valves) that allow ambulation and rapid discharge if breathless or other 
symptoms make simple observations unwarranted. Patients with hydropneumothorax, should 
not be treated with one-way valves because of the risk of obstruction from viscous fluid or 
blood. Careful exclusion of patients at risk for developing significant complications (e.g., the 
presence of underlying lung disease, heart disease, and advanced age) is essential for the safety 
of such outpatient approaches.

Insertion of a small catheter followed by aspiration may be all that is needed for therapy of 
a pneumothorax attributed to introduction of air during a procedure involving the chest wall 
(e.g., thoracentesis, central venous pressure insertion). In most other categories of pneumotho-
rax, prompt chest tube insertion and closed drainage of the abnormal air collection is indicated. 
The more severe the underlying lung disease and clinical dysfunction, the more urgent the need 
for tube drainage. Some guidelines suggest avoiding suction because of the risk of reexpan-
sion  pulmonary edema. When suction is applied, it should usually not exceed 20 cm H2O. 
Reexpansion pulmonary edema, particularly in young, otherwise healthy individuals, results in 
increased breathlessness and chest pain. Alveolar-filling type infiltrates are usually noted in the 
ipsilateral or contralateral lung on chest radiograph.

Patients with unexplained recurrent spontaneous pneumothoraces, persistent bleeding into 
the pleural space, or unsuccessful chest tube drainage (not resulting in reexpansion of the lung), 
probably warrant thoracoscopic examination of the pleura and lung. This procedure allows com-
plete inspection of underlying lung parenchyma, identification of air leaks, and closure using en-
doscopic stapling devices, loop ligation, or electrocauterization of blebs and bullae. Pleurodesis 
also can be performed using talc insufflation, chemicals, or pleural abrasion. Most experts agree 
that chest tube drainage is warranted before referral for thoracoscopy, regardless of whether a 
patient is clinically stable or unstable. Large-bore chest tubes (28 Fr) are warranted in patients 
who are clinically unstable, have large air leaks, or are on mechanical ventilation with a high 
risk of large air leaks. In general, both the BTS and ACCP guidelines recommend treatment 
decisions based on severity of clinical symptoms and the degree of lung collapse on chest radio-
graphs. Patients with prolonged air leaks should be discussed with thoracic surgery colleagues, 
but considerations can also be given to bronchoscopic approaches, especially if the patient is a 
poor candidate for surgical repair. Bronchoscopists may help localize the air leak by performing 
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selective airway occlusion using a balloon catheter, and attempt closing the fistula using gel 
foam, gludes, adheseives, Watanbe spigots, cautery, laser, or bronchial valves.

Thoracotomy may be necessary for some patients with pneumothorax. In these cases, a 
muscle-sparing axillary thoracotomy is usually possible. Hemothorax may also require explora-
tion or repair of the bleeding site. Failure to reexpand the collapsed lung with tube drainage is 
another indication for thoracoscopy or thoracotomy. The length of time necessary for a visceral 
pleural tear to heal and for lung reexpansion to occur during tube drainage depends on the 
particular patient and the severity of underlying disease. For example, patients with advanced 
COPD, interstitial fibrosis, cystic fibrosis, or bullous emphysema as well as patients with the 
human immunodeficiency virus, active P. carinii pneumonia, and on corticosteroids are at in-
creased risk for prolonged air leak with its associated increased risk for morbidity and mortality. 
In general, leaks persisting for more than 7 to 10 days rarely seal without surgical intervention. 
Open thoracotomy with pleurectomy remains the procedure associated with the lowest recur-
rence rate (1%), which compares favorably to video-assisted thoracic surgery with pleurectomy 
and pleural abrasion or pleurodesis (5% recurrence rate).

As mentioned previously, recurrence rates in otherwise healthy patients range from 10% 
to 50%. Approximately 60% of patients with a second recurrence will develop a third episode; 
after three episodes, recurrence exceeds 85%. Therefore, thoracoscopy or thoracotomy usually is 
recommended after the first recurrence and, increasingly, in patients with air leaks persisting for 
more than 3 to 5 days despite chest tube drainage, or failure of lung reexpansion despite chest 
tube drainage, as well as in patients with first contralateral pneumothorax, spontaneous hemo-
pneumothorax, professions at risk such as pilots and scuba divers. Because of known increased 
risks for pneumothorax in pregnancy and parturition, some experts recommend a video-assisted 
thoracoscopic society (VATS) procedure after delivery to prevent recurrence in pregnant pa-
tients with pneumothorax.
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28 Aspiration
Shazia M. Jamil

Aspiration is defined as the inhalation of oropharyngeal secretions or gastric contents into the lar-
ynx, trachea, or the lower respiratory tract. The aspirate may be characterized into three distinct 
entities: oropharyngeal secretions colonized with bacterial pathogens, acidified gastric contents, 
and particulate material. Aspiration may be silent or witnessed. Several pulmonary syndromes 
may result from aspiration and include aspiration pneumonitis (Mendelson syndrome), aspira-
tion pneumonia, acute lung injury/acute respiratory distress syndrome (ALI/ARDS), airway ob-
struction, lung abscess, empyema, exogenous lipoid pneumonia, and chronic interstitial fibrosis.

The most common risk factors for aspiration are (1) depressed level of consciousness such as 
that seen with alcohol intoxication, sedatives, stroke, encephalopathy, and seizures; (2) dyspha-
gia due to esophageal motility disorders and due to neuromuscular disorders; (3) impaired gag 
and cough reflex such as that seen in elderly debilitated patients or those with bulbar paralysis; 
(4) impaired swallowing or cough reflex secondary to medications; (5) use of nasogastric or 
endotracheal tubes; (6) sustained supine position as in critically ill, mechanically ventilated, or 
debilitated patients; (7) trauma; (8) emergency surgery and anesthesia in the absence of preop-
erative starvation and upper gastrointestinal endoscopy; (9) anatomic abnormalities, such as 
tracheoesophageal fistula, gastroesophageal reflux, gastroparesis, gastric outlet obstruction and 
ileus; and (10) mechanical factors such as obesity and labor.

Half of all healthy adults aspirate some amount of oropharyngeal secretions while they are 
asleep. That degree of aspiration, however, is of minimal consequence because of the low viru-
lence of bacteria in normal secretions, and the protective effect of the cough reflex and active 
ciliary transport, as well as the normal cellular and humoral immune mechanisms. The most 
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important defense mechanisms preventing aspiration are the intact swallowing function and 
the cough reflex, both of which are vulnerable to medications and medical conditions. Sedatives 
impair consciousness, diminish protective airway reflexes, and increase the risk of aspiration 
pneumonia. Phenothiazines and haloperidol can reduce oropharyngeal swallowing coordination 
and cause dysphagia; medications that decrease saliva such as anticholinergics and antihistamines 
make swallowing more difficult. These medications should be used carefully in the elderly. As-
piration occurs in approximately 40% to 50% of stroke patients with dysphagia, which increases 
their increased risk for aspiration pneumonia.

Aspiration pneumonitis is a chemical injury caused by the inhalation of sterile gastric con-
tents. The classic form of acid aspiration pneumonitis is Mendelson syndrome, which was first 
described in pregnant women. A pH of less than 2.5 and a volume of gastric aspirate greater 
than 0.3 mL/kg body weight (20–25 mL in adults) are usually required for its development. 
Aspiration of gastric contents initially results in a chemical burn of the airways and the pulmo-
nary parenchyma followed by acute inflammation involving the lung interstitium and alveoli. 
Since gastric acid prevents the growth of bacteria, infection does not typically play a major role. 
However, high gastric pH, as has been observed in recent years from antacids, histamine-2 re-
ceptor antagonists, and proton pump inhibitors, may lead to colonization of gastric contents by 
pathogenic microbes. Aspiration in this setting may cause both an inflammatory and infectious 
processes. Aspiration pneumonitis can occur in approximately 1 of 3,000 operations involving 
anesthesia and accounts for 10% to 30% of all anesthesia associated deaths. Most patients who 
aspirate sterile gastric contents may present with acute cough or wheezing. Others who aspi-
rate silently may only manifest desaturation, or they may present with fever, dyspnea, cyanosis, 
pulmonary edema, hypoxemia, leucocytosis, and lung infiltrates. The syndrome may progress 
rapidly to severe ARDS and death. For this reason, early recognition is crucial.

The management of aspiration pneumonitis is supportive, especially early in the course. 
The immediate care includes upper airway suctioning (if possible), endotracheal intubation if 
the patient is unable to protect his airway, humidified oxygen, bronchodilators and, to pre-
vent recurrence, elevation of the head of the bed. Flexible bronchoscopy to facilitate suctioning 
may be performed if particulate aspiration is visualized or suspected. Bronchioalveolar lavage, 
however, is of no therapeutic benefit, since the effect of acid is immediate and its absorption 
occurs within minutes. Despite being a common practice, the prophylactic use of antibiotics in 
suspected or witnessed aspiration is not helpful. Empiric antibiotics however may be appropriate 
for patients who have small bowel obstruction or other conditions associated with colonization 
of the gastric contents, if signs and symptoms last for more than 48 hours or if evidence of 
infection supervenes (e.g., persistent fever, purulent sputum, progressive abnormality on chest 
roentgenogram). Human and animal studies have failed to demonstrate a beneficial effect of 
corticosteroids on pulmonary function, lung injury, alveolar-capillary permeability, or outcome 
after acid aspiration.

Aspiration pneumonia refers to the development of pneumonia after aspiration of colonized 
oropharyngeal material. This may be acute, chronic, or recurrent depending on the time of 
onset, nature of aspirated material, and individual host responses. Any condition that increases 
the volume or bacterial burden of oropharyngeal secretions in patients with impaired defense 
mechanism may lead to aspiration pneumonia. For example, the risk of aspiration pneumonia is 
lower in patients without teeth (i.e., with gingivodental recesses) and in elderly institutionalized 
patients receiving aggressive oral care. The bacterial pathogens generally reflect the patient’s loca-
tion (i.e., community-acquired vs nosocomial aspiration pneumonia). The most frequently iso-
lated organisms found in community-dwelling patients are anaerobic bacteria resembling mouth 
flora (e.g., Fusobacterium nucleatum, Peptostreptococcus spp., and Prevotella melaninogenicus), 
Streptococcus pneumoniae, and Haemophilus influenzae). Among hospitalized and nursing home 
patients, anaerobes, nosocomially acquired pathogens such as Staphylococcus aureus, and mixed 
aerobic and facultative Gram-negative bacilli, particularly Klebsiella pneumoniae, are common. 
Patients with acid aspiration can also develop secondary bacterial infections caused by aerobic 
Gram-positive and Gram-negative organisms, such as S. aureus and Pseudomonas aeruginosa.

Oral and dental hygiene are especially important for prevention in elderly, hospitalized, 
debilitated, and nursing home patients who are dependent on caregivers to provide this care. 
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Chronic infections in the gingivodental crevice increase the concentration of anaerobic bacteria 
and other pathogens in the mouth. Nasogastric and endotracheal tubes should be removed as 
soon as possible. Frequent subglottic suctioning of secretions (in patients with nasogastric and 
endotracheal tubes) and aggressive oral hygiene have been indicated as additional prevention 
tools in this group of patients. When suspected, dysphagia should be confirmed with swallow 
studies.

Common clinical features of aspiration pneumonia are dyspnea, fever, wheezing, crackles, 
rhonchi, hypoxia, tachycardia, leukocytosis, and respiratory failure. Severe hypoxemia is com-
mon, occurring in association with a normal or low arterial partial pressure of carbon dioxide 
in alveolar gas (Paco2), a wide alveolararterial oxygen difference, and a significant reduction in 
chest compliance. The diagnosis is likely when a predisposed patient develops a radiographically 
evident infiltrate. Chest roentgenograms early in the course may be entirely normal or may reveal 
either localized or diffuse (multilobar) alveolar or interstitial infiltrates. All forms of aspiration 
pneumonia are more common in the dependent portions of the lung, as might be predicted; 
however, the body position at the time of the aspiration determines the exact location of the 
infiltrates. For example, involvement of the posterior segments of the upper lobes and apical 
segments of lower lobes are seen when patients aspirate in the recumbent position, whereas the 
basal segments of the lower lobes are usually involved when patients aspirate in upright or semi-
recumbent positions. Mortality of aspiration pneumonia can be as high as 70% in some groups; 
for example, it is the most common cause of death in advanced Alzheimer disease.

Treatment includes endotracheal intubation in patients with altered consciousness, aggres-
sive pulmonary toilet to enhance lung volume and clear secretions, and bronchodilators in pa-
tients with bronchospasm. Those who do not require endotracheal intubation should not be 
fed through the mouth or placed in a supine position if there is continued concern about air-
way control; sedatives and narcotics should be avoided or used with caution. Nasogastric tubes 
should not be placed without good airway control. Patients with gastroparesis (e.g., diabetics) or 
intestinal ileus may be either continuously drained through nasogastric tubes or started on pro-
motility agents. Sputum should be sent for Gram stain and culture. Bronchoscopy, bronchoal-
veolar lavage, and quantitative cultures are usually performed in intubated, critically ill patients 
suspected of developing aspiration pneumonia. Antibiotic use should be guided by appropriate 
bacteriologic studies; however, in clinical practice they are often started empirically, especially in 
the critically ill and those with severe pneumonia. The patients suspected of having aspiration 
pneumonia in community setting may benefit from levofloxacin or ceftriaxone, those residing in 
long-term facility may benefit from levofloxacin, piperacillin–tazobactam or ceftazidime, while 
patients with severe periodontal disease, putrid sputum, or alcoholism may be served better with 
either piperacillin–tazobactam or imipenem or combination of either levofloxacin, ciprofloxa-
cin, or ceftriaxone with either clindamycin or metronidazole. De-escalation or adjustment of 
antibiotic is based on culture results.

Aspiration pneumonia is common in critically ill patients and deserves special mention. Such 
patients often have multiple factors predisposing them to aspiration, including sustained supine 
position, use of nasogastric and endotracheal tubes, use of sedatives and narcotics, swallowing 
dysfunction, impaired consciousness, exposure to nosocomial environment, and increased risk 
of bacterial colonization of oropharynx. Nasogastric and endotracheal tubes predispose to aspi-
ration owing to compromise of upper aerodigestive protective mechanisms. Nasogastric tubes 
themselves have been associated with pathogen colonization and aspiration leading to a high 
incidence of Gram-negative pneumonia in patients on enteral nutrition. Newly designed en-
dotracheal tubes with an independent dorsal lumen that permits the continuous aspiration of 
secretions in the subglottic space may decrease the incidence of ventilator-associated aspiration 
pneumonia. Narcotic antagonists, frequently used in drug overdose, can induce vomiting; con-
sequently, airway control should be secured before their administration in comatose patients.

Many patients with dysphagia have a normal gag reflex, whereas others with an absent gag 
reflex have normal swallowing function. Therefore, the gag reflex is a poor indicator of swal-
lowing function and its absence does not predict aspiration. A number of tests exist to evalu-
ate swallowing, including videofluoroscopic examination or videoendoscopic examination and 
simple swallowing provocation test. The swallowing provocation test has limited applicability 
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as a screening tool for aspiration or silent aspiration because of its low sensitivity. This test 
may be useful for patients who cannot undergo other tests due to cognitive and/or linguistic 
dysfunction.

Aspiration of mineral and vegetable oils can lead to a chronic form of lipoid pneumonia. 
Patients are frequently elderly individuals who use oil-containing agents or children with con-
stipation treated with mineral oil. These agents may not elicit a normal protective cough reflex 
and can impair mucociliary clearance mechanisms. A thorough history regarding the use of 
nose drops and laxatives may suggest the diagnosis. The chest roentgenogram reveals interstitial 
infiltrates or solitary or multiple mass lesions that may suggest tumor. Pathologic examination 
may demonstrate oil- or fat-laden macrophages, but these are nonspecific findings. Bronchoal-
veolar lavage samples tested by gas chromatography or mass spectrometry may demonstrate the 
exogenous origin of the lipid. Appropriate therapy includes withdrawal of the offending agent 
and treatment of secondary infection.

Aspiration of foreign objects can obstruct airways, depending on the object’s size, and lead 
to necrotizing pneumonia. Large objects can obstruct airways and cause rapid suffocation and 
death. The Heimlich maneuver has been widely publicized as an effective method to dislodge 
foreign material. Smaller objects (teeth, peanuts, food particles) can occlude smaller bronchi and 
result in an acute pneumonia or a chronic inflammatory process simulating a lung tumor, distal 
to the obstruction. Early bronchoscopy by either flexible or rigid instrumentation is indicated 
for removal of the foreign body; since after a few days, inflammation and fibrotic organization 
make these procedures less successful. Particulate matter aspiration is a more common cause 
of lung infiltrates and nodules than generally appreciated. In a clinicopathological study of 
59 cases of pulmonary disease due to aspiration of food and other particulate material, the 
histological finding of bronchiolitis obliterans and organizing pneumonia was present in 52 
(88%) cases, usually in combination with multinucleated giant cells, acute bronchopneumonia, 
bronchiolitis, and/or suppurative granulomas. Foreign materials were identified in all cases, 
most commonly vegetable or food remnants, and less often talc or microcrystalline cellulose, 
crospovidone, and kayexalate.
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The Lung in Pregnancy
Kathleen Sarmiento and Andrew Kitcher29

Pregnancy causes dynamic physiologic changes in multiple organ systems including the lungs. 
These changes can adversely impact preexisting pulmonary disease and increase the likelihood of 
developing new disorders. Moreover, the normal diagnostic and therapeutic tools of the pulmo-
nologist may be limited in the pregnant patient due to fetal safety concerns.

Pulmonary physiologic changes of pregnancy include increases in (a) the level of the 
 diaphragm (3–4 cm); (b) the anterior-posterior and transverse diameters of the chest (2 cm); and 
(c) the subcostal angle (68–103). These changes take place earlier than can be accounted for by 
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the enlarging uterus itself. Progesterone, estrogen, prostaglandin, corticosteroid, and cyclic nu-
cleotide levels rise during the course of pregnancy. While the multiple functional consequences 
of these alterations are not clear, increased progesterone is thought to be responsible for the 
hyperventilation observed during pregnancy. Elevated estrogen levels and capillary engorgement 
from mucosal edema and hyperemia frequently cause symptoms of rhinitis.

Pulmonary function tests reflect the mechanical changes of pregnancy: diaphragmatic eleva-
tion causes a decrease in functional residual capacity (FRC) of 10% to 30%, which is associated 
with an 8% to 20% fall in expiratory reserve volume and a 7% to 25% fall in residual volume. 
Flow rates and total lung capacity (TLC) are typically normal throughout most of pregnancy. At 
term, patients may experience a slight drop in TLC, which may be more pronounced in obese 
patients. Forced vital capacity (FVC) may increase slightly (4%) after 14 to 16 weeks gestation. 
The increase tends to be higher in multiparous women than in primigravid women, which sug-
gests that the pregnancy-associated increase in FVC persists following delivery. Diaphragmatic 
and inspiratory muscle strength are preserved, and inspiratory capacity increases 5% to 10%. 
Minute ventilation (VE) increases 20% to 50% compared to nonpregnant values, which is pri-
marily attributable to a 30% to 50% increase in tidal volume. Consequently, the resting Paco2 
drops to 27 to 34 mmHg, with compensatory increased renal excretion of bicarbonate and fall 
in serum bicarbonate to 18 to 22 mEq/L to maintain normal pH. The decline in Paco2 leads to 
a rise in Pao2. Dlco decreases after the first trimester. It increases appropriately with exercise, 
but it does not increase in the supine position as it does in normal nonpregnant individuals. This 
results in a significant reduction in Pao2 of 10 mmHg in the supine position in late pregnancy.

Dyspnea is a common complaint in healthy pregnant women and may affect 60% to 70% of 
gravid women in late pregnancy (.30 weeks gestation). Dyspnea, however, must be evaluated 
carefully to distinguish more serious conditions from the dyspnea that occurs physiologically 
during pregnancy. Although VE and chemosensitivity are both increased, the sensation of dys-
pnea is not due to a difference in progesterone levels, which are similar between dyspneic and 
nondyspneic pregnant women. Dyspnea usually improves near term, which suggests that the 
mechanical effect of the gravid uterus itself is not responsible. It appears instead to be related to 
an increased awareness of the drive to breathe.

Pregnant women suffer from respiratory diseases more than their age-matched, nonpregnant 
counterparts. Pregnancy does not increase the risk of bacterial pneumonia itself, but it does 
increase the risk of pneumonia complications, including respiratory failure requiring mechanical 
ventilation, empyema, bacteremia, and preterm delivery. Community acquired pneumonia is 
predominantly due to organisms such as Streptoccocus pneumonia, Haemophilus influenza, and 
Mycoplasma pneumonia, just as it is in nonpregnant patients. Viral pneumonia is a serious con-
cern in pregnancy, as reflected by the increased mortality of pregnant women (up to 50%) in 
the influenza pandemic of 1918, as well as the increased morbidity and mortality noted with the 
more recent epidemic of H1N1 influenza in 2009. Influenza vaccination using the inactivated 
killed virus is recommended for nearly all pregnant women. It is safe for the fetus and effec-
tive in stimulating an immunologic response in the mother. Pregnancy itself is not currently 
an indication for pneumococcal vaccination, unless there are other recognized indications for 
receiving it. Varicella pneumonia is also associated with increased mortality in pregnant women 
compared to nonpregnant adults. Assessment of varicella immunity by history or by IgG titers 
is recommended prior to pregnancy. If it is indicated, varicella vaccination can be administered 
1 to 3 months before pregnancy or in the postpartum period. Disseminated Coccidioides infec-
tion complicates 1/5,000 pregnancies in the southwestern United States. Neither tuberculosis 
nor fungal pneumonias are particularly associated with or influenced by the course of pregnancy. 
The major implication for pregnancy is that it limits the therapeutic options in tuberculosis and 
fungal pneumonias due to teratogenic effects of medications. Finally, aspiration pneumonitis 
due to the increased intra-abdominal pressure and the relaxing effect of progesterone on the 
esophageal sphincter is also a recognized cause of morbidity and mortality in pregnant women.

Asthma affects up to 8% of pregnant women and can have a variable course during preg-
nancy. In a review of 2,186 pregnant women with asthma, 39% experienced no change in their 
disease during pregnancy, 29% improved, 30% worsened, and 2% were undefined. Asthma, 
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especially severe asthma, is associated with worse pregnancy outcomes, including increased risk 
of preeclampsia, preterm birth, intrauterine growth restriction, and perinatal death. Most medi-
cations used to treat asthma (Table 29-1) are considered safe, but individual drug profiles should 
be considered when selecting individual therapies. It is clear, however, that untreated asthma 
has a more deleterious effect on the outcome of pregnancy than the judicious use of these drugs. 
Known triggers should be avoided, and counseling on smoking cessation and second-hand 
smoke avoidance should be provided.

Infiltrative lung diseases are rare in women of reproductive age, but they can be related 
to connective tissue disorders, pulmonary vasculitis, sarcoidosis, lymphangioleiomyomatosis 
(LAM), idiopathic interstitial pneumonias, eosinophilic pneumonias, drug-induced lung disease, 
and other rare conditions. Pleural effusions, infiltrates, and acute respiratory distress syndrome 
(ARDS) have been reported to occur following administration of drugs used in ovarian hyper-
stimulation. The role of sex hormones in LAM remains controversial, since pregnancy is believed 
to accelerate disease progression due to increased estrogen levels. Pulmonary complications of 

TABLE 29-1  Asthma/COPD Medications

Class Medications
Risk 
Category TERIS Ratinga

Lactation 
Profile

Short-acting 
β-agonists

Albuterolb, 
Metaproterenol

C Undetermined/limited Unknown

Levalbuterol, Pirbuterol C Not available Unknown

Terbutaline C Compatible

Long-acting 
β-agonists

Formoterol C Not available Caution

Salmeterol C Undetermined/limited Caution

Inhaled 
corticosteroids

Beclomethasone, 
Flunisolide, Mometasone, 
Triamcinolone

C Unlikely/limited to fair Compatible

Budesonide B Unlikely/limited to fair Compatible

Fluticasone C Not available Compatible

ICS/LABA combinationsc C Not available Caution

Anticholinergics Ipratropiumd B Unknown

Tiotropium C Caution

Corticosteroidse Prednisone C Compatible

Cromones Cromolynd B Unlikely/fair to good Unknown

Nedocromil B Undetermined/limited Unknown

Leukotriene 
modifiers

Montelukastb B Minimal/very limited Unknown

Zafirlukast B Undetermined/limited Unsafe

Zileuton C Not available Unsafe

Other Theophylline C None/fair to good Compatible

Omalizumab B Unknown

aMagnitude of teratogenic risk/quality and quantity of Data; bPreferred in its class; cSafety based on profile of 
least safe components; dNot first line therapy; eUse lowest effective dose, only as long-term therapy for severe 
persistent asthma, at higher doses consider prednisolone, avoid breastfeeding for 3 to 4 hours after a dose.
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LAM during pregnancy include pneumothorax, preterm birth, chylous effusion, and decline in 
lung function. Sarcoidosis tends to improve or remain unchanged during pregnancy. In general, 
the risk of pulmonary complications related to pregnancy increases with progressive impairment 
of baseline pulmonary function. Women with infiltrative lung disease should be counseled prior 
to conception about the risks of pregnancy. Successful maternal and fetal outcomes are possible 
with careful planning and a multidisciplinary approach.

Cystic fibrosis (CF) reduces female fertility through a variety of mechanisms, but as care 
has improved patients are surviving longer and pregnancy has become increasingly common. 
Up to 4% of female CF patients of childbearing age are pregnant at any given time. Prepreg-
nancy FEV1 and BMI are important predictors of maternal and fetal outcomes, with FEV1  
less than 60% and BMI less than 20 kg/m2 portending poorer prognoses. Complications include 
preterm birth, gestational diabetes, and cesarean section. In a review by Thorpe-Beeston and col-
leagues of 48 pregnancies, women with severe prepregnancy lung function defects were observed 
to have shortened life expectancies; three of seven women with an FEV1 less than 40% died 
within 18 months of delivery, and four of eight women with an FEV1 between 40% and 50% 
died within 2 to 8 years after delivery. Thus, prepregnancy counseling is imperative and should 
include the discussion of possible reduced life expectancy in women with more severe disease.

Pregnancy can also be successful following lung transplantation. The National Transplanta-
tion Pregnancy Registry reported the outcomes of 30 pregnancies in 21 transplant recipients. 
There were 18 live births (11 premature), 5 therapeutic abortions, and 9 spontaneous abortions. 
Two neonatal deaths occurred after preterm birth at 22 weeks. The surviving 16 children were 
reported to be healthy at follow up. Maternal comorbidities included hypertension, infection, 
diabetes, preeclampsia, and rejection. At follow up, 13 women had adequate function, 2 had 
reduced function, 5 had died, and 1 had a nonfunctioning transplant.

Sleep disordered breathing, which includes both snoring and sleep apnea, is more common 
in pregnant women than in nonpregnant women. Changes in the upper airway that facilitate 
sleep disordered breathing include increased estrogen levels, glandular hypersecretion, edema, 
and hyperemia, frequently leading to rhinitis with nasal obstruction. Neck circumference and 
Mallampati scores have also been shown to increase over the duration of pregnancy. Sleep dis-
ordered breathing may be related to adverse maternal and fetal outcomes, including pregnancy 
induced hypertension, preeclampsia, gestational diabetes, and intrauterine growth restriction. 
Sleep studies and treatment with continuous positive airway pressure (CPAP) have been demon-
strated to be safe during pregnancy. Sleep disordered breathing that develops during pregnancy 
generally resolves within 3 months postpartum.

Pulmonary embolism (PE) is the leading cause of maternal mortality in the developed world 
and venous thromboembolism (VTE) a major cause of maternal morbidity. Incidence of VTE 
during pregnancy is between 0.6 and 1.3/1,000 deliveries. Two-thirds of deep venous throm-
boses occur antepartum, and one to two-thirds of pulmonary emboli occur within 6 weeks 
postpartum. Diagnosis can be challenging. D-dimer is often elevated during pregnancy in the 
absence of deep venous thrombosis (DVT) or PE, and false negatives have also been reported. 
Doppler ultrasonography of the lower extremities is the first recommending imaging test.  Pelvic 
MRI is an additional complementary technique to ultrasonography due to lack of ionizing ra-
diation, but is highly dependent on local expertise. If initial testing is normal, pulmonary CT 
 angiography or perfusion scintigraphy can be performed, though controversy exists over fetal 
radiation doses and diagnostic accuracy between the two studies. Prospective Investigation of 
 Pulmonary Embolism Diagnosis III (PIOPED III) demonstrated utility of pulmonary arterial 
MR angiography and magnetic resonance venography (MRV) for the workup of patients sus-
pected of having VTE, but again, results are dependent on local expertise. A missed diagnosis 
of PE in pregnant women is associated with a 30% mortality, which decreases to 8% with treat-
ment. Warfarin crosses the placenta, producing both fetal hemorrhage and congenital abnor-
malities. Heparin can be safely used up to and immediately after labor, however risk of bleeding 
remains a consideration.

Pulmonary hypertension in pregnant patients carries a high mortality rate: between 30% and 
56%. Physiologic changes with major clinical implications include expansion of blood volume 
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by 50% above prepregnant levels, increased heart rate and stroke volume, and decreased sys-
temic vascular resistance. Pulmonary vascular resistance normally decreases during pregnancy, 
but in women with pulmonary vascular disease this may not occur, resulting in a further rise in 
pulmonary vascular resistance and cardiac output. Therapies for pulmonary hypertension have 
been used in pregnant women, but there are few data to help determine their safety profiles. 
Most complications occur during labor and delivery. Hemodynamic instability can result from 
a prolonged second stage of labor during vaginal deliveries (bearing down, uterine contractions), 
decreased preload related to blood loss and anesthetics, increased preload from relief of caval 
obstruction by the gravid uterus, increase in systemic vascular resistance and pulmonary vascular 
resistance to prepregnancy levels, and reduced cardiac contractility.

Amniotic fluid embolism carries a mortality risk of greater than 80% and accounts for 4% 
to 10% of total maternal mortality. Death is often immediate or within several hours of labor 
and delivery. Clinical features include respiratory distress syndrome, cardiovascular collapse, 
and disseminated intravascular coagulation. Predisposing factors include a tumultuous labor, 
the use of intrauterine stimulants, the presence of meconium in the amniotic fluid, advanced 
maternal age, multiparity, and intrauterine fetal death. Treatment is supportive, as no specific 
therapy yet exists.

Noncardiogenic pulmonary edema has been reported with most tocolytic agents, including 
magnesium sulfate, terbutaline, and ritodrine. The incidence is low, approximately 3%, but it 
appears to be higher in the presence of coexisting maternal infection. Other risk factors include 
multiple gestations, hydramnios, hypertension, and the use of glucocorticoid steroids. Treat-
ment involves cessation of tocolytic therapy, antibiotics, if clinically indicated, and aggressive 
support. Peripartum cardiomyopathy should be considered in the patient with signs and symp-
toms of heart failure in the last month of pregnancy up to 5 months postdelivery.

Pregnancy is not a contraindication to chest imaging and pulmonary procedures, though 
pregnant women should receive counseling on risks and benefits prior to all procedures. Table 
29-2 lists the radiation doses associated with common diagnostic chest imaging. The commonly 
cited threshold radiation doses are 1 to 5 cGy for increased risk of childhood leukemias and 
5 to 10 cGy for teratogenicity. For reference, the developing fetus absorbs 0.5 to 1 mGy of 
background radiation. All chest imaging modalities result in exposure significantly lower than 
direct radiation during abdominopelvic imaging, and far below the accepted 5 cGy threshold for 
increased risk of miscarriage, malignancy, or malformation.

TABLE 29-2  Other Pulmonary Medications

Indication: 
Class

Medications Risk 
Category

Lactation 
Profile

Comments

Transplant: 
Antimetabolite

Azathioprine D Compatible Avoid breastfeeding for 4–6 h 
after therapy is stopped.

Mycophenolate D Unsafe Use contraception and 
avoid breastfeeding during 
treatment and for 6 wk after 
therapy is stopped.

Leflunomide X Unsafe Contraindicated in pregnancy 
or childbearing potential not 
on contraception.

Transplant: 
Calcineurin 
inhibitors

Cyclosporine, 
Tacrolimus

C Caution

(Continued)
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Bronchoscopy has been demonstrated to be safe in pregnancy, but should be deferred until 
after pregnancy if possible. Complications may be reduced by positioning the patient in the left 
lateral decubitus or sitting positions, avoiding class D sedatives such as midazolam, and con-
sulting with anesthesiologists and obstetricians preprocedurally to have in place management 
strategies for complications.

Indication: 
Class

Medications Risk 
Category

Lactation 
Profile

Comments

Transplant: 
mTor inhibitors

Sirolimus C Unknown

Everolimus D Unknown

Transplant: 
Alkylation

Cyclophosphamide D Unsafe

PE: Heparins Unfractionated 
heparin

C Compatible All heparins: Use only 
preservative-free.

Enoxaparin, 
Dalteparin

B Compatible Pregnancy: LMWH is the 
preferred agent. Recommend 
twice daily dosing.

PE: Vit. K 
antagonist

Warfarin X Compatible Contraindicated first 
trimester. Risk category D 
if valve.

PE: Direct 
thrombin 
inhibitors

Dabigatran C Unknown Breastfeeding: consider 
warfarin/heparin.

Argatroban B Unknown

Lepirudin B Compatible Preferred IV DTI; short half-life.

Bivalirudin B Caution Should be digested in infant’s 
GI tract.

PE: Anti-Xa 
inhibitors

Fondaparinux B Unknown Use limited to women 
with contraindications to 
heparin.

Rivaroxaban C Unknown

PE: 
Thrombolytic

Alteplase, tPA C Caution Benefits must be carefully 
weighed.

CF: Inhaled 
antibioticsa

Tobramycin D Caution Poorly absorbed when given 
orally.

Ceftazidime B Compatible Not absorbed when given 
orally.

Colistin C Unknown Poorly absorbed when given 
orally.

CF: Enzymatic Dornase alfa B Caution

Tables 29-1 and 29-2 created by Catherine Hong, PharmD and Maria Stubbs, RPH, Veterans Administration 
San Diego Healthcare System, Pharmacy Service.
aMay alter gut flora, causing diarrhea.

TABLE 29-2  Other Pulmonary Medications (Continued)
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The immunocompromised patient has an increased susceptibility to infection as a result of quali-
tative or quantitative defects in inflammatory and immunologic host defenses. These defects 
are caused by a wide range of processes and diseases that include, but are not limited to, pri-
mary congenital syndromes, cancer, rheumatologic diseases, retroviral infection, malnutrition, 
alcoholism, cirrhosis, diabetes mellitus, and immunosuppressive therapy. Pulmonary complica-
tions in immunocompromised patients are becoming more common, owing to increases in solid 
organ transplantation, hematopoietic stem cell transplantation, the use of more potent chemo-
therapeutic regimens in cancer, and immunosuppressive therapy in rheumatologic disorders. 
Lung involvement in this group may be either infectious or noninfectious; however, infectious 
causes are reported in the majority (50%–75%) of cases. They carry a high risk of morbidity 
and mortality, which warrants a careful diagnostic and therapeutic approach. Immunocompro-
mised hosts are susceptible to pulmonary infections because of decreased granulocyte number 
and function, compromised immune function (i.e., lymphocyte activity), mechanical barriers to 
colonization/infection, and exposure to pathogens.

Infections in immunocompromised patients can be bacterial, viral, fungal, parasitic, or 
mycobacterial. Bacterial pneumonia is the most common cause of focal pulmonary infiltrates in 
patients with the AIDS or leukemia (before, during, and after chemotherapy). Pneumococcus 
and Haemophilus are as common in the general population as they are in immunocompromised 
hosts, while encapsulated Gram-positive cocci (e.g., Staphylococcus aureus) and the Enterobac-
teriaceae species (e.g., Escherichia coli, Klebsiella, and Pseudomonas species) are more prevalent 
among those with granulocytopenia (,500/mm3) and hospitalized patients. Nosocomially 
acquired Legionella infection has also been reported in immunocompromised patients. Rhodo-
coccus equi, a Gram-positive coccobacilli, has been increasingly reported to cause pneumonia and 
lung abscesses in AIDS patients and in solid organ transplant recipients, especially those with 
heart transplant. Due to its variable acid-fast staining and pleomorphic appearance, it has been 
misdiagnosed as “diphtheroids” and mistaken as a contaminant.

Fungal infections common in immunocompromised patients include both the filamentous 
fungi (e.g., Aspergillus species and the mucormycosis) and the dimorphic fungi (e.g., Candida 
species, Cryptococcus neoformans, Blastomycoses dermatitidis, Coccidioides immitis, and Histo-
plasma capsulatum). Other fungi, including Ochroconis, Trichosporon, Fusarium, Zygomycetes, and 
Scedosporium apiospermum and Scedosporium prolificans are involving the lung with increasing 
frequency. Scedosporium carries a high mortality rate, particularly in transplant recipients and is 
resistant to amphotericin B and most other antifungals.

Aspergillus is the most common cause of fungal pneumonia; patients with hematopoi-
etic stem cell transplantation are particularly prone to invasive aspergillosis. A. fumigatus and 
A.  flavus are the two most common. Recently, A. ustus and A. terrus are being recognized among 
severely immunocompromised transplant recipients and frequently involve the lung. Early dif-
ferentiation of the later two from the more common aspergillus infections is important since 
these species are resistant to amphotericin B.

Local overgrowth of normal flora such as Candida albicans in the mouth (thrush) and esoph-
agus is frequent in patients with deficient granulocyte number or function and those receiving 
broad-spectrum antibiotics. Candida pneumonia however is rare, with the exception of lung 
transplant recipients. Prophylactic fluconazole is increasingly being used in immunocompro-
mised patients, a practice that leads to a decreased incidence of C. albicans infection, but a rise 
in more antifungal-resistant C. krausei and C. glabrata.

Lung Disease in the 
Immunocompromised 
Patient
Shazia M. Jamil

30
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The fungus Ochroconis gallopavum is a dematiaceous hyphomycete that produces charac-
teristic darkly pigmented, septate hyphae and is an emerging opportunistic and possibly fatal 
fungal infection that occurs almost exclusively in immunocompromised patients. Brain, lung, 
and spleen involvement is reported and surgical excision in combination with amphotericin B 
has been utilized.

Fusarium species are important causes of opportunistic fungal infections, risk factors of 
which include prolonged neutropenia and T-cell immunodeficiency, especially in hematopoietic 
stem cell transplantation with severe graft-versus-host disease and lung transplant recipients. 
F. solani is the most virulent species. The principal portal of entry is the airways. The clinical 
presentation mimics aspergillosis. However, clues to the diagnosis include the pattern of new 
pulmonary infiltrates (interstitial, nodular or cavitary), sinusitis especially with periorbital cel-
lulitis, cutaneous lesions, and positive 1-3-b-d glucan test but negative aspergillus galactoman-
nin test. Recommended empirical treatment includes voriconazole and amphotericin B as first 
line, and posaconazole for refractory disease. Since Fusarium species have intrinsic resistance to 
caspofungin and micafungin, susceptibility testing should be performed. Immunotherapy with 
growth factors (G-CSF) for neutropenic patients and gamma interferon and/or GM-CSF for 
patients with adequate neutrophil counts is also recommended since nearly ubiquitous mortality 
is observed in patients with persistent neutropenia and disseminated disease.

Commonly recognized respiratory viruses in immunocompromised patients include influ-
enza A and B, parainfluenza 1 to 4, respiratory syncytial virus (RSV), and adenovirus. In the last 
decade, novel coronaviruses, enteroviruses, rhinovirus, and human metapneumovirus (hMPV) 
have also been recognized as pathogens. Newly emerged viruses such as bocavirus, parvovirus 
4 and 5, KI and WU polyomaviruses, and mimivirus have been reported to involve lung, how-
ever currently there is very limited literature in immunocompromised patients. Herpes sim-
plex, varicella, and cytomegalovirus infections may occur, either as newly acquired infections 
or as reactivations of dormant processes. Cytomegalovirus is the most common viral respiratory 
pathogen in non-HIV immunocompromised patients.

After transplantation, the risk of cytomegalovirus is closely related to the donor and recipi-
ent’s prior cytomegalovirus serostatus. RSV is possibly the most important cause of morbidity 
and mortality of all respiratory viruses affecting the transplant recipient. Several cases of coro-
navirus-associated severe acute respiratory syndrome (SARS) were diagnosed among solid organ 
transplant and hematopoietic stem cell transplantation recipients during the 2003 epidemic. 
The prevalence of respiratory viruses in a given season depends on exposure, virulence, the types 
of circulating viruses, and the detection methods used.

The outcome of respiratory viral infections in hematopoietic stem cell transplantation recipi-
ents depends on several factors including whether the transplant was myeloablative versus non-
myeloablative, the presence of lymphopenia, and the intensity of immunosuppression. Lung 
transplant recipients have a greater frequency of respiratory viral infections than other transplant 
recipients. This may be due to direct communication of the allograft with the environment and 
the poor immune response in the allograft. Respiratory viral infections occurring after lung 
transplantation has been associated with greater incidence of acute rejection and bronchiol-
itis obliterans syndrome. One possible mechanism could be a cytokine-mediated inflammatory 
cascade that recruits T cells to the allograft, further resulting in intraluminal proliferation of 
fibroblasts. Treatment consists of specific antiviral therapy for symptomatic infections regardless 
of the duration of symptoms and if possible a decrease in immunosuppression. Some centers also 
use high-dose steroids (5–10 mg/kg/day for 3 consecutive days) in addition to specific antiviral 
therapy to prevent acute rejection and progression to bronchiolitis obliterans syndrome.

Pneumocystis jiroveci (previously P. carinii) is an opportunistic infection that can cause fulmi-
nant and fatal pneumonia in AIDS patients and other immunocompromised patients. Although 
its incidence is decreased in at-risk patients who use trimethoprim–sulfamethoxazole for pro-
phylaxis, cases still arise in those with adjustments in immunosuppressives (e.g., tapering of cor-
ticosteroids), those noncompliant with prophylaxis, and patients with lymphoid malignancies 
treated with fludarabine.

Mycobacterium tuberculosis (MTB) infections are particularly common in AIDS patients 
and recipients of solid organ transplant (especially renal transplant recipients), compared with 
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other immunocompromised hosts. The infection is either newly acquired (in endemic areas) or 
a reactivation of a latent infection. Tuberculosis may involve the lung very early during HIV 
infection, whereas extrapulmonary or atypical manifestations are associated with more pro-
found immunodeficiency. Immunocompromised patients may present with mycobacteremia 
and multidrug resistance. In AIDS patients with relatively high CD41 T-cell counts, a typical 
pattern of pulmonary reactivation occurs with fever, cough, weight loss, night sweats, and a 
radiograph revealing cavitary apical upper lobe disease. Disseminated tuberculosis infection is 
more common in patients with low CD41 T-cell counts and appears as diffuse bilateral reticulo-
nodular infiltrates consistent with miliary spread, pleural effusions, and hilar and/or mediastinal 
adenopathy.

The nontuberculous mycobacteria are seen frequently in the AIDS population and usually 
appear as disseminated disease. Mycobacterium avium-intracellulare (MAC) and Mycobacterium 
kansasii are the most common causes of lung infection. Others include M. abscessus, M. fortuitum, 
M. chelonae, M. bovis, M xenopi, and M. marinum. Chest radiographs may show hilar or medi-
astinal adenopathy, cavitation, and/or pleural effusion. M. abscessus infection is usually confined 
to lungs in cystic fibrosis patients; however, dissemination has been reported in immunocom-
promised patients especially in transplant recipients, which usually portends a poor prognosis. 
Treatment is complex due to its resistance to most antimycobacterial agents. It is imperative to 
identify colonization of airways by resistant mycobacteria before lung transplantation due to the 
potential of allograft infection posttransplantation.

Noninfectious etiologies involving the lung in immunocompromised patients can be very 
challenging as they may have similar clinical and radiological presentations as infectious eti-
ologies. Common examples are cardiogenic pulmonary edema, acute lung injury/acute respi-
ratory distress syndrome (ALI/ARDS), transfusion-related acute lung injury (TRALI), diffuse 
alveolar hemorrhage, alveolar hemorrhage secondary to thrombocytopenia, lung involvement by 
the hematopoietic malignancies (such as leukemic lung infiltration) and solid organ metastasis, 
posttransplant lymphoproliferative disease, drug-induced lung disease, engraftment syndrome, 
radiation toxicity, idiopathic pneumonia syndrome, and bronchiolitis obliterans organizing 
pneumonia. Large-volume fluid infusion (as can occur with chemotherapy and transfusion) or 
direct cardiotoxicity from chemotherapeutic agents (e.g., anthracyclines) can lead to pulmonary 
edema. On the other hand, sepsis, chemotherapeutic agents (such as interleukin-2 and cytara-
bine), and transfusion may cause noncardiogenic pulmonary edema (e.g., ARDS) by increasing 
capillary leak.

Posttransplant lymphoproliferative disease, diffuse alveolar hemorrhage, idiopathic pneumo-
nia syndrome, and engraftment syndrome are seen more commonly after hematopoietic stem 
cell transplantation. The majority of posttransplant lymphoproliferative disease is of B cell origin 
and is related to immunosuppressive regimen and infection with Epstein–Barr virus. Diffuse 
alveolar hemorrhage complicates about 2% to 14% of hematopoietic stem cell transplantation. 
The diagnosis is one of exclusion. Pulmonary infection must be ruled out as the etiology of the 
hemorrhage, as well as alveolar hemorrhage related to thrombocytopenia, uremia, or endogenous 
anticoagulants. Idiopathic pneumonia syndrome is a noninfectious, frequent, and often fatal 
complication of allogenic bone marrow transplantation. It usually develops from 1 to over 3 
months after bone marrow transplantation and must be distinguished from cytomegalovirus 
(CMV) pneumonitis. The pathogenesis has not been fully elucidated, but possible contributing 
factors include lung injury caused by reactive oxygen and nitrogen intermediates during precon-
ditioning and development of graft-versus-host disease. Engraftment syndrome occurs during 
neutrophil recovery after hematopoietic stem cell transplantation and is difficult to differentiate 
from ALI/ARDS and pulmonary edema.

The first approach to diagnosis of respiratory illness in the immunocompromised patient 
is a thorough assessment of the clinical history, including infection risk, and a detailed physical 
examination. The history should clarify the exact timing of the onset of symptoms, the progres-
sion and the relationship of symptoms to the institution of immunosuppression or transplanta-
tion. Other relevant facts include previous and current use of chemotherapeutic agents and 
other medications, immunization history, place of birth and residence (to explore the possibility 
of exposure to endemic fungi or mycobacteria), and history of positive tuberculosis skin test 
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and positive CMV serology. Common clinical features include fever, dry or productive cough, 
hemoptysis, dyspnea, wheezing, chest pain with or without pleurisy, hypoxemia, tachycardia, 
hypotension, and respiratory failure. Sputum production may be scant due to granulocytopenia, 
even in patients with bacterial pneumonia. Leukocyte count can be completely normal even 
during infections and hence cannot be relied upon. Viruses such as herpes and CMV may cause 
tracheobronchitis or bronchiolitis, and may present with wheezing alone.

Key factors in evaluation are (1) rapidity of onset, (2) severity of illness, (3) relationship with 
immunosuppression, (5) radiologic pattern, and (6) presence of extrapulmonary manifestations. 
Bacterial, herpes virus, and P. jiroveci lung infections have the most rapid onsets and can progress 
to respiratory failure in a matter of days. Insidious onset is frequently seen with fungi, Nocardia, 
and mycobacteria. Gradual onset of symptoms is more common with noninfectious etiologies, 
such as leukemic infiltration and drug-related lung injury, though notable exceptions to this 
maxim are cardiogenic pulmonary edema, ALI/ARDS, and pulmonary hemorrhage.

The time after transplantation may help predict the most likely etiologies of infectious and 
noninfectious pulmonary complications. For example, nosocomial pathogens, bacterial and 
invasive fungal pneumonia usually presents within a month, whereas the risk of developing most 
opportunistic infections such as Herpes, MTB, Nocardia, and CMV is highest between 1 and 
6 months: the period of most intense immunosuppression. Noninfectious etiologies such as 
diffuse alveolar hemorrhage, ALI/ARDS, and cardiogenic pulmonary edema should be strongly 
considered when pulmonary manifestations appear shortly after the procedure or within the 
first month.

Chest radiographs may be entirely normal early in the course and may remain normal during 
viral infections that have a predilection for airways. A diffuse interstitial or alveolar filling process 
is highly suggestive of either an opportunistic infection or a noninfectious cause of lung injury. 
Herpes viruses, P. jiroveci, and dimorphic fungi (e.g., Histoplasma, Coccidioides) often result in 
diffuse pneumonias without pleural effusions. Drug-induced injury, ALI/ARDS, cardiogenic 
pulmonary edema, diffuse alveolar hemorrhage, and pulmonary leukostasis are the usual non-
infectious causes of diffuse lung involvement. The most frequent cause of focal consolidation 
is bacterial pneumonia. Cavitation suggests a diagnosis of S. aureus, Pseudomonas, Klebsiella, 
E. coli, anaerobes, Legionella, Nocardia, Mycobacterium species, or Rhodococcus equi. Mycobacte-
rial infection appears as either a focal infiltrate or miliary process. Mass-like lesions (especially 
those with cavitation), which expand without constraint by lobar fissures and tissue plains, are 
suggestive of invasive filamentous fungi. Common noninfectious causes of focal infiltrate are 
local hemorrhage and focal leukemic infiltrates. Extrapulmonary manifestations, such as pleu-
ral effusions, cardiomegaly, extrapulmonary soft-tissue masses, and bony lesions, may point to 
endemic fungi, mycobacterium, and Nocardia infections.

Initial laboratory investigation should include complete blood counts with manual differen-
tial, electrolytes, liver enzyme and function, blood urea nitrogen, serum creatinine, urinalysis, 
and a good quality postero-anterior and lateral chest radiograph. Microbiologic evaluation is 
crucial. Depending upon the presentation, specimens from sites such as blood, urine, sputum, 
bronchoalveolar lavage, transbronchial biopsy, pleural fluid, needle aspirate from abscess, or sus-
picious skin lesions should be examined on Gram’s stain, acid-fast stain, and fungal stain, and 
sent for respective culture on appropriate medium. Methenamine silver, Wright–Giemsa, and 
modified acid-fast stains should also be included for patients with high suspicion of fungal, 
P. jiroveci, or Nocardia infection. AIDS and solid organ transplant patients with insidious onset 
pneumonia or lung abscess should have mycolic acid staining of specimens to rule out R. equi if 
Gram’s stain or culture suggests diphtheroids. Aspergillus galactomannin is a polysacharride cell 
wall antigen that is released during fungal growth. Quantitative detection in serum, urine and 
bronchoalveolar lavage (BAL) fluid is being used increasingly in immunocompromised hosts 
for rapid diagnosis of invasive pulmonary aspergillosis, since traditional fungal culture may take 
weeks. Unilateral pleural effusion should be sampled by thoracentesis. Rapid Legionella and 
Pneumococcal urinary antigen detection is being widely utilized as an adjunct to culture. Direct 
fluorescent antibody (DFA) testing of influenza A and B, parainfluenza 1, 2, and 3, RSV, and 
AdV using a nasopharyngeal swab provides a rapid result, however is limited in its sensitiv-
ity. Nucleic acid amplification testing has taken a leading role in the diagnosis of coronavirus, 
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human metapneumovirus, and rhinovirus. Rapid viral culture and fluorescent antibody stains 
for herpes viruses and influenza should also be considered.

Although chest radiographs may be more conveniently performed, the chest CT scan is 
more sensitive and specific and should be considered early in the work up. Up to 50% of immu-
nocompromised patients with lung disease on thin section chest CT may have a normal chest 
radiograph. The CT scan also provides an anatomic map to help guide invasive procedures, 
such as sampling of a peripheral lung mass, drainage of pleural effusion, bronchoalveolar lavage, 
transbronchial biopsy and surgical lung biopsy. Early detection of a pulmonary pathology and 
early institution of specific therapy can increase the likelihood of survival; therefore, diagnostic 
procedures to obtain respiratory secretions, washings, or even lung tissue should be considered 
in a timely fashion. Flexible bronchoscopy is the procedure of choice for sampling areas of 
radiographic abnormality by telescoping (protected-specimen) brush, bronchoalveolar lavage, 
transbronchial biopsy for diagnosis. Although the yield of culture in patients receiving antibiot-
ics may be low, a positive culture is highly suggestive of infection and may warrant immediate 
treatment. Transbronchial biopsy adds significantly in detecting tissue-invasive fungi such as 
Candida and Aspergillus, leukemic infiltration, bronchiolitis obliterans and graft-versus-host dis-
ease. Percutaneous fine needle aspiration is a useful technique for sampling peripheral lesions. 
However, a larger lung sample can be achieved via thoracotomy with an open lung biopsy or 
via video-assisted thoracoscopic surgery, which offers a less morbid approach. Lung biopsy is 
indicated in (1) rapidly progressive severe pneumonia with insufficient time to wait for response 
from empiric therapy (or when empirical therapy is relatively contraindicated), and (2) per-
sistent, undiagnosed lung disease, despite attempts at less invasive diagnostic procedures and 
empiric therapy. Immunocompromised hosts with rapidly deteriorating pulmonary status often 
are placed on empiric antibacterial and antifungal agents until the results of medical evaluation 
are completed. Increasingly, immunocompromised hosts with respiratory failure are being suc-
cessfully managed with noninvasive mechanical ventilation in the hospital and ICU setting.

Prevention of infection should be a high priority in immunocompromised patients. Those 
presenting with respiratory symptoms have a very broad differential diagnosis that encompasses 
infectious and noninfectious etiologies as well as emerging resistant pathogens. Early interven-
tions may be necessary to establish a diagnosis rapidly, to institute targeted antimicrobial therapy 
and to avoid multiple unnecessary toxic antimicrobials. Early bronchoscopy with bronchoalveo-
lar lavage is highly recommended if noninvasive investigations are inconclusive, while thoraco-
scopic or surgical biopsy should be considered early when bronchoscopy is unrevealing.
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The lungs are particularly vulnerable to medical complications in drug abuse because the most 
common routes of administration are inhalation and intravenous (IV) injection. Drug abuse 
may cause infectious and noninfectious lung disorders (Table 31-1). Knowledge of the epidemi-
ology and typical presentation may facilitate timely diagnosis and appropriate treatment.

Illicit drug users are susceptible to numerous infections that arise because the host’s immune 
defenses are suppressed or bypassed. The increased prevalence of HIV infection among drug abus-
ers leads to infectious and noninfectious complications, including community-acquired bacterial 
pneumonia, pneumocystis pneumonia, tuberculosis, and Kaposi sarcoma (see  Chapter 61). In 
addition to the immune suppression that occurs with HIV infection, the drug user’s immune 
system may be suppressed by the direct effects of the drug itself. Studies in cocaine and marijuana 
users demonstrate impaired function of alveolar macrophages. Alveolar macrophages exposed 
to marijuana smoke have reduced phagocytic, bactericidal, and fungicidal activity. Marijuana 
exposure results in decreased expression of proinflammatory cytokines, such as tumor necrosis 
factor (TNF)- and interleukin (IL)-6. T-cell proliferation is shifted from T helper 1 (Th1) cells 
that are responsible for cell-mediated immunity to T helper 2 (Th2) cells that mediate allergy 

Infectious
Aspiration pneumonia
Septic emboli
Bacterial pneumonia
Acute bronchitis
Tuberculosis
Fungal pneumonia

Noninfectious
Vascular complications
Noncardiogenic pulmonary edema
Pulmonary hemorrhage
Pulmonary hypertension
Interstitial lung disease
Granulomatous lung disease
Talcosis
Organizing pneumonia (BOOP)
Airway complications
Upper airway injury
Bronchospasm/asthma
Chronic bronchitis
Bullous disease
Bronchiectasis
Pleural complications
Pneumothorax/pneumomediastinum
Pleural effusions/empyema
Respiratory failure
Cancer of upper and lower airway

TABLE 31-1  Pulmonary Complications of Illicit Drug Use
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and atopy. This shift may cause an increased risk of infection and malignancy in marijuana 
users. Macrophages exposed to crack cocaine are less able to kill bacteria or tumor cells, possibly 
because of decreased production of reactive oxidant species. Marijuana and cocaine smoking 
also harm the lungs’ primary defenses by replacing ciliated epithelium with nonciliated mucus-
secreting cells or metaplastic squamous epithelium. These findings help explain the enhanced 
susceptibility to infections observed in drug addicts.

Aspiration into the lower respiratory tract commonly occurs after the use of many illicit 
drugs. Pneumonia complicates heroin overdose in up to half of cases. Sedative overdose depresses 
consciousness, diminishes protective airway reflexes, and increases the risk for aspiration of oro-
pharyngeal or gastric contents. The initial inflammatory response can result in significant alveo-
lar edema. Patients present with fever, tachypnea, and hypoxia. Radiographs may be normal or 
may show localized or bilateral diffuse infiltrates, depending on the volume of aspiration and the 
severity of the inflammatory response. Treatment is generally supportive. The use of antibiotics 
is controversial, but if used should be directed against the oropharyngeal flora.

Septic pulmonary emboli commonly occur in injection drug users and may occur in up to one 
quarter of hospitalized drug addicts with pulmonary complaints. Emboli originate from endo-
carditis, typically of the tricuspid valve, or from thrombophlebitis at the injection site. Presenting 
symptoms typically include pleuritic chest pain, hemoptysis, and fever. Physical examination in 
the case of thrombophlebitis reveals erythema, induration, and warmth at the injection site. A 
palpable cord may be present. In contrast, tricuspid valve endocarditis is often difficult to detect 
on examination. Tricuspid murmurs are usually soft, and the peripheral stigmata of endocardi-
tis are not present with right-sided lesions. Typical radiographic manifestations include diffuse 
infiltrates or peripheral nodules, which may cavitate. Sequentially appearing nodules suggest 
endocarditis. Pleural effusions may occur; hilar and mediastinal lymphadenopathy is rarely seen. 
Blood cultures are usually positive. Staphylococcus aureus causes 80% of cases; Gram-negative 
bacteria and Candida are rarer causes. Complications include lung abscess, empyema, and bron-
chopleural fistula. Appropriate antimicrobial therapy should be continued for 4 to 6 weeks and 
is typically effective if compliance is achieved.

Community-acquired pneumonia occurs with increased frequency in drug abusers. There is 
a 10-fold increased risk of pneumococcal pneumonia in illicit drug users compared to nonus-
ers. The presentation, course of illness, and response to treatment are similar in drug-using and 
nonusing populations. The usual community-acquired organisms are most common in drug 
users; however, aspiration is also associated with anaerobes (particularly in the setting of poor 
dentition), and intravenous drug use is associated with Gram-negative bacilli and S. aureus. Drug 
use increases the risk of methicillin-resistant S. aureus infection.

Acute bronchitis develops at an increased frequency in marijuana users. This increased inci-
dence may result in part from the respiratory irritants in marijuana smoke. Although not well 
studied, other inhaled drugs may also predispose to acute bronchitis. The treatment of acute 
bronchitis in drug users is similar to that in nonusers.

Pulmonary tuberculosis occurs more frequently in drug users and appears to be related to 
lower socioeconomic status and the decreased immunity and higher rate of reactivation in this 
population. Clinically and radiographically, tuberculosis in drug users is indistinguishable from 
that of nonusers and should be treated with the standard multidrug antimycobacterial regimen. 
However, directly observed therapy is advisable in drug addicts to ensure compliance and avoid 
development of resistance.

Fungal pulmonary infections have been linked to illicit drug use. Invasive aspergillosis has 
been reported in immunocompromised patients who have smoked marijuana contaminated 
with the fungus. Cases have been described in patients with advanced HIV, chronic granulo-
matous disease, after bone marrow transplant, and in patients with lung cancer treated with 
chemotherapy. Aspergillus-laden marijuana has been implicated in allergic bronchopulmonary 
aspergillosis. Lobar candidal pneumonia and systemic candidiasis resulting in the acute respiratory 
distress syndrome (ARDS) have been reported in heroin users. A purported source of candidal 
infection in this population is the lemon used to acidify the heroin fix. Although severe fungal 
infections are rare, drug abusers have a high prevalence of serum precipitins against these fungi, 
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suggesting widespread fungal contamination of illicit drugs. Treatment should focus on standard 
aggressive antifungal therapy.

Illicit substance abuse is also responsible for numerous noninfectious lung disorders that may 
occur within the pulmonary vasculature, interstitium, airways, or pleura.

Noncardiogenic pulmonary edema is perhaps the most frequent fatal complication of illicit 
drug abuse. A large number of drugs, including narcotics, cocaine, amphetamines, sedatives, 
tranquilizers, and hydrocarbons, can acutely produce pulmonary edema. Heroin is a particularly 
common offender. In one large series, 18% of those with heroin-induced pulmonary edema 
died. Pulmonary edema has been documented in both the first-time user and the experienced 
addict; it can occur immediately or up to 24 hours after use. Patients typically are stuporous 
or comatose, with fever, cyanosis, and crackles. Constricted pupils suggest opiate intoxication. 
Chest films classically demonstrate fluffy, bilateral alveolar infiltrates without cardiomegaly. The 
pathophysiology appears to differ depending on the drug involved, but increased permeability 
is suggested by studies that demonstrate equivalent protein concentrations in the alveolar fluid 
and serum. Treatment is generally supportive with supplemental oxygen and mechanical ventila-
tion as needed. Naloxone should be considered in opiate-induced edema to reverse respiratory 
depression. Typically, the edema resolves within 24 to 72 hours, but it can take several weeks 
until the lung volumes, compliance, and diffusing capacity normalize. This suggests a compo-
nent of acute lung injury has occurred in these cases.

Crack lung is a form of acute lung injury that presents with fever, cough, chest pain, wheez-
ing, and hypoxia. The radiograph shows diffuse alveolar infiltrates. Eosinophilia is often present 
in both peripheral blood and bronchoalveolar lavage. Crack lung can develop immediately or 
up to 48 hours after smoking crack cocaine. It has not been reported after intravenous or intra-
nasal use. Increased neutrophil activation and IL-8 expression may cause the lung injury from 
cocaine smoking. The infiltrates resolve spontaneously with supportive treatment. Corticoste-
roid therapy has been used with mixed success, but there is no convincing evidence to support 
the routine use of steroids.

Pulmonary hemorrhage has been well described in crack cocaine smokers. Volatile hydro-
carbons and heroin have also been associated with at least subclinical pulmonary vascular 
hemorrhage. The amount of pulmonary hemorrhage may be massive or barely detectable. 
Massive hemoptysis has been associated with pulmonary infarction after cocaine use. Crack 
users more commonly experience trace hemoptysis; many report black or blood-tinged spu-
tum after crack use. One-third of cocaine smokers have hemosiderin-laden macrophages in 
their lungs at autopsy, pointing to occult episodes of bleeding. It has been postulated that 
pulmonary hemorrhage occurs from either the intense vasoconstriction caused by cocaine or 
the direct alveolar injury. Chest radiographs are usually normal. Treatment depends on the 
extent of hemoptysis, but is mainly supportive. Bronchoscopy is indicated with significant 
hemoptysis to investigate for a site of localized bleeding, however, the alveolar hemorrhage is 
usually diffuse.

Methamphetamine use has been recognized as a significant risk factor in the development of 
pulmonary hypertension. Nearly a third of patients diagnosed with idiopathic pulmonary arterial 
hypertension had used methamphetamine in a large retrospective cohort. Direct toxicity to the 
pulmonary arteries via an increase in serotonin release is the suspected mechanism. The treat-
ment is the same as for other causes of idiopathic pulmonary arterial hypertension, although con-
tinued drug abuse may complicate these therapies. Pulmonary hypertension may also develop in 
patients who inject aqueous suspensions of medications intended for oral use only. Addicts often 
prepare and inject suspensions of tablets containing insoluble filler components such as talc or 
cellulose. The most frequently crushed and injected tablets include amphetamines, methylphe-
nidate (Ritalin), methadone, and propoxyphene. Heroin and other drugs may be diluted with 
insoluble adulterants such as starch or inadvertently contaminated with the cotton used to filter 
the liquid drug. Repeated embolization of insoluble particles results in thrombosis, fibrosis, and 
ultimately pulmonary vessel occlusion. Progressive loss of pulmonary microcirculation leads to 
pulmonary hypertension and, if untreated, to cor pulmonale. Treatment options are limited; the 
most important step is cessation of IV drug use.
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Several forms of interstitial lung disease have been associated with illicit drug use. The 
most common is a granulomatous disease that results from the embolization of insoluble 
particles. Embolized foreign bodies cause endothelial injury in the pulmonary vasculature. 
Initially a focal inflammatory process develops that leads to damage of the arterial walls. Trans-
vascular migration of the insoluble particles occurs next with the formation of perivascular 
and interstitial granulomas. Talcosis develops after long-term, chronic injection of pills that 
contain magnesium silicate (i.e., talc). Patients complain of insidious progressive dyspnea, 
mild cough, and, occasionally, wheezing. Fundoscopic examination often reveals glistening 
white spots around the macula. Chest radiography is normal in 50% of cases or may have 
diffuse reticulonodular infiltrates most prominent at the lung bases. Lower lung emphysema 
appears to characteristically occur with methylphenidate injection. Patients with talcosis clas-
sically have an obstructive pattern with decreased diffusing capacity on pulmonary function 
testing, however, a restrictive pattern may also be seen. Definitive diagnosis requires either a 
transbronchial or surgical lung biopsy that demonstrates foreign body granulomas containing 
birefringent talc or other foreign particle. Anecdotal evidence suggests that steroids may be 
of mild benefit in some patients. A series of six patients, however, showed that all developed 
severe respiratory insufficiency during long-term follow-up regardless of steroid use, and three 
died of respiratory failure.

Other forms of interstitial lung disease have been reported in association with drug abuse. 
Organizing pneumonia (formerly called bronchiolitis obliterans organizing pneumonia or 
BOOP) has been reported following crack cocaine use and heroin use. Pulmonary vasculi-
tis indistinguishable from Wegener granulomatosis developed in the setting of crack cocaine 
use. Acute eosinophilic pneumonia has occurred following cocaine and heroin use. Case reports 
describe lung disease mimicking pulmonary vasculitis, sarcoidosis, and hypersensitivity pneumo-
nitis following both cocaine and heroin use. Corticosteroids may provide some benefit.

Thermal injury can occur from smoking crack cocaine because of the extremely high tem-
peratures of inhaled chemicals or secondary to ignition of the highly volatile ether residue used in 
processing the free-base form of cocaine. Thermal epiglottitis has been described in a small series 
of drug abusers who presented with acute epiglottitis. Treatment is supportive with corticoste-
roids to reduce swelling and airway compromise. Repeated thermal injury to the trachea can 
lead to tracheal stenosis, which has been described in crack cocaine use. Such patients will have 
wheezing, which may be irreversible, and occasionally with stridor. Severe tracheal stenosis may 
require a mechanical correction, including tracheostomy placement.

Bronchospasm can occur after the use of a variety of inhaled drugs, with crack cocaine and 
heroin being the most frequent offenders. The drugs, or their adulterants, induce inflamma-
tion of the respiratory epithelium and can result in the direct release of histamine. Broncho-
spasm is most threatening in patients with poorly controlled asthma. Several case studies have 
reported that asthma deaths are associated with substance abuse in up to 30% of cases. Treatment 
involves avoiding the precipitating drug and using standard inhaled steroids and bronchodilators 
as necessary.

Chronic bronchitis and impaired gas exchange occur with the repeated use of marijuana. 
Marijuana causes bronchodilation and was once evaluated as a possible therapy for asthma. 
Bronchodilation results from tetrahydrocannabinol (THC) binding to a cannabinoid receptor 
that is independent of antimuscarinic or beta-agonistic activity. Unfortunately, these bronchodi-
latory effects are only transient, and other combustion byproducts tend to worsen asthma. The 
chronic use of marijuana causes increased cough, sputum production, and wheezing similar to 
chronic bronchitis.

Bullous lung disease occurs in up to 2% of IV drug users. It is associated with methylphe-
nidate injection and with marijuana use. Bullous disease, predominately located in the upper 
lobes, occurs much earlier than expected from cigarette smoking alone. The pathophysiology of 
bullae formation is uncertain, but is speculated to result from the coalescence of microbullae, 
which are formed indirectly from either emboli or foreign body granulomas. Barotrauma also 
appears to play a role. Patients present with obstructive symptoms similar to those of patients 
with moderate to severe emphysema. Obstructive lung disease can also result from damage to 
the medium and small airways.
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Bronchiectasis has been reported in drug users after one or more episodes of noncardio-
genic pulmonary edema. Aspiration, hypoxia, and direct irritant effects may all contribute to the 
development of bronchiectasis. The best available long-term therapy for bronchiectasis is cessa-
tion of drug use. Continued exposure generally leads to progression of the disease.

Pneumothorax or pneumomediastinum can result from the use of either IV or inhaled 
drugs. As sites for peripheral access are exhausted, IV drug abusers may attempt to access 
the subclavian or internal jugular veins. A “pocket shot” is an injection lateral to the sterno-
cleidomastoid muscle immediately above the clavicle; pneumothorax, pneumomediastinum, 
pseudoaneurysm formation, and paralysis of the vocal cords because of recurrent laryngeal 
nerve trauma have been reported. Pneumomediastinum and pneumothorax can also occur 
with inhalation drug use. This occurs because of weakening of the alveolar walls and from 
an increased pressure gradient across the alveolar membrane. An increased gradient occurs 
during “shotgunning,” as one person forcibly exhales smoke into another person’s mouth, and 
during a Valsalva maneuver performed after inhalation to increase absorption of the inhaled 
drug. There have been case reports of pneumothorax and pneumomediastinum after ecstasy 
use with prolonged dancing.

Respiratory failure, through suppression of the respiratory drive, occurs with many different 
drug classes. Narcotics and sedatives suppress ventilation; their use may result in carbon dioxide 
retention, decreased consciousness, respiratory failure, and death. Treatment should be individu-
alized and may include naloxone to antagonize opiates and reverse respiratory depression or, in 
some cases, flumazenil to antagonize benzodiazepines. Mechanical ventilation may be required. 
Abuse of volatile inhalants, common among adolescents, may lead to asphyxiation from sup-
pressed respiratory drive and physical displacement of oxygen by the inhalant. Ketamine and 
gamma hydroxybutyrate may also cause respiratory failure.

Lung cancer occurs with increased frequency in tobacco smokers. The link between vari-
ous illicit drugs and cancer has been difficult to prove because of the frequent concurrent use 
of tobacco in drug users and difficulty in enrolling drug users in prospective studies. Indirect 
evidence suggests that cancers and precancerous changes occur with increased frequency in 
marijuana and cocaine users. Histologic and molecular alterations linked to carcinogenesis have 
been identified in the bronchial epithelium of marijuana and cocaine smokers. Epidemiologic 
evidence also supports a link between drug use and cancer. Marijuana use has been reported at 
an increased frequency in patients who develop early head and neck and lung cancers. Although 
not well studied, other illicit substances may have similar carcinogenic effects.

The effects of illicit drug use on the lungs are diverse and most commonly follow smoking 
or intravenous injection. Many infectious and noninfectious complications may arise acutely or 
chronically. Patterns of drug abuse frequently change as different drugs gain popularity. Thus, 
the clinician must maintain a high suspicion for drug use and must remain informed of current 
drug use trends to provide optimal care for drug users.
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Pneumonia is a term generally used to describe inflammation of the lungs from infection. The 
causative agent can be bacterial, viral, fungal, or even parasitic. However, the term pneumonia is 
sometimes used interchangeably with the word pneumonitis, which describes a nonspecific state of 
inflammation of the lungs. Less commonly, the cause of pneumonia/pneumonitis may be unknown 
(idiopathic) or the result of noninfectious agents such as chemicals, stomach contents, radiation, or 
autoimmune diseases. The remainder of this chapter will focus on infectious pneumonia.

Pneumonia nomenclature based on where the patient acquired the infection has been used to 
develop guidelines and determine diagnostic and therapeutic approaches. Community-acquired 
pneumonia (CAP) refers to infection that develops in a nonhospitalized patient. Hospital-
acquired pneumonia (HAP) is an infection occurring 48 hours or more after admission. Health-
care-associated pneumonia (HCAP) is defined as pneumonia in patients with at least 2 days 
of hospitalization in the last 90 days, residence in a nursing home or an extended care facility, 
chronic hemodialysis within 30 days, home infusion therapy including intravenous (IV) antibi-
otics, chemotherapy, home wound care, or family member with a multidrug resistant pathogen. 
Ventilator-associated pneumonia (VAP) is pneumonia arising more than 48 to 72 hours after 
endotracheal intubation. Although some recent literature has questioned the appropriateness of 
using these diagnostic categories, this nomenclature continues to be used widely.

Pneumonia is a global public health problem responsible for 1.5 million deaths annually 
in children younger than 5 years of age, more than any other infectious disease. The Centers 
for Disease Control (CDC) reported that in 2010 1.1 million people in the United States were 
hospitalized with pneumonia, more than 50,000 people died of the disease, and it was the fifth 
most common discharge diagnosis in US hospitals with an average length of stay of 5.2 days.

CAP is not only common but also potentially serious. There tends to be seasonal variation with 
more cases occurring during the winter months. Although the etiology varies by geographic region, 
Streptococcus pneumoniae remains the most common pathogen identified worldwide. The incidence 
of CAP in adults is difficult to estimate, but the overall rate is reported between 3 and 40 per 1,000 
persons per year, with the highest incidence at the extremes of age. Hospitalization is required in 
40% to 60% of patients with CAP, and 10% progress to severe pneumonia requiring ICU admis-
sion and with an overall mortality of 10%. Moreover, patients with CAP do poorly long-term, with 
all-cause mortality approaching 28% in the subsequent year; the highest mortality occurs in those 
who require hospitalization. Despite the National Hospital Discharge Survey report that the overall 
rate of hospitalization for pneumonia declined by 20% in the United States from 2000 to 2010, 
there is concern that the burden of CAP will increase with the aging population.

HAP is the second most common nosocomial infection in the US, occurring in 5 to 10 
cases per 1,000 hospital admissions and with a 6- to 20-fold increased incidence in mechanically 
ventilated patients. Nosocomial pneumonia frequently occurs in the ICU, especially after 48 
hours of intubation, with an incidence as high as 20%. These infections are not only responsible 
for significant increases in hospital stay and cost, but the attributable mortality of HAP has been 
estimated at 33% to 50%. Aerobic bacteria such as Pseudomonas aeruginosa or Staphylococcus 
aureus cause most of these infections, but other pathogens also contribute. Hospitalized patients 
become colonized with these more virulent organisms and, due to comorbidities such as acute 
illnesses and immune dysfunction, are more susceptible to developing pneumonia. In the ICU, 
the presence of invasive lines that may introduce pathogens hematogenously or endotracheal 
tubes that bypass the natural upper airway barriers to infection contribute to heightened rates 
of infection. National efforts aimed at decreasing the incidence of ICU related infections have 
focused on implementation of the Institute for Healthcare Improvement’s (IHI) prevention 
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bundles. The National Quality Forum (NQF) and CDC have followed the growing body of 
literature on these processes closely, and Medicare (CMS) has responded by basing hospital reim-
bursement strategies on compliance with many of these prevention strategies and the incidence 
of healthcare acquired infections.

Microbial agents can be introduced into the lungs by several routes including aspiration 
of oropharyngeal secretions, inhalation, hematogenous spread via the pulmonary or bronchial 
circulation, and direct spread from surrounding structures. In many cases, breakdown in normal 
body defenses is responsible for infection. The interplay between body defense mechanisms and 
microbial inoculation, including the size and virulence of the inoculum, ultimately determines 
the occurrence and severity of pneumonia. Insufficient immune response can result in life-
threatening infection, but an excessive response can also lead to life-threatening inflammatory 
injury. Further research on immunity, susceptibility, and interaction with specific organisms is 
necessary to guide the development of prophylactic and therapeutic interventions.

Aspiration including upper airway secretions colonized with a variety of organisms may 
be the most common mechanism in the pathogenesis of pneumonia. Some bacteria, such as 
S. pneumoniae and Haemophilus influenzae, can transiently colonize healthy individuals. Mixed 
anaerobic flora is often found in those with poor dental hygiene. S. aureus and Pseudomonas spe-
cies can be isolated in upper airways of hospitalized patients. It is estimated that 45% of healthy 
adults experience microaspiration at night, but pulmonary defenses like cough and mucociliary 
clearance usually prevent bacterial colonization from progressing to infection. These defenses are 
compromised in patients who are intubated, debilitated, or have altered consciousness.

Legionella species, mycobacteria, endemic fungi, Mycoplasma pneumoniae, Chlamydia pneu-
moniae, and most viral infections are examples of pneumonia resulting from direct inhalation 
of organisms. Direct inhalation of airborne droplets partially accounts for the geographic and 
seasonal clustering of cases caused by these organisms.

Hematogenous or embolic causes of pneumonia are uncommon, usually originating from 
infected heart valves or thrombophlebitis. In these cases, the pulmonary circulation acts as a sieve 
for venous blood, with microorganisms lodging in the small vessels of the lungs to become the 
source of infection. Because bacteria are released in clusters from the source, they are likely to 
reach multiple parts of the pulmonary circulation simultaneously. Hematogenous pneumonia is, 
therefore, often multifocal and affects the peripheral regions of the lungs.

Patients with infectious pneumonia often present with cough, sputum production, fever, and 
dyspnea, and, less frequently, with pleuritic chest pain and hemoptysis. However, pneumonitis 
resulting from noninfectious etiologies, such as malignancy, pulmonary hemorrhage, and drugs 
can also present with similar symptoms. Certain clinical and radiographic features may suggest 
specific organisms as the cause of pneumonia. These are discussed in subsequent chapters. In 
practice, however, such features are often nonspecific and empirical treatment is usually neces-
sary until a definitive diagnosis can be made. Targeted, empiric therapy is a critical principal of 
pneumonia therapy, highlighting the importance of taking a thorough history of all patients 
presenting with pneumonia. Historical factors including contacts, geographic location, occupa-
tion, travel, habits, hobbies, exposures, specific presenting symptoms, and duration of symptoms 
should be considered when making empiric antimicrobial choices.

Empiric therapy is generally successful in treating outpatients and, therefore, routine micro-
biologic testing is not necessary in this population. Most hospitalized patients are also treated 
empirically without documenting a specific etiologic diagnosis. In hospitalized patients, sputum 
samples obtained are frequently inadequate. Therefore, the Infectious Diseases Society of America/ 
American Thoracic Society (IDSA/ATS) consensus guidelines recommend that pretreatment 
sputum Gram stain and culture of sputum only be performed if good quality sputum can be 
obtained and if hospitalized patients have specific risk factors, such as ICU admission, prior failure 
of empiric therapy, severe underlying structural lung disease, or immunocompromise. Although 
Medicare expects facilities to perform blood cultures before administering antibiotics on all patients 
admitted to the ICU, the clinical value of this inpatient quality reporting measure is controversial.

Numerous noninvasive diagnostic methods are now available to assist with the determina-
tion of causative agents in pneumonia, such as sputum direct fluorescence antibody tests (e.g., 
 Pneumocystis jirovecii, Legionella species), urinary antigen testing (e.g., Legionella pneumophila, 
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S. pneumonia), serum serologic testing (e.g., Coccidioidomycosis), and singleplex and real-time mul-
tiplex PCR assays for specific bacterial and viral pathogens. The choice of diagnostic tests should 
be tailored to the organisms suspected and based on history, clinical and radiographic presenta-
tion, and disease course. The frequency of mixed viralbacterial infections and the interactions 
between these pathogens remain an area of active investigation. There is increasing interest in the 
use of inflammatory biologic markers in an attempt to distinguish between bacterial and nonbac-
terial causes of pneumonia. The two most promising are procalcitonin and C-reactive protein.

Invasive testing may be necessary in selected pneumonia cases to improve diagnostic yield 
when noninvasive testing is unrevealing or the patient is at high risk for multiple opportunistic 
pathogens, making empiric antimicrobial choices challenging. Flexible fiberoptic bronchoscopy 
is probably the most common invasive procedure used to diagnose pneumonia. It is particularly 
useful in patients unable to produce a satisfactory sputum sample. It allows direct sampling of 
distal airway secretions from selected bronchial segments that correspond to the changes on 
chest radiographs. Samples can be obtained by either simple washing of a bronchial segment or 
bronchial alveolar lavage (BAL). Because of potential contamination while passing through the 
upper airways, a protected brush specimen (PBS) is sometimes obtained. In most cases of bacte-
rial pneumonia, bronchoscopy does not appear to provide any significant advantage over the 
noninvasive techniques in making a definitive bacterial identification. Some investigators believe 
that semiquantitative culture by bronchoscopy, defined as PBS greater than 103 or BAL greater 
than 104 or 105 colony forming units/mL, may improve the diagnostic yield. These results may 
be affected by prior antibiotic administration, operator skill, and laboratory support. At this 
time, routine use of PBS or BAL is not recommended. Bronchoscopy does have a role in iden-
tifying infection in several conditions, such as tuberculosis when there is a strong clinical sus-
picion despite negative expectorated sputum, and when there is a clinical suspicion of multiple 
potential opportunistic organisms in immunocompromised patients. In addition, bronchoscopy 
allows for direct visualization of the airways and can be useful when bronchial obstruction is 
suspected. Transbronchial biopsy is rarely indicated in infectious pneumonia, although it may 
be valuable in distinguishing colonization from invasive disease by demonstrating tissue invasion 
with microorganisms such as Aspergillus species or cytomegalovirus. Bronchoscopy also has been 
used to diagnose noninfectious causes of pneumonitis. Other invasive techniques to bypass the 
upper airways, such as percutaneous transthoracic lung aspiration and transtracheal aspiration, 
have fallen out of favor due to poor specificity and complication risks. Open lung biopsy, by 
minithoracotomy or thoracoscopy, can provide adequate tissue for histologic examination, but 
the risks and discomfort of the procedure limit its clinical usefulness. It is typically used in cases 
of unresolved pneumonia, in which a noninfectious cause or an atypical organism is suspected.

One of the most important treatment decisions in outpatients with pneumonia is whether 
or not to admit the patient to the hospital and whether that patient requires ICU admission. 
Several indices and risk stratification methods exist to assist the clinician in making this deci-
sion. The most commonly used are the Pneumonia Severity Index (PSI) and CURB-65. They 
have both been validated and demonstrate reasonable ability to predict 30-day mortality. The 
PSI, derived and validated as part of the Pneumonia Patient Outcomes Research Team (PORT) 
study, uses 20 different variables including age, comorbidities, and other clinical variables, and 
then stratifies patients into five mortality risk classes with associated recommendations for hos-
pitalization. The number of variables and complexity of the scoring can make it difficult to use 
in the clinical setting. The CURB-65 is modified from British Thoracic Society (BTS) criteria 
(Confusion, Uremia, Respiratory rate, low BP, age 65 or greater). It is scored by assigning one 
point for each component. A simplified version is the CRB-65, for use in the event blood urea 
nitrogen (BUN) is not measured. The 2007 IDSA/ATS consensus statement recommends using 
the PSI and delineated major and minor criteria for patients admitted with pneumonia to deter-
mine who requires ICU admission. The BTS guidelines published in 2009 recommend using the 
CRB-65. Regardless of the rules utilized, all are intended to supplement and not replace or over-
ride the clinician’s judgment. The use of procalcitonin (PCT) levels has shown promise in risk 
stratification for bacterial but not viral pneumonias, and may complement the aforementioned 
prediction rules with rising PCT correlated with more severe pneumonia and declining levels 
associated with a better prognosis.
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Antimicrobial treatment of pneumonia is typically initiated with an empiric regimen based 
on the most likely pathogens. Early administration of appropriate antibiotics necessitates assess-
ing the patient’s risk of virulent and healthcare acquired infections, atypical or opportunistic 
pathogens, and resistant organisms. Local and regional patterns of antimicrobial resistance, often 
reported in antibiograms, provide valuable information to optimize treatment of suspected bac-
terial pneumonias and minimize inappropriate antimicrobial utilization.

Therapeutic options for outpatients with CAP include respiratory macrolides, beta lactams, 
doxycycline, and the respiratory fluoroquinolones. The BTS differs from IDSA/ATS and recom-
mends against covering atypical pathogens in patients with low-severity CAP, and reserving fluo-
roquinolone agents for second-line therapy. IDSA/ATS recommends that patients hospitalized 
with pneumonia should receive a beta lactam plus a macrolide or doxycycline or a respiratory 
fluoroquinolone as monotherapy. The BTS recommends the use of broad-spectrum beta lacta-
mase, with clarithromycin added for severe CAP. Some studies have reported improved mortality 
with macrolide-based regimens and propose that this is a function of immunomodulatory prop-
erties of macrolides. HCAP is a distinct pneumonia subset associated with more severe disease, 
longer hospital stays, and higher mortality. The microbial etiology includes a higher percentage 
of methicillin-resistant Staphylococcus aureus (MRSA) and Pseudomonas; therefore recommended 
empiric therapy is broadened to include coverage of these pathogens. Despite numerous com-
parisons of different antibiotic regimens, the superiority of one class of medications or combina-
tion of medications is primarily dependent on patient-specific risk factors, allergies, drug sus-
ceptibilities, and severity of illness. The IDSA/ATS guideline recommendations for pneumonia 
treatment have come under scrutiny from recent literature suggesting that these distinctions may 
result in overtreatment in HCAP without any evidence of improved outcome. Due to increasing 
prevalence of resistant organisms, some have suggested the need for new guidelines to address 
both risk stratification and empiric treatment of the at-risk populations.

Although it is difficult to define the optimal duration of therapy with currently available 
data, the IDSA/ATS guidelines recommend CAP treatment for a minimum of 5 days. Longer 
courses are needed for patients who do not demonstrate clinical improvement in the first 2 to 
3 days or have more complicated or unusual infections and sequelae, or significant comorbidi-
ties. Patients with VAP that responds to therapy tend to do so within 6 days; studies have shown 
that one can decrease the duration of therapy from 14 to 8 days without impacting outcomes. 
Regardless of the anticipated duration of therapy, all therapy needs to be reassessed, targeted, or 
de-escalated once the results of cultures and other diagnostic tests become available.

Timely administration of appropriate antibiotics to patients with pneumonia has been 
shown to improve survival in a number of populations, including elderly patients with CAP and 
patients with pneumonia and severe sepsis. Establishing guidelines for timeliness for all hospital-
ized patients with pneumonia has proven challenging. The Medicare value-based purchasing 
program includes a requirement to initiate timely and appropriate antibiotics to patients admit-
ted with a diagnosis of pneumonia. However, the American Academy of Emergency Medicine 
position statement recommends against measurement of time to first antibiotic due to overuse 
of antimicrobials and inconsistent results.

Adjuvant therapies aimed at improving immune function and reducing inflammation and 
coagulation remain controversial. Corticosteroids, GCSF, protein synthesis inhibitors, and a 
variety of other immunomodulating treatments have been tried without notable differences in 
outcome. There are studies suggesting that statins, with their inherent anti-inflammatory prop-
erties, are associated with reduced risk of pneumonia, particularly fatal pneumonias, but this 
remains an area of ongoing investigation.

A variety of biomarkers have been used to guide and assist management of CAP. C-reactive 
protein (CRP) has been used in the evaluation of nonresponders to CAP treatment. Procalcito-
nin (PCT) has been used to guide management and suggested as a means to minimize antimi-
crobial exposure, but so far it has not been shown to impact mortality. Further investigation is 
necessary to define the roles of these biomarkers in the routine care of patients with pneumonia.

Response to therapy can be defined both microbiologically and clinically. Serial assessment 
of the patient and clinical data will guide treatment modifications and duration of therapy. Fail-
ure of the empirically treated pneumonia to respond to appropriate antimicrobial therapy is not 
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uncommon. Factors contributing to lack of response include prior antibiotic therapy, presence 
of a resistant microorganism, presence of unsuspected organisms, complications of pneumonia 
(e.g., pleural effusion, cryptogenic organizing pneumonia), or incorrect diagnoses of pneumonia 
(e.g., CHF, acute lung injury, pulmonary embolism). Patients may also deteriorate as a result of 
underlying comorbidities that in and of themselves may increase adverse outcomes. In cases non-
responsive to therapy, a systematic diagnostic approach that includes further evaluating the his-
tory for risk factors and additional radiographic, noninvasive, and possibly invasive procedures 
should be undertaken. It may be necessary to broaden antimicrobial coverage while awaiting 
results of additional cultures and diagnostic studies.

Prevention of pneumonia primarily focuses on decreasing or eliminating risk factors. The 
Joint Commission and Medicare have promoted some simple prevention strategies such as 
smoking cessation and vaccination. In addition, the bundle outlined by IHI for prevention of 
ventilator-associated pneumonias has been broadened and widely adopted in most intensive care 
units. The elements are aimed at minimizing time on the ventilator and reducing both micro-
aspiration and bacterial colonization of the respiratory tract. The typical bundle currently used 
includes the orotracheal route for intubation, a new ventilator circuit for each patient and chang-
ing the circuit if it becomes soiled, changing heat and moisture exchanges every 5 to 7 days, a 
closed endotracheal suctioning system with subglottic secretion drainage, head of bed elevation, 
oral antiseptic rinses, and rotating beds. The CDC established new surveillance definitions in 
2013 for patients receiving mechanical ventilation. The new definitions replace VAP and are 
designed to achieve two primary goals: (1) broaden the focus of surveillance beyond pneumonia 
including other common complications of ventilator care; and (2) make surveillance as objective 
as possible. It remains to be seen whether these new definitions and benchmarking capability 
will assist in defining the best prevention strategies for this challenging nosocomial infection.
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33 Airway Obstruction
Russell J. Miller, Gregory Matwiyoff,  
and John Scott Parrish

The evaluation and management of obstructive airways disease is the most common out-patient 
issue faced by pulmonologists. The initial evaluation requires a thorough and focused history 
and physical examination. Disease processes that cause airflow obstruction increase airways resis-
tance since the flow of air is proportional to the change in pressure divided by the resistance (i.e., 
Ohm’s law). Airway resistance can be increased by a variety of mechanisms such as retained mate-
rial within the airways (e.g., localized foreign body, secretions, mucous plugs, endobronchial 
tumors), hypertrophy of airway walls (e.g., chronic inflammation, edema, or smooth muscle 
hypertrophy), external compression (e.g., malignancy, vascular sling, goiter), and loss of radial 
traction (e.g., emphysema). Table 33-1 lists the locations and mechanisms of the more common 
types of airway obstruction.
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TABLE 33-1  Locations of various types of airway obstruction

Supraglottic Upper Airway
Pharyngeal abscess
Lingual and pharyngeal neoplasms
Obesity
Laryngocele
Laryngeal stenosis
Tonsilar hypertrophy
Angioedema

Glottic and Subglottic Extra Thoracic
Vocal cord dysfunction
Paraglottic neoplasms
Paraglottic hematoma
Laryngospasm
Foreign body aspiration
Laryngeal neoplasm
Subglottic stenosis
Tracheal neoplasm
Extrinsic compression from neck tumors and adenopathy
Extrinsic compression from great vessel vascular anomalies
Tracheomalacia
Goiter

Glottic and Subglottic Intra Thoracic
Tracheobronchial malacia
Infectious tracheobronchitis
Foreign body aspiration
Tracheobroncomegaly
Tracheobronchial neoplasms
Tracheobronchial granulomas
Tracheobronchial stenosis

Small Airways
Asthma
COPD
Bronchiolitis
Bronchiectasis
Pulmonary edema

Although asthma and chronic obstructive pulmonary disease (COPD) are the most  common 
causes of airflow obstruction, many other conditions beginning in the mouth and affecting 
 passage of air to the small airways (bronchioles 2 mm or less) may produce similar and some-
times confusing presentations. Typically, asthma is characterized by intermittent wheezing, 
chest tightness, and shortness of breath. In contrast, COPD typically presents with progressive 
chronic dyspnea, cough, and sputum production. Pulmonary specialists often are consulted by 
primary care providers to evaluate patients labeled with COPD or asthma who are unresponsive 
to  traditional therapy. Although a lack of response may be due to suboptimal treatment, the 
patient’s status may be due to incorrect diagnosis or unrecognized concomitant problems.

Spirometry should be the initial step in the evaluation of possible obstructive airways dis-
ease. A disproportionate reduction of FEV1 as compared to FVC is characteristic of obstruc-
tion. Although “office spirometry” is increasingly popular, poorly performed spirometry 
may be deceptive and lead to over or under diagnosis of obstructive disease. For example, if 
exhalation is not performed vigorously, FEV1 and FVC both appear diminished prompting 
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misleading conclusions. It is crucial that patient demographics and clinical parameters are accu-
rately accounted for when population based “normals” are used as a comparison. Spirometry 
of questionable quality or with clinically incongruous results should be repeated in a setting 
with properly trained technicians. The numerical values obtained with spirometry also may be 
misleading and a thorough visual review of flow-volume curves also is important in separat-
ing large from small airway obstruction. There are three classical appearances of a flow-volume 
loop that may alert clinicians to the presence of large airway obstruction and its probable loca-
tion: (1) fixed obstruction, (2) variable extrathoracic obstruction, and (3) variable intrathoracic 
obstruction.

FIxED OBSTRUCTION
A truncation of both the inspiratory and expiratory limbs of the flow-volume loop should raise 
the suspicion of central airway occlusion. This can occur secondary to a variety of malignant 
and nonmalignant disorders causing either extrinsic or intrinsic narrowing of the central airway. 
Many patients with central airway obstruction from tumors or foreign bodies present acutely 
with obvious symptoms of impending respiratory failure. However, patients with slowly progres-
sive disease may present with more insidious symptoms that can be misinterpreted as asthma 
or COPD unresponsive to treatment. In the absence of other associated pulmonary or cardiac 
pathology, dyspnea may be a late finding in these patients. In an adult, exertional symptoms 
typically indicate a tracheal diameter of less than 8 mm and rest dyspnea indicates a diameter 
of less than 5 mm. The suspicion for central airway obstruction may be raised if the history 
discloses a previous malignancy (which may recur in the central airway), prolonged mechanical 
ventilation (which may damage the tracheal wall), or inflammatory collagen vascular diseases 
(which may result in airway scarring). Although physical exam findings may be nonspecific, the 
presence of stridor, or unilateral wheezing, should always be taken seriously and prompt further 
investigation. In patients with evidence of obstruction, the absence of findings related to the 
small airways (prolonged exhalation, enhancement of wheezes during end exhalation, etc.) may 
also raise the suspicion for central airway obstruction.

Patients with acute and severe dyspnea should be assessed for impending respiratory failure 
from lack of a definitive airway. If airway control is compromised, it should be secured as quickly 
as possible. Paralyzing agents may lead to abrupt closure of a stenotic airway, and should be used 
only with extreme caution. Typically, intubation should be performed in consultation with either 
anesthesia or interventional pulmonology.

Plain chest radiographs are rarely diagnostic; therefore a computed tomography (CT) is 
the initial radiographic test of choice and should be performed with contrast to better define 
the lesion in relation to the surrounding mediastinal structures. A neck CT in addition to the 
standard chest radiograph should be considered to ensure adequate proximal localization of the 
obstructing lesion. Bronchoscopy plays a crucial role in the evaluation of central airway obstruc-
tion. It should be performed with caution, however, since contact with the stenotic airway may 
lead to tissue swelling and critical airway narrowing. In some cases, it is best performed after 
endotracheal intubation and definitive control of the airway, due to the potential for worsening 
airway compromise resulting from instrumentation and the use of sedative agents.

VARIABLE ExTRATHORACIC OBSTRUCTION
When truncation of the maximal inspiratory curve is seen, it should prompt suspicion for 
pathology in the trachea outside of the thorax. Although the expiratory limb should be normal 
in these disorders, the inability to take a full rapid inspiration before starting expiration can result 
in reduction in both peak expiratory flow and the FEV1. There are multiple disorders which can 
result in this finding to include vocal cord paralysis/paresis (temporary loss of vocal cord func-
tion), malacia of the larynx or upper trachea, or functional vocal cord disorders. 

Paralysis of the vocal cords can occur as a complication of prolonged intubation, surgery, or 
postradiation but can also be an indication of inflammatory disease such as rheumatoid arthritis 
or a neurological disorder such as Parkinson disease. This is in contrast to vocal cord dysfunc-
tion, which is a functional disorder that often mimics and sometimes coexists with asthma. 
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Inspiratory flow limitation is seen in about half of patients with vocal cord dysfunction, but 
spirometry is often normal. Direct laryngoscopy is essential for differentiating between true 
paralysis/paresis and inspiratory adduction as seen in vocal cord dysfunction. Patients with 
evidence of vocal cord injury or paralysis on laryngoscopy should be referred to an otolar-
yngologist promptly for further investigation. In regards to laryngoscopy for confirmation of 
vocal cord dysfunction, it is important to realize that paradoxical motion of the cords may only 
be present when the patient is experiencing symptoms. Exercise or voluntary hyperventilation 
may be required just prior to laryngoscopy in order to confirm this disorder. In patients with 
proven or suspected vocal cord dysfunction, triggers should be identified. Empiric treatment of 
gastroesophageal reflux disease, postnasal drip, and psychological evaluation are often helpful. 
Typically, a referral to speech therapy will provide significant benefit to patients with functional 
vocal cord disorders. 

VARIABLE INTRATHORACIC OBSTRUCTION
When flow-volume loops show a sudden reduction of peak expiratory flow during the initial 
effort dependent portion of the forced expiratory maneuver, this indicates excessive central air-
way collapse. In normal individuals, the central airways will collapse partially on expiration, with 
bulging of the posterior membrane into the lumen. A greater than 50% collapse occurring dur-
ing exhalation is, however, considered a pathologic degree of airway closure. Although excessive 
airway collapse can be asymptomatic, it often results in a characteristic barking cough, dyspnea, 
wheezing, and recurrent respiratory infections. There are two main causes of expiratory central 
airway collapse, which should be clinically differentiated. Tracheobronchomalacia is central air-
way collapse resulting from abnormal softening of the cartilaginous structures. It typically occurs 
in the setting of previous prolonged intubation, chronic compression from extraluminal masses, 
or cartilaginous disease such as relapsing polychondritis or chronic inflammation.

Excessive dynamic airway collapse, on the other hand, is excessive bulging of the posterior 
membrane in the presence of normal cartilaginous structural integrity. Excessive dynamic airway 
collapse normally occurs in patients with small airway obstruction such as COPD, and should 
not interfere with airflow which is predominantly limited by excessive resistance in the small air-
ways. Differentiating between these two disorders can be difficult. Dynamic expiratory CT and 
bronchoscopy are both acceptable tools that can be used in a complimentary manner. Dynamic 
expiratory CT may quantify the degree of collapse and evaluate for associated extraluminal dis-
eases. Typically, a greater than 50% collapse of the central airways is consistent with excessive 
airway collapse; however, there is some debate about this. A 2009 radiology study found that 
nearly 80% of normal individuals may collapse their central airways to this degree. On broncho-
scopic examination, one can determine if the obstruction is confined to the posterior membrane 
(as would be expected in excessive dynamic airway collapse), or whether cartilaginous weaken-
ing of the anterior as well as lateral tracheal walls (suggestive of tracheomalacia) is present. In 
patients with excessive dynamic airway collapse, one should concentrate on treatment of the 
associated obstructive lung disease. In actual tracheomalacia or bronchiomalacia, noninvasive 
nocturnal ventilation may stent the airways open during exhalation. In patients with disease 
refractory to medical treatment, airway stents may provide symptomatic relief but are associated 
with significant complications. Symptomatic improvement after stent placement raises the pos-
sibility of permanent improvement with the more invasive, but potentially definitive, surgical 
tracheobronchoplasty.

Asthma and COPD are the most common disorders which result in increased resistance in 
the small airways (2 mm). This occurs through a variety of mechanisms including destruction 
of alveolar support to the peripheral airways and narrowing of the lumen resulting from chronic 
inflammation. These, however, are not the only diseases which result in obstruction to flow in 
the small airways. There are numerous etiologies of small airway obstruction that can be uncov-
ered by a thorough history and examination. The most common example is pulmonary edema 
in which bronchial edema narrows the airway lumina creating a “cardiac wheeze.” A variety of 
less common disorders may cause inflammation and fibrosis of the bronchioles (bronchiolitis) 
and can mimic typical asthma or COPD. Obliterative bronchiolitis, most commonly associated 
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with postlung transplant patients, can also occur after exposure to inhalational toxins (ammonia, 
toxic fires), industrial exposures (popcorn workers), in association with rheumatic disease, or can 
be idiopathic following viral infection. Another distinct entity called diffuse panbronchiolitis, 
which is an overlap syndrome between bronchiolitis and bronchiectasis has become increasingly 
recognized with associated sinus disease in patients of Asian descent. Bronchiolitis should be 
considered in middle-aged individuals without classic patterns of asthma or COPD who have 
rapidly declining, nonreversible reduction in FEV1 and in younger individuals with toxic fume 
exposures presenting with new or progressive dyspnea. Since these disorders occur in the small-
est airways that do not typically contribute to airflow resistance, spirometry can remain normal 
until the disease becomes advanced. Reduced average mid-expiratory flow rate (FEF 25–75) can be 
an early clue in the right clinical instance and should alert the practitioner to the possibility of 
these disorders, although this value alone is not sensitive or specific for small airway disease (see 
Chapter 3). In patients with normal spirometry and high suspicion for distal airway obstruction, 
forced oscillation testing can identify subtle increased resistance in the distal airway and may 
have a role in evaluation of symptomatic patients following industrial exposures. When small 
airway obstruction is being considered, end-expiratory high resolution CT may disclose mosaic 
attenuation. Often, the diagnosis is difficult to make solely with noninvasive testing and tissue 
biopsy is required. With the exception of postlung transplant bronchiolitis obliterans, transbron-
chial biopsy is rarely diagnostic and thoracoscopic lung biopsy is often needed to confirm the 
diagnosis of small airway obstruction.
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34 Acute Hypercapnic 
Respiratory Failure
Timothy A. Morris

The principle function of the lungs is gas exchange; hypercapnia indicates severe compromise 
of this vital function. Although disease may substantially affect any of the functional elements 
of the respiratory system, the term acute respiratory failure is used only when gas exchange is 
so severely impaired that arterial hypoxemia or hypercapnia occurs. Hypoxemia may involve a 
multitude of respiratory and metabolic processes and may occur in the absence of hyper capnia. 
However, hypercapnia is more directly linked to inadequate gas exchange and  dysfunction 
of one or more elements of the respiratory system (e.g., control of breathing, mechanical 
 performance of the lungs, respiratory muscle function, lung parenchyma, and vasculature). 
Hypercapnic respiratory failure is often referred to as alveolar hypoventilation and nearly always 
involves some level of hypoxemia as well. Specific values of arterial Pco2 (Paco2) that indicate 
hypercapnic respiratory failure are not well defined, but most experts agree that a Paco2 greater 
than 45 mmHg (in a previously eucapnic patient) reflects acute respiratory failure. In patients 
with chronic hypercapnic lung disease, a sudden increase of 5 mmHg or more of Paco2 from a 
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previously stable level represents acute hypercapnic respiratory failure superimposed on chronic 
respiratory failure.

DIAGNOSIS
The hallmark of acute hypercapnic respiratory failure is an elevated Paco2. A rise in Paco2 signals 
that pulmonary “clearance” of carbon dioxide is inadequate; that is, more carbon dioxide is being 
produced by body metabolism than what the respiratory apparatus can clear by ventilation. This 
relationship is defined by the equation:

Paco2 = K
V
.
co2

V
.
a

In this equation, V
.
co2  represents carbon dioxide production; V

.
a, alveolar ventilation; and 

K, a constant. An increase in V
.
co2  secondary to elevated metabolic activity is almost never the 

primary cause of hypercapnia because the respiratory system usually can compensate for the 
higher ventilatory requirement. When other elements of the respiratory system impair alveolar 
venti lation, however, increases in V

.
co2  (e.g., secondary to fever or sepsis) can contribute to 

hyper capnia. The central cause of hypercapnic respiratory failure remains inadequate alveolar 
ventilation.

Alveolar ventilation is a physiologic process described by the equation:

V
.
e = V

.
a + V

.
d

V
.
e (the volume of gas expired per minute, or “minute ventilation”) is a measurable quantity. 

The equation divides minute ventilation into two separate components: (1) alveolar ventila-
tion (V

.
a ), which participates in gas exchange, and (2) dead space ventilation (V

.
d), which does 

not. V
.
d also may be viewed as “wasted” ventilation, that is, ventilation that does not reach the 

 gas-exchanging areas of the lung. Rearranging this equation,

V
.
a = V

.
e + V

.
d

This way of considering alveolar ventilation makes it clear that hypercapnia may occur via 
two distinct mechanisms: (1) a reduction in minute ventilation itself (absolute hypoventilation), 
or (2) an increase in dead space ventilation (relative hypoventilation).

Although mixed forms of hypoventilation occur, the distinction between absolute and rela-
tive hypoventilation is useful in separating patients with hypercapnic respiratory failure into two 
major categories: those with normal lungs and those with intrinsic disease of the lungs. Patients 
with normal lungs manifest hypercapnia because of inadequate minute ventilation caused by 
abnormalities in respiratory control (induced by disease or drugs), neuromuscular disorders 
involving the respiratory nerves and muscles, or chest wall abnormalities. Lung function may 
be normal in this group. Patients with abnormal lungs manifest hypercapnia because of the 
increased dead space (wasted) ventilation associated with maldistribution of ventilation and per-
fusion. The net result of these derangements is inadequate carbon dioxide clearance, even though 
minute ventilation (and respiratory drive) is normal or increased.

Combined forms of hypercapnic respiratory failure occur occasionally, such as in a patient 
with chronic obstructive pulmonary disease (COPD) who receives sedatives or narcotics (e.g., 
for anxiety or sleeplessness, or because of a misdiagnosis of left ventricular failure). Similarly, 
excessive diuretic use or other circumstances may cause hypokalemia, hypomagnesemia, or 
hypocalcemia and impair diaphragmatic contractility. Somewhat controversial is the relation-
ship of excessive amounts of supplemental oxygen to absolute and relative hypoventilation and 
acute deterioration of patients with chronic hypercapnia (discussed below).

Regardless of the pathogenesis, the consequences of hypercapnic respiratory failure are the 
same. All patients with acute hypercapnia have hypoxemia, acidosis, an increase in pulmonary 
vascular resistance, and dilatation of the cerebral vessels. Arterial hypoxemia is an inevitable 
consequence of hypercapnia because, as alveolar Pco2 (Paco2) rises, alveolar Po2 (Pao2) and 
therefore arterial Po2 (Pao2) must fall. The alveolar–arterial gradient (“A−a gradient”) is a useful 
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indicator of how much of a patient’s hypoxemia is attributable to hypoventilation itself. The A−a 
gradient (P(aa)o2) is calculated as
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F (ambient pressure P
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At sea level, this equation becomes
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where Pao2 is the alveolar oxygen pressure, Pao2 is the arterial oxygen pressure, Fio2 is the frac-
tion of oxygen in inspired air, Pah2o is the alveolar water vapor pressure (47 torr), and Paco2 is 
the alveolar CO2 pressure (which is equal to the Paco2). If hypercapnia alone is responsible for 
hypoxemia, the P(a−a)o2 is not widened. If this difference is widened, hypoxemia is likely due 
to cardiopulmonary disease. For example, in acute respiratory failure induced purely by drug 
overdose, the P(a−a)o2 might be normal, meaning that the hypoxemia might be fully explained 
by hypercapnia. However, if the patient has aspirated, zones of acute lung injury may create low 
ventilation–perfusion (V

.
/Q

.
) units leading to hypoxemia and an increased P(a−a)o2.

ACIDOSIS
Acidosis is a direct consequence of hypercapnia, although patients with acute respiratory failure 
may have other reasons for acidosis. The severity of acidosis attributable to hypercapnia itself can 
be calculated using the equilibrium expression: CO

Ka =
[H CO ]

[H ][HCO ]
2 3

3
+ −

Rearranging the terms yields the Henderson-Hasselbalch equation:
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The HCO3
 concentration in this equation is the actual concentration in the blood, not the 

concentration reported in the typical chemistry panel, which is measured after all the CO2 has 
left the serum. If the actual HCO3

 concentration determined by the Henderson-Hasselbalch 
equation were normal, one could conclude that metabolic disorders are not contributing to the 
acid–base disorder. Although this might seem like a daunting mathematical task to perform at that 
bedside, a happy coincidence makes it quite easy. As it turns out, if the actual HCO3

 concen-
tration is normal, and the pH is between 7.0 and 7.5, the complicated Henderson-Hasselbalch 
equation comes very close to a straight line, with the formula:

DpH 5 0.008 3 DPaco2 

Within these limits, an acute change in Paco2 of 10 torr changes (in the opposite direction) 
the blood pH by 0.08. Changes in pH not predicted by this equation must be attributed to 
causes other than acute hypercapnia.
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Regardless of the cause, alveolar hypercapnia, hypoxemia, and arteriovenous acidosis all 
contribute to constriction of pulmonary resistance vessels and an increased pulmonary arterial 
pressure. This can lead to a higher work requirement for the right ventricle and right ventricular 
failure. The same factors cause dilatation of cerebral resistance vessels and increases in intracra-
nial pressure. For this reason, hypercapnic respiratory failure may manifest itself by symptoms 
such as disorientation, personality changes, coma, headache, papilledema, and asterixis.

MANAGEMENT
The primary goals of management in acute hypercapnic respiratory failure are to (1) prevent 
respiratory arrest in patients who are rapidly decompensating; (2) restore adequate gas exchange; 
and (3) treat the disorder(s) responsible for inducing respiratory failure. These goals can be 
pursued simultaneously.

Supplemental Oxygen
The development and worsening of hypercapnia strongly suggests that a patient’s respiratory 
system is failing and dangerous degrees of hypoxemia are imminent. Under these circumstances, 
severe hypoxemia is the greatest danger to patient survival and requires immediate attention. In 
some cases of mild hypercapnic respiratory failure, supplemental oxygen alone may stabilize the 
patient. However, oxygen alone may not reverse the respiratory decompensation observed in 
many cases of severe hypercapnic failure. Furthermore, two potential risks are associated with the 
administration of high oxygen concentrations to patients with hypercapnic respiratory failure: 
respiratory depression and worsening of ventilation–perfusion mismatching.

The hazard of respiratory depression with oxygen delivery is confined to patients with hyper-
capnic respiratory failure in whom the normal stimuli to ventilation are compromised and in 
whom hypercapnia has been present for at least several days. In these patients, retention of 
bicarbonate leads to moderation of the acidosis that acute hypercapnia causes in both the arterial 
blood and cerebrospinal fluid—an acidosis that provides a strong drive to respiration. In acute 
hypercapnic respiratory failure, these drives are present and oxygen poses no depression hazard. 
In chronic hypercapnic states, however, particularly if the patient is obtunded or sedated, hypox-
emia is the major residual drive to ventilation. Oxygen administration may blunt this drive; the 
patient ventilates less, and the Paco2 rises.

More commonly in patients with COPD and other lung diseases, however, supplemental 
oxygen may cause the Paco2 to rise even if the V

.
e  stays the same or increases. The seemingly par-

adoxical decompensation during oxygen administration occurs because of worsened matching 
of ventilation and perfusion. Excessive supplemental oxygen raises the alveolar Po2 in diseased 
areas of the lung that are normally not well perfused. In these areas, hypoxic vasoconstriction is 
a useful adaptation, which is reversed by the presence of supplemental oxygen. Blood flow to the 
diseased, poorly ventilated areas of the lung is increased. The increased perfusion to the diseased 
alveoli worsens ventilation–perfusion mismatching, leading to an apparent increase in V

.
d/ V

.
t 

and worsened hypercapnia.
Whatever the mechanisms, the fact remains that excessive oxygen administration to 

patients with chronic hypercapnia can induce hypercapnic coma and death. The problem 
can be  worsened by sedatives, which should be used with extreme caution in patients with 
chronic hypercapnia. Although some oxygen therapy to relieve hypoxemia may be essential for 
patients with hyper capnic respiratory failure, it should be used judiciously in those with chronic 
 hypercapnia. A reasonable goal of oxygen therapy in these patients is to obtain a Pao2 in the 
50- to 60-mmHg range, corresponding to an oxygen saturation of approximately 90%. In these 
cases, it is  imperative to closely monitor the arterial Pao2 and Paco2 during therapy with oxygen.

Mechanical Ventilation
If supplemental oxygen fails to provide an adequate Pao2 without inducing marked hypercapnia, 
or if clinical signs of respiratory decompensation are detected, the next step is use of a mechani-
cal ventilator. This step is a major decision because it generally requires endotracheal intubation, 
may require sedation or paralysis, and makes patients totally dependent on a “closed system” and 
the personnel caring for them. Furthermore, this step exposes patients to new risks. Therefore, 
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the decision to initiate mechanical ventilation should not be made until it is clear that simpler 
measures will not suffice. Despite intensive investigative efforts, no absolute criteria for intuba-
tion–ventilation exist. The decision still rests on an overall assessment of the individual patient, 
particularly the degree of hypoxemia and acidosis and, often, the response to a trial of nonven-
tilator management.

A potential intermediate step to avoid intubation–ventilation in selected patients is the use 
of positive airway pressure through nasal masks or face masks, commonly termed “noninvasive 
mechanical ventilation.” Noninvasive mechanical ventilation can be delivered as continuous 
positive airway pressure (CPAP), or it may provide different pressures during inhalation and 
exhalation (BiPAP). In selected patients, such as those with COPD and CHF, short-term use of 
noninvasive mechanical ventilation may avoid the need to control the airways with endotracheal 
intubation. Defining how often and in which patients noninvasive mechanical ventilation will 
be beneficial remains an investigative challenge.

Gas exchange aberrations pose an immediate risk to patient survival, and should be cor-
rected. Prompt action must be taken to revert or avoid hazardous levels of hypoxemia, hyper-
capnia, and acidosis. Such levels must be defined rather arbitrarily, because coexistent condi-
tions modify such definitions. For example, a degree of hypoxemia well tolerated by a young 
adult with a barbiturate overdose may be hazardous in a person who has recently sustained a 
myocardial infarction. In nearly all cases, however, Pao2 below 40 mmHg is poorly tolerated 
by adults; these levels are commonly associated with cardiac arrhythmias and functional or ana-
tomic abnormalities of the heart, brain, kidney, liver, and other organs. The dangerous effects 
of Paco2 relate chiefly to the degree of associated acidosis. Thus, a chronically elevated Paco2 of 
60 mmHg with an essentially normal pH is not dangerous, whereas a sudden rise to 60 mmHg 
induces a potentially hazardous acidosis. In a patient with respiratory failure breathing without 
the assistance of a ventilator, a blood pH below 7.2 indicates imminent respiratory arrest, and 
available data indicate that the mortality risk rises with each decrement below 7.2. Once the risk 
of respiratory arrest has been minimized by intubation and mechanical ventilation, however, 
the levels at which hypercapnia and respiratory acidosis become harmful are more difficult to 
establish. Whereas acidosis itself potentiates the functional abnormalities induced by hypox-
emia (such as pulmonary hypertension, cerebral vasodilatation, and depression of myocardial 
contractility), the level at which this occurs and the clinical consequences vary from patient to 
patient. For this reason, excessive attempts to lower Paco2 in mechanically ventilated patients, by 
increasing minute ventilation at the cost of alveolar overdistention and lung damage, may not be 
necessary. To spare the lungs from trauma during mechanical ventilation, some experts use lower 
tidal volumes and respiratory rates, allowing the Paco2 to rise to high (previously considered 
alarming!) levels. Within limits, this strategy of “permissive hypercapnia” is well tolerated by 
respiratory failure patients, provided that adequate blood oxygenation is ensured.

Underlying Causes
As the life-threatening alterations in gas exchange are being controlled, attention also is directed 
toward diagnosis and treatment of the disorder(s) that induced hypercapnic respiratory failure. 
In some instances, diagnosis of the precipitating disorder may determine decisions regarding 
institution of mechanical ventilation.

In patients with absolute hypoventilation (reduced V
.
e), the primary problem is usually read-

ily identified and treated. For example, respiratory depression due to drug overdose may be 
treated with specific antagonists or by enhancing drug excretion using dialysis. Myasthenia gravis 
or myxedema can be treated with specific agents. In patients with Guillain-Barré syndrome, 
however, ventilatory support is required until the disorder runs its course.

Among patients with relative hypoventilation due to obstructive lung disease, therapy is 
directed toward the problems that caused acute deterioration in gas exchange. The most fre-
quent reversible problems are accumulation of secretions, infection, and bronchospasm. As these 
abnormalities are resolved, the mechanical function of the lungs improves, ventilation–perfusion 
relationships return toward normal, and gas exchange is enhanced. In some patients, recovery 
depends on these factors alone. In others, the respiratory muscles may have become exhausted 
from hours or days of respiratory failure and mechanical ventilation may be necessary until they 
have adequately rested.
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Symptomatic Treatment
Secretions are best removed by encouraging the patient to cough and by adequately hydrating 
the patient. There is little evidence that available “mucolytic” agents are of significant value. 
However, new agents with greater potency (e.g., DNase) need evaluation in this context. Hydra-
tion is best achieved by oral fluid intake; if this intake is not adequate, intravenous administra-
tion or aerosolization of water or both can be added. Sputum mobilization can be enhanced by 
chest percussion and vibration, and by instruction from a skilled respiratory or physical thera-
pist. If necessary, catheters inserted by the nasal or oral route into the trachea can be used to 
suction secretions, or fiberoptic bronchoscopy can be performed.

The treatment of bronchospasm is an integral part of the management of most patients with 
hypercapnic respiratory failure associated with COPD because most patients have some degree 
of reversible bronchoconstriction (see Chapters 64 and 66).

Infection is a frequent cause and a common complication of hypercapnic respiratory failure 
in patients with COPD and other chronic lung diseases. Treatment with broad-spectrum antimi-
crobial drugs (ampicillin, tetracycline, trimethoprim-sulfamethoxazole, ciprofloxacin, and others) 
should be initiated on the presumption that infection is present. However, appropriate samples for 
smear and culture should be requested so that more specific therapy can be applied if indicated.

Corticosteroids are commonly given during the first few days of therapy, usually in high 
doses, to reverse airway inflammation and bronchospasm. Many clinicians initiate therapy with 
the equivalent of 100 to 125 mg of methylprednisolone on presentation, followed by about half 
this dose every 6 hours. Empiric trials suggest that such therapy has modest positive impact on 
the course of patients with hypercapnic respiratory failure. Unfortunately, large clinical trials 
comparing the effects of different corticosteroid doses are unavailable.

It is important to consider and search for other factors that may have induced hypercapnic 
respiratory failure, particularly left ventricular failure and pulmonary embolism, and attention 
to the patient’s nutritional needs. Left ventricular failure may cause ventilation–perfusion aber-
rations due to alveolar edema as well as dysfunction of poorly perfused respiratory muscles. 
Cardiac ischemia is increasingly recognized as a reason for failure of some patients to wean from 
mechanical ventilation. Pulmonary embolism is common in patients with acute and chronic 
lung disease. In most patients who die with pulmonary embolism, clinicians had not suspected 
the diagnosis premortem, possibly because the characteristic signs and symptoms were attributed 
to other coexisting lung conditions (see Chapter 68). Many patients with COPD are malnour-
ished; correction of nutritional depletion and avoidance of further depletion during a bout of 
acute respiratory failure may enhance recovery and forestall future episodes of acute respiratory 
failure (see Chapter 66).

The role of respiratory muscle performance and in respiratory control in the pathogenesis 
of hypercapnic respiratory failure has generated a great deal of research interest. Treatment for 
alterations of respiratory control is not yet available, but respiratory muscle performance may 
be improved by several proposed methods. Putting the respiratory muscles to rest may improve 
muscle performance in some patients with acute respiratory failure. Some patients have chronic 
respiratory muscle dysfunction and may benefit from pharmacologic therapy. Some physicians 
have advocated the use of theophylline preparations in this setting because these agents are 
known to modestly enhance diaphragmatic function.

COMPLICATIONS
Patients with hypercapnic respiratory failure are subject to complications associated with both 
 respiratory failure and its treatment. Often such complications lead to acute deterioration in a previ-
ously stable or improving patient. Several common complications have been identified: (1) Cardiac 
arrhythmias of all types are common, relating to diverse factors including hypoxemia, wide swings 
in pH, electrolyte disturbances, and drugs that may be employed such as  -adrenergic agents, the-
ophylline, and digoxin. (2) Gastrointestinal hemorrhage, chiefly from the stomach and  duodenum, 
is frequent. Again, multiple factors may be involved, and the hemorrhage can be sudden and mas-
sive. (3) Pneumothorax occurs in a significant number of patients with respiratory failure, particu-
larly among those who are mechanically ventilated. (4) Bronchial obstruction may occur due to 
thick, inspissated secretions or improper placement or obstruction of endotracheal tubes. Other 
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complications include acute right or left ventricular failure (or both), pulmonary embolism, and 
convulsions from hypoxia or even alkalosis following sudden reversion of hypercapnia.

The patient with hypercapnic respiratory failure requires careful initial evaluation and close 
monitoring throughout management. Such patients are best cared for in a respiratory intensive 
care unit that is staffed by experienced personnel and properly equipped. In this environment, 
most patients can be stabilized promptly, decisions regarding the need to intubate and mechani-
cally ventilate can be made properly, and therapy can be applied and monitored appropriately.
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35 Bronchiectasis
Kevin D. Shaw

Bronchiectasis is defined as an anatomic distortion of the normally tapering bronchi, character-
ized by persistent airway dilation, wall thickening, fibrosis, epithelial destruction, and failure to 
branch normally. The origin of the word comes from the Greek roots “bronkhos,” referring to 
windpipe, and “ektasis,” meaning a stretching out. Rene Laënnec, a French physician and father 
of the stethoscope, first characterized the condition in 1819. In 1950, Lynne Reid performed 
careful anatomic dissection in comparison to radiographic appearance of bronchiectasis on con-
trast bronchography, and described three separate but often overlapping morphologies. Since her 
work, bronchiectasis has generally been described as cylindrical, varicose, or saccular.
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Bronchiectasis may best be considered an effect, rather than a cause, of pulmonary disease. It 
is almost always secondary to a state of chronic inflammation and repeated infections, which over 
time cause neutrophilic infiltration and subsequent destruction of the airway walls. A “vicious 
cycle” of bronchiectasis has been well recognized by many authors, and explains the persistence 
of symptoms and frequency of exacerbations: chronic airway infection leads to inflammation 
and airway wall damage with impaired mucociliary clearance, ultimately predisposing to further 
infection. Treatments for bronchiectasis are varied, and target each of these steps in the cycle.

Bronchiectasis is typically seen later in life, often in the fifth and sixth decades. Because 
bronchiectasis is a consequence of an underlying condition, investigation of the etiology should 
be performed.

PRESENTATION
Bronchiectasis can be identified in asymptomatic patients, and does not necessarily have a “clas-
sic” presentation. A patient may present with complaints of a chronic, wet cough, repeated 
episodes of chest congestion or infection, shortness of breath, wheezing, audible crackles, or 
hemoptysis. Physical examination may be notable for coarse crackles, occasional wheezing, a 
barrel chest, cachexia, and in severe cases, clubbing. Pulmonary function testing is frequently 
abnormal, with a mixture of obstructive and restrictive processes identified in mild cases. Severe 
bronchiectasis almost always presents with severe obstructive physiology.

Chest imaging is often diagnostic, but bronchiectasis may be missed on plain films. Contrast 
bronchography is no longer performed routinely, but had been used prior to computed tomog-
raphy (CT) to define abnormal airway anatomy. Currently, high resolution CT scanning is the 
imaging modality of choice to identify and characterize bronchiectasis. Persistent airway dilation 
is the norm, often with surprisingly dilated airways seen near the periphery. On axial imaging, 
the “signet ring” sign is often appreciated: defined by an airway inner diameter exceeding that of 
the adjacent pulmonary artery, resembling a stone mounted on a ring. In addition, airway wall 
thickening, sometimes with adjacent fibrosis, may be found.

Radiographically, bronchiectasis can be divided into one of Reid’s three categories. Cylindri-
cal bronchiectasis is defined as persistent airway dilation in the medium-sized bronchi, and the 
absence of normal tapering that is expected as airways head toward the pleural surface. There 
are often near normal numbers of branching subdivisions of smaller airways when compared to 
controls. Varicose bronchiectasis is defined by its areas of airway outpouching and narrowing, 
similar to a varicose vein seen in cross section. Saccular bronchiectasis is characterized by large 
mucus-filled cysts, typically subpleural, which result from destruction and cavitation of normal 
bronchial anatomy. Although saccular bronchiectasis was originally thought to originate from 
the most distal bronchi, it is now recognized that the number of branching airway subdivisions 
in saccular disease is often markedly decreased, suggesting a proximal destructive process spread-
ing into the distal parenchyma. Saccular bronchiectasis is typically associated with worsened 
symptoms, decreased lung function, worsened prognosis, and a higher incidence of Pseudomonas 
aeruginosa infection than the other two types of bronchiectasis.

The term traction bronchiectasis refers to the abnormally widened airways seen in the setting 
of parenchymal volume loss, as is often found in pulmonary fibrosis. Whether this is true bron-
chiectasis or pseudobronchiectasis is debatable, as these patients do not typically present with 
typical symptoms of chronic wet cough and do not exhibit similar airway pathology of chronic 
inflammation, repeated infection, and airway wall thickening. In acute pneumonia, similar vol-
ume loss secondary to consolidation can mimic bronchiectasis on chest imaging. This is also not 
true bronchiectasis, as it disappears with resolution of the pneumonia.

Microbes typically cultured from bronchiectatic patients include Pseudomonas aeruginosa, 
Staphylococcus aureus, Haemophilus influenza, Moraxella catarrhalis, mycobacteria (avium/
intracellulare most commonly), and a variety of other Gram-negative organisms including 
Escherichia coli, Klebsiella pneumoniae, Achromobacter xylosidans, and Stenotrophomonas malto-
philia. Fungi are also seen, most commonly Aspergillus species, Scedosporium apiospermum, or 
Candida species. It is important to differentiate bronchiectasis with colonizing fungus growth 
from allergic bronchopulmonary aspergillosis (ABPA), one of many potential etiologies of 
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bronchiectasis. More recently, the virome of the bronchiectatic lung is being explored, with 
increasing importance placed on “top-down” suppression of bacterial growth by bacteriophage 
present in the airways.

Hemoptysis can be a particularly frightening complication of bronchiectasis for patients and 
practitioners alike. Patients may encounter flecks of blood only, or “massive hemoptysis” which 
is considered life threatening in nature. Because hemoptysis is difficult to accurately quantify, the 
definitions of “massive” often found in literature, ranging from 100 to 1,000 mL per 24 hours, 
are of limited utility. The source of bleeding is typically a bronchial artery, which has a higher 
mean arterial pressure compared with the pulmonary artery. In chronic or severe bronchiectasis, 
bronchial artery hypertrophy is often seen, which is a setup for more frequent and severe bleed-
ing. Hemoptysis can occur while a patient is feeling otherwise well, but often presents in the 
setting of chest congestion, increased mucus production, and worsening dyspnea.

PATHOGENESIS
Bronchiectasis can be characterized as either diffuse or focal. Diffuse bronchiectasis is often the 
result of a systemic immunodeficiency, severe inhalation injury, or a congenital condition. Focal 
bronchiectasis may represent a sequela of prior infection or a singular insult. With focal disease, 
airway lesions such as tumor or foreign body may be considered, since bronchiectasis can occur 
in the setting of chronic infection distal to an obstruction.

The underlying mechanisms responsible for the development of bronchiectasis are similar 
amongst the recognized etiologies. Principal among them is the development of airway dam-
age and inflammation, often resulting from an episode of airway infection. When an infection 
develops in the setting of obstruction, inflammatory airway debris cannot be efficiently cleared, 
predisposing to continued inflammation, epithelial damage, and repeated infections. Over time, 
this cycle of inflammation, obstruction, and infection leads to airway wall damage. Denuded 
airway epithelium, is often replaced by nonciliated, cuboidal, or squamous epithelium. Loss of 
basement membrane, smooth muscle, and cartilage integrity leads to tortuous, dilated airways, 
with thickened, fibrotic airway walls. Microabscesses may form within and alongside bronchial 
walls, causing further inflammatory and fibrotic damage, as well as airway obstruction. This 
abnormal airway anatomy with loss of ciliated epithelium predisposes to impaired sputum clear-
ance and further cycles of infection.

The airway infections typically induce chronic neutrophilic infiltrates. The oxidative chemi-
cals released during chronic neutrophil activation play a principle role in the subsequent airway 
wall trauma. Neutrophil chemotactic factors including interleukin-8, leukotriene B4, and tumor 
necrosis factor-alpha lead to increased neutrophil infiltration. Release of neutrophil-derived toxic 
products such as elastase and matrix metalloproteinases results in destruction of basement mem-
brane collagen, elastin, and proteoglycan support molecules with subsequent loss of airway wall 
integrity. Bronchoalveolar lavage studies have demonstrated increased levels of these chemotactic 
and toxic factors. Sputum elastase concentration has been correlated with decreased lung func-
tion and increased cytokine expression.

A multitude of underlying etiologies have been identified. The most common cause of bron-
chiectasis is prior lung infection, historically attributed to tuberculosis, measles, or pertussis. 
These are typically childhood infections, with the ultimate development of bronchiectasis often 
recognized many years later. However, any necrotizing pneumonia, bacterial or viral, can result 
in bronchiectasis. Common responsible bacterial pathogens include Streptococcus pneumoniae, 
Staphylococcus aureus, Klebsiella pneumoniae, and Pseudomonas aeruginosa. Diffuse postinfectious 
bronchiectasis is typically related to repeated episodes of pneumonia, although may be due to a 
single, severe, multifocal episode.

Although bronchiectasis is often characterized as “idiopathic,” a careful history may identify 
prior infections in many patients. In a study performed in Tyler, Texas, 70% of patients were 
able to identify a lung injury prior to development of bronchiectasis. Of these patients, greater 
than 50% identified a prior lung infection as the inciting event. In the older population, or 
those prone to dysphagia, chronic aspiration should be ruled out, especially if the bronchiectasis 
appears radiographically in the dependent portions of the lungs.
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Granulomatous lung diseases, including mycobacterial disease, sarcoidosis, and fungal lung 
infections are frequent causes of bronchiectasis. Mycobacterial disease is often associated with 
predominantly right middle lobe and lingular bronchiectasis. In nonsmoking Caucasian women 
over age 50, there is a relatively increased incidence of right middle lobe or “Lady Windermere” 
syndrome, often attributed to the right middle lobe’s “fish mouth” orifice and impaired drainage. 
Chest imaging often shows bronchiectasis with nodules and “tree-in-bud” opacities in these seg-
ments. Sarcoidosis and granulomatous fungal infections can involve airway walls, leading to focal 
areas of obstruction and impaired drainage, with resultant chronic infection and bronchiectasis.

Cystic fibrosis is the most commonly recognized genetic disease predisposing to bronchi-
ectasis. These patients typically develop varicose and saccular changes in all lobes of the lung, 
but with an upper lobe predominance. Another associated genetic disease is primary ciliary 
dyskinesia, which may present as Kartagener syndrome (situs inversus, paranasal sinusitis, and 
bronchiectasis). Due to immotile cilia, these patients experience repeated sinus and pulmonary 
infections, leading to the subsequent cycle of inflammation and airway destruction. Alpha-1 
antitrypsin deficiency may also lead to loss of airway wall integrity, chronic inflammation, and 
development of bronchiectasis. Other less commonly recognized genetic disorders associated 
with bronchiectasis include Mounier-Kuhn syndrome (tracheobronchomegaly), Williams-
Campbell syndrome (cartilage malformation in distal bronchi), and Young syndrome (sinus and 
pulmonary infections with infertility).

Allergic bronchopulmonary aspergillosis is defined as a chronic, destructive type III immune 
complex reaction associated with airway colonization with Aspergillus species. Radiographically, 
patients typically have central bronchiectasis and fleeting infiltrates associated with episodes of 
exacerbation. Diagnosis is based on symptoms, consistent radiographs, Aspergillus-specific pre-
cipitating antibodies or a positive Aspergillus skin prick test, and an elevated IgE level. For reasons 
that are not clearly understood, the incidence of ABPA is elevated in the cystic fibrosis population.

Immunodeficiencies, whether congenital (severe combined immunodeficiency, X-linked 
agammaglobulinemia) or acquired (HIV, stem cell transplant), may lead to bronchiectasis. 
Patients with history of splenectomy are also at increased risk. Chronic immunosuppression 
associated with a variety of autoimmune and transplant recipient states may predispose to lung 
infection, including nontuberculous mycobacteria, with resultant bronchiectatic changes.

A less commonly recognized cause of bronchiectasis is inhalation injury, such as exposure to 
industrial fires, ethylene oxide (used in gas-sterilization), or other toxic fumes. Bronchiectasis is 
recognized in 40% of patients with Yellow Nail Syndrome, a condition marked by lymphedema, 
pleural effusion, and dystrophic yellow nails. Autoimmune conditions including rheumatoid 
arthritis, ulcerative colitis, Crohn disease, Sjögren syndrome, and systemic lupus erythematosus 
are all associated with bronchiectasis, independent of tumor necrosis factor inhibitor use.

DIAGNOSTIC TESTING
The diagnostic approach to bronchiectasis is dependent upon symptoms, prior history, and 
physical examination findings. The workup is 2-fold. The first step is to confirm the presence of 
bronchiectasis radiographically. The next step in the bronchiectasis workup is to determine the 
underlying etiology and inciting factors, which relies heavily on history and radiographic features.

Although the chest radiograph may be normal in up to 20% of patients with established 
bronchiectasis, typical abnormal findings may include ring shadows from thickened and fibrotic 
airway walls, reticular patterns of fibrosis, air-filled cystic structures, and vascular crowding. 
In mild or moderate bronchiectasis, these findings may not be specific. High-resolution CT 
is currently the most commonly used and reliable modality for detecting and characterizing 
bronchiectasis. This allows confirmation of the bronchiectatic changes themselves, and may also 
reveal associated findings such as parenchymal nodules, airway tumors, foreign bodies, lymph-
adenopathy, or strictures that may give clues to the underlying etiology. Although contrast bron-
chography is seldom performed in the age of computed tomography, it is possible to reconstruct 
the airways using three-dimensional computer modeling. The images can provide a detailed look 
into the tortuous nature of varicose and saccular disease.

Depending on the history provided, additional testing may include genetic screening for cys-
tic fibrosis transmembrane conductance regulator (CFTR) mutations, sweat chloride measure-
ment, quantitative analysis of immunoglobulin subclasses, rheumatologic workup, lung biopsy, 
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colonoscopy, purified protein derivative (PPD), interferon release assay, sputum culture, swallow 
studies, nasal nitric oxide measurement, or nasal mucosal biopsy for electron micrography of 
ciliary structure. Focal bronchiectasis typically merits diagnostic bronchoscopy to rule out endo-
bronchial obstructing lesions such as teeth, foreign bodies, tumors, or broncholiths.

TREATMENT
Medical Management
In the stable patient, typical management focuses on bronchial hygiene. Airway clearance thera-
pies can reduce sputum load, which improves lung function and reduces the frequency of exac-
erbations. There is limited data in the noncystic fibrosis population, so many therapies mimic 
those used for typical cystic fibrosis patients. Mechanical devices such as a flutter valve, intra-
pulmonary percussive ventilator (IPV), percussion vest, manual percussion, postural drainage 
techniques, or exercise alone have all been evaluated in cystic fibrosis patients, with no single 
method showing superiority. Typically, patients find the method that is most useful and practical 
for them, which also improves compliance.

Azithromycin is beneficial in cystic fibrosis patients who grow Pseudomonas. There are several 
small studies suggesting that it also reduces exacerbations and improves lung function in non-
cystic fibrosis populations. Other macrolides have been investigated with equivocal to mildly 
positive results. Inhaled hypertonic saline and dornase alfa are beneficial for cystic fibrosis, but 
may not benefit noncystic fibrosis patients. Dornase alfa actually showed harm in a population 
of idiopathic bronchiectasis patients: it increased exacerbation frequency and caused a greater 
decline in lung function. Other therapies such as inhaled mannitol and N-acetyl cysteine have 
limited data; but they may ultimately play some role in bronchial hygiene.

FDA-approved inhaled antibiotics for cystic fibrosis patients with Pseudomonas colonization 
include tobramycin and aztreonam. For the noncystic fibrosis population, inhaled tobramycin 
leads to reduction in Pseudomonas sputum density, but has not shown clinical benefit. Tobramy-
cin has also been associated with increased wheezing, dyspnea, and chest tightness. These agents, 
as well as inhaled fluoroquinolones, amikacin, gentamicin, colistin, and inhaled cephalosporins 
have shown varying degrees of success, or are currently being investigated. Inhaled corticoste-
roids may improve spirometry and sputum quantity at high doses, but do not reduce frequency 
of exacerbations or long-term outcomes.

In the setting of an acute exacerbation of bronchiectasis, the mainstay of therapy is reduc-
tion of bacterial burden via systemic antibiotics. Traditionally, the choice of therapy is based 
on recent sputum culture growth, including sensitivity to specific antibiotics. It has become 
apparent recently that organisms cultured in the laboratory represent only a small portion of 
the diversity of the lung ecosystem. A specific sputum sample may characterize the population 
of only one lung segment, or may represent species with robust growth in culture that do not 
play a dominant role in vivo. For this reason, effective antibiotic treatment tends to be broad 
spectrum, typically with Gram-negative and anaerobic coverage. With mild exacerbations, oral 
fluoroquinolones can often be effective in suppressing bacterial growth and resolving symptoms. 
For severe exacerbations, prolonged intravenous therapy is commonly necessary. Often multiple 
agents, working by differing mechanisms, are required. Typical examples include a broad-spec-
trum β-lactam agent, combined with an aminoglycoside or fluoroquinolone.

For severe disease with quality of life implications, pulmonary rehabilitation has been shown 
to improve quality of life measures, dyspnea scales, and 6-minute walk distance. Results are gener-
ally comparable to those seen in the chronic obstructive pulmonary disease (COPD) population.

Surgical Management
Surgical interventions are reserved for unique situations where symptoms cannot be adequately 
managed with medical therapy alone. Focal or lobar areas of destructive bronchiectasis may be 
surgically resected in certain situations in order to prevent the spread of infection to surrounding 
lung. This is sometimes employed with isolated lobar mycobacterial infections. It may also be 
performed in the setting of frequent bothersome exacerbations attributed to a single area, with 
the intention of surgical cure. Prior to any surgical procedure, the airways merit bronchoscopic 
evaluation to rule out endobronchial obstruction.
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Hemoptysis is typically managed conservatively as part of a bronchiectasis exacerbation, but 
may require more invasive interventions. Angiography of the bronchial arteries with emboliza-
tion is employed for massive hemoptysis. In the absence of ongoing detectable blood spillage, the 
angiographer searches for abnormal bronchial artery formations as the source of bleeding. With 
diffuse bronchiectasis, there may be numerous malformations within the bronchial arteries, 
making localization a challenge. Preangiogram computed tomography or bronchoscopy plays a 
role in defining an anatomic location for bleeding, and may guide the angiographer toward the 
problem area. Massive hemoptysis which is not amenable to arterial embolization may require 
urgent surgical intervention with lobar resection in life-threatening bleeds.

Lung transplantation remains an option in patients with suitable functional status and end-
stage bronchiectasis. With exceedingly rare exceptions, these are performed bilaterally, due to 
concern that the new organ would become quickly infected by a native bronchiectatic lung. 
Cystic fibrosis patients are the most frequent recipients of bilateral transplantation, and are third 
most common population to receive lung transplants. They tend to have better outcomes than 
most lung transplant populations, with survival of 62% at 5 years in one recent UK cohort. 
This may be attributable to their overall younger age at time of surgery, or the higher incidence 
of bilateral transplantation. Although there is limited outcome data in the noncystic fibrosis 
bronchiectasis population, transplantation has proven to be a viable option for many patients.

CONCLUSIONS
Bronchiectasis encompasses a wide range of congenital and acquired diseases processes, with 
characteristic resultant lung destruction. Management of clinical disease is based on the underly-
ing etiology, which makes the diagnostic workup important. Combination therapies including 
bronchial hygiene and suppressive antibiotics, as well as management of complications such as 
hemoptysis have improved overall outcomes in both the cystic fibrosis and noncystic fibrosis 
populations. For end-stage disease, appropriate patients may pursue lung transplantation.
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36 The Difficult Airway
Erik B. Kistler and Jonathan L. Benumof

INTRODUCTION
Endotracheal intubation can be lifesaving for the patient in need of a definitive airway. An 
endotracheal tube (ETT) provides a secure respiratory conduit from the outside environment to 
the airway, enabling ventilation, oxygenation, relief of airway obstruction, control of respiratory 
acid-base status, and protection against aspiration. However, endotracheal intubation is a poten-
tially dangerous intervention, especially when attempted emergently with inadequate prepara-
tion, and should not be undertaken lightly. A patient requiring out-of-operating room emergent 
intubation should be considered as having a potentially difficult airway and treated accordingly.

PREPARATION AND ENVIRONMENT
Arguably, the most important modifiable variable in securing a difficult airway is preparation. 
Personnel capable of securing the airway as well as ancillary staff (i.e., nursing, respiratory 
therapists) must be available and a definitive plan should be in place. The American Society 
of Anesthesiologists (ASA) Difficult Airway Algorithm (Fig. 36-1) is a widely used schema 
and is included at the end of the chapter as an exemplary guide. Finally, it is imperative that 
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1.  Assess the likelihood and clinical impact of basic management problems:

2.  Actively pursue opportunities to deliver supplemental oxygen throughout the process of difficult airway management

3.  Consider the relative merits and feasibility of basic management choices:

A.   Difficult Ventilation

A.

A.

1.   Calling for Help

3.   Awakening the Patient

2.   Returning to Spontaneous
      Ventilation

B.

Succeed*

Cancel
Case

Consider Feasibility
of Other Options(a)

Invasive
Airway Access(b)*

FAIL

Invasive
Airway Access(b)*

Initial Intubation
Attempts Successful*

Initial Intubation
Attempts UNSUCCESSFUL

FROM THIS POINT
ONWARDS CONSIDER:

B.

C.

Awake Intubation

DIFFICULT AIRWAY ALGORITHM

Non-Invasive Technique for Initial
Approach to Intubation

Intubation Attempts After Induction of
General Anesthesia

Invasive Technique for Initial
Approach to Intubation

Preservation of Spontaneous Ventilation

4.  Develop primary and alternative strategies:

FACE MASK VENTILATION ADEQUATE

a. Other options include (but are not limited to): surgery utilizing face
    mask or LMA anesthesia, local anesthesia infiltration or regional
    nerve blockade. Pursuit of these options usually implies that mask
    ventilation will not be problematic. Therefore, these options may be
    of limited value if this step in the algorithm has been reached via
    the Emergency Pathway.
b. Invasive airway access includes surgical or percutaneous
    tracheostomy or cricothyrotomy.

c.  Alternative non-invasive approaches to difficult intubation include
     (but are not limited to): use of different laryngoscope blades, LMA
     as an intubation conduit (with or without fiberoptic guidance),
     fiberoptic intubation, intubating stylet or tube changer, light wand,
     retrograde intubation, and blind oral or nasal intubation.
d.  Consider re-preparation of the patient for awake intubation or
     canceling surgery.
e.  Options for emergency non-invasive airway ventilation include (but
     are not limited to): rigid bronchoscope, esophageal-tracheal
     combitube ventilation, or transtracheal jet ventilation.

Ventilation Adequate, Intubation Unsuccessful

Alternative Approaches
to Intubation(c)

Successful
Intubation*

FAIL After
Multiple Attempts

IF BOTH
FACE MASK

AND LMA
VENTILATION

BECOME
INADEQUATE

NON-EMERGENCY PATHWAY

FACE MASK VENTILATION NOT ADEQUATE

Call for Help

Emergency Non-Invasive Airway Ventilation(e)

Successful Ventilation*

Invasive
Airway Access(b)*

Consider Feasibility
of Other Options(a)

Awaken
Patient(d)

Emergency
Invasive Airway 

Access(b)*

FAIL

Ventilation Not Adequate,
Intubation Unsuccessful 

LMA ADEQUATE* LMA NOT ADEQUATE
OR NOT FEASIBLE

EMERGENCY PATHWAY

* Confirm ventilation, tracheal intubation,or LMA placement with exhaled CO2

INTUBATION ATTEMPTS AFTER
INDUCTION OF GENERAL ANESTHESIAAWAKE INTUBATION

Ablation of Spontaneous Ventilation

B.   Difficult lntubation
C.   Difficulty with Patient Cooperation or Consent
D.   Difficult Tracheostomy

vs.

vs.

vs.

Airway Approached by
Non-Invasive Intubation

Figure 36-1. ASA Difficult Airway Algorithm. (From American Society of Anesthesiologists Task 
Force on Management of the Difficult Airway. Practice guidelines for management of the difficult 
airway: an updated report by the American Society of Anesthesiologists Task Force on Management of 
the Difficult Airway. Anesthesiology. 2003;98:1269–1277.)
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TABLE 36-1   Components of the Airway Preoperative Physical Examination

Airway Examination Component Nonreassuring Findings

 1. Length of upper incisors Relatively long
 2. Relation of maxillary and mandibular 

 incisors during normal jaw closure
Prominent “overbite” (maxillary incisors 
 anterior to mandibular incisors)

 3. Relation of maxillary and mandibular 
 incisors during voluntary protrusion of 
cannot bring

Patient mandibular incisors anterior to 
(in mandible front of) maxillary incisors

 4. Interincisor distance Less than 3 cm
 5. Visibility of uvula Not visible when tongue is protruted with 

patient in sitting position (e.g., Mallambati 
class greater than II)

 6. Shape of palate Highly arched or very narrow
 7. Compliance of mandibular space Stiff, indurated, occupied by mass, or 

 nonresilient
 8. Thyromental distance Less than three ordinary finger breadths
 9. Length of neck Short
 10. Thickness of neck Thick
 11. Range of motion of head and neck Patient cannot touch tip of chin to chest or 

cannot extend neck

This table displays some findings of the airway physical examination that may suggest the presence of 
a difficult intubation. The decision to examine some or all of the airway components shown in this table 
depends on the clinical context and judegment of the practitioner. The table is not intended as a mandatory 
or exhaustive list of the components of an airway examination. The order of presentation in this table follows 
the “line of sight” that occurs during conventional oral laryngoscopy.
(From American Society of Anesthesiologists Task Force on Management of the Difficult Airway. Practice 
guidelines for management of the difficult airway: an updated report by the American Society of 
Anesthesiologists Task Force on Management of the Difficult Airway. Anesthesiology. 2003;98:1269–1277.)

equipment, including rescue options, be available for immediate use. A  Difficult Airway cart 
that is stocked, accessible, and contains equipment familiar to the operator can be lifesaving.

RECOGNITION AND INTERVENTION IN THE DIFFICULT AIRWAY
Unlike scheduled operating room procedures where the patient’s airway is carefully examined 
and comorbidities acknowledged and optimized, the patient with the difficult airway may pres-
ent as a completely unknown entity, encountered for the first time in cardiopulmonary arrest. 
Therefore, it is not always possible to adequately assess the airway beforehand. Factors contrib-
uting to a difficult endotracheal intubation may be divided into anatomical and pathological 
categories. Anatomic factors are listed in Table 36-1. Pathologic factors such as an unstable cervi-
cal spine secured by halo stabilization devices or cervical collars, airway edema, blood, secretions 
and pus, and facial hair also contribute to the difficult airway. Every effort should be made to 
determine the presence of these risk factors as is clinically feasible. In general, earlier intervention 
should be considered if it is perceived that the airway may be difficult to manage.

The decision of when (and if ) to intervene to secure the airway is often complex and 
involves a consideration of many different variables. These factors include but are not limited to 
patient oxygenation(Spo2) in relation to the applied oxygen (Fio2) as reflected by the difference 
in  oxygen tension between the alveolus and arterial circulation (i.e., the A−a gradient), hypo- 
or hypercarbia (Paco2) in relation to minute ventilation and tidal volume, adventitious breath 
sounds, distended abdomen, fluid balance, use of accessory muscles of breathing, the patient’s 
ability to speak in complete sentences, anxiety, and blood pressure and heart rate (as indices of 
Central Nervous System [CNS] activation). Sometimes it is the anticipated fate of other organ 
systems (brain, heart, liver, etc.) that determine when and if airway intervention is necessary.
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Depending on the etiology of the airway compromise, it may be beneficial and potentially 
lifesaving to attempt noninvasive techniques first. The patient should be optimally positioned, 
upright with the head-of-bed angled as high as possible, avoiding impingement of the belly on 
the lungs. This may require a less acute upright angle in obese patients (because of abdominal 
interference) compared to those of normal habitus. Supplemental oxygen and bronchodilator 
treatment are almost always indicated. “Noninvasive” mechanical ventilation modalities such as 
continuous positive airway pressure (CPAP) or bilevel positive airway pressure (BiPAP) can be 
effective in preventing respiratory failure in correctly selected patients. Hypercarbia and fluid-
overload (i.e., CHF) are conditions most amenable to noninvasive airway interventions. How-
ever, if these interventions are ineffective, the airway should be secured without delay. Hypoxia, 
rarely resolves with noninvasive modalities, unless it is due to atelectasis alone. Diuretics and 
corticosteroids may have long-term benefit in preventing respiratory failure due to fluid overload 
and airway edema, respectively.

Proper Mask Ventilation Is the Bridge to Everything
An often neglected but vitally important airway skill is mask ventilation. Properly performed, 
mask ventilation can be lifesaving, requires only a mask, bag, and oxygen source, and may be 
continued indefinitely until a definitive airway is secured. Preoxygenation with effective mask 
ventilation provides a margin of safety for intubation. It is important that the jaw is brought to 
the mask rather than the mask crushed onto the face, and a seal maintained using the fingers of 
the left hand around the angle of the mandible and jaw. Oral and nasal airways may be invalu-
able in maintaining the patency of the naso- and oropharynx, especially in the edentulous and 
the obese. Straps around the head and attached to the mask can facilitate a seal around the 
face and be an invaluable adjunct. Occasionally two-man ventilation is required; in this case 
one operator maintains a two-hand patent seal of the airway and the other operator ventilates. 
When ventilating a spontaneously breathing patient, assisted breaths should be synchronized 
with those of the patient. In the nonbreathing patient, tidal volumes should be sufficient to 
provide chest excursion without overinflation and distention of the stomach. Ideally, each exha-
lation should result in an exhaled capnogram. (Capnography may be universally available in 
the future.)

Positioning for Optimal Outcomes
In addition to mask ventilation, correct positioning is another critical but often neglected aspect 
of airway management. Most patients presenting with respiratory compromise will be lying in a 
bed, which impedes optimal positioning. The patient’s pillow should be removed and the head 
placed into a “sniffing” position with anterior flexion of the lower cervical spine and extension 
of the atlanto-occipital joint; placement of folded towels under the patient’s head is probably the 
easiest and quickest way to accomplish this. Patients with cervical spine injuries require in-line 
stabilization without movement of the neck. For obese patients a ramp should be made under 
the patient that lifts the chest above the abdomen and the head above the chest, maintaining the 
sniffing position. Reverse-Trendelenburg positioning may be of help. The bed should be pushed 
away from the wall enabling personnel access to the head of the bed. Headboards and extraneous 
equipment (i.e., ortho bars) should be removed. If an awake fiberoptic intubation is considered, 
maintaining the patient as upright as possible is probably best.

Obtaining a Secure Airway
A secure airway is defined as a cuffed subglottic tube, either an ETT or a tracheostomy. Depend-
ing on the urgency of the situation, the definitive airway can be inserted while the patient is 
“awake” or “asleep.” Both “awake” and “asleep” airways can be accomplished with direct laryn-
goscopy, fiberoptic intubation, or surgically. Techniques for these procedures are beyond the 
scope of this chapter.

The great advantage of securing the airway with the patient “awake” is that respiratory drive 
is preserved and the patient remains responsible for the vital function of respiration. The com-
ponents of proper preparation for an awake intubation are patient psychological buy-in, drying 
of airway secretions (i.e., glycopyrrolate), topicalization (local anesthetic) and/or nerve block, 
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and sedation. The importance of obtaining patient psychological buy-in to an awake intubation 
cannot be over emphasized, and it must be understood that adequate topicalization achieved by 
repetitive application of local anesthetic takes several minutes.

The awake intubation is usually accomplished fiberoptically. For fiberoptic intubation, 
the operator inserts a flexible fiberoptic bronchoscope loaded with an ETT into the patient’s 
airway; proper topicalization is important in securing cooperation and optimizing intubating 
conditions. The “awake” patient also greatly aids the procedure by holding the airway open with 
“awake” competent pharyngeal muscles. Usually oral fiberoptic intubation is advocated because 
of the ability to place a larger ETT, and decreased risk of bleeding and infection in the upper 
airway compared to nasal fiberoptic intubation. Widely used conduits to the larynx include the 
pink Williams airway and the (intubating) laryngeal mask airway. Awake nasal fiberoptic intuba-
tion is an option in patients with limited mouth opening or otherwise nontypical oral structures. 
Nasal intubation may also be technically easier, as the ETT path from the nasal pharynx is fairly 
straight to the glottic opening. Note that the nasal passage will have to be adequately prepared 
with vasoconstrictors, local anesthetics, and dilating soft nasal trumpets. Nasal intubation is 
contraindicated in severe nasal or facial trauma and basilar skull fractures. Coagulation abnor-
malities represent a relative contraindication. Because psychological buy-in and topicalization 
cannot completely prepare the patient, some sedation is usually advocated in order to comfort-
ably secure the airway for an awake fiberoptic intubation.

If “awake” intubation is absolutely contraindicated (e.g., outright refusal), or not indicated 
(e.g., airway assessed as “not difficult”) the airway should then be obtained with the patient 
“asleep.” Medications and dosing depend on the patient’s hemodynamic stability, level of con-
sciousness, and habitus (body mass), as well as the practitioner’s experience. All drugs advo-
cated for endotracheal intubation have benefits and drawbacks; among those most commonly 
used include etomidate, propofol, barbiturates, ketamine, narcotics, benzodiazepines, and dex-
medetomidine. In addition to sedation, many practitioners advocate paralysis as well. This is 
the basis behind “rapid sequence intubation” (RSI), where a fast-acting neuromuscular drug is 
administered in conjunction with a sedation agent to achieve optimal intubating conditions in 
as short a time as possible. Classic RSI specifies the maintenance of cricoid pressure and holding 
ventilation until the ETT is secured in order to minimize the possibility of gastric reflux into the 
lungs. In practice, a modified RSI is often used, whereby cricoid pressure is held but the patient 
is gently mask ventilated until conditions are optimized. There are relative indications and con-
traindications (e.g., succinylcholine) to the use of particular paralytics; discussion of these is 
beyond the scope of this chapter. Chemical paralysis abolishes spontaneous respiration, making 
the patient dependent upon the operator for ventilation. Therefore, the practitioner must be 
able to effectively mask ventilate in order to assume this responsibility. Assuming ventilation 
via mask capability is at hand, it should be noted that successful intubation rates are higher in 
patients receiving paralytics in addition to sedation compared to those receiving sedation alone. 
An important caveat to the use of paralytics is that if direct laryngoscopy is unlikely to be suc-
cessful, the patient should be intubated awake using fiberoptic intubation. If “asleep” fiberoptic 
intubation is to be performed, the Williams (pink) airway and laryngeal mask airway are excel-
lent conduits to the larynx.

Once conditions are optimized, direct laryngoscopy is performed and the ETT is advanced 
through the vocal cords to secure the airway. Again, proper patient positioning in an optimal 
“sniff position” will facilitate this task. The “BURP” maneuver may improve visualization; this 
entails placement of pressure on the thyroid cartilage Backwards (posterior), Upwards (cepha-
lad), and to the Right. Alternatively, guide devices such as the gum elastic bougie may be used.

ALTERNATIVE MODES OF SECURING THE AIRWAY
Direct laryngoscopy is not always successful in securing the airway, especially in the emergent 
situation. Therefore, an emergency backup plan should be formulated (as described in the ASA 
Difficult Airway Algorithm). Several alternative intubating techniques and devices are available; 
success depends on the operator’s familiarity with them as well as their availability.

Among the many devices used to secure the failed airway, the laryngeal mask airway (LMA) is 
the most popular. It is easily placed and has a high success rate. However, the LMA is supraglottic 
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and therefore does not protect the glottis nor the subglottic airway. For this reason, the LMA 
is not a truly secure airway. Also, the LMA is usually only sealed to approximately 20 cm H2O; 
thus positive pressure ventilation may be difficult, especially in the morbidly obese or those with 
severely decreased pulmonary or chest wall compliance (i.e., severe pneumonia, acute respiratory 
distress syndrome [ARDS]. These limitations aside, the LMA can be lifesaving in the patient who 
otherwise cannot be intubated and is also an excellent conduit for fiberoptic intubation.

The video laryngoscope (e.g., GlideScope®) is a newer airway intervention modality that 
allows a view of the airway from the tip of the laryngoscope blade. These devices offer an excel-
lent view of the anatomy and can be of immense benefit in the patient with a difficult airway. 
The learning curve is short (and intuitive), visualization is superior to the fiberoptic scope when 
the pharynx is filled with blood or secretions, and for those patients with decreased compliance 
and functional residual capacity (FRC) it may enable more rapid intubation than fiberoptic 
intubation. However, these devices are not a panacea for the patient with the difficult airway, 
and the novice should exercise particular care in depending upon them in the absence of a fun-
damental skill set.

Cricothyroidotomy is a measure of last resort when the airway is unable to be secured by 
other means. In order to be efficacious for the patient in need of a surgical airway, the surgeon 
must be called early, be fully gowned and gloved and the tracheostomy tray opened and func-
tional. Percutaneous cricothyrotomy is a reasonable option if the operator has significant prior 
experience. In part because of the type of patient who presents with the failed difficult airway 
(large neck, anatomic abnormalities, etc.), an emergent cricothyroidotomy can be a high-risk, 
low-success procedure.

Verification of a Patent Airway
Except after fiberoptic intubation where the tube is directly visualized to be in the trachea upon 
withdrawal of the bronchoscope, indirect methods are used to verify correct ETT positioning. 
Although seemingly trivial, this step may be lifesaving, especially in the case of a difficult airway. 
In order to ensure successful endotracheal intubation, end-tidal CO2 must be detected. While 
this is routine in the operating room, many ICUs are not equipped with end-tidal CO2 moni-
tors. However, portable CO2 detectors (EZ Cap®) are widely available and should be used for all 
out-of-operating room intubations. Other methods to check for correct ETT placement include 
the esophageal bulb, fogging of the ETT upon expiration, and auscultation for bilateral breath 
sounds. These latter two methods are helpful in determining correct placement of the ETT but 
should not be relied on as sole indices of correct placement, and the practitioner should know 
the potential limitations of these techniques.

CONCLUSION
Endotracheal intubation can be lifesaving in the patient who requires a secure airway. However, 
out-of-operating room intubations are often difficult and can be fraught with peril. Successful 
airway management in a patient with a difficult airway demands preparation, prompt recogni-
tion of the difficult airway, optimal patient positioning, the ability to adequately mask ventilate, 
the proper use of “awake” and “asleep” conditions, alternative modes for securing the airway, and 
proper verification of the patent airway.
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1.  American Society of Anesthesiologists Task Force on Management of the Difficult Airway. 
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2003;98(5):1269–1277. 
This practice guideline is the cornerstone for difficult airway management. Although it may not be 
entirely applicable for out-of-operating-room airway management (awakening the patient is not usually 
feasible, for example), the ASA Guidelines present a framework for the decision-making process in the 
event of a difficult airway.

2.  Schönhofer B, Kuhlen R, Neumann P, et al. Clinical practice guideline: non-invasive mechanical 
ventilation as treatment of acute respiratory failure. Dtsch Arztebl Int. 2008;105(24):424–433. 
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infallible, guidelines in this area provide an approach to optimal decision making practices.

3. Benumof JL. Preoxygenation: best method for both efficacy and efficiency. Anesthesiology. 
1999;91(3):603–605. 
A short and concise editorial that explains in detail the rationale and method for effective preoxygenation 
of the patient, and the amount of time available to the practitioner to secure the airway (the amount of 
time before the patient desaturates). A lot of valuable information in a short article.

4. McGee JP, Vender JS. Nonintubation management of the airway: mask ventilation. In: Hagburg 
CA, ed. Benumof ’s Airway Management: Principles and Practice. 2nd ed. Philadelphia, PA: Mosby; 
2007:347. 
A great resource in a classic reference; concise information included in the book, such as a table of the 
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37 Occupational-
Environmental Lung 
Disease
William G. Hughson

Occupational-environmental lung disease (OELD) describes a diverse group of conditions that 
are caused or aggravated by exposures in the workplace or environment; Table 37-1 lists some 
examples. Correct assessment of OELD requires systematic collection of data from multiple 
sources. Table 37-2 outlines the general approach to these patients, which begins with a careful 
review of the symptoms, with special emphasis on their relationship to patient activities. It is 
important to determine whether symptoms are worse at work and improve when away on week-
ends or holidays. Cigarette smoking and preexisting conditions such as asthma or allergies must 
be recorded. Nonrespiratory causes of dyspnea, including obesity or cardiac disease, should be 
evaluated as part of the general medical history.

A unique aspect of OELD is the crucial importance of the occupationalenvironmental his-
tory (Table 37-3); discovery of the correct diagnosis usually begins with sufficient attention to 
collecting and evaluating this information. It is essential to obtain a complete chronology of all 
jobs held by the patient. Many conditions (e.g., asbestosis) have a long latency between expo-
sure and disease; enquiries limited to the current occupation may fail to identify the culpable 
exposures.

After a history is taken, a workplace or environmental cause may be suggested. Data are 
then collected to narrow the differential diagnosis. The physical examination should search for 
respiratory signs and for nonpulmonary causes of dyspnea such as heart disease and obesity. 
Chest radiographs are always important and can be central to the diagnosis of certain condi-
tions (e.g., silicosis). However, the radiographs may be normal (e.g., in occupational asthma) 
or the findings may be nonspecific. For example, cigarette smoking increases the profusion of 
irregular densities in the parenchyma, confounding the diagnosis of asbestosis. Confusion can 
be avoided if the radiologist is a National Institute for Occupational Safety and Health-certified 
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TABLE 37-1  Examples of Occupational–Environmental Lung Disease

Disorder General Agent Examples

Industrial bronchitis Irritants Gases

Smoke

Fumes

Occupational asthma Chemicals Isocyanates

Animal proteins Laboratory animals

Hypersensitivity pneumonitis actinomycetes Biologic dusts Thermophilic

Pneumoconiosis Mineral dusts Asbestos

Coal

Silica

Lung cancer Mineral dusts Asbestos

Metal dusts Arsenic

Radiation Radon

TABLE 37-2   General Approach to the Patient Suspected of Having 
Occupational–Environmental Lung Disease

Medical and respiratory history

Symptoms (e.g., dyspnea, cough, sputum, wheezing)

Smoking

Past medical history (e.g., asthma, atopy, cardiorespiratory diseases)

Detailed occupational history (see Table 37-3)

Physical examination

Respiratory (e.g., wheezing, rales, rhonchi)

Cardiac (e.g., coronary artery disease, congestive heart failure)

Other (e.g., obesity, neuromusculoskeletal conditions, clubbing)

Laboratory data

Chest radiographs (e.g., pneumoconiosis)

Pulmonary function tests

Special studies (e.g., serology, skin tests)

Industrial hygiene data

Material safety data sheets

Air sampling data

Site visit

Research—literature review

Report preparation—disability evaluation

Prevention
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B reader experienced in OELD. Pulmonary function tests are used to determine the general 
pattern (e.g., restrictive or obstructive) and the degree of impairment. Exercise testing is often 
included to assess work capacity. Bronchial hyperreactivity can be identified using nonspecific 
agents (e.g., methacholine or histamine) or specific agents from the workplace. Special stud-
ies (e.g., skin tests, radioallergosorbent test assays) can be useful in identifying sensitization to 
workplace or environmental antigens. Invasive techniques (e.g., bronchoscopy, bronchoalveolar 
lavage, and open lung biopsy) may be necessary in selected cases.

After data have been collected from the patient, the focus shifts to the workplace and envi-
ronment. Industrial hygiene information can be obtained from the employer. This includes 
material safety data sheets for all agents used by the patient. The employer is legally obligated to 
provide these safety data sheets, which describe each agent’s chemical constituents and toxicity. 
In some cases, they can be supplemented with air testing data or results of previous inspections 
by government agencies. Often, the workers’ compensation insurance company has information, 
including health effects in other workers. When possible, a site visit to the workplace can provide 
first-hand observation of workplace practices, ventilation, and personal protective equipment. 
Recommendations may then be made for additional air quality or other industrial hygiene test-
ing. After exhausting all these sources, it is frequently necessary to perform a literature review 
concerning specific exposures and their known health effects. Consultation with experts such as 
industrial hygienists and toxicologists may be required.

Many cases of OELD involve litigation, and a formal report containing the clinician’s opin-
ions is needed for dispute resolution. The clinician may be asked to rate the pulmonary dis-
ability using systems such as the American Medical Association Guides to the Evaluation of 
Permanent Impairment or the Black Lung Benefits Act. It is important to become familiar with 
the relevant rating systems and to use appropriate terms when describing disability caused by 
OELD. Reports that are imprecise or do not contain the appropriate language cannot be used 
to provide benefits.

The issues of occupational exposure and subsequent disease in a particular patient may pro-
vide the basis for interventions or screening programs to prevent or identify OELD in others. 
Recognition of a specific risk factor for OELD has often begun with an unusual case report. If 
involved with patients with OELD, consider whether hazardous exposures or working condi-
tions could be altered and make recommendations when appropriate.

FURTHER READING
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Environmental Medicine. 4th ed. New York, NY: McGraw Hill; 2007:7–20. 
Includes websites for important databases such as Toxline and the EPA Integrated Risk Information 
System.

TABLE 37-3  Essential Features of an Occupational–Environmental History

Chronologic list of all jobs, beginning with the first
Job activities and materials used for each position
Duration and intensity of exposure in each position
Protective equipment (e.g., respirators, gloves, aprons)
Adequacy of ventilation in workplace
Activities and materials used by coworkers
Health effects in coworkers
Part-time jobs
Domestic exposures (e.g., pets, hobbies)
Chronology of disease in relationship to work or environmental exposures
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Lippincott Williams & Wilkins; 2007. 
Textbook that deals with all aspects of occupational medicine. Excellent chapters on occupational lung 
disease.

8. Sudhakar NJ, Godwin JD, Kanne JP. Occupational lung disease: a radiologic review. Semin Roent-
genol. 2010;45:43–52. 
Comprehensive review article with excellent radiographic images.
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cine 2009. Am J Respir Crit Care Med. 2010;181:1174–1180. 
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38 Solitary Pulmonary 
Nodule
Andrew D. Lerner and  Samir S. Makani 

A solitary pulmonary nodule (SPN) is a well-circumscribed spherical lesion completely sur-
rounded by pulmonary parenchyma. SPNs may be distinguished from other focal lung opaci-
ties because (1) they are not associated with atelectasis, lymphadenopathy, or pneumonia; 
(2) they are not pleural or mediastinal based; and (3) they are less than 3 cm in diameter. 
Nodules larger than 3 cm are typically considered to be “masses,” which are more likely than 
SPNs to be malignant.

Lung nodules commonly are diagnosed on chest radiographs and computed tomography 
(CT) scans. For example, up to half of smokers aged 50 or older may have pulmonary nodules 
on CT scan. More than 150,000 patients per year in the United States seek medical attention 
because of an incidental finding of a lung nodule on an imaging study. While many SPNs 
are benign, some may represent early stage (T1N0M0), bronchogenic carcinoma for which 
treatment has an excellent prognosis. Thus, it is important to determine which SPNs can be 
safely observed and which ones require diagnostic interventions or thoracotomy with resection. 
A comprehensive diagnostic approach is especially advantageous for patients at high risk for 
malignancy.
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ETIOLOGIES OF SOLITARY PULMONARY NODULES
The two most common etiologies of SPNs are malignancy and granulomatous disease (e.g., 
tuberculosis, coccidioidomycosis, and histoplasmosis). SPN-associated malignancies are either 
primary lung cancer or metastatic disease. Bronchogenic carcinoma presents as an SPN in 10% 
to 20% of cases. Most malignant SPNs are adenocarcinomas, although squamous cell carci-
noma, adenocarcinoma in situ, carcinoid tumors, and even small-cell carcinomas can present 
as SPNs. Approximately 5% of SPNs are metastastic lesions from other cancers such as colon, 
breast, kidney, testicular, sarcoma, or malignant melanoma. The possibility of discovering treat-
able cancer underlies the importance of prompt SPN evaluation and management, especially in 
patients with significant risk factors (e.g., smoking) or a previous history of cancer.

According to the large National Lung Cancer Screening Trial in 2011, 96.4% of SPNs iden-
tified in over 26,000 patients were false positive or benign. However, there is great variability 
in the rates of malignancy in patients with SPN, which depend on many clinical and radiologic 
factors. Benign nodules are typically infection-related granulomas, from tuberculous or fungal 
infections, or hamartomas. Less common causes include Pneumocystis jirovecii infection and viral 
infections (e.g., cytomegalovirus); both causes can appear nodular. Other less common causes 
include resolving pneumonia, lung abscess, pulmonary infarction, Kaposi sarcoma, pulmonary 
arteriovenous malformation, pulmonary contusion, pulmonary sequestration, Wegener granulo-
matosis, rheumatoid arthritis, mucoid impaction, dirofilariasis, and bronchogenic cysts.

CLINICAL AND RADIOGRAPHIC EVALUATION
Typically, an SPN is first detected as an incidental finding on chest imaging that was done for 
other reasons. The initial clinical approach is to identify risk factors that may help differentiate the 
presence of benign from a malignant nodule. A detailed history is an essential first step. It should 
include a smoking and occupational history, inquiry about previous cancer, and a detailed evalu-
ation of the patient’s home and travel environments (especially areas endemic for histoplasmosis 
or coccidioidomycosis). For example, nonsmoking, younger patients living in areas endemic for 
fungal disease are likely to have benign nodules associated with granulomatous disease.

A careful physical examination should focus on signs of other malignancies, such as melanoma, 
breast cancer, and testicular carcinoma. Unexplained hypoxemia may suggest arteriovenous mal-
formation. Skin tests, interferon-gamma release assays, and serological tests for fungal infections 
can be helpful if tuberculosis or fungal diseases are suspected, especially in endemic areas.

Multiple imaging modalities may be used to evaluate SPNs, including posteroanterior (PA) 
and lateral chest radiographs, thoracic CT scans, and dynamic positron emission tomography 
(PET) scans. CT scans, especially thin-section studies, are cost effective and have become com-
monplace in the routine evaluation of SPNs. In fact, many SPNs are first detected and radio-
graphically evaluated when patients undergo chest CT scanning for other purposes. Thoracic 
CT scans allow assessment of the nodule itself and of the mediastinum for potential lymph-
adenopathy. Inclusion of the upper abdomen allows the adrenals to be evaluated for metastases. 
Recent data also suggest the potential for use of serial CT imaging in high-risk patient popula-
tions for lung cancer screening (see Chapter 101).

Two radiographic features can be used with some degree of confidence to predict that a 
lesion will be benign: calcification and the absence of growth over time. An SPN is more likely 
benign if calcifications follow one of four distinct patterns: (1) central calcification; (2) ring or 
halo pattern; (3) diffusely speckled calcification; or (4) dense, irregular pattern termed popcorn 
calcification. It is noteworthy, however, that small, eccentric calcifications within an SPN can 
be due to malignancy that is embedded within scar tissue. Comparison of the SPN’s size to 
the findings from prior images (if they are available) is an excellent way to estimate its growth 
characteristics.

Other radiographic features may be helpful as well. For example, clustering of multiple nod-
ules in a single location tends to favor infection rather than malignancy. However, radiographic 
characteristics such as the shape, location, margins of the lesion, or presence of cavitation are 
unreliable for differentiating malignant from benign SPNs. Lobulation and larger size tend to be 
associated with malignancy, although these characteristics are not definitive.
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PET imaging is a useful and noninvasive diagnostic modality for SPN evaluation. A pooled 
meta-analysis disclosed that the sensitivity and specificity of PET scanning for SPN-related 
malignancy are approximately 87% and 83%, respectively. Combination PET-CT is more sen-
sitive for malignant nodules than CT or PET imaging alone. However, the sensitivity of PET 
scanning is low for nodules below 7 mm in diameter. In addition, false negatives may occur with 
tumors that have low metabolic activity, such as carcinoid tumors and adenocarcinomas in situ 
(historically called bronchioloalveolar carcinomas). This is due to the lack of a glucose-1 trans-
porter, which leads to low fluorodeoxyglucose (FDG) uptake. On the other hand, false positives 
may occur with several nonmalignant etiologies such as active infections (e.g., tuberculosis and  
fungal etiologies) and inflammatory conditions (e.g., sarcoidosis and rheumatoid nodules). 
 PET-CT findings cannot definitively confirm or rule out malignancy and should not be consid-
ered to be identical to a tissue diagnosis. Nevertheless, for low-risk patients with an SPN over 
7 mm, a normal (no uptake) PET-CT has a high negative predictive value.

A special consideration is necessary when an SPN occurs in a patient with a history of malig-
nancy. Tissue diagnosis may be a critical diagnostic step in those circumstances because conclu-
sive evidence of metastatic disease may dictate further therapy. Pulmonary “metastatectomy” 
of the SPN may favorably influence survival, especially in patients with soft tissue sarcoma, 
melanoma, and colon cancer. On the other hand, an SPN can’t be presumed to be metastatic in 
patients with a history of cancer, since there is a 50% likelihood that it will be either benign or 
a different, treatable primary malignancy. Metastatic disease is more likely if (1) the known pri-
mary tumor is an adenocarcinoma; (2) the lung lesion appears within 12 months after treatment 
of the primary tumor; (3) the patient is young and a nonsmoker; (4) the primary tumor was 
associated with metastatic lymphadenopathy; or (5) the location of the nodule is in the periphery 
or in the lower lobe. In the absence of known extrapulmonary malignancy, the SPN proves to be 
a metastasis in fewer than 5% of cases.

In summary, four clinical features are generally cited that suggest a benign etiology: (1) 
absence of growth of the nodule over a 2-year period; (2) absence of risk factors for cancer; (3) 
presence of calcium in characteristic patterns on imaging studies; and (4) age less than 35 years. 
Risks for malignancy increase with age, smoking history, and nodule size, although the prob-
ability for malignancy cannot be accurately based on any single characteristic.

MANAGEMENT
Surveillance Imaging
Management of patients with SPN includes balancing the goals of limiting the number of 
unnecessary lung resections for benign disease and expediting potential curative resections in 
patients with malignancy. This is especially important because of the relatively high survival rate 
of stage 1A non-small cell lung cancer compared with the high mortality of unresected cancer.

The clinical and radiologic factors described in the previous section help define the prob-
ability of cancer. The initial diagnostic and management decisions should be individualized 
based on the probability of cancer, as well as the patient’s preferences, the patient’s age, and 
other comorbid conditions. However, the 2005 Fleischner Society guidelines describe a useful 
standard management approach to SPNs in patients over 35 years of age. The guidelines recom-
mend specific schedules for follow-up high-resolution CT scanning, and have helped decrease 
unnecessary imaging and radiation exposure. They were developed for SPNs that were discov-
ered incidentally—not those that are associated with underlying disease or known malignancy. 
In those cases, follow-up is determined by two main factors: the nodule’s size and the patient’s 
risk for lung cancer. Risk for lung cancer is defined as low risk (minimal or absent history of 
smoking and of other known risk factors) or high risk (history of smoking or of other known 
risk factors). Size is determined by the widest diameter of the nodule. The recommendations are 
described in the Table 38-1.

Ground glass opacities (GGOs), although not technically classified as SPNs, warrant specific 
consideration. GGOs are CT findings of focal, noncalcified, veil-like opacifications of the lung, 
which do not obscure the vascular structures and do not yield air bronchograms. They are com-
mon nonspecific findings on CT scans, and represent a broad differential including pulmonary 
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fibrotic disease, pulmonary edema, acute respiratory distress syndrome, and other pulmonary 
infections (i.e., Pneumocystis jirovecii and fungal pneumonias). Persistent GGO nodules, how-
ever, may represent malignancy, especially adenocarcinoma in situ. A recent retrospective study 
evaluated the management of GGO nodules with serial imaging and, in some cases, biopsy 
and resection. While approximately 90% of them resolved or do not grow during follow-up, 
those GGOs that grew in size or developed a solid component over time were highly associated 
with malignancy, specifically adenocarcinoma. Thus, surveillance imaging of persistent GGO 
nodules for up to 5 years may be necessary to evaluate them for the presence of slow-growing 
adenocarcinomas.

The decision to move from a “watchful waiting” approach with serial imaging to a more defi-
nite intervention is often based on changes in appearance or growth of the SPN. The growth rate 
of an SPN can be determined by measuring its doubling time (DT), which refers to doubling of 
the nodule’s volume (not its diameter). DT is derived from the formula for a sphere: V 5 4r 3, 
where V 5 volume and r 5 radius. For example, a 1-cm nodule that doubles in volume only 
increases 26% in diameter. A very slow (.2 years) or very fast (,7 days) DT suggests benignity, 
but this is not definitive.

INTERVENTION: BIOPSY AND ExCISION
SPNs greater than 8 mm found in patients with associated risk factors for malignancy, or nodules 
demonstrating interval growth, often require histopathologic evaluation. Diagnostic techniques 
include flexible bronchoscopy or percutaneous transthoracic needle aspiration. Occasionally, 
wedge resection is the initial procedure of choice for tissue sampling. The choice among the 
modalities is based upon several factors such as the nodule’s size, location (central vs. peripheral), 
availability of the procedure, and local expertise.

Fiberoptic bronchoscopy can sample tissue by several different methods, such as standard 
bronchoscopy, navigational bronchoscopy, and radial endobronchial ultrasound (EBUS) bron-
choscopy (see Chapter 7). Standard fiberoptic bronchoscopy is a useful approach for large, 
central lesions above 2 cm, with reported overall sensitivities reported up to 88%. Complica-
tions of standard bronchoscopy are infrequent and typically minor (major complication rate is 
,1%). Modalities used with bronchoscopy include forceps biopsy for visualized central lesions, 

TABLE 38-1  Guidelines for Follow-up of Lung Nodules

SPN Diameter and Clinical Risk of Cancer Recommended Follow-up

#4 mm nodule in a low-risk patient No follow-up needed
#4 mm nodule in a high-risk patient Follow-up CT at 12 mo; if unchanged, no further 

follow-up
.4–6 mm in a low-risk patient Follow-up CT at 12 mo; if unchanged, no further 

follow-up
.4–6 mm in a high-risk patient Initial follow-up CT at 6–12 mo then at 18–24 mo 

if no change
.6–8 mm in a low-risk patient Initial follow-up CT at 6–12 mo then at 18–24 mo 

if no change
.6–8 mm in a high-risk patient Initial follow-up CT at 3–6 mo then at 9–12 and 

24 mo if no change
.8 mm in a low-risk or high-risk patient Follow-up CT at around 3, 9, and 24 mo, dynam-

ic contrast-enhanced CT, PET, and/or biopsy
Nonsolid (ground-glass) or partly solid nodules May require longer follow-up to exclude indo-

lent adenocarcinoma or slow-growing carcinoid 
tumors
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washings, and brushings. Direct forceps biopsies provide the highest yields for visible endobron-
chial lesions (74%), followed by washings and brushings (48% and 59%, respectively).

The sensitivity of standard bronchoscopic approaches decreases with peripheral lesions and 
especially with smaller size nodules. Sensitivities of standard bronchoscopy for peripheral lesions 
less than 2 cm have ranged from 10% to 50% in various series. The performance of transbron-
chial biopsies under fluoroscopy increases the diagnostic sensitivity, as does increasing the num-
ber of biopsy passes. Current guidelines recommend obtaining up to six biopsy samples. Another 
feature that increases the yield of bronchoscopy is the finding of a bronchus sign on CT imaging 
(a bronchus extending to or contained within an SPN).

Adjunctive techniques to standard bronchoscopy include navigational bronchoscopy and 
radial EBUS. Navigational bronchoscopy uses an electromagnetic probe to help guide a cath-
eter through the peripheral airways to the lesion. It is a valuable option for more peripheral 
lesions, but is performed only in specialized centers. Radial EBUS uses a small ultrasound 
probe at the end of a catheter that is inserted through a standard bronchoscope or extended 
working channel. EBUS allows for a 360° real-time ultrasound visualization of the peripheral 
airway and its surroundings. Navigational bronchoscopy and radial EBUS increase the positive 
diagnostic yield of peripheral lesions (up to 82%) with similar complication rates to standard 
bronchoscopy.

Transthoracic needle aspiration (TTNA), under fluoroscopic, ultrasound, or CT guidance, 
should be considered for peripheral nodules that are difficult to reach via bronchoscopy. The 
sensitivity of TTNA for peripheral lesions is higher than the sensitivity of bronchoscopy, with 
reports above 90%. The sensitivity depends on several factors, including the size and location 
of the nodule, the size of the needle, the number of needle passes, and the presence of on-site 
cytopathology examination. However, pneumothorax complicates TTNA more frequently than 
bronchoscopy. Minor pneumothoraces have been reported in approximately 25% of procedures 
and larger ones requiring chest tube drainage occur in approximately 5% of procedures. Risk fac-
tors that increase the risk of pneumothorax include underlying chronic obstructive pulmonary 
disease (COPD) and a long distance of the nodule from the pleura.

A nonspecific or nondiagnostic (normal) biopsy finding in a sample obtained by bronchos-
copy or percutaneous TTNA requires careful clinical and radiographic follow-up. A “negative” 
finding does not preclude repeat biopsy or evaluation for surgical resection if there remains a 
high clinical suspicion for malignancy. If a malignancy is diagnosed by TTNA, bronchoscopy 
should be considered to evaluate the central airways.

Some experts have advocated thoracotomy, via open surgery or video-assisted thoracoscopic 
surgery (VATS) approach, as a first-line approach for obtaining tissue biopsies of SPNs. When 
compared with bronchoscopy or percutaneous needle aspiration, thoracoscopy is virtually 100% 
sensitive and 100% specific, offering an excellent, albeit expensive and invasive alternative. How-
ever, it also has a higher risk of complications than the less invasive sampling techniques. Smaller 
nodules or GGOs are occasionally difficult to palpate during surgery, and may require guide-
wire insertion or dye marking to assist in localization during resection.

Once the diagnosis is established, surgical resection remains the standard treatment for stage 
I non-small cell lung cancer. Resection can be accomplished via open thoracotomy or VATS. 
The typical practice currently is to perform a lobectomy for malignant SPNs. However, newer 
prospective studies suggest that segmentectomy with curative intent may be an alternative first-
line therapy in specific patient populations.

For medically inoperable patients or those who refuse a surgical option, another therapeutic 
technique with curative intent is stereotactic body radiation therapy (SBRT). This procedure 
precisely targets radiation to a tumor while minimizing radiation to surrounding tissue, which 
limits the “collateral damage.” This option is appealing for patients who are not good surgical 
candidates after confirmation of malignancy. It is also a potential option for empiric treatment 
in patients without established tissue diagnosis in whom underlying comorbidities make the 
performance of biopsy unsafe. Although there are no large randomized studies yet comparing 
SBRT to lobectomy for stage I disease, there are observational studies which suggest that SBRT 
may result in local control that is similar to surgical resection.
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CONCLUSION
The overall goals in the management of SPNs are to delineate benign from malignant disease 
and to facilitate appropriate therapy. These goals require a comprehensive clinical evaluation of a 
patient’s history, physical examination, and radiologic findings in order to estimate the likelihood 
of cancer. A patient’s surgical risk and personal preferences also help determine the approach. 
Standard recommendations in surveillance CT imaging can help guide follow-up imaging. A 
decision to pursue tissue diagnosis is based on the clinical likelihood of cancer and on the changes 
in imaging characteristics over time. Standard bronchoscopy should be considered for larger 
central nodules. Navigational bronchoscopy and radial EBUS are two adjunctive bronchoscopic 
techniques that improve the diagnostic sensitivity for more peripheral lesions. TTNA has a high 
yield for peripheral SPNs, but carries a high risk of pneumothorax. Occasionally, surgical resec-
tion and radiation therapy remain good empiric treatment options for nodules highly suspicious 
for cancer in which prior confirmation of the diagnosis by other means was unobtainable.
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Mediastinal Masses
Timothy M. Fernandes39

INTRODUCTION
The mediastinum is located in the central thorax and is bound by the thoracic inlet apically, 
the diaphragm caudally, and the sternum and spinal column in the anteriorposterior direction. 
The space may be divided into three anatomic compartments, knowledge of their normal con-
tents helps narrow the differential diagnosis of masses that may arise in them. The anterior 
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compartment is the area between the sternum and the anterior pericardium. Important structures 
contained in the anterior compartment include the trachea, ascending aorta, thymus gland, and 
numerous lymph nodes. The middle compartment, sometimes referred to as the visceral com-
partment, contains the pericardium and its contents along with the distal trachea, carina, main 
bronchi and their associated lymph nodes. The posterior compartment extends from the posterior 
pericardium to the vertebral column and the paravertebral gutters. This compartment includes 
the descending aorta, the esophagus, the sympathetic ganglion, and peripheral nerves.

CLINICAL PRESENTATION
Masses that arise in the mediastinum are extremely variable in the symptoms, or lack of symp-
toms, that are found at presentation. In adults, approximately half of all mediastinal masses 
are asymptomatic and are found incidentally on radiographic examination of the thorax. In 
children, however, the presentation may be subtle, with complaints such as cough or vague pain. 
The contents of the normal mediastinum may suffer specific effects when they are compressed 
by enlarging masses, which may give clues to trigger further investigation. In the anterior com-
partment, a mass may grow to compress the airways, causing recurrent pneumonia, wheezing, 
hemoptysis, or an intrathoracic obstruction seen on pulmonary function testing. Masses in the 
middle compartment also may cause airway compression. The recurrent laryngeal nerve is found 
in the middle compartment. Its usual course is to wrap under the left main bronchus; its dis-
ruption produces hoarseness and paralysis of the left vocal cord. The phrenic nerve arises from 
the cervical roots of the spinal cord and travels through the mediastinum to innervate the dia-
phragm; its disruption may lead to an elevated hemidiaphragm. The posterior mediastinum also 
contains the sympathetic chain ganglia which, if severed, can lead to Horner syndrome with the 
classic triad of ptosis (drooping of the upper eyelid), miosis (small pupils), and anhidrosis (lack of 
sweat production). Horner syndrome frequently is seen with masses that occur near the thoracic 
inlet and these may compress the superior vena cava leading to facial swelling and plethora (the 
superior vena cava syndrome).

Mediastinal masses (both malignant and benign) that originate from structures found 
within the mediastinum can cause associated symptoms, paraneoplastic syndromes, or other sys-
temic diseases. Lymphomas in the mediastinum may present with “B symptoms” which include 
fevers, night sweats, and weight loss. Thymomas are found in the anterior mediastinum and are 
closely associated with myasthenia gravis, which may manifest as diplopia, muscle weakness, 
or easy fatigability. Other rare problems associated with thymomas include red cell aplastic 
anemia (5% of cases) and hypogammaglobinemia (5%–10% of cases). Parathyroid adenomas 
can present with hyperparathyroidism resulting in hypercalcemia and its associated features. 
Paraganglionomas may manifest clinically the features of pheochromocytoma, including inter-
mittent flushing, headaches, and sweating. Intrathoracic goiters may occasionally be associated 
with thyrotoxicosis.

DIAGNOSIS
The evaluation of a mediastinal mass is directed by the differential diagnosis which, in part, is 
dictated by the anatomic location and the age of the patient. Routine chest radiographs should 
be carefully evaluated for abnormalities in the mediastinum. In the anteroposterior (AP) or pos-
teroanterior (PA) views, subtle densities along the paratracheal stripe may hint at the presence 
of a mass but widening of the mediastinum is a more characteristic sign. A normal mediastinum 
should be less than 8 cm in transverse diameter in the PA view. The lateral film is useful in defin-
ing the compartments of the mediastinum. The retrosternal clear space, retrotracheal space, and 
the aortopulmonary window should all be carefully examined. Comparison with prior radio-
graphs may aid in diagnosis of subtle abnormalities.

Chest computed tomography (CT) with intravenous contrast can be the first-line diagnostic 
imaging modality for mediastinal masses. Chest CT offers the ability to determine the exact 
location of a mass in relation to vessels or other structures of the thorax. The tissue attenua-
tion also may suggest the etiology of the mass. Magnetic resonance imaging (MRI) is seldom 
needed to identify mediastinal masses themselves, although it may be useful for neurogenic 
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masses and enteric foregut duplication cysts. In addition, MRI can provide information about 
vascular involvement, invasion of tissue planes, and can distinguish between cystic and solid 
masses. Other imaging modalities may be considered based on the suspected etiology of the 
mass. Radionucliotide scanning can be helpful for certain diagnoses. Thyroid 123I scans (for 
thyroid masses and goiters), metaiodobenzylgnanidine (MIBG) scans (for suspected pheochro-
mocytomas and paraganglionomas), and sestambi scans (for masses of parathyroid origin) all 
have utility based on clinical suspicion. Whole body position emission tomography-CT (PET-
CT) is useful to rule out metastatic disease, especially for lymphomas, that may be easy to reach 
bronchoscopically for definitive tissue diagnosis. Laboratory testing may be helpful depending 
on the clinical context of the presentation. Germ cell tumors (GCT) should be suspected in a 
young male with an anterior mediastinal mass. Elevation of -fetoprotein (AFP) and b-human 
chorionic gonadotropin (β-hCG) levels is found in nonseminomatous GCT. Other laboratory 
testing may be helpful, depending on the suspected etiology. Thyroid function tests may help 
diagnose a functioning goiter or intrathoracic thyroid. Serum calcium, phosphate, and parathy-
roid hormone levels are useful in parathyroid adenomas. In patients with paravertebral masses, 
paraganglionoma and pheochromocytoma may be suspected. These tumors commonly produce 
norepinepherine or epinephrine; serum free metanepherines are less sensitive than a 24-hour 
urine collection for metanepherines, urinary homovanillic acid, and vanillylmandelic acid in 
diagnosing these tumors.

Ultimately, tissue diagnosis is needed to determine a treatment plan for most suspected 
malignant mediastinal masses. In recent years, the use of minimally invasive techniques for 
obtaining biopsies of mediastinal masses have become more commonplace. Percutaneous needle 
biopsy under CT- or ultrasound-guidance, endobronchial ultrasound with transbronchial needle 
aspiration (EBUS-TBNA) or endoscopic ultrasound with fine needle aspiration (EUS-FNA) 
should be considered first line for amenable lesions. In a recent review of 140 patients with 
mediastinal masses of unclear etiology, the use of EBUS-TBNA proved diagnostic in 93% of 
all patients (88% of malignant lesions and 96% of benign lesions) and prevented more invasive 
procedures such as mediastinoscopy or thoracostomy in 80% of cases. With the use of flow 
cytometry, EBUS-TBNA has become extremely effective in diagnosing suspected lymphoma. 
One series from MD Anderson demonstrated EBUS-TBNA had a sensitivity of 91%, specific-
ity of 100%, positive predictive value of 100%, and negative predictive value of 93% for the 
diagnosis of lymphoma. For duplication cysts of the middle mediastinum, needle drainage may 
provide both diagnosis and therapeutic benefit. For paraesophageal lesions in the posterior medi-
astinum, EUS-FNA can be valuable in obtaining tissue. An important exception to the needle 
biopsy approach is for suspected thymomas which have been reported to seed the biopsy needle’s 
track. For metastatic disease, locally invasive disease, suspected lymphomas and malignancies 
presenting with bulky adenopathy, minimally invasive approaches to diagnosis should be first 
line since surgical resection is not part of the initial treatment algorithm. Additionally, GCT are 
typically treated with chemoradiation first followed by surgical resection, so minimally invasive 
approaches to diagnosis should be attempted upfront in this group as well. First-line mediasti-
noscopy should be reserved for lesions that are likely benign but are causing symptoms and for 
resection of suspected thymomas. Special caution should be used in the surgical planning of large 
anterior mediastinal masses given the risk of compression of the airway and great vessels once 
a recumbent patient is anesthetized. Awake, seated intubation followed by general anesthesia is 
sometimes the more prudent option.

ETIOLOGY
Overall, the frequency of malignant versus benign causes of mediastinal masses varies by age. 
In children, approximately half of mediastinal masses are malignant with tumors of neural 
origin representing about 33% of all lesions. Other malignancies that are common in child-
hood include lymphoma (14%) and teratomas (10%). The nonmalignant mediastinal masses 
that appear in childhood tend to be thymic hyperplasia or cystic remnants of embryologic 
development (such as bronchogenic cysts, enteric cyts, or pericardial cysts). Once adulthood 
is entered, the rates of both Hodgkin and non-Hodgkin lymphoma as well as GCT increases 
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which makes it more likely that a mass found in a patient aged 20 to 40 will be malignant. Large 
series involving mostly adult patients report widely varying frequencies of different mediastinal 
lesions. By combining 13 reported studies involving 2,399 patients, the following mean (and 
range) percentage rates for mediastinal lesions are derived: neurogenic tumors, 20.7% (14%–
36%); thymoma, 19.1% (10%–27%); cyst, 18.3% (0%–26%); lymphoma, 12.5% (5%–23%); 
germ cell tumor, 10.0% (5%–29%); endocrine tumor, 6.4% (0%–23%); mesenchymal tumor, 
6.0% (0%–11%); primary carcinoma, 4.6% (0%–23%); and miscellaneous masses, 2.4% 
(1%–14%). Location within the mediastinum also affects the likelihood for malignancy. In one 
large retrospective review of 400 adult patients with mediastinal masses, the anterior, middle, 
and posterior compartments were found to harbor malignancy in 59%, 29%, and 16% of 
cases, respectively. Anterior mediastinal masses in children are less likely to be malignant than 
in adults whereas posterior mediastinal masses tend to have an increased risk of malignancy in 
the young.

Neurogenic tumors are one of the most common group of malignancies, representing 20% 
of adult and 35% of pediatric mediastinal masses. These lesions are the most common cause 
of masses in the posterior compartment. In the adult, approximately 90% of these lesions are 
benign and frequently are asymptomatic while, in children, over 50% of lesions are malignant. 
The neurogenic tumors are divided into those arising from peripheral nerves (such as schwan-
nomas or neural sheath tumors) and those arising from ganglia (i.e., ganglioblastoma, neuro-
blastoma, and rarely parasympathetic ganglionoma). The neural sheath tumor is most common 
in adults and is benign whereas neuroblastoma is most common in children and is malignant. 
MRI is helpful in determining tissue planes for resection in these tumors, since the definitive 
treatment for any neural tumor is surgical resection. Malignant lesions should receive postsurgi-
cal radiation.

Thymomas are the most common anterior mediastinal mass and typically occur in the 40s 
to 60s with an equal frequency in men and women. More than 90% of thymomas are visible on 
the PA and lateral chest radiograph. Many thymomas are found after diagnosis of an associated 
paraneoplastic syndrome such as myasthenia gravis (present in one-third of thymoma cases, 
whereas 15% of myasthenia gravis patients have associated thymomas), red cell aplastic anemia 
(5% of thymoma cases), or hypogammaglobinemia (10% of thymoma cases). Approximately 
two-thirds of thymomas are contained in a thick capsule at the time of surgical resection; resec-
tion of thymomas without evidence of local invasion is considered curative. Invasive thymomas 
frequently involve the pleura or other intrathoracic structures. The mainstay of therapy remains 
local resection with postoperative radiation.

Other neoplasms may originate in the thymus but are histologically and clinically distinct 
from thymomas. Thymic carcinoma is an aggressive malignancy with early local invasion and 
distant metastases; this malignancy is frequently positive for Epstein-Barr virus and is treated by 
resection followed by a cisplatin-based chemotherapeutic regimen. Thymic carcinoid, thymoli-
poma, and thymic cysts are uncommon causes of anterior mediastinal masses.

GCT can be divided into benign teratomas, seminomas, and embryonal tumors which 
include nonseminomatous GCT. GCT are found predominantly in the anterior mediastinum 
and present in the third decade of life with a male predominance. Benign teratomas are derived 
from two of the three primitive germ cell layers and frequently contain tissue of ectodermal 
origin such as mature bone, teeth, or hair. These lesions are generally asymptomatic, but surgical 
resection is recommended as there is a rare risk for conversion to a malignant process such as 
rhabdomyosarcoma, adenocarcinoma, or anaplastic small cell carcinoma. Seminomas are found 
almost exclusively in males in their 20s and 30s. Seminomas tend to be especially responsive to 
cisplatin-based chemotherapy and radiation with surgical resection reserved for residual tumor; 
using this treatment algorithm, patients can expect an over 90% 5-year predicted survival. 
 Nonseminomatous GCT include embryonal cell carcinomas, endodermal thymus tumors, cho-
riocarcinomas, yolk sac tumors, and mixed GCT. Most patients have elevated AFP levels and a 
minority have elevations in b-hCG; high levels of both AFP and b-hCG are considered diagnos-
tic for nonseminomatous GCT and may preclude the need for tissue diagnosis. Nonseminoma-
tous GCT are aggressive lesions that are usually metastatic at the time of diagnosis. The standard 
approach to treatment includes frontline chemotherapy, usually with bleomycin, etoposide, and 
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cisplatin followed by surgical resection for residual masses and salvage chemotherapy frequently 
using ifosfamide-based regimens. Despite this approach, the prognosis for nonseminomatous 
GCT remains poor with less than a 50% predicted 5-year survival.

Lymphomas, including both Hodgkin disease and non-Hodgkin lymphoma, are one of the 
more common malignancies on the mediastinum and can seen found in any of the three com-
partments. In total, Hodgkin disease is less prevalent than non-Hodgkin lymphoma (25% 
vs. 75%, respectively). However, in the mediastinum, Hodgkin disease represents upwards of 
50% to 70% of all cases of lymphoma. Nodular sclerosing Hodgkin disease has a tendency 
to manifest in the lymph nodes of the anterior mediastinum and may involve the thymus. Of 
patients with lymphoma, only 5% to 10% present with primary mediastinal masses. Hodgkin 
disease occurs with a bimodal distribution, peaking in the early 20s and again in the 50s. The 
cure rates for Hodgkin disease, even with extensive disease above and below the diaphragm, 
have been upwards of 60% to 70% due to its responsiveness to combined chemotherapy 
and radiation. Bulky adenopathy and extension into adjacent lung tissue portend a worse 
prognosis.

The most common nonHodgkin lymphoma entities to involve the mediastinum are large 
B-cell lymphoma and lymphoblastic lymphoma; these also have a predilection for the anterior 
compartment. Non-Hodgkin lymphomas tend to present with advanced disease and frequently 
have extranodal involvement at diagnosis. The large B-cell subtype tends to affect primarily the 
mediastinal nodes and occurs in patients in their 20s with a female predominance. Lympho-
blastic lymphoma is an aggressive, high-grade lymphoma that is closely linked to lymphoblastic 
leukemia and occurs most prevalently in male adolescents. Overall, non-Hodgkin lymphoma is 
associated with a poorer prognosis compared to Hodgkin disease, despite the use of aggressive 
chemotherapeutic regimens; bone marrow transplantation may be necessary.

Mediastinal developmental cysts are most commonly found in the middle compartment, are 
nearly always benign and, except in infants and young children, are usually asymptomatic at pre-
sentation. In a retrospective review of 105 cases of cysts at one institution in Osaka, Japan, 45% 
of cysts were bronchogenic in origin followed in prevalence by thymic cysts (29%), pericardial 
cysts (11%), pleural cysts (6%), and esophageal duplication cysts (4%). During embroygenesis, 
bronchogenic and esophageal cysts arise from an abnormal budding of the primitive foregut in 
the laryngotracheal groove; pericardial and pleural cysts are of mesothelial origin. Although the 
majority of bronchogenic cysts are asymptomatic, approximately 40% of patients may pres-
ent with symptoms such as retrosternal chest pain or cough. In symptomatic patients, simple 
aspiration of the cyst usually leads to resolution; surgical resection is the definitive treatment 
but should be reserved for symptomatic lesions that fail aspiration given the invasiveness of the 
procedure and otherwise benign nature of the diagnosis. Cysts of mesothelial origin, includ-
ing pericardial and pleural cysts, are asymptomatic in over 80% of cases and can be managed 
expectantly.

Other nonneoplastic mediastinal lesions to consider include mediastinal infection, intratho-
racic thyroid (most commonly found in the middle compartment), parathyroid adenomas (com-
monly in the anterior mediastinum). and sarcoidosis (see Chapter 90). Mediastinal infections 
are most commonly found either after an intrathoracic procedure or in association with an 
esophageal perforation. These infections are usually mixed with aerobes and anaerobes including 
Bacteroides. Pneumomediastinum may be seen on chest radiography and barium swallow may 
help localize an esophageal perforation. Early treatment with broad-spectrum antibiotics and 
surgical drainage should be pursued.
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40 Eosinophilic Lung 
Disease
Timothy M. Fernandes

INTRODUCTION
The eosinophil plays a diverse role in human immunity from involvement with the allergic 
response to an antiparastitic function; when these functions go awry in the respiratory system, 
eosinophilic lung diseases may develop. Inherently, eosinophilic lungs diseases share a similar 
pathogenic cause: an over abundance of eosinophils in the lung. Eosinophilic cytokines, namely 
IL-5, IL-6, and IL-10, are present in abundance in bronchoalveolar lavage (BAL) samples from 
involved segments, consistent with an intense inflammatory response that draws more eosino-
phils to the area. Tissue eosinophilia is present on open lung biopsy of an involved lobe; periph-
eral eosinophilia or an eosinophilic predominant cell count in the bronchoalveolar wash may or 
may not be present as well. The eosinophilic pneumonias may be broadly classified as those of 
known and unknown etiology.

EOSINOPHILIC PNEUMONIAS OF KNOWN ETIOLOGY

Helminthic and Fungal Infection-Associated Eosinophilic Lung Disease
Worldwide, the most common cause of eosinophilic lung disease is transient infection with a 
parasitic organism. Wilhelm Löffler first described a series of patients with pulmonary infiltrates 
with high peripheral eosinophilia in 1932. In that series, all cases were associated with infection 
with one of four helminthes: either one of the roundworms (Ascaris lumbricoides or Strongyloides 
stercoralis) or one of the hookworms (Ancylostoma duodenale or Necator americanus). The term 
Löffler syndrome subsequently has been assigned to the constellation of transient and migratory 
interstitial infiltrates, peripheral eosinophilia, and mild pulmonary symptoms, such as cough 
and wheezing associated with the transpulmonary passage of larvae from a helminth infection. 
Ascaris lumbricoides remains the most common cause of Löffler syndrome worldwide. Patients 
typically present with low-grade fever, nonproductive cough, and occasionally hemoptysis. 
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Ascaris and Strongyloides are found ubiquitously throughout the world. The human lifecycle 
begins with ingestion of ova from contaminated soil. The ova hatch in the small intestine and 
larvae enter the splanchnic circulation, eventually migrating to the pulmonary circulation. The 
larvae move into the alveoli and ascend into the large airways where they are swallowed to 
complete their life cycle by reproducing in the gastrointestinal tract. The pulmonary portion of 
the life cycle takes about 2 weeks to complete. Symptoms occur after the transpulmonary pas-
sage of the larvae, which may be seen in the sputum; peripheral eosinophilia peaks soon after. 
Frequently, stool examination for ova is negative until weeks after the respiratory symptoms have 
resolved. In general, these infections are self-limited but treatment with antihelminthic agents 
such as mebendazole may be warranted.

Other parasitic infections directly invade the lung parenchyma and may cause more profound 
and chronic pulmonary complications. Lung flukes, such as Paragonimus, are mainly found in 
central Africa or southeast Asia and infection is associated with undercooked or raw crab meat 
ingestion. This fluke invades the parenchyma and may cause pleural effusions and chocolate-col-
ored sputum which may contain ova. Another more invasive organism is the cestode that causes 
echinococcosis. This tapeworm is usually found in dogs but may infect humans as well. Cystic 
lesions are commonly found in both the lungs and liver; patients are typically asymptomatic until 
compression of surrounding structures by the enlarging cysts. Therapy usually consists of a course 
of the antihelminthic agent, mebendazole, followed by surgical resection of the cystic cavity.

Tropical pulmonary eosinophilia is a separate entity which is seen after infection with the 
nematodes from the Filarioidea superfamily, Wuchereria bancrofti or Brugia malayi, which 
occupy the lymphatic system (“lymphatic filariae”). They are found in tropical regions of the 
world, with the highest prevalence in India, Southeast Asia, and parts of Africa. The filariae 
generate an intense eosinophil-mediated inflammatory response with elevated IgE levels and 
antifilarial antibodies. Patient present with wheezing, paroxysmal cough, and constitutional 
symptoms such as fevers and weight loss. The diagnosis of tropical eosinophilia due to filarial 
infection should be considered in all patients who have traveled to endemic regions and present 
with refractory asthma and a peripheral eosinophilia of greater than 3,000/mm3. Establishing 
the prompt diagnosis of tropical eosinophilia is important as the symptoms usually resolve after a 
21-day course of diethylcarbamazine and delay in diagnosis may lead to long-term complications 
such as pulmonary fibrosis or chronic bronchitis.

Other nonhelminthic infections also may cause peripheral and intrapulmonary eosinophilia. 
Coccidioidomycosis, discussed elsewhere in more detail, is common in the southwestern United 
States. It is frequently mistaken for an idiopathic eosinophilic pneumonia due to difficulty 
isolating the organism from tissue culture. Allergic bronchopulmonary aspergillosis (ABPA) 
represents a hypersensitivity reaction to the ubiquitous fungus, Aspergillus fumigatus. Patients 
frequently present with cough productive of brown sputum, central bronchiectasis, elevated 
IgE, and fevers. Pathologic examination of the lung in ABPA may demonstrate an eosinophilic 
interstitial infiltrate with bronchiolitis and mucus impaction. 

Drug- and Toxin-Induced Eosinophilic Lung Disease
Drug and toxin exposure represent another common cause of eosinophilic lung disease and 
should be included in the differential diagnosis, since removal of the exposure usually leads 
to resolution of symptoms. There are many drugs that have been associated with pulmonary 
eosinophilia (Table 40-1), but nonsteroidal anti-inflammatory drugs (NSAIDS) and antibiotics 
such as daptomycin, sulfonamides, penicillins, and tetracyclines are some of the most common 
culprits. The website www.pneumotox.com is a good resource to query medications that have 
published case reports of an association with eosinophilic lung disease. Outside of pharma-
ceuticals, many toxins have been associated with pulmonary eosinophilia as well. Emergency 
relief workers at the World Trade Center have been documented to have an increased risk for 
eosinophilic lung disease. Over-the-counter supplements such as l-tryptophan and rapeseed oil 
contaminated with aniline have caused epidemics of eosinophilic pneumonias. Other exposures 
to screen for include inhaled cocaine and heroin, scorpion stings, aluminum dust exposure, 
fumes from rubber production, and sulfite exposure in grape workers.

http://www.pneumotox.com
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EOSINOPHILIC PNEUMONIAS OF UNKNOWN ETIOLOGY

Acute Eosinophilic Pneumonia
Idiopathic acute eosinophilic pneumonia often presents in a dramatic fashion with hypoxemic respi-
ratory failure soon after symptom onset. Acute eosinophilic pneumonia was first described as a case 
series of four patients in 1989 and the authors’ original definition has persisted. Patients must have 
(1) an acute febrile illness (99.0 F), (2) severe hypoxemia (defined by partial pressure of arterial 
oxygen 60 mmHg, oxygen saturation of 90% on room air, or an A–a gradient of 40 mmHg), 
(3) diffuse pulmonary infiltrates, (4) greater than 25% eosinophils in BAL fluid or an eosinophilic 
predominant insterstital infiltrate on lung biopsy, and (5) the absence of an infectious or allergic 
nidus. Periphial eosinophilia is not common at the time of diagnosis. Acute eosinophilic pneumonia 
tends to occur in otherwise healthy, young patients with nearly an equal distribution between males 
and females and no previous history of asthma. In one case series of 22 patients with acute eosino-
philic pneumonia, the average age at presentation was 29 years old (15.8 years). While there has 
been no proven causative agent, many cases are associated with the recent start of cigarette smoking. 

Radiographic findings on presentation require bilateral infiltrates, but pleural effusions are 
also commonly present. Early on, radiographs of acute eosinophilic pneumonia may disclose 
prominent interstitial marking that develop Kerley B lines and eventually pleural effusions. Sev-
eral case series have been published that note a relatively high prevalence of pleural effusions on 
admission, between 50% and 60% in most series. This is in contrast to chronic eosinophilic 
pneumonia which rarely presents with effusions. The pleural fluid contains a high percentage of 
eosinophils and an elevated pH (7.50). In acute eosinophilic pneumonia, pleural effusions are 
almost universally present at some point in the course and frequently are the last abnormality to 
resolve on chest radiographs.

Despite the dramatic clinical presentation of severe hypoxemic respiratory failure that 
may require mechanical ventilation, acute eosinophilic pneumonia patients tend to respond 
quickly to steroids with little risk of death . Initial therapy with intravenous methylpred-
nisolone with a starting dose of about 1 mg/kg (in the range of 60–125 mg) every 6 hours is 
appropriate. Once enteral therapy can be tolerated, an oral prednisone taper can be initiated. 
The duration of steroids is dictated by the clinical response and radiographic disease resolu-
tion, but most patients require between 3 and 12 weeks of therapy. Data regarding the long-
term follow-up of patients with acute eosinophilic pneumonia are lacking, but recurrence of 
acute eosinophilic pneumonia is rare. A small series of eight patients with acute eosinophilic 
pneumonia had pulmonary function testing done about 6 months after admission; of these 
eight, five patients had normal spirometry, one developed mild obstruction, and two patients 
developed new restrictive defects.

TABLE 40-1     Drugs and Toxins Associated with Eosinophilic 
Lung Disease

Commonly Associated Rarely Associated

NSAIDS Sulfa-containing antibiotics
l-Tryptophan Penicillamine
Pheyntoin Minocycline
Methotrexate Carbamazepine
Nitrofurantoin GCSF
Amiodarone Cocaine
Daptomycin Angiotensin-converting  

enzyme inhibitors
Bleomycin Sulfites
Iodonated contrast
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Chronic Eosinophilic Pneumonia
Unlike acute eosinophilic pneumonia, patients with chronic eosinophilic pneumonia tend to 
have a more indolent presentation, often with months of preceding cough, dyspnea, and fevers. 
The disease is more common in women and nonsmokers. Asthma is associated with over 50% 
of cases and may occur at any point in the presentation or after resolution. Peripheral eosino-
philia is also more prevalent at diagnosis in chronic eosinophilic pneumonia but up to 20% of 
cases may lack peripheral eosinophilia. The initial chest radiograph frequently has pleural-based 
opacities that are often called “the photographic negative of pulmonary edema.” To establish 
the diagnosis of chronic eosinophilic pneumonia, a bronchoscopy with BAL may demonstrate 
greater than 25% eosinophils. Often times, the BAL is nondiagnostic so lung biopsy is needed. 
Pathologic examination of the lung in chronic eosinophilic pneumonia will demonstrate inter-
stitial and alveolar eosinophil invasion with evidence of bronchiolitis obliterans and organizing 
pneumonia. Fibrosis is rare in chronic eosinophilic pneumonia and close examination of the 
blood vessels should be undertaken. If eosinophilic vasculitis is present, the diagnosis of chonic 
eosinophilic pneumonia should be questioned in favor of Churg–Strauss syndrome.

The treatment of chronic eosinophilic pneumonia is characterized by prolonged courses of ste-
roids. Typically, patients may require methylprednisolone (60–125 mg every 6 hours) intravenously 
for 3 to 5 days prior to transitioning to oral prednisone in a dose of 0.5 mg/kg/day. This high dose 
should be continued for weeks, then attempts should be made to taper the dose slowly. Relapses 
frequently occur during steroid tapers and may require dose escalation. The majority of patients 
require over 6 months of prednisone and about 40% will require prolonged use, i.e., greater than 
12 months. These patients frequently encounter the complications of long-term steroid use includ-
ing diabetes, weight gain, osteopenia, and Cushingoid features. Prophylaxis of Pneumocystis infection 
with trimethoprim and sulfamethoxazole may be helpful during steroid tapering. There have not 
been clinical trials to evaluate the use of steroid-sparing agents such as azathioprine in chronic eosino-
philic pneumonia. Case reports suggest that the addition of an inhaled corticosteroid during dose 
tapering may help prevent relapses but inhaled corticosteroids should not be used as monotherapy.

Churg–Strauss Syndrome
Churg–Strauss syndrome is detailed elsewhere in this text. Briefly, Churg–Strauss syndrome is 
primarily an eosinophilic vasculitis that is associated with sinusitis and asthma, although other 
organs including the skin, heart, gastrointestinal tract and nervous system may be involved. 
Mononeuritis multiplex is common. Onset of Churg–Strauss syndrome has been associated with 
use of leukotriene antagonists, inhaled glucocorticoids, and cocaine. A positve p-antineutrophil 
cytoplasmic antibody (ANCA) can be seen in 60% of cases and is associated with renal involve-
ment and peripheral neuropathy; “ANCA negative” cases of Churg–Strauss syndrome have more 
frequent cardiac involvement and fevers. The mainstay of therapy remains methylprednisolone 
with the addition of other immunosupression such as cyclophosphamide, azathioprine, or meth-
otrexate based on the degree of systemic involvement of the vasculitis.

Idiopathic Hypereosinophilic Syndrome
The term idiopathic hypereosinophilic sydrome encompasses a variety of rare diagnoses that 
present with peripheral eosinophilia for over 6 months with associated eosinophil-mediated end-
organ damage. These patients most commonly present with dermatologic manifestations first, 
including eczema, recurrent urticaria, and angioedema, but pulmonary complaints may be seen 
in up to half of these patients. The pulmonary manifestations can be varied and may include 
unexplained dyspnea, cough, or wheeze. Radiographs may demonstrate patchy parenchymal 
infiltrates with pleural effusions. In addition to peripheral eosinophilia, blood tests may reveal 
elevated levels of vitamin B12, trypase, or IgE. Molecular testing for the FIP1L1/PDGFRA muta-
tion helps establish a diagnosis of the myeloproliferative form of hypereosinophilic sydrome and 
portends a favorable response to imatinib. The T-cell lymphocytic variant of hypereosinophilic 
sydrome will demonstrate clonality on bone marrow biopsy with the most common phenotype 
being CD3 and CD41. Ultimately, treatment of hypereosinophilic sydrome centers on the use 
of steroids; the use of adjunctive therapy such as imatinib, hydroxyurea, or IGN-alpha depends 
on the variant of hypereosinophilic sydrome.
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APPROACH TO DIAGNOSIS
As with all interstitial diseases, attention should be given to obtaining a detailed history with 
special focus on travel history, new mediations, and extrapulmonary symptoms. The duration 
of pulmonary symptoms and any evidence of preceding asthma should be elicited. A complete 
blood count with differential should be obtained to evaluate for peripheral eosinophilia, with the 
caveat that its absence does not exclude pulmonary eosinophilia. Additional laboratory testing 
may be indicated based on the history. Patients with recent travel to regions with endemic hel-
minthic disease should have their stool examined for ova and parasites; further serologic testing 
may be necessary as well. Those who present with sinusitis and asthma as prominent features 
should have ANCA levels drawn to help establish a diagnosis of Churg–Strauss sydrome. IgE 
levels and erythrocyte sedimentation rates may be drawn as well, but these are nonspecific and 
may only be useful to follow as a marker of response to treatment.

Specific radiographic patterns may help yield a diagnosis. ABPA will demonstrate “fleeting” 
lung infiltrates and central bronchiectasis on computed tomography (CT); mucoid impaction 
in the central airways may appear as tubular opacities, the so-called “finger-in-glove” sign. Acute 
eosinophilic pneumonia may present with bilateral alveolar infiltrates in a pattern similar to 
acute respiratory distress syndrome (ARDS). Chronic eosinophlic penumonia can present with 
peripheral, subpleural consolidations in a “photographic negative of pulmonary edema pattern,” 
but this pattern is only seen in about a third of chronic eosinophilic pneumonia cases. Churg–
Strauss syndrome may present with centrilobular nodules, septal thickening or bronchial wall 
thickening. However, these signs are nonspecific.
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41 Pneumococcal 
Pneumonia
Julian P. Lichter

Pneumococcal pneumonia is the most common infection leading to hospitalization in the 
United States. It occurs in all age groups and is responsible for 500,000 cases of pneumonia and 
approximately 40,000 deaths annually. Pneumococcal pneumonia accounts for more than 50% 
of community-acquired pneumonias and 10% of nosocomial pneumonias. A resurgence of out-
breaks of pneumococcal pneumonia has occurred, especially in chronic-care facilities where the 
strains are increasingly resistant to antibiotics. Although pneumococcal pneumonia can occur in 
any season, it is more common in winter and early spring.
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The pneumococcus organism inhabits the nasopharynx of 40% to 50% of normal individu-
als for 4 to 6 weeks at a time. Disease is frequently caused by acquiring a serotype different 
from the colonizing serotype. The probability and severity of infection are influenced by host 
factors and by biologic properties of the bacterium itself. Patients who are most susceptible 
to pneumococcal infection include those with (1) disorders of swallowing and impairment of 
airway clearance mechanisms and mucociliary defenses, such as advanced age, seizure and other 
neurologic disorders, asthma, chronic bronchitis, and bronchiectasis; (2) alveolar fluid accu-
mulation, such as congestive heart failure, burns, and acute respiratory distress syndrome; and 
(3) impaired phagocytosis and compromised humoral immunity, such as surgical or functional 
asplenia (e.g., sickle cell anemia, thalassemia, total irradiation), hypogammaglobulinemia, diabe-
tes, HIV infection (50–100 times increase in invasive pneumococcal disease in HIV), multiple 
myeloma, lymphoma, cirrhosis, and transplant recipients (especially bone marrow). Such indi-
viduals are also susceptible to protracted or complicated pneumonias. Viral upper respiratory 
illness also seems to predispose patients to subsequent pneumococcal pneumonia. Viral disrup-
tion of respiratory epithelium increases expression of receptors for pneumococcal attachment 
and, thus, predisposes the patient to pneumococcal invasion. Other more recently described 
predisposing factors include alcohol abuse, smoking, pregnancy, homelessness, incarceration, 
and crack-cocaine use.

Of the more than 82 strains of pneumococci, only a few commonly cause pneumonia. The 
pathogenicity and virulence of particular strains are related to properties of the outer capsules and cell 
walls, as well as surface and cytoplasmic regulatory mechanisms. They may be identified in the labo-
ratory by a characteristic capsular swelling (Quellung reaction) when incubated with a specific anti-
body. Current evidence suggests that the pneumococcal capsule protects the organism from phago-
cytosis and enhances its pathogenicity. Recent studies suggest that the development of type-specific, 
anticapsular antibody correlates with the resolution of fever and recovery in untreated patients.

Pneumococci are aerosolized from the nasopharynx to the alveolus, and then pass from 
alveolus to alveolus through the pores of Cohn, resulting in a mostly lobar distribution of con-
solidation. They invade alveolar type II cells, a process initiated through binding of bacterial 
surface choline to the receptor for platelet-activating factor (up-regulated on the alveolar cell 
surface, presumably by viral infection). Pathologically the consolidated lung evolves through 
well-described stages of alveolar engorgement followed by red hepatization and, after a few days, 
grey hepatization with alveoli packed with leukocytes. There is, however, little tissue destruction, 
and resolution occurs with minimal organization or permanent scarring. Dying pneumococci 
produce a potent cytotoxin, pneumolysin, which binds to cholesterol on the host’s cell mem-
branes, forming pores and killing the cells. Pneumolysin also promotes intra-alveolar bacterial 
replication, penetration from alveoli to interstitium, and dissemination into the bloodstream. 
Approximately 25% of cases of pneumococcal pneumonia were associated with bacteremia in 
the 1960s but recent studies report a much lower occurrence (as low as 1%–6%).

The clinical manifestations of classic pneumococcal pneumonia include high fever (100% 
in one series, although high fever may be absent in the elderly or in uremic patients), productive 
cough (98%), pleuritic chest pain (70%), and the abrupt onset of shaking chills (7%). The spu-
tum is blood streaked or rusty (75%). Pleuritic pain may radiate into the abdomen, masquerading 
as an acute abdomen. Patients characteristically appear acutely ill, tachypneic, and demonstrate 
signs of consolidation on chest examination. A pleural rub is occasionally present. Herpes labialis 
is a relatively common finding. Older patients often present with confusion and delirium.

The chest roentgenogram usually reveals a lobar, alveolar-filling process, frequently with an 
ipsilateral pleural effusion. The roentgenographic presentations, however, are diverse and include 
a patchy bronchopneumonia, adult respiratory distress syndrome, and an interstitial appearance 
when occurring in an emphysematous lobe. The prevalence of these radiologic patterns may 
depend on the infecting serotype.

As with other bacterial pneumonias, the methods and criteria for establishing a diagnosis 
are controversial. Gram stain of expectorated sputum typically reveals numerous polymorpho-
nuclear granulocytes and lancet-shaped Gram-positive diplococci. However, the predominant 
organism may not be obvious on some specimens because of heavy smear contamination with 
oropharyngeal flora. Sputum Gram stain and culture also can be misleading in patients who have 
received prior antibiotics and in patients with chronic obstructive pulmonary disease. Isolation 
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of the organism in the sputum is not sensitive for the presence of infection; in fact, only 45% 
of patients with pneumonia and blood cultures positive for pneumococci grow the organism on 
sputum culture. For this reason, many culture-negative cases of pneumonia may be caused by 
the pneumococcus. Isolation of the organism from blood, pleural fluid, or other involved closed 
tissue space (e.g., joint, cerebrospinal fluid, pericardium) may be required for a firm diagnosis. 
A rapid urinary antigen test (Binax NOW) is available to detect pneumococcal pneumonia ear-
lier in its course. The sensitivity is 60% to 70% (higher for bacteremic patients), whereas the 
specificity approaches 100%. Two recent studies have reported immunochromatographic tests 
capable of rapidly detecting streptococcus pneumonia antigen in sputum and pleural fluid. In 
the sputum study, the sensitivity was greater than the urinary antigen test and just as specific.

Much of our understanding of the natural history of pneumococcal pneumonia comes from 
experience during the preantibiotic era, when three clinical patterns were observed: (1) a 5- to 
10-day course characterized by high fevers with defervescence and recovery occurring either 
gradually (lysis) or dramatically (crisis); (2) a protracted or recrudescent febrile course indica-
tive of complications such as empyema, meningitis, endocarditis, and pericarditis; or (3) rapid 
respiratory deterioration and death. An initial leukocytosis exceeding 20,000 correlated with a 
good prognosis, whereas a normal or low leukocyte count implied a grave prognosis. An abrupt 
fall in leukocyte count often preceded resolution by crisis, but persistent leukocytosis frequently 
was a harbinger of complications such as empyema.

Although antibiotics have improved survival, pneumococcal pneumonia remains a seri-
ous disease. In the preantibiotic era, the overall mortality rate was 25% to 35%. In bacteremic 
patients, it exceeded 80%. Antibiotics have reduced the mortality rate to 5% and 20%, respec-
tively most within the first week of illness. Of patients who die despite antibiotic therapy, 35% 
die within the first 24 hours of antibiotic treatment, underscoring the fulminant course this dis-
ease can pursue. Mortality in those who require mechanical ventilation remains high. Advanced 
age, presence of asthma or chronic obstructive pulmonary disease, and high acute physiology 
and chronic health evaluation (APACHE) scores are independent predictors of poor outcome in 
bacteremic pneumococcal disease. Inability to mount a fever and nosocomially-acquired pneu-
mococcal pneumonia are additional risk factors for respiratory failure or death.

Penicillin G continues to be the drug of choice for sensitive pneumococcal pneumonia. It 
is effective either orally or intramuscularly in moderately to severely ill patients but should be 
administered intravenously in the critically ill and in those with empyema or extrapulmonary 
foci of infection. Penicillin-sensitive strains can also be treated with penicillin derivatives, and 
second and third-generation cephalosporins. First generation cephalosporins should not be used 
because poor penetration into the cerebrospinal fluid increases the risk of developing pneu-
mococcal meningitis. Administration of at least one active antibiotic within 4 hours has been 
associated with reduced mortality and shortened length of stay especially in bacteremic patients. 
Therapy of uncomplicated pneumonia should be continued for 5 to 7 days or at least 3 to 5 days 
after defervescence of fever in more severe cases. Although monotherapy with a single effective 
antibiotic for pneumococcal pneumonia is standard, recent studies have shown a significant 
survival benefit for combination therapy in patients with bacteremic pneumococcal pneumonia 
who required intensive care unit admission. In one large study, mortality rate at 14 days was 
reduced from 55% to 14% with combination therapy.

Worldwide it is becoming more common to find pneumococcal strains that have developed 
intermediate or full resistance to penicillin, probably through alteration of cellular penicillin-
binding proteins. Approximately 20% of pneumococcal strains in the United States show an 
intermediate resistance, indicated by a mean inhibitory concentration of 0.1 to 1.0 μg/mL. In 
this setting, increasing the penicillin dose to 12 to 18 million units per day may be effective, as 
would administration of cefotaxime, ceftriaxone, imipenem, or fluoroquinolones once sensitivi-
ties have been confirmed. Twenty percent of pneumococcal isolates are highly resistant (types 
6, 9, 14, 19, and 23), with a mean inhibitory concentration of at least 2 μg/mL. Multiresistant 
strains (resistant to penicillin, trimethoprim–sulfamethoxazole, chloramphenicol, tetracycline, 
macrolides, and even second- and third-generation cephalosporins) have been isolated in the 
United States. Resistance to levofloxacin and moxifloxacin has been reported as well but rates 
remain low (1%). Vancomycin, fluoroquinolones, or an alternative agent based on in vitro sen-
sitivities should be used for strains with high-level penicillin resistance or resistance to multiple 
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antibiotics. Drug-resistant infections have been observed in certain institutional settings, par-
ticularly daycare centers, hospitals, and nursing homes.

Interestingly, a number of studies have continued to show that antibiotic resistance to the 
pneumococcus is not necessarily associated with increased morbidity or mortality in patients 
with pneumococcal pneumonia with and without bacteremia. Treatment options, however, for 
meningitis and for infections treated with oral agents especially in children have been limited by 
resistance. A meta-analysis of 10 studies published in 2006 did find a significant difference in 
mortality rate (19.4% vs. 15.7%) between penicillin nonsusceptible and penicillin susceptible 
groups. It would seem that strategies to prevent or limit the development of resistance through 
appropriate antimicrobial use are to be encouraged by physicians and patients.

With regard to antibiotic response, in one large study of 358 patients, 71% were afebrile 
within 5 days of therapy. A slow clinical response is frequently associated with delayed radio-
graphic resolution. In one series of bacteremic patients, only 13% had complete roentgeno-
graphic clearing within 2 weeks. Of the others, 61% cleared by 6 weeks, 78% cleared by 10 
weeks, and 100% cleared by 18 weeks. Conversely, the chest roentgenogram can appear worse or 
unchanged, despite clinical improvement with antibiotics. Thus, slow radiographic resolutions 
do not indicate treatment failure in the face of clinical response.

Complications of pneumococcal pneumonia include necrotizing pneumonia, lung abscess, 
meningitis, endocarditis, septic arthritis, and pleural disease. Pleural complications are common, 
and most patients have pleuritic chest pain. A pleural friction rub has been reported in 17% of 
cases. Pleural effusions can be detected in nearly 60% of patients if repetitive lateral decubitus 
chest radiographs are obtained. Although the effusions usually are sterile (parapneumonic) exu-
dates, the incidence of empyema is approximately 15%. Diagnostic thoracentesis is mandatory 
for all large effusions occurring with pneumococcal pneumonia. A pleural fluid pH less than 7.2 
suggests that a complicated parapneumonic effusion or frank empyema is present and that chest 
tube drainage is indicated. Conservative treatment with antibiotics is usually successful if the 
pH is greater than 7.3. Both parapneumonic effusions and empyemas can accumulate during 
antibiotic therapy. Generally, the patient with empyema usually appears ill, with a persistent or 
recrudescent fever and leukocytosis. The degree of pleural disease correlates well with the extent 
of the initial pneumonia. Early therapy decreases the incidence of empyema.

Pneumococcal vaccines are an important weapon against the pneumococcus. For adults, the vac-
cine has evolved since 1983 to include 23 purified capsular polysaccharide antigens (the 23-valent 
vaccine) chosen to represent 90% of the serotypes that cause invasive disease in the United States. 
Pneumococcal infections have the highest mortality rate of any vaccine-preventable disease; about 
half of these deaths are felt to be preventable by the polysaccharide vaccine. Many trials have shown 
failure to protect against nonbacteremic community-acquired pneumonia, as well as those at the 
highest risk for pneumococcal pneumonia, but a large prospective study from Spain published in 
2006 and involving 11,000 subjects, found that the 23-valent vaccine was very effective in pre-
venting pneumococcal pneumonia with or without bacteremia and reducing hospitalization and 
mortality from pneumonia in adults greater than 65 years. This is consistent with an earlier Swedish 
study. A 2010 study involving 1,000 randomized nursing home residents showed reduced rates of 
pneumonia in the vaccinated subjects (12.5% vs. 20.6%) and reduced mortality from pneumococ-
cal pneumonia (0% vs. 35%). There is recent evidence that HIV-infected adults who receive the 
vaccine have a lower rate of pneumonia, but there appears to be no benefit if the viral load is greater 
than 100,000 copies/mL at the time of vaccination. There is also consistent evidence that the poly-
saccharide vaccine significantly reduces the risk of pneumococcal bacteremia. A serotype prevalence 
study based on the Centers for Disease Control’s pneumococcal surveillance system demonstrated a 
57% overall protective effect of this vaccine against invasive disease. The reduction in pneumococ-
cal bacteremia is felt to be reason enough to administer the vaccine. Pneumococcal vaccine can be 
administered concurrently with other vaccines. The antibody levels to most vaccine antigens remain 
elevated for at least 5 years in healthy adults. Vaccination is recommended for all persons older than 
age 65; those with chronic medical illnesses; patients who are immunosuppressed, especially by 
asplenia; and patients in chronic-care facilities. Routine revaccination of immunocompetent per-
sons is not recommended. A single repeat vaccination is recommended for persons who are at high-
est risk for serious pneumococcal infection, provided that 5 years have elapsed since the first dose.
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In February 2000, a promising new vaccine formulation was approved by the Food and Drug 
Administration (FDA) for use in children younger than age 2—the protein conjugate heptavalent 
vaccine (PCV-7). This vaccine links the capsular polysaccharide of seven serotypes to a protein car-
rier, thereby making it immunogenic in children younger than age 2. Studies have shown high effi-
cacy (80%–100%) against invasive disease in children, modest efficacy against noninvasive vaccine 
type pneumococcal otitis media, and reduction in the carriage and transmission of nasopharyngeal 
pneumococcus including antibiotic-resistant isolates. One year after the licensing of the conjugate 
vaccine, a dramatic reduction in invasive disease was documented in children. At the end of 2004, 
all-cause pneumonia admission rates had declined by 39% in the United States for children younger 
than 2 years, the target population of the vaccination program. Between 2001 and 2007 there has 
also been a significant reduction in pneumococcal invasive disease rates and mortality in adults (HIV-
infected as well), coupled with a reduction in nonsusceptible pneumococcal isolates. There has been 
a greater than 95% reduction in invasive pneumococcal disease caused by serotypes covered by the 
vaccine (types 4, 6B, 9, 14, 18C, 19F, 23F). Mortality in greater than greater than 65-year age group 
declined from 31% to 8% in Minnesota. Unfortunately although the disease caused by vaccine-
containing serotypes has been reduced substantially, there has been a distinct unexpected increase in 
disease caused by nonvaccine “replacement” serotypes, especially serotypes 19A, 6 (non B), 11, 15, 
and 35. However, in a large prospective review of patients with pneumococcal bacteremia, there was 
no association between infection with invasive serotypes and mortality.

A 13-valent pneumococcal conjugate vaccine has been recently approved by the US FDA for 
children 6 weeks through 5 years for the prevention of invasive disease by the 13 strains of Strep-
tococcal pneumoniae included in the vaccine. It has also been approved for adults 50 years and 
older for prevention of pneumococcal pneumonia and invasive disease caused by the 13 vaccine 
strains, on the basis of immune response to the vaccine. No controlled trial in adults, demon-
strating a reduction in pneumococcal pneumonia or invasive disease following vaccination with 
the 13 valent vaccine, has yet been published. The Center for Disease Control and Prevention 
is awaiting the outcome of a large trial being conducted in Europe before deciding whether to 
recommend the vaccine for adults aged 50 or older.
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42 Staphylococcal 
and Streptococcal 
Pneumonias
Omar H. Mohamedaly and Laura E. Crotty Alexander

Staphylococcus and Streptococcus are Gram-positive cocci responsible for a broad spectrum of 
human disease and are common causes of pneumonia. Staphylococci typically grow in clusters, 
whereas streptococci occur in pairs and chains. Recovery of staphylococci from sputum culture 
is more reliable than for streptococci since antibiotics administered prior to obtaining culture 
specimens commonly inhibit streptococcal growth more than staphylococci.

Staphylococci secrete various catalases, which can be used to discriminate among species. 
S. aureus, a common pathogen in humans, is coagulase positive, which distinguishes it from the 
common contaminants S. epidermidis and S. saprophyticus, S. aureus is common in healthcare-
associated pneumonia (HCAP). It is isolated in 15% to 23% of HCAP cases, compared to 3% to 
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9% of community-acquired pneumonia (CAP) cases. The incidence of S. aureus pneumonia 
continues to rise in both the HCAP and CAP settings. Risk factors for infection with S. aureus 
reflect impairment of host defenses, which include lung structure derangements (e.g., cystic 
fibrosis and bronchiectasis) as well as immunological defects (e.g., diabetes mellitus, alcoholism 
or postinfluenza).

S. aureus pneumonia commonly presents with fever, productive cough, and pleuritic chest 
pain. Radiographic patterns include extensive bilateral consolidation and cavitary lesions, espe-
cially early in the disease course. Pleural effusions are common. Empyema complicates about 
20% of S. aureus pneumonias and the incidence appears to be rising; national registry data show 
a 3.3-fold increase in staphylococcal empyema between 1996 and 2008. Bacteremia may com-
plicate as many as 60% of all S. aureus pneumonias.

Since it was first identified in 1961 on the basis of resistance to semisynthetic penicillins, 
methicillin-resistant S. aureus (MRSA) has come to represent a large proportion of staphylo-
coccal diseases: over 60% of S. aureus isolates from US intensive care units are MRSA. Use of 
antibiotics, especially fluoroquinolones and cephalosporins, increases the risk of MRSA colo-
nization and infection. Mortality is higher in invasive disease caused by MRSA as compared to 
methicillin-sensitive S. aureus (MSSA), with an odds ratio of 1.93.

MRSA more commonly causes HCAP than CAP (26.5% vs. 8.9% in one survey of 59 US 
hospitals covering 4,543 patients); however, the incidence is rising in the community setting. In 
particular, influenza patients who develop S. aureus super-infection most commonly have MRSA. 
The USA300 strain is a community-acquired MRSA that has rapidly spread across the world and is 
likely to continue increasing in prevalence and severity. It is characterized by the presence of the argi-
nine catabolic mobile element (ACME) and production of Panton–Valentine leukocidin (PVL), a 
bicomponent pore-forming toxin responsible for neutrophil lysis, adhesion to mucous membranes, 
and an inflammatory response mediated by NF-κB. There are conflicting data on the morbidity 
and mortality attributable to PVL-positive strains. Another S. aureus virulence factor, α-hemolysin, 
might be more directly responsible for pneumonia-related mortality. Further investigation of other 
virulence factors implicates the superantigens responsible for staphylococcal toxic shock syndrome 
in the development of necrotizing pneumonias, for example, the small secreted protein SEIX, which 
is encoded by mobile genetic elements that are easily transmitted horizontally among strains.

The initial antimicrobial choice for S. aureus should be guided by local patterns of resistance 
and the degree of suspicion for MRSA. It can be tailored to culture and sensitivity results once 
they are available. Vancomycin remains the antimicrobial of choice for MRSA coverage. Though 
resistance is rare, minimum inhibitory concentration (MIC) creep is an increasing problem 
that has given rise to vancomycin-intermediate S. aureus (VISA), whichrequires higher doses 
to achieve sufficient MIC. High vancomycin doses, however, can be problematic in critically ill 
patients with renal failure. One emerging source of resistance is β-lactam-induced vancomycin 
resistance (BIVR), the clinical implications of which are not fully apparent at this point. Line-
zolid resistance has also been identified, but with stricter control of linezolid prescription prac-
tices, it has been kept from spreading. It is noteworthy the concentration of vancomycin in the 
alveolar epithelium is only 12% of the vancomycin plasma concentration, which is far less than 
the 415% noted with linezolid. Linezolid has the additional advantage that its volume of distri-
bution is not affected by critical illness and volume shifts. However, a major clinical trial compar-
ing vancomycin to linezolid for MRSA pneumonia treatment (ZEPHYR) did not demonstrate 
superiority of linezolid and had significant methodological flaws limiting its generalizability. The 
fifth-generation cephalosporins, ceftaroline and ceftobiprole, have some potential for MRSA 
treatment. They have been shown to be noninferior to the older cephalosporins and to linezolid.

Promising efforts are underway to develop vaccines against S. aureus. Several targets are being 
investigated, including PVL (despite the lack of a direct link to morbidity and mortality), cell 
surface proteins, and peptidoglycan cell wall components. Blockade of ADAM10 receptor bind-
ing by α-hemolysin has shown efficacy in protecting against lethal pneumonia in animal models. 
Multi-antigenic approaches to vaccination against S. aureus are likely to be developed in the future.

Although there are more streptococcal species than staphylococcal, only three, S. pyogenes, 
S. agalactiae, and S. pneumoniae, play a major role in human lung infection. Streptococci are 
classified by the pattern of hemolysis on blood agar culture media: α-hemolysis refers to partial 
or green hemolysis related to oxidation of iron in hemoglobin within red blood cells, β refers to 
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complete hemolysis causing RBC rupture, γ refers to lack of hemolysis. β-hemolytic streptococci 
are further classified by Lancefield group: 20 serotypes named A to V (sans I and J), referring to 
the carbohydrate antigenic composition of their cell walls.

Group A streptococcus, S. pyogenes, is the etiologic organism of some of the most publicized 
diseases in medicine: streptococcal pharyngitis, necrotizing fasciitis (for which it earned the label 
“flesh-eating bacteria”), and toxic shock syndrome. It is also responsible for some of the most 
severe cases of CAP, although it fortunately remains a rare cause of CAP, accounting only for less 
than 1% of cases. Group A streptococcus outbreaks have occurred in nursing homes, in military 
recruitment facilities, and in families. Presenting symptoms include cough, fever, sore throat, 
pleuritic chest pain, and dyspnea. Group A streptococcal pneumonia is typically multilobar 
(59%). Parapneumonic effusion are more common in group A streptococcal pneumonia (23%) 
than in pneumonia caused by S. pneumoniae (16%). Infections can be complicated by develop-
ment of toxic shock syndrome (6%), and treatment with clindamycin to restrain toxin produc-
tion by group A streptococci may be helpful early in disease. Patients with group A streptococcal 
pneumonia tend to have longer duration of symptoms, longer hospitalizations, more morbidity, 
and higher mortality (38%) than those with pneumonia caused by S. pneumoniae.

Host genetic susceptibility to group A streptococcus plays a role in the susceptibility to infec-
tion. This is most apparent in outbreaks where family members have higher rates of infection 
(up to 42%) compared to unrelated military recruits (0.6%). Group A streptococcal infection 
should be suspected when multiple family members or persons living in close proximity present 
with symptoms of streptococcal disease. Antibiotic prophylaxis can be considered for individu-
als in close contact with infected patients, since their rate of infection is 200 times that of the 
general population (2.9 per 1,000 individuals). However assessment for group A streptococcus 
via throat culture prior to giving prophylaxis can decrease the number of contacts receiving 
unnecessary antibiotics.

Group B streptococcus, S. agalactiae, is a pathogen of neonates and the elderly (adults 
65 years). It colonizes 25% of healthy elderly adults in the United States, a similar percent-
age to that of childbearing women. Just as in group A streptococcal disease, invasive group B 
streptococcal disease has increased 2- to 4-fold over the past two decades. Group B streptococcus 
most commonly causes pneumonia in the very young (due to transmission from mothers during 
childbirth) and in the elderly, with mortality rates of 4% and 14%, respectively. Pneumonia in 
the elderly accounts for over 50% of group B streptococcus-associated deaths. It often occurs 
as an HCAP, and presents with lobar or multilobar infiltrates, but not effusions. Presenting 
symptoms are similar to other bacterial pneumonias. No vaccine has been successfully developed 
against this major streptococcal pathogen, but much research is ongoing, particularly against 
group B streptococcal pili which are found on all 10 serotypes.

S. pneumoniae, also known as Pneumococcus, is an α-hemolytic streptococcus that grows 
as diplococci with a thick capsule. It is the major cause of CAP (30% of all cases) in all set-
tings: outpatient, ward, and intensive care unit. Symptoms include fever, rigors, cough, pleuritic 
chest pain, and the classic “rust-colored sputum.” Lobar consolidation is commonly seen on 
chest radiographs and can be associated with parapneumonic effusions and empyema. Cavita-
tion is rare. Urinary pneumococcal antigen testing can aid in the diagnosis. It is sensitive, but 
by no means cost-effective. Pneumococcal pneumonia is accompanied by bacteremia in about 
10% to 30% of cases. It most commonly affects children less than less than 2 years and adults 
greater than 65 years, but infects people of all ages in all settings, including HCAP and postin-
fluenza. The natural reservoir is the human nasopharynx. Impressively, 50% to 80% of children 
are colonized by 6 months of age. Despite advances in vaccination and treatment, pneumococcal 
mortality remains high, ranging from 6.4% to over 40%, depending on the setting.

Historically, penicillin was the antimicrobial treatment of choice for pneumococcal pneu-
monia. Resistance to penicillin has been on the rise since the first documentation in 1967, but it 
has not corresponded with an increase in mortality. Two large meta-analyses from the last decade 
came to conflicting conclusions on the impact of treatment failure on mortality. Regardless, 
third-generation cephalosporins such as ceftriaxone have become the standard antimicrobial for 
the empiric treatment of pneumococcal pneumonia, which is also reflected in the current guide-
lines for CAP treatment. Ceftaroline, the fifth-generation cephalosporin used in resistant MRSA 
cases, has activity against ceftriaxone-resistant Pneumococcus.
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Macrolides, the other component of CAP treatment, have the advantage of immunomodu-
lation in addition to their antimicrobial activity. It may be the former role that is of greater 
significance in the management of pneumococcal disease. The emergence of macrolide resistance 
without an increase in mortality bespeaks the immunomodulator theory. A recent small retro-
spective cohort study suggests that statin therapy might be more protective against pneumococ-
cal mortality than macrolide use. It is noteworthy that greater than 80% of all penicillin and 
macrolide resistance worldwide is accounted for by only 6 of the 92 serotypes of S. pneumoniae 
(6A, 6B, 9V, 14, 19F, 23F). In the current era of continuous macrolide therapy for chronic 
obstructive pulmonary disease (COPD) and bronchiectasis, new resistance patterns and their 
effect on pneumonia prevalence and mortality may come to light.

Pneumococcal serotypes are relevant to the protection afforded by available vaccines and the 
controversy surrounding vaccine efficacy. As a combination of polysaccharide rather than protein 
antigens, the current 23-valent pneumococcal vaccine provides T-cell-independent immunity, 
thus eliciting no memory B cell formation and showing no anamnestic or booster response upon 
revaccination. In fact, hyporesponsiveness, the eliciting of an even weaker immune response upon 
revaccination, might be an issue despite current guidelines for revaccination after 5 years if the 
first dose was received under the age of 65 or the patient has a high risk for pneumococcal disease. 
A Cochrane review in 2008 disclosed a vaccine-related reduction in invasive pneumococcal dis-
ease with an OR of 0.26, though efficacy against all-cause pneumonia was unclear and there was 
no evidence of efficacy against all-cause mortality. A subsequent meta-analysis analyzing studies 
by methodological quality also failed to show the benefit of pneumococcal vaccination in reduc-
tion of pneumococcal pneumonia, all-cause pneumonia, or mortality. Nonetheless, observational 
studies suggest some benefit of vaccination, although it is limited to healthy adults, not elderly 
and immunocompromised patients that make up the population with the highest pneumococcal 
mortality. Specifically, there is no evidence of benefit in HIV patients despite vaccination recom-
mendations for such patients. Most studies included in the aforementioned meta-analyses used 
the 14-valent rather than the 23-valent vaccine, thus further studies are needed to evaluate the 
efficacy of the 23-valent vaccine. A protein-conjugate vaccine, correcting the T-cell-independence 
of polysaccharide vaccines, is available for children. It offers coverage against fewer serotypes, 
but adults seem to benefit from the “herd immunity” effect conferred by childhood vaccination. 
Perhaps the most promise lies in investigation of protein-based vaccines, especially those target-
ing virulence factors conserved across different Pneumococcus serotypes, such as pneumolysin.
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Haemophilus influenzae are small, pleomorphic, nonmotile oxidative-positive, Gram-negative 
rods that occur in both encapsulated and nonencapsulated forms. The encapsulated forms 
(types A–F), and particularly H. influenzae type B, have increased virulence and are associated 
with invasive disease (e.g., meningitis, bacteremia, epiglottitis, pneumonia, and septic arthritis), 
 primarily in children younger than age 5. In contrast, the genetically diverse unencapsulated 
(nontypeable) strains of H. influenzae commonly cause mucosal diseases such as community- 
acquired pneumonia in adults, sinusitis in children and adults, otitis media in children, and 
bronchitis in patients with chronic lung disease. All strains of H. influenzae are fastidious, tend to 
be overgrown by other bacteria in culture, and require special growth factors (X [hemin] and 
V [nicotinamide adenine dinucleotide]) to grow aerobically. These factors can be supplied with 
chocolate or supplemented agars. The six capsular forms are identified and differentiated from 
the heterogeneous nontypeable H. influenzae strains by a variety of serotyping methodologies 
(e.g., latex particle slide agglutination, countercurrent immunoelectrophoresis).

A dramatic shift has occurred in the epidemiology of H. influenzae infections in developed 
countries since the early 1990s because of the universal implementation of H. influenzae type B 
vaccines in infancy. H. influenzae type B is now only a small burden with an estimated incidence 
of 0.05/100,000 population in the United States. In contrast, all of the H. influenzae subtypes 
together have an estimated incidence of 1.63 of every 100,000 population in the United States 
and a case fatality rate of 15.3%, with most of the burden coming from the nontypeable strains. 
Concurrently, there has been increasing global recognition of the importance of nontypeable 
H. influenzae strains as causative agents for respiratory tract infections and for invasive disease. 
Nontypable strains cause 59% of invasive disease in children and 61% in adults.

Humans are the only known hosts for H. influenzae. The organisms, predominately the 
nontypeable strains, colonize the nasopharynx throughout life, beginning in infancy and can be 
cultured from 3% to 88% of asymptomatic individuals, depending on the population sampled. 
Higher rates, increased susceptibility, and more prolonged duration of carriage are observed in 
those with underlying lung disease (e.g., cystic fibrosis, chronic obstructive pulmonary disease 
[COPD]) as well as in the relatively immunosuppressed (e.g., chronic renal failure, myeloma, 
alcoholism, and diabetes). Colonization can be a very dynamic process, with coinfection and 
strain turnover within days to weeks. Unlike the nontypeable strains, H. influenzae type B and 
other encapsulated strains colonize only a few percentage of healthy individuals. The rate of 
carriage of H. influenzae type B has substantially declined in countries using the H. influenzae 
type B vaccine.

Bacterial transmission occurs through respiratory droplets or contact with secretions and 
fomites. Increased transmission occurs in closed settings, such as households, child day care 
centers, and nursing homes. H. influenzae, primarily nontypeable strains, cause approximately 
20% of all otitis media infections in children and 20% to 25% of all sinus infections in adults. 
In addition, nontypeable H. influenzae strains are second only to Streptococcus pneumoniae as 
the causative agents in community-acquired pneumonia (12%–28% of cases) and are the most 
common cause of exacerbations of COPD and bronchiectasis. Infection with H.  influenzae in 
bronchiectasis is particularly interesting in that the eradication of one strain of the  bacteria 
is quickly followed by reacquisition of another. Additionally, the degree of bacterial load in 
 bronchiectasis is associated with evidence of inflammatory infiltration of the airways and 
 increased airway injury. Risk factors for H. influenzae pneumonia include (1) antecedent viral 
respiratory tract infection (especially influenza A); (2) chronic lung disease (e.g., COPD or bron-
chiectasis); (3) systemic diseases associated with immunosuppression (e.g., diabetes or cancer);  
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(4) environmental exposures (e.g., exposure to smoke); and, in some cases, (5) strain-specific 
virulence factors.

The pathogenesis of disease is very different between encapsulated and unencapsulated 
strains. The encapsulated strains are better able to survive in the bloodstream because the 
polysaccharide capsules confer virulence, as in the case of the polyribosylribitol phosphate 
moieties of H. influenzae type B. H. influenzae type B invades the nasopharyngeal vascular 
space; the ensuing bacteremia can result in sepsis, meningitis, epiglottitis, and other deep-
seated infections. Other encapsulated serotypes (especially a and f) can cause invasive disease, 
especially in the immunocompromised population and in a small minority of immunocom-
petent individuals.

Pathogenesis of disease for the unencapsulated strains is by contiguous spread from a col-
onized nasopharynx, resulting in localized upper and lower respiratory tract infections. The 
oligoliposaccharide of H. influenzae plays a major role in microbe adherence and colonization. 
Historically, unencapsulated strains of H. influenzae rarely caused tissue invasion. Recent reports 
from both developing and developed countries suggest they are becoming more prevalent as 
causes of both invasive disease and pneumonia in healthy children and adults.

Nontypeable H. influenzae are common causes of pneumonia in adults and resemble other 
pneumonias in clinical presentation. Radiographically, multilobar involvement often occurs 
with patchy or lobar distribution of infiltrates. As with other bacterial pneumonias, bacteremia, 
parapneumonic effusions, and empyema can occur. Blood cultures and culture of other ac-
cessible specimens (e.g., parapneumonic pleural effusion) should be done, although the yield 
from blood cultures for nontypeable strains is low. Gram stain and culture of tracheobronchial 
secretions can be difficult to interpret, given the frequent colonization of the respiratory tract 
by H. influenzae. The diagnosis is supported if a predominance of Gram-negative bacilli and 
polymorphonuclear leukocytes are seen in a Gram stain of expectorated sputum (or transtra-
cheal or bronchoscopic specimens). H. influenzae, however, may not be evident as the cause 
of pneumonia, by either Gram stain or culture. Recent studies of real-time polymerase chain 
reaction (PCR) testing for Haemophilus influenzae suggest that it offers more sensitive and more 
specific results than other methods previously used. More invasive sampling (e.g., protected 
bronchial brush catheterization or needle aspiration of lung tissue) can increase the likelihood of 
a definitive diagnosis. These procedures, however, are not usually necessary in stable, immuno-
competent individuals presenting with community-acquired pneumonia. Rather, most patients 
are treated with empiric antibiotic therapy that covers the more common causes of community-
acquired pneumonia.

Nontypeable H. influenzae is also a common cause of acute bacterial exacerbation of COPD 
and bronchiectasis. Colonization with H. influenzae in “stable” COPD patients has been shown 
to increase total symptoms during exacerbations and to prolong the recovery of peak flow after-
ward. Additionally, bacteria isolated from patients with COPD subjected to molecular typing 
demonstrate that the acquisition of a new strain of H. influenzae is associated with a significantly 
increased risk of exacerbation. The clinical signs of an exacerbation can be subtle: low-grade 
fever; mild, increased shortness of breath; or a change in tracheobronchial secretions. Because of 
the ubiquity of the organism and the limitations of sputum Gram stain and culture (described 
above), empiric antibiotic therapy for COPD exacerbation should include coverage of nontype-
able H. influenzae.

Acute epiglottis, as with the other clinical syndromes primarily associated with H. in-
fluenzae type B, is declining in incidence; however, it is a presentation that requires prompt 
recognition and management to circumvent progression to lethal airway obstruction. Acute 
epiglottitis is now more common in adults due to the H. influenzae type B vaccine in chil-
dren. It should be suspected in the setting of a severe sore throat and painful swallowing. In 
later stages, the voice is often muffled and stridor is evident with rapid progression to severe 
upper airway obstruction. The epiglottis is bright red and edematous when visualized by indi-
rect laryngoscopy; it is seen as an enlarged structure compromising the air column on lateral 
roentgenograms of the neck. In expert hands, laryngoscopic evaluation can be performed with 
relative safety and is diagnostically helpful. Establishing a patent airway is essential until the 
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edema and inflammation subside. Although tracheostomy will bypass the obstruction, man-
agement of the airway by endotracheal intubation is increasingly used such that tracheostomy 
is not usually required. Importantly, as manipulation of swollen laryngeal tissues by attempts 
at visualization or intubation can result in more edema and obstruction, the provisions and 
expertise for tracheostomy should be immediately available. Management also includes ap-
propriate antibiotics and may include systemic steroids, although the benefit of the latter has 
not been definitely established.

Serious infections with H. influenzae should be treated with parenteral antibiotics. 
 Appropriate options include (1) selected second-generation cephalosporins (e.g., cefuroxime); 
(2) third-generation cephalosporins (e.g., ceftriaxone, cefotaxime); (3) fluoroquinolones (e.g., 
levo-, gati-, moxifloxacin); (4) monolactams (e.g., aztreonam); (5) extended-spectrum penicillins 
(e.g., piperacillin); and (6) imipenem-cilastatin. Less serious infections, including otitis media, 
sinusitis, bronchitis, and community-acquired pneumonia, may be treated with oral agents. 
A major consideration in selection of an oral agent is the occurrence of b-lactamase-producing 
H. influenzae strains, which were first reported in the 1970s. Both encapsulated and nontypeable 
strains can produce b-lactamase. Most recent national estimates suggest that approximately 26% 
of all isolates produce b-lactamase; however, the percentage appears to be decreasing  (Heilmann, 
2005). Thus, ampicillin or amoxicillin is only appropriate when the particular  isolate has 
been shown to be sensitive. Reasonable options for either empiric oral therapy or therapy 
with a  documented b-lactamase-producing strain include (1) trimethoprim-sulfamethoxazole 
 (although resistance is approximately 24% in the United States) (Pfaller, 2012); (2) cefuroxime 
axetil; (3) amoxicillin-clavulanate; (4) doxycycline; (5) azithromycin; and (6) fluoroquinolones. 
Erythromycin, first-generation cephalosporins, clindamycin, and tetracycline have poor activity 
against H. influenzae and should not be prescribed empirically.

Currently, a number of licensed H. influenzae type B conjugate vaccines incorporate 
 capsular polysaccharide into protein carriers and are highly immunogenic, even in infancy. The 
H.  influenzae type B vaccines have been shown to be protective for invasive disease and to reduce 
carriage of H. influenzae type B, contributing to herd immunity. No cross-protection with other 
capsular strains or nontypeable H. influenzae strains exists. Since the addition of these vaccines 
in routine infant immunization schedules, follow-up surveillance has demonstrated significant 
reductions in the overall incidence of H. influenzae type B infections and the near elimination 
of invasive H. influenzae type B infection; however, strain replacement with serotype F and non-
typeable strains has been noted in children below age 5 and the elderly (.60 years old) in some 
regions. These strain changes may be causing increases in incidence of invasive H. influenzae 
among adults, especially the elderly, in some regions of the United States. However, overall rates 
in the United States in the greater-than-65-year age group appear stable. Research is ongoing 
to develop vaccines to prevent infections caused by nontypeable H. influenzae; however, the 
heterogeneity of the surface molecules of the various strains has made attempts challenging thus 
far. An oral monobacterial vaccine has shown some promise in small studies in reducing the 
frequency and severity of recurrent bronchitis exacerbations in adults, and a nasal vaccine used 
in mice was able to protect against middle ear and pulmonary infections. However, further work 
needs to be done.

In summary, H. influenzae is an important respiratory tract pathogen with a changing 
 epidemiology and resistance pattern noted over the last decade. Encapsulated forms, predomi-
nately H. influenzae type B, and nontypeable strains are both pathogenic, but manifest different 
mechanisms of disease pathogenesis and outcomes. The introduction of H. influenzae type B 
immunization in infancy has sharply reduced the incidence of H. influenzae type B infections, 
which were predominately invasive infections of childhood. Nonencapsulated forms, which are 
common colonizers of the respiratory tract, primarily cause mucosal disease. Additionally, they 
are responsible for a significant proportion of otitis media in children, sinusitis and community-
acquired pneumonia in adults, and lower respiratory tract infection in patients with chronic lung 
disease. Approximately 25% of both encapsulated and nontypeable strains produce  b- lactamase, 
so empiric antibiotic therapy strategies should include agents with b-lactamase resistance. 
 Research is in progress to develop an effective vaccine for nontypeable H. influenzae.
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Klebsiella pneumoniae is a common nosocomial Gram-negative pathogen that has become an 
increasingly global concern due to its carbapenemase activity. Community-acquired pneumo-
nia due to K. pneumoniae is rare in the United States and Europe but has been reported to be 
the second leading cause of severe pneumonia (following Streptococcus pneumonia) requiring 
hospitalization in Asia. A community-acquired K. pneumoniae primary bacteremic liver abscess 
syndrome with meningitis and/or endophthalmitis also has been described in Asia.

Klebsiella species are lactose-fermenting Gram-negative bacteria belonging to the Entero-
bacteriaceae family. K. pneumoniae has a very large polysaccharide capsule with antiphagocytic 
property, which contributes to its virulence. Encapsulated K. pneumoniae strains have a mucoid 
appearance in culture plates, and Gram stain demonstrates bipolar Gram positivity, as seen in 
other enteric organisms. K. pneumoniae may be suspected on Gram stain if there are clear zones 
around apparently Gram-negative bacteria.

K. pneumoniae carbapenemase (KPC) was first described from an isolate in North Carolina 
in 1996 and was infrequently isolated prior to several outbreaks in New York and New Jersey 
in 2001. KPC has now been reported in 42 states of the United States, Europe, South  America, 
Middle East, and Asia. The rapid global spread has been attributed to international travel, 
 patient-to-patient transmission, and interspecies transfer of KPC-producing organisms. KPC 
is an Ambler class A carbapenemase that through hydrolysis confers decreased susceptibility or 
resistance to virtually all β-lactams, including carbapenem. The transferable plasmid encod-
ing KPC frequently contains genes encoding amnioglycoside, extended-spectrum β-lactamase 
(ESBL), and flouroquinolone resistance. These plasmids may be horizontally transmitted to 
other enterobacteriaceae and have been reported in Pseudomonas aeruginosa and Acinetobacter 
baumannii.

K. pneumoniae is a saprophyte which colonizes the gastrointestinal tract, nasopharynx, and, 
rarely, the skin. K. pneumoniae may be found in 5% to 38% of stool samples and has a 1% to 
6% nasopharyngeal carrier rate among normal hosts in the community. However, the nasopha-
ryngeal colonization rate has been found to be as high as 30% in ambulatory alcoholics. The 
carrier rate increases in the hospital environment in direct proportion to the length of stay, prior 
antibiotic use, comorbidities and invasive lines and tubes. In hospitalized patients, the gastroin-
testinal, nasopharyngeal, and skin carrier rates have been reported to be as high as 77%, 19%, 
and 42% respectively.

The classic presentation of community-acquired K. pneumoniae pneumonia (Friedlander 
pneumonia) is rare and consists of acute onset prostration, pleuritic chest pain, dyspnea, high 
fever, and productive cough with “currant jelly” (thick, bloody-appearing and mucoid-viscid) 
sputum. Physical examination discloses tachypnea and signs of lung consolidation. The pos-
terior segment of the right upper lobe is the most often affected area of the lung. Patients may 
present with sepsis or septic shock, and blood cultures are positive in 25% of cases. Leukocyte 
counts can be high, normal, or low. Neutropenia indicates a worse prognosis. Respiratory 
distress or failure requiring endotracheal intubation and mechanical ventilation upon presenta-
tion is common. Lung abscess, cavitation, and pulmonary gangrene (a large cavity containing 
fragments of necrotic lung) may complicate the course of illness. Pleural effusion and empyema 
also are common. After recovery, unclosed cavities, residual fibrosis, and reduced lung volumes 
may be detected.

The presentation of hospital-acquired K. pneumoniae pneumonia is less severe and simi-
lar to other forms of ventilator-associated pneumonia or hospital-acquired pneumonia. De-
pending on the patient’s underlying illness and ability to respond immunologically, localizing 
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symptoms, physical findings, and radiographic appearances may be less apparent or less 
specific.

On chest radiograph, K. pneumoniae pneumonia has been described classically as a lobar 
consolidation with a “bulging” or “bowed” fissure sign more commonly affecting the upper 
lobes and on the right more often than the left. Pathologically, the “bulging” fissure sign is 
thought to result from the necrotizing pneumonia seen more often with Klebsiella pneumonia 
than pneumococcal pneumonia. Destruction of parenchyma within larger areas of consolidative 
lung is thought to lead to the loss of elastic recoil, and thus the “bulging” fissure sign. Subsequent 
reports have revealed that the “bulging” fissure sign is not specific to Klebsiella pneumonia and 
has been reported in Haemophilus influenza and Streptococcus pneumoniae pneumonia as well.

Challenging the classic description, a recent retrospective review from Japan of computer to-
mography findings in 198 patients with acute K. pneumoniae pneumonia demonstrated ground-
glass attenuation (100%), consolidation (91.4%), and intralobular reticular opacities (85.9%), 
which were found in the periphery (96%) of both sides of the lungs (72.2%) and were often 
associated with pleural effusion (53%). Disease in the upper zones occurred in 13.1% compared 
to 55.6% in the lower zones and 31.3% with a random distribution.

The mortality rate for community-acquired K. pneumoniae pneumonia complicated by bac-
teremia is high despite adequate antimicrobial coverage. A recent study from Taiwan reported 
pneumonia mortality of 55% for bacteremic Klebsiella versus 27% for bacteremic S. pneumoniae. 
Nosocomial K. pneumoniae infections have similarly high mortality rates. Independent risk 
factors for death include older age, higher Acute Physiology and Chronic Health Evaluation 
(APACHE II) scores, and inappropriate antimicrobial coverage.

KPC may be difficult to detect with standard clinical microbiologic testing, since high-level 
carbapenem resistance may not be present due to a heterogeneously expressed enzyme. A slight 
increase in minimal inhibitory concentrations (MIC) (within the susceptible to intermediate 
range) may be the only laboratory manifestation. A phenotypic test is often required to detect 
KPC presence. The gold standard for detection is either spectrophotometry or polymerase chain 
reaction (PCR) of the blaKPC gene.

Treatment for community-acquired K. pneumoniae pneumonia should follow Infectious 
Diseases Society of America/American Thoracic Society (IDSA/ATS) guidelines. Treatment of 
resistant organisms can be tailored to susceptibility reports. For KPC-producing strains, tigecy-
cline, colistin, aminoglycosides, and tetracycline have all demonstrated efficacy in case reports 
and small series, especially when used in combination therapy.
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BACKGROUND AND ETIOLOGY
The Gram-negative bacilli (GNB) Pseudomonas aeruginosa, Escherichia coli, and organisms of 
the Proteus, Serratia, Enterobacter, and Acinetobacter species are most commonly associated with 
nosocomial (hospital-acquired) pneumonia (HAP), including ventilator-associated pneumonia 
(VAP). GNB are associated with less than 20% of pneumonias among ambulatory patients with 
community-acquired pneumonia (CAP). However, these GNB are more commonly recovered 
from the airways of debilitated, institutionalized patients with pneumonia, who are included 
among those defined as health care–associated pneumonia (HCAP). GNB are associated with as 
many as half the deaths from bacterial pneumonia in these patients, and are common pathogens 
identified in the airways of hospitalized patients.

Predisposing factors for GNB pneumonia vary with the population at risk. In the com-
munity, chronic bronchitis, bronchiectasis, alcoholism, diabetes, altered mental status, and neu-
tropenia appear to be the major risk factors. Prior antibiotic selection pressure contributes to 
the emergence of these organisms. In the hospital, GNB pneumonia most often occurs with 
prolonged intubation, including tracheostomy. Even without intubation, prolonged hospital 
stay (particularly in the ICU), recent thoracic or abdominal surgery, advanced age, and severe 
underlying illness all are risk factors. During acute and chronic illnesses, patients more often 
have relatively lower levels of some micronutrients (e.g., selenium, zinc), potentially resulting in 
altered host responses, while more frankly immune-compromised hosts are at particular risk for 
adverse outcomes from these infections.

Although contaminated respiratory equipment has caused occasional outbreaks, particularly 
those due to Serratia and Pseudomonas species, these outbreaks are uncommon with the use of 
disposable equipment and aseptic techniques. Medical staff can facilitate colonization of patients 
with potentially resistant organisms by careless hygiene, which can be diminished by careful 
cleansing of hands before and after patient contact and avoiding contact with commonly shared 
fomites (e.g., stethoscopes, door handles, bed controls, etc.) without cleansing. GNB pneu-
monias may result from bacteremia introduced by bladder catheters, intravenous catheters, or 
infections in the abdomen or elsewhere. However, GNB causing HCAP/HAP/VAP are more 
commonly delivered to the lungs via the airways.

Colonization of the upper airways, including the pharynx and nasal sinuses, by GNB gener-
ally precedes pneumonia. Nasal tubes increase retention of secretions in the nasal sinuses and 
drain into the posterior pharynx. Selection of GNB is encouraged in a hospital by a number of 
additional factors commonly encountered in the ICU, particularly antibiotic selection pressure, 
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increased adherence of GNB to the airway epithelium, and retained secretions in seriously ill 
patients. Reflux of gastric contents into the posterior pharynx also can contribute, particularly 
in the supine position and with larger gastric volume. Suppression of gastric acidity selectively 
promotes GNB proliferation in the stomach, although the magnitude of this effect on the de-
velopment of GNB HAP/VAP has been debated. Instillation of medications and nutrition via 
nasogastric tubes likely enhances the risk of aspiration, while passing feeding tubes beyond the 
stomach (postpyloric position) may reduce risk.

Access of nasopharyngeal flora to the lower airways is facilitated by a number of factors 
inherent to ICU patients, particularly intubation. Translaryngeal intubation mechanically holds 
open the epiglottis and vocal cords. Although cuffed endotracheal tubes (ETTs) diminish the 
rate at which large volumes can enter the lower airways, the reservoir of secretions above the cuff 
continue to ooze down around the cuff, which is kept at low pressure to avoid tracheal necrosis. 
Efforts to diminish the size of this subglottic secretion pool with specially designed ETTs have 
produced variable results, perhaps reflecting in part the tenacious character of and limited access 
to subglottic secretions. Bacteria adherent to the ETT provide an additional nidus for infection, 
and silver impregnated tubes may limit recovery of organisms in culture that would suggest 
VAP. However, these approaches have not been reliably demonstrated to translate into a reduc-
tion in overall mortality.

The normal reflex clearance of airway secretions is attenuated by many factors as well. En-
dotracheal and tracheostomy tubes create a smaller lumen through which to expectorate. The 
effectiveness of expectoration is also inhibited by CNS depression (e.g., narcotics, sedatives, 
metabolic instability, CNS lesions), local reflex depression (e.g., topical anesthetic, learned toler-
ance of foreign nasotracheal or nasogastric tubes), and pain (particularly chest and abdominal 
surgery). Mucociliary activity can be decreased (e.g., alcohol, chronic inflammation, metabolic 
disorders), and phagocytic activity can be impaired (e.g., immunocompromised patients, alco-
hol, overwhelmed reserves).

Tracheostomy has advantages for patients requiring prolonged intubation, including stabili-
zation of airway access, patient comfort, and less physical interruption of airway closure during 
swallowing. However, tracheostomy also delays reestablishment of normal airway architecture 
during recovery. After weaning from ventilator support, clearance of secretions is still inhibited 
by diminished ability to generate a high positive pressure for cough and by flow limitations of 
the tube. Airway protection is also impaired by limiting the normally generated positive airway 
pressure during swallowing, by potentially hindering tracheal lift for closure of the epiglottis, 
and by applying pressure to the upper esophagus through the membranous posterior tracheal 
surface. These factors, along with the underlying problems of these patients, lead to a high inci-
dence of recurrent pneumonia, often with GNB in this setting.

CLINICAL PREsENTATIONs
The clinical features of GNB infections are intertwined with the underlying diseases with which 
they are usually associated. The classic descriptions of GNB pneumonias focus on community-
acquired cases, uncomplicated by adult respiratory distress syndrome (ARDS), heart failure, 
or fluid imbalance and, therefore, incompletely represent the spectrum of nosocomial GNB 
pneumonias. Regardless, they provide useful comparisons of pathologic responses in relatively 
fit individuals. In contrast, immunocompromised patients may exhibit relatively few signs or 
symptoms and less evidence of infiltrate on chest film. Even more difficult are patients with 
underlying acute or chronic lung injury who have similar signs and symptoms and areas of 
increased lung tissue density from prior injury. The presence of GNB organisms in such patients 
may reflect either colonization or acute infection, making diagnosis of acute GNB pneumonia 
more challenging.

P. aeruginosa frequently colonizes the skin or mucosa of patients as well as the hospital 
environment (soap, liquid media, and hospital staff). It can colonize or infect tracheostomy 
sites, burns, wounds, and the urinary tract as well as the lower airways of patients with chronic 
bronchitis/bronchiectasis. Mucoid strains often emerge in the airways of patients with cystic 
fibrosis. Pneumonia is usually acquired via the airway and tends to be more prominent in de-
pendent lung zones, whereas hematogenous infections may lead to more widespread changes. 
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Pathologically, severe focal necrosis may be seen with nodular infarcts and vessel wall necrosis 
leading to hemorrhage and formation of small cavities. Purulent pleural effusions are more 
often found at autopsy. Clinically, patients often appear toxic, presenting with chills, fever, 
and dyspnea; sputum often is copious and can be blood-tinged. Pleuritic chest pain is less com-
mon. Ecthyma gangrenosum is an uncommon cutaneous maculopapular eruption representing 
infection and necrosis in vessel walls and may present as hemorrhagic bullae, ulcers, or nodular 
lesions. Though historically linked to bacteremia with these organisms, it can be seen with other 
infections. Radiographically, consolidation in dependent areas is most common and it is clas-
sically associated with abscesses varying in size from 2 to 11 cm. Small effusions also may be 
present. Bilateral patchy infiltrates or bilateral nodules are occasionally seen with hematogenous 
infection.

E. coli pneumonia may follow aspiration or hematogenous dissemination from urinary tract 
or gastrointestinal infections. Pathologically, a diffuse, hemorrhagic pneumonia is often pres-
ent, but abscess formation is less common. Clinically, patients often appear toxic, with fever, 
dyspnea, productive cough, and, more often, pleuritic chest pain. Classically, one may see a rela-
tive bradycardia for the degree of temperature elevation and a paucity of signs of parenchymal 
consolidation. The chest roentgenogram usually demonstrates patchy bronchopneumonia, often 
in the lower lobes. Pleural effusion may be present.

Proteus species are less common causes of respiratory tract infection, frequently associated 
with altered consciousness, potentially leading to aspiration. Pathologically, the pneumonia is 
hemorrhagic and associated with small abscesses. Clinically, patients usually appear less toxic, 
although chills, fever, dyspnea, productive cough, and pleuritic chest pain may be present. The 
chest roentgenogram demonstrates dense infiltrates, more often in the dependent segments of 
the upper lobes and superior segment of the lower lobes, and volume contraction may be seen. 
Pleural effusion is less common.

Serratia species occasionally cause pneumonia. Clustered cases have been linked in the past 
to contaminated respiratory equipment. Pathologically, diffuse bronchopneumonia can occur 
with small (2–3 mm) abscesses. Patients typically are toxic, with fever, chills, and productive 
cough. Pseudohemoptysis, the production of sputum tainted with a red pigment produced by 
some strains, is classically described but is uncommon. The chest radiograph often demonstrates 
diffuse, patchy, bronchopneumonia similar to Pseudomonas pneumonia, although abscess forma-
tion has been reported less frequently. Pleural effusion and empyema may occur.

Enterobacter pneumonia is less well characterized than the other GNB pneumonias. In one 
small series, symptoms included fever, dyspnea, and cough productive of yellow sputum, but 
pleuritic pain was uncommon. Chest radiographs most often demonstrate bilateral broncho-
pneumonia, but abscesses and empyema formation are uncommon. The emergence of drug-
resistant strains has increased the frequency and seriousness of infection from these organisms.

Acinetobacter species have emerged more recently as multidrug-resistant (MDR) organisms 
associated with HAP/VAP, likely in response to the prolific use of broad-spectrum antibiotics. 
Colonization of hospitalized patients with these organisms has been observed with increasing 
frequency. The presence of MDR Acinetobacter species in airway cultures of febrile intubated 
patients with pulmonary infiltrates presents diagnostic and therapeutic dilemmas. The chest 
roentgenogram may demonstrate multilobar infiltrates, occasionally with signs of necrosis (cavi-
tation) or effusion.

DIAGNOsIs
The diagnosis of Gram-negative pneumonia by examination of airway secretions is problematic 
because of the frequency with which GNB colonize the airways of patients at risk, many of 
whom have infiltrates on chest radiographs for other reasons or infiltrates obscured behind the 
diaphragms and mediastinal shadows on portable anteroposterior (AP) films. Demonstration 
of numerous GNB and neutrophils on smears of airway secretions collected via expectoration 
or suctioning provides presumptive evidence of infection, particularly with intracellular organ-
isms indicating evidence of a host response; however, this still may reflect bronchitis rather than 
pneumonia. Attempts to reach beyond the upper airway with bronchoscopic brushing or lavage 
are complicated by the fact that the upper airways are traversed in the process, contaminating 
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the sampling channel during suctioning to maintain visualization. Fewer organisms sometimes 
recovered with these techniques may simply reflect a smaller or diluted sample. Therefore, while 
these samples provide a basis for a presumptive diagnosis, invasion by these organisms is more 
firmly supported by positive cultures from blood or pleural fluid. While routine use in this set-
ting is debated, bronchoscopy can provide important access to samples in patients who cannot 
provide adequate lower airway samples and sometimes demonstrates organisms not reported in 
cultures of upper airway samples laden with other bacteria. Demonstrating a clear predominance 
of one organism increases confidence of its role in a respiratory infection, but recovery of mul-
tiple organisms does not preclude a role for one or more in an apparent pneumonia. Occasion-
ally, if the patient is deteriorating while undergoing treatment, demonstration of tissue infection 
via lung biopsy may be warranted.

TREATmENT
Decisions about when and how to treat HCAP/HAP/VAP are sometimes difficult. Published 
guidelines provide useful direction, but clinical judgment is still required in individual cases. 
Issues related to diagnostic uncertainty complicate confidence in choosing antibiotics, and ini-
tiating antibiotics immediately adds selection pressure for emergence of drug-resistant strains. 
However, the high mortality associated with HAP/VAP with GNB is worsened by delay in 
starting antibiotics to which the organism is sensitive, particularly among those admitted to the 
ICU. This argues for aggressive, broad-spectrum empiric coverage initially, and against limited 
coverage while waiting for results of cultures, particularly among those who are critically ill.

The initial drug or drugs chosen should be based on current resistance patterns in the hos-
pital and organisms likely to be present based on the patient’s presentation and risk profile. For 
example, Pseudomonas is more likely among patients with VAP and those previously receiving 
antibiotics, particularly those with recurrent respiratory tract infections associated with bronchi-
ectasis. To limit antibiotic selection pressure, current opinion favors a “de-escalation” strategy, 
starting with relatively broad coverage, particularly in critically ill patients, and then narrowing 
subsequent coverage based on the results of cultures. However, subsequent de-escalation can 
be worrisome when a patient is improving slowly on an initial regimen, particularly if there is 
uncertainty regarding sensitivity of cultures and in very sick patients with limited ability to toler-
ate deterioration. Recognizing that repetitive use of standardized regimens induces resistance, 
some rotate every few months the classes of drugs selected empirically. Underlying all such 
strategies is a desire to reserve certain classes of drugs for use with subsequent infections in both 
individuals and the institution and to reduce the emergence of multidrug-resistance profiles, 
although evidence of outcome benefit from specific approaches remains limited and continued 
investigation is needed.

When Pseudomonas species are demonstrated or suspected, two classes of drugs have been 
used simultaneously because drug resistance often emerges in these organisms. This may be 
particularly important with prior exposure to antipseudomonal antibiotics of the same class. 
Traditionally, a high dose semisynthetic penicillin (e.g., piperacillin) has been combined with an 
aminoglycoside (e.g., tobramycin, gentamycin, amikacin). In recent years, high doses of fluoro-
quinolones (e.g., ciprofloxacin, possibly levofloxacin) are often substituted for aminoglycosides, 
particularly among older, sicker patients at increased risk of ototoxicity and nephrotoxicity. Of 
note, while adding a β-lactamase inhibitor (e.g., piperacillin-tazobactam—pip/tazo) enhances 
piperacillin efficacy against many organisms, this is not true for Pseudomonas species. Therefore, 
the pip/tazo combination is usually recommended at higher doses (4.5 g every 6 hours) for 
Pseudomonas species. Several other β-lactam drugs can be substituted for semisynthetic peni-
cillins, including some third- and fourth-generation cephalosporins (e.g., ceftazidime and ce-
fepime, respectively). When severe allergy to β-lactam antibiotics makes use of cephalosporins 
and carbapenems a concern, monobactam aztreonam may be used, but it should be remem-
bered that this choice sacrifices virtually any coverage of Gram positives. Carbapenems are often 
more effective when organisms with extended-spectrum beta-lactamase (ESBL) inhibitors have 
emerged. Pseudomonas species are usually sensitive to imipenem, meropenem, and doripenem, 
but not ertapenem. However, ertapenem is often effective against other GNB with ESBL re-
sistance (e.g., E. coli), and does not induce resistance of emerging Pseudomonas species to the 
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other carbapenems. Most worrisome is the continued emergence of MDR organisms, including 
Acinetobacter species, forcing consideration of colistin (polymyxin E) and polymyxin B, poten-
tially more toxic agents. Of interest, recent data suggest that addition of rifampin to colistin may 
improve outcomes with some MDR strains.

While dual antibiotic therapy has been the standard for covering Pseudomonas species, a 
single broad-spectrum drug has been successful in the initial empiric treatment of patients with 
HCAP, pending results of cultures, unless there is reason for heightened concern for resistant 
organisms or for intolerance of the patient for clinical deterioration should subsequent culture 
results show resistance to that single drug. A growing list of orally active agents effective against 
GNB has facilitated outpatient management of persons with less severe illness, including very 
high doses of some quinolones (e.g., ciprofloxacin, levofloxacin) for pseudomonas coverage, or 
less broad spectrum cephalosporins and β-lactam inhibitor combinations (e.g., amoxicillin plus 
clavulanate) for other species. One might caution against the overuse of quinolones in hospital-
ized patients, where parenteral antibiotics are generally used, unless other options are unlikely 
to be effective or more likely to be toxic. Specific choice(s) should also take into account insti-
tutional sensitivity patterns.

Prior exposure to a class of antibiotics increases the probability of resistance, which argues 
for use of a different drug class with each new event. However, this must be weighed against the 
risk of broadening antibiotic selection pressure in the individual patient if recurrent infection 
is likely, a risk that may be shared with others in the health care environment as well. As such, 
the potential tolerance of the individual for a delay in appropriately targeted therapy should be 
considered in making the best decision for the patient, both short-term and long-term.

Delivery of antibiotics to infected regions of the lungs is inherently complicated by hypoxic 
vasoconstriction, and accumulated secretions may further diminish local concentrations. Bacte-
riocidal activity increases with higher local concentrations of aminoglycosides and quinolones, 
whereas activity of β-lactam drugs is not similarly enhanced by raising local concentrations above 
the bacteriocidal level. Therefore, although drug penetration is always an issue, it carries addi-
tional significance in comparing quinolones with aminoglycosides. Quinolones enjoy good tissue 
penetration and fairly good tolerance at relatively higher systemic doses, while aminoglycosides 
penetrate tissues more poorly and toxicity precludes systemic administration of higher doses. Of 
interest, airway instillation of aminoglycosides as an adjuvant to intravenous therapy more rapidly 
clears GNB from secretions, but direct instillation of less-than-usual systemic doses of amino-
glycoside has little impact on the overall course of VAP when added to systemic administration. 
In contrast, repeated nebulization of very high doses of tobramycin (300 mg BID) alone has 
improved long-term outcomes in patients with cystic fibrosis and suppressed symptoms in other 
patients with bronchiectasis, with remarkably good tolerance. The role of nebulizing high doses 
of aminoglycosides as an adjunct to systemic therapy in HAP/VAP with GNB has not been well 
characterized. Aerosolization of other classes of antibiotics is also of interest, with some anecdotal 
successes with colistin for MDR infections, but data are not yet sufficient for specific recommen-
dations regarding appropriate dosing or confidence in efficacy for treatment of HCAP/HAP/VAP.

The appropriate duration of antibiotic therapy varies with the severity of infection, comor-
bidities, overall severity of the clinical presentation, the organisms involved, the confidence in 
the diagnosis, and the characteristics of the antibiotic chosen, including sensitivity of the or-
ganisms, tissue penetration, and persistence at the targeted site. For example, among patients 
with CAP, which only infrequently is associated with GNB, a quinolone (levofloxacin) was 
found comparably effective orally at a high dose (750 mg daily) for 5 days when compared to a 
moderate dose (500 mg daily) for 10 days. Importantly, these regimens were not recommended 
for infections with pseudomonas. Among sicker patients with VAP, various regimens utilized 
for 8 days were found to be comparable to longer 15-day courses. This study was confirmed 
subsequently in patients studied earlier in the course of intubation. Limited data suggest that 
infusion of 3.375 g pip/tazo over 4 hours three times a day (TID) may be as effective as four 
times a day (QID) infusion over 30 minutes for HAP/VAP. However, a study of patients with 
VAP compared a 7-day course of similarly prolonged 4-hour infusion of 1 g of doripenem to a 
10-day course of 1-hour infusion of 1 g imepenem-cilastatin, two carbapenems with broad spec-
trum activity in vitro, including pseudomonas, to which addition of amikacin was permitted if 



2 5 8   Section III • Diseases

carbapenem resistance was suspected. Unexpectedly, mortality appeared greater with the shorter 
course of doripenem, particularly among those with Pseudomonas infections.

The 2005 American Thoracic Society/Infectious Diseases Society of America (ATS/IDSA) 
guidelines for HCAP/HAP/VAP recommend considering shorter courses (,8 days) for patients 
with rapid clinical response, but noted that longer courses are needed in some, perhaps most 
notably in those with Pseudomonas infections. Monitoring clinical responses helps determine 
appropriate duration of therapy. There is some evidence that declining levels of inflammatory 
markers (e.g., procalcitonin, C-reactive protein [CRP]) may be helpful. More prospective studies 
are needed to help guide duration of specific drug regimens and to differentiate between subsets 
of HCAP/HAP/VAP who are likely to respond differently.

The potential role of passive immunotherapy for treatment or prevention of GNB infections 
has been investigated much less than the use of new antibiotics. While passive immunization 
with antibodies induced in horse serum were useful prior to the development of effective antibi-
otics, results from more recent clinical trials of pharmacologic modulation of immune responses 
among patients with pneumonia have been variable and thus far disappointing. Examples of 
failed approaches include efforts to enhance apparently weak responses, and conversely to sup-
press potentially excessive host responses. Unfortunately, these interventions may dysregulate 
overall host response sufficiently to result in ineffective, or even harmful, overall effects. Com-
mercially available agents include immunostimulants (e.g., granulocyte colony-stimulating fac-
tor [G-CSF], granulocyte-macrophage colony-stimulating factor [GM-CSF], interferons), and 
immunosuppressants (corticosteroids, tumor necrosis factor [TNF] antagonists). Although the 
value of these agents in most patients is unclear, severe neutropenia (,500/mm3) is associ-
ated with very high risk and should usually be treated with bone marrow stimulants (G-CSF, 
GM-CSF). In contrast, patients with pneumonia who are in septic shock requiring vasopressors 
should receive at least a short course of corticosteroids to improve hemodynamic responses. 
Immunoglobulin supplements (intravenous immunoglobulin [IVIG]) should be administered 
to patients with severe immunoglobulin deficiencies, but a role for IVIG in treatment of others 
with HCAP/HAP/VAP has not as yet been established.

PROGNOsIs
Unfortunately, the mortality rate associated with GNB pneumonia remains high, although ranging 
widely from less than 20% to as high as 90% in an older report. Historic, observational data suggest 
mortality was higher with monotherapy relying on aminoglycosides compared to monotherapy 
with other, newer agents. However, mortality is largely determined by the severity of the underlying 
illness. Although bacteremia with GNB has not been reliably demonstrated to be associated with 
higher mortality in all patients, neutropenic patients with P. aeruginosa pneumonia and bacteremia 
may still suffer a mortality exceeding 80%. Supportive measures directed at treating underlying 
illnesses, and limiting multi-organ dysfunction in severe infections, likely impact overall outcome.

PREvENTION
A persistently high mortality rate from GNB pneumonia continues to stimulate interest in pre-
ventive therapy. Unfortunately, the need for intubation with respiratory failure, prior use of 
antibiotics for treatment of other apparent infections, and presence of other underlying serious 
illnesses in these patients significantly limit the impact of prevention efforts. Nevertheless, risk 
factors may be modified in some patients.

Avoidance of prolonged intubation can diminish HAP/VAP. Noninvasive (mask) ventila-
tion (NIV) applied initially to patients with respiratory insufficiency may reduce HAP/VAP 
and associated mortality among patients with respiratory insufficiency, including those with 
neutropenia. However, the role of NIV after extubation for managing patients with recurrent 
respiratory failure is more complex. NIV can be helpful when applied routinely at the time 
of extubation of marginal patients, perhaps diminishing fatigue leading to recurrence of frank 
respiratory failure. However, outcomes appear worse when NIV is used to delay reintubation of 
patients already showing signs of frank respiratory failure after extubation.

If intubation is required, an oral, rather than nasal, route is recommended to avoid 
 obstructing sinuses and, if feasible, an ETT with a dorsal lumen suction tube above the cuff for 
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continuous or intermittent suction to reduce secretions in the subglottic space. At the time of 
extubation, careful attention to clearing these secretions is recommended to avoid larger volume 
aspiration. One practical approach is as follows: (1) temporarily increase positive pressure in the 
trachea by increasing positive end expiratory pressure (PEEP, about 8–10 cm H2O), returning 
the ventilator mode to assist control (AC) with pressure control (PC, about 20–25 cm H2O); (2) 
slowly deflate the cuff while capturing the few secretions that fall into the trachea with a suction 
catheter reaching to the tip of the ETT, hopefully hearing the bulk of secretions expelled into 
the pharynx above by the positive pressure; (3) reinflate the cuff; and then (4) clear the larger 
volume of secretions in the posterior pharynx with an oral suction device (e.g., Yankauer). After 
completing and possibly repeating this exercise, the volume of subglottic secretions should be 
minimized, and the patency of the upper airway confirmed by the audible air-leak with expul-
sion of secretions. Finally, (5) remove the ETT while continuously suctioning via a catheter 
extended to the tip of the ETT.

Among patients with a tracheostomy who no longer require ventilator support, but still need 
access for suctioning, deflation of the balloon and application of a one-way value (e.g., Passey 
valve) not only facilitates speech but also can reduce aspiration during swallowing. These valves 
permit inhalation via the tracheostomy tube and are generally more easily removed than locking 
tracheostomy tube caps when access is needed urgently. Among those who continue to require 
ventilator support, clearance of condensate in ventilator tubing is recommended, but frequent 
replacement of the tubing itself is not beneficial for patients who remain connected to the venti-
lator. Careful cleansing of hands and other contact surfaces is too often forgotten when moving 
from patient to patient.

Among high-risk patients, elevating the head of the bed 30° to 45° to avoid gastric reflux ap-
pears important, as does limiting gastric residua. However, protracted efforts to advance feeding 
tubes beyond the stomach are more costly, can delay onset of feedings, and have not demon-
strated consistent benefit. Use of sucralfate for gastric protection from stress ulcerations, without 
alkalization, in ventilated patients has been studied repeatedly with some evidence of fewer VAP 
when compared to H2 blockers, but less effective in preventing peptic ulcerations when com-
pared to more potent acid inhibitors. Prophylactic administration of antibiotics intratracheally, 
intravenously, or by oral paste to achieve selective gut decontamination can reduce colonization 
with organisms susceptible to the agents and apparent respiratory infections, although there is 
no consistent reduction in mortality. Mortality benefit was demonstrated in a recent large study 
that combined oral decontamination with a 4-day course of intravenous cefotaxime, but con-
cerns for inducing resistance over time remain. Use of tooth brushing does not reliably improve 
on the potential benefit of mouth wash with chlorhexidine.

The potential value of augmenting immune responses in high-risk patients continues to be 
explored both for prevention and treatment, including active immunization of high-risk individ-
uals and passive enhancement of host responses in established infections. Dietary supplements 
to restore micronutrient deficiencies may enhance host immunity and epithelial repair and may 
reduce the risk of infection, although existing data regarding many selective nutrients remain 
inconsistent and insufficient for specific recommendations.

Continued research in this area holds promise of reducing the unacceptably high mortality 
rate caused by infection with GNB, but large randomized, controlled clinical trials are needed 
before recommending routine use of specific interventions. Because the importance of GNB 
recovered from the airways in these patients is often unclear, more valuable endpoints for such 
studies might include reduced mortality, shortened ICU and hospital stays, and reduced costs, 
not simply recovery of GNB organisms in the presence of an infiltrate on chest radiographs.
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Anaerobic bacteria aspirated into the lung can cause pneumonia, lung abscess, and empyema. 
Anaerobic lung infections typically smolder for weeks to months before a patient presents for 
medical care. Symptoms tend not to be as profound or specific as in other bacterial infections 
and include putrid sputum and breath, weight loss, and fever. Infection is caused by aspiration of 
multiple organisms normally residing in gingival crevices. Because anaerobes are not highly viru-
lent organisms, they may require up to three or more concomitant bacterial species to establish 
infection in the lung via bacterial synergy. The concomitant species may be aerobic or anaerobic. 
Many times the concomitant bacteria will grow in culture, while the anaerobic bacteria do not. 
For this reason, the selective nature of diagnostic cultures may mask the true contribution of 
anaerobes to the infectious process. The top three anaerobic species that cause lung infections are 
Bacteroides melaninogenicus, Fusobacterium nucleatum, and Peptostreptococcus.

Poor dentition and gingival disease in a patient with pulmonary symptoms should raise the 
suspicion for anaerobic infection, since these conditions are associated with higher amounts of 
bacteria in the oropharynx. Anaerobic bacteria infect the lung after large quantities are aspirated. 
For this reason, anaerobic lung infection is associated with conditions that lead to aspiration such 
as alcohol abuse, seizure, stroke or other neurologic disorders, dysphagia, and esophageal motility 
disorders. In addition, patients with nosocomial sinusitis have a high incidence of anaerobes as the 
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etiologic organism. Sinusitis is commonly associated with pneumonia due to the same organism, 
presumably because of aspiration of the organisms from the nasopharyngeal space. Anaerobic infec-
tions also can occur in the setting of obstructing lung lesions, such as tumors or aspirated objects.

Patients with anaerobic lung infections tend to be less acutely ill than those with other 
community-acquired pneumonias. In one review of all ICU admissions over one year, not a 
single case was due to anaerobic lung infections or their sequelae. The onset of symptoms tends 
to be more insidious than in pneumonia due to more virulent bacteria. Patients with anaerobic 
empyema and lung abscess typically present after 14 to 15 days of symptoms. Twenty percent of 
patients who have aspirated anaerobic organisms will develop lung necrosis and abscesses in the 
following weeks. Some patients will develop empyema in 4 to 6 weeks. Because of the chronic 
nature of anaerobic infections, symptoms such as weight loss, anemia, and night sweats are com-
mon. However, in the hours following aspiration itself, patients may have symptoms of chemical 
pneumonitis, which symptomatically and radiographically should clear within 24 to 48 hours.

Radiographic findings of anaerobic lung infection include necrotic lesions, cavitations, and 
abscesses and complicated pleural effusions. Because aspiration is the primary process leading to 
infection, dependent lung segments in the recumbent position are most commonly involved, 
especially the superior segments of the lower lobes and the posterior segments of the upper lobes.

Diagnosis is almost entirely clinical but the presence of putrid sputum or empyema fluid 
is diagnostic because anaerobes are the only organisms to produce the short-chain volatile fatty 
acids that are associated with a distinctive odor and sour and foul taste. There have been no 
significant advancements in diagnosis in over 20 years. Methods that may be useful in making a 
diagosis include transtracheal lung sampling and protected brush specimens via bronchoscopy. 
However, neither method has become commonplace. Samples need to be rapidly processed un-
der anaerobic conditions; any contamination with more robust bacterial species (Staphylococcus) 
can lead to overgrowth that masks the presence of anaerobes.

New methods might include polymerase chain reaction (PCR) detection of bacterial genomic 
markers in sputum and bronchoalveolar lavage (BAL) samples. However, because the bacteria 
that cause anaerobic infections are found normally in the oral cavity, contamination of expecto-
rated specimens is common. One method of removing oral contaminations is to run tap water 
over sputum samples to remove any bacteria not embedded in the mucous and biofilm. Recovery 
of anaerobes from pleural fluid is the most convincing finding. However, even in the absence of 
culture data, any pleural fluid that smells putrid is strong evidence of anaerobic infection.

Antibiotic coverage for anaerobes is reasonable in the setting of out-of-hospital aspiration 
that results in pneumonia. Also, patients who appear to be nontoxic despite evidence of nec-
rotizing pneumonia, lung abscess, or empyema should be treated for anaerobic lung infection. 
Many commonly used antibiotics have good anaerobic coverage, which may be the reason that 
anaerobic lung infections are often not diagnosed specifically and do not need additional cover-
age. For community-acquired pneumonia that may be related to aspiration, a fluoroquinolone 
plus clindamycin or a β-lactam/β-lactamase inhibitor is appropriate. If the clinical diagnosis 
is clearly aspiration pneumonia, single-drug therapy has been shown to be efficacious with 
clindamycin, β-lactam/β-lactamase inhibitor, and carbapenem. Nosocomial aspiration should 
be covered with imipenem, piperacillin-tazobactam (pip/tazo) or other Gram-negative bacteria 
coverage plus clindamycin. Clindamycin is one of the most commonly recommended antibiot-
ics for anaerobic pneumonia, and is well supported by clinical research. However, monotherapy 
with ampicillin/sulbactam, amoxicillin-clavulanate, moxifloxacin, or carbapenems has resulted 
in outcomes comparable to clindamycin. Metronidazole is not as effective and is not recom-
mended for single-drug treatment of anaerobes in the lung. If metronidazole is used, it must be 
combined with penicillin to provide coverage against streptococci.

Antibiotic treatment for anaerobic pneumonia should continue for 7 to 10 days. Aspira-
tion pneumonitis is mostly chemical in nature and does not require antibiotic treatment if it 
occurred out of hospital. However, aspiration in hospitalized patients is associated with a 13% 
to 26% chance of bacterial superinfection. In those cases, coverage for Gram-negative and an-
aerobic species (e.g., a carbapenem or pip/tazo) would be prudent for 48 to 72 hours. It can be 
discontinued if lung infiltrates do not develop. Antibiotic treatment of several months may be 
necessary for lung abscesses, continuing until radiographic clearance (anywhere between 3 weeks 
to 8 months). Anaerobic empyemas require drainage and concomitant antibiotic treatment for 
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7 to 14 days beyond resolution of the empyema and defervescence. Pleural thickening, however, 
is a common residua, and its presence does not indicate a need to prolong antibiotic therapy.

Patients with aspiration-associated anaerobic pneumonia and lung abscess typically recover 
well. The Pneumonia Patient Outcomes Research Team (PORT) pneumonia severity index 
(PSI) score and CURB-65 scores (see Further Reading 23–25) can be used to predict short-
term mortality and need for hospitalization, while the PSI score can also be used to predict 
long-term mortality. Outcomes for lung abscess depend greatly on the underlying condition of 
the patient. Relatively healthy patients, including alcoholics, have a 90% to 95% cure rate with 
antibiotics, while those who are immunocompromised or have cancer may have a mortality 
rate up to 75%.
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Historically, the term atypical pneumonia was applied to pulmonary infections that were without 
identifiable causative organisms on routine culture and did not respond to standard antimicro-
bial therapy. They had unusual clinical and radiographic presentations compared with classic 
bacterial pneumonias. Subsequently, a variety of causative organisms were identified that are 
often considered synonymous with the term atypical pneumonia, including Mycoplasma pneu-
moniae, Chlamydophila psittaci (psittacosis), Chlamydophila pneumoniae (formerly C. psittaci, 
strain TWAR), Coxiella burnetii (Q fever), Legionella species, and various viruses. This group of 
organisms is responsible for at least 25% of all community-acquired pneumonias (CAP) world-
wide. The illnesses caused by these organisms differ in their epidemiology and natural history, 
but they are all thought to be transmitted via particle or droplet inhalation and all are resistant to 
beta lactam antibiotics. CAP empiric therapy guidelines specifically address atypical pathogens, 
and some scoring systems have been developed in an attempt to differentiate typical from atypi-
cal CAP. Because laboratory identification of these infections remains difficult, much effort has 
gone into developing newer diagnostic techniques such as polymerase chain reaction (PCR). 
Mortality with these pathogens is characteristically less than with other common causes of CAP 
and many, including Legionella, are frequently managed as outpatients. The enhanced ability to 
identify these infectious agents and their relative frequency leads some to argue that atypical is 
now a misnomer.

M. pneumoniae is a free-living organism without a cell wall that readily attaches to mucosal 
surfaces. It was first described in 1938, and at that time it was believed to be caused by a nonfil-
terable virus. It was later found to be associated with a rise in cold agglutinins and to be a bacte-
rial infection. It is the most common cause of atypical pneumonia, accounting for 10% to 30% 
of pneumonias in ambulatory patients (some reports suggest even higher). It had previously been 
called “walking pneumonia” due to the discordance between radiographic infiltrates and relative 
paucity of symptoms. M. pneumoniae is the most common cause of pneumonia in young adults 
and teenagers, though the frequency is also increased in the elderly. Hospitalization is rarely 
required except in individuals who are chronically ill or develop complications. M.  pneumoniae 
has an incubation period averaging 2 to 3 weeks. The infection is usually endemic, occurring 
most frequently in the fall and winter months. The rate of infection is greatest in areas of close 
personal contact (e.g., military bases, households). M. pneumoniae infection most commonly 
presents as tracheobronchitis with intractable cough and low-grade fever. Relatively few infected 
persons develop frank pneumonia (3%–6%). Pulmonary exam may be normal but often dem-
onstrates diffuse inspiratory rales that correspond to unilateral or bilateral infiltrates on radio-
graphs. Lobar consolidation is rare. Small pleural effusions occur in up to 25% of patients. 
Leucocytosis is often absent. In addition to respiratory illness, M. pneumoniae can cause a myriad 
of extrapulmonary illnesses either by direct invasion or by immune mechanisms, such as non-
exudative pharyngitis, bullous myringitis, diarrhea, and erythema multiforme. Rarely, patients 
may present with central nervous system (CNS) manifestations (meningoencephalitis, transverse 
myelitis) or cardiac manifestations (pericarditis, myocarditis). A potentially serious extrapulmo-
nary manifestation is cold agglutinin-induced hemolysis, which results from IgM antibodies 
that cross-react with the erythrocyte I antigen. A nonspecific elevation in cold agglutinin titers 
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occurs in 75% of patients by the first to second week of the illness, but may be mild and without 
associated complications. Diagnosis by a 4-fold rise in antibody titers by enzyme-linked immu-
nosorbent assay (EIA) is both sensitive and specific. PCR is not yet standardized or available for 
routine use. It is recommended to treat empirically, while using paired EIA serology and rapid 
PCR assays if available. M. pneumoniae infection is self-limited in most cases; in one large series, 
it represented only 5% of patients hospitalized with pneumonia. The overall mortality rate is 
extremely low and generally attributed to neurologic and cardiac sequelae. M. pneumoniae can 
be treated with azithromycin 500 mg initially followed by 250 QD mg daily for 4 days or with 
doxycycline 200 mg initially, then 100 mg Q12H for 10 to 14 days, although macrolide resis-
tance is an increasing problem. The respiratory fluoroquinolones, moxifloxacin or levofloxacin, 
are effective alternatives and given for 5 days.

The Chlamydophila species are obligate intracellular bacteria and include two species associ-
ated with human pneumonia in adults: C. psittaci and C. pneumoniae. Chlamydia trachomatis 
causes conjunctivitis and pneumonia in newborn infants but has not been implicated as a cause 
of adult respiratory disease. C. psittaci is primarily an avian pathogen but also causes infection 
in humans (psittacosis) after contaminated droppings from diseased birds are inhaled. Parrots 
and parakeets (psittacine birds) are the most common sources of human infection, but domestic 
(chickens, ducks, and turkeys) and urban (pigeons) fowl also have been described as a source 
of infection. Infected birds are commonly asymptomatic but can develop an illness of ruffled 
feathers, respiratory symptoms, conjunctivitis, or diarrhea. Psittacosis occurs sporadically but 
frequently is seen in association with avian outbreaks. It is a serious occupational hazard in 
poultry-processing plants, with turkeys being the most commonly involved bird in the United 
States and ducks in Europe. After the organism gains access to the upper respiratory tract, it 
spreads hematogenously to the lungs and to the reticuloendothelial system. The incubation 
 period is 5 to 21 days. Human-to-human transmission is unusual, although infection of health-
care workers by patients has been described. The reported incidence is 0.01/100,000 in the 
United States, but this is likely an underrepresentation since clinical disease is often mild and 
likely underdiagnosed. Psittacosis is responsible for less than 5% of hospitalized pneumonia 
cases. It can affect any age, but is more common in young and middle-aged adults. The clinical 
spectrum of psittacosis is protean and ranges from a mild, flulike illness with fever, dry cough, 
and headache (the majority) to fulminant sepsis with multiorgan failure. Pneumonia, although 
generally mild, can present as a severe, multilobar, consolidative process associated with sple-
nomegaly and relative bradycardia. Many extrapulmonary manifestations have been described, 
including severe headache, photophobia, myalgias, arthralgias, nausea and vomiting, lymphade-
nopathy, hepatosplenomegaly, and thyroiditis. Serious manifestations such as meningoencepha-
litis, endocarditis, myocarditis, and nephritis can be seen. Dermatologic manifestations include 
erythema nodosum, erythema marginatum, and a pink, roselike, macular rash (Horder spots). 
The chest radiograph is abnormal in 80% of patients, most often with lobar consolidation. 
Labs are nonspecific. Fulminant psittacosis is an infrequent but important complication mani-
fested by hypoxic respiratory failure, septic shock, impaired cognition, and renal, hepatic, and 
hematologic failure. Poor prognostic signs include increased age, confusion, leukopenia, severe 
hypoxemia, and renal and multilobar pulmonary involvement. The mortality rate was 20% in 
the preantibiotic era and now is about 1% with appropriate treatment.

C. pneumoniae occurs most commonly in elderly. In contrast to C. psittaci, no animal vector 
(other than humans) has been discovered. Transmission is likely from person to person through 
respiratory secretions. Serologic evidence indicates that infection is common throughout the 
world. About 5% to 15% of community-acquired pneumonia is attributed to this organism, 
 although serologic tests used to make such estimates have suffered from poor specificity.  Repeated 
infection and persistent infection can occur. Dual infections in combination with Streptococcus 
pneumoniae or M. pneumoniae have been reported. Often the patient has a brief prodrome of 
headache and myalgias and then high fever and shaking chills, but they may be asymptomatic. 
Cough and pharyngitis are frequently present. Other clinical manifestations include sinusitis 
and delirium. Extrapulmonary signs and symptoms are less common but can include arthritis, 
myocarditis, Guillian-Barre syndrome, and meningoencephalitis. In addition to causing pneu-
monia, C. pneumoniae has been identified as an etiologic factor in acute exacerbations of chronic 
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obstructive pulmonary disease and coronary artery disease. Laboratory data are not specific, and 
radiographs generally have patchy subsegmental infiltrates. Diagnosis is most commonly made 
by demonstrating a 4-fold rise in complement fixation (CF) titers drawn 2 weeks apart. The 
clinical utility of serial titer measurement is limited by lack of specificity (with significant cross-
reactivity between C. psittaci and C. pneumoniae) and by the delay incurred while waiting for a 
second sample. Microimmunofluorescence (MIF) is a specific assay that can be positive on the 
basis of a single IgM titer of 16 or greater; however, it is less readily available than other tests. 
PCR of sputum and bronchoalveolar lavage (BAL) samples is a rapid and specific diagnostic test, 
but it is not routinely available outside of reference laboratories. Cell culture techniques are not 
generally available except in specialized labs (C. psittaci is classified as a dangerous pathogen).

The antibiotic of choice for Chlamydophila pneumonias is doxycycline for 10 to 14 days 
for C. pneumoniae and 14 days for C. psittaci. Tigecycline and fluoroquinolones have in vitro 
activity, but clinical treatment data are limited. Newer macrolides have in vitro activity against 
Chlamydophila species and are an appropriate choice in pregnancy and childhood. Birds infected 
with C. psittaci should be treated with doxycycline to cure or at least suppress any major ongoing 
exposure risk.

Q fever is a zoonosis, named “Query fever” in 1936 following an outbreak in Australia of 
a febrile illness characterized by headache, malaise, anorexia, and myalgia in abattoir workers. 
Coxiella burnetii, the etiologic agent of Q fever, is an obligate intracellular bacterium with a large 
natural reservoir that includes rodents, cattle, sheep, and goats. In nature, a tick vector maintains 
the disease. C. burnetii is a reportable disease in the United States and a Centers for Disease 
Control and Prevention (CDC) category B bioterrorism agent, meaning it has the potential for 
large-scale dissemination but generally causes less illness and death than category A agents. Hu-
mans acquire the disease through contact with infected milk, feces, urine, or placentas of farm 
animals. Human-to-human spread, although theoretically possible, has never been documented. 
The incubation period averages 2 to 3 weeks. Outbreaks have been reported in stockyard and 
meat packinghouse employees, dairy workers, animal hair processors, and medical school em-
ployees (in research facilities using contaminated sheep placentas). Infection can result in acute 
or chronic illness and induces a range of immunomodulatory responses in the host from im-
munosuppression in those with chronic Q fever to nonspecific stimulation after vaccination that 
results in autoantibody induction, especially to smooth muscle and cardiac muscle. There was 
an average of 51 cases per year in the United States from 2000 to 2004. It remains more com-
mon in Australia and is endemic in many European countries. Acute Q fever can be present as 
a nonspecific febrile illness, pneumonia, or hepatitis, the clinical presentation being influenced 
by geography. Q fever pneumonia patients present with some combination of fevers, severe 
headache, cough, pleuritic chest pain, digestive symptoms, and arthromyalgia, though other 
nonspecific symptoms may occur. Other more severe extrapulmonary manifestations include 
endocarditis, myocarditis, pericarditis, glomerulonephritis, and meningoencephalitis. Hemato-
logic and dermatologic complications can occur, not unlike other atypical pathogens. Chronic 
Q fever, defined as lasting over 6 months, occurs in 1% to 5% of infected patients. It presents as 
endocarditis, osteomyelitis, and hepatitis and can complicate pregnancy. History often provides 
the most important clue of exposure. Exam may reveal hepatosplenomegaly and nonspecific 
rales. Liver function abnormalities occur in the majority of patients and both thrombocytopenia 
and autoantibodies are commonly seen. Radiographic manifestations are not specific though 
multiple rounded opacities are not infrequently found. Diagnosis of Q fever is most commonly 
by immunofluorescence antibody testing. Persistence or reappearance of high levels of antibodies 
may indicate chronic infection. PCR has been used in cell cultures and clinical samples; how-
ever, isolation must be done in a biosafety containment facility because of its extreme infectivity. 
The treatment of choice for Q fever pneumonia is doxycycline for 10 days. There is heteroge-
neous susceptibility to macrolides, and fluoroquinolone resistance has been reported. Pregnant 
patients should be treated with cotrimoxazole for the duration of pregnancy. Q fever pneumonia 
is usually a self-limited illness with an excellent prognosis though symptoms can last for weeks. 
Patients with cardiac valvular lesions who develop Q fever are at risk for endocarditis months or 
years later and should be followed serologically or treated prophylactically for 1 year. Vaccines 
have been developed for use in high-risk populations.
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Legionella is an obligate aerobic Gram-negative nonfermenting bacillus that was first rec-
ognized during the 1976 outbreak at American Legion Convention in Philadelphia. It is now 
known to be a common cause of both CAP and nosocomial pneumonia. Legionellosis refers to 
the two clinical syndromes caused by Legionella species: Legionnaires’ disease, the most common 
acute pneumonic syndrome, and Pontiac fever, a nonpneumonic acute syndrome manifested by 
a febrile, self-limited, flulike illness. The family Legionellae consists of more than 70 serogroups. 
L. pneumophila, serogroups 1 to 6 account for most human infections (90% are serogroup 1), 
but other Legionella species are known to cause similar human disease. Legionella organisms 
are predominantly intracellular, infecting mononuclear cells (e.g., alveolar macrophages) in the 
lung. The natural habitat of Legionella species is fresh water sources, such as cooling towers, 
evaporative condensers, humidifiers, and nebulizers, as well as potable water systems. There is a 
seasonal peak of Legionella CAP in the late summer and early fall. Sporadic cases and outbreaks 
(including nosocomial outbreaks) are often related to exposure to colonized water sources. 
 Superheating and hyperchlorination can eradicate the organism.

Legionella is often an opportunistic pathogen. Smokers, the elderly, patients with chronic 
illnesses, those on corticosteroids, and those with impairment in cellular immunity are particu-
larly susceptible. There was an unexplained increase in Legionnaires’ disease during the H1N1 
influenza pandemic.

The greater severity of illness seen with Legionella, frequently requiring hospitalization and 
intensive care, distinguishes it from the other atypical pneumonias. The incubation period 
ranges from 2 to 18 days. Legionella may present subacutely, but commonly presents acutely 
with severe illness, manifested by a high fever, rigors, and significant hypoxemia. Gastrointes-
tinal symptoms are a prominent feature. Radiographic studies are nonspecific, but rapidly pro-
gressive asymmetrical patchy infiltrates are characteristic. Although uncommon, Legionnaires’ 
disease is associated with many extrapulmonary findings. Some features more consistent with 
Legionnaires’ are temperature greater than 39, confusion, relative bradycardia (pulse tempera-
ture deficit), mild transaminitis, loose watery stool, microscopic hematuria, hypophosphatemia, 
hyponatremia, markedly elevated ferritin, relative lymphopenia, and absence of dermatologic or 
upper respiratory tract symptomatology.

Diagnosis is made by culture of respiratory secretions on selective media. Monoclonal DFA 
of respiratory secretions is diagnostic, but positivity decreases rapidly with anti-Legionella therapy. 
The urinary antigen for L. pneumophila serogroups 1 to 6 is commonly used. It may be negative 
early, but positivity lasts for several days and the results can be available in hours. The newer ICT 
(immunochromatographic membrane) assay for urinary antigen reports a sensitivity of 80% and 
specificity of 97% to 100%. PCR-based tests are available but currently not routinely used nor 
recommended by CDC. The mainstays of Legionella therapy are fluoroquinolones, which are 
highly active against Legionella and penetrate well into alveolar macrophages, concentrating intra-
cellularly to supraserum concentrations. Tigecycline is also active and concentrates well in lung 
tissue and alveolar macrophages. Use is recommended if intolerant of fluoroquinolones. Prior to 
fluoroquinolones, doxycycline was the treatment of choice. Macrolides, considered the drug of 
choice for empiric treatment of atypical pneumonia, have variable effectiveness. Duration of ther-
apy is 2 weeks unless the patient has severely limited cardiopulmonary function, which may re-
quire longer therapy. Prognosis is dependent on host cardiopulmonary function, cellular immune 
function, innoculum size, and promptness of therapy. Legionnaires’ disease can be fatal, but with 
early diagnosis and appropriate therapy mortality is less than 5% in immunocompetent patients.

Although important differences in severity and outcome exist, the clinical manifestations 
of M. pneumoniae, C. pneumoniae, psittacosis, Q fever, and Legionnaires’ disease can be similar 
and nonspecific. These pneumonic illnesses characteristically have unimpressive physical find-
ings, nonspecific routine laboratory tests and chest radiographs, absence of bacterial pathogens 
on Gram stain and routine culture of clinical samples. Clues to the etiologic agents, however, 
can often be discerned from medical history, including environmental and occupational expo-
sures coupled with patterns of organ involvement. Specific antigens, PCR, and serologic tests 
exist, but there is no widely accepted gold standard that can be routinely recommended for all 
pneumonia patients, though multiplex PCRs being tested have promise for the future. Standard-
ized, reliable tests will help not only in diagnosing individual patients but also in establishing 
accurate incidence and prevalence of these elusive organisms. As is the case with other types of 



    Chapter 47 • Atypical Pneumonias   2 7 1

pneumonia, a decision to treat must be made before laboratory confirmation of a specific diag-
nosis is made. Single empiric antibiotic options for outpatient therapy that will cover atypical 
pathogens include the macrolides, the respiratory fluoroquinolones, and the tetracyclines. The 
Infectious Diseases Society of America has developed useful guidelines for empiric treatment of 
these and other community-acquired pneumonia
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Viruses are recognized increasingly as a primary cause of pneumonia and also as coinfection 
with bacterial pneumonia. Interest in viral pneumonia has increased in recent years because of 
several factors: (a) the increasing number of immunosuppressed patients resulting from hema-
tologic stem cell and solid organ transplants; (b) the availability of new molecular diagnostic 
techniques such as nucleic acid amplification (i.e., polymerase chain reaction [PCR]); and (c) 
the development of new, effective antiviral therapies as well as preventive measures (i.e., im-
munization as well as chemoprophylaxis). In addition, interest has been heightened by recent 
epidemics of respiratory illness caused by novel strains of viruses such as severe acute respiratory 
syndrome (SARS) in 2003, avian flu (H5N1) from 2006 to 2008, swine flu (H1N1) in 2009, 
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and, most recently, the H7N9 reassortment of influenza A causing severe flu with high mortality 
rate among rural Chinese exposed to infected poultry.

This chapter reviews several of the most common viral pneumonias in immune-competent 
hosts. In such individuals, most viral respiratory infections have similar clinical presentations. 
Diagnosis, therefore, depends heavily on a high index of suspicion based on the epidemiologic 
context and confirmation by diagnostic tools such as serologic and immunohistochemical data 
as well as molecular diagnostic techniques such as PCR.

Influenza viruses remain the most common cause of pulmonary viral infections. These are 
RNA-containing viruses in the myxovirus family. They are divided into three groups (A, B, and 
C) on the basis of internal membrane (M) and nucleoprotein (NP) antigens. Group A is further 
divided into a variety of antigenic subtypes based on two distinct surface glycoproteins: hemag-
glutinin (H) and neuraminidase (N). Hemagglutinin is necessary for binding and penetrating 
the host cell membrane. Neuraminidase aids in the release and spread of replicated viral particles. 
Influenza A viruses can mutate spontaneously, producing new strains with changes in the H and 
N glycoproteins. The complete nomenclature of a strain of influenza virus includes the viral 
type (A, B, or C), geographic location of discovery, strain number, year, and H and N numbers 
(e.g., A/California/7/2009[H1N1]). All three types (A, B, and C) can undergo minor structural 
changes; however, only type A produces serologically distinct strains designated by numerical 
subscripts in the H and N loci. Immunity to influenza infection depends on the host’s produc-
tion of antibodies to these glycoproteins. When a small antigenic change (antigenic drift) occurs, 
the effect on immunity is relatively minor. However, with a major antigenic change (antigenic 
shift) most people are not immune to the new (e.g., novel) virus resulting in a pandemic. The 
swine flu (H1N1) virus responsible for the 2009 pandemic is an example of such an antigenic 
shift. The WHO estimated that 16,226 deaths were attributed to H1N1 from April 2009 to 
January 2010. A growing body of literature supports the theory that aquatic birds and other ani-
mals (e.g., pigs) serve as important reservoirs of influenza virus, allowing genetic recombination 
leading to new, antigenically distinct, and, thus, more virulent strains of virus.

Influenza A is the most virulent subtype and the cause of the annual epidemics. Influenza B 
usually causes disease in populations confined to closed spaces such as daycare centers and board-
ing schools. Influenza C is the least virulent and found in sporadic cases. Typically,  patients 
present with fever, cough, myalgia, headache, conjunctivitis, and prostration. Significant gas-
trointestinal symptoms, rhinorrhea, and pharyngitis are uncommon. Infections often exacerbate 
chronic illnesses such as chronic obstructive pulmonary disease (COPD), asthma, cystic fibrosis, 
and congestive heart failure. Chest radiographs are often negative. However, in cases of pneu-
monia, infiltrates are usually patchy and bilateral. Infiltrates are generally self-limited and resolve 
within 3 weeks. Occasionally, influenza pneumonia evolves into diffuse pneumonia with bilat-
eral infiltrates, severe hypoxemia, and acute respiratory distress syndrome (ARDS).

Coinfection with bacteria such as Staphylococcus aureus, Streptococcus pneumoniae, and 
 Haemophilus influenza can occur within days and up to 2 weeks of influenza infection. Bacterial 
coinfection is a significant factor in the high mortality rate seen during epidemics and pandem-
ics. The clinical course is determined in part by the specific bacterial pneumonia. However, 
complications such as abscess formation (especially with S. aureus), septic shock, empyema, and 
Reye syndrome are common.

Neurological sequelae of influenza, including Guillan-Barre syndrome, seizures, and trans-
verse myelitis, have been reported. Severe myositis with elevated serum creatinine and phos-
phokinase levels also have been reported. Other rare complications include myoglobinuria, 
thrombocytopenia, renal failure, myocarditis, and disseminated intravascular coagulation.

Vaccination remains the most important preventive measure against the epidemic of influ-
enza A. The Centers for Disease Control and Prevention (CDC) recommends that vaccination 
efforts be directed toward at-risk populations including children aged 6 months to 4 years; 
adults aged 50 and older; persons with chronic pulmonary, cardiovascular (except hypertension 
alone), renal, hepatic, neurologic, hematologic, or metabolic disorders (including diabetes mel-
litus); and immunosuppressed patients, and women who are pregnant or will be pregnant dur-
ing the influenza season. Vaccination is also recommended for residents of nursing homes and 
chronic care facilities, healthcare workers, household contacts, caregivers of children younger 



    Chapter 48 • Viral Pneumonia   2 7 5

than 5 years and adults 50 years and older, and household contacts and caregivers of persons 
with medical conditions that put them at higher risk for severe complications from influenza.

Amantadine and rimantadine have been approved for prevention and treatment of influenza 
A but are not effective against influenza B. However, many influenza A strains are now resistant 
to these drugs; thus, they are no longer recommended for empiric single-drug therapy.

Oseltamivir and zanamivir are drugs that block the surface protein neuraminidase and trap 
the virus within the infected respiratory epithelium preventing its dissemination. They should 
be administered, preferably within 48 hours of the onset of symptoms. They are active against 
both influenza A and B. In cases of severe pneumonia, medication should be provided even after 
48 hours of symptom onset.

In cases of severe hypoxemic respiratory failure with ARDS as seen in the H1N1 pandemic, 
rescue maneuvers such as prone ventilation and extracorporeal membrane oxygenation (ECMO) 
may be instituted in addition to antiviral therapy.

Respiratory syncytial virus (RSV) is part of the Paramyviridae family and is an important cause 
of croup, bronchiolitis, and pneumonia in infants and young children. It has also now been 
recognized as an important cause of pneumonia in adults, especially the elderly. It is highly con-
tagious, spreading through droplets and fomites, leading to a few outbreaks in nursing homes. 
Treatment is mainly supportive. However, ribavirin is currently available as antiviral therapy 
effective against RSV and is recommended for severe cases and those at high risk of complica-
tions from RSV. Intravenous immunoglobulin specific for RSV (palivizumab) can also be used 
in combination with ribavirin in critically ill patients and those at high risk for complications, 
especially bone marrow transplant recipients.

Parainfluenza, a paramyxovirus classified into four subtypes (1, 2, 3, and 4), is a common 
cause of viral respiratory infections in children and a recognized cause of pneumonia in adults. 
However, severe cases of pneumonia are usually seen only in immunocompromised adults. In 
immunocompetent hosts, it commonly leads to exacerbation of chronic diseases and rarely 
causes severe pneumonia.

Adenovirus causes a particularly aggressive form of pneumonia in neonates, triggering necro-
tizing bronchiolitis and alveolitis. In large closed quartered populations, such as military recruits, 
it can cause viral pneumonia similar to other atypical pneumonias. In the general population, 
however, adenovirus pneumonia is seen rarely, but is a common cause of pharyngitis, tracheo-
bronchitis, and conjunctivitis. Treatment is supportive, although in severe cases and in immuno-
compromised hosts antiviral therapy with cidofovir and ribavirin has been used.

During 2002 and 2003, a coronavirus (SARS-coV) caused SARS, a severe respiratory infec-
tion in more than 8,000 people, leading to 774 deaths. Up to a third of those infected became 
critically ill. Pneumonia with lung injury was noted in 16% of all infected individuals and 80% of 
critically ill patients. In contrast to other viral infections, adults were affected more than children.

More recently, in September 2012, a novel coronavirus (initially termed HCoV-EMC, 
now designated as Middle East respiratory syndrome coronavirus, MERS-CoV) was discovered 
to have caused severe pneumonia and renal failure in a healthy 60-year-old man with a fatal 
outcome. According to the WHO, up to February of 2013, there have been 13 laboratory-
confirmed cases, 6 of which were fatal. It was hypothesized that these cases were secondary to 
zoonotic events, possibly contact with bats as the reservoir host.

Rhinovirus is most commonly recognized as the cause of the common cold. Although contro-
versial, some studies have found this virus in up to 30% of cases of severe pneumonia requiring 
hospitalization with ICU admission.

Varicella-zoster virus (VZV) causes varicella, a highly contagious childhood exanthema with 
variable systemic syndrome. In adults, some form of pulmonary involvement complicates about 
5% to 15% of instances of adult chickenpox. Risk factors for progression to pneumonia include 
pregnancy, smoking, older age, chronic pulmonary disease, and immunosuppression. In addi-
tion to the typical polymorphic rash with vesciles, pustules, and crusty lesions, patients with 
VZV pneumonia have chest X-rays with diffuse nodules which may resolve into miliary calci-
fied densities. High resolution CT scan of the thorax often shows numerous ill-defined centri-
lobular nodules, randomly distributed in both lungs with surrounding ground-glass opacities. 
Treatment is with acyclovir and supportive care. Most healthy adults have a favorable outcome 
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with complete recovery. However, in immunocompromised patients, mortality can reach 50% 
 despite aggressive treatment.

Measles (rubeola) is another highly contagious systemic viral illness of childhood that can 
cause serious pneumonia in susceptible adults. With effective vaccination using the inactivated 
virus, measles pneumonia is now seen rarely.

Cytomegalovirus (CMV) is highly prevalent in the general population. In immunocom-
promised hosts such as bone marrow and organ transplant recipients, it can cause severe, life- 
threatening pneumonia leading to respiratory failure. In immunocompetent hosts, CMV can 
cause community-acquired viral pneumonia; however, the incidence is quite low. Patients pres-
ent with typical viral syndrome with symptoms of fever, chills, cough, and malaise. Chest X-rays 
may show patchy infiltrates or a reticular pattern. Thoracic CT scan typically demonstrates 
ground-glass infiltrates, but a reticular pattern and consolidation have also been described. The 
diagnosis can be made by viral culture of respiratory secretions or bronchoalveolar lavage fluid or 
cytology showing typical viral inclusions. Serologic diagnosis is based on elevated CMV IgM or 
on increasing titer of IgG over time. More recently, CMV PCR has allowed for both more rapid 
diagnosis and close follow-up by quantitative PCR. Of note, blood CMV PCR can be negative 
in immunocompetent hosts with primary CMV pneumonia. Treatment is with ganciclovir or 
valganciclovir. In immunocompetent hosts, prognosis is usually favorable.

Herpes simplex virus (HSV) type I is transmitted via close contacts through saliva or vesicular 
fluid and is typically associated with gingivostomatitis. It can also cause vesicular-ulcerative  lesions 
on the mucosa of the lower respiratory tract. Commonly, HSV-I causes tracheobronchitis in pre-
disposed patients such as those with severe burns, malignancies, AIDS, and bone marrow and or-
gan transplants. Occasionally, HSV-I can be found in immunocompetent patients with a recent 
myocardial infarction or COPD exarcebation, and also in elderly patients. Pneumonia is uncom-
mon, except for predisposed patients in whom the spectrum ranges from an innocent bystander 
to fulminant disease leading to ARDS. HSV-II rarely causes pulmonary disease except in cases of 
hematogenous dissemination. Definitive diagnosis of HSV pneumonia is often difficult and requires 
lung biopsy. Treatment is with acyclovir with foscarnet as an alternative for acyclovir-resistant HSV.

The hantavirus pulmonary syndrome (HPS) is caused by the Sin Nombre virus (SNV). Sin 
Nombre means “no name” in Spanish. Humans become infected through contact with hanta-
virus-infected rodents or their urine and droppings. Infection can lead to severe illness with 
fever, severe myalgia, cough, headache, and malaise. Rhinorrhea and sore throat are seen rarely. 
 Disease can progress to hemorrhagic fever and renal failure. Patients with HPS can develop rapid 
respiratory failure from noncardiogenic pulmonary edema cause by massive pulmonary capillary 
leak. Routine laboratory findings are nonspecific, but frequently leukocytosis with bandemia 
and metamyelocytes are found in the peripheral blood. Thrombocytopenia and erythrocytosis 
are common. Chemistry panels show low albumin, elevated lactate dehydrogenase (LDH), and 
elevated aspartate aminotransferase (AST) and alanine aminotransferase (ALT). As critical illness 
progresses, respiratory failure and cardiac failure develop. In contrast to septic shock, shock seen 
in HPS is characterized by low cardiac output.

HPS was first recognized in 1993, when a cluster of deaths occurred in residents of the Four 
Corners area of the southwestern United States. It is now known that SNV infects the common 
deer mouse, Peromyscus maniculatus. Zoonotic transmission occurs when humans come in con-
tact with urine or droppings of infected mice. More recently, in the summer of 2012, another 
outbreak occurred at Curry Village in Yosemite National Park where 10 people were infected, 
supposedly when campers came in contact with infected mice droppings or urine in their tents. 
Two of these cases were fatal. Diagnosis should be suspected in the appropriate context. Acute 
infection can be confirmed by enzyme-linked immunosorbent assay (ELISA) to detect IgM 
antibodies to SNV. Four-fold rise in IgG between acute and convalescent titer or the presence of 
IgM in the acute phase is diagnostic. Reverse-transcriptase PCR is also available as a diagnostic 
tool. Immunohistochemistry is usually used in postmortem or retrospective analyses.

Treatment entails aggressive early ICU support with inotropic agents, mechanical ventila-
tion, and renal replacement therapy. No specific antiviral agent is effective, although ribavirin 
has been tried. Mortality in HPS remains quite high, up to 76%. Rodent control is the most 
effective preventive measure.
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Tuberculosis is a pulmonary and systemic infectious disease caused by Mycobacterium tubercu-
losis. It is spread from person to person by airborne transmission of droplet nuclei 1 to 5 μm 
in diameter. Several factors determine the probability of transmission: (1) infectiousness of the 
source patient—a positive sputum smear for acid-fast bacilli or a cavity on chest radiograph be-
ing strongly associated with infectiousness; (2) host susceptibility of the contact; (3) duration of 
exposure of the contact to the source patient; and (4) the environment in which the exposure 
takes place: a small, poorly ventilated space providing the highest risk. Even among household 
contacts of active tuberculosis patients, the risk of infection is surprisingly low; the United 
States Public Health Service (USPHS) reported an approximate 28% incidence of infection in 
household contacts. In addition, animal and human studies have demonstrated that tuberculosis 
transmission may dramatically decrease within days to weeks of instituting effective treatment.

Despite this relatively low transmission rate, tuberculosis remains a major global public 
health problem. There are almost 9 million new tuberculosis cases per year throughout the 
world and about 1.4 million people die of the disease annually. The human immunodeficiency 
virus (HIV) epidemic has dramatically altered tuberculosis epidemiology and is driving much 
of the global epidemic, especially in Africa. Nearly one quarter of worldwide HIV deaths are 
tuberculosis-related. The current epidemic has been accompanied by a rise in drug-resistant 
tuberculosis. Currently, it is estimated that each year there are almost 500,000 new cases of 
multidrug-resistant (MDR) tuberculosis (resistant to isoniazid and rifampin) globally, of which 
approximately 10% are extensively drug-resistant (MDR plus resistance to a fluorquinolone and 
any second-line injectable drug [amikacin, kanamycin, and capreomycin]).

In the United States, there had been a steady 4% to 7% annual decline in the case rate until 
1984. Between 1985 and 1992, however, the annual incidence of tuberculosis increased by 
20%. This increase was concentrated in young (predominantly aged 25–44), urban (especially 
New York, New Jersey, and California), racial, and ethnic minority populations. Tuberculosis 
also was found to be prevalent among the homeless, injection and noninjection drug users, and 
inmates of correctional facilities. In many of these groups, the rise in tuberculosis was linked to 
high rates of HIV infection. A second epidemiologic trend emerged with increased immigration 
to the United States of persons from countries where tuberculosis is prevalent (especially Latin 
America, South and Southeast Asia, Africa, and Eastern Europe). Before 1986, foreign-born 
persons accounted for 22% of tuberculosis cases. By 1997, this number had increased to 39% 
and in 2009 it reached 59%. In some locations, this phenomenon is even more pronounced. In 
California, for example, more than 75% of tuberculosis cases occur in persons born outside the 
United States. Because of extensive national, state, and local control efforts, the annual incidence 
of tuberculosis has been on the decline again since 1992, falling 57% between 1992 and 2011 
(from 26,673 cases to 10,528 cases). Despite this welcome decline, the associations of tubercu-
losis with conditions such as HIV infection, homelessness, injection drug use, and foreign birth 
remain. Approximately 1% of US tuberculosis cases are MDR.

The tuberculin skin test (TST) is a major tool for investigating tuberculosis infection. It can 
be used diagnostically in the individual patient and epidemiologically in the general population. 
The TST (Mantoux method) is performed by the intracutaneous injection of a standardized, 
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stabilized dose of 5 TU of purified protein derivative (PPD). The extent of induration is 
measured 48 to 72 hours later. Multiple puncture techniques (e.g., tine test) are not recom-
mended. The interpretation of the TST is based on an individual’s epidemiologic risk factors 
for  tuberculosis infection. The 2000 American Thoracic Society (ATS) guidelines for interpreta-
tion of TST results are as follows: (a) 5-mm induration is considered positive for (i) individuals 
with HIV infection or other comparable immunosuppression (equivalent to receiving 15 mg 
or greater of prednisone for 1 month or more), (ii) close contacts to an active tuberculosis case, 
or (iii) patients with a chest radiograph suggestive of prior tuberculosis (e.g., fibronodular) dis-
ease (also termed inactive disease); (b) 10-mm induration is considered positive for (i) recent 
immigrants (within the last 5 years) from high-incidence countries; (ii) injection drug users; 
(iii) residents and employees of high-risk congregate facilities, such as nursing homes, homeless 
shelters, or prisons; (iv) mycobacterial laboratory personnel; (v) persons with underlying medi-
cal conditions, such as diabetes, silicosis, end-stage renal disease, certain malignancies, and low 
body weight (loss of at least 10% of ideal body weight); or (vi) children younger than age 4 and 
infants, children, or adolescents exposed to adults at high risk; and (c) 15-mm induration is 
considered positive for all others.

A positive TST result is considered to indicate the presence of infection with M. tuberculosis. 
In the United States, it is recommended that persons who test positive receive treatment for la-
tent tuberculosis to prevent progression to disease. Thus, an intent to test for latent tuberculosis 
should indicate an intent to treat for latent tuberculosis if it is found. Consequently, testing 
should be reserved for persons at high risk for latent infection or at high risk to progress to dis-
ease based on their epidemiologic profile.

In a number of situations, the TST is neither sensitive nor specific for tuberculosis infection. 
A positive TST result is a manifestation of type IV delayed hypersensitivity. Certain biologic 
conditions, such as viral illnesses (including HIV infection), malignancies, other debilitating 
illness (including advanced active tuberculosis) and certain medications will suppress the type 
IV response and T-lymphocyte function. In addition, proper application of the TST requires 
careful attention to technique and interpretation. TST should be performed by well-trained, 
experienced operators. False-positive test findings can occur for a number of reasons, including 
cross-reactions caused by nontuberculous (atypical) mycobacterial infection bacillus Calmette-
Guérin (BCG) vaccination.

In 2001, a new test, the QuantiFERON-TB test (QFT), was approved by the FDA for the 
diagnosis of latent tuberculosis infection. This test, which measures interferon-γ response to 
PPD in whole blood, was found to have good agreement with the TST in a number of popula-
tions. Subsequently, newer versions of interferon-gamma release assays (IGRAs) were devel-
oped that substituted synthetic peptides mimicking M. tuberculosis antigens, such as ESAT-6 
and CFP-10, for PPD. Because these antigens are not found in BCG or most nontuberculosis 
 mycobacteria, IGRAs are much less subject to false-positive reactions due to cross-reactivity. Per 
current CDC guidelines, IGRAs are recommended to be used in any situation in which the TST 
is used. Furthermore, IGRAs are preferred in persons who have received BCG vaccination or for 
groups that historically have had low rates of return for TST reading (e.g., homeless persons). 
Because of limited data about the performance of IGRAs in young children at present, the TST 
is preferred in children less than 5 years of age.

Two methods have been used for tuberculosis prevention: BCG vaccination and isoniazid 
therapy for latent infection. BCG is a live, attenuated bacterial vaccine that has been evaluated 
extensively. The World Health Organization recommends administering BCG once at birth in 
endemic countries. Except for occasional local reactions, its toxicity is minimal. In controlled 
trials, the efficacy of case reduction has varied from 0% to 80%. In most trials, the incidence 
of miliary and meningeal tuberculosis in children has been greatly reduced. Variations in the 
efficacy of case reduction have been explained by differences in vaccine potency. A large trial 
conducted in India using a very potent BCG vaccine failed to show a protective effect against tu-
berculosis in adults, however, suggesting that vaccine potency is not the only factor determining 
efficacy. BCG is best used in the noninfected (TST-negative) population. The vaccine generally 
converts an individual’s TST to positive, at least in the short term. However, the TST response 
has been somewhat variable with different vaccines and in different individuals, and it correlates 
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poorly with vaccine effectiveness. BCG may, therefore, limit the diagnostic value of the TST in 
certain circumstances. BCG has not been used in the United States because of the low incidence 
of tuberculosis. It has been most useful in areas of the world where the case rate and new infec-
tion rate remain high.

The principal preventive tool in the United States has been treatment of latent infection with 
isoniazid. In the 1950s, when isoniazid became available as an inexpensive, bactericidal, and rela-
tively nontoxic drug for the treatment of active tuberculosis disease, controlled trials were insti-
tuted to determine its efficacy for the treatment of latent infection. In more than 70,000 patients, 
the USPHS and others consistently demonstrated a 60% to 70% case reduction rate attributable 
to isoniazid therapy. Follow-up for as long as 15 years confirmed the long-term protection isonia-
zid provides against progression to disease.

Concern regarding toxicity, especially hepatotoxicity, and the need for adherence to a pro-
longed course of therapy have limited isoniazid therapy’s effectiveness as a public health inter-
vention. Older studies revealed that isoniazid-associated liver injury occurred in about 1% of 
patients, and deaths secondary to isoniazid-induced liver injury were reported. More recently, 
however, public health clinics in Seattle and San Diego reported incidences of hepatotoxicity 
of 0.1 and 0.3%, respectively, among more than 14,000 patients treated. There were no deaths 
reported and only one hospitalization. Despite the low incidence of liver injury, completion rates 
for 6 months of therapy were below 65% in both reports.

ATS and CDC recommend that all persons with latent tuberculosis infection receive treat-
ment. Clinical monitoring, on a monthly basis at minimum, is recommended for all patients 
receiving isoniazid. Routine transaminase monitoring should be reserved for individuals at par-
ticular risk for hepatotoxicity, including those who are pregnant or in the immediate postpar-
tum period (first 3 months) or those with HIV infection, a history of liver disease, a history of 
excess alcohol use, or other risks for liver disease. The preferred duration of isoniazid therapy is 
9 months for all groups of patients, including those with HIV infection, those with a chest radio-
graph suggestive of prior tuberculosis disease (inactive tuberculosis), and children. Six months of 
treatment is considered an acceptable alternative for immunocompetent adults without evidence 
of prior tuberculosis on chest radiograph, but this shorter duration is felt to be less effective based 
on existing data.

Initial studies done in HIV-infected patients suggested that the combination of daily 
 rifampin and pyrazinamide for 2 months was equally efficacious and safe for the treatment of 
latent tuberculosis when compared with 6 or 12 months of isoniazid. Subsequently, as this regi-
men came in to general use, multiple hospitalizations and deaths resulting from hepatotoxicity 
associated with this regimen were reported. ATS and CDC now recommend that the combina-
tion of rifampin and pyrazinamide should generally not be offered to persons with latent tuber-
culosis infection for either HIV-negative or HIV-infected persons.

A 12-dose regimen of isoniazid and rifapentine (once weekly for 12 weeks) has been evalu-
ated as a possible short-course substitute for 9 months of isoniazid. An initial study from Brazil 
showed this regimen was well tolerated and appeared to be effective. A much larger clinical trial 
that randomized more than 8,000 patients, mainly in the United States, to either 9 months of 
isoniazid or 12 weekly doses of isoniazid and rifapentine found that 12 weekly doses of isoniazid 
and rifapentine was as good as 9 months of isoniazid. CDC subsequently recommended use of 
isoniazid and rifapentine-using directly observed therapy for otherwise healthy patients aged 
greater than or equal to 12 years who have latent tuberculosis infection and factors that are pre-
dictive of tuberculosis developing (e.g., recent exposure to contagious tuberculosis).

For contacts exposed to isoniazid-resistant, rifampin-susceptible tuberculosis patients, 
 rifampin (4 months duration) can be used. It is important to note that rifampin and a closely 
related medication, rifabutin, interact with protease inhibitors and nonnucleoside reverse tran-
scriptase inhibitors used to treat HIV. Consultation with an expert familiar with both HIV and 
tuberculosis treatment is recommended in this situation. For MDR tuberculosis exposures, some 
have suggested the use of a fluoroquinolone alone or in combination with either pyrazinamide or 
ethambutol if the source-case M. tuberculosis isolate is susceptible to these drugs. Two-drug com-
binations, especially those including pyrazinamide, tend not to be well tolerated, and comple-
tion rates are very low. Data on the efficacy of these regimens are not available.
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TB has a wide array of pulmonary and extrapulmonary clinical manifestations. Inhaled 
droplet nuclei of Mycobacterium tuberculosis initially lodge in the middle or lower lung                                                                                                                
zones where regional ventilation is greatest, resulting in a local inflammatory reaction with 
spread to regional lymph nodes and subsequent hematogenous dissemination. Distant organs, 
especially the kidneys, bone, CNS, as well as the lung apices, are seeded, but overt clinical disease 
of these areas does not usually ensue. A low-grade fever and symptoms of an upper respiratory ill-
ness also may be present. The chest radiograph may show a small area of pneumonitis and often 
hilar and paratracheal lymphadenopathy. Prominent hilar adenopathy is frequent in children; it 
is found less commonly in adults.

This initial infection, termed primary TB, resolves spontaneously in most individuals. 
Healed lesions appear on chest radiograph as calcified parenchymal nodules and are often associ-
ated with calcified hilar lymph nodes. In a small percentage of individuals, the initial infection 
progresses and can manifest as (1) rupture of subpleural infectious foci into the pleural space 
resulting in tuberculous pleuritis; (2) extensive caseous pneumonia; (3) enlargement of tubercu-
lous lymph nodes causing bronchial obstruction (collapse–consolidation lesion); (4) rupture of a 
tuberculous focus into a bronchus leading to extensive endobronchial spread throughout one or 
both lungs; or (5) rupture of a tuberculous focus into a pulmonary blood vessel with hematog-
enous spread leading to acute disseminated disease.

TB can reactivate months to years after containment of the primary infection. The factors 
causing reactivation lesions are poorly understood. Certain conditions increase the likelihood 
of progression from latent TB infection to disease, including malnutrition, alcoholism, poorly 
controlled diabetes mellitus, silicosis, immunosuppression (by disease processes or drugs), gas-
trectomy, chronic hemodialysis, and jejunoileal bypass surgery. In most patients, however, no 
predisposing factor can be identified.

Radiographically, reactivation or postprimary pulmonary TB usually presents as an infiltrate 
in the apical and posterior segments of the upper lobes. The patient can be entirely asymp-
tomatic or have nonspecific symptoms of chronic respiratory infection (e.g., fever, weight loss, 
productive cough, and hemoptysis). The chest radiograph may reveal a somewhat nondescript 
fibronodular or fluffy alveolar filling process in the upper lung fields but frequently shows cavity 
formation, fibrosis with volume loss, or both. The process occasionally heals spontaneously but 
more frequently progresses locally in the absence of drug therapy. Advanced disease can be as-
sociated with rupture of a hypertrophied pulmonary artery (Rasmussen aneurysm) into a cavity, 
resulting in massive hemoptysis, although this is exceedingly uncommon in the era of effective 
therapy. Rapid progression of pulmonary disease with severe ventilation–perfusion disturbances 
presenting as the adult respiratory distress syndrome is also seen in rare instances. New hematog-
enous dissemination and extrapulmonary disease may follow pulmonary reactivation.

Routine laboratory studies in pulmonary TB are nonspecific. Hematologic studies often 
reveal a mild anemia, leukopenia, or a monocytosis, but more profound pancytopenia or leuko-
cytosis has been reported. Hyponatremia, usually attributable to the syndrome of inappropriate 
antidiuretic hormone production, occurs in more than 10% of patients with pulmonary TB. 
Addison disease is a very rare cause of hyponatremia in patients with TB.

The definitive diagnosis of pulmonary TB depends on obtaining a positive culture from 
infected secretions or tissue. If cultures are negative or obtaining a culture is not possible, a 
presumptive diagnosis can be made from clinical inference and therapeutic trial. The tuberculin 
skin test (TST) and interferon-gamma release assays (IGRAs) provide information as to whether 
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a tuberculous infection is present, but do not distinguish between disease and latent infection. 
False-negative TST and IGRA results may occur in immunosuppressed patients (advanced TB, 
itself, being sufficiently immunosuppressive). A typical chest radiograph is helpful but non-
specific: a variety of nontuberculous processes can have a similar appearance. Spontaneous or 
aerosol-induced sputum sampling (at least three specimens) is the initial method of choice for 
bacteriologic assessment. Initially, the specimens are stained by the Ziehl-Neelsen or fluorescent 
techniques for acid-fast bacilli (AFB). When sputum analyses are unrevealing, bronchoscopy 
with lavage, brushings, transbronchial biopsy, or needle aspiration may be considered. Broncho-
scopic sampling can enhance both the speed and likelihood of making a diagnosis for an indi-
vidual patient. Recent systematic studies have not found bronchoscopy to provide an aggregate 
diagnostic yield superior to aerosol-induced sputum sampling, however. All sputum, lavage, and 
tissue specimens should be cultured for mycobacteria. Cultures are essential, because (1) smears 
alone will miss up to 50% of active TB cases, (2) mycobacteria other than Mycobacterium tuber-
culosis can produce positive smears, and (3) cultures are necessary for drug susceptibility testing. 
Special culture media are required, and the laboratory should have proficiency in mycobacterial 
techniques.

One of the major limitations of mycobacterial culture in the past was that 6 to 8 weeks were 
required to obtain results. Newer laboratory diagnostic techniques significantly reduced culture 
times. With broth-based culture methods, mycobacterial growth can be detected in as few as  
5 to 8 days, although on average it takes 2 to 3 weeks. DNA probe technology can provide a very 
rapid (within hours) method of differentiating Mycobacterium tuberculosis complex from non-
tuberculous mycobacteria in growing cultures. This technique has proved to be highly  specific 
and sensitive.

Nucleic acid amplification (NAA) tests performed on direct specimens (i.e., without the 
need for a growing culture) for the diagnosis of TB have been available since the 1990s. Two 
commercially available NAA tests have been approved by the FDA for use on AFB smear- 
positive respiratory specimens: the polymerase chain reaction (PCR) and transcription-mediated 
amplification. Transcription-mediated amplification has also been FDA-approved for use on 
AFB smear-negative specimens. NAA tests can be performed in several hours. The combination 
of a positive AFB smear and positive NAA test is essentially diagnostic of active TB. A negative 
NAA test in the face of a positive AFB smear suggests that the patient has infection with non-
tuberculous mycobacteria. NAA tests are also approximately 25% more sensitive than the AFB 
smear and can be of use when the smear is negative and the clinical suspicion for TB remains 
moderate or high. Based on these findings, current Centers for Disease Control and Prevention 
(CDC) guidelines recommend that NAA testing should be performed on at least one respiratory 
specimen from each patient with signs and symptoms of pulmonary TB for whom a diagnosis of 
TB is being considered but has not yet been established, and for whom the test result would alter 
case management or TB control activities. There is less experience with the use of NAA tests for 
nonrespiratory specimens. Several studies suggest they can be useful for the diagnosis of extrapul-
monary TB, especially for meningitis. The finding of a positive NAA test does not obviate the 
need for cultures, as FDA-approved NAA tests do not give any information about drug suscep-
tibilities. Rapid molecular assays that can detect both Mycobacterium tuberculosis and mutations 
associated with resistance to certain anti-TB drugs, such as rifampin, have been developed, and 
initial studies suggest they are highly accurate. However, commercial versions of these tests have 
not yet been approved by FDA and therefore are not currently available in the United States.

Extrapulmonary TB can occur with or without concurrent active pulmonary TB. Most fre-
quently, the pathogenesis is that of recrudescence of a previously quiescent hematogenous lesion. 
However, upper airway and laryngeal disease, lymphatic TB, and pleural or pericardial TB com-
monly arise by extension from contiguous structures. Gastrointestinal TB can follow ingestion 
of expectorated infectious sputum or of unpasteurized dairy products from cattle infected with 
Mycobacterium bovis (a rare cause of human TB).

Large airway (endobronchial) and laryngeal TB can be present with a normal chest radiograph 
but is usually associated with extensive cavitary pulmonary disease. Hoarseness is a common pre-
senting symptom. Classically, laryngeal TB has been considered extremely infectious; however, it 
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may be that the often-associated extensive pulmonary disease, rather than the laryngeal disease per 
se, is responsible for the increased contagiousness.

Pleural TB usually presents as a unilateral, exudative, predominantly lymphocytic, pleural 
effusion often associated with ipsilateral pulmonary TB. Symptomatic improvement frequently 
occurs spontaneously. With thoracentesis and pleural biopsy, the diagnosis can be made in 80% 
to 90% of cases. High levels of adenosine deaminase and interferon-γ in the pleural fluid have 
been associated with pleural TB in numerous studies, and these tests should be considered if 
available. Younger patients with an idiopathic pleural effusion and a positive TST reaction are 
often treated for pleural TB solely on clinical grounds. However, multiple closed pleural biopsies 
or thoracoscopic or surgical exploration should be strongly considered when resolution of the 
effusion is not prompt.

Pericardial TB can present with clinical features of tamponade or chronic constrictive peri-
carditis. Pericardial involvement should be considered in all TB patients with cardiomegaly, 
unexplained heart failure, or arrhythmias. A calcified pericardium on chest radiograph strongly 
suggests the diagnosis. Echocardiography may demonstrate the presence of pericardial fluid; 
however, pericardiocentesis and possibly pericardiectomy are necessary to confirm the diagnosis 
in the absence of confirmation of disease from another anatomic site. Cultures of pericardial 
fluid are positive in only 50% of cases.

Miliary TB refers to widespread dissemination of Mycobacterium tuberculosis from a previ-
ously established focus. It is seen more commonly in primary TB or in association with immu-
nosuppression (HIV, organ transplantation, tumor necrosis factor α antagonists). Sputum AFB 
smears and cultures are positive in 30% to 60% of patients. Culture material should be obtained 
from a transbronchial biopsy or extrapulmonary sources (e.g., liver biopsy, bone marrow biopsy, 
and urine) if the diagnosis is being considered and sputum specimens are not diagnostic.

Tuberculous meningitis usually results from acute hematogenous spread and is present in up 
to 33% of cases of miliary disease. Rarely, it can result from breakdown in a silent granuloma 
or residua from remote hematogenous dissemination and, in children, by direct spread from a 
tuberculous otitis. Meningitis can present insidiously with lethargy, confusion, and headache. 
The cerebrospinal fluid (CSF) often shows a lymphocytic pleocytosis, a glucose level less than 
20 mg/dL, and a significantly elevated protein level. The CSF smear is positive in only 10% to 
20% of cases, whereas cultures are positive in 45% to 70%. Pathologically, an occlusive cranial 
arteritis can lead to infarction, cranial nerve palsies, and hydrocephalus.

Genitourinary TB classically presents as painless hematuria and sterile pyuria, but dysuria 
and secondary bacterial infection are not infrequent. Of all TB patients, 5% to 7% may have 
positive urine cultures for Mycobacterium tuberculosis, despite the absence of urinary symptoms 
and normal urinalyses. The renal parenchyma, caliceal system, ureters, bladder, and reproductive 
organs all can be affected. If renal TB is suspected, early-morning urine cultures, an intravenous 
pyelogram, renal ultrasound, or cystoscopy may be indicated.

Bone and joint TB can be difficult to diagnose in the early stages of disease. Pain and joint 
swelling can occur, and there may be paraosseus (cold) abscesses and sinus tract formation. The 
weight-bearing bones and joints are most commonly affected, especially the spine (Pott disease), 
hips, and knees. Early diagnosis by joint aspiration or biopsy is essential to prevent significant 
disability and to avoid the need for surgery.

TB in HIV-infected patients often presents differently than it does in immunocompetent 
patients. Atypical features of TB found in HIV patients include (1) higher frequency of nega-
tive TSTs (61% vs. 10%); (2) higher frequency of extrapulmonary sites (60% vs. 28%); (3) 
higher frequency of diffuse or miliary infiltrates (60% vs. 32%); (4) higher frequency of hilar 
adenopathy (20% vs. ,5%); (5) higher frequency of normal chest radiographs with pulmonary 
involvement (15% vs. ,1%); (6) lower frequency of focal infiltrates (35% vs. 68%); and (7) 
lower frequency of cavities (18% vs. 67%). Atypical clinical and radiographic features of TB 
in HIV patients are more likely to be seen in those patients with lower CD4 counts, especially 
below 200. Patients infected with HIV are much more likely to develop rapidly progressive, 
sometimes fatal, disease.
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there is uncertainty around optimal duration of treatment and the role of adjunctive corticosteroids.

Although the principles of effective antituberculous chemotherapy are reasonably straightfor-
ward, even well-trained physicians may treat tuberculosis patients inappropriately. The problem 
likely reflects the relatively limited experience many physicians have with this disease. As a conse-
quence, local health departments have assumed a greater role in the management of patients with 
tuberculosis. Whether care is being managed primarily by a private physician or by the health 
department, the medical provider has two major responsibilities: (1) to prescribe a treatment 
regimen with appropriate drugs, dosages, and duration, and (2) to ensure adherence to the regi-
men until the treatment is complete. When non–health department providers assume a primary 
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these responsibilities are met.

Drugs used to treat tuberculosis can be divided into first- and second-line agents. The first-
line (i.e., most effective and least toxic) drugs consist of isoniazid, rifampin, pyrazinamide, and 
ethambutol. Isoniazid and rifampin are very effective bactericidal drugs. Isoniazid’s major ad-
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acute renal failure, have been reported, usually with intermittent rifampin therapy. Rifampin 
increases hepatic metabolism of some drugs, causing important drug interactions. Oral con-
traceptives can be ineffective at normal doses because their hepatic metabolism is increased. 
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In addition, rifampin can induce methadone withdrawal. Pyrazinamide is used for the first  
2 months in many treatment regimens. Its principal side effects are hepatotoxicity and hyperuri-
cemia, with the latter rarely leading to gout or renal failure. Ethambutol is a bacteriostatic agent 
that has been in general use for over three decades. Retrobulbar optic neuritis has occasionally 
complicated therapy with doses in excess of 20 mg/kg for prolonged periods, but is almost never 
seen when using 15 mg/kg.

Second-line medications are generally reserved for therapy of drug-resistant disease or for pa-
tients intolerant of first-line medications. Fluoroquinolones are among the latest additions to the 
array of antituberculous drugs. They are generally well-tolerated and several have good in vitro 
activity against Mycobacterium tuberculosis. Levofloxacin has in vitro activity superior to older 
fluoroquinolones and a good safety profile with long-term use. The newer fluoroquinolones, 
such as moxifloxacin, have better in vitro activity, but there is less clinical experience with their 
use for tuberculosis treatment. Rare gastrointestinal side effects, such as nausea and bloating, and 
neurologic side effects, including dizziness, insomnia, tremulousness, and headache, may occur 
with fluoroquinolones. Several second-line medications require intramuscular or intravenous 
administration. Streptomycin, the first drug available for tuberculosis therapy, is still used occa-
sionally; however, its value is limited by dose-related renal and eighth cranial nerve toxicities and 
an increasing incidence of drug resistance. Other injectable agents, such as capreomycin, kana-
mycin, and amikacin, have similar toxicities and may be slightly less effective. p-Aminosalicylic 
acid (PAS), ethionamide, and cycloserine are oral preparations that are usually used only in 
multidrug-resistant (MDR) tuberculosis. PAS and ethionamide can cause severe gastrointestinal 
distress, whereas cycloserine is associated with personality changes, depression, frank psychoses, 
and, in high doses, seizures. Linezolid, clofazimine, imipenem, macrolides, and amoxicillin/cla-
vulanate are sometimes used as “third-line” drugs in patients with disease-resistant to first- and 
second-line medications.

Since the development of streptomycin in the 1940s, the treatment of tuberculosis has 
changed considerably. Although individual patients or situations can require tailored regimens, 
the combination of isoniazid, rifampin, and pyrazinamide is currently the mainstay of treatment 
for patients with susceptible organisms. Other drugs, especially ethambutol, fluoroquinolones, 
and injectable agents have important roles in certain contexts.

For patients with isoniazid- and rifampin-susceptible pulmonary tuberculosis, standard 
treatment is divided into an initial phase of 2 months (8 weeks) followed by a continuation 
phase of 4 months (18 weeks). Because of the relatively high rate of isoniazid resistance found in 
adults, their initial-phase treatment should consist of isoniazid, rifampin, pyrazinamide, and eth-
ambutol pending availability of drug-susceptibility test results. For children, ethambutol usually 
is not needed, unless there is particular concern for isoniazid resistance or the child has a clinical 
pattern usually seen in adults (i.e., upper lobe infiltration, cavity formation). Once susceptibil-
ity results become available, ethambutol may be discontinued (or omitted if drug susceptibility 
results are known before treatment is started) if the organism is susceptible to isoniazid and 
rifampin. The initial phase may be given daily throughout, daily for 2 weeks and then twice 
weekly for 6 weeks, or three times weekly throughout. Twice-weekly therapy is never recom-
mended for human immunodeficiency virus (HIV)-infected patients with CD4 counts less than 
100 in the initial or continuation phases of tuberculosis treatment (see below).

The standard continuation-phase therapy for drug-susceptible tuberculosis consists of iso-
niazid and rifampin. Treatment may be given daily, two times weekly (except if HIV-infected 
and CD4 count below 100), or three times weekly. For HIV-negative patients with non– cavitary 
pulmonary tuberculosis and negative sputum smear results at the completion of 2 months of 
treatment, an alternative continuation-phase treatment is isoniazid and rifapentine (a long- 
acting analog of rifampin) given once weekly. The duration of the continuation phase is 4 
months (6 months total treatment) for most patients with drug-susceptible tuberculosis. Patients 
with positive sputum cultures after 2 months of therapy and cavities on chest radiograph are 
more likely to fail treatment or relapse. Therefore, such patients should have their continuation 
phase extended to 7 months (9 months total treatment), as should patients being treated with 
once-weekly isoniazid and rifapentine with positive sputum cultures after 2 months of treat-
ment, regardless of chest radiographic findings.
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Since the 1990s, use of directly observed therapy (DOT) by local health departments has 
become a major tool in tuberculosis control. With DOT, some or all doses of medication are 
taken in the presence of a health professional (e.g., nurse) or a trained outreach worker. This 
can be done by having the patient come to the clinic or by sending an outreach worker to the 
patient’s home or other mutually agreed upon site. Use of DOT minimizes the risk of treatment 
failure and acquired drug resistance due to nonadherence. DOT is a core management strategy 
for patients with tuberculosis. It is considered especially important when using intermittent (i.e., 
other than daily) therapy. Because DOT is resource-intensive, some health departments may not 
be able to provide it to all patients. Priority for DOT is given to children, individuals with drug-
resistant disease, and those who are likely to be nonadherent (e.g., injection and non–injection 
drug users, persons with psychiatric disorders, homeless persons).

Completion of treatment is defined not just by the duration of therapy, but by the number 
of doses taken. For example, a patient receiving daily standard treatment for drug-susceptible 
disease should take 56 doses (over 8 weeks) of medication in the initial phase and 126 doses 
(over 18 weeks) in the continuation phase. This should be kept in mind when deciding when 
to discontinue therapy.

To monitor response to therapy, sputum cultures should be collected every month until 
cultures are negative for 2 consecutive months. Since more than 90% of patients have negative 
sputum cultures after 3 months of treatment, any individual with a positive sputum culture at 
this point should be carefully evaluated to try to identify the etiology of this delayed response 
to therapy. A patient with a positive sputum culture after 4 months of treatment is considered 
a treatment failure. Possible reasons for treatment failure include nonadherence and medication 
malabsorption. In addition to addressing the reasons for treatment failure, repeat susceptibility 
testing should be performed to assess for acquired drug resistance. If the treatment regimen is 
going to be modified, at least three new drugs to which the patient’s organism would be expected 
to be susceptible should be added. A cardinal rule of tuberculosis therapy is that a single drug 
should never be added to a failing regimen.

Patients infected with organisms that are resistant to isoniazid, rifampin, or both re-
quire modifications in their drug regimens. For tuberculosis that is isoniazid-resistant (but 
rifampin-susceptible), the recommended regimen is daily rifampin, ethambutol, and pyrazin-
amide for 6 to 9 months. A fluoroquinolone may be added to strengthen this regimen in pa-
tients with extensive disease. For tuberculosis resistant to rifampin (but isoniazid- susceptible), 
the recommended therapy is isoniazid, ethambutol, and a fluoroquinolone for 12 to 18 
months with pyrazinamide added for the first 2 months. Tuberculosis that is resistant to at 
least isoniazid and rifampin is termed MDR. Treatment of MDR tuberculosis is often com-
plex and should be done with the consultation of a tuberculosis expert. MDR tuberculosis 
should be treated with four to six medications to which the organism is susceptible. Therapy 
should continue for 18 to 24 months. MDR tuberculosis that is also resistant to a fluoroqui-
nolone and any second-line injectable agent is called extensively drug-resistant (XDR). XDR 
 tuberculosis is very difficult to treat, and outcomes in some studies have been comparable to 
those found in the preantibiotic era. Surgical resection of heavily diseased areas of the lung 
is sometimes used as an adjunctive therapy for MDR tuberculosis and should be considered  
in suitable candidates.

Chemotherapy for extrapulmonary tuberculosis does not differ in principle from that for 
pulmonary tuberculosis. Duration of therapy is the same as for pulmonary disease, with the 
exceptions of (1) meningitis, for which 9 to 12 months of treatment is recommended, and (2) 
bone and joint disease, for which some experts recommend extending treatment to 9 months. 
Corticosteroids should be used routinely in the treatment of central nervous system tuberculosis, 
including meningitis and pericarditis, but are not recommended as an adjunct for treatment of 
other forms of tuberculosis.

Tuberculosis treatment of HIV-infected patients is similar to that of HIV-negative patients, 
although there are several differences. The combination of once-weekly isoniazid and rifapentine 
should never be used in HIV-infected individuals, as this has resulted in high rates of treat-
ment failure and relapse associated with acquired rifampin resistance. Biweekly therapy should 
not be used in HIV-infected patients with CD4 counts below 100 for the same reason. The 
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preferred approach to HIV/tuberculosis treatment is combining efavirenz-based antiretroviral 
therapy (i.e., efavirenz plus two nucleoside analogs) with a standard rifampin-based tuberculosis 
regimen. For patients unable to take efavirenz, antiretroviral therapy should consist of a protease 
inhibitor with two nucleoside analogs and tuberculosis treatment should substitute rifabutin for 
rifampin. Because of the complex interactions between antiretroviral and tuberculosis medica-
tions, it is strongly recommended that tuberculosis management of HIV-infected patients be 
carried out in consultation with a clinical HIV expert.

Temporary exacerbation of tuberculosis symptoms and lesions can occur in patients with 
HIV who are taking antiretroviral therapy. This phenomenon, known as the immune reconsti-
tution inflammatory syndrome (IRIS) or paradoxical reaction, has been attributed to recovery 
of the delayed hypersensitivity response in these patients and increased exposure to tuberculosis 
antigens after the initiation of bactericidal antituberculous therapy and/or antiretroviral therapy 
for HIV. In general, modifications of tuberculosis therapy and antiretroviral therapy are not 
necessary, and a short course of corticosteroids may ameliorate symptoms associated with this 
reaction if it is severe.

Tuberculosis in children is treated similarly to adult disease. In the past, concern was ex-
pressed about the use of ethambutol in very young children because of the difficulty in screen-
ing for retrobulbar neuritis. More recent data, however, suggest that ethambutol is safe in this 
population.

Isoniazid, ethambutol, and rifampin have been used successfully and safely in pregnancy. 
Pyrazinamide has not been shown to be teratogenic, but there is insufficient experience with this 
drug in pregnancy to assure its safety; its use during pregnancy is not generally recommended. 
Streptomycin causes eighth cranial nerve damage to the fetus and should not be used. All other 
second-line drugs, with the possible exception of PAS, either have known teratogenic effects or 
are lacking sufficient safety data to endorse their use in pregnancy.

Adverse drug reactions can occur at any time during treatment. Often difficult to diag-
nose, they can be confused with manifestations of tuberculosis or other concurrent illnesses. 
Sometimes, drug reactions are relatively mild so that stopping therapy is not warranted. Specific 
reactions can be handled by discontinuing the suspect drug. Often drugs have overlapping toxic-
ity and reactions are nonspecific (e.g., fever, rash, jaundice). In such cases, all drugs should be 
stopped for a brief period (e.g., 1 week) and then reintroduced singly, the least likely offender 
first. Some clinicians reinitiate drugs at low doses, whereas others resume full-dose therapy. If a 
reaction appears a second time, then another drug may need to be substituted. (One drug can be 
added to a successful regimen as long as the entire regimen is adequate.)

All patients being treated for tuberculosis should be counseled and tested for HIV infec-
tion. Patients with risk factors for hepatitis B or C should be tested for these viruses. Baseline 
serum transaminase, bilirubin, alkaline phosphatase, and creatinine levels and a platelet count 
should be measured for all adults. Visual acuity and color testing should be performed for all 
patients receiving ethambutol. Routine follow-up measurements of liver or renal function or 
platelet count are not necessary unless there were abnormalities at baseline or there are clinical 
indications for additional blood tests. Patients who have stable abnormalities of hepatic or renal 
function at initial testing should have repeat measurements early in the course of treatment, then 
less frequently to ensure that there is no deterioration. At minimum, patients receiving etham-
butol should be questioned regarding visual disturbances at monthly intervals; however, formal 
monthly repeat testing of visual acuity and color vision is often done routinely and is strongly 
recommended for individuals receiving more than 15 mg/kg or for those taking the medication 
for more than 2 months. Monitoring tests for individual second-line drugs can be found in 
the American Thoracic Society/Centers for Disease Control and Prevention/Infectious Diseases 
Society of America 2003 Treatment of Tuberculosis statement.

Surgery is rarely necessary except in selected cases of MDR tuberculosis and for complica-
tions of tuberculosis such as (1) emergency treatment of massive hemoptysis, (2) therapy of 
bronchopleural fistulas, (3) drainage of true (purulent) tuberculous empyemas (not free flowing, 
nonpurulent effusions, which are much more common), or (4) relief of mechanical problems 
in skeletal tuberculosis, such as spinal stabilization procedures in selected individuals with Pott 
disease.
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52
INTRODUCTION
Nontuberculous mycobacterial (NTM) infections encompass a variety of acid-fast bacilli that are 
biologically distinct from Mycobacterium tuberculosis and M. leprae. They had long been consid-
ered saprophytes or culture contaminants. More recently, they have been recognized as signifi-
cant, although uncommon, human pathogens. Rates of NTM infection have increased due in 
part to the rising frequency of infection encountered in patients with chronic lung disease and 
the AIDS epidemic, where disseminated M. avium-intracellulare (MAC) can be life-threatening. 
Although the rates of tuberculosis (TB) are declining in many industrialized countries, the preva-
lence of pulmonary disease caused by NTM appears to be increasing.

While over 100 species of NTM have been identified, only a few species account for the 
majority of human infections. NTM diseases occur in most industrialized countries with an 
incidence of approximately 3 per 100,000 persons. Pulmonary disease caused by M. avium com-
plex is the most common NTM infection in most areas. There are some regional differences in 
the prevalence of certain other species. For example, M. abscessus is the second most common in 
the United States and Korea, whereas M. kansasii is the second most common NTM in Canada. 
Unlike the M. tuberculosis complex, NTM are widely dispersed in the environment and com-
monly isolated from soil, drinking water, rivers, hospital instruments (i.e., bronchoscopes), and 
municipal water sources. Unlike tuberculosis, there is no person-to-person transmission.

DIAGNOsIs
Diagnosis of pulmonary disease caused by NTM may be difficult, as the organisms are com-
monly isolated from environmental sources, and therefore, many isolates are in fact contami-
nants. The American Thoracic Society has published guidelines outlining specific diagnostic 
criteria for pulmonary disease caused by NTMs. Broadly, these guidelines require the presence 
of a compatible clinical and radiographic presentation, supporting microbiological data, and the 
exclusion of other potential etiologies. These criteria are based on experience with common and 
well-described respiratory pathogens, such as MAC and M. abscessus. However, there is little ex-
perience with most of the other NTM to know if these criteria are uniformly applicable. Because 
NTM are ubiquitous, the ATS has recommended specific microbiologic criteria which attempt 
to differentiate between a contaminant and a true pathogen. The microbiologic criteria may be 
any one of the following: a positive culture from at least two expectorated sputum samples, a 
positive culture from at least one bronchial wash, a biopsy with mycobacterial histopathologic 
features and positive culture, or a biopsy with mycobacterial histopathologic features and one or 
more sputum/bronchial washings that are culture-positive for NTM. Once a microbiologic con-
firmation of disease has been made, the guidelines require that the patient display symptoms as 
well as radiographic evidence of disease before establishing a diagnosis of pulmonary disease due 
to the NTM. Most series have demonstrated that only 25% to 50% of patients with an NTM 
isolate will meet the 2007 ATS criteria for infection. The decision to treat a patient is a decision 
that requires further consideration of various factors that will be discussed later in this chapter.

mICROBIOLOGY
Several recent advances have enabled laboratories to detect and identify mycobacteria more rap-
idly and accurately. The use of liquid-based culture media such as BACTEC (Becton Dickinson, 
Sparks, Maryland) has greatly reduced the time in which results are available; many NTM can 
now be recovered in days rather than weeks. In addition, the increased use of liquid culture is also 
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likely a factor in the increase in isolation of some of these organisms. High-performance liquid 
chromatography (HPLC) can be used to identify species based on interpretation of the mycolic 
acid pattern they display. The differentiation between M. tuberculosis and NTM is reliable using 
this method as is the differentiation of many other mycobacterium species or groups. Chemi-
luminescent DNA probes (such as AccuProbe, GeneProbe Inc., San Diego, California) are now 
being used as confirmatory tests to identify some of the more common families. These probes 
are reported to be nearly 100% sensitive and specific and have become the most commonly used 
method of rapid mycobacterial identification.

While many mycobacterial species can now be detected more rapidly because of the advent 
of liquid media and molecular testing, the old growth characteristics are still used as part of the 
classification system. The rapidly growing mycobacteria or RGM are characterized by visible 
growth on solid media within 7 days. M. abscessus complex accounts for 65% to 80% of lung 
disease caused by RGM and will be discussed in detail later in this chapter, as it has become a 
common cause of NTM lung disease.

The approach to management of pulmonary disease due to NTM depends primarily on the 
causative species. Therefore, treatment for some of the more common NTMs will be discussed 
in this chapter by species.

M. avium Complex
Pulmonary infection with NTM is most often caused by MAC. There are at least two  species 
within this complex, M. avium and M. intracellulare, and they may sometimes be referred 
to as MAC or MAI. M. avium appears to be more linked with disseminated disease, while  
M. intracellulare is more often found as an isolated respiratory pathogen. At present, there does 
not appear to be any prognostic advantage to differentiating these two species, and therefore, 
this is not routinely done.

In HIV-negative patients with pulmonary disease caused by MAC, two main types of radio-
graphic presentation, are currently recognized. The first is an apical fibrocavitary disease, resem-
bling findings seen in TB patients. This tends to occur in males aged 40 to 50 with a history of 
tobacco and alcohol use. This type of presentation tends to progress, leading to lung destruction 
and loss of lung function, without treatment. The second type of pulmonary MAC disease is a 
nodular and bronchiectatic presentation that tends to occur in patients without any underlying 
lung disease. Most often, these radiographic changes are present in the lingula and right-middle 
lobes. This presentation tends to be slowly progressive and occurs mostly in postmenopausal, 
tall, thin and nonsmoking women. This second type of presentation is sometimes called the 
“Lady Windermere syndrome.” Lady Windermere syndrome was first described in 1892 after 
the character in Oscar Wilde’s play Lady Windermere’s Fan.

In addition to its occurrence in the above-mentioned at-risk patient populations, pulmonary dis-
ease due to MAC is increasingly being recognized as a pathogen in patients with cystic fibrosis. One 
potentially important discovery is the presence of CFTR mutations (the gene responsible for cystic 
fibrosis) in patients without cystic fibrosis who have a diagnosis of bronchiectasis, pulmonary NTM, 
or both. The significance of this is unclear. When MAC is recovered from patients with cystic fibro-
sis, it is often difficult to determine whether the radiographic changes are due to MAC, the underly-
ing cystic fibrosis or nonmycobacterial pathogens such as pseudomonas. It is recommended that all 
potential nonmycobacterial pathogens be aggressively treated prior to initiation of MAC therapy in 
patients with cystic fibrosis. In recent years, there has been increasing use of the macrolides in cystic 
fibrosis patients for their anti-inflammatory effects. This phenomenon could potentially lead to the 
development of macrolide resistant strains of NTM. It is recommended that cystic fibrosis patients 
undergo evaluation for NTM disease prior to initiation of macrolide monotherapy.

M. avium Complex—Treatment
Treatment of MAC can be difficult, especially due to the fact that with the exception of the 
macrolides (azithromycin and clarithromycin), the in vitro susceptibilities do not predict clinical 
outcomes. Based on the available literature, the ATS has recommended that treatment regimens 
contain a macrolide (clarithromycin 1,000 mg/day or azithromycin 250 mg/day), ethambutol 
(15 mg/kg/day), and rifampin (10 mg/kg/day, 600 mg/day max.). If there is severe disease or 
previous treatment, then an IV aminoglycoside (streptomycin or amikacin) should be added for 
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the first 2 to 3 months. Three times weekly treatment can be considered in patients with less-
severe nodular, bronchiectatic disease who are treatment naive. There are some patients in whom 
a microbiological cure will not be possible because of the potential side effects or drug interac-
tions. In these patients, the MAC infection may be viewed as a noncurable, chronic, indolent 
infection, and other treatment regimens may be more appropriate for suppressive-type therapy.

Bronchial hygiene is an important, often overlooked adjunctive therapy for those patients 
with preexisting lung disease. Routine drug susceptibility testing is not recommended as the 
organism shows in vitro resistance to most antituberculous drugs. However, in vitro sensitivities 
should be obtained for those patients who are failing therapy or experiencing a relapse after prior 
treatment. Sputum should be sampled monthly to document negative conversion, and blood 
tests should be monitored routinely while on treatment as the potential for drug toxicity is high.

Treatment should continue for 12 months after the first documented negative sputum cul-
ture. One study using 12 months of negative sputum cultures as an endpoint observed no re-
lapses with a mean follow-up period of 18 months. Of note, early relapses were observed if 10 
months of culture negativity was used as a therapy endpoint. Others recommend 24 months of 
therapy, although the extended treatment benefits have not been clearly proven. In addition, 
some advocate stopping therapy all together for those patients who have difficulty tolerating the 
medications or who do not show clear improvement after 6 months or more of treatment. In 
general, patients on a macrolide-containing regimen should show clinical improvement in 3 to 
6 months and should continue treatment for at least 12 months after culture conversion. When 
anatomically feasible, early surgical intervention (under chemotherapeutic coverage) is recom-
mended by some but should only be undertaken by very experienced surgeons. Bacteriologic 
conversion rates varying from 40% to 90% have been achieved with such combined medical 
and surgical therapy.

To improve the tolerability of a regimen, it is recommended that the drugs be introduced 
gradually with escalating dosages. In addition, one drug should be initiated at a time with medi-
cations added at 1- to 2-week intervals to avoid side effects. When amikacin is used, baseline 
audiometry with repeat interval testing should be performed. In addition, patients receiving 
amikacin should be specifically warned about the signs and symptoms of toxicity, including 
unsteady gait, tinnitus, and diminished hearing. Similarly, patients receiving ethambutol should 
be instructed to report visual changes in addition to undergoing periodic visual acuity and color 
discrimination testing as optic neuritis is a potential side effect. Rifampin commonly causes 
discoloration of body secretions and tissues, and patients should be warned about this. Liver 
function tests only need to be monitored if patients are at high risk of hepatitis, otherwise only 
if clinically suspected based on symptoms.

Disseminated M. avium Complex Infection and AIDs
In HIV-positive patients, MAC infection often presents with disseminated disease, in contrast 
to the presentation in patients who are immunocompetent. There was a striking increase in the 
incidence of disseminated MAC during the 1980s with the HIV/AIDS epidemic. Subsequently, 
with the introduction of antiretroviral therapy, the incidence of disseminated MAC has mark-
edly decreased over the past three decades. Disseminated MAC carries a high mortality and 
should be aggressively treated. Treatment consists of antimicrobial therapy as well as immune re-
constitution with antiretroviral therapy. Clarithromycin appears to clear bacteremia quicker than 
azithromycin and is therefore the preferred antibiotic. Ethambutol and typically rifabutin (rather 
than rifampin because reduced interactions with the antiretroviral medications) are added. 
Treatment is generally lifelong or until the CD4 count is greater than 100 cells/ml for at least  
12 months. Primary prevention of disseminated MAC with azithromycin 1,200 mg once weekly 
is recommended for patients with CD4 count less than 50 cells/ml.

M. abscessus
M. abscessus is the second most common NTM causing lung disease after MAC. It occurs more 
commonly in young women, often with no underlying lung disease. Although many have bron-
chiectasis, it is unclear if this is a result, rather than the cause, of the M. abscessus infection.  
M. abscessus has become an increasingly common cause of NTM lung disease in patients with cys-
tic fibrosis. On HRCT, the radiographic pattern is similar to that of the nodular bronchiectatic 
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MAC infection. In most patients who do not have underlying lung disease, infection with M. 
abscessus follows a very indolent course. However, a subset of patients may have rapidly progres-
sive and destructive disease that requires aggressive treatment.

Treatment outcomes of M. abscessus has historically been very poor; however, there have 
been very few studies published on the topic. Recent data suggests that treatment outcomes 
correlate with macrolide in vitro sensitivities, much like for MAC lung disease. ATS–IDSA 
guidelines do not recommend any particular drug regimen for treatment of M. abscessus because 
of the lack of reliable cure with any one particular drug regimen. These guidelines do however 
recommend that a macrolide and parenteral therapy with amikacin, cefoxitin, or imipenem 
be used if surgery is not a viable option. A recent study reviewing treatment outcomes in 65 
patients in Korea demonstrated maintenance of negative sputum cultures in 58% of patients 
treated with the following regimen: oral clarithromycin (1,000 mg/day), ciprofloxacin (1,000 
mg/day), and doxycycline (200 mg/day) along with an initial 4 weeks of IV amikacin (15 mg/
kg/day in two divided doses) and cefoxitin (200 mg/kg/day, max 12 mg/day in three divided 
doses). In vitro susceptibilities to the macrolides were the only sensitivities that correlated with 
clinical outcomes. Sputum conversion rates were significantly lower in patients whose isolates 
were resistant to macrolides when compared with patients whose isolates demonstrated in  vitro 
macrolide sensitivity/intermediate sensitivity 17% versus 64%. In general, treatment should 
probably continue for 12 months after sputum culture conversion.

M. abscessus complex has been shown to comprise three closely related species: M. abscessus, 
M. massiliense, and M. bolletti. Recent data suggests that species distinction is important because 
antibiotic susceptibilities and treatment outcomes vary by subspecies. Patients with M. absces-
sus infection compared with patients with M. massiliense have poorer clinical outcomes defined 
as culture conversion, symptom, and imaging resolution as well as relapse rates. The reason 
for this difference is thought to occur because of a clarithromycin inducible resistant gene that  
M.  abscessus has but M. massiliense does not. Presently, most laboratories do not differentiate be-
tween these subspecies; however, it may be useful to do so in the future if these data are confirmed.

M. kansasii
M. kansasii is another common NTM that causes pulmonary disease. Of all the NTM, M. kansasii 
most closely parallels the clinical course of M. tuberculosis, with up to 90% of HIV-negative 
patients presenting with cavitary infiltrates. Like the other NTM, it is not transmissible from 
person to person. Risk factors for developing pulmonary disease by M. kansasii include pneu-
moconiosis, chronic obstructive pulmonary disease, previous mycobacterial disease, malignancy, 
and alcoholism. This NTM primarily affects middle-aged white men. M. kansasii also produces 
pulmonary disease in HIV-infected patients who usually have the same symptoms as immuno-
competent patients. Radiographically, interstitial infiltrates and hilar adenopathy are more com-
monly seen with HIV-infected patients than cavities. M. kansasii can also cause disseminated 
disease, particularly in severely immunocompromised patients, such as those with advanced 
AIDS and those who have undergone organ transplantation. In the appropriate clinical setting, 
a single culture-positive specimen for M. kansasii is sufficient to make a diagnosis and initiate 
therapy as this NTM is considered to be the most virulent.

M. kansasii responds well to chemotherapy. Similar to the other NTMs, in vitro susceptibil-
ity studies do not necessarily correlate with in vivo drug efficacy. The initial regimen should 
include isoniazid, ethambutol, and, most importantly, rifampin. Rarely, regimens including four 
or five drugs may be necessary to achieve a bacteriologic cure. Treatment should be continued 
for at least 18 months; shorter courses have not been studied extensively and appear to have a 
higher relapse rate. More than 90% success has been achieved with drug therapy alone. Adjunc-
tive surgery is rarely indicated, except in well-localized disease that has responded poorly to 
adequate chemotherapy.

NONPULmONARY DIsEAsE CAUsED BY NTm sPECIEs
Well-documented infections involving bone, joints, urinary tract, skin, soft tissues, lymph nodes, 
liver, kidney, and meninges have been reported with a variety of the NTM. Widely disseminated 
disease may occur, especially in immunosuppressed individuals and those with hematologic abnor-
malities. Guidelines regarding treatment of these conditions and some of the less-common NTM 
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organisms is beyond the scope of this chapter; however, readers are referred to the 2007 ATS/IDSA 
Statement on the Diagnosis, Treatment and Prevention of Nontuberculous Mycobacterial Diseases 
for more information.
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INTRODUCTION
Coccidioidomycosis is an infection caused by the fungus Coccidioides. Inhalation is the main 
route of infection. Coccidioidomycosis causes a wide spectrum of pulmonary disease, including 
acute and chronic pneumonia, pulmonary nodules, and cavitary disease. Dissemination via the 
bloodstream can occur to any organ, including the lungs, but the most common sites of dissemi-
nation are skin and bone. Infection is common in endemic areas, and travelers to these areas are 
at risk for infection. Healthcare providers in endemic and nonendemic areas should be aware of 
the clinical manifestations, diagnosis, and management of coccidioidomycosis.

mICROBIOLOGY
In addition to Coccidioides immitis, a second species, Coccidioides posadii, has been identified. Al-
though the two organisms are genetically distinct and geographically separated, there are no known 
differences in terms of the immune response or clinical disease. Coccidioides is a dimorphic fungus. 
It proliferates in the mycelial form during the rainy season and forms arthroconidia, the infectious 
spore, when the climate becomes hot and dry. Wind or soil disruption causes the arthroconidia to 
become airborne, and infection is caused when they are inhaled. Once inhaled, the arthroconidia un-
dergoes transformation into a spherule. The spherule undergoes internal division, forming numerous 
endospores. With rupture of the spherule, endospores are released, each able to mature into a spher-
ule. The findings of spherules and endospores on histology is characteristic of coccidioidomycosis.

EPIDEmIOLOGY
Coccidioides grows in the soil in endemic areas, including the lower Sonoran life zone (southern 
California, Arizona, Nevada, New Mexico, and Texas), and in northern Mexico and parts of 
Central and South America. Infection has been reported in nonendemic areas returning travelers 
or persons exposed to objects containing dust sent from an endemic area. Coccidioidomycosis 
outbreaks can follow natural disasters such as earthquakes, which can vigorously disturb soil and 
cause the release of arthroconidia. Construction can also disrupt soil and contribute to outbreaks.

CLINICAL PREsENTATION
The primary coccidioidal infection is asymptomatic in 60% of individuals; the remainder have a 
similar presentation to other causes of community-acquired pneumonia (CAP) with fever, chills, 
malaise, cough, dyspnea, chest pain, arthralgias, pharyngitis, and rash. In endemic areas, coc-
cidioidomycosis is a common cause of CAP, with evidence of infection in up to 29% of patients 
presenting for evaluation of lower respiratory tract symptoms.
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In general, physical findings in primary coccidioidomycosis are nonspecific. Signs of pul-
monary parenchymal consolidation may be present and often are very localized and transient; 
pleural rubs are unusual. San Joaquin Valley Fever represents a characteristic symptom complex 
of primary coccidioidomycosis and classically includes erythema nodosum (with or without ery-
thema multiforme), arthralgias, malaise, and fever. Skin manifestations are common in primary 
infection, occurring in approximately 5% of men and 25% of women. A fine erythematous 
maculopapular exanthem, toxic cutaneous erythema, is said to be very common but is an ex-
tremely evanescent, early event.

The chest X-ray is often abnormal, even in asymptomatic individuals, and infiltrates are 
observed in 80% of patients requiring hospitalization. The infiltrates vary widely in size, loca-
tion, character, and duration. Hilar adenopathy occurs in 20% of cases and does not influence 
the prognosis unless it is persistent and accompanied by rising serologic titers. Pleural effusion is 
seen in less than 10% of symptomatic individuals; in most patients, the effusion is small (,1 L). 
Pleural effusions in coccidioidomycosis can be eosinophilic exudates.

Coccidioidomycosis is considered chronic or progressive when symptoms or signs of pul-
monary involvement are present or increasing beyond 6 to 8 weeks. Manifestations of chronic 
pulmonary coccidioidomycosis may include acute progressive pneumonia that is usually symp-
tomatic, chronic progressive pneumonia, pulmonary nodule or nodules, and pulmonary cavities. 
Coccidioidomas represent isolated residua of active pulmonary disease, and organisms have been 
cultured from lesions that remained unchanged for decades. Cavities may be thin-walled and 
often represent the initial radiographic manifestation of infection. The thin-walled cavities have 
a tendency to expand. Most coccidioidal cavities are clinically silent, but hemorrhage and rup-
ture leading to bronchopleural fistulas can occur, although this is typically limited to the initial 
phase of the disease and related to necrotizing pneumonia. Occasionally, secondary bacterial 
infection of cavities can occur. Empyema may result and be either bacterial or fungal in etiol-
ogy. In persistent pulmonary coccidioidomycosis, serologic evidence of activity (e.g., elevated 
complement fixation [CF] titers) may be absent but, when present, should raise the possibility 
of intrapulmonary dissemination.

A worse prognosis and an increased risk of dissemination may be indicated by the findings of 
(1) elevated CF titers, (2) pulmonary infiltrates or hilar or paratracheal adenopathy that persists 
more than 6 weeks, and (3) significant weight loss. Extrapulmonary dissemination is estimated 
to occur in less than 5% of symptomatic infections. The risk of dissemination is increased in 
patients with depressed cell-mediated immune (CMI) responses. Certain individuals appear pre-
disposed to severe, prolonged, or disseminated infections. These include immunocompromised 
individuals, most notably those with AIDS; patients taking immunosuppressive drugs, particu-
larly prednisone and tumor necrosis factor (TNF) antagonists; individuals of Black, Filipino, 
or American Indian extraction; and those in the last trimester of pregnancy. Age older than 55 
carries a greater risk of continuing illness even after 1 year of treatment. Recently, mutations 
in the IL-12/IL-23/IFN pathway have been identified in certain individuals with disseminated 
coccidioidomycosis, but it is not known whether genetic polymorphisms in this axis underlie the 
ethnic differences in disseminated disease that have been observed.

The most frequent sites of dissemination are the skin, bones, soft tissues, and meninges; 
however, single- or multiple-mass lesions or abscesses may occur in any organ. Typical miliary 
lesions occur in 4% of cases. Cutaneous fistula formation from deep-seated lesions is common. 
Meningitis is the most ominous form of dissemination because of anatomic disruption that can 
lead to hydrocephalus, and because of the difficulty in getting drugs to the site of infection. 
There is some evidence that patients with facial lesions due to coccidioidomycosis have a greater 
risk for developing meningitis than patients who had lesions only on the body. This association 
may allow for earlier detection and treatment of coccidioidomycosis meningitis. If dissemination 
has occurred or is suspected, a careful evaluation of its extent should be undertaken, including 
analysis of the cerebrospinal fluid (CSF) for CF titer. CSF may be negative in 25% of cases on an 
initial examination. If clinical suspicion is high, a spinal tap should be repeated in 1 or 2 weeks. 
Bone scans are very useful in the search for subclinical sites of dissemination.



    Chapter 53 • Coccidioidomycosis   2 9 9

DIAGNOsIs
Coccidioidomycosis can be diagnosed by culture, histology, or serology. In addition, the presence 
of tissue eosinophilia, while nonspecific, should raise suspicion for coccidioidomycosis in the 
correct clinical context. Skin testing was performed frequently in the past to determine cellular 
immunity to Coccidioides. Unfortunately, the skin test reagent has been unavailable for a number 
of years, but it may be reintroduced.

The finding of spherules containing endospores on direct microscopy is considered pathog-
nomonic for coccidioidomycosis. The organism can be detected on histopathology using standard 
hematoxylin–eosin (H&E), periodic acid Schiff (PAS), or Grocott methenamine silver (GMS) 
stains, with the GMS stain considered the most sensitive. Sputum samples can be prepared with 
potassium hydroxide (KOH) or calcofluour white (CFW), although these methods lack sensitivity.

Coccidioides can be cultured on a wide variety of culture media, including some bacterial 
media. Visible growth is usually evident by 4 to 5 days. Identification is usually by direct micros-
copy of the specimen, but a nucleic acid probe for rapid identification is also commercially avail-
able. In vitro drug susceptibility testing has not been shown to correlate with clinical response 
and is not routinely performed in clinical labs. Culture of Coccidioides represents a potential 
risk to lab personnel as arthroconidia in culture specimens may become airborne and are highly 
infectious. Accidental lab exposure can be prevented with proper handling. Recently, real-time 
polymerase chain reaction (PCR) has been shown to be highly sensitive and specific for detecting 
Coccidioides without the need for culture, but is not yet commercially available.

Several serological tests have been used to detect coccidioidomycosis, including the tube 
precipitin, immunodiffusion, latex agglutination, CF, and enzyme immunoassay (EIA) tests. 
Precipitin tests become positive early in the course of infection (1–3 weeks), whereas CF and 
immunodiffusion tests are more delayed in their conversion to positive. The latex agglutina-
tion test is problematic. It detects both immunoglobulins G and M (IgG, IgM) antibodies; 
unfortunately, it is positive in up to 10% of normals and negative in 30% of confirmed cases of 
coccidioidomycosis. For these reasons, it is usually necessary to confirm the results of latex ag-
glutination. The EIA test also detects IgG and IgM and is highly sensitive, but is not very specific 
and is often used as a screening test. The CF and immunodiffusion tests are important, because 
titers tend to correlate with the extent of infection and are useful with respect to prognosis and 
management. CF titers are greater than 1:32 or 1:64 in 90% of disseminated disease; however, 
a high titer is not always present in disseminated disease. That notwithstanding, a high titer by 
itself is not sufficient evidence to diagnose dissemination. The coccidioidal CF test may give 
some reaction in other fungal infections, most notably in patients with histoplasmosis. CF tests 
using spherulin antigen are even more nonspecific. The immunodiffusion test is ideally suited to 
demonstrate antigenic cross-reactivity. A new enzyme-linked immunosorbent assay (ELISA) for 
coccidioidal antigens has become available. This test has very good sensitivity and is technically 
much easier to automate and more widely available than the older tests. At this point in time, it 
may be best to confirm positive ELISA test results with one of the other serologic tests described 
above. This is particularly the case for following the patient, as it is sometimes difficult to cor-
relate the results of this test with benchmarks established for CF antibody levels.

TREATmENT
Treatment considerations are largely influenced by the specifics of the case, such as the extent of 
disease, the immune response, and risk factors such as age, gender, and ethnicity. It is necessary 
to establish the extent of disease, particularly involvement of the central nervous system or bones, 
as well as the immune response of the host to the infection in terms of cell-mediated immunity 
and antibody response. These steps will allow a better estimation of the prognosis, as well as 
establish a baseline that is necessary to monitor treatment.

Amphotericin B was the first antifungal that showed efficacy in the treatment of coccidioi-
domycosis and, for many years, was the drug of choice for this and many other fungal infections. 
Amphotericin B is not absorbed orally, tissue distribution is poor, and it is highly toxic. For these 
reasons, it is not considered the drug of choice in many situations.
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Many experts now consider the triazoles, fluconazole and itraconazole, to be first-line drugs 
to treat coccidioidomycosis. They have been demonstrated to be efficacious in open trials. 
Each should be started at 400 mg/day. Fluconazole can be given intravenously or at higher 
doses as needed. Fluconazole or itraconazole at a dose of 400 mg/day is effective in more than 
half the cases. Itraconazole is more toxic, particularly at higher doses, and interacts with many 
drugs. Itraconazole is not available in a parenteral formulation and has unacceptable toxicities 
at dosages of more than 600 mg/day. A liquid formulation is available and, while more costly, 
does result in higher blood levels. Fluconazole is less toxic and can be given at much higher 
doses in those cases that do not respond to conventional doses. In refractory cases, as much as  
2 g/day can be given without toxicity. In these cases, the dose can be lowered when control of 
the disease is established. Treatment with a 400 mg/day dose of fluconazole is well-tolerated 
and fairly effective for the treatment of chronic coccidioidomycosis. However, alopecia is a side 
effect associated with higher doses (400 mg/day) or long-term use. Alopecia is usually reversed 
when therapy is stopped. Although ketoconazole is active against Coccidioides, the safety margin 
is small, and at the effective dose, 200 to 600 mg/day, it may cause gastrointestinal irritation, 
hepatitis, and adrenal and testicular dysfunction. The newer extended-spectrum azole antifun-
gals, voriconazole and posaconazole, have activity against coccidioidomycosis and have been 
shown to be effective in cases refractory to treatment with standard therapy, however have 
not been studied in systematic trials. Relapse is a risk when treatment with any antifungal is 
completed. Relapses are seen in 50% of cases treated with ketoconazole and 25% to 30% of 
patients treated with fluconazole or itraconazole. Oldfield et al. confirmed a long-held clinical 
suspicion that negative skin tests and a titer of greater than or equal to 1:256 were associated 
with increased risk of coccidioidomycosis relapse.

With the advent of the azoles, amphotericin B has been moved to a niche drug. Reduc-
tion in kidney function is a nearly universal side effect of this drug. This complication can be 
highly problematic, particularly in diabetic patients. Liposomal formulations of amphotericin 
are clearly less nephrotoxic. In addition, they alter the distribution of the drug, which can be a 
distinct advantage. Amphotericin B or its liposomal formulations are very useful, but only for 
special situations, for example, patients who are pregnant, those who are critically ill, and those 
who have failed therapy with azoles.

Coccidioidal meningitis is usually treated with fluconazole, which has good penetration into 
the CSF. The best study reported the results of treatment with 400 mg/day; however, since  
the response is suboptimal, most clinicians start at 800 to 1,000 mg/day. Unfortunately, when the 
drug is stopped, meningitis is likely to recur. Occasionally, meningitis continues even with azole 
treatment. In these cases, amphotericin must be used. Amphotericin B is probably best considered 
as second-line therapy for meningitis. It does not cross the blood–brain barrier in concentra-
tions needed to treat coccidioidal meningitis, so it must be administered intrathecally. Lumbar 
injections are easiest to deliver amphotericin to the CSF, but almost always result in  chemical 
arachnoiditis. Cisternal injections may reduce the incidence of chemical arachnoiditis, but must 
be performed by a specially trained practitioner. An intraventricular catheter with an  Ommaya 
reservoir circumvents some problems, but if outflow of fluid from the ventricles becomes  
obstructed, the drug may not get to the site of the infection.

In general, coccidioidomycosis is not a surgical disease. However, surgery is critical in several 
situations, specifically in establishing the diagnosis in difficult cases, for draining pus; in treating 
certain problems, such as life-threatening hemoptysis; or as an adjunct to medical treatment of 
tenosynovitis.

CONTROL AND PREvENTION
Control of coccidioidomycosis can be improved by early diagnosis, through careful clinical eval-
uation (including a thorough travel history) and specific testing, as well as individualized case 
management, including a multidisciplinary approach. Further progress is possible through sci-
entific research efforts and intelligent institutional policies. Several promising vaccine candidates 
have been tested in animals, but an effective vaccine for humans is not yet available.
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Histoplasmosis
Omar Saeed and J. Jonas Carmichael

The term histoplasmosis refers to any one of a variety of disorders resulting from infection with 
the thermal dimorphic fungus Histoplasma capsulatum. Pulmonary histoplasmosis is an important 
cause of morbidity in the United States and Latin America. Up to 50 million people in the United 
States have been infected by H. capsulatum and up to 500,000 new infections occur each year.

Infections with H. capsulatum are ubiquitous within the major endemic ranges of the Ohio, 
St. Lawrence, and Mississippi river valleys. The distribution pattern reflects conditions favorable 
to the organism, such as humidity, moderate climate and soil components. H. capsulatum is fer-
tilized by nitrogen-rich guano from birds or bats. Particularly high guano concentrations occur 
in areas such as old chicken coops, decayed trees, starling roosts, river or creek banks, and caves 
with bat colonies. Activities that disturb these sites cause aerosolization of spores and mycelial 
fragments that can be inhaled. Air currents can carry conidia for miles, exposing distant hosts. 
Although most cases represent isolated events, numerous epidemics have been traced to activities 
associated with high-risk exposures creating occupational hazards such as earth moving activities 
at landfills, construction sites, bird coops, or in caves.

PATHOPHYsIOLOGY
Inhaled spores convert to yeast forms and multiply within airspaces at body temperature. After 
an ineffective neutrophil response, alveolar macrophages phagocytize the yeast and spread the 
infection to hilar and mediastinal lymph nodes. The infection spreads hematogeneously and in-
volves distant organs, as evidenced by the calcified granulomas found in the liver and spleen. The 
severity of the illness depends on the inoculum size as well as the immune status and underlying 
lung architecture of the host.

Acute Pulmonary Histoplasmosis
The clinical manifestations range from asymptomatic to life-threatening respiratory failure sec-
ondary to severe pneumonia. The majority of patients experience an influenza-like syndrome  
1 to 2 weeks after infection. Acute pulmonary histoplasmosis is a self-limited condition  associated 
with localized, diffuse or multinodular pulmonary infiltrates. Symptoms usually include fever, 
chills, headaches, and myalgias. However, if the patient is exposed to a large inoculum (e.g., a 
closed exposure to a high concentration of bird guano), bilateral infiltrates can progress to respi-
ratory failure requiring mechanical ventilation.

Subacute pulmonary histoplasmosis is characterized by symptomatic illness persisting for 
more than 1 month, with focal infiltrates and hilar and/or mediastinal lymphadenopathy. 
 Patients develop inflammatory manifestations such as pericarditis, erythema nodosum (in female 
patients), pleuritis, polyarthiritis, and cystic coalescence of mediastinal lymph nodes known as 
mediastinal granuloma.

Chronic Pulmonary Histoplasmosis
Infection of distorted lung architecture in an emphysematous lung can cause chronic pulmonary 
histoplasmosis. Patients have a prolonged duration of symptoms lasting greater than 3 months 
with cavitary and/or reticulonodular apical infiltrates. Clinical and radiological findings can 
resemble reactivation tuberculosis with weight loss, dyspnea, productive cough, and hemoptysis.

Progressive Disseminated Histoplasmosis
Acute pulmonary histoplasmosis can be complicated by disseminated infection in patients 
who have cellular immunodeficiency due to human immunodeficiency virus (HIV) infection, 
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malignancy, immunosuppressive therapy, or advanced age. Besides interstitial pneumonitis, the 
clinical manifestations are secondary to involvement of spleen, liver, bone marrow, lymph nodes, 
gastrointestinal tract, adrenal gland, integument, meninges, or heart valves, particularly the aor-
tic valves. Patients often develop hepatosplenomegaly, and 5% to 20% of cases present with focal 
brain lesions or chronic meningitis.

Other manifestations
Sites of H. capsulatum infection that heal and condense leading to nodule formation are called 
histoplasmomas. Typical central and concentric calcification does occur. The time required for 
a nodule to calcify is unpredictable, which may pose a problem in distinguishing it from ma-
lignant growth. Diagnosis can be challenging as some lesions might never calcify and biopsy 
samples rarely stain positive for the organism. Broncholithiasis occurs when calcified lymph nodes 
erode into the airway, causing respiratory symptoms. Fibrosing mediastinitis is a reactive, calcified 
fibrosis which can lead to compression of central vessels and airways. It is considered a late but 
serious complication of histoplasmosis, especially if it involves both lungs. Approximately 1 in 
100,000 infected patients develops this condition, 20% of which will involve both lungs.

ImmUNOCOmPROmIsED PATIENTs
Patients with an immunocompromised state, especially T-cell immune deficiencies, are par-
ticularly susceptible to histoplasmosis. In its endemic range, histoplasmosis is one of the most 
prevalent AIDS-defining illnesses. Those coinfected often have untreated severe AIDS with CD4 
counts less than 100 cells/mL and high HIV RNA levels. HIV patients not on antiretroviral 
treatment are much more likely to be symptomatic with primary H. capsulatum infection, and 
the majority of those patients are found to have progressive disseminated histoplasmosis. Pul-
monary involvement without dissemination is uncommon; however, 40% to 50% of patients 
with progressive disseminated histoplasmosis have pulmonary manifestations. HIV patients 
with progressive disseminated histoplasmosis manifest the fevers, night sweats, malaise, dyspnea, 
hepatosplenomegaly, adenopathy, and skin lesions seen in immunocompetent patients but often 
lack the focal infiltrate seen in acute pulmonary histoplasmosis. Bilateral, diffuse interstitial, or 
reticulonodular opacities are present in more than half of patients with progressive disseminated 
histoplasmosis, though the initial imaging may be normal. Other clues of progressive dissemi-
nated histoplasmosis include thrombocytopenia, anemia, leukopenia, hepatic enzyme elevation, 
and adrenal insufficiency. Advanced age, renal insufficiency, fungemia, aspartate aminotransfer-
ase (AST) levels greater than 2.5 times the upper limit of normal, and decreased platelet counts 
have been associated with increased mortality. Severe disease can progress to multiorgan failure 
or meningitis that carries a mortality approaching 50% even with appropriate antimicrobials.

Cell-mediated immunity is necessary for control of an infection with H. capsulatum. His-
toplasmosis is a serious cause of infection in patients taking TNF-α antagonists and has com-
plicated that therapy more than any other endemic mycosis. In a series of 19 patients from an 
endemic area on TNF-α antagonists who developed histoplasmosis, 17 (89%) patients pre-
sented clinically with progressive disseminated histoplasmosis and 15 (79%) had pulmonary 
involvement. In contrast to HIV patients, radiographic evidence of focal pneumonitis, nodules, 
or mediastinal lymphadenopathy may predominate, although diffuse, bilateral reticulonodular 
or military disease is associated with dissemination. The radiographic hallmarks of prior histo-
plasmosis such as calcified nodules, nodes, or splenic lesions do not portend an increased risk of 
acute pulmonary histoplasmosis or progressive disseminated histoplasmosis. Etanercept, perhaps 
by its limited effect on the full array of TNF forms and reduced induction of complement-
mediated cell lysis, has been associated with fewer cases of histoplasmosis than infliximab and 
adalimumab. An immune reconstitution inflammatory syndrome (IRIS) can occur with cessa-
tion of TNF-α antagonists following a documented histoplasmosis infection. Although 42% of 
such patients in one series developed IRIS symptoms, all recovered with antifungals.

Solid organ transplant recipients rarely develop histoplasmosis, even patients with positive 
pretransplant Histoplasma serologies. A study of transplant recipients performed in an endemic 
area found no cases of histoplasmosis over 3 years of observation. A previous retrospective study 
also found it rare in these patients (1 case per 1,000 transplant-person years). If it does oc-
cur, unfortunately, it is typically manifested as progressive disseminated histoplasmosis. Cases 



    Chapter 54 • Histoplasmosis   3 0 5

develop late in comparison to other posttransplant infections, which suggests that the infections 
are primary rather than reactivation histoplasmosis.

DIAGNOsIs
The diagnosis of histoplasmosis is dependent not only on the characteristics of the infection 
(location, duration, severity) but also on other factors such as the patient’s prior exposures, sam-
pling, and the experience of the pathologist. An understanding of the limitations of the various 
tests is necessary to develop a testing strategy for each of the histoplasmosis clinical syndromes. 
A combination of studies that may include histopathology, cultures, antigen detection, and sero-
logic tests are often needed to establish a diagnosis.

Serum and/or urine antigen and antibody testing has a higher sensitivity in patients present-
ing with acute, diffuse pulmonary disease (in which the fungal burden is presumably highest) than 
in localized or subacute disease. In progressive disseminated histoplasmosis or acute pulmonary 
histoplasmosis, H. capsulatum galactomannan antigen testing sensitivity is in the range of 83% 
to 92% and is highest if both serum and urine samples are tested. It is most sensitive in AIDS 
and in more severe disease. Complement fixation methods display a greater sensitivity than im-
munodiffusion testing (95% vs. 90%), though fixation lacks specificity and low titers can occur in 
patients with active disease. Unfortunately, these tests may be falsely negative early in the course 
of the infection or in the immunocompromised. They may be falsely positive from a prior illness 
or cross react with other fungal organisms that cause granulomatous diseases. In patients with a 
high clinical suspicion of histoplasmosis but negative testing, repeat antigen and antibody test-
ing, bronchoscopy, and/or biopsy may be necessary. The utility of Histoplasma antigen detection 
in bronchoalveolar lavage specimens was supported in a study identifying antigens in 29 of 31 
patients with mostly diffuse pulmonary histoplasmosis. The utility of polymerase chain reaction 
in lavage specimens is unclear. Though it is often positive in chronic pulmonary histoplasmosis, 
cultures and histologic specimens may be positive in only 40% of acute histoplasmosis cases.

When it is isolated in culture, H. capsulatum should never be regarded as an airway colonizer. 
Culture specimens are placed on Sabouraud dextrose agar incubated at 25°C for up to 6 weeks 
and diagnosis is confirmed by a highly specific DNA probe. Histologic specimens generally 
display caseating granulomas with mononuclear cell infiltrates and lymphohistiocytic aggregates. 
The small, ovoid, yeast-phase of H. capsulatum displays narrow-based budding on Gomori me-
thenamine silver or periodic acid Schiff stains and is often confused with Pneumocystis jirovecii, 
Candida glabrata, or Cryptococcus neoformans. Patients presenting with reactive mediastinal fi-
brosis and histoplasmomas may have H. capsulatum identified on biopsy and evidence of prior 
infection with low grade antibody titers but rarely have positive cultures or antigen detection.

TREATmENT
Guidelines for the treatment of histoplasmosis have been developed by the Infectious Disease Soci-
ety of America (IDSA) and the American Thoracic Society (ATS) based largely on nonrandomized 
trials, cohort studies, and expert opinion. Therapy should be managed by a provider comfortable 
with the administration, interactions, and monitoring of levels and toxicities of the necessary an-
tifungals. Patients presenting with severe acute pulmonary histoplasmosis or progressive dissemi-
nated histoplasmosis should be treated with the lipid formulation of amphotericin B (3–5 mg/kg 
IV daily for 1–2 weeks) then transitioned to intraconazole (200 mg three times daily for 3 days, 
then 200 mg twice daily) for a total of 12 weeks in acute pulmonary histoplasmosis or 12 months 
in progressive disseminated histoplasmosis. HIV and AIDS patients are often continued on pro-
tracted intraconazole maintenance therapy at least until CD4 counts are greater than 200 cells/mL. 
Methylprednisolone or prednisone (40–60 mg/day or equivalent) can be used in patients with 
severe respiratory compromise or IRIS, but its use is controversial. Adrenal insufficiency from ad-
renal involvement by histoplasmosis should be considered in patients failing to respond to therapy 
and can be another indication for steroids. For mild or moderate acute pulmonary histoplasmosis, 
treatment is held until the symptoms progress or persists for greater than 1 month at which time 
initiation of intraconazole is recommended (200 mg three times daily for 3 days, then 200 mg once 
or twice daily for 6–12 weeks). Though resistance may emerge during treatment, fluconazole has 
been used as an alternative to intraconazole. With its reasonable side-effect profile, posaconazole 
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shows promise in murine models of histoplasmosis and case reports of salvage therapy. Chronic 
pulmonary histoplasmosis treatment is similar to symptomatic acute pulmonary histoplasmosis 
but continued for at least 1 year with ongoing monitoring for relapse. Antifungal treatment is 
generally not recommended in mediastinal fibrosis or culture-negative histoplasmomas, though 
patients with vascular stenosis or airway involvement may require stenting. Other than excluding 
malignancy in at-risk patients or the removal of a complicated mediastinal granuloma, there is 
generally no role of surgery either in the removal of histoplasmomas or for mediastinal disease.
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Blastomycosis is a relatively uncommon disease caused by the dimorphic fungus Blastomyces der-
matitidis. After inhalation of fungal spores by the host, the organism may give rise to a spectrum 
of clinical syndromes ranging from an acute, self-limited, flulike illness to rapidly progressive, 
widely disseminated, fatal disease. The primary reservoir for human infection is soil that is moist 
and rich in organic debris.

The vast majority of cases have been described in North America in endemic areas that include 
the southeastern and south-central United States and the region around the Great Lakes; thus, the 
disease also has been known as North American blastomycosis. With the demonstration of cases 
in Europe, Africa, South America, and the Middle East, this term is clearly no longer appropriate.
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Blastomycosis most often is a disease of young to middle-aged men, although cases have been 
described in both sexes and in ages ranging from newborn to the elderly. A significant number 
of patients have a history of outdoor activities, especially hunting. Interestingly, canine blasto-
mycosis, a condition similar to human disease, is more commonly seen in animals that are used 
in hunting, pointing to exposure of both humans and animals from a common outdoor source. 
Blastomycosis is not considered an opportunistic infection, per se, and has not been identified in 
immunocompromised patients to the same degree as other fungal pathogens, such as histoplas-
mosis or cryptococcosis; however, cases have occurred in patients with renal transplants, chronic 
steroid use, and AIDS. Not surprisingly, disseminated disease and an increased incidence of 
central nervous system (CNS) involvement are seen in such individuals.

Primary infection with B. dermatitidis almost always results from inhalation of fungal spores. 
Far less commonly, the disease is sexually transmitted through prostatic secretions or spread by 
maternal–fetal transmission. A laboratory accident associated with percutaneous inoculation has 
resulted in disease. Person-to-person transmission by aerosol has never been documented.

After deposition of the spores in the alveoli, an inflammatory response is initiated that consists 
of polymorphonuclear leukocytes, monocytes, and alveolar macrophages. Granuloma formation 
follows in most cases. Several clinical courses may ensue, depending on factors such as host 
resistance and the inhaled dose. First, there may be spontaneous resolution of mild or clinically 
silent pulmonary involvement that, in a presumably small number of cases, may disseminate. 
Second, there may be the development of acute pneumonitis with nonspecific symptoms, such as 
fever, cough, purulent sputum, chills, myalgias, pleuritic chest pain, and occasionally, erythema 
nodosum. Third, patients may present with a severe progressive pulmonary process leading to 
hypoxemia, respiratory failure, and prostration. Fourth, the infection may present as a chronic 
pulmonary infiltrate, easily confused with other fungal diseases or tuberculosis. Patients with this 
chronic form of blastomycosis often present with a long history of constitutional complaints, 
such as malaise, weight loss, chronic cough, fever, and blood-tinged sputum. Significant hemop-
tysis is rare. Dissemination is said to take place in up to 70% of patients with chronic pulmonary 
blastomycosis, and multiple-organ involvement is the rule. Lastly, there may be disseminated 
disease, which may occur with the previously mentioned patterns of pulmonary involvement or 
in isolation, representing reactivation of the disease long after the primary focus of infection has 
resolved.

Although disseminated blastomycosis may present anywhere, the skin, as the organism’s 
name suggests, is by far the most commonly involved organ. The skin lesions typically begin as 
small subcutaneous nodules or pustules that may grow rapidly and ulcerate to form large verru-
cous ulcers with heaped-up edges. Although skin lesions may occur at any site, the face and trunk 
are favored. Bony lesions, typically osteolytic, are next in frequency. Areas commonly involved 
include the vertebral bodies, skull, ribs, long bones, and pelvis. Overlying soft tissue may be in-
volved, joint spaces may be infected by direct extension, and vertebral body disease may give rise 
to paraspinous abscesses. The male genital tract (epididymis, testes, prostate) has been estimated 
to be involved in about 10% to 30% of patients with disseminated disease. Infected prostatic se-
cretions have been documented and presumably explain sexual transmission of the disease. Less 
often, laryngeal involvement is seen and may be difficult to distinguish grossly from carcinoma. 
Adrenal involvement with adrenal insufficiency has been reported. Meningeal blastomycosis is 
rare in immunocompetent hosts but occurs more frequently in patients with AIDS.

Roentgenographic findings are variable and correlate only moderately well with the clini-
cal presentation. In patients with acute disease, the chest radiograph and computed tomogram 
(CT) are more likely to demonstrate pneumonic, consolidative, nodular, or interstitial infiltrates 
that are segmental or nonsegmental. Multiple lobes may be involved, though upper lobe in-
volvement appears to be more common. Despite the relatively common occurrence of pleurisy, 
pleural effusions are unusual. Cavitary changes are unusual, seen only in up to 10% of cases. 
Chronic forms of blastomycosis are somewhat more likely to present as central mass lesions and 
may closely mimic bronchogenic carcinoma. Hilar and mediastinal adenopathy appear to be 
infrequent, even on CT examination. Lymph node calcification, common in histoplasmosis, is 
rare in blastomycosis.



3 1 0   Section III • Diseases

Standard laboratory studies are nondiagnostic. Hematologic abnormalities (e.g., anemia, 
leukocytosis) are variable and rarely significant. Serum chemistries are usually normal. Skin test-
ing for blastomycosis is not useful. Serologic tests are similarly unhelpful. An antigen test is 
available for use with urine, cerebrospinal fluid (CSF), and bronchoalveolar lavage fluid, and 
while sensitive, false positives occur in patients with histoplasmosis or paracoccidioidomycosis.

Definitive diagnosis of the disease requires the demonstration of the fungus in the tissues, 
either microscopically or by culture. B. dermatitidis is often found in sputum smears (potassium 
hydroxide [KOH] or Papanicolaou), bronchoscopy washings, pleural fluid, urine (especially after 
prostate massage), or tissue biopsy specimens. The organism is best demonstrated with methena-
mine silver or para-aminosalicylic acid (PAS) stains. Culture of the organism from all the above 
sources has a very high diagnostic yield, but growth may require up to 30 days, a problematic delay 
in the acutely ill patient. Once cultured, the yeast form of the fungus is relatively easy to identify 
microscopically, as B. dermatitidis grows in mycelial form when cultured at 25°C and as a single 
budding yeast with a characteristically thick refractive cell wall at 37°C. Because tissue coloniza-
tion with blastomycosis does not occur, finding the organism provides a definitive diagnosis.

Although most experts agree that the majority of cases of blastomycosis are probably self-
limited, treatment is now recommended for all recognized cases of both acute and chronic pul-
monary blastomycosis.

In cases of mild to moderate pulmonary or disseminated disease, itraconazole at a dosage of 200 
to 400 mg/day for 6 to 12 months is recommended. Like the other oral azoles, itraconazole is fun-
gistatic and does not cross the blood–brain barrier; therefore, its use as monotherapy should be lim-
ited to treating immunocompetent individuals with nonmeningeal, non–life-threatening disease.

For moderately severe to severe pulmonary disease, disseminated disease, and in immuno-
suppressed patients where the CNS is not involved, an initial course of amphotericin B for 1 
to 2 weeks is recommended. This should be followed by itraconazole for an additional 6 to 12 
months with pulmonary disease, and 12 months with disseminated disease or in the immuno-
suppressed. In cases with CNS involvement, amphotericin B should be given for 4 to 6 weeks, 
followed by either itraconazole or voriconazole for at least a year. Pregnant patients should 
receive only amphotericin B as systemic azoles are contraindicated in pregnancy.

Corticosteroids may be helpful in treating refractory hypoxemia when acute respiratory dis-
tress syndrome (ARDS) is secondary to blastomycosis.

FURTHER READING
1. Bariola JR, Perry P, Pappas PG, et al. Blastomycosis of the central nervous system: a multicenter 

review of diagnosis and treatment in the modern era. Clin Infect Dis. 2010;50(6):797–804. 
  Retrospective review of 22 patients with CNS blastomycosis leads authors to recommend voriconazole 

following initial course of amphotericin B.
2. Brown LR, Swensen SJ, Van Scoy RE, et al. Roentgenologic features of pulmonary blastomycosis. 

Mayo Clin Proc. 1991;66:29. 
  In 35 cases of pulmonary blastomycosis, consolidation (26%) and mass lesion (31%) were the most 

common findings. Hilar adenopathy, pleural effusion, and calcification were uncommon.
3. Chapman SW, Dismukes WE, Proia LA, et al. Clinical practice guidelines for the management 

of blastomycosis: 2008 update by the Infectious Diseases Society of America. Clin Infect Dis. 
2008;46(12):1801–1812. 

  Recent treatment guidelines for blastomycosis.
4. Farber ER, Leahy MS, Meadows TR. Endometrial blastomycosis acquired by sexual contact. 

 Obstet Gynecol. 1968;32:195. 
  First well-documented case of sexually transmitted blastomycosis.
5. Hussein R, Khan S, Levy F, et al. Blastomycosis in the mountainous region of northeast Tennessee. 

Chest. 2009;135(4):1019–1023. 
  Mass-type pulmonary lesions have become more common in this endemic region, and itraconazole has 

emerged as the therapy of choice.
6. Klein BS, Vergeront JM, Weeks RJ, et al. Isolation of Blastomyces dermatitidis in soil associated 

with a large outbreak of blastomycosis in Wisconsin. N Engl J Med. 1986;314:529. 



    Chapter 56 • Aspergillus Lung Disease   3 1 1

  First convincing demonstration of soil as the reservoir for the organism.
7. Kravitz GR, Davies SF, Eckman MR, et al. Chronic blastomycotic meningitis. Am J Med. 1981; 

71:501. 
  All three cases presented as a chronic meningitis and obstructive hydrocephalus developed. Cerebrospinal 

fluid cultures from lumbar taps were not diagnostic, but ventricular taps were.
8. Lahm T, Neese S, Thornburg AT, et al. Corticosteroids for blastomycosis-induced ARDS: a report 

of two patients and review of the literature. Chest. 2008;133(6):1478–1480. 
  Refractory hypoxemia improved dramatically in two previously healthy men with ARDS secondary to 

blastomycosis after treatment with corticosteroids.
9. Martynowicz MA, Prakash UBS. Pulmonary blastomycosis: an appraisal of diagnostic techniques. 

Chest. 2002;121:768–773. 
  Noninvasive specimens were positive on culture in 86%, compared with a 92% yield from specimens 

obtained by bronchoscopy.
10. Pappas PG. Blastomycosis in the immunocompromised patient. Semin Respir Infect. 1997; 

12:343–351. 
  Clinical disease in this patient population is much more likely to disseminate and involve multiple 

organs, especially the central nervous system.
11. Patel RG, Patel B, Petrini MF, et al. Clinical presentation, radiographic findings, and diag-

nostic methods of pulmonary blastomycosis: a review of 100 consecutive cases. South Med J. 
1999;92:289–295. 

  Clinical presentation was found to correlate with findings on chest radiograph in about 60% to 70% of 
cases. Diagnosis was made in most cases with sputum examination, culture, or cytology.

12. Saccente M, Woods GL. Clinical and laboratory update on blastomycosis. Clin Microbiol Rev. 
2010;23(2):367–381. 

  An excellent recent review.
13. Watts EA, Gard PD, Tuthill SW. First reported case of intrauterine transmission of blastomycosis. 

Pediatr Infect Dis. 1983;2:308. 
  A case of maternal-to-fetal transmission of blastomycosis is described.

14. Winer-Muram HT, Beals DH, Cole FH. Blastomycosis of the lung: CT features. Radiology. 
1992;182:829. 

  CT scans of 16 patients with blastomycosis found a low incidence of pleural effusion and hilar and 
mediastinal adenopathy.

Aspergillus species are responsible for a diverse spectrum of human pulmonary diseases, ranging 
from hypersensitivity reactions to necrotizing angioinvasive infection. Overall, the incidence of 
Aspergillus lung disease is on the rise, largely as a result of increased numbers of immunosup-
pressed patients. Worldwide, Aspergillus is the most common cause of invasive mold infection. 
Although the host immune status influences disease susceptibility (e.g., allergic reaction with 
atopy vs. invasive aspergillosis with neutropenia), the notion that invasive disease is seen exclu-
sively in neutropenic individuals is incorrect. Only 31% of patients with invasive pulmonary 
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aspergillosis (IPA) are neutropenic when diagnosed. Increasingly, IPA has been recognized to 
occur in solid organ transplant patients, HIV infected individuals, and those receiving systemic 
glucocorticoid therapy for chronic inflammatory disease.

There are more than 200 species of Aspergillus, but Aspergillus fumigatus is responsible for 
more than 90% of human disease; the remainder is mostly caused by A. flavus (5%–10%),  
A. terreus (2%–5%), or A. niger (1%–2%). Aspergillus is ubiquitous and found worldwide in 
organic debris and soil. It commonly contaminates sputum and laboratory specimens exposed to 
unfiltered air. Aspergillus can be isolated from sputum in 1% to 6% of healthy individuals; higher 
rates of asymptomatic colonization are found in cigarette smokers and patients with chronic 
lung disease or HIV infection.

In the environment, the fungi produce small spores that are routinely inhaled and rapidly 
cleared from the normal host. However, inhalation in patients with underlying lung disease, 
immunologic sensitization, or immunocompromised status, may result in saprophytic coloniza-
tion, hypersensitivity, or invasive disease. Person-to-person transmission has not been reported, 
but clustered mini-outbreaks of aspergillosis in immunocompromised patients have been re-
ported from environmental exposure.

Aspergillus can cause at least seven distinct pulmonary syndromes, depending on host susceptibil-
ity and immune response, leading to colonization, allergy, or invasive disease. Patients with parenchy-
mal lung disease are susceptible to (1) aspergilloma and (2) chronic pulmonary aspergillosis (CPA). 
Individuals with immune sensitization are vulnerable to (3) immunoglobulin E (IgE)- mediated 
asthma, (4) hypersensitivity pneumonitis (HP), and (5) allergic bronchopulmonary aspergillosis 
(ABPA). Patients with even minor degrees of immune suppression are at risk of (6) IPA ranging from 
bronchopneumonia to vessel invasive disseminated disease and, less commonly, (7) tracheobronchial 
aspergillosis. Although each syndrome has a unique pathogenesis, there is significant overlap between 
these syndromes in individual patients (e.g., an individual with ABPA developing tracheobronchial 
aspergillosis after high-dose prednisone therapy for a systemic inflammatory disease).

AsPERGILLOmA AND CHRONIC PULmONARY AsPERGILLOsIs
Aspergilloma (mycetoma or fungus ball) refers to a mass of fungal mycelia, inflammatory cells, 
and tissue debris, typically occurring in a preexisting, poorly draining lung cavity. Cavities occur 
most commonly in association with tuberculosis (TB), emphysematous bullae, treated lung can-
cer, ABPA-associated bronchiectasis, sarcoidosis, endemic fungal infection, chronic Pneumocystis 
carinii (PCP) infection (in HIV disease), and bronchial cysts.

An aspergilloma may be discovered on routine chest imaging in asymptomatic individuals or 
may be associated with recurrent mild hemoptysis. Most aspergillomas remain stable and up to 
10% regress spontaneously. Typical imaging reveals an upper-lobe cavity with an intraluminal 
irregularity. Fluoroscopy may demonstrate mobility of the irregularity with positional changes. 
Sputum culture for Aspergillus may be negative in 50% of cases. Serum IgG Aspergillus-specific 
antibodies are present in over 90% of patients with associated cavitation and fibrosis, but may 
be falsely negative in patients on systemic corticosteroids, or in patients infected with non-
Aspergillus species. Aspergillus skin testing is uniformly negative in patients with aspergilloma. 
Lesions tend to be solitary, but bilateral disease occurs in 5% to 10%. Asymptomatic patients 
with stable chest imaging require no antifungal therapy.

Simple aspergillomas and asthmatics with ABPA may progress to CPA. Classically called 
chronic invasive aspergillosis or chronic necrotizing aspergillosis, CPA encompasses a spectrum 
of indolent Aspergillus infections occurring in patients with underlying lung disease and often 
mild degrees of immunosuppression in which saprophytic colonization of abnormal parenchyma 
progresses to local invasion, often in a fibrocavitary pattern. CPA typically occurs in middle-
aged and elderly patients with chronic obstructive pulmonary disease (COPD), late-stage ABPA, 
prior granulomatous disease (both mycobacterial and fungal), cystic fibrosis (CF), and other 
diseases involving parenchymal distortion. Patients may be immunocompetent but typically 
have varying degrees of mild immunosuppression secondary to diabetes mellitus, low-dose oral 
glucocorticoid therapy, alcoholism, poor nutrition, or connective tissue disease. Some patients 
with CPA appear to have an immune predisposition involving both a poor antibody response to 



polysaccharide antigens and a failure to produce interferon-γ (IFN-γ) (a recent therapeutic tar-
get). Clinically, patients complain of weight loss (94%), dry cough (78%), recurrent hemoptysis 
(58%), and dyspnea (50%). Fever and sputum production are less common and should prompt 
consideration for bacterial infection. Imaging typically demonstrates multiple upper-lobe, often 
confluent thick-walled, cavities with intraluminal irregularities, associated fibrosis, and adjacent 
pleural thickening. Up to 70% of these patients do not have a clearly discernible fungus ball. 
Given the presence of underlying lung disease, old imaging studies are essential to look for subtle 
changes surrounding preexisting areas of parenchymal scar, cavity, or aspergilloma. The presence 
of a significant air fluid level suggests bacterial superinfection more than CPA.

Biopsy is the diagnostic gold standard. However, given the poor yield from transbronchial 
biopsy and complications associated with transthoracic, thoracoscopic or open-lung biopsy 
in patients with severe underlying lung disease, diagnosis is usually made on clinical grounds. 
 Diagnostic criteria include (1) compatible clinical and radiographic features; (2) isolation of 
Aspergillus species in sputum or bronchoalveolar lavage (BAL) fluid. If cultures are negative but 
suspicion is high, the presence of a positive galactomannan test (BAL more sensitive than serum) 
and/or IgG-specific Aspergillus antibodies can further suggest the diagnosis; and (3) exclusion 
of other conditions with similar presentations (e.g., active TB, atypical mycobacterial infection, 
bacterial superinfection, endemic fungal infection, and lung cancer), often through combined 
BAL, serology results, and close clinical and radiographic follow-up. Patients with ongoing pa-
renchymal destruction (increased cavity size, wall thickness, and fibrosis) are at risk of worsening 
lung function, recurrent bacterial superinfection, and massive hemoptysis.

Bronchial artery embolization is an appropriate initial step in the management of massive, 
life-threatening, hemoptysis, though recurrent bleeding from collateral blood vessels is very 
common. Although surgical resection of the cavity provides definitive treatment, mortality (7%) 
and morbidity (23%) can be very high in the presence of coexisting lung disease. Younger pa-
tients without significant underlying lung disease have significantly lower rates of morbidity 
(18%) and mortality (1.5%). In general, surgery is reserved for patients with massive hemoptysis 
who have adequate pulmonary reserve and fail embolization.

Clinically symptomatic and or radiographically progressive CPA requires antifungal therapy. 
Immunocompetent patients, with subacute disease can typically be treated with oral itraconazole 
(more data) or voriconazole (better absorption and tissue penetration). The duration of therapy 
ranges from 6 months to lifelong chronic suppressive therapy for patients with substantial im-
munosuppression. Imaging improves gradually with cavity walls thinning and intraluminal ir-
regularities resolving. Surgical resection is rarely an option, reserved for the young patient with 
focal disease and good pulmonary reserve. Treatment failures should prompt consideration for 
drug-level testing and possible IV therapy as well as the possibility of common disease mimics 
(e.g., bacterial superinfection or lung cancer). The long-term prognosis for patients with CPA 
has not been well studied, but 2-year survival is reported to be 70%, with the majority of deaths 
attributed to underlying lung disease or comorbidities, rather than Aspergillus infection.

IgE-mEDIATED AsTHmA
Patients with severe extrinsic IgE-mediated asthma attributable to environmental Aspergillus an-
tigens (a.k.a. severe asthma with fungal sensitization) must be differentiated from those with 
asthma and ABPA. Immediate skin test reactivity to Aspergillus is present in as many as 25% 
to 40% of patients in asthma clinics. The absence of bronchiectasis, mucus plugging, and el-
evated IgE levels (,2,400 ng/mL or ,1,000 IU/mL) argues against ABPA in this group. As in 
all allergic asthma, both avoidance of antigen (e.g., gardening, moldy environments) and anti-
inflammatory therapy are mainstays.

HYPERsENsITIvITY PNEUmONITIs
Inhalation of organic matter contaminated with Aspergillus species has been associated with HP. 
Aspergillus antigens are associated with malt worker’s lung, paper mill worker’s lung, and, more 
recently, a cluster of hypersensitivity pneumonitis cases in plaster workers exposed to Aspergillus-
contaminated esparto fibers.
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ALLERGIC BRONCHOPULmONARY AsPERGILLOsIs
ABPA refers to a clinical syndrome involving a hypersensitivity to A. fumigatus which compli-
cates asthma and CF. It is characterized by episodic chest radiograph infiltrates, IgE elevations, 
and poorly controlled asthma (20% of the time, asthma is well controlled on medications). 
The peak incidence is in the fourth to fifth decades. The clinical course is characterized by a 
cough productive of golden-brown sputum plugs (containing Aspergillus hyphae), hemoptysis, 
intermittent fever, chest pain, and recurrent pneumonias. Often, there is a discrepancy between 
significant chest radiograph consolidation and muted clinical findings. During disease flares, 
serum IgE levels are typically elevated greater than 1,000 ng/mL. After disease is established, 
exacerbations may be clinically silent, requiring vigilant chest radiograph and serum IgE surveil-
lance. While ABPA may remain quiescent for many years, it rarely (if ever) resolves.

The pathogenesis of ABPA involves both failures in innate and adaptive immunity which al-
low persistence of Aspergillus spores in the tracheobronchial tree, which in turn germinate leading 
to hyphal growth. In the predisposed (HLA DR2/DR5) hyphal antigen, presentation leads to 
a Th2 predominant phenotype and increased total IgE, Aspergillus-specific IgE, pulmonary eo-
sinophilic inflammation, and tissue damage. Radiographic findings include fleeting upper-lobe 
infiltrates, branching homogeneous (gloved finger) shadows of mucoid impaction, and tramline 
and ring shadows indicative of thickened bronchial walls. Computed tomographic (CT) scans 
may identify central bronchiectasis (medial two-thirds of the chest) that classically terminates 
abruptly, leaving distal airways uninvolved. More recent imaging series suggest ABPA bronchiec-
tasis may involve distal airways up to 40% of the time. Recurrent episodes of ABPA with mucus 
plugging and airway inflammation can lead to end-stage bronchiectasis, mixed obstructive–re-
strictive lung disease, and respiratory failure. ABPA has been historically classified by the pres-
ence or absence of bronchiectasis and clinically staged according to disease activity. Recently, the 
International Society of Human and Animal Mycology (ISHAM) convened a working group of 
experts entitled “ABPA in asthmatics” to refine the classification and staging of ABPA. Though 
not yet widely adopted, the refinements address some the most significant misconceptions and 
vagaries in the previous classification and staging scheme, and thus will be discussed here. Ad-
ditionally, they suggest the concept that central bronchiectasis is a sine qua non for the diagnosis 
of ABPA should be replaced by the CT finding of high attenuation mucus (HAM) impaction, a 
finding purported to be pathognomonic for ABPA, as well as predicting relapsing progressive dis-
ease. Typical mucus impaction is low attenuation. In general, treatment focuses on both control 
of inflammation with steroids and decreasing organism burden with antifungals.

Traditionally, the essential features required for the diagnosis of ABPA are (1) asthma, (2) 
immediate cutaneous reactivity to Aspergillus and, in patients not on systemic glucocorticoids, (3) 
total serum (IgE) greater than 1,000 ng/mL, (4) elevated serum IgE-Af, and/or (5) IgG-Af specific 
to Aspergillus. Common, but not required features include (6) episodic chest radiograph infiltrates 
and (7) peripheral eosinophilia. During flares, sputum stains may be positive for fungal elements 
and cultures positive for Aspergillus. To improve diagnostic accuracy, ISHAM experts recommend 
that a diagnosis of ABPA requires all of the following characteristics: (1) predisposing condition 
(asthma or CF), (2) type I allergic response to Aspergillus (positive serum IgE-Af or skin test), and 
(3) total IgE elevation greater than 2,400 ng/mL (1,000 IU/mL) during a flare (this is higher than 
the current accepted cutoff of 1,000 ng/mL). Individuals then need two of the following three: (1) 
positive IgG-Af specific to Aspergillus, (2) radiographic findings consistent with ABPA, and/or (3) 
total eosinophil count greater than 500 cells/μL during a flare. Patients meeting some but not all 
of the criteria are deemed “at-risk” for ABPA and should be followed expectantly. The differential 
diagnosis of ABPA includes allergic bronchopulmonary mycosis, IgE-mediated asthma, pulmo-
nary infiltration with eosinophilia syndromes, helminthic lung disease, and other types of HP.

Patients with ABPA are divided into five clinical stages (without necessary progression):  
(1) acute, (2) remission, (3) exacerbation, (4) corticosteroid-dependent asthma, and (5) fibrotic. Stage 
1 (acute) describes patients who initially present with classic ABPA. Most patients achieve stage 2 
(remission), defined as no recurrence for at least 6 months after corticosteroid therapy is discontin-
ued. Remissions can be sustained, but relapses have occurred as long as 7 years after initial remis-
sion. Patients in remission should be followed with IgE levels every 3 to 6 months for the first year.  



Stage 3 (exacerbation) occurs in 25% to 50% and may be clinically silent, consisting of only as-
ymptomatic infiltrate or an increase in IgE levels (doubling from baseline is the generally accepted 
criterion for exacerbation, but 10-fold increases are common). As many as 45% become stage 4 
(corticosteroid-dependent asthma). Infiltrates may or may not recur, and IgE levels are only variably 
elevated. Occasionally, the diagnosis of ABPA will be made at stage 4 during evaluation of a patient 
with long-standing steroid-dependent asthma. In this situation, serology is less useful. The presence 
of proximal bronchiectasis and/or HAM impaction on chest CT scan is very suggestive, as are previ-
ous chest radiographs revealing fleeting upper-lobe infiltrates. Stage 5 (fibrotic) refers to patients with 
ABPA who develop mixed obstructive–restrictive lung disease with pulmonary fibrosis, often compli-
cated by hypoxia, cor pulmonale, bacterial superinfection, and respiratory failure.

Treatment of ABPA should produce rapid improvement with resolution of infiltrates by 
4 weeks, improved asthma, reduced sputum with clearing of Aspergillus, decreased peripheral 
blood eosinophilia, and decreased total serum IgE (by at least 35% in 6 weeks). Standard treat-
ment for stages 1 (acute) and 3 (exacerbation) is prednisone 40 mg (about 0.5 mg/kg) daily for at 
least 2 weeks, followed by every other day dosing for 2 months. Prednisone can then be tapered 
rapidly and stopped unless infiltrates, clinical symptoms, or a rise in total serum IgE recurs.

Antifungals should be used if patients cannot be tapered off of prednisone or if patients suf-
fer an exacerbation. A randomized clinical trial of itraconazole for patients with stage 4 ABPA 
(cannot be tapered) showed a 29% increase in clinical response rate over prednisone alone (with 
no significant adverse events). Another randomized trial demonstrated that itraconazole (400 
mg/day) over 16 weeks resulted in fewer exacerbations requiring oral glucocorticoid therapy, 
reduced eosinophilic airway inflammation, and reduced IgE levels in patients with stage 2  
(remission). Anecdotal evidence suggests itraconazole also may be used as a steroid-sparing agent 
for stage 5 (fibrotic) disease. The role of itraconazole and newer azoles in the treatment of stages 
1 and 3 disease remains to be defined. A randomized controlled trial comparing itraconazole 
monotherapy to prednisone for stage 1 disease (MIPA) is currently underway.

Therapeutic bronchoscopy should be considered if proximal airway mucus impaction 
and collapse are not relieved with chest physiotherapy. Persistent proximal mucus impaction  
(.3 weeks) increases the risk of irreversible airway malacia. With adequate management, the 
prognosis for ABPA is good and long remissions are often achieved.

INvAsIvE PULmONARY AsPERGILLOsIs
IPA represents a spectrum of acute invasive pulmonary Aspergillus infections occurring primarily 
in patients with prolonged neutropenia, but also in patients with only modest degrees of im-
mune suppression. Although the majority of IPA occurs in patients with underlying hematologic 
malignancies (28%) or allogeneic hematopoietic stem cell transplants (HSCT) (25%), up to 9% 
of cases occur in patients with chronic lung disease and only modest degrees of immunosup-
pression. Solid organ transplant (9%), AIDS (8%), autologous HSCT (6%), and other immune 
deficiencies (6%) account for the rest. Up to 2% of cases are reported in patients with no under-
lying disease; therefore, the diagnosis of IPA should be considered in immunocompetent patients 
in the proper scenario. Individuals with chronic granulomatous disease and mannose-binding 
lectin deficiency are uniquely susceptible to invasive disease. The clinical radiographic pattern 
of aspergillosis varies dramatically based on the host’s immune status. Patients with persistent 
neutropenia often have a fulminant course with rapid progression to vessel invasion, thrombo-
sis, massive hemoptysis, lung infarction, and acute cardiopulmonary death. Individuals with 
milder degrees of immunosuppression more commonly present as typical or atypical bacterial 
bronchopneumonia, which if inadequately treated may progress to disseminated angioinvasive 
catastrophic disease. Reported mortality rates vary, and may be as high as 90% or as low as 16%, 
depending on the host’s immune status, speed of diagnosis, and aggressiveness of therapy. While 
biopsy with culture remains the gold standard, CT scan, BAL, and galactomannan testing are the 
mainstays of diagnosis. Therapy is often started empirically based on clinical and radiographic 
features. Voriconazole is first-line therapy for IPA, and echinocandins are available for salvage 
therapy. Amphotericin B is typically reserved for salvage therapy, but may be used as a first-line 
agent if the diagnosis is uncertain and a significant concern for mucormycosis exists.
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Invasive aspergillosis has become a leading cause of death in allogeneic HSCT recipients, 
in addition to being the most common cause of community-acquired pneumonia in those with 
graft-versus-host disease (GVHD). The epidemiology of IPA in allogeneic HSCT recipients re-
veals three periods of vulnerability: (1) after the first neutropenia during the conditioning phase, 
(2) associated with acute GVHD (,100 days posttransplant), and (3) associated with chronic 
GVHD (.100 days posttransplant). In fact, IPA occurs more commonly in allogeneic HSCT 
patients suffering from GVHD than in neutropenia patients. The clinical presentation of IPA is 
variable. Early in the disease, up to 30% of neutropenic patients may be asymptomatic. Initial 
symptoms include fever, dry cough, pleurisy, and, occasionally, hemoptysis. If untreated, the 
disease will progress rapidly. Physical examination is nonspecific but may reveal a pleural rub.

CT is a significant tool in the early diagnosis of IPA in allogeneic HSCT recipients. The 
most common CT finding is multiple small nodules (,1 cm) seen in 43% followed by consoli-
dation in 26%, large nodules and masses in 21%, and peribronchial infiltrates in 9%. Other less 
common findings include tracheobronchial thickening, pleural invasion, and hilar or mediasti-
nal masses. The halo sign, a circumferential low attenuation ground-glass opacity surrounding 
a nodule (resulting from hemorrhage) occurs in up to 95% of patients at the time of diagnosis 
but is present in only 19% at 2 weeks. Conversely, the air crescent sign (necrosis of the nodule 
after neutrophils and inflammation return) is absent at diagnosis but present 63% after 2 weeks. 
Serial CT imaging should not be used to assess early response to therapy. Despite response, the 
volume of lesions typically increases 4-fold from the first week and then remains stable between 
days 7 and 14. The differential diagnosis includes pneumonia from other typical and atypical 
pathogens capable of causing multiple small nodules and/or necrotic consolidations in the im-
munosupressed (e.g., Pseudomonas, Staphylococcus, Klebsiella, Nocardia, viruses, mycobacteria, 
and other fungi), as well as neoplasm and pneumonitis from radiation or chemotherapy.

Invasive aspergillosis also threatens solid organ transplant recipients, especially lung and 
liver, often with a late onset (.3 months posttransplant). Cases have also been reported in in-
dividuals receiving every intensity of immunosuppressive therapy as well as immunocompetent 
critically ill patients. These nonneutropenic patients may present as a typical pneumonia with 
focal consolidations, ground-glass, and often nodular infiltrates being the predominant imaging 
findings. Cough and fever are typical but may be absent.

A definitive diagnosis of IPA requires lung biopsy, demonstrating septate hyphae with 
acute-angle branching in tissue (best seen with silver stain), and simultaneous growth of the 
organism in culture. Unfortunately, both transbronchial biopsy and sputum culture have a high 
false-negative rate. Thoracoscopic or open-lung biopsy may delay diagnosis and carry significant 
bleeding risk in the thrombocytopenic patient. For most patients at high risk for IPA, a less 
invasive diagnosis can be made by combining clinical, radiographic suspicion with the results of 
microbiologic and galactomannan testing.

Growing Aspergillus in sputum or BAL has a positive predictive value of 80% to 90% in very 
high-risk patients. Additionally, identifying branching hyphae on BAL cytology defines invasion 
in the right clinical setting. That said, other filamentous fungi have a similar appearance (e.g., 
Scedosporium, Fusarium). More recent data suggests the overall positive predictive value of grow-
ing Aspergillus in lower respiratory tract specimens is 72% for neutropenic patients and 58% for 
solid organ transplant recipients. Up to 50% of patients with invasive aspergillosis have negative 
cultures. Traditional Aspergillus serology (IgG-Af and IgE-Af) is not helpful in the determination 
of invasive disease.

Galactomannan is a polysaccharide produced during hyphal growth, detectable by an enzyme- 
linked immunosorbent assay (ELISA) Food and Drug Administration (FDA)-approved for the 
diagnosis of invasive aspergillosis. The FDA has licensed an OD index cutoff value of greater 
than or equal to 0.5 to represent a positive result. A meta-analysis of 27 studies with 4,000 
patients found its overall sensitivity to be 71% and its specificity to be 89%. Sensitivity and 
specificity vary widely based on the prevalence of the disease in the tested population. In BAL 
specimens, using the same cutoff of greater than or equal to 0.5, the sensitivity is 93% and the 
specificity 87%. In lung transplant patients, the specificity of a positive BAL galactomannan has 
been reported as high as 95%. False positives occur most commonly in the first 100 days after 
HSCT possibly due to the combination of dietary intake of galactomannan and poor bowel 



wall integrity. False positives are also well documented to occur with piperacillin-tazobactam 
administration. False negatives commonly occur when treatment has begun.

The Infectious Disease Society of America (IDSA) and the American Thoracic Society (ATS) 
have published guidelines regarding therapy for invasive aspergillosis. Voriconazole is first-line. 
Herbrecht et al. found that after 12 weeks of therapy patients treated with voriconazole had 
improved survival (71% vs. 58%) and fewer severe side effects compared with amphotericin B. 
Voriconazole should be dosed at 6 mg/kg intravenously (IV) twice daily on the first day and then 
4 mg/kg IV twice daily. For those who are unable to take voriconazole, liposomal amphotericin 
B, dosed at 3 to 5 mg/kg IV daily, is second-line. Caspofungin, an echinocandin, is a fungistatic 
peptide that inhibits the synthesis of fungal cell wall glucan and is approved for salvage therapy. 
It is often used in combination with voriconazole in this capacity (in lieu of compelling data). 
Caspofungin is dosed 70 mg IV daily for the first day and then 50 mg IV daily thereafter.

The optimal duration of therapy is unknown and must be weighed against the extent of 
infection, degree and rate of immune reconstitution, and degree of radiographic resolution. 
Practice guidelines suggest induction therapy with IV medication should be continued until 
the infection stabilizes, followed by oral maintenance therapy until complete resolution of ra-
diographic findings or immune reconstitution occurs. The role of surgical resection remains 
controversial. Patients most likely to benefit from surgery are those with focal residual disease, 
often threatening a great vessel, and those who will be significantly immunosuppressed again 
in the future. The roles of granulocyte colony–stimulating factor (GCSF), IFN-γ, and other 
immune-based therapies are currently emerging.

TRACHEOBRONCHIAL AsPERGILLOsIs
Beyond the mucoid impaction seen in ABPA, Aspergillus causes a range of invasive tracheobron-
chial diseases in immunosuppressed patients. Tracheobronchial aspergillosis represents a unique 
presentation of IPA in which large airway mucosal invasion leads to thick, adherent, nodular 
plaques that cause endobronchial narrowing, obstruction, and significant distal plugging. The 
manifestations of tracheobronchial aspergillosis vary from obstructing tracheobronchitis to ul-
cerative tracheobronchitis, to an extensive pseudomembranous tracheobronchitis. Symptoms 
include cough, dyspnea, fixed wheeze, and radiographic evidence of atelectasis. Diagnosis is 
made by bronchoscopy with biopsy and culture. If the condition is not promptly diagnosed 
and treated, respiratory failure may result from airway obstruction, progression to frank IPA, or 
rarely perforation of the trachea or bronchi.

Beyond the obvious risk factors of hematologic malignancy and HIV infection, cases of ful-
minant tracheobronchitis have been reported in patients with only modest immunosuppression. 
Individuals with HIV infection and lung transplant recipients have a predilection for tracheo-
bronchial aspergillosis.

In the 6 months after lung transplant, the bronchial anastomosis (BA) is uniquely vulnerable 
to saprophytic Aspergillus colonization and subsequent invasion, given its poor perfusion. The 
reported incidence of posttransplant Aspergillus colonization is approximately 30%, with isolated 
tracheobronchial aspergillosis occurring 5% to 25% of the time. The median time of diagnosis 
is 35 days posttransplant. Prognosis is good with a more than 80% response rate to combined 
antifungal therapy and bronchoscopic debridement. Mortality ranges from 1% to 5%. Residual 
airway complications after BA Aspergillus infection occur about 20% of the time, consisting 
mainly of bronchial stenosis and less frequently bronchomalacia. Routine, posttransplant sur-
veillance bronchoscopy is recommended. Treatment consists of antifungal therapy for invasive 
aspergillosis and bronchoscopic debridement.
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  Randomized, double-blind, placebo-controlled trial of 16 weeks of itraconazole treatment in 28 patients 
with ABPA and corticosteroid-dependent allergic asthma, demonstrating a 46% response rate with no 
significant adverse events.

27. Wark PA, Hensley MJ, Saltos N, et al. Anti-inflammatory effect of itraconazole in stable al-
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INTRODUCTION
Nocardiosis and Actinomycosis are caused by bacteria in the genus Nocardia and the genus Acti-
nomyces, respectively. These two organisms masquerade as fungi due to characteristic filamentous 
branching structures. They cause similar clinical syndromes that are nonspecific and diverse, and 
there is an inherent difficulty in cultivating either organisms; hence, their common presentations 
as masqueraders. Both organisms belong to the order Actinomycetales, but Nocardia is aerobic 
while Actinomyces is anaerobic.

NOCARDIOsIs
microbiology and Epidemiology
Nocardia can be identified on Gram stain, with a typical appearance of delicate, Gram- 
positive, irregularly staining, beaded, branching filaments (hence, its previous misclassifi-
cation as a fungus). It must be identified under oil immersion because of the extremely 
fine nocardial filaments (0.5–1.0 μm in diameter). The filaments can fragment easily into 
nondescript, coccobacillary forms. The organism is partially acid-fast due to the mycolic acid 
content of the wall.

Nocardia asteroides was formerly thought to be the most common species associated with hu-
man disease, but the group pathogenic to humans has been redefined as a complex that includes 
N. asteroides, N. farcinica, N. nova, and N. transvalensis. N. farcinica is more virulent than the 
others and more resistant to antimicrobials. It typically requires third-generation cephalosporins 
and tobramycin.

Nocardia species are not found in normal human flora. They are soil saprophytes, found 
worldwide in soil, decaying vegetable matter, and aquatic environments. They can become air-
borne, and inhalation is thought to be the most common mode of entry as evidenced by the 
observation that most infections involve the lung. Other modes of entry include ingestion and 
direct inoculation into the skin. There have been some reports of nosocomial transmission, but 
person-to-person transmission is generally not thought to occur.

The majority of patients with nocardial infection are immunocompromised (64% in one 
review). The most common causes of immunocompromise associated with nocardial infection 
are glucocorticoid therapy, malignancy, organ and hematopoietic stem cell transplantation, and 

57 Nocardiosis and 
Actinomycosis
Wael ElMaraachli and Antonino Catanzaro



    Chapter 57 • Nocardiosis and Actinomycosis   3 2 1

HIV infection (especially when CD4 cell count is below 100 cells/μL). Chronic lung disease and 
alcoholism are also risk factors.

Clinical manifestations
The sites of infection in nocardiosis, in decreasing frequency, are pulmonary, systemic ($2 sites 
involved), central nervous system (CNS), and cutaneous. Unlike actinomycosis, pulmonary dis-
ease is the primary manifestation of nocardiosis in the majority of cases. Pulmonary infection 
can be acute, subacute, or a chronic suppurative infection with periods of remission and exacer-
bation. The most common symptoms are cough, purulent (occasionally bloody) sputum, chest 
pain, weight loss, high fever, chills, and night sweats.

Acute nocardial infection can appear as an isolated lung abscess or a bronchopneumonia 
that may lead to a lung abscess. Consolidation and large irregular nodules are common, and they 
may be cavitary. Masses and interstitial patterns also occur. Pleural involvement ranges from 
simple, uncomplicated effusion to empyema. Lymph nodes can be enlarged. Spread to other 
parts of the lung or chest wall rarely happens; however, sinus tracts and perforation of the chest 
wall can occur.

Chronic infection can appear as small abscesses or chronic fibronodular disease. The lesions 
may be confined to a small portion of the lungs or scattered throughout the lungs. The later 
presentation may mimic miliary tuberculosis.

Extrapulmonary clinical manifestations depend on the site of infection. Nocardia frequently 
disseminates hematogenously and commonly spreads to the CNS, causing meningitis or brain 
abscesses. For this reason, it is prudent for all patients with nocardiosis to have diagnostic brain 
imaging (unless they are immunocompetent and the infection is confined to the skin).

Chest imaging can demonstrate single or multiple nodules, lung masses (sometimes with 
cavitation), reticulonodular infiltrates, lobar consolidations, and pleural effusions.

Diagnosis
Diagnosis requires direct visualization or culture of Nocardia in clinical specimens. However, 
the organism can be difficult to detect. The yield is much higher when the specimens are ob-
tained through invasive means (bronchoscopy, percutaneous lung aspiration, and open lung 
biopsy) than in expectorated specimens. Gram stain shows the typical delicate, Gram-positive, 
irregularly staining, beaded, branching filaments that may have fragmented into nondescript, 
coccobacillary forms. The organism is partially acid-fast and must be identified under oil im-
mersion because of the extremely fine nocardial filaments (0.5–1.0 μm in diameter). It does not 
stain on hematoxylin–eosin and will be missed on typical tissue biopsies unless special stains are 
performed. In routine culture media, 5 to 21 days are required for growth, so the microbiology 
laboratory must be informed and a request made to keep the culture plates longer if Nocardia is 
suspected. Polymerase chain reaction testing on samples appears to be sensitive and specific but 
is not clinically available at most centers.

Treatment
Successful treatment of nocardiosis includes the use of appropriate antibiotics and, if necessary, 
surgical drainage. Trimethoprim–sulfamethoxazole (TMP-SMX) is still the treatment of choice 
for nocardiosis infection. However, variable susceptibilities are now being reported. As a result, 
in severe disease (some cases of pulmonary disease, and any cases of disseminated or CNS dis-
ease), it may be best to begin with intravenous therapy with TMP-SMX and another agent such 
as amikacin for disease outside the CNS, imipenem for CNS disease, and both amikacin and 
imipenem for disease that occurs in the CNS and in other organs. After 3 to 6 weeks of therapy, 
switching to oral therapy may be considered, based on susceptibility. Several potential alter-
native treatments have been used, such as minocycline, clarithromycin, amikacin, imipenem, 
meropenem, linezolid, third-generation cephalosporins such as ceftriaxone and cefotaxime, fluo-
roquinolones, and amoxicillin–clavulanate. Species identification and susceptibility testing are 
useful in choosing a successful alternative treatment. The duration of therapy is uncertain, but 
6 to 12 months is usually necessary to prevent dissemination or recurrence. Immunosuppressed 
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patients should be treated for a minimum of 12 months, and an ongoing suppressive regimen 
should be considered.

ACTINOmYCOsIs
Actinomycosis is most often caused by Actinomyces israelii, and less often by A. naeslundii/vis-
cosus complex, A. odontolyticus, A. meyeri, and A. gerencseriae. These organisms are filamentous, 
branching, Gram-positive, non–acid-fast anaerobic bacteria that were considered to be fungi in 
the past. However, responsiveness to antibiotics and a cell-wall composition established these 
organisms as true bacteria. They are normal inhabitants of the oropharynx, gastrointestinal tract, 
and female genital tract in humans. Men develop infection more often than women, but there 
is no occupational or environmental predisposition. In humans, the organism may cause disease 
in the cervicofacial, abdominopelvic, and thoracic area (in decreasing frequency). However, any 
site in the body can be affected. There is no person-to-person transmission, and infection usually 
occurs in immunocompetent individuals. Pulmonary infection is commonly caused by aspira-
tion of organisms residing around carious teeth. The incidence appears to be greatest between 
ages 11 and 20, and 35 and 50, corresponding to the time when infection is most common in 
tonsils and teeth.

Thoracic actinomycosis can involve the lung parenchyma, pleura, mediastinum, or chest 
wall. There are several possible routes of infection, including aspiration of oropharyngeal se-
cretions or gastric contents, direct extension of cervicofacial infection, transdiaphragmatic or 
retroperitoneal spread from the abdomen, or, rarely, hematogenous dissemination. Pathologi-
cally, infection results in a chronic granulomatous infiltrate, often with abscess formation. The 
organism is usually obvious on hematoxylin–eosin stain, forming a mass of filamentous hyphae 
staining densely with hematoxylin.

Clinically, pulmonary actinomycosis may present with cough that is often productive of 
purulent or blood-tinged sputum, as well as chest pain, weight loss, and fever that may mimic 
tuberculosis or malignancy. Chest-wall swelling may occur, although cutaneous abscesses or 
frank broncho-cutaneous fistulas rarely develop. Pleural extension with resultant empyema is a 
frequent complication of primary pulmonary actinomycosis; rarely, secondary bacterial infection 
may complicate empyema.

Examination may reveal rales, digital clubbing, and signs of consolidation or pleural effu-
sion. Roentgenographically, actinomycosis may appear acutely as a diffuse alveolar-filling pro-
cess typical of other acute bacterial pneumoniae. Alternatively, chronic infection may appear as 
a large mass, resembling bronchogenic carcinoma. This mass may extend across fissures or into 
the pleural space or chest wall, creating a soft-tissue mass or causing rib destruction. Extensive 
pulmonary fibrosis has been noted in a few patients with chronic infection. Extrapulmonary 
extension to the pericardium, mediastinum, pulmonary arteries, and beneath the diaphragm is a 
recognized complication to pulmonary infection. Hematogenous dissemination is rare.

The diagnosis of actinomycosis is based on demonstration of the organisms in tissue or 
pleural fluid, although this remains a difficult task. Advancements in both tissue sampling and 
radiographic techniques have improved our diagnostic abilities. In a retrospective review, a ring-
like peripheral rim enhancement was seen on contrast computed tomography (CT) in 77% of 
patients with histopathologically proven thoracic actinomycosis. The presence of sulfur granules 
(white or yellow, 1- to 2-mm clumps of mycelia) in sputum or in drainage from a sinus tract is 
highly suggestive of the diagnosis; however, cultural confirmation is required.

Penicillin in large doses and for long duration is the treatment of choice. Administration 
should be intravenous for the first 4 to 6 weeks, followed by oral administration for 6 to 12 
months. However, recent data suggest that short courses of treatment can be used, and that 
treatment can be tailored based on the initial burden of disease, whether surgical resection is 
performed, and response to therapy. Other effective alternatives are tetracycline, chlorampheni-
col, erythromycin, and clindamycin. One case report documents the successful use of a third-
generation cephalosporin. There is also a small series of patients who were successfully treated 
with imipenem–cilastatin. A shorter duration of penicillin therapy was recently used successfully 
in two patients with esophageal and cervicofacial actinomycosis. To date, however, there are 
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little data to support an abbreviated course in patients with thoracic disease. Suppurative lesions 
(empyema) should be excised or drained, or both. Surgical debridement of soft-tissue lesions is 
believed by some to be of critical importance. Appropriate therapy yields an approximate 80% 
recovery rate.
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mICROBIOLOGY AND EPIDEmIOLOGY
Cryptococcosis is an invasive fungal infection caused by Cryptococcus neoformans or C. gattii. 
Meningoencephalitis is the most frequent manifestation of disease, but pulmonary disease is 
frequently seen as well. Cryptococcus is a single-budding yeast and has a thick polysaccharide 
capsule that is responsible for its characteristic visualization by India ink. C. neoformans has 
been categorized into four serotypes, A, B, C, and D, based on the immunologic properties of 
their capsular polysaccharide. Serotypes B and C are now considered a separate species called  
C. gattii. Infection due to the two species (C. neoformans and C. gattii) is generally indistinguish-
able, although there may be some important distinctive features in the type of host (C. gattii has 
more of a propensity to infect healthy hosts), and in the prognosis of intracranial infection in 
HIV-negative hosts.

C. neoformans has been found in soil samples around the world in areas frequented by 
birds, especially chickens and pigeons, making cryptococcosis a mostly urban disease. However, 
 human infection usually occurs without a history of direct contact with birds. C. gattii, generally 
occurs in the tropics and subtropics and is found in decaying vegetation, particularly the river red 
gum (eucalyptus) trees. An outbreak of C. gattii infections on Vancouver Island and surrounding 
areas of Canada and the Northwest United States was linked to the importation of eucalyptus 
trees from Australia. Most patients with cryptococcosis due to C. neoformans have underlying 
conditions that compromise cell-mediated immunity, such as HIV infection (dramatic increase 
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in risk with CD4 cell counts below 100 cells/μL), lymphoproliferative disorders, corticosteroid 
therapy, organ transplantation, rheumatologic disorders, sarcoidosis, chronic liver diseases, and 
the use of tumor necrosis factor-α antagonists.

Widespread use of highly active antiretroviral therapy (HAART) has lowered the incidence 
of cryptococcosis in medically developed countries; however, it is the fourth most common 
opportunistic infection in AIDS. It is estimated that 1 million cases of cryptococcosis occur 
worldwide each year, with the largest burden in Africa. Prognosis in pulmonary cryptococcosis 
depends on the host’s immune status. Immunocompetent patients usually recover without se-
quelae. In HIV patients, however, prognosis depends on the presence and severity of acute me-
ningoencephalitis. Despite the availability of HAART and appropriate treatment, the 3-month 
mortality approximates 20%.

PATHOGENEsIs AND CLINICAL mANIFEsTATIONs
Cryptococcus is a basidiomycetous yeast that survives environmentally in the sexual form, produc-
ing hyphae with terminal basidiospores (chains of unbudded yeast). However, it is the asexual 
form (encapsulated yeast), which is found in clinical specimens. The portal of entry of the organ-
ism is the respiratory tract. Basidiospores may break off from the hyphae, become aerosolized, 
and are small enough to deposit in the alveoli. After inhalation, the yeast comes into contact 
with alveolar macrophages, and more inflammatory cells are recruited through chemokine re-
lease. In immunocompetent individuals, the yeasts can remain dormant in hilar lymph nodes 
or pulmonary foci asymptomatically for years and then disseminate outside these complexes if 
local immunity becomes suppressed. In cases of severely suppressed cell-mediated immunity, the 
yeasts reactivate and disseminate to other sites.

Several virulence factors aid in infection. These include an antiphagocytic polysaccharide 
capsule, and an enzyme that catalyzes the conversion of diphenolic compounds (such as do-
pamine) to melanin, which may have a biologic role in protecting the yeast from oxidative 
stress (hence the proposed propensity of the organism for the central nervous system [CNS], 
where there is an abundance of dopamine). In addition, its ability to grow at 378C adds to its 
virulence.

Clinical manifestations of pulmonary infection range from an asymptomatic pulmonary 
nodule on radiograph to subclinical, mild, and self-limited symptoms (in an immunocompetent 
host) up to life-threatening fungal pneumonia. Symptoms include fever, productive cough, chest 
pain, weight loss, and respiratory distress (with the more severe symptoms occurring in immuno-
compromised persons). Roentgenographic abnormalities include pulmonary nodules or masses 
(solitary or multiple), airspace consolidations, reticular patterns, and ground-glass attenuation. 
Nodules can be single or multiple, and consolidations can be uni- or multi-focal. Cavitation 
occurs more frequently in immunocompromised hosts. Other associated findings can include 
lymphadenopathy, pleural effusion, and, rarely, endobronchial lesions causing collapse.

Dissemination from lungs to CNS occurs in 65% to 94% of cases of HIV-associated pulmo-
nary cryptococcosis. In fact, most immunocompromised patients present with CNS rather than 
pulmonary symptoms in a clinical syndrome of subacute meningoencephalitis.

C. gattii infections have been recognized in immunocompetent hosts, producing pulmonary 
or CNS cryptococcosis. In certain areas of the world, C. gattii tends to cause cerebral cryptococ-
comas and hydrocephalus with or without large pulmonary lesions in immunocompetent hosts. 
Other organs that may be involved include skin, prostate, eyes, bone, and blood.

DIAGNOsIs
Several methods are used for the diagnosis of cryptococcosis, including direct examination of 
body fluids, histopathology of infected tissues, serologic studies, and culture.

Direct examination using India ink staining on cerebrospinal fluid (CSF) can be performed, 
showing a halo around the organism representing the polysaccharide capsule. This has a sensi-
tivity of 30% to 50% in non–AIDS-related cryptococcal meningitis and 80% in AIDS-related 
cryptococcal meningitis. Specificity can be an issue if the ink becomes contaminated. Cryptococ-
cus also can be identified by histologic stains of tissues from affected organs (e.g., fine needle 
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aspiration [FNA] of a lung nodule) showing the budding yeast. Testing for the cryptococcal 
polysaccharide antigen (CRAG) with latex agglutination is the primary tool used for diagno-
sis. Serum CRAG has a sensitivity and specificity of 93% to 100%, and 93% to 98% in dis-
seminated cryptococcosis. The test is not as sensitive when there is no other extrapulmonary 
involvement. Serum CRAG is often used as a screening test; however, false-negative rates of 
up to 48% have been reported in non–HIV-infected individuals with only pulmonary involve-
ment (with single pulmonary nodules having the lowest rate of antigen positivity than all other 
radiographic presentations). On the other hand, a positive serum CRAG in a patient with sus-
pected pulmonary cryptococcosis appears to reflect extrapulmonary, or disseminated, disease. 
It is recommended that a lumbar puncture should be performed to evaluate for meningitis in 
all patients with suspected pulmonary cryptococcosis (even without CNS symptoms), except 
those who are immunocompetent and in whom there is no suspicion of extrapulmonary dis-
ease. Bronchoscopic sampling (washings and bronchoalveolar lavage) is often diagnostic when 
the specimens are properly stained. However, there does not appear to be added benefit from 
transbronchial biopsy. Direct CRAG measurements can also be performed on bronchoscopic 
lavage and transthoracic needle aspirates of infiltrates and have a higher sensitivity for pulmonary 
cryptococcosis (without dissemination) than serum measurements of the antigen. As alluded to 
earlier, if cryptococci are recovered from respiratory samples, the CSF should be examined in 
most, if not all, cases.

mANAGEmENT
The recommendations for the treatment of cryptococcal infection differ depending on the host 
risk factors, severity of the disease, and organ(s) infected. The recommendations are based on the 
2010 IDSA update of the clinical practice guidelines for the management of cryptococcal dis-
ease. Treatment of pulmonary disease without dissemination has not been studied with modern 
treatments. Therefore, the treatment recommendations for the most common syndrome in the 
immunocompromised, meningoencephalitis, will be outlined as there is frequently overlap with 
pulmonary cryptococcosis. In addition, the recommendation is to treat severe pulmonary disease 
the same as CNS disease. Some of the alternative treatment regimens will be outlined below; 
however, this is not a comprehensive list.

In cryptococcal meningoencephalitis in HIV-infected individuals, induction and consolida-
tion consists of amphotericin B (0.7–1.0 mg/kg/day IV) and flucytosine (100 mg/kg/day PO 
in four divided doses) for at least 2 weeks, followed by fluconazole 400 mg PO daily for at least  
8 weeks. Lipid formulations of amphotericin B can be substituted for amphotericin B in patients 
with or predisposed to renal dysfunction. The consolidation portion can be extended to 4 to 
6 weeks in cases of treatment failure or high disease burden. In cases in which flucytosine or 
amphotericin cannot be used, the following alternative regimens can be used: amphotericin B 
(same dose) plus fluconazole (800 mg daily) for 2 weeks followed by fluconazole (800 mg daily) 
for at least 8 weeks, or fluconazole (1,200 mg daily) plus flucytosine (100 mg/kg daily) for  
6 weeks. Maintenance (suppressive) therapy consists of fluconazole 200 mg/day orally for at least 
one year. Itraconazole 200 mg twice a day orally is a less effective alternative. Discontinuation of 
suppressive therapy can be considered (after at least 1 year) if patients are on HAART and have 
a CD4 cell count greater than 100 cells/μL and an undetectable or very low viral load for greater 
than or equal to months. In organ transplant recipients, lipid formulations of amphotericin B 
should be used because of the higher risk of renal toxicity in combination with the calcineurin 
inhibitors. There are several complications that may need to be addressed during treatment, 
including, but not limited to, persistence, relapse, elevated CSF pressure, immune reconstitution 
inflammatory syndrome (IRIS), and cerebral cryptococcomas.

Pulmonary cryptococcosis (isolated pulmonary disease) must first be ascertained in immu-
nosuppressed patients in whom bronchoalveolar lavage or sputum culture results are positive for 
Cryptococcus. This is done with blood and CSF cultures and cryptococcal antigen measurements.

Pneumonia associated with CNS disease or documented dissemination and/or severe 
pneumonia is treated like CNS disease. Steroids may be considered in acute respiratory dis-
tress syndrome (ARDS) in the context of the IRIS. For mild to moderate symptoms, absence 
of pulmonary infiltrates, absence of severe immunosuppression, and absence of evidence for 
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dissemination, fluconazole (400 mg/day orally) for 6 to 12 months should be used. In addition, 
based on sporadic experience some experts recommend voriconazole or posaconazole in patients 
who are treatment failures or unable to tolerate standard therapy.

C. gattii infection has a greater propensity to form pulmonary cryptococcomas. This may be 
explained by the greater containment of the foci of infection by the healthy immune response. 
Single cryptococcomas should be treated with fluconazole (400 mg/day orally). For very large 
and multiple cryptococcomas, consider a combination of amphotericin B and flucytosine for 
4 to 6 weeks, followed by fluconazole for 6 to 18 months, depending on whether surgery was 
performed (this should be considered in the context of failure to reduce the size of the cryptococ-
comas after 4 weeks of therapy).
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Helminthic (worm-related) pulmonary infections are caused by either roundworms (nematodes) 
or flatworms, which include flukes (trematodes) and tapeworms (cestodes). Although helmin-
thic infection is ubiquitous in nature, human helminthic lung disease is relatively infrequent in 
North America. The diagnosis is usually considered in travelers returning from endemic regions. 
The parasites reach the lungs by hematogenous spread or direct migration, and disease is caused 
by either the parasites themselves or by the host’s immune response to helminthic antigens. Pul-
monary manifestations vary from asymptomatic to catastrophic. Nearly all helminthic life cycles 
require a phase of growth externalized to their host. The four modes of transmission to a human 
host include fecal–oral, transdermal, vector-borne, and predator–prey.

The principal pathologic nematodes include Ascaris, hookworm species (Ancylostoma duode-
nale and Necator americanus), Strongyloides, and Filaria. Ascaris lumbricoides is among the most 
common intestinal nematodes in the world, infecting approximately 25% of the global popula-
tion. Though found predominately in the tropics, it also infects up to 4 million people living in 
the southern United States, especially in rural areas. Humans are infected by ingestion of con-
taminated soil or food that contains the Ascaris egg, which then hatches in the gastrointestinal 
tract. The larvae subsequently migrate through the venous system to the lungs, where they enter 
the alveoli and ascend the tracheobronchial tree. The worms are then swallowed, where they are 
returned to the intestine to mature into adult worms capable of reproduction just 2 to 3 months 
after initial ingestion.

Pulmonary disease results from a hypersensitivity response to migrating larvae. The mani-
festations are usually limited to transient pulmonary infiltrates and peripheral eosinophilia. A 
few patients develop the stigmata of Löffler syndrome (mild fever, cough, dyspnea, wheezing, 
sternal pain, and mild hemoptysis associated with migratory pulmonary infiltrates and periph-
eral eosinophilia). This typically occurs 1 to 2 weeks after egg ingestion. Secondary bacterial 
pneumonia is common, and mechanical airway obstruction has been described in the presence 
of a high worm burden.

Eosinophilia and elevated serum immunoglobulin E (IgE) levels are common. Chest radio-
graphs may show patchy consolidation or diffuse miliary infiltrates. Sputum is rich in eosino-
phils and in crystallized protein from fragmented eosinophils (Charcot–Leyden crystals). Eggs 
are rarely found in the sputum but may be recovered from gastric aspirates. The diagnosis can be 
made by demonstration of Ascaris eggs in the stool within 3 months of a self-limited eosinophilic 
pneumonitis. Serum serologies are available, but their use is mainly as a research tool in endemic 
areas. Preferred treatment includes albendazole (400 mg single oral dose) or mebendazole (100 
mg twice daily for 3 days).

The hookworms, Ancylostoma duodenale and N. americanus, infect humans through direct 
penetration of skin by larvae found in moist contaminated soil. The geographic distribution 
is worldwide and includes the southeastern Unites States (N. americanus). As with Ascaris, the 
hookworm larvae migrate to the lung through the venous system and can produce a self-limited 
Löffler syndrome (see above) before they inhabit the small intestine. Also similar to ascariasis, 
the stool examination may not be positive for up to 2 months after the pulmonary symptoms 
develop. Symptoms are usually self-limited, and treatment for pulmonary complaints is gener-
ally not necessary, but inhaled bronchodilators may provide symptomatic relief. Eradication of 
the parasite can be achieved with mebendazole (100 mg two times a day for 3 days or a 500-mg 
single dose) or albendazole (400-mg single oral dose).

Nematode  
and Trematode 
Diseases of the Lung
Konrad L. Davis

59



3 3 2   Section III • Diseases

Strongyloides stercoralis is endemic in tropical and subtropical areas and in the southeastern 
United States. A relatively unique feature of Strongyloides stercoralis is its ability to complete its 
life cycle entirely within the human (termed “autoinfection”), potentially leading to a substantial 
worm burden. Although the acute and chronic stages generally produce only mild symptoms in 
normal hosts, in immunocompromised conditions (AIDS, corticosteroids, and malignancy), it 
can be devastating. Strongyloides migrate hematogenously to the lungs after the larvae penetrate 
the skin. From here, they ascend the tracheobronchial tree and are swallowed. In the duodenum, 
they mature and produce larvae, some of which can penetrate the colonic mucosa or perianal 
skin, resulting in autoinfection.

The initial skin penetration by strongyloides may lead to local inflammation, edema, and a 
serpiginous erythematous track that rarely comes to medical attention. The gastrointestinal mani-
festations include duodenitis, abdominal pain, and malabsorption that can be seen with high worm 
burdens. The pulmonary manifestations in the immunocompetent patient include cough, wheez-
ing, and a recurrent pneumonitis. Peripheral blood eosinophilia is not necessarily present. Asthma 
induced by chronic strongyloidosis will paradoxically worsen with corticosteroid administration.

In the immunocompromised host (e.g., those using corticosteroids), the colonic penetra-
tion of filariform larvae occurs unchecked and can widely disseminate to lungs, liver, central 
nervous system, and other organs. This so-called hyperinfection syndrome carries an extremely 
high mortality (.90%). The pulmonary manifestations at this stage include adult respiratory 
distress syndrome (ARDS) or secondary bacterial infections caused by enteric Gram-negative 
bacilli translocating with the worms.

The diagnosis of Strongyloides infection is often made by examination of multiple stool speci-
mens (as a single stool sample has a low sensitivity, roughly 25%). Enzyme-linked immunosor-
bent assays (ELISA) are about 90% sensitive and have a negative predictive value of 95% in some 
populations. In hyperinfection syndrome, strongyloidosis has been diagnosed by examination of 
sputum or cerebrospinal fluid. Ivermectin (200 μg/kg/day for 2 days) is preferred over albenda-
zole (400 mg twice daily for 3 days) for treatment.

Filariasis is caused by a nematode infection of the lymphatics and subcutaneous tissue. The 
most common filarial species include Wuchereria bancrofti, Brugia malayi, and Brugia timori. 
Humans are the definitive host of these mosquito-borne infections. Infection of the lungs may 
cause an immune hyperresponsiveness reaction called “tropical pulmonary eosinophilia.” Tropi-
cal pulmonary eosinophilia is most common in India, Southeast Asia, and Sri Lanka, and is 
more prevalent in men. In the acute phase, tropical pulmonary eosinophilia causes paroxysmal 
nonproductive cough and wheeze, which are typically worse at night. Physical examination may 
reveal hepatomegaly and generalized lymphadenopathy. Laboratory evaluation typically reveals 
significant peripheral eosinophilia, elevated IgE, and eosinophilic alveolar exudates. Filarial an-
tibodies are usually present, but microfilariae are not seen. The chest radiograph shows fluffy 
reticulonodular opacities in the mid and lower lung zones. A miliary pattern also has been de-
scribed. Up to 20% of patients may have normal radiographs. Some patients develop chronic 
tropical pulmonary eosinophilia, manifested by a restrictive fibrotic pulmonary process without 
peripheral or alveolar eosinophilia. Most patients with acute tropical pulmonary eosinophilia 
respond to diethylcarbamazine (6 mg/kg/day in three doses for 12–21 days), but relapse (or 
reinfection) and chronically unresponsive disease are well described. Corticosteroids may be use-
ful. The clinical response is poor in chronic disease.

Dirofilaria immitis (dog heartworm) can be transmitted to the human by a mosquito  vector 
and has been reported increasingly in the United States. In dogs, coyotes, and cats, the lar-
vae develop into sexually mature worms that travel to the right ventricle. In the human host, 
 larvae cannot mature and subsequently die but are passively transported to the lung through the 
venous system, where they may cause thrombosis, infarction, and a granulomatous reaction. 
The infection generally manifests itself as an asymptomatic pulmonary nodule but can present 
with cough, chest pain, and hemoptysis. Because of its radiographic similarities to lung cancer,  
D. immitis manifested as a pulmonary nodule is often diagnosed by surgical resection.

Toxocariasis (visceral larvae migrans) is caused by human infection with a dog or cat ascarid. 
Endemic to North America, England, and Mexico, Toxocara canis and Toxocara cutis eggs are 
ingested from contaminated soil and food. As is the case with dog heartworm, the human is an 
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imperfect host and maturation of the larvae cannot occur. The eggs hatch in the gut and the larvae 
migrate through host tissue, including the liver and lungs. This migration causes an inflammatory 
granulomatous response that is considered the source of the clinical manifestations of the disease. 
Serum and bronchoalveolar lavage (BAL) show increased IgE, as well as an increased eosinophil 
count. Pulmonary involvement is present in 20% to 80% of cases. Severity of symptoms is related 
to the worm burden. Visceral larva migrans is generally asymptomatic but can have a fulminant 
course with central nervous system involvement, hepatitis, acute pneumonia, or severe asthma.

Infection is most common in children (especially those with pica) and can be associated with 
cough, wheezing, and pulmonary infiltrates. Peripheral eosinophilia is significant and hepato-
splenomegaly may be present. A definitive diagnosis depends on the demonstration of larvae in 
tissue; however, ELISA (using antitoxocara antibodies) and specific larva-related IgE tests are 
useful. Stool examination is not helpful, as the ascarid cannot reproduce in human hosts.

Generally, the disease is self-limited and treatment is generally not indicated; however, al-
bendazole (400 mg orally twice daily for 5 days) is recommended if drug treatment is necessary. 
In cases of severe respiratory, myocardial, or neurologic involvement, concomitant prednisone 
(0.5 to 1 mg/kg for adults) should be considered.

The most common trematodes (flatworms) that cause human infection include Schistosoma 
and Paragonimus. Schistosomiasis is caused by a digenetic parasitic trematode that infects an es-
timated 200 million people worldwide. Several species can cause human disease: (1) Schistosoma 
japonicum, found in Japan, China, and the Philippines; (2) Schistosoma mansoni, found in Africa, 
Arabia, and South America; (3) Schistosoma haematobium, found in Africa and the Middle East; 
and (4) Schistosoma intercalatum, found in western Africa. Infection occurs through contact with 
fresh water that contains infective cercariae released from snails. The cercariae penetrate the 
intact skin of the definitive mammalian host and undergo transformation into migrating larvae. 
These larvae migrate via the hemolymphatic system, through the lungs, to the portal circulation 
of the liver where they mature into sexually active adults. Mature adults then localize in mes-
enteric (Schistosoma mansoni and Schistosoma japonicum) or bladder vesicle venules (Schistosoma 
haematobium) and produce eggs that are excreted in the urine and stool. Eggs are also carried in 
the venous system to the pulmonary vascular beds.

Pulmonary manifestations of schistosomiasis occur in acute and chronic forms. Acute pul-
monary schistosomiasis occurs in nonendemic patients, typically manifests 3 to 8 weeks after 
schistosome penetration, and is characterized by shortness of breath, wheezing, and dry cough. 
Symptoms may be temporally related to a well-described febrile illness (Katayama fever), but 
respiratory complaints often persist well after resolution of the fever. Eosinophilia (30%–40% 
of total leukocytes) with mild leukocytosis, elevated IgE, and abnormal liver function tests are 
common. Radiographic abnormalities (ill-defined nodules, increased interstitial markings, hilar 
prominence) may be absent or may only appear after antischistosomal therapy is instituted. It 
is thought that these manifestations are immunologically related and are seen after release of 
schistosomal antigens. Transbronchial biopsy and BAL typically reveals only eosinophils. The 
sensitivity of stool and urine for detecting ova is low because of sporadic passage of eggs and the 
low worm burden. Serologies are currently used as a research tool.

Chronic pulmonary schistosomiasis is a syndrome of endemic individuals consisting of chest 
pain, dyspnea, fatigue, and cough. Cor pulmonale and right-sided congestive heart failure may 
be present. The syndrome results from an inflammatory reaction to eggs in the circulatory sys-
tem, which lodge in the distal pulmonary vasculature and cause granulomatous inflammation. 
Serologies are not helpful, nor are transbronchial biopsies, because of the sporadic nature of the 
pathology. Lesions are typically fibrotic and thus respond poorly to therapy. However, because 
of the relative safety of praziquantel, a course of therapy may be warranted if the disease is 
strongly suspected.

Paragonimiasis is a disease with a widespread geographic range that is caused by the trema-
tode Paragonimus. The best known species (also having the widest distribution) is Paragoni-
mus westermani, which is prevalent in Asia, India, Latin America, and Africa. Humans become 
definitive hosts by consuming uncooked crustaceans that harbor the larvae of this lung fluke. 
Infection may also result from eating undercooked pork that carries the larvae. Once ingested, 
the larvae penetrate into the peritoneal cavity and migrate through the diaphragm and pleura 
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into the lung. Once in the lungs, the larvae become encysted and produce eggs that are either 
expectorated or swallowed. Unlike most other helminths, pulmonary involvement is essential 
in this fluke’s development. Clinically, this stage of infection can last for several years and carry 
few symptoms. Rupture of the cysts will cause blood-streaked sputum containing parasite eggs, 
necrotic tissue, and Charcot–Leyden crystals. Radiographically, small cavitary nodules, ring 
shadows, and masslike lesions may be present in addition to unilateral, eosinophilic, exudative 
pleural effusions. A peripheral eosinophilia is generally present in the acute setting, although the 
total leukocyte count may be normal. Eosinophilia is more common in patients who complain 
of pleurisy and less common with parenchymal disease. In the absence of eosinophilia, the clini-
cal picture may be confused with tuberculosis, fungal infection, or cancer. The worms may also 
infest other organs than the lungs. The adult worms may produce 20,000 eggs per day, and live 
within humans for up to 20 years.

The diagnosis is established by demonstrating parasite eggs in sputum, feces, pleural fluid, or 
tissue. A single sputum examination has a sensitivity of 30% to 45%, and the yield is increased 
with multiple collections. BAL samples have a sensitivity of 60% to 70%. Stool examination is 
generally less sensitive than sputum or pleural fluid analysis. ELISA and immunoblotting assay 
techniques can help make the diagnosis also. An intradermal test is available but used only in 
highly endemic areas and in research studies. The first-line therapy is praziquantel (25 mg/kg 
three times a day for 3 days), with cure rates approaching 100%.

In summary, pulmonary helminthic infections may present with a broad array of signs and 
symptoms. A high index of suspicion should be maintained in patients with a pertinent travel 
history, underlying immune deficiency, or both. Diagnosis and therapy should be tailored to 
the specific infective agent. The Centers for Disease Control and Prevention (CDC) maintains 
a Web site at www.cdc.gov/travel/diseases.htm, which provides helpful information for travelers 
and physicians.
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AmEBIAsIs
Amebiasis is caused by the protozoan Entamoeba histolytica and is most common in tropical 
and subtropical regions. E. histolytica is morphologically identical to the nonpathogenic species 
E. dispar and E. moshkovskii. In the United States, infection is observed most commonly in 
(1) travelers and immigrants exposed in endemic areas, (2) patients in mental health institutions, 
and (3) HIV-positive patients. The organism is usually confined to the colon, producing either 
no symptoms or amebic dysentery. The disease is usually contracted by ingestion of food or 
water contaminated by feces or by fecal–oral contact.
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Rarely, mature organisms (trophozoites) penetrate the bowel wall and migrate to the liver by 
the hepatic veins, where an abscess may form. This invasive form of amebiasis is 3 to 10 times 
more common in men, is associated with alcohol abuse, and is more common in individuals who 
are malnourished or immunosuppressed. Most patients with invasive disease present with several 
weeks of right upper quadrant abdominal pain and fevers. By the time a hepatic abscess forms, 
no dysenteric symptoms are present in up to two-thirds of patients, and most patients do not 
have parasites detectable in their stool.

Thoracic involvement occurs in 13% to 35% of patients with hepatic amebiasis. The usual 
route of pleuropulmonary infection is by extension from a hepatic or subdiaphragmatic abscess. 
Less commonly, direct parasitic migration occurs into the thorax. In addition, hematogenous 
spread to the lung rarely occurs by hemorrhoidal veins or lymphatics. All modes of spread can re-
sult in empyema or lung abscess. Pleuropulmonary disease can also occur without actual parasitic 
invasion in the form of lower-lobe infiltrates and exudative effusions; the mechanism for this is 
not clear, but it is presumably a response to subdiaphragmatic infection.

Amebic pleuropulmonary disease is 10 to 15 times more common in men than in women, 
with a peak incidence between ages 20 and 40. Patients usually have a history of amebic dysen-
tery and may complain of right upper quadrant pain, weight loss, and cough. Rarely, the cough 
is productive of thick, dark chocolate sauce or anchovy paste sputum or even bile (biliptysis), indi-
cating hepatobronchial and bronchobiliary fistulas, respectively. Fever and signs of empyema or 
consolidation may also be present. Chest roentgenogram typically reveals a right-sided effusion 
or right lower-lobe lung abscess. In addition, areas of consolidation may be seen in the right 
lower lobe, middle lobe, or both. The right hemidiaphragm may be elevated and have decreased 
motility. In cases involving the left lobe of the liver, changes can occur in the left lung. Comput-
erized tomography will show the liver abscess. Magnetic resonance imaging can directly visualize 
the secondary diaphragmatic rupture. Thoracentesis usually reveals a sterile exudate; however, 
organisms are rarely present.

Routine laboratory examination may show a mild leukocytosis and eosinophilia. Cysts are 
rarely found in the sputum or the pleural fluid; however, when present, they confirm the diagno-
sis. A serum hemagglutination test for antibodies to amebae is positive in up to 95% of invasive 
infections, and will remain positive for years after the infection. Fecal antigen detection tests for 
amebae are rapid, highly specific, and widely available.

It is reasonable to initiate therapy in the presence of an appropriate clinical presentation. The 
generally recommended medications for extraintestinal amebiasis are metronidazole (750 mg 
tid) orally for 10 days followed by a luminal agent such as iodoquinol (650 mg tid for 20 days), 
paromomycin (25–35 mg/kg/day in three divided doses for 7 days), or diloxanide furoate 
(500 mg tid for 10 days). Failure to respond to treatment should call into question the diagnosis 
or suggest the possibility of a secondary bacterial infection. The rare patient with invasive am-
ebiasis who does not respond to this regimen should be treated with chloroquine and percutane-
ous drainage of the liver abscess and any pleural fluid. Surgery is rarely indicated.

ECHINOCOCCAL DIsEAsE
Echinococcosis or hydatid disease is caused by the postlarval metacestode stage of the tapeworm 
Echinococcus. Humans are an intermediate host for this parasite. After ingestion of contaminated 
food, water, or soil, the oncosphere penetrates the intestine and migrates into the systemic circu-
lation, whereby it is ultimately deposited within an organ, especially the liver or lungs. Once in 
an organ, cellular differentiation occurs, resulting in the development of a hydatid cyst. The ma-
ture cyst consists of an inner germinal layer, the endocyst; an outer chitinous layer, the exocyst; 
and a peripheral fibrous layer caused by host reaction, the pericyst.

Four species of Echinococcus cause human disease. E. granulosus is the most common because 
of its wide distribution and its high prevalence in sheep; it involves the lung 60% of the times 
and often has a protracted and relatively benign course. E. granulosus causes cystic echinococ-
cosis, the classic hydatid disease, with often large, unilocular cysts. E. multilocularis is less com-
mon. It is primarily a liver disease with occasional involvement of the lung and typically has an 
aggressive, malignant course. E. multilocularis causes alveolar echinococcosis, with somewhat 
smaller, multilocular cysts, which at pathology appear to have an alveolar appearance. E. vogeli 
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and E. oligarthus are restricted to parts of Central and South America and only rarely cause  
human disease. They cause polycystic echinococcosis.

E. granulosus is endemic in pastoral regions of the Mediterranean, Eastern Europe and Rus-
sia, the Near and Middle East, Central Asia, Australia, and parts of South America and East 
Africa. In North America, it has been reported in both Canada and the United States, particu-
larly in the Mississippi River Valley and Alaska. Dogs and other carnivores serve as the definitive 
hosts, whereas humans, sheep, and cattle are intermediate hosts. Infection is prevalent in areas 
where dogs are used to care for herds.

Pulmonary hydatid cysts are typically 1 to 10 cm in diameter, but can grow much larger. 
The cysts usually grow at a rate of less than 1 cm per year in diameter, but growth rates of up to 
5 cm per year have been reported. The cysts are usually located in the lower lobes and are twice as 
frequent on the right. When multiple (20%–30%), they are most often unilateral (80%). A cyst 
can rupture into the bronchial tree, in which case the fluid is replaced with air, or into the pleural 
space. Pulmonary cysts often (10%–60%) coexist with hepatic cysts. Clinically, most patients 
are asymptomatic. Hydatid cysts are discovered most frequently on routine chest radiographs. 
Cough, hemoptysis, and chest pain occur uncommonly. Mediastinal cysts can erode into adja-
cent structures, causing bone pain, hemorrhage, or airflow obstruction. Uncommonly, rupture 
of a cyst, either spontaneously or during surgery, can result in an acute hypersensitivity reaction. 
Roentgenographically, the cyst(s) appears as a dense, well-circumscribed oval or spherical mass 
that can reach enormous dimensions and fill an entire hemithorax. Debris within the fluid of 
the cyst, which is called hydatid sand, has typical characteristics. If bronchial communication has 
occurred, air between the pericyst and exocyst can produce the appearance of a thin layer around 
the cyst—the meniscus or moon skin sign. Air penetrating the interior of the cyst may outline 
the inner surface of the exocyst, producing parallel arches of air—Cumbo sign. As air fills the 
space, the endocyst and the exocyst may detach, showing an irregular air–fluid layer, with the 
collapsed membranes floating on the fluid surface; this is known as the water lily, lotus on water, 
or camelot sign. Calcification of the cyst is rare. Eosinophilia, usually not prominent, is found 
in less than 50% of patients. A skin test (Casoni) for delayed hypersensitivity to cyst material is 
generally positive but does not correlate with disease activity.

A number of sensitive, serologic tests are available and are used to support the clinical diag-
nosis. Cysts in the lung, however, are less likely to elicit antibody response than cysts in the liver, 
and, regardless of localization, antibody detection tests are least sensitive in patients with intact 
hyaline cysts. In a highly suggestive presentation, a negative serological workup does not rule out 
echinococcal disease. Fiberoptic bronchoscopy may reveal whitish–yellow gelatinous material in 
the bronchi. Conclusive diagnosis can be made if components of the hydatid cysts, including 
possibly scolexes or degenerated hooklets, are identified in bronchoalveolar lavage fluid, pleu-
ral fluid, or sputum. Although some risk has been observed with percutaneous aspiration of a 
cyst, some studies have suggested that this can be done safely. Traditionally, the treatment of 
choice has been close monitoring in asymptomatic patients and surgical resection in symptom-
atic  patients. Some studies have suggested that medical treatment alone with a benzimidazole 
(albendazole or mebendazole) can be a safe, initial strategy.

E. multilocularis may cause the more dangerous condition of alveolar echinococcosis. 
E.  multilocularis is endemic in an area extending from the White Sea to the Bering Straits, in-
cluding the former Soviet Union, the European alpine countries, southern and central Canada, 
northeastern United States, Alaska, Japan, and China. The red fox, Arctic foxes, coyotes, and 
wolves are the definitive hosts, and certain wild rodents are intermediate hosts. The infection 
originates from larval penetration through the duodenal wall and transit through the portal vein. 
Most are trapped in the hepatic sinusoids, but alveolar echinococcosis occurs when some larvae 
pass through and are subsequently trapped in the alveolar capillaries. Cysts can form in the liver, 
the lung, or in both organs. Progressive larval invasion to contiguous regions, as well as occa-
sional metastases to distant sites, leads to massive tissue destruction. When the lung is involved 
by direct invasion from the diseased liver, typically only the right lower-lung field is abnormal, 
often appearing roentgenographically as an abscess. With hematogenous spread, multiple small 
cysts can form diffusely in the lung. Typically, pulmonary symptoms are overshadowed by he-
patic dysfunction.
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Serologic testing, particularly the Em2-enzyme-linked immunosorbent assay (ELISA), is 
both sensitive and specific and useful to both assist in the diagnosis of the disease and moni-
tor for recurrence. Alveolar echinococcosis is frequently fatal if not treated. Surgical resection 
remains the treatment of choice. In cases with limited disease, radical resection can lead to cure. 
Prolonged drug therapy with mebendazole or albendazole has a significant impact on disease 
progression.
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Patients infected with HIV are predisposed to a variety of infectious, inflammatory, and neo-
plastic pulmonary diseases. Over the past decade, significant changes in the spectrum of HIV-
related pulmonary complications have been observed after the introduction of highly active 
antiretroviral therapy (HAART—a combination of protease inhibitors taken with reverse tran-
scriptase inhibitors) and the widespread use of effective prophylaxis against opportunistic infec-
tion. Moreover, the population characteristics and risk factors associated with HIV infection 
have evolved; AIDS is observed increasingly in women, children, and intravenous drug abusers. 
Homosexual and bisexual men still represent the majority of cases of HIV, but their percentage 
is decreasing in the United States.
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The most prevalent opportunistic infection in patients infected with HIV is Pneumocystis 
pneumonia, which is an AIDS-defining illness. It has been officially renamed P. jirovecii pneu-
monia, but is still called PCP (for “PneumoCystis pneumonia”) in the infectious disease commu-
nity. Since the advent of HAART, the incidence has declined. The mode of transmission is not 
entirely known. Person-to-person airborne transmission is possible, but an environmental expo-
sure is the most likely mode of transmission. Respiratory isolation of PCP-infected patients is 
not necessary. The risk of infection with PCP in HIV-infected patients increases sharply once the 
CD4 count drops below 200 cells/mm or there is a history of oropharyngeal candidiasis. In addi-
tion, the annual risk of recurrence after an episode of PCP is greater than 60%. For these reasons, 
HIV-infected patients with CD4 counts less than 200 or with a prior history of PCP should 
receive chemoprophylaxis. Primary or secondary prophylaxis can be discontinued in patients 
who have a response to HAART vigorous enough to raise the CD4 count to more than 200 
for a period of 3 or more months. However, prophylaxis should be reinstituted if the CD4 cell 
count drops to less than 200. Drugs recommended for the prophylaxis are listed in Table 61-1.

The presentation of PCP in AIDS patients is usually indolent, with the onset of a non-
productive cough, progressive dyspnea, and fever over days to weeks. This is in contrast to the 
abrupt onset of symptoms typically observed in cancer patients. The physical examination is 
dominated by tachypnea and tachycardia; auscultatory findings can range from none to diffuse 
rales and rhonchi. Symptoms of local inflammation are distinctly absent (i.e., pleurisy, produc-
tive cough), and the presence of these should raise the possibility of an alternative diagnosis. 
Symptoms may be mild and permit outpatient management with oral therapy; however, severe 
hypoxemia mandates hospital admission and intravenous therapy.

Laboratory abnormalities often are nonspecific, revealing lymphopenia and anemia. Serum 
lactate dehydrogenase (LDH) is almost always elevated, although it probably reflects the inflam-
mation of the lung parenchyma and is not a specific marker for PCP. The serum LDH, while 
nonspecific, is useful as a prognostic indicator, that is, a higher LDH signals a higher burden of 
disease. The chest radiograph is abnormal in 80% to 90% of cases and typically displays bilat-
eral perihilar interstitial infiltrates that can progress to diffuse and homogenous opacities. Less 
common radiographic findings include solitary or multiple nodules, upper-lobe infiltrates in 
patients receiving inhaled pentamidine, pneumatoceles, and pneumothorax. Although the chest 
radiograph may be normal in 5% to 10% of patients, high-resolution computed tomography 
(HRCT) commonly discloses extensive ground-glass attenuation or cystic lesions. An HRCT 
with normal findings essentially rules out the diagnosis of PCP. Pleural effusions and thoracic 
lymphadenopathy are suggestive of other (or coexisting) diagnoses such as bacterial pneumonia, 
mycobacterial disease, or malignancy.

The arterial Po2 is abnormal in most cases and is a key prognostic indicator. Patients pre-
senting with near-normal oxygenation generally do well with treatment. An abnormal carbon 

Drug Dose Comments

TMP-SMX One double-strength tablet daily 
or
One single-strength tablet daily  
or  
One double-strength tablet three 
times per week

Most effective and most widely 
 recommended
Short-term intolerance is common 
and prophylaxis can frequently be 
continued

Pentamidine 300 mg monthly Given by inhalation

Dapsone 100 mg daily Ensure patient does not have G6PD 
deficiency

Atovaquone 1,500 mg daily Give with meals to improve absorption

TABLE 61-1  medications for PCP Prophylaxis
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monoxide diffusing capacity, oxygen desaturation during exercise, and an abnormal gallium 
lung scan are sensitive but nonspecific for PCP infection.

Because the organism cannot be cultured, microscopic examination of an appropriate speci-
men is required to make the diagnosis. Patients with AIDS and PCP have significantly more 
organisms in their lungs than PCP patients without AIDS. Because of the higher organism 
burden, induced sputum has a diagnostic yield of 50% to 90% in AIDS patients and should be 
the initial diagnostic procedure if PCP is suspected. If induced sputum is either negative or not 
available, bronchoalveolar lavage (BAL) fluid obtained by fiberoptic bronchoscopy has a 90% to 
95% sensitivity for PCP in the AIDS population. Transbronchial or open-lung biopsy is seldom 
needed. However, with an atypical presentation (e.g., focal disease), other diseases become more 
likely and transbronchial biopsy should be considered. The clinician should be aware that the 
(presumably dead) P. jirovecii cysts can persist for weeks to months after successful treatment, so 
a positive result on repeat testing does not necessarily indicate relapse.

Trophic forms of Pneumocystis can be detected with modified Papanicolaou or Wright– 
Giemsa stain. The cysts can be stained with Gomori methenamine silver, toluidine blue O, or 
calcofluor white. Immunohistochemical stains detect both the trophic forms and cysts and have 
higher sensitivity and specificity in induced sputum samples than conventional tinctorial stains. 
However, BAL fluid usually contains such a high density of organisms that immunohistochem-
istry is unnecessary.

Nucleic acid amplification using polymerase chain reaction (PCR) on respiratory speci-
mens has greater sensitivity and specificity for the diagnosis of PCP than conventional stain-
ing. In patients with a positive PCR but a negative smear, treatment is recommended if the 
patient is immunosuppressed. PCR testing of serum samples has not yet been shown to be 
useful.

Those with mild cases of PCP can be treated as outpatients with close follow-up. Hospital-
ization is usually indicated when the alveolar–arterial oxygen gradient (P[A–a]o2) is greater than 
35 mmHg or the chest radiograph is clearly abnormal. Trimethoprim-sulfamethoxazole (TMP-
SMX) is the preferred form of therapy. In moderate to severe disease, parenteral therapy initially 
is preferred. Drugs used in the treatment of PCP are listed in Table 61-2.

Administration of adjunctive corticosteroids is indicated in patients with a Pao2 , 70 mmHg 
or P(A–a)o2 . 35 mmHg. A recommended treatment regimen is prednisone given orally at a 
dose of 40 mg twice daily for 5 days, then 40 mg daily on days 6 through 11, and then 20 mg 
daily on days 12 through 21.

medication Dose Route
Common Adverse 
Reactions Comments

TMP-SMX 15–20 mg/
kg of the 
trimethoprim 
component

Oral or 
intravenous

Rash, fever, trans-
aminase elevations, 
pancytopenia, and 
hyperkalemia

First choice of 
therapy

Pentamidine 4 mg/kg daily Intravenous Nephrotoxicity, pan-
creatitis, leukopenia, 
arrhythmias, and 
dysglycemia

Switching to pentami-
dine after failure of 
TMP-SMX does not 
improve prognosis

Primaquine 
plus 
clindamycin

30 mg daily 1 
600 mg three 
times a day

Oral Abdominal pain, 
anemia, fever, and 
hemolysis

Screen for G6PD 
deficiency

Atovaquone 750 mg twice 
daily

Oral Abdominal pain, 
nausea, anemia, and 
neutropenia

Should take with 
meals

TABLE 61-2  medications Used in the Treatment of PCP
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With the widespread use of sulfa drugs for prophylaxis and treatment of PCP, there is some 
concern about mutations in the dihydropteroate synthase (DHPS) gene of P. carinii. Some in-
vestigators have reported a correlation between prior sulfa prophylaxis and the occurrence of this 
mutation; however, the clinical significance of this mutation is still poorly understood. Failure 
of sulfa-based treatment is considered so rare that patients with sulfa allergies failing alternative 
therapies are desensitized to sulfa and treated with high-dose TMP-SMX at our institution.

Pneumothoraces in the setting of PCP can lead to prolonged air leaks and long-term mor-
bidity. Conservative management is associated with high failure rates and prolonged hospitaliza-
tion. Needle drainage, tube thoracostomy, Heimlich valve drainage, pleurodesis, pleurectomy, 
video-assisted thoracoscopic surgery, and thoracotomy may be needed. The reported success 
rates of tube thoracostomy in the evacuation of pneumothorax are variable. Heimlich valve 
drainage has been shown to facilitate earlier discharge from acute-care facilities. Surgery is 
needed if tube thoracostomy does not resolve the pneumothorax. The reported recurrence rates 
of spontaneous pneumothorax in AIDS are high (11%–60%), with pneumothorax in PCP being 
an independent predictor of mortality.

The introduction of HAART in patients may be complicated by the Immune Reconstitu-
tion Inflammatory Syndrome (IRIS). This syndrome, first described in patients with tuber-
culosis, has been reported with every opportunistic infection as well as hepatitis B and C. For 
example, patients with PCP can develop a pneumonic syndrome after effective PCP treatment 
and subsequent HAART initiation. No pathogens are identified on bronchoscopy, and the BAL 
CD4/CD8 ratio is much higher than in the initial illness. The evidence suggests that an influx 
of CD4 cells may be responsible for the syndrome. It can become severe enough to cause respira-
tory failure requiring mechanical ventilation.

Bacterial pneumonia remains a common complication of HIV infection. Streptococcus pneu-
monia and Haemophilus influenzae are the most frequent causes of community-acquired pneu-
monia in HIV-infected patients. “Atypical” organisms are found in approximately 3% of cases, 
usually with another organism. Nosocomial organisms are usually associated with advanced 
disease, recent hospitalization, and prior antibiotic exposure. Although the clinical presentation 
of community-acquired pneumonia is similar between HIV-infected and non–HIV-infected 
 patients, bacteremia occurs more frequently in the presence of HIV, and the incidence and sever-
ity increases with worsening immunodeficiency. In HIV-infected patients, the yield from rou-
tine sputum cultures in the diagnosis of community-acquired pneumonia equals that of other, 
more invasive diagnostic procedures. Treatment of bacterial pneumonia in patients infected 
with HIV is no different than in immunocompetent patients, although mortality may be higher. 
Pneumococcal vaccination is recommended for HIV-infected patients.

Mycobacterium tuberculosis (see Chapters 49–51) is a serious threat to patients with HIV. 
 Patients with HIV infection and a positive tuberculin skin test have an 8% to 10% risk per 
year of developing clinical tuberculosis. For this reason, tuberculin skin testing or use of an 
interferon-γ release assay, and appropriate tuberculosis prophylaxis are essential in the care of 
those with HIV infection. In this patient group, 5-mm induration should be considered to 
represent a positive tuberculin skin test and justify prophylaxis with isoniazid monotherapy. 
Because of an increased risk for fatal or severe hepatotoxicity, a 2-month regimen of daily 
rifampin and pyrazinamide is not recommended for latent tuberculosis infection treatment 
regardless of HIV status. Results from a randomized clinical trial comparing isoniazid daily 
therapy for 9 months with 12 doses of once-weekly isoniazid-rifapentine in HIV1 patients 
are pending.

Tuberculosis can occur as a primary infection, or as reactivation of a prior infection. It tends 
to present earlier in the course of HIV-related disease than most other infectious complications.

Chest radiographic findings depend on the degree of immunosuppression. Typical upper-
lobe infiltrates are most common among patients with normal or mildly diminished CD4 cell 
counts. With advancing HIV infection, cavitation becomes rare, and nonapical or diffuse infil-
trates predominate. Miliary pattern is seen in advanced disease. The approach to the diagnosis 
and treatment of tuberculosis in the HIV-infected patient is similar to that in patients without 
AIDS. There is, however, some concern that shorter regimens (24 weeks) may be associated with 
a higher rate of recurrence or relapse in patients infected with HIV.
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In patients in whom HAART is initiated during the treatment of tuberculosis, temporary 
worsening of tuberculosis signs and symptoms can occur secondary to the IRIS. This phenom-
enon, also known as the paradoxical response, is seen in as many as 30% of patients. The diag-
nosis can be made after a thorough evaluation to rule out other etiologies such as infection with 
multidrug-resistant tuberculosis, or inadequate drug levels due to interactions with HAART or 
malabsorption. In many patients, no change in therapy is required. However, a short course of 
corticosteroids may be required for those in whom the inflammatory response is exaggerated. 
The IRIS usually occurs within the first 45 days after initiation of HAART but can occur from 
weeks to months later. Another form of the syndrome is the development of symptoms due to 
untreated occult disease that has been “unmasked” by the newly reconstituted immune system.

The optimal timing of initiation of HAART in AIDS patients with tuberculosis who are 
not already on HAART is not clear. Options include simultaneous tuberculosis treatment and 
HAART or treatment of tuberculosis first with delay of HAART by several weeks to months. A 
positive aspect of starting both regimens simultaneously is the possible prevention of progres-
sive HIV disease and reduction in morbidity or mortality associated with tuberculosis or other 
opportunistic infections. A downside to the approach is the possibility of overlapping toxicities, 
drug interactions, a high pill burden, and the possibility of developing the IRIS or a paradoxical 
reaction. These factors must be weighed carefully when choosing the best time to start HAART 
in individual patients. Due to drug interactions with HAART, rifabutin is usually substituted 
for rifampin. Dose adjustments of rifabutin may be necessary, depending on the exact medica-
tions in the patient’s HAART regimen. Consultation with an infectious disease or HIV/AIDS 
expert is recommended.

Although infection resulting from M. avium complex is common in advanced HIV disease 
(and is commonly cultured from pulmonary secretions), it is a rare cause of pulmonary signs and 
symptoms. On the other hand, M. kansasii, M. xenopi, and M. gordonae can all cause pulmonary 
disease. Both antimycobacterial therapy and surgical resection have been described in the treat-
ment of M. xenopi.

Fungal pneumonia is well described in advanced HIV disease. Commonly reported organ-
isms are Cryptococcus neoformans, Histoplasma capsulatum, Coccidioides immitis, and Blastomycosis 
dermatitidis. Disseminated infection is often part of the clinical presentation, and the radio-
graphic findings are extremely varied.

The presentation of aspergillosis in the HIV-infected host is varied. In HIV-infected  patients 
with pulmonary mycetoma, the clinical course differs in several ways from that seen in the 
 immunocompetent host. HIV-infected patients are less likely to have hemoptysis but have a 
greater risk of disease progression. Invasive aspergillosis is associated with an extremely high mor-
tality rate. However, combination therapy with antiretroviral and antifungal therapy has been 
reported to improve the outcome in these patients.

Although rarely reported, cryptogenic organizing pneumonia (COP) should be considered 
in the differential diagnosis of bilateral patchy infiltrates in a patient with AIDS. The clinical 
presentation is nonspecific, with fever, cough, dyspnea, and night sweats reported most com-
monly. The diagnosis can be made with open or thoracoscopic lung biopsy and the response to 
corticosteroids is generally good. Therapy is the same as what is used in the immunocompetent 
host.

Kaposi sarcoma is the most common HIV-related malignancy involving the lungs and (out-
side of sub-Saharan Africa) occurs almost exclusively in homosexual or bisexual men. Muco-
cutaneous manifestations are seen in the majority of patients with pulmonary disease. Fever 
and dyspnea are the most common symptoms at presentation. The chest radiograph may show 
patchy perihilar infiltrates with or without pleural effusions. Although lymphadenopathy may 
be seen, bulky disease suggests an alternative (or coexisting) diagnosis.

The visualization on bronchoscopy of characteristic reddish, flat, or raised endobronchial 
lesions is typically diagnostic. Biopsy of these lesions is usually not performed owing to the risk 
of bleeding and poor diagnostic yield from the small amount of tissue obtained. In the absence 
of endobronchial disease, open-lung biopsy may be necessary for diagnosis.

Before the introduction of HAART, Kaposi sarcoma carried a very poor prognosis. Even 
in those who responded to chemotherapy, the median survival was less than 12 months. The 
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administration of HAART to patients receiving chemotherapy for Kaposi sarcoma significantly 
improves survival.

Bronchogenic carcinoma occurs more frequently in HIV-infected patients in the post-
HAART era than it did in prior years. Unfortunately, the outcome remains poor despite 
HAART. HIV-infected patients are also at risk of developing B-cell lymphoma, in which pul-
monary involvement is common.

HIV-related pulmonary hypertension is a complication of HIV infection that has become 
recognized with increased frequency over the past few years. HIV-infected patients have a 2,500-
fold increased risk of developing pulmonary arterial hypertension (PAH) over the general popu-
lation. The etiology remains unclear. There are several antiretroviral medications with minimal 
drug interactions; therefore, HAART should not preclude the treatment of pulmonary hyper-
tension, nor vice versa.
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Hospital-acquired pneumonia (HAP) is defined as pneumonia occurring 48 hours or more after 
hospital admission. The definition excludes pulmonary infection that may be incubating at the 
time of admission. Pneumonia is the second most common hospital-acquired infection, and is 
associated with the highest mortality rate of all nosocomial diseases. Between 5 and 10 cases of 
HAP occur per 1,000 hospital admissions, but the incidence is 6 to 20 times higher in mechani-
cally ventilated patients. In this group, the development of pneumonia (ventilator-associated 
pneumonia [VAP]) is associated with significant morbidity and higher mortality and substan-
tially increases the cost of patient care.

In the immunocompetent host, HAP can be divided into early onset and late-onset infec-
tions. Early pneumonia occurs during the first 4 days of hospitalization and is often caused by 
community-acquired pathogens such as Streptococcus pneumoniae, methicillin-sensitive Staphy-
lococcus aureus, and Haemophilus influenzae. Specific risk factors can alter the likely pathogens. 
For instance, if a patient has a witnessed aspiration, anaerobes, enteric Gram-negative bacilli, 
S. aureus should be considered. Recent thoraco-abdominal surgery and the presence of an  
obstructing foreign body are both additional risk factors for anaerobic pneumonias. Patients 
with coma, head injury, recent influenza, recent intravenous drug use, diabetes mellitus, or 
chronic renal failure are at increased risk for S. aureus pneumonias. Corticosteroids predispose 
patients to pneumonias from fungi, Pseudomonas aeruginosa, and, in some regions of the coun-
try, Legionella species.

Late-onset HAP, occurring 4 days or more after admission, is more commonly caused 
by, S. aureus, P. aeruginosa, or Acinetobacter or Enterobacter species. Resistant organisms such 
as  methicillin-resistant S. aureus (MRSA), P. aeruginosa, and Acinetobacter baumannii tend to 
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emerge after prolonged mechanical ventilation (.7 days), prior antibiotic use, and the use of 
broad-spectrum antibiotics (third-generation cephalosporins, fluoroquinolones, or carbapenems).

Understanding the pathogenesis of HAP may help in developing mechanisms of preven-
tion. In the normal nonsmoking host, the upper respiratory tract is colonized with aerobic and 
anaerobic bacteria, whereas the respiratory tract below the vocal cords is sterile. Changes in host 
defenses can lead to inoculation of the lower respiratory tract with potentially pathogenic bacte-
ria. Colonization and potentially fatal infection can follow inoculation.

Although pathogens can gain access to the lung by inhalation, hematogenous seeding, and 
contiguous spread, aspiration is the major route of bacterial access in patients with and without 
endotracheal tubes. Organisms such as P. aeruginosa can be inoculated directly into the endo-
tracheal tube of intubated patients, whereas Enterobacteriaceae usually colonize the oropharynx 
before the trachea. Studies of oral care in the intensive care unit (ICU) show that chlorhexidine 
significantly decreases the risk of VAP. Subgroup analysis suggests that favorable effects were 
most pronounced in patients who were treated with 2% chlorhexidine and in cardiosurgical 
patients.

Mechanical ventilation almost always requires the presence of an artificial airway (endo-
tracheal tube or tracheostomy tube). However, the presence of such an airway reduces the 
 effectiveness of the cough reflex, compromises mucociliary clearance, can cause direct injury 
to the tracheal epithelial surface, and provides a direct pathway for pathogens from the ICU 
environment to the lower respiratory tract. A biofilm of bacteria-laden accretions on the luminal 
surface of the endotracheal tube also can contribute to the development of VAP if accretions 
dislodge into distal airways. Novel solutions to the biofilm problem include the development of 
less-adhesive polymers to prevent accumulation of infected material in the lumen of the tube or 
coating the tube with antimicrobial agents. Aspiration around the cuff of the endotracheal tube 
is another mechanism by which bacteria can access the lower respiratory tract. To reduce the 
amount of secretions pooling on top of the endotracheal tube cuff, a specific endotracheal tube 
was designed with a separate lumen that allows drainage of secretions from the subglottic space 
above the tube. Randomized trials have shown a reduction in the incidence of VAP with the 
use of this technique. Problems with the use of this device are the additional cost and the need 
to have these endotracheal tubes available when patients undergo endotracheal intubation in a 
variety of settings (e.g., emergency rooms, operating rooms, ICUs, and hospital wards).

Noninvasive ventilation has been shown to reduce the need for endotracheal intubation and 
decrease the likelihood of pnenumonia. It should be considered in appropriate patients. The risk 
of developing VAP is approximately 3% per day for the first 5 days of intubation, 2% per day 
from days 6 to 10, and 1% per day after that. Some studies suggest that a daily routine of inter-
ruption of continuous sedation and assessment of readiness to wean may shorten the duration of 
mechanical ventilation. Theoretically, shortening the duration of intubation should reduce the 
incidence of VAP, but these protocols have yet to demonstrate a reduction in VAP.

Nasogastric feeding tubes have been implicated as a risk factor for pneumonia, presum-
ably because of an associated increased incidence of gastroesophageal reflux and aspiration. The 
supine head position also is a risk factor for the development of VAP, since it has been linked 
to an increased incidence of aspiration and bacterial colonization of the lower airways in venti-
lated patients. Clinical data suggest that the simple maneuver of elevating the head of the bed, 
especially for patients with feeding tubes, may be a safe and inexpensive means of lowering the 
incidence of VAP.

The role of gastric colonization in facilitating VAP is controversial and has generated multi-
ple clinical trials yielding conflicting data. Central to the controversy is the relationship between 
VAP, gastric colonization, and stress ulcer prophylaxis. The acidic environment of the gastric 
lumen prevents bacterial growth under normal physiologic circumstances. However, gastric 
acidity can be reduced by critical illness, advanced age, and administration of antacids or H2 
antagonists. The cytoprotective agent, sucralfate, may prevent stress ulcers without altering gas-
tric acidity. There have been multiple analyses of more than 20 randomized, controlled clinical 
trials trying to settle the issue of the effect of stress ulcer prophylaxis on the development of VAP 
with mixed results: sucralfate decreased gastric colonization and VAP versus H2 antagonists in 
some but not all studies. Given its relatively low cost and safe pharmacologic profile, sucralfate 
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is an appealing way of providing stress-related upper gastrointestinal (GI) bleeding prophylaxis. 
However, sucralfate is not as effective as H2 antagonists in preventing upper GI bleeding and 
one must weigh the benefit of the potential decreased risk of VAP against the potential decreased 
protection against GI bleeding. Whether proton pump inhibitors are more effective than H2 
antagonists in preventing significant upper GI bleeding associated with stress ulcers remains 
unclear. Limited data suggests the incidence of VAP is similar in those patients who receive H2 
antagonists or proton pump inhibitors for stress ulcer prophylaxis. In summary, the optimal 
agent that minimizes the risk of both stress ulcers and VAP has yet to be determined.

Although the role of gastric colonization in VAP is uncertain, the evidence is convincing that 
colonization of the oropharynx often precedes colonization of the trachea and subsequent devel-
opment of VAP. Selective decontamination of the digestive tract is a strategy designed to prevent 
oropharyngeal and gastric colonization with aerobic Gram-negative bacilli and Candida species 
without altering the anaerobic flora of the gut. Some proposed regimens use a combination of 
nonabsorbable antibiotics applied as a paste to the oropharynx or given through the nasogastric 
tube, whereas others also include a short course of a systemic antibiotic. Some clinical trials have 
demonstrated a decrease in the rates of lower respiratory tract infections with selective decon-
tamination of the digestive tract; others, however, have found no difference in the incidence 
of VAP. Because of concerns about the emergence of antibiotic-resistant organisms with these 
regimens, the routine use of selective decontamination of the digestive tract to prevent VAP is 
not recommended at present.

Despite some convincing evidence to support specific interventions to prevent VAP, studies 
have shown that many critical care nurses and physicians do not follow published recommenda-
tions. To facilitate guideline implementation, many facilities have adopted “care bundles,” a 
small set of interventions derived from evidence-based guidelines that are expected to improve 
patient outcomes when they are performed together. The Institute for Healthcare Improvement 
(IHI) has proposed a “ventilator bundle” with four components (elevation of the head of the 
bed 30°–45°, daily sedation vacation and daily assessment of readiness to extubate, peptic ulcer 
disease prophylaxis, and deep venous thrombosis prophylaxis). While the science supporting the 
individual components of this bundle recently have been challenged, institutions adopting this 
ventilator bundle have reported decreased incidences of VAP.

The diagnosis of HAP, and in particular VAP, has been the subject of numerous studies and 
heated debates. It is generally accepted that reliance solely on clinical criteria (e.g., fever, leukocy-
tosis, purulent tracheal secretions, and a new or progressive infiltrate on chest radiographs) often 
can be misleading. What is yet to be agreed upon is the role of “blind” and bronchoscopically 
guided culture techniques in the diagnosis of VAP. At issue for all microbiologic techniques are 
(1) the accuracy and reproducibility of the collection methods used, (2) the appropriate bacte-
riologic thresholds to define pneumonia, (3) the costs and risks associated with each procedure, 
and (4) the effect of the techniques on overall clinical outcomes. One problem in assessing the 
various diagnostic maneuvers is that no true gold standard for accuracy exists with which to com-
pare diagnostic techniques, such as quantitative tracheal aspirates, quantitative bronchoalveolar 
lavage (BAL), or protected brush specimens. Even when open-lung biopsy has been performed, 
significant interobserver variability has been noted among pathologists when making the diag-
nosis of pneumonia on the basis of histologic criteria.

Given the subjectivity involved in the previous definitions of VAP, the Center for Disease 
Control has proposed a new surveillance definition of VAP that requires objective evidence 
of worsening oxygenation (need for increased supplemental oxygen or positive end–expiratory 
pressure); objective evidence of infection (fever, hypothermia, leukocytosis, or leukopenia); and 
purulent secretions and/or positive microbiologic results that are treated by the clinician. These 
criteria will likely change measured VAP rates, but they are intended to be used only for surveil-
lance and not to guide clinical care.

Because of the significant questions regarding the sensitivity, specificity, and reproducibility 
of invasive diagnostic techniques for the diagnosis of HAP, a conservative approach seems war-
ranted. When nosocomial pneumonia is suspected, a sputum or tracheal aspirate specimen should 
be obtained for Gram stain and culture. The Gram stain allows for the evaluation of the qual-
ity of the respiratory sample. Finding more than 10 squamous epithelial cells per low-powered 
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field in an expectorated sputum specimen suggests oropharyngeal contamination; culture results 
from those samples will likely be unreliable. In addition, if the sample demonstrates fewer than 
10 neutrophils per low-powered field, a diagnosis other than pneumonia should be suspected. 
However, the absence of neutrophils does not conclusively exclude an infectious process, because 
factors such as sampling errors and leukopenia can make this finding misleading. In the intu-
bated patient, contamination of oropharyngeal specimens is less of a concern, but colonization of 
the endotracheal tube lumen itself can confound the interpretation of microbiologic studies. Cul-
tures of tracheal aspirates are sensitive for detecting the organism responsible for the pneumonia, 
but they are not specific. Differentiating organisms that are colonizers from those that are true 
pathogens is extremely difficult. Semiquantitative cultures can provide information regarding 
the relative number of pathogenic bacteria in the specimen, but will not necessarily distinguish 
between colonizing and infecting bacteria. In addition, semiquantitative cultures are not avail-
able at all institutions, and many patients who develop HAP are already receiving antibiotics 
that may alter the results of this technique. Blood cultures should be obtained in the evaluation 
of suspected HAP, as should pleural fluid analysis in patients with pleural effusion. Isolation of 
organisms from these normally sterile fluids is typically diagnostic of the underlying pneumonia.

Treatment of nosocomial pneumonia should be initiated promptly and should not await the 
results of microbiologic tests. Early use of appropriate antibiotic therapy, before obtaining cul-
ture results, appears to have the greatest likelihood of improving patient outcome. The American 
Thoracic Society (ATS) published recommendations that, along with local (hospital/ICU) resis-
tance patterns, may help in selecting appropriate antibiotics for empiric treatment of HAP. Con-
sideration of previous antibiotics the patient may have received is also necessary when selecting 
empiric coverage for HAP. Inadequate initial empiric antibiotic therapy most frequently results 
from omission of treatment for MRSA or Gram-negative bacteria (P.  aeruginosa, Acinetobacter 
species, Klebsiella pneumoniae, and Enterobacter species), or with resistance to previously used 
antibiotics. It is associated with a high mortality.

Of particular relevance to the choice of empiric antibiotic regimens for HAP are (1) the 
presence or absence of underlying medical conditions; (2) the time during the hospital course 
that the patient developed HAP (early ,4 days, or late .4 days); and (3) the presence of 
specific risk factors for infection with particular organisms. The ATS and Infectious Disease 
Society of America (IDSA) guidelines state that previously healthy patients who develop early 
onset HAP can usually be treated with a nonpseudomonal third-generation cephalosporin or 
ampicillin/sulbactam or a quinolone (levofloxicin, moxifloxicin, or ciprofloxacin) or ertapenem. 
Those who develop late-onset HAP, are critically ill, or have risk factors for multidrug-resistant 
pathogens should receive broader antibiotic coverage to include resistant and virulent organisms 
such as P. aeruginosa, Acinetobacter species, K. pneumoniae (ESBL), Enterobacter species, and 
MRSA. Empiric therapy in these circumstances commonly includes two synergistic antipseu-
domonal agents as well as vancomycin or linezolid. If patients develop HAP during or shortly 
after antibiotic treatment for a different infection, reuse of the same class of antibiotics should 
be avoided in selecting initial empiric therapy. Knowledge of the antibiotic susceptibility pat-
terns of local flora within a particular unit and hospital is essential in selecting appropriate initial 
empiric therapy. Frequently, the spectrum of antibiotic coverage can be narrowed 2 to 3 days 
into the treatment course, based on culture and sensitivity results and on the patient’s response. 
Tailoring of antibiotic treatment as soon as possible is important to minimize the development 
of resistant organisms and to avoid the cost and adverse effects of unnecessary medications. 
Treatment of specific organisms is addressed elsewhere in this book. The duration of therapy 
is usually 7 to 14 days, based on the severity of illness, the infecting pathogen, and the rapidity 
of clinical response.
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Asthma is characterized clinically by reversible airway obstruction in association with symptoms 
of dyspnea, cough, and sputum production. Asthma is defined in pathophysiological terms by 
emphasizing the physiologic finding of airway hyperresponsiveness and the pathologic finding 
of airway inflammation.

Asthma is a common disorder worldwide. The World Health Organization recently stated 
that approximately 300 million people have asthma. Asthma is not distributed equally through-
out the world: industrialized, Western countries have a higher incidence. In the United States, 
asthma afflicts 25 million people, including more than 7 million children. Asthma is the most 
common chronic disease of childhood. In the United States, asthma is more common in urban 
than in rural populations, and the incidence is higher among minority populations. Epide-
miologic studies indicate that most asthma begins in early childhood, although it can develop 
at any age. At least one half of children who develop asthma will have remission as adults, but 
adult-onset asthma rarely abates. The prevalence, severity, and mortality rates associated with 
asthma have increased over the last 40 years. The explanation is unclear, but urban living condi-
tions, exposure to oxidant pollutants, diet, nutrition, passive smoking, obesity, and even current 
therapies have been implicated. More recent concerns have been raised about relationships to 
the modernization of Western culture, including a decreased incidence of common childhood 
infectious diseases, widespread antibiotic use, declining physical fitness in children, and rising 
incidence of obesity beginning in childhood. Although many of these issues have been related 
to affluence, the greatest rise in asthma in the United States has occurred in inner-city, African-
American children (prevalence of 17% in 2009, a 50% rise over the decade).

The hallmark of airway pathology in asthma is mixed inflammatory cell infiltration; eosino-
phils are the most striking feature, but the infiltrates also include large numbers of less easily 
recognized mast cells, neutrophils, lymphocytes, and macrophages. The inflammatory changes 
are also associated with denudation of airway epithelium and mucous gland hypertrophy. Long-
standing asthma can be associated with subepithelial fibrosis and smooth muscle hypertrophy. 
Severe asthma is often associated with inflammation having a neutrophil predominance.

The etiology of asthma remains enigmatic. It does not appear to be a single disease, but a 
syndrome. An older hypothesis suggested that so-called intrinsic asthma (i.e., asthma in individu-
als without identifiable triggers) might be neurally mediated. However, a distinct abnormality 
of the sympathetic, parasympathetic, or peptidergic nervous systems has not been found in asth-
matics. Mutations of the β2-adrenergic receptor have now been described, but these mutations 
may be more important in dictating response to treatment than in the etiology of the disease 
itself. Substantial data support an allergic pathogenesis mediated predominantly by both inhaled 
and systemic antigens. Allergy appears to play a central role in sustained wheezing in early 
childhood that can be characterized clinically as asthma. Cytokines released by T-helper (TH)2 
lymphocytes are increasingly recognized as important in allergic and, possibly, all asthma. Piv-
otal cytokines include interleukins 13, 4, 5, and 9. Adaptive, allergic dependent immunity has 
been shown to play pivotal roles in asthma pathogens. Recent studies suggest that the interface 
between adaptive and innate new antigen-dependant immunity is also crucial. This interface has 
been suggested to play a role in the increase in asthma prevalence. An attempt to link the increase 
in asthma in the industrialized world to improved healthcare and decreased childhood infections 
has been termed the hygiene hypothesis. If hygiene does play a role in the development of asthma; 
it may do so through the interface between innate and adaptive immunity.

Multiple studies have demonstrated that airway inflammation precedes the develop-
ment of hyperresponsiveness. In some models, hyperresponsiveness does not develop if this 
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inflammatory cell influx is blocked. Most investigators now believe that, despite multiple trig-
gers for the inflammatory cell influx, airway inflammation is the common pathway by which 
airway hyperresponsiveness is induced. Inflammatory cells also appear to be the source of media-
tors that induce acute bronchoconstriction, mucus hypersecretion, airway edema, and further 
inflammatory cell influx. The inflammatory milieu is complex, and a single inflammatory cell 
or inflammatory mediator is unlikely to explain all the clinical features of asthma. Although a 
genetic component of asthma clearly exists, it is not explained by a single gene, but instead is a 
complex genetic disorder. Thus, asthma appears to be polygenic, and the phenotypic expression 
of involved genes is significantly influenced by environmental factors. A variety of candidate 
genes in asthma are currently under investigation. Some very large genome-wide association 
studies have shown strong associations between asthma and eosinophilia with single nucleotide 
polymorphisms in genes encoding for IL-1RL1, the receptor for IL-33, and IL-33 gene. These 
studies suggest an important and perhaps central role for this cytokine and its receptor. How-
ever, the true significance of these associations is unknown.

Intermittent reversible airway obstruction is a clinical hallmark of asthma. However, symp-
toms improve or can fully remit between episodes. During episodes, symptoms can vary from 
mild to severe, with profound limitation of activity and symptoms at rest. Patients may not 
notice symptoms of obstruction until their acute exacerbation is of moderate to severe intensity. A 
detailed history of factors that precipitate acute symptoms is critical in subsequent management.

The 2007 National Asthma Education and Prevention Program (NAEPP), Expert Panel 
Report III, and the 2010 Global Initiative for Asthma (GINA) stratify severity of disease into 
levels that can be used to determine the appropriate step of therapy (a step-care approach). These 
guidelines have been well received by pulmonary and allergy clinicians. The current NAEPP 
and GINA guidelines differ from prior reports in that they have included 6 and 5 steps, respec-
tively. The stratification includes mild intermittent (step 1), mild persistent (step 2), moderate 
persistent (steps 3 and 4), and severe persistent disease (step 5). Patients with mild intermit-
tent asthma have only occasional symptoms (two or fewer times per week), normal pulmonary 
function, use intermittent inhaled β2-agonists no more than twice per week, and modest vari-
ability in peak expiratory flow (PEF), a measure of airflow obstruction that can be obtained by 
patients themselves. Patients with mild persistent asthma have symptoms more than twice per 
week but less than once per day, normal pulmonary function between exacerbations, and more 
significant variability in PEF with exacerbations. Patients with moderate persistent asthma have 
daily symptoms that interfere with activity, require daily use of a β2-agonist for quick relief, and 
have abnormal baseline pulmonary function with more severe variability of PEF. Patients with 
severe, persistent asthma have continuous symptoms that significantly impair their lives, limit 
physical activity, and are associated with frequent exacerbations. Baseline pulmonary function is 
abnormal, and there is more dramatic variability of PEF.

Historical details, such as age of onset, frequency and severity of episodes, requirements for 
medications, hospitalizations, and prior need for mechanical ventilation, are important to docu-
ment. Daily fluctuations in symptoms also are important. Some patients have predominantly 
nocturnal symptoms, which can be associated with uncontrolled reflux esophagitis, sinusitis, or 
pharyngeal dysfunction. Daily fluctuations also can be precipitated by exertion or exposure to 
a variety of environmental agents, including cold, dry air, oxidant pollutants, tobacco smoke, 
perfumes, dust, or provocative agents in the workplace. Symptoms that increase throughout 
the workday or work week and tend to improve with days off from work suggest the possibil-
ity of occupational asthma. A history of allergy, atopy, eczema, allergic rhinitis, or nasal polyps 
may be elicited. Medication allergies or symptoms associated with the use of nonsteroidal anti- 
inflammatory drugs (NSAIDs) also can be associated with asthma. The syndrome of sensitiv-
ity to NSAIDs, nasal polyps, and asthma has been termed triad asthma or Samter syndrome. 
Patients with asthma should be instructed to avoid these drugs, and those with sensitivity to 
them should be advised to strictly avoid them.

Occasionally, cough is the only symptom of asthma, thus underscoring the importance of 
considering asthma in the differential diagnosis of this symptom. Cough associated with asthma 
may be dry, but it is often productive of thick, tenacious sputum that may contain mucous 
plugs. The sputum may become purulent as symptoms worsen. This may represent secondary 
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bacterial infection but more often is caused by inflammatory cell infiltration without viral or 
bacterial superinfection. This purulent sputum most often contains numerous eosinophils, but 
severe exacerbations may be associated with neutrophils in sputum.

Physical findings in asthma correlate poorly with more objective measures of airway obstruc-
tion, such as pulmonary function tests, that are obtained in a laboratory setting. Nevertheless, 
the findings are clinically useful. In an asymptomatic asthmatic patient, physical findings may 
be absent; however, wheezing may be elicited by forced expiration. Mild bronchospasm, in 
general, is associated with wheezing only during expiration. With greater degrees of obstruc-
tion, wheezing is heard in both the inspiratory and expiratory phases, with prolongation of the 
expiratory phase. With profound obstruction, wheezes may be heard only during the inspira-
tory phase or even may be absent with profoundly diminished air movement. When wheezing 
is correlated with other physical examination findings, a more reliable assessment can be made 
of the severity of obstruction. Normally, the inspiratory-to-expiratory ratio is less than 1:2, but 
this ratio increases in a graded fashion to 1:3 or more with increasing degrees of airway obstruc-
tion. Patients also begin to use accessory muscles of respiration with moderate to severe acute 
bronchospasm and may have active rather than passive expiration. With significant obstruction, 
evidence also may be seen of hyperinflation with low diaphragms and an increased anteropos-
terior diameter. Pulsus paradoxus is a term used to describe an indirect measure of fluctuations 
in transpulmonary pressure that occur with severe obstruction. Rather than truly paradoxical, 
pulsus paradoxus is an exaggerated decline in blood pressure with inspiration. The degree of 
obstruction correlates crudely with pulsus paradoxus. A pulsus greater than 10 mmHg is abnor-
mal, and greater than 20 mmHg suggests profound obstruction. However, this measure has been 
supplanted and should not substitute for direct measures of the degree of obstruction by bedside 
or home PEF measurements. Measurement of forced expiratory volume in 1 second (FEV1) is 
the gold standard, but is obtainable in a pulmonary function laboratory and is thus less readily 
available. With severely labored respirations, the patient can become diaphoretic, anxious, and 
unable to speak in full sentences. A respiratory rate greater than 30 breaths per minute and a 
heart rate of 120 beats per minute or more suggest severe bronchospasm. Agitation, confusion, 
somnolence, and cyanosis are foreboding findings and suggest impending respiratory failure. 
Unilateral loss of breath sounds can be consistent with mucous plugging and secondary atelecta-
sis, but these findings also must raise the possibility of pneumothorax.

The clinical laboratory examination of asthmatics is often of limited value. Peripheral blood 
eosinophilia is frequently present but rarely exceeds 25%. Serum immunoglobulin E (IgE) is 
often elevated in asthmatics, and in allergic asthmatics specific antibodies can be detected. Very 
high serum IgE should raise the question of allergic bronchopulmonary aspergillosis. Likewise, 
examination of sputum or nasal mucus can often reveal the presence of increased numbers of 
eosinophils.

During bronchospasm, pulmonary function tests, including spirometry, reveal obstruction 
with a decrease in FEV1 and decreased mid-expiratory flows. The ratio of FEV1 to forced vital 
capacity (FVC) also is reduced. With more severe obstruction, hyperinflation is evident, with an 
increased residual volume and functional residual capacity more than total lung capacity. The 
flow-volume loop reveals evidence of obstruction with diminished flows and coving inward of 
the expiratory limb. One of the hallmarks of asthma is partial or complete reversal of airway 
obstruction after the administration of a bronchodilator. This response also can be used to gauge 
the adequacy of treatment. However, the lack of response to a one-time dose of a bronchodila-
tor does not preclude a reversible component to the patient’s obstruction. Moreover, it is now 
recognized that asthma is often associated with a progressive decline in lung function over years; 
presumably, this decline is caused by fixed airway obstruction associated with airway remodel-
ing. The diffusing capacity of the lung for carbon monoxide is often increased in asthmatics who 
do not smoke. The exact mechanism of this increase is unknown, but it is thought to represent 
an increase in pulmonary capillary blood volume associated with obstruction. PEF measure-
ments, which are inexpensive, simple measurements that patients can assess and interpret, are 
also reduced during bronchospasm.

Bronchial challenge testing can establish the presence of airway hyperresponsiveness. 
 Nonspecific bronchial hyperresponsiveness is demonstrated by exaggerated bronchoconstriction 
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to inhaled histamine or methacholine. Nonspecific bronchial challenge is most useful in the 
evaluation of cough or to establish the diagnosis of asthma when the history is compatible, but 
physical examination and pulmonary function evidence of obstruction are lacking. However, 
bronchial challenge can be hazardous and should not be performed when significant airway 
obstruction is present. Bronchial challenge with specific provocative agents has utility in selected 
cases. The most commonly used specific bronchial challenges are exercise or cold air. Specific 
airway challenges with other agents (e.g., antigen) should only be performed in specialized cen-
ters having experience with these procedures.

Assessment of arterial blood gases usually is not necessary in the management of mild to 
moderate asthma. However, pulse oximetry may be of value during moderately severe exacerba-
tions, and arterial blood gas assessment may be indicated during severe exacerbations. Hypox-
emia is a frequent finding in this setting, and the arterial Pco2 is usually decreased. During 
prolonged and severe episodes of airway obstruction, the patient can develop respiratory muscle 
fatigue, and the Pco2 may normalize or become elevated. A normal or elevated Pco2 during a 
severe exacerbation is an ominous sign, suggesting impending respiratory failure.

In the setting of chronic asthma and in the absence of another underlying condition, chest 
radiographic findings are usually normal. During an exacerbation, chest radiographs are not 
required unless fever, sputum production, chest pain, leukocytosis, or physical evidence of baro-
trauma are present. Hyperinflation of the lung can be present during severe exacerbations.

The diagnosis of asthma is made principally on clinical grounds; laboratory data are used 
in a supplementary or confirmatory fashion. A history of episodic wheezing in a nonsmoking 
patient, with findings of wheezing on physical examination, is strongly suggestive of asthma. 
Other causes of wheezing should be excluded. The diagnosis is confirmed with spirometry, 
which demonstrates obstruction (a FEV1/FVC ratio of less than 70% with or without a signifi-
cant reduction of FEV1) that normalizes or significantly improves with use of a bronchodilator. 
If spirometry is normal, it should be repeated after a forced expiratory maneuver, which usually 
induces a fall in FEV1 in asthmatics. If spirometry still remains normal, bronchial challenge 
testing should be considered. Alternatively, the patient can be followed over time with serial 
spirograms (or PEF monitoring) to demonstrate variable obstruction.

Not all patients who wheeze have asthma. Additional diagnoses should be sought in both 
acute and chronic settings. Upper airway obstruction, tracheomalacia, and tracheal or bronchial 
masses can all masquerade as asthma. These disorders are usually distinguished by the presence 
of stridor or focal wheezing on physical examination with flow limitation on a flow-volume 
loop. Laryngeal (vocal-cord) dysfunction can be clinically indistinguishable from asthma. This 
disorder is caused by inappropriate apposition of the vocal cords during the respiratory cycle, 
which can be successfully treated by speech therapy. Laryngeal dysfunctions are often misdiag-
nosed and, when severe, can be treated with systemic corticosteroids for presumed severe asthma. 
Flow-volume loops demonstrate normal or near-normal expiratory flow with a flow-limited 
inspiratory limb. Vocal-cord dysfunction is confirmed by direct laryngoscopy.

Patients with chronic fixed airway obstruction (e.g., emphysema or chronic bronchitis) can 
have acute wheezing episodes, most often associated with exacerbations of their disease. These 
patients often have airway hyperresponsiveness that is present or enhanced during their exacerba-
tion. In the past, these patients were labeled as having asthmatic bronchitis. A history of smoking, 
poor response to aggressive bronchodilator therapy, and spirometric findings of obstruction that 
do not reverse over time differentiate them from asthmatics. Acute bronchitis can also be associ-
ated with the development of airway hyperresponsiveness, most commonly after a viral respiratory 
tract infection. Most patients have transient symptoms that resolve spontaneously, but a small 
subgroup may develop sustained clinical asthma. Similarly, other respiratory tract infections are 
associated with wheezing, and some patients may develop sustained asthma. Left-ventricular fail-
ure, pulmonary embolus, hypersensitivity pneumonitis, sarcoidosis, lymphangiomyomatosis, and 
pulmonary helminth infections should also be considered. Eosinophilic vasculitis (Churg–Strauss 
syndrome) can also masquerade as asthma, with the symptoms or signs of vasculitis masked by 
the use of corticosteroids, but these patients have very high eosinophil counts (.10,000/µL).

The goals of asthma management in the NAEPP 2007 guidelines changed to focus on 
impairment and risk. Impairment is prevented by (1) preventing symptoms, (2) reducing the 
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need for short-acting medications, (3) maintaining pulmonary function as close to normal as 
possible, (4) maintaining normal activity levels, and (5) meeting the patients’ expectations of 
care. The additional goal of reducing risk includes (1) preventing exacerbations and the need for 
urgent care, (2) avoiding the loss of lung function, and (3) avoiding adverse effects of medica-
tions through optimal pharmacotherapy. The key components of asthma care as identified in 
the 2010 GINA Guidelines are (1) develop a patient/doctor partnership; (2) identify and reduce 
exposure to risk factors; (3) assess, treat, and monitor; and (4) manage exacerbations.

Development of the patient/doctor partnership is critical to attain optimal asthma care. 
Therefore, patient education is the most important nonpharmacologic intervention. A compre-
hensive understanding of asthma and its treatment allows the patient to participate actively in 
the care program, recognize potential problems, obtain early treatment, and avoid exacerbations 
that might lead to hospitalization. The correct use of metered-dose inhalers (MDIs) and the 
value of “spacers” (simple devices that connect to MDIs and improve the efficiency of aerosol 
delivery to the distal lung) should be emphasized. Inexpensive and portable peak flow meters 
may be of great value for patients with moderate to severe persistent asthma. Daily monitoring 
of PEF provides a simple, quantitative, and reproducible index of airflow obstruction and can 
detect early changes in airway function and disease status. Spirometry is indicated at baseline and 
after stabilization to document a patient’s personal best function and should be repeated every 
1 to 2 years to assess airway function. Optimal asthma management is best facilitated by a writ-
ten action plan describing the steps a patient should take based on symptoms and PEF. Forms 
for written action plans and examples of detailed plans are available on multiple Web sites and 
are critical to effective prevention and early management of exacerbations.

Successful long-term management of asthma can be challenging. Reducing risk involves 
identifying and reducing exposure to inhaled allergens, occupational precipitants, and irritants. 
The patient should be asked about exposure to pets, house-dust mites, cockroaches, indoor 
molds, and outdoor allergens. Patients with an allergic component should avoid, or at least 
reduce, exposure to specific allergens. Patients with persistent asthma with an inconclusive aller-
gic history may undergo skin testing. If a clear relationship between an allergen and symp-
toms is detected, immunotherapy may be considered if allergen avoidance and conventional 
pharmacotherapy fail to control symptoms. All asthmatics should abstain from smoking and 
avoid exposure to second-hand smoke. Children are particularly vulnerable to smoke exposure. 
Patients with severe persistent asthma, nasal polyps, or a history of sensitivity to aspirin or other 
nonsteroidal anti-inflammatory drugs should obviously avoid these agents, as fatal exacerbations 
have occurred. However, subclinical sensitivity to these agents is more common, suggesting that 
asthmatics should avoid these agents whenever possible. Patients should also avoid nonselective 
β-blockers, including topical ophthalmologic preparations, as these agents may surreptitiously 
cause exacerbations. Patients with persistent asthma should receive yearly influenza vaccine. 
Pneumococcal vaccine is currently recommended by the Center for Disease Control for adult 
asthmatics. Careful evaluation and treatment of concomitant conditions (e.g., chronic rhinitis, 
chronic sinusitis, vocal-cord dysfunction, and gastroesophageal reflux disease) may alleviate par-
ticularly difficult-to-control asthmatic symptoms.

Asthma medications are classified as quick-relief (rescue) and long-term (control) medica-
tions. Quick-relief medications, taken to promptly reverse airflow obstruction and relieve symp-
toms, include short-acting β2-agonists, anticholinergics, and systemic corticosteroids (the earliest 
effect of corticosteroids is the upregulation of β2-receptors within 8 hours). Long-term medica-
tions, taken daily to maintain control of persistent asthma, include corticosteroids, long-acting 
β2-agonists (LABAs), leukotriene modifiers, theophylline, nedocromil, and cromolyn. The use 
of anti-IgE therapy can be beneficial in patients who do not achieve control with less costly and 
more convenient therapies. The role of anticholinergics in the treatment of asthma is currently 
being reevaluated with studies examining long-acting inhaled anticholinergics.

Current guidelines recommend stepping pharmacological care up or down depending on 
each patient’s current impairment and future risk. Although the NAEPP 2007 guidelines identi-
fied six steps to reflect changes in the doses of inhaled corticosteroids (low, medium, and high) 
and an indication for anti-IgE antibody in severe disease, the GINA 2010 guidelines have con-
solidated these somewhat into five.
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For mild intermittent asthma, the mainstay of pharmacologic therapy is an inhaled, short-
acting β2-agonist, taken as needed for symptoms without the use of daily, long-term control 
medication. Patients whose asthma is not adequately controlled with this medication alone 
are considered to have persistent disease. Mild persistent asthma is defined, in part, as asthma 
requiring inhaled β2-agonists more than twice per week for relief of symptoms (GINA, Decem-
ber 2010). Patients with persistent disease require long-term control medication in addition to 
a short-acting β2-agonist, which is used only when the patient is symptomatic. The control agent 
of choice is low-dose inhaled corticosteroids (equivalent to 8–10 puffs of beclomethasone per 
day). Numerous studies have suggested that inhaled corticosteroids can have clinically relevant 
long-term side effects, including dysphonia, posterior subcapsular cataracts, and osteoperosis. 
The use of a spacer device, followed by rinsing the mouth after inhalation, decreases local side 
effects and systemic absorption. A dose-dependent reduction in bone-mineral content prob-
ably occurs with long-term inhaled corticosteroids. For this reason, physicians should consider 
calcium and vitamin D supplementation for postmenopausal women. For patients who can-
not or will not take inhaled corticosteroids, alternatives can include leukotriene modifiers or 
theophylline. The cromone drugs, cromolyn and nedocromil, have limited usefulness. These 
agents are less effective than inhaled corticosteroids as first-line control therapy except in specific 
circumstances (see below). The Federal Drug Administration has warned that LABAs should not 
be considered as a substitute for inhaled corticosteroids or prescribed in the absence of inhaled 
corticosteroids because of the risk of worsening disease. A rare but measurable increase in mortal-
ity has been observed with LABAs.

New recommendations for treatment of patients with moderate persistent asthma (GINA 
step 3) are daily low-dose inhaled corticosteroids in combination with long-acting inhaled 
β2-agonists. This is based on scientific evidence from research studies in moderate asthmatic 
children older than age 12 and adults that indicate these patients benefit most from combina-
tion controller therapy. This approach is superior to increasing the dose of inhaled corticoste-
roid. Alternatively, medium-dose inhaled corticosteroids can be used as monotherapy, but this 
approach is clinically inferior (NAEPP, 2007; GINA, 2010). For patients with symptoms that 
remain uncontrolled (GINA step 4), the inhaled corticosteroid can be increased to medium 
(equivalent to 16 puffs of beclomethasone per day) or high doses (equivalent to 24 puffs of 
beclomethasone per day). This is probably the most economical, but additional add-on thera-
pies may be more effective than increasing corticosteroids alone. The anti-IgE antibody, omali-
zumab, can also be considered in these patients.

Patients with severe, persistent asthma not adequately controlled with high-dose inhaled 
corticosteroids along with other long-term controller therapies may require oral corticosteroids 
for control, but because of serious long-term consequences of chronic systemic corticosteroids, 
every attempt should be made to improve the management of these patients with environmen-
tal control and attempts to taper systemic corticosteroids to the lowest dose possible. Patients 
receiving chronic oral corticosteroids should be treated no more frequently than once per day, 
except in rare circumstances; alternate-day therapy is preferred whenever possible. They should 
also be monitored closely for adverse medication effects. All patients at steps 4 and 5 should be 
referred to an asthma specialist. Occasionally, patients with severe persistent asthma may not 
be adequately controlled despite daily systemic corticosteroids. After careful reevaluation and 
maximal adjustment of medications, these patients may be considered for cytotoxic or immu-
nosuppressive therapy. This should be considered only by a specialist who is experienced in the 
use of such medications.

Written self-management plans, especially for patients with moderate or severe persistent 
asthma with good fundamental understanding of their disease, are useful both for chronic 
management and during acute exacerbations. The usual initial plan during an exacerbation is 
to increase the dose and shorten the interval of short-acting inhaled β2-agonists. Ipratropium 
bromide used with a short-acting β2-agonist may provide additional bronchodilation. Puru-
lent sputum with fever requires early medical attention and evaluation for possible concomitant 
pneumonia. However, purulent secretions are common during exacerbations and often are due 
to inflammatory influx into the airways unassociated with infection. Antibiotics are not recom-
mended for the treatment of acute asthma exacerbations, except as needed for comorbid or 
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exacerbating infectious conditions, such as bacterial pneumonia or suspected bacterial sinusitis. 
When symptoms do not remit with more aggressive use of inhaled β2-agonists, early inter-
vention with systemic corticosteroids is pivotal and should always precipitate contact with a 
physician. A typical schedule would begin with 40 to 60 mg/day of prednisone, tapered over 
10 to 14 days. The dosage can be tapered rapidly and discontinued if the total course is less 
than 14 days. However, patients with more severe or more frequent exacerbations or those with 
prior use of corticosteroids may require more gradual tapering to avoid treatment failure and 
readmission. When the dose of oral corticosteroid has been reduced to approximately 20 mg/
day of prednisone, or equivalent, reinstitution of inhaled corticosteroids is appropriate. Usually, 
inhaled corticosteroids are discontinued during acute exacerbations because of the tendency for 
some of these preparations to exacerbate bronchospasm through irritant effects. This is most 
common for inhaled corticosteroids supplied as a suspension rather than a solution. This issue 
has been reevaluated in recent years; some inhaled corticosteroids can provide therapeutic ben-
efit during exacerbations. The physiologic abnormalities associated with exacerbation may per-
sist well after symptomatic improvement, and, therefore, intensive therapy and close follow-up 
should be continued for an extended period after resolution of symptoms.

Status asthmaticus is life-threatening asthma characterized by sustained, severe airway 
obstruction refractory to treatment. These patients should always seek emergent medical care. 
Initial treatment should include oxygen, higher and more frequent doses of inhaled β2-agonists, 
and early institution of systemic corticosteroids because of the delay in the observed clinical 
response (i.e., 6–8 hours). Small-volume nebulizers, MDIs, and continuous administration by a 
nebulizer are all effective methods for delivering β2-agonists; however, numerous studies indicate 
that an MDI with a spacer is both as effective and more cost-effective than a nebulizer. Spacers 
are particularly important when an MDI is used for adults who are unable to coordinate their 
inspiratory effort with activation of the MDI. β-Agonists have been administered by the sub-
cutaneous route in the past; however, this results in greater toxicity and has no greater benefit 
over the aerosol route. A commonly used corticosteroid is methylprednisolone in a dose of 
approximately 60 mg every 6 hours. These high doses are not benign; potential complications 
include hypokalemia, hyperglycemia, acute central nervous symptom alterations, hypertension, 
and peripheral edema. Use of parenteral theophylline in this setting is not recommended; many 
studies have shown no added bronchodilator effect and substantial increases in toxicity. The 
value of one or two doses of intravenous magnesium sulfate in the treatment of status asthmati-
cus is modest, but can buy time for other therapies and in turn help avoid intubation. Inhaled 
helium delivered as a helium–oxygen mixture has similarly been effective as a temporizing mea-
sure because of its favorable rheologic properties that decreased the work of breathing.

During severe exacerbations, respiratory failure can develop despite maximal therapy. 
Hypercapnia alone does not necessitate intubation and can be effectively managed in some cases 
with noninvasive mechanical ventilation by face mask. The goal is to allow time to optimize 
pharmacologic management. The presence of peak flows (,150 L/min), pulsus paradoxus 
(.20 mmHg), thoracoabdominal paradox, hypoxemia despite oxygen therapy, or an increas-
ing Paco2 signals the potential for progression to respiratory failure requiring intubation and 
mechanical ventilation.

For patients requiring intubation and mechanical ventilation, normal saline should be 
infused to attenuate hypotension that is frequently observed after the institution of positive pres-
sure ventilation. Sodium thiopental, etomidate, narcotics, ketamine, and benzodiazepines have 
all been used safely for sedation or anesthesia at the time of intubation in the acute asthmatic 
patient. Paralysis may be required to intubate the patient safely and can be accomplished with 
succinylcholine; however, acidemic patients should be monitored carefully because of the poten-
tial for hyperkalemia. Concomitant use of nondepolarizing, neuromuscular blocking agents with 
systemic corticosteroids has been associated with myopathy and severe peripheral muscle weak-
ness; thus, they should be used with caution.

Once the patient is intubated, careful attention to tidal volumes, peak flows, and inspiration 
to expiration ratios is necessary to minimize barotrauma and dynamic hyperinflation, which are 
significant risks in this setting. Sedation with opioids, benzodiazepines, or propofol is required to 
facilitate ventilator synchrony. To minimize intrinsic positive end-expiratory pressure (PEEPi), 
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the time available for expiration should be maximized by increasing the inspiratory flow rate 
and reducing the respiratory frequency. It also may be necessary to reduce the tidal volume to 
increase expiratory time. In turn, permissive hypercapnia in some patients may help to avoid 
dramatically elevated airway pressures. Intravenous bicarbonate can be used with permissive 
hypercapnia to partially compensate for the resulting respiratory acidosis, but it must be used 
judiciously to maintain arterial pH greater than 7.20. Often, higher doses of inhaled β2-agonists 
and ipratropium bromide are required through in-line MDI treatments at more frequent inter-
vals because of the severe bronchospasm and the decreased efficiency of aerosol delivery through 
the ventilator circuit. Monitoring of peak-to-plateau airway pressure gradients and auto-PEEP 
may help in assessing the severity of bronchospasm and response to therapy. These patients 
should receive an extended course of oral corticosteroids (at least 4–6 weeks) and should not be 
tapered below 20 mg/day until seen by a physician, preferably an asthma specialist, in follow-up.

Some specific circumstances warrant special considerations in asthma. Exercise-induced 
asthma is common, especially in young asthmatics. Symptoms are often controlled by use 
of short-acting, inhaled β2-agonists before exercise. For more persistent symptoms, regularly 
scheduled LABAs or leukotriene modifier should be considered. Persistent nocturnal symptoms 
despite inhaled corticosteroids require addition of long-term control therapy with LABAs, leu-
kotriene modifiers, or theophylline. Patients with aspirin-sensitive asthma usually have moderate 
to severe symptoms that can be difficult to control. Leukotrienes are thought to play a particu-
larly important role; thus, leukotriene modifiers should be strongly considered in these patients.

Asthma is the most common potentially serious medical condition complicating pregnancy. 
Uncontrolled asthma during pregnancy can produce complications in both the mother and 
the fetus. A recent report by the Working Group on Asthma and Pregnancy found that under-
treatment, principally attributable to unfounded fears of fetal effects of medication, is the major 
problem in asthma management during pregnancy. The greatest experience in the pregnant 
patient is with inhaled β2-agonists and theophylline; however, corticosteroids and anticholiner-
gics have all been used safely. Thus, asthma should be treated as aggressively in pregnant as in 
nonpregnant women. A recent large study of pregnant women has raised concern about use of 
oral corticosteroids and theophylline. In this population, an increased risk of preterm delivery 
has been observed. Special emphasis should also be placed on nonpharmacologic measures to 
avoid asthma triggers, including first- and second-hand smoking, which is harmful for both 
mother and fetus. Asthma care should include monitoring of fetal growth, maternal symptoms, 
and maternal lung function. All pregnant asthmatics should be tested with spirometry; the single 
best index of severity is the FEV1, which is not significantly altered by pregnancy. Patients with 
moderate or severe asthma should be monitored with twice-daily measurements of PEF rate and 
should report the values to the physician at each prenatal visit. After the first trimester, patients 
should receive influenza vaccine.

The basic management of asthma during pregnancy is very similar to that in nonpregnant 
patients and is based on asthma severity classification. If the patient’s asthma is more than mild 
intermittent, anti-inflammatory therapy is recommended. If inhaled corticosteroids are used, 
beclomethasone is preferred. The immediate goals of therapy of severe asthma exacerbation 
in pregnancy are to correct hypoxemia, alleviate bronchospasm, avoid maternal exhaustion or 
respiratory failure, and prevent fetal morbidity and mortality. The management of acute exacer-
bation includes oxygen to maintain a minimum Pao2 (.60 mmHg; oxygen saturation .95%), 
inhaled β2-agonists, and a short course of systemic corticosteroids. During labor and delivery, 
patients who have required long-term systemic corticosteroids should be given hydrocortisone 
because of the risk of maternal adrenal suppression.

Asthmatics are at risk for respiratory complications during and after surgery, including acute 
bronchospasm triggered by intubation and hypoxemia. Therefore, patients with asthma should 
be evaluated before surgery, including a review of symptoms and medications, measurement of 
pulmonary function, and attempts made to optimize lung function. A short course of cortico-
steroids may be necessary. It is recommended that patients who have received systemic cortico-
steroids for more than 2 weeks during the past 6 months be given hydrocortisone (100 mg every 
8 hours) intravenously on the day of surgery, with a rapid reduction of the dose within 24 hours 
after surgery.
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Asthma specialists should particularly be involved in the care of patients with severe persis-
tent asthma, and possibly those with moderate persistent asthma, as well as those who have had 
a life-threatening asthma exacerbation.

FURTHER READING
 1. National Asthma Education and Prevention Program. Expert Panel Report 3: Guidelines for the 

Diagnosis and Management of Asthma. Bethesda, MD: National Institutes of Health, National 
Heart, Lung, and Blood Institute; 2007. http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.
htm. Updated 2007. Accessed August 6, 2011. 
This is the current NIH guideline for the diagnosis and management of asthma. It is well-done, but 
long. A more abbreviated version is available.

 2. Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention. 2010.  
http://www.ginasthma.org/guidelines-gina-report-global-strategy-for-asthma.html. Updated 2010. 
Accessed August 6, 2011. 
This is the current World Health Organization guideline that updates many features of the NIH guide-
lines, but is a collaborative effort with the NIH. It is shorter and more practical.

 3. Blake KV, Hoppe M, Harman E, et al. Relative amount of albuterol delivered to lung receptors 
from a metered-dose inhaler and nebulizer solution: bioassay by histamine bronchoprovocation. 
Chest. 1992;101(2):309–315. 
A study addressing the question of the effectiveness of MDI versus nebulizer delivery of b2 -agonists. 
These authors used histamine bronchoprovocation to evaluate the delivery systems. They found 10 puffs 
of the MDI to be equivalent to 2.5 mg of nebulized solution. This study suggests the need to use higher 
doses of MDIs during the treatment of acute asthma exacerbation. (Old, but the value is unchanged.)

 4. Busse WW, Lemanske RF Jr, Gern JE. Role of viral respiratory infections in asthma and asthma 
exacerbations. Lancet. 2010;376(9743):826–834. PMCID: 2972660. 
An authoritative and clinically relevant review of viruses in asthma.

 5. Busse WW, Morgan WJ, Gergen PJ, et al. Randomized trial of omalizumab (Anti-IgE) for asthma 
in inner-city children. N Engl J Med. 2011;364(11):1005–1015. 
A current view of the use of anti-IgE therapy in children in an area that has significantly evolved.

 6. Chapman KR, Verbeek PR, White JG, et al. Effect of a short course of prednisone in the pre-
vention of early relapse after the emergency room treatment of acute asthma. N Engl J Med. 
1991;324(12):788–794. 
Classic paper that describes the use of the value of oral corticosteroids in preventing relapse of exacerba-
tions requiring emergency care.

 7. Corren J, Lemanske RF, Hanania NA, et al. Lebrikizumab treatment in adults with asthma. N Engl 
J Med. 2011;365(12):1088–1098. 
An initial report examining the potential value of an anti-IL-33 antibody in the treatment of adults 
with asthma.

 8. Ege MJ, Mayer M, Normand AC, et al. Exposure to environmental microorganisms and child-
hood asthma. N Engl J Med. 2011;364(8):701–709. 
A definitive report on exposure to multiple microorganisms on a farm, early in childhood reduces asthma 
in children.

 9. Finkelman FD, Hogan SP, Hershey GK, et al. Importance of cytokines in murine allergic airway 
disease and human asthma. J Immunol. 2010;184(4):1663–1674. 
A careful review of animal research on cytokines in asthma and its validation in studies in people.

 10. Gold DR. Environmental tobacco smoke, indoor allergens, and childhood asthma. Environ Health 
Perspect. 2000;108(suppl 4):643–651. PMCID: 1637671. 
A review of the significant impact of tobacco smoke on the development of asthma.

11. Grainge CL, Lau LC, Ward JA, et al. Effect of bronchoconstriction on airway remodeling in 
asthma. N Engl J Med. 2011;364(21):2006–2015. 
A provocative study implicating mechanical forces in the development of airway remodeling in asthma.

http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln
http://www.ginasthma.org/guidelines-gina-report-global-strategy-for-asthma.html


3 6 2   Section III • Diseases

12. Idris AH, McDermott MF, Raucci JC, et al. Emergency department treatment of severe asthma: 
metered-dose inhaler plus holding chamber is equivalent in effectiveness to nebulizer. Chest. 
1993;103(3):665–672. 
This classic paper was an early one demonstrating that metered dose inhalers with spacers were effective 
in the treatment of acute exacerbations and they also addressed dose equivalency.

13. Kim HY, DeKruyff RH, Umetsu DT. The many paths to asthma: phenotype shaped by innate and 
adaptive immunity. Nat Immunol. 2010;11(7):577–584. PMCID: 3114595. 
A scholarly review of the interface between innate and adaptive immunity and its importance in  allergic 
asthma.

14. Lange P, Parner J, Vestbo J, et al. A 15-year follow-up study of ventilatory function in adults with 
asthma. N Engl J Med. 1998;339(17):1194–1200. 
A landmark study demonstrating the accelerated loss of lung function in asthma.

15. Lazarus SC. Clinical practice: emergency treatment of asthma. N Engl J Med. 2010;363(8):755–764. 
An excellent state-of-the-art review of emergent care of asthma exacerbations.

16. Lemanske RF Jr, Mauger DT, Sorkness CA, et al. Step-up therapy for children with uncon-
trolled asthma receiving inhaled corticosteroids. N Engl J Med. 2010;362(11):975–985. PMCID: 
2989902. 
A careful study demonstrating that step-up therapy in children can be complex and alternatives to long-
acting b -agonists need to be carefully considered.

17. Lin RY, Pesola GR, Bakalchuk L, et al. Superiority of ipratropium plus albuterol over albuterol 
alone in the emergency department management of adult asthma: a randomized clinical trial. Ann 
Emerg Med. 1998;31(2):208–213. 
An important early study demonstrating the value of anticholinergics in the treatment of asthma 
exacerbations.

18. Littenberg B, Gluck EH. A controlled trial of methylprednisolone in the emergency treatment of 
acute asthma. N Engl J Med. 1986;314(3):150–152. 
A landmark study demonstrating the value of early intervention with systemic corticosteroids in emer-
gent care of asthma exacerbations.

19. Mapp CE, Boschetto P, Maestrelli P, et al. Occupational asthma. Am J Respir Crit Care Med. 
2005;172(3):280–305. 
An excellent state-of-the-art review of occupational asthma.

20. Martinez FD. The origins of asthma and chronic obstructive pulmonary disease in early life. Proc 
Am Thorac Soc. 2009;6(3):272–277. PMCID: 2677402. 
A review of data indicating that the development of asthma is the consequence of genetics and early life 
events. The author also reviews data that asthma leads to irreversible airway obstruction later in life. 
Early intervention is suggested to prevent this.

21. Morris MJ, Christopher KL. Diagnostic criteria for the classification of vocal cord dysfunction. 
Chest. 2010;138(5):1213–1223. 
An up-to-date review of vocal cord dysfunction by the one of the authors of the first report.

22. Murphy VE, Gibson PG. Asthma in pregnancy. Clin Chest Med. 2011;32(1):93–110, ix. 
A common, important topic that is under-discussed. Read it.

23. Peters SP, Kunselman SJ, Icitovic N, et al. Tiotropium bromide step-up therapy for adults with 
uncontrolled asthma. N Engl J Med. 2010;363(18):1715–1726. 
A provocative paper that provides data that we may have alternative step-up therapies already in our 
midst.

24. Price D, Musgrave SD, Shepstone L, et al. Leukotriene antagonists as first-line or add-on asthma-
controller therapy. N Engl J Med. 2011;364:1695–1707. 
A potential new indication for a class of drugs that has been on the market since the 1990s.

25. Reddel HK, Barnes DJ. Pharmacological strategies for self-management of asthma exacerbations. 
Eur Respir J. 2006;28(1):182–199. 
Self-management strategies are underutilized. This paper provides a solid review of the topic and why 
physicians should make more use of this.



    Chapter 64 • Chronic Obstructive Pulmonary Disease: Definition and Epidemiology   3 6 3

26. Rodrigo GJ, Neffen H, Castro-Rodriguez JA. Efficacy and safety of subcutaneous omalizumab 
vs placebo as add-on therapy to corticosteroids for children and adults with asthma: a systematic 
review. Chest. 2011;139:28–35. 
This study addresses an expanded indication for anti-IgE therapy. The cost as well as clinical efficacy 
must be a consideration.

27. Sleiman PM, Flory J, Imielinski M, et al. Variants of DENND1B associated with asthma in chil-
dren. N Engl J Med. 2010;362(1):36–44. 
Another potential asthma gene detected in a genome-wide association study that appears to have signifi-
cance for individuals of African decent.

28. Stevenson DD, Szczeklik A. Clinical and pathologic perspectives on aspirin sensitivity and asthma. 
J Allergy Clin Immunol. 2006;118(4):773–786; quiz 87–88. 
A review of aspirin-sensitive asthma by two of the world’s experts.

29. Ververeli K, Chipps B. Oral corticosteroid-sparing effects of inhaled corticosteroids in the treat-
ment of persistent and acute asthma. Ann Allergy Asthma Immunol. 2004;92(5):512–522. 
An important reminder about the many values of inhaled corticosteroids.

30. Woodcock A, Forster L, Matthews E, et al. Control of exposure to mite allergen and allergen-
impermeable bed covers for adults with asthma. N Engl J Med. 2003;349(3):225–236. 
A well-done study that indicates that environmental control in allergic asthma is not as effective as we 
might of thought and this may be in part due to the difficulty of accomplishing it.

Chronic obstructive pulmonary disease (COPD) refers to a group of disorders that have in com-
mon the presence of persistent and progressive airflow obstruction that is not fully reversible. 
The airflow limitation is usually progressive and is associated with an abnormal inflammatory 
response of the lung to noxious particles or gases, primarily caused by cigarette smoking.

From the viewpoint of the pathologist, chronic bronchitis and emphysema are distinct pro-
cesses, the former limited to the airways and the latter to the pulmonary parenchyma. From 
the viewpoint of the clinician, such a distinction is difficult for several reasons: (1) some degree 
of each may coexist in the same patient; pure forms of chronic bronchitis and emphysema are 
exceptions rather than the rule; (2) both are characterized by expiratory flow obstruction on sim-
ple spirometric testing; (3) patients with both processes often present with the same symptom—
dyspnea on exertion; and (4) the presence of airway hyperreactivity (asthma, acutely reversible 
airways disease) in many patients with chronic bronchitis or emphysema further complicates the 
distinction. Faced with such complexities, it is understandable that the clinician often lumps 
together patients with chronic expiratory obstruction under the label COPD.

Nevertheless, distinct advantages are found in attempting to distinguish chronic bronchi-
tis from emphysema, or at least to define the relative extent of each in a given patient. Such 
advantages relate particularly to the selection of therapy and to the natural history of these 
disorders, which is reflected in the individual patient’s prognosis. For example, recent studies 
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have indicated that mucous gland hypertrophy and mucus hypersecretion—both hallmarks of 
chronic bronchitis—are not major factors in causing airflow obstruction. Attempts at distinc-
tion also are essential to determine the pathogenetic differences between chronic bronchitis and 
emphysema, although the dominant role of cigarette smoking in both is clear.

The confusion between chronic bronchitis and emphysema has been compounded by the 
manner in which they have been defined by various scientific societies, in different studies, and 
in different nations. In defining chronic bronchitis and emphysema, three options are avail-
able: pathologic, clinical, and physiologic. In fact, all three options have been used. This is not 
surprising because pathologic evidence is rarely sought (or advisable) while the patient is alive; 
the physiologic techniques that allow distinction are still not generally applied; and attempts to 
provide clinical definitions were useful when neither pathologic nor physiologic criteria were 
available.

Chronic bronchitis has long been defined in clinical terms. The most widely used definition 
is that of the American Thoracic Society, which defines chronic bronchitis as “a clinical disorder 
characterized by excessive mucous secretion … manifested by chronic or recurrent productive 
cough … on most days for a minimum of three months in the year and for not less than two 
successive years.” This clinical definition is now known to have serious deficits. First, other 
disorders with similar manifestations must be excluded, such as bronchiectasis, tuberculosis, and 
lung abscess. Furthermore, patients with predominant asthma or emphysema may fit this defini-
tion. Finally, many patients with pathologic or physiologic hallmarks of chronic bronchitis may 
not qualify under this definition (i.e., they do not cough).

If pathologic findings were used to define chronic bronchitis, the task would be relatively 
easy. Pathologically, the hallmark of chronic bronchitis is the hyperplastic and hypertrophied 
mucous glands found in the submucosa of large cartilaginous bronchi. The ratio of bronchial 
gland thickness to bronchial wall thickness (Reid index) is increased. The small airways (noncar-
tilaginous bronchioles ,2 mm in diameter) may also be involved, demonstrating mucous plug-
ging, mural fibrosis and narrowing, goblet-cell hyperplasia, and inflammatory cell infiltrates. 
Thus, in the absence of parenchymal change, these findings in the airways would characterize 
pure chronic bronchitis.

Because such pathologic evidence is not conveniently available, much effort has been 
devoted to correlating pathologic data with physiologic tests. By physiologic testing, the pure 
chronic bronchitis patient should demonstrate

 1. Relatively normal total lung capacity (TLC) with modest elevation of the residual volume 
(RV) and functional residual capacity (FRC)

 2. Some degree of expiratory and inspiratory flow obstruction (both flows are abnormal 
 because the airway lumen is narrowed)

 3. Flow obstruction not acutely improved by bronchodilator administration
 4. Significant disturbances of gas exchange producing hypoxemia because of ventilation– 

perfusion imbalance. Hypercapnia can develop with more severe disease
 5. Normal diffusing capacity for carbon monoxide.

In contrast with the clinical description of chronic bronchitis, emphysema has long been 
defined in anatomic–pathologic terms. The widely used American Thoracic Society definition 
states that emphysema is present when there is “an anatomical alteration of the lung charac-
terized by an abnormal enlargement of the airspaces distal to the nonrespiratory bronchioles, 
accompanied by destructive changes of the alveolar walls.” Thus, pure emphysema is a paren-
chymal (airspace) disease in which the bronchi are not involved. In recent years, high-resolution 
computed tomography has been used to detect emphysema based on anatomic changes in the 
lung parenchyma.

Pathologically, emphysema is characterized by disruption of the alveolar walls at some loca-
tion within the acinus, which is the lung division distal to the terminal bronchiole that includes 
the respiratory bronchioles, alveolar ducts, and terminal alveoli. Depending on the dominant 
site of involvement, emphysema is defined pathologically as centrilobular (proximal acinar), in 
which the proximal part of the acinus is involved, or as panacinar, in which the whole acinar 
structure is involved.
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A clinical definition of emphysema is lacking; if one did exist, it would be dominated by the 
historic finding of effort dyspnea.

Physiologically, patients with pure emphysema demonstrate distinct features:

 1. The lung volumes show evidence of hyperinflation, namely, an elevated FRC, RV, and 
RV:TLC ratio. Often, TLC is increased. Early in the course of disease, vital capacity (VC) 
may be preserved (i.e., concomitant elevation in RV and TLC). With more severe disease, 
VC may be reduced in proportion to the elevation in RV when further elevation in TLC 
is limited by the chest wall. Such measurements are best made in a body plethysmograph, 
 because the lung volume measured by gas dilution techniques (e.g., helium dilution, 
 nitrogen washout) may underestimate the lung volume in emphysema due to airspaces that 
communicate poorly with the airways.

 2. Significant expiratory flow obstruction is present with preservation of inspiratory flows. 
This observation is most dramatically demonstrated by flow–volume curves that show nor-
mal flow rates during inspiration but severely reduced flow rates on expiration.

 3. Expiratory obstruction is not immediately improved by bronchodilator administration.
 4. Elastic recoil is low (i.e., low pleural pressures exist at TLC and other specified lung vol-

umes) and compliance is increased (i.e., small pleural pressure changes are associated with 
large increases in lung volume). These findings are the physiologic correlates of alveolar 
disruption and are the hallmarks of emphysema.

 5. Gas exchange is well preserved in the stable state, despite advanced spirometric abnormalities.
 6. The diffusing capacity for carbon monoxide is reduced.

Therefore, to the extent that chronic bronchitis and emphysema exist in pure forms, they 
can be distinguished from each other and from asthma by physiologic tests that reflect the 
pathology involved. In practical terms, as already noted, mixed forms are the rule. This is par-
ticularly true when advanced disease is present.

Controversy exists about whether asthma itself is part of the spectrum of COPD. Nonspe-
cific airway hyperresponsiveness has been proposed as a risk factor that predisposes smokers 
to developing COPD (the Dutch hypothesis). Asthmatic bronchitis is one of the recognized 
epidemiologic patterns of COPD. Asthma can result in chronic airflow obstruction and should 
probably be included within the clinical spectrum of COPD.

COPD is a major cause of death and disability. Because COPD is insidious, with a long 
latency period before clinical recognition, official statistics underestimate morbidity and mortal-
ity. As of 1990, COPD had moved up to the fourth leading cause of death in the United States. 
In 2008, COPD was listed as the underlying cause of more than 141,000 deaths. From 1980 to 
2000, the COPD death rate among women increased dramatically from 20.1 to 56.7/100,000, 
whereas for men there was a more modest increase from 73.0 to 82.6/100,000. Also, in 2000, 
for the first time, the number of women dying from COPD surpassed the number of men. It 
should be noted that mortality rates for COPD significantly underestimate the magnitude of the 
problem because many decedents with COPD have their deaths attributed to other causes. In 
1998, only 45% of death certificates mentioning COPD listed COPD as the underlying cause 
of death, even though people with COPD listed on their death certificate typically have severe 
disease. Thus, COPD is likely a more important contributor to death than generally recognized.

In the United States, the overall prevalence of COPD is approximately 6% in adults aged 
25 and older based on self-reports of chronic bronchitis or emphysema. Using extensive ques-
tionnaires and physical examination, including spirometry testing, the Third National Health 
and Nutrition Examination Survey (NHANES III) reported a 14% prevalence of airway 
obstruction in a representative sample of US adults surveyed from 1988 to 1994. Similar results 
have been reported in international studies. COPD is also being recognized increasingly as a 
significant public health problem in developing countries.

The impact of COPD on morbidity is even greater than on mortality. In 2000, COPD was 
responsible for 8 million physician office or hospital outpatient visits, 1.5 million emergency depart-
ment visits, and 726,000 hospitalizations. As a cause of disability-adjusted life-years (DALYs), in 
1996 COPD was estimated to be the eighth among men and seventh among women. Worldwide, 
COPD is expected to move up from the 12th leading cause of DALYs in 1990 to 5th in 2020.
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Epidemiologic studies have identified two main syndromes, with different risk factors and nat-
ural histories. The usual emphysematous form is associated closely with cigarette smoking. Patients 
develop airflow obstruction insidiously over many years, with minimal symptoms, followed by 
clinical disease in later years, with progressive symptoms and high morbidity and mortality. The 
second form of COPD, chronic asthmatic bronchitis, is associated with risk factors of atopy, high 
serum immunoglobulin E (IgE), and bronchial hyperreactivity. Patients develop chronic airflow 
obstruction independent of smoking, although smoking can add risk. Asthmatic bronchitis is more 
amenable to medical therapy and has a better prognosis and survival than the emphysematous type.

Cigarette smoking is the major risk factor, accounting for the majority of COPD cases. 
However, it is now recognized that more than one quarter of COPD occurs in individuals who 
never smoked. Compared with nonsmokers, current smokers have approximately 10 times the 
relative risk of developing COPD. The risk is equal for men and women. Previously, COPD was 
more common in men because of their higher smoking rates; however, the disease now exhibits 
more gender equality, reflecting similar smoking rates for men and women.

Significant individual variation in susceptibility is seen, and host factors play an important 
role. Only 10% to 15% of smokers develop significant obstructive lung disease. In susceptible 
persons, smoking is associated with an accelerated decline in lung function over many years that 
is related to the amount of smoking. Because of the large reserve in healthy lungs, disease is not 
typically recognized until later in life.

Besides cigarette smoking, other risk factors include environmental exposure to dusts, gases, 
and biomass smoke, malnutrition, early life infections, and asthma and airway hyperreactivity. 
Exposure of nonsmokers to the smoke of others in an indoor environment (second-hand smoke) 
is associated with an increase in respiratory infections and lung disease in children and with 
modest changes in lung function in adults. However, it has not been clearly established that pas-
sive smoke exposure leads to clinically significant obstructive lung disease.

One credible theory about the pathogenesis of emphysema is that the disease results from 
an imbalance between lung proteases and antiproteases, enzymes that, respectively, promote 
injury and protect the lung against injury. Human neutrophil elastase is released from granules 
of the neutrophil during phagocytosis and after stimulation, chemotaxis, and cell death. Ciga-
rette smoke components appear to promote the release of (1) neutrophil chemotactic factors 
from alveolar macrophages and (2) human neutrophil elastase from neutrophils. The activity of 
human neutrophil elastase is mitigated by a serum protein, α1-antiprotease, which is synthesized 
by the liver and migrates freely into alveoli. Formulation of the protease/antiprotease theory of 
emphysema was catalyzed by the discovery that emphysema is common among individuals who 
are severely deficient in α1-antiprotease, a globulin that is a potent inhibitor of several enzymes, 
including trypsin and elastase. It is postulated that elastase, which is found in polymorphonu-
clear leukocytes and in alveolar macrophages, is normally released from these cells; larger quanti-
ties may be released in response to lower respiratory tract infections. When α1-antiprotease is 
present, elastase is inhibited; in its absence, released elastase is free to digest the lung.

The gene for α1-antiprotease deficiency is inherited in an autosomal recessive pattern—Pi 
MM is the normal phenotype, Pi ZZ the most common phenotype of homozygous deficiency. 
Although heterozygous persons have reduced levels of α1-antiprotease, they do not have a clearly 
increased risk for developing disease. In congenital emphysema, anatomic changes predomi-
nate at the lung bases rather than in the upper lung fields. Less than 1 of 2,000 individuals is 
severely deficient in α1-antiprotease. More than 90% of the population—and the vast majority 
of patients with emphysema—are of the normal (MM) phenotype and have normal serum levels 
of α1-antiprotease. Nevertheless, the same concept of enzyme–inhibitor balance may apply to 
other patients with emphysema. This possibility is supported by animal experiments in which 
emphysema-like disorders have been induced by intrapulmonary instillation of papain, elas-
tase, and leukocyte homogenates. Evidence that a protease–antiprotease imbalance exists in the 
alveoli of patients deficient in α1-antiprotease, and that this balance can be restored by intra-
venous administration of α1-antiprotease, adds further weight to this hypothesis, as does the 
demonstration that certain oxidants (including components of cigarette smoke) can inactivate 
α1-antiprotease, rendering it unable to inhibit elastase and other proteolytic enzymes.

It should be noted that the term emphysema is also applied to several conditions in which lung 
hyperinflation occurs without alveolar destruction. Among these conditions is congenital lobar 
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emphysema, in which overinflation of a lobe (usually the left upper lobe) occurs, which can be 
life-threatening. Pathologically, overdistention of single or multiple lobes is seen.  Compensatory 
emphysema is a term applied to overinflation of the remaining lung in the face of collapse, destruc-
tion, or resection of other lung zones. Partial obstruction of a major bronchus does not cause 
tissue destruction characteristic of emphysema, although it does result in overdistention of alveoli. 
Senile emphysema is a term applied to the normal modest overinflation of the lung that occurs with 
aging and is reflected in an increase in RV:TLC ratio, and is better referred to as the aging lung.
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Chronic obstructive pulmonary disease (COPD) typically appears later in life. Although char-
acterized primarily by airway obstruction and reduced expiratory airflow, COPD is increasingly 
recognized as a systemic disease with significant extrapulmonary manifestations as well resulting 
from systemic inflammation.

Dyspnea is the hallmark symptom that brings the patient to medical attention and leads 
to a diagnosis. A careful history of the insidious onset of breathlessness on exertion, with or 
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without a history of cough, sputum, or frequent lung infections, often provides the clue to 
diagnosis.

Because of the slow, progressive course of disease and the large reserve in lung function, a long 
preclinical period typically elapses during which the person who has smoked for years “without a 
problem” begins to note breathlessness with physical activities previously accomplished without 
difficulty. This may be attributed to “getting older” or “being out of shape.” Reduced expiratory 
flow rates may be detected at this stage. Later, the patient may come to medical attention after 
a critical event, such as a winter cold from which recovery has been slow. Disease onset is often 
attributed to this time; in reality, however, this event just pushed the patient over the clinical 
edge of recognition, much like a rope weakened by progressive fraying breaks when only a small 
weight is attached.

Cough is a frequent symptom, often attributed as a “smoker’s cough” early in disease. It is 
usually productive; sputum is described as mucoid. Often, there is a history of frequent respi-
ratory infections associated with increased cough, purulent sputum, and breathlessness. The 
patient may note that it takes longer than usual to recover from these infections.

Some patients with COPD develop abnormal gas exchange with hypoxemia or hypercapnia. 
Hypoxemia can be associated with cognitive or personality changes, polycythemia, and cyanosis. 
Chronic hypercapnia can cause headache, particularly on arising, and increased somnolence. 
During exercise, the arterial Po2 may change significantly and unpredictably from the resting 
level. In many patients, the Pao2 decreases with physical activity; in others, it does not change 
or may actually increase.

On physical examination, decreased maximal expiratory flow may be apparent even in 
early disease. Therefore, it is important to assess maximal expiratory flow in persons at high 
risk (e.g., smokers). In early disease, the examination may be normal, but later, prolonged 
expiration or wheezing can be detected on forced exhalation. This can be assessed easily with 
the forced expiratory time, a useful screening test for expiratory obstruction. In this maneuver, 
the patient exhales with maximal effort through an open mouth after a full inspiration. The 
examiner listens with the bell of the stethoscope over the trachea in the suprasternal notch 
and records the time in seconds until airflow ceases. Normal persons can exhale completely 
within 4 seconds. A forced expiratory time greater than 6 seconds signifies significant expira-
tory obstruction.

Other physical signs of COPD often are not present until the disease becomes moderate 
to severe. Overinflation of the lungs can result in an increased anteroposterior diameter of the 
thorax and a low, flat diaphragm with reduced respiratory excursion. The flattened diaphragm 
contributes less to inspiration, placing more burden on the accessory breathing muscles (neck 
and intercostals) and producing greater respiratory movement in the upper chest. With severe 
hyperinflation, the diaphragm can even become inverted and move paradoxically—up on inspi-
ration, down on expiration. This can be detected best with the patient supine, noting the inward 
movement of the lower rib cage and abdomen during inspiration. With advanced emphysema, 
the breath sounds are diminished because of reduced flow and increased lung inflation. Signs 
of pulmonary hypertension and right-sided heart failure (e.g., peripheral edema and hepatic 
congestion) are not usually detected until an advanced stage of disease.

The central diagnostic feature of COPD is reduced expiratory airflow, resulting from 
increased airway resistance due to airway narrowing. Spirometry is the standard pulmonary 
function test for measuring maximal airflow and is relatively simple, reliable, and reproducible. 
It is useful for detecting airflow obstruction, staging severity, and following the disease course. 
A reduction in the forced expiratory volume in 1 second (FEV1) in relation to the forced vital 
capacity (FVC)—the FEV1:FVC ratio—is a standard measure of obstruction. The FEV1 is the 
best measure of disease severity; it correlates with exercise tolerance and survival. Other measures 
of expiratory airflow can also be helpful.

Measures of lung volumes reveal hyperinflation with an increase in residual volume, func-
tional residual capacity, and, sometimes, total lung capacity. These tests can help to confirm the 
diagnosis suggested from spirometry. Emphysema causes a greater increase in total lung capacity 
than other obstructive diseases, as well as a reduced carbon monoxide diffusing capacity (Dlco), 
primarily because of the loss of alveolar–capillary surface area. However, Dlco is neither specific 
nor sensitive for emphysema.
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Chest radiographs have limited usefulness in diagnosing or staging COPD; early in disease, 
they may be normal. Their main use is in detecting other parenchymal lung or cardiovascular 
diseases that can present with similar symptoms. With advanced emphysema, the chest radio-
graph may reveal overinflation of the lungs with a low, flat diaphragm and an increase in the 
retrosternal airspace (anterior to the heart) on the lateral film. The emphysematous lungs also 
may appear radiolucent because of bullous changes and a paucity of vascular shadows. High-
resolution computed tomography may be useful in documenting pathologic evidence of emphy-
sema and characterizing its distribution.

Arterial blood gas analysis may reveal hypoxemia and hypercapnia, particularly in advanced 
disease. The relationship between gas exchange abnormalities and other measures of lung func-
tion is poor. Hypoxemia can worsen with exercise, sleep, or changes in body position.

The electrocardiogram is usually normal early in disease; later, signs may appear of right-
sided heart strain, including right-axis shift, increased R waves over the right precordial leads (V1 
and V2), and peaked P waves (P pulmonale). These changes do not correlate well with the level 
of pulmonary hypertension.

Two characteristic clinical patterns of COPD were originally described by Dornholst: the 
pink puffer (type A or emphysematous type) and the blue bloater (type B or bronchitic type). 
Type A patients typically have severe dyspnea, with little cough and sputum. They are usually 
thin with a hyperinflated chest. Arterial blood gases reveal mild, if any, hypoxemia (i.e., pink 
without cyanosis) and normal to low arterial Pco2 (i.e., puffing with increased breathing effort). 
Type B patients typically have a history of chronic bronchitis with cough, sputum, and recurrent 
exacerbations with respiratory tract infections. Dyspnea on exertion is a prominent symptom, 
but is often episodic. On examination, they tend to be overweight and cyanotic (blue) and 
have dependent edema, dilated neck veins, and hepatomegaly because of right-ventricular failure 
(bloated). Auscultation of the lungs reveals diffuse expiratory and inspiratory rhonchi. Arterial 
blood gases demonstrate severe hypoxemia and hypercapnia with CO2 retention (reflecting low 
ventilation). These differences may reflect variations in ventilation–perfusion mismatching and 
central respiratory drive.

In clinical practice, most patients with COPD have a mixture of type A and type B disease 
and fall between these two extremes. In addition, many patients with COPD have an element 
of asthma (i.e., reversible airways obstruction with bronchospasm). As discussed in the previous 
chapter, epidemiologic studies of COPD have identified two main syndromes with different risk 
factors and prognosis: emphysematous form and chronic asthmatic bronchitis.

The pathophysiologic basis of emphysema is a consequence of slowly progressive alveolar 
fragmentation, loss of lung elasticity, and mechanically related expiratory airflow obstruction. 
If acute problems (e.g., infection, anesthesia, sedation, left-ventricular failure) do not occur, the 
patient slowly becomes more breathless, inactive, and wasted. This decline can extend over a 
period of many years. The development of acute respiratory failure is usually an ominous sign, 
because it occurs near the end stage (i.e., when very advanced parenchymal destruction is present).

On the other hand, the patient with more predominant bronchitis and asthmatic compo-
nents of disease tends to have a more episodic course punctuated with exacerbations and reac-
tive airway disease. Such patients tend to respond more to medical therapy and have a better 
prognosis.

Periodic exacerbations are an important aspect of COPD and have an important effect upon 
the natural history and disease progression. These episodes of periodic worsening are typically 
defined by a combination of symptoms of increasing dyspnea, cough, and sputum production. 
Repeated exacerbations may accelerate the progressive loss of lung function over time. Recovery 
from exacerbations is slow, and patients frequently do not return to the same level of baseline 
function.
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Chronic obstructive pulmonary disease (COPD) is a chronic, progressive, and largely irreversible 
disease, so the primary goals of management should be directed toward preventive health strate-
gies to slow progression and reduce complications. Secondary goals are to improve symptoms 
and function and treat reversible components. Optimal management depends on the stage of 
disease. For patients with mild to moderate disease, early detection and diagnosis and counseling 
regarding appropriate preventive health strategies are important. For patients with moderate to 
severe disease, symptomatic treatment is also indicated.

According to the current international guidelines of the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD), staging, and consequently treatment, should be based on 
a combination of both spirometric evidence of expiratory flow obstruction (i.e., GOLD grades 
1 to 4 based on percent of predicted forced expiratory volume in 1 second [FEV1]) as well as 
assessment of symptoms with standard questionnaires. Additional therapy should be considered 
for more symptomatic patients within the same GOLD grade according to spirometry.

Teaching the patient and family members how to participate in the patient’s management 
as active partners with the physician is a key goal that affects all other goals. Patients who are 
adequately informed and motivated can work with the physician and maintain a level of func-
tion that the uninformed, poorly motivated, passive patient cannot.

Most patients with COPD are former or current cigarette smokers. Controlling smoking 
behavior is essential, regardless of the stage of disease. Smoking cessation will slow the rate of 
decline in FEV1 and decrease coughing and sputum production. Naturally, the more advanced 
the functional loss, the less the impact will be. Therefore, early detection of COPD, particularly 
in smokers who are at high risk, and smoking cessation should be emphasized. Physicians play 
an important role by setting a smoke-free example in their lives and workplace. Physician advice 
is important and effective in inducing smokers to quit and maintain abstinence. Several studies 
have demonstrated that a physician who spends a few minutes inquiring about smoking status 
and providing advice to quit can achieve abstinence rates of up to 10% to 20% at 1 year. The use 
of additional modalities such as a comprehensive smoking cessation program, nicotine replace-
ment therapy (gum, dermal patches, nasal spray, or oral inhaler), bupropion, or clonidine (oral 
or patches) can lead to long-term cessation rates of as high as 50% in motivated patients.
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Pulmonary infection is the most common complication in COPD. Prophylactic influenza 
vaccination should be administered annually, preferably in the early fall. Pneumococcal vaccina-
tion, with the expanded version (containing the capsular polysaccharide of 23 serotypes), should 
be administered once or twice (if ,65 years of age when first vaccinated). As effective antiviral 
agents become available (e.g., amantadine), consider their use for the patient with COPD, par-
ticularly during epidemics of influenza A.

Another preventive approach is to assess patient exposure to occupational–environmental 
air pollutants and, if possible, eliminate or reduce that exposure. A final method used to prevent 
complications is to avoid therapies and drugs that can compromise patient function. Patients 
with COPD tend to become victims of polypharmacy. To avoid this problem, carefully consider 
the risk-to-benefit characteristics of each therapy (drug, oxygen, or mechanical device) before it 
is instituted. Constantly review the treatment regimen, deleting elements that have been of no 
benefit, particularly if they can induce long-term toxicity.

For patients with recognized COPD, pharmacotherapy is directed toward the reversible 
component of airway obstruction and control of secretions. Bronchodilators used to improve 
symptoms and increase airway caliber include sympathomimetic β-agonists, anticholinergics, 
and (less commonly) the methylxanthine, theophylline. The decision to treat a patient with a 
bronchodilator should not depend on demonstrating an acute response, as many patients who 
do not demonstrate an acute response during testing do respond to long-term regular therapy. 
Airway hyperreactivity is common in patients with COPD, and long-term therapy with bron-
chodilators can serve to prevent airways constriction caused by inhaled irritants. Also, these 
medications may have effects beyond just bronchodilation. If a long-acting bronchodilator is 
used for maintenance therapy, then a short-acting agent is also needed for rescue therapy.

Sympathomimetic bronchodilators are used commonly. Newer β2 agents are more selective 
and longer-acting and have fewer side effects than older, nonselective drugs. In addition to bron-
chodilation, β-agonists can also reduce airway hyperresponsiveness and enhance mucociliary 
clearance. The most common side effects are tachycardia and skeletal muscle tremor.

Anticholinergics have recently gained prominence in the treatment of COPD. Although 
their bronchodilating effects have been known for many years, the selectivity and reduced side 
effects of newer agents have increased their usefulness. Bronchodilation is thought to be caused 
by inhibition of cholinergic-mediated bronchomotor tone. The drugs are reported to be more 
effective in larger airways, making them particularly useful for patients with COPD. They can 
be used concomitantly with β2-agonists. Both short- and long-acting agents are now available.

The preferred method of administration for both β-agonists and anticholinergics is by inhala-
tion, usually with a metered-dose inhaler (MDI). This produces more bronchodilation with fewer 
side effects than oral or other systemic routes. Used properly, an MDI is equally effective and less 
expensive than a liquid nebulizer and can be used in acute and emergency department settings. 
Extensions or spacers may help persons who have difficulty coordinating the MDI, particularly 
children and older adults. The key to MDI use is proper technique. All patients should be instructed 
and observed in following several key steps in using MDIs: (1) shake inhaler, remove cap, and hold 
upright; (2) exhale to functional residual capacity or below; (3) place inhaler 2 to 4 cm in front of 
open mouth; (4) activate inhaler just after the start of a slow, deep inhalation; (5) hold breath for  
5 to 10 seconds; (6) exhale slowly; and (7) wait at least 1 minute before next puff.

Theophylline preparations have been used in treating patients with COPD for many years, 
but their use has decreased because of a narrow toxic–therapeutic margin, frequent problems 
with toxicity, and the advent of newer, more selective bronchodilating agents. The mechanism 
of bronchodilation from theophylline is still not clearly defined. Theophylline has other poten-
tially beneficial effects, such as improved diaphragmatic function, reduced dyspnea, increased 
mucociliary clearance, and stimulation of respiratory drive. Because of individual variability in 
metabolism and the many factors that can alter metabolism (e.g., drugs such as cimetidine, 
erythromycin, and ciprofloxacin), blood levels must be monitored with chronic therapy. The 
target therapeutic level is typically 10 to 20 µg/mL. Minor side effects such as tremor, insomnia, 
irritability, and gastrointestinal upset can occur with levels well below 20 µg/mL. More serious 
side effects, including vomiting, dysrhythmias, hypotension, and seizures, generally develop at 
higher blood levels. Older patients are particularly susceptible to toxicity.
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Corticosteroids can be beneficial for some patients with COPD. The complications of long-
term use are well-known, and chronic use of systemic corticosteroids should be avoided, if pos-
sible. A meta-analysis of 16 clinical trials of oral steroid therapy for stable patients found that a 
20% improvement in FEV1 occurred in approximately 10% more patients on steroids than on 
placebo. Many patients on corticosteroids report subjective symptom improvement, but long-
term steroid use is associated with many serious side effects. A limited trial of corticosteroids 
is probably justified in patients who cannot be managed with standard bronchodilators alone. 
A single morning dose of prednisone (20–40 mg) for 5 to 7 days is a typical starting point. 
Treatment beyond a few weeks should be continued only with a significant improvement in 
pulmonary function and symptoms. For long-term therapy, the dose should be kept as low as 
possible to minimize side effects.

Inhaled steroids, best used through a spacer device to minimize oral deposition, are safer 
than systemic steroids, but their effectiveness in COPD has not been clearly established. Several 
multicenter clinical trials have evaluated the role of inhaled corticosteroids in the management 
of COPD. There is some evidence that inhaled corticosteroids may be associated with clinical 
benefits, such as reduced exacerbations and hospitalizations, even without documented improve-
ment in lung function. Dysphonia and upper airway thrush are the most common adverse con-
sequences of inhaled corticosteroids. However, prolonged use of these agents, particularly at 
high doses, may also produce systemic side effects (e.g., subcapsular cataracts and decreased 
bone-mineral density).

For patients with chronic cough and sputum, techniques to control secretions are important. 
Patients should be encouraged to drink several glasses of fluid per day, but excessive hydration is 
not warranted. They should also be taught the technique of controlled coughing, which involves 
a deep inspiration, breath-holding for a few seconds, and then coughing two or three times. 
Postural drainage is effective in patients with heavy sputum production. The use of mucolytic 
agents to thin secretions and promote clearance is controversial. Theoretically, therapy with 
drugs such as oral iodinated glycerol, nebulized acetylcysteine, or, more recently, recombinant 
human deoxyribonuclease works best in thinning secretions that are thick, mucoid, and heavy. 
Whether this produces physiologic or symptomatic improvement is unclear. Cough suppressant 
therapy is generally not recommended, as cough is an essential protective mechanism.

Exacerbations of COPD result in adverse effects and may cause permanent further loss of 
lung function. Most are thought to be due to infection, but sputum cultures and smears are 
not generally helpful since a specific bacterial pathogen cannot usually be identified. Because of 
impaired mucociliary clearance and less-effective cough, secretions can pool in dependent por-
tions of the lung and be difficult to clear. For acute exacerbations, when sputum changes color 
and increases in volume, treatment with antibiotics is typically indicated. In many cases of acute 
bronchitis, it is appropriate to institute a course (7–10 days) of antibiotics empirically without a 
sputum culture. Oral antibiotics are commonly chosen to cover pathogens colonizing the respira-
tory tract, including Haemophilus influenzae, Streptococcus pneumoniae, and Moraxella catarrhalis. 
Most studies demonstrating benefits from antibiotics in exacerbations have been conducted with 
older antibiotics, such as trimethoprim–sulfamethoxazole, ampicillin, amoxicillin–clavulanate, 
tetracycline, or erythromycin. It is not clear whether newer drugs, such as macrolides and fluoro-
quinolones, are more effective. Short courses (up to 14 days) of systemic corticosteroids are also 
used commonly to treat acute exacerbations.

In the severely hypoxemic patient, oxygen therapy has been shown to improve survival 
and reduce morbidity from consequences such as right-ventricular failure, polycythemia, and 
psychologic–mental dysfunction. Less clearly defined are the possible benefits of supplemental 
oxygen for nonhypoxemic patients or for patients with hypoxemia only under certain condi-
tions (e.g., exercise, sleep). The results of two multicenter clinical trials (one in Great Britain, 
the other in the United States) justify long-term oxygen therapy for patients with significant 
resting hypoxemia (arterial Po2 # 55 mmHg or oxygen saturation [So2] # 88%). For patients 
with an arterial Po2 between 56 and 59 mmHg, oxygen is indicated in cases of erythrocytosis 
(hematocrit 55 or more) or cor pulmonale. The decision for long-term therapy should be made 
only in stable patients on optimal treatment for at least 30 days. Patients recovering from an 
acute illness should be reevaluated after a period of stability before committing to this expensive 
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treatment. Several options exist for long-term oxygen therapy. Home care providers, respiratory 
therapy personnel, and pulmonary rehabilitation professionals are excellent sources of informa-
tion about available options, including gas sources (e.g., liquid, compressed gas, concentrators) 
and delivery devices (e.g., nasal, transtracheal, or conserving catheters and inspiratory demand 
regulators). Hypoxemic patients living at high altitude may benefit by moving to sea level, 
where the ambient oxygen tension is higher. If air travel is contemplated, arrangements may be 
necessary for supplemental oxygen because commercial aircraft cabins are pressurized at 5,000 
to 8,000 feet.

Surgery may play a role in a few patients with COPD. Bullectomy may benefit selected 
patients with large space-occupying bullae. Lung transplantation for COPD is feasible and has 
been performed in many centers; criteria for selection and long-term follow-up are still evolv-
ing. In selected subgroups of patients with severe emphysema, lung-volume reduction surgery 
has been found to result in improved survival, exercise tolerance, symptoms, and quality of life 
compared with medically treated patients. The benefits were most evident in patients with a 
predominance of upper-lobe distribution of emphysema and very low exercise tolerance.

Pulmonary rehabilitation is an established preventive health strategy that enhances stan-
dard therapy for persons with chronic lung disease to control and alleviate symptoms, opti-
mize function, and reduce the medical and economic burdens of disease (see Chapter 10). 
Multidisciplinary programs include education, respiratory and chest physiotherapy instruc-
tion, psychosocial support, and exercise training. As with other rehabilitation programs, the 
primary goal is to restore the patient to the highest possible level of independent function. 
This can be accomplished by helping patients become more knowledgeable about their dis-
ease, more actively involved in their own healthcare, more independent in daily care activ-
ities, and less dependent on family, friends, and health professionals and other expensive 
medical resources. Benefits of pulmonary rehabilitation include improved exercise tolerance 
and symptoms and reduced hospitalizations and use of expensive medical resources. Patients 
report improved quality of life with a reduction in respiratory symptoms, an increase in exer-
cise tolerance and ability to perform physical activities of daily living, and improved psycho-
logical function, with less anxiety and depression and increased feelings of hope, control, and 
self-esteem.

Breathing retraining techniques include instruction in pursed-lip breathing and breathing 
patterns. Pursed-lip breathing imparts a subjective relief of dyspnea in some individuals. In 
theory, it prevents airway collapse during expiration. Pursed-lip breathing is often accompanied 
by an instantaneous diminution in activity of the accessory muscles of respiration. Slow, deep 
breathing often provides a subjective sense of improved respiratory control. The increased tidal 
volume can serve to reduce wasted ventilation.

Formal rehabilitation programs have obvious advantages for both patients and physicians. 
But, however achieved, patient education is essential. Patients who understand their disease, 
medications, and the other elements of their regimen are likely to avoid hospitalization and a 
variety of other untoward events.
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A marked increase in the permeability of the alveolar–capillary membrane to water, solutes, and 
plasma proteins is the defining characteristic of the acute respiratory distress syndrome (ARDS); 
clinically, it is associated with diffuse lung infiltrates, respiratory distress, and respiratory f ailure. 
A prospective study using the 1994 American-European Consensus Conference (AECC) defi-
nitions of ARDS and acute lung injury (ALI) suggested that the age-adjusted incidence was  
86.2 per 100,000 person-years. The incidence increased with age, reaching 306 per 100,000 
person-years for those aged 75 to 84 years. On the basis of these statistics, it is estimated that 
more than 190,000 cases occur annually in the Unites States and that these cases are associated 
with 74,500 deaths. Although there is some suggestion that the incidence has decreased some-
what over time, ARDS remains a frequent and dreaded problem in modern intensive care units.

ETIOLOGY
Events that have preceded and appear to act as precipitants to ARDS are remarkably diverse 
(Table 67-1), although sepsis and trauma are the most common associated clinical settings. 
The wisdom of grouping patients with such disparate precipitating factors together under the 
umbrella of ARDS has been debated frequently. However, because the biochemical and cellular 
pathways that lead to ARDS are not understood and because patients have a number of apparent 
physiologic and histologic features in common, it has proven useful to consider them together. 

The Acute Respiratory 
Distress Syndrome
Robert M. Smith

67

Clinical Processes Where ARDS Occurs in More Than 1% of Patients at Risk

Aspiration of gastric contents

Pneumonia requiring intensive care unit

Severe sepsis

Multiple trauma

Disseminated intravascular coagulation (usually associated with other events)

Other Clinical Processes Associated with ARDS

Near drowning

Smoke inhalation

Inhalation of irritant or toxic gases

Fat or air embolism

Pancreatitis

Hypertransfusion

Thermal burn

Cardiopulmonary bypass

Narcotic administration

TABLE 67-1  Clinical Settings Associated with the Development of ARDS
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The probability of developing ARDS increases with multiple risk factors, but it is not known 
whether different precipitants act independently or via some common pathway that leads to 
lung injury.

The processes responsible for tissue injury in ARDS remain obscure. The lung is diffusely 
inflamed, and inflammatory cells (particularly neutrophils and their granular products) have 
been implicated in the pathogenesis of ARDS in animal models. Similarly, the production of 
highly reactive oxygen radical species by neutrophils or by resident lung macrophages may con-
tribute to ARDS either by direct tissue injury or by modification of proteins, lipids, or DNA 
leading to inactivation (e.g., α1-proteinase inhibitor) or abnormal function. A number of fac-
tors may lead to neutrophil accumulation in the lung. Cytokines, elaborated systemically or 
locally in the lung following sepsis or trauma, may act as chemotactic factors (e.g., interleukin 
[IL]-8) or can cause up-regulation of endothelial and leukocyte adhesion molecules (e.g., IL-1). 
Preliminary studies suggested that elevated levels of IL-8 in alveolar lavage fluid of patients at 
risk for ARDS may predict the subsequent development of the full-blown syndrome. However, 
this finding has not been confirmed in larger studies, and the complex interplay between the 
various cytokines is not yet well understood. The occurrence of ARDS in severely neutropenic 
patients and the lack of neutrophil participation in some animal models of ARDS suggest that 
neutrophil-independent mechanisms of tissue injury also are important. Loss of surfactant activ-
ity in lung lavage specimens is seen early in ARDS and is a potential explanation for many of 
the physiologic abnormalities. The loss of surfactant activity is caused in part by alterations in 
surfactant production by type II pneumocytes and in part by inhibition of surfactant activity by 
the ingress of plasma proteins.

Over the last two decades it has become increasingly clear that the ways in which mechanical 
ventilatory support is applied may influence the progress and potentially the development of 
ARDS. In animal models, positive-pressure ventilation alone can initiate diffuse lung injury with 
radiographic and histologic features indistinguishable from ARDS. This injury occurs in animals 
with even modest levels of positive pressure (e.g., sustained peak airway pressures of 30 cm H2O 
for 24 hours). Data suggest that injury may be a result of cyclic opening and closing of alveoli 
or overdistension and stretching of the alveolar capillary membrane at peak inflation. Injury is 
diminished in these models by limiting maximal ventilatory excursion or by the application of 
positive end-expiratory pressure (PEEP). Further studies have demonstrated the elaboration of 
proinflammatory cytokines and the alteration of surfactant structure and function in the lungs 
of animals as a result of positive-pressure ventilation. Although these studies do not shed light 
on the etiologic events initiating ARDS, they do support the hypothesis that the ventilatory 
support necessary to preserve gas exchange may worsen or modify the course of the underlying 
lung injury.

PATHOPHYSIOLOGY
There are no specific physical or laboratory findings that identify patients with ARDS. Prior to 
the development of frank respiratory failure, respirations are rapid and shallow, and the patient 
may be cyanotic. Auscultation usually reveals bronchial breath sounds; rales are often absent. Se-
rum chemistries and blood-cell counts tend to reflect the underlying diseases, rather than ARDS 
itself. The chest radiograph shows rapidly progressing widespread infiltrates, often with char-
acteristics suggesting alveolar filling. Occasionally, there is a brief early period during which an 
interstitial infiltrate predominates. Particularly in the early stages, the infiltrates may look patchy 
or appear to spare some parts of the lung, leading to a mistaken diagnosis of pneumonia. Arte-
rial blood gas analyses typically show markedly reduced Pao2 with a normal or reduced Paco2.

The 1994 AECC definition of ARDS utilized the level of hypoxemia to stage the sever-
ity. In that definition, a Pao2/Fio2 ratio between 200 and 300 corresponded to a diagnosis of 
ALI, while a Pao2/Fio2 ratio of less than 200 corresponded to full-blown ARDS. Despite its 
overall success and broad use as a research tool, the AECC definition had a number of limita-
tions (such as the absence of a specification for PEEP). An expert panel (the ARDS Definition 
Task Force) has proposed an expanded definition (Table 67-2) that corrects these deficien-
cies. In the presence of PEEP or continuous positive airway pressure (CPAP) levels greater 
than or equal to 5 cm H2O, Pao2 levels between 200 and 300 mmHg correspond to mild 
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ARDS, between 100 and 200 mmHg correspond to moderate ARDS, and those less than or 
equal to 100 mmHg define severe ARDS. When applied retrospectively, this consensus defi-
nition appeared to correlate with mortality and duration of need for mechanical ventilation.

Clinically, physiologically, and pathologically, ARDS typically progresses through suc-
cessive stages. After exposure to the triggering event, there is often an interval of apparently 
normal lung function lasting hours to days. With the onset of symptoms, there is rapidly wors-
ening gas exchange with decreasing lung compliance and functional residual capacity over 1 to  
3 days. Subsequently, lung compliance decreases further, and increases occur in the proportion 
of the total ventilation going to unperfused “dead space” lung regions (V

.
D/V

.
T) and in pulmonary 

vascular resistance. Multiple organ system failure, which may include renal dysfunction, hepatic 
dysfunction, and biventricular cardiac dysfunction, often becomes apparent at this point, 
although it may occur at any time. It is not known whether impairment in these organ systems is 
caused by the same process precipitating ARDS (e.g., sepsis) or to distinct pathologic processes. 
In addition, the interventions used to support gas exchange, such as mechanical ventilation 
or PEEP, may also have deleterious effects on the function of extrapulmonary organs. From  
10 to 30 days after the onset of symptoms, the patient may enter a more chronic stage in which 
pulmonary function has stabilized, although persistent functional impairment remains. If the 
patient survives the acute events long enough to enter the chronic stage, there is usually a gradual 
improvement in lung function over weeks to months. The risk of mortality at this stage is more 
often related to nonpulmonary causes.

Histologic examination of pulmonary tissue supports the differentiation of ARDS into acute 
and chronic stages. In the early stages, termed the exudative phase, alveolar type I epithelial cells 
are focally destroyed, and endothelial cells may appear swollen. Neutrophils clog the capillar-
ies and extravasate into the interstitium. Interstitial edema is found, with cuffs of more intense 
edema around bronchioles and vessels. The alveoli are filled with proteinaceous exudate contain-
ing red blood cells, neutrophils, macrophages, and cell fragments. Increased numbers of cells 
are recovered in bronchoalveolar lavage fluid. Polymorphonuclear neutrophil leukocytes, which 
normally make up less than 2% of recovered cells, predominate in the lavage fluid of ARDS. 

Timing Within 1 wk of a known clinical insult or new or worsening respiratory symp-
toms

Chest imaginga Bilateral opacities—not fully explained by effusions, lobar/lung collapse, or 
nodules

Origin of edema Respiratory failure not fully explained by cardiac failure or fluid overload

Need objective assessment (e.g., echocardiography) to exclude hydrostatic 
edema if no risk factor present

Oxygenationb

Mild 200 mmHg , Pao2/Fio2 # 300 mmHg with PEEP or CPAP $ 5 cm H2O
c

Moderate 100 mmHg , Pao2/Fio2 # 200 mmHg with PEEP $ 5 cm H2O

Severe Pao2/Fio2 # 100 mmHg with PEEP $ 5 cm H2O

Abbreviations: CPAP, continuous positive airway pressure; Fio2, fraction of inspired oxygen; Pao2, partial 
pressure of arterial oxygen; PEEP, positive end-expiratory pressure.
aChest radiograph or computed tomography scan.
bIf altitude is higher than 1,000 m, the correction factor should be calculated as follows: (Pao2/Fio2 * 
 [barometric pressure/760]).
cThis may be delivered noninvasively in the mild ARDS group. Adapted from The ARDS Definition Task Force. 
Acute respiratory distress syndrome: the Berlin definition. JAMA. 2012;307(23):2526–2533.

TABLE 67-2  The “Berlin” Definition of Acute Respiratory Distress Syndrome
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A more chronic stage of ALI, termed the fibroproliferative phase, is apparent after 1 to 2 weeks. 
Plasma cells, histiocytes, and lymphocytes are seen in the interstitium and are accompanied by 
proliferation of pericytes and fibroblasts. Intravascular microthrombi are common. Cuboidal 
epithelial cells cover the surfaces of alveoli and alveolar ducts, and the acinar architecture of the 
lung is progressively replaced by thick bands of fibrotic tissue.

MANAGEMENT
Initial management of the patient with ARDS focuses on supporting the patient while iden-
tifying and treating potentially reversible processes that may exacerbate or mimic ARDS. An 
aggressive diagnostic approach is warranted in the patient with known or suspected immuno-
compromise. In particular, bronchoscopy with lavage and brushings may be useful to deter-
mine the presence of Pneumocystis carinii pneumonia for patients suspected of having AIDS. 
Transbronchial biopsy may be considered, but it should be used with caution in light of the risk 
of complications during mechanical ventilation. Open-lung biopsy may be helpful for those 
patients in whom no specific diagnosis can be made with less invasive techniques.

Oxygenation of the arterial blood and delivery of oxygen to peripheral tissues are the primary 
goals of supportive therapy in ARDS. These goals must be balanced with the equally important 
goal of limiting further lung injury from ventilatory support. Initially, supplemental oxygen 
via facemask or nasal cannula may be adequate. However, tracheal intubation and positive-
pressure ventilation are usually needed and should be instituted as soon as it is apparent that an 
acceptable Pao2 cannot be maintained with supplemental oxygen alone. The optimal method 
of supplying ventilatory support remains controversial. However, the National Institutes of 
Health-sponsored ARDS net trial of low-stretch ventilation (low tidal volume) compared with 
high-stretch ventilation (high tidal volume) demonstrated marked reduction in ARDS mortality 
when the low-stretch, “lung-protective” strategy was followed. In this study, patients ventilated 
with 6 mL/kg tidal volumes had a 30% mortality compared to the 40% mortality experienced 
by patients subjected to “standard” 12 mL/kg tidal volume ventilation. Although this study used 
a volume-controlled method of mechanical ventilation, end-inspiratory plateau pressures were 
limited to 25 and 45 cm H2O in the low- and high-stretch arms, respectively. It is likely that 
other ventilatory strategies that limit end-inspiratory pressure to a similar level of 25 cm H2O 
(such as pressure-cycled ventilation) would be equally successful.

Ventilation strategies that achieve low tidal volumes often result in hypoventilation with 
resulting increases in Pco2 and falls in arterial pH. It is generally accepted that it is safe to allow 
the pH to fall to 7.20 during mechanical ventilation, and this strategy of “permissive hypercap-
nia” is typically well tolerated. Sedation is frequently needed to optimize patient comfort during 
this technique.

PEEP at levels from 10 to 15 cm H2O should be applied when volume-limited positive-
pressure ventilation cannot maintain a Pao2 greater than 55 to 60 mmHg using an Fio2 of 0.6 
or less. The physiologic effects of PEEP are thought to result from (1) redistribution of capillary 
blood flow, resulting in improved ventilation–perfusion matching, and (2) the recruitment of 
previously collapsed alveoli and prevention of their collapse during exhalation. The net effect of 
these changes is an improvement in Pao2, which then allows a reduction in Fio2. The improve-
ment in lung function due to PEEP may require 30 to 60 minutes to become apparent, but is 
lost more rapidly if PEEP is removed. PEEP also may have significant deleterious consequences. 
As end-expiratory pressure is increased, mean thoracic pressure may also increase, compromising 
venous return. In addition, PEEP may directly impact cardiac function by restricting the fill-
ing of the atria or ventricles during diastole. On the plus side, the application of PEEP appears 
to limit alveolar excursion during positive-pressure ventilation and protects from ventilation-
associated lung injury in animal models. Although PEEP is essential for the support of patients 
at nontoxic Fio2, early “prophylactic” PEEP is ineffective in preventing ARDS.

It is vital to recognize the deleterious effects of ventilatory support techniques and bal-
ance them against their benefits. Improvements in Pao2 brought about by the incremental 
application of PEEP must be weighed against any decrement in cardiac output that may in fact 
decrease oxygen delivery. To achieve this balance, it may be helpful to monitor the variables 
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that determine cardiac function (pulmonary artery and pulmonary artery wedge pressures), 
as well as those that measure total arterial oxygen delivery (arterial oxygen saturation, hemo-
globin, and cardiac output). Measurements of the mixed venous oxygen tension (Pvo2) and 
the difference between arterial and mixed venous oxygen contents (C[a-v]o2) may be useful 
to monitor as well. The optimum level of PEEP is usually the lowest level, allowing a Pao2 
between 55 and 60 mmHg with an acceptable cardiac output. Further increases of PEEP may 
improve Pao2, but may significantly increase the risk of barotraumatic injury and impaired 
cardiac function.

Alternative methods of ventilatory support have been explored with only limited success. 
High-frequency jet ventilation and high-frequency oscillation coupled with positive-pressure 
ventilation may improve gas exchange in certain patients. Similarly, the use of pressure-cycled 
inverse ratio ventilation (i.e., inspiratory time greater than expiratory time) may occasionally 
provide benefit, as may ventilation of patients in the prone position or using airway pressure-
release ventilation. Application of extracorporeal bypass with membrane oxygenation or extra-
corporeal carbon dioxide removal through a venovenous bypass circuit may preserve function 
in selected patients where other approaches fail. Although each of these approaches have their 
adherents and have pathophysiologic rationale, none have had efficacy demonstrated in a robust 
controlled clinical trial. Inhalation of nitric oxide improves Pao2 acutely, but has similarly not 
had a measurable impact on survival in a number of well-controlled trials.

Ongoing management of the patient with ARDS requires meticulous attention to detail 
and careful surveillance for possible complications. As for any critically ill patient, appropriate 
early attention must be paid both to nutritional support and to prevention of venous thrombo-
sis. For patients with severely compromised lung function, sedation and muscle paralysis may 
be required to prevent struggling against the ventilator and increased oxygen utilization. Any 
sudden deterioration in hemodynamic status, increase in peak airway pressure, or drop in Pao2 
should suggest the possibility of a tension pneumothorax and prompt immediate action. Daily 
chest films and frequent examination of the chest for asymmetric breath sounds should be per-
formed to survey for slowly developing air leaks.

In selected patients, pharmacologic agents (e.g., inotropic agents, vasodilators, or both) may 
be useful if cardiac output cannot be preserved with acceptable low left-ventricular filling pres-
sures. Optimization of cardiac function as a physiologic goal, however, is another topic of ongo-
ing debate, since it may conflict with other therapeutic strategies. For example, maximizing 
filling pressures to prevent a drop in cardiac output with PEEP conflicts with the strategy of 
reducing filling pressures to decrease the leak of fluid across the alveolar–capillary membrane. 
In general, strategies that aim toward reducing lung edema by limiting filling pressures appear 
more successful, although each situation warrants an individual decision. There does not appear 
to be any survival advantage conferred by elevating cardiac output and tissue oxygen delivery to 
supranormal levels.

Low tidal ventilation, the management strategy that has the greatest demonstrated effec-
tiveness, remains inconsistently implemented even in otherwise high-performing intensive care 
units. The reasons for poor adherence are multifactorial. However, despite barriers to imple-
mentation, accumulated data to date suggest that implementation of lung-protective ventilation 
should become a part of routine critical care practice.

Specific therapy for ARDS is not yet available. Attempts to block elements of the inflamma-
tory cascade (e.g., cyclooxygenase inhibitors or protease inhibitors) or attempts to manipulate 
cytokine cascades (e.g., anti–tumor necrosis factor or IL-1 receptor antagonists) have been unsuc-
cessful clinically. Similarly, despite encouraging results in animal models, instillation of surfactant 
products into the airways early in ARDS has not shown benefit. Manipulation of dietary lipids 
or administration of glutathione precursors may be useful as part of the support of patients with 
lung injury.

Corticosteroid therapy in ARDS remains controversial. Earlier studies demonstrated that 
high-dose corticosteroid therapy did not prevent the development of ARDS or alter its even-
tual outcome. More recent studies suggested that moderate-dose corticosteroid therapy (0.5 to  
2.5 mg/kg/day of methylprednisolone or its equivalent) administered during the early fibrop-
roliferative phase of ARDS reduces mortality and increases ventilator-free days. Unfortunately, 
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the methodologies used in the different studies varied substantially and the strength of the 
conclusions has been debated. However, those studies did demonstrate that moderate doses of 
corticosteroids have an acceptable side-effect profile. Given the high mortality that continues 
to be demonstrated in ARDS, the use of moderate doses of corticosteroids at day 5 to 10 of 
unresolving ARDS may be warranted on an individualized basis. If so, the steroids are typically 
used for no more than 7 to 10 days and tapered over that time. There is little evidence to support 
prolonged corticosteroid therapy or therapy in later-stage disease.

PROGNOSIS
The mortality of patients who develop moderate or severe ARDS remains distressingly high 
(~30%–40%), although estimate is an improvement over the 90% mortality reported in the ini-
tial studies of ARDS. Mortality appears to be age-related: the rates are 24% in those aged 15 to 
19 but 60% in those 85 years and older. In general, mortality in ARDS correlates more with the 
presence of multiple organ failure and with other coexisting or preexisting disease than with the 
severity of pulmonary impairment. The long-term outlook for survivors of ARDS is relatively 
good in spite of the severe physiologic impairment and pathologic changes present during and 
immediately following hospitalization. Lung volumes and compliance often return to predicted 
levels within 6 to 18 months, and there is often only minimal impairment in exercise capacity 
compared to premorbid levels. Dyspnea persisting months after recovery should prompt a search 
for causes other than residual fibrosis from ARDS (e.g., tracheal stenosis). Unfortunately, how-
ever, patients with the most severe derangement of function during their acute illness are more 
likely to have persistent derangement of pulmonary function and have a persistent decrease in 
health-related quality of life.
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68 Thromboembolic 
Disease: Epidemiology, 
Natural History, and 
Diagnosis
Timothy A. Morris

Venous thromboembolism (VTE) can be entirely preventable or treatable. Yet, it is a persistent 
and prevalent cause of significant morbidity and mortality in the United States and is respon-
sible for an estimated 50,000 deaths and 500,000 nonfatal episodes each year. Despite impor-
tant diagnostic and therapeutic developments, medical science is only scratching the surface at 
understanding VTE, and clinical strategies have only partially impacted disability and death 
following VTE.

Venous thromboembolism, by definition, originates in systemic venous thrombosis, and is 
pathologically distinct from arterial thrombosis. Conditions that favor thrombosis fall into three 
categories (as predicted by Virchow over a century ago): (1) venous stasis, (2) injury to the venous 
intima, and (3) alterations in the coagulation–fibrinolytic system. The potential role of all three 
factors has been demonstrated in a variety of situations. Venous stasis occurs during bed rest and 
is associated with deep venous thrombosis (DVT); using intermittent compression stockings to 
restore venous flow reduces the risk for DVT. Injury to the venous wall is the most likely mecha-
nism of the large number of lower extremity DVTs observed in proximity to sites of trauma and 
major orthopedic surgery. Coagulation abnormalities that occur alone or in concert with other 
conditions can promote clinical venous thrombosis. For example, there is an increased risk for 
VTE associated with mutations in factor V (factor VLieden) and in the untranslated region of the 
gene encoding prothrombin (although the procoagulant mechanism of the later mutation is still 
under investigation). Other less prevalent, but probably more potent, “thrombophilias” include 
deficiencies of antithrombin III, protein C, and protein S; aberrations in the thrombolytic system; 
and the presence of the doubly misnamed “lupus anticoagulant.” Clinical conditions that involve 
combinations of these fundamental risk factors are associated with a higher risk of thrombosis.

Many large studies have identified the major risk factors for DVT of the lower extremities. 
These include: (1) surgery involving general anesthesia for more than 30 minutes, (2) injury 
or surgery involving the lower extremities or pelvis, (3) congestive heart failure, (4) prolonged 
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immobility from any cause, and (5) pregnancy, particularly during the postpartum period. 
Other conditions that increase risk are cancer, obesity, advancing age, varicose veins, a prior 
episode of DVT, use of estrogen-containing compounds, and dehydration. Predictably, these 
risk factors are cumulative.

The deep veins of the lower extremities are the dominant source of clinically significant pul-
monary emboli—an important epidemiologic, diagnostic, and therapeutic consideration. Less 
commonly, thrombi can arise in superficial veins or in prostatic, uterine, renal, and other veins. 
They also can occur in the right cardiac chambers in patients with right ventricular failure. How-
ever, more than 95% of clinically significant pulmonary emboli arise from DVT in the lower 
extremities (whether or not such DVT is clinically detectable).

The events initiating venous thrombosis are not fully understood. The valves of the lower 
extremity veins, especially in the calves, are common sites for the initial event. The development 
of a small nidus leads to the elaboration of clot-potentiating materials that trigger prolongation 
of the thrombus with red blood cells (RBCs), fibrin and, to a lesser degree, platelets. Once 
formed, the thrombus grows by accumulating additional RBC, fibrin, and platelet “layers,” seen 
pathologically as the lines of Zahn.

Even as thrombosis is occurring, the process of resolution is beginning. The thrombi resolve 
by one or both of two mechanisms: fibrinolysis and organization. Fibrinolysis refers to actual 
dissolution of the thrombus by plasma enzymes. It is a relatively rapid process, proceeding over 
a period of hours to several days. If fibrinolysis is not totally successful, organization finishes the 
job of resolution. Reparative cells infiltrate the residual thrombus and replace the “thrombotic 
components” with connective tissue. The fibrotic residuum is then incorporated into the venous 
wall and re-endothelialized. Organization usually thickens the venous wall, which may provide 
loci for further thrombus formation. The thickening may also incorporate one or more venous 
valves, rendering them incompetent. Whatever the fate of a given thrombus, available data indi-
cate that the sequence of resolution is complete within 7 to 10 days. By that time, the initial 
thrombus is gone or has been incorporated into the venous wall. In the latter case, the pathology 
is more accurately termed a venous scar than an old clot.

At any time during the process of resolution, pulmonary embolism (PE) can occur. It is 
important to recognize that embolism is not a new disorder; it is a serious complication of DVT. 
Because thrombi are most friable early in their development, embolic risk is highest during the 
first few days after thrombus formation. Thereafter, dissolution or organization sharply limits 
embolic risk (as long as no new thrombotic material has been laid down in the interval).

When emboli arise and lodge in one or more pulmonary arteries, hemodynamic and respira-
tory consequences occur. The hemodynamic consequences include a decrease in the available 
cross-sectional area of the pulmonary arterial system through both mechanical obstruction and 
release of vasoconstrictive thrombus metabolites directly into the vascular bed. The pulmonary 
vascular resistance rises, causing an increased pulmonary arterial pressure, and therefore an 
increased right ventricular workload. If these consequences are severe, the right ventricle may 
not tolerate the workload and the cardiac output will fall. Respiratory consequences include: (1) 
altered ventilation–perfusion relationships, which (combined with a fall in cardiac output and 
resulting lowered venous oxygen concentration) may lead to arterial hypoxemia, (2) develop-
ment of one or more zones of alveolar dead space (zones that are ventilated but not perfused), (3) 
transient pneumoconstriction of these same zones, (4) hyperventilation (the reasons for which 
are debated), and (5) loss of surfactant in the underperfused zones. The first four events occur 
immediately; the fifth requires approximately 24 hours of total occlusion before alveolar sur-
factant is depleted. The two major consequences of surfactant depletion are atelectasis and an 
increase in permeability of the alveolar–capillary membrane, causing further problems with gas 
exchange.

Pulmonary infarction is a rare consequence of embolism; fewer than 10% of emboli lead to 
infarction. Therefore, embolism is by no means synonymous with infarction.

An important clinical question concerns the hemodynamic deterioration observed in some 
patients with PE in the first few days after embolization. Although PE can be immediately fatal, 
a large number of patients who eventually succumb, do so one or more days after presentation. 
It stands to reason that these “late fatalities” are caused by either progressively deteriorating 
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myocardial fatigue (right ventricular infarction or other myocyte injury) or by increases in work-
load because of factors such as recurrent emboli, embolus propagation, or further release of 
vasoactive mediators from the embolus.

The phenomenon of embolic fragments entrapped in the right atrium and ventricle has been 
recognized in experimental embolism for some time; as cardiac echocardiography is more exten-
sively utilized, this phenomenon has become more widely recognized in human disease as well. 
The clinical significance of these sessile cardiac thrombi has not been studied in a controlled 
fashion. However, it is likely that these thrombi may embolize; therefore, larger cardiac thrombi 
may warrant emergent surgical removal, especially in the presence of preexisting hemodynamic 
compromise.

Beyond these acute events, emboli (like venous thrombi) tend to resolve if prevented from 
propagating by anticoagulants. Precise data on the speed of resolution in humans are not avail-
able. The earliest reported time of total embolic resolution is about 2 days; most resolve sub-
stantially or completely within a few weeks. A very small number fail to dissolve, for unknown 
reasons, and form permanent vascular scars within the pulmonary arteries, causing chronic 
thromboembolic pulmonary hypertension (see Chapter 67).

Signs and symptoms of DVT are inconsistent and are essentially manifestations of its two 
consequences: inflammation of the venous wall and venous obstruction. The former may lead 
to local pain, tenderness (tenderness along the vessel wall is particularly suggestive), redness, and 
warmth; the latter may lead to edema in the leg zones drained by the vein(s) involved. Unfor-
tunately, studies have demonstrated that fewer than half of patients with DVT have signs or 
symptoms at all and few have sufficient inflammation or edema to allow a clinical diagnosis to be 
made. Therefore, reliable and early detection requires that laboratory tests be used to supplement 
history and physical examination.

Three well-validated diagnostic procedures are generally available to diagnose and follow the 
course of DVT: compression ultrasound, impedance plethysmography, and contrast venogra-
phy. Radiolabeled fibrinogen, a previously invaluable investigative tool for detecting thrombus 
presence and propagation, is no longer available. Other tests such as serologic markers of throm-
bosis/thrombolysis, magnetic resonance imaging (MRI) and, radiolabeled thrombus-specific 
agents are under development, but have not been completely validated for clinical use.

Compression ultrasonography involves the use of ultrasound visualization and Doppler 
analysis to distinguish between solid (thrombus) and fluid (blood) contents of the proximal deep 
veins of the leg. Failure to compress visualized veins suggests that at least part of the lumen is filled 
with solid material and is the only reliable criterion for DVT diagnosis. Findings such as “echo-
genic densities” or Doppler blood flow velocity measurements have not proved reliable in clinical 
studies and should not be used to make the diagnosis. The technique is not reliable in detect-
ing thrombi limited to the calf or iliac veins. In addition, the vessel wall thickening from prior 
DVTs causes wall thickening in nearly half of the cases, which can cause non-compressibility 
on  ultrasound. Even the most rigorously controlled clinical trials, using complex algorithms to 
compare old and new studies side by side, distinguished new thrombi from old scars only with 
great difficulty. In its current state, compression ultrasonography should not be used to diagnose 
recurrent DVT at the site of prior thrombosis.

Impedance plethysmography (IPG), which measures the rate of venous drainage from the 
leg, is positive when there is substantial obstruction to venous outflow at any point from the 
popliteal vein to the inferior vena cava. It is sensitive to above-the-knee thrombi, especially 
when unilaterally positive. The test has been well-validated in clinical studies and is a relatively 
inexpensive, standardized method to detect DVT. A great deal of work has been performed com-
paring the accuracy of IPG to that of compression ultrasound. As a group, these studies show 
compression ultrasound to be more accurate, although it is more expensive and highly operator-
dependent. Unlike ultrasound, IPG has the benefit of returning to normal within weeks of an 
acute DVT, making it useful for diagnosing DVT recurrence. It should be noted that neither 
of these noninvasive tests reliably detects calf thrombi or asymptomatic proximal vein thrombi.

Contrast venography is an invasive test in which radiopaque contrast is injected into the leg 
veins, yielding a very complete image of leg DVTs on radiographs, even in the calves. However, 
it has substantial drawbacks, including expense and discomfort. At the present time, contrast 
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venography is usually reserved for special situations, such as patients suspected of having recur-
rent DVT, those with equivocal results on IPG or ultrasound testing, or in whom those tests 
cannot be done (e.g., those with extensive lower extremity trauma or casts).

Among the promising newer techniques for DVT diagnosis are serologic tests of thrombosis 
(fibrinopeptide A and B, prothrombin fragment F1.2, thrombin–antithrombin complexes, and 
soluble fibrin monomer) and/or thrombolysis (d-dimer). A potential advantage of these blood 
tests is that their results may correlate with the presence of both DVT and PE. The d-dimer assay 
is the only one that has been extensively evaluated clinically; however, it suffers from two draw-
backs. The first is practical; only carefully performed, precise methods to measure d-dimers can 
distinguish normal controls from VTE patients, who may have only modestly elevated plasma 
levels. Furthermore, even when d-dimers are measured using sophisticated enzyme-linked 
immunoassays, the plasma elevations are so common in medical illnesses that relatively few 
hospitalized patients have normal values for this assay.

MRI has been explored as a diagnostic tool for DVT. The results of initial studies performed 
by investigators at specialized centers have been encouraging and suggest that the technique can 
be used to diagnose DVT and PE, and perhaps even distinguish new DVTs from old venous 
scars. These reports, however, are preliminary and must be interpreted with caution. Large trials 
comparing MRI results to standard venography have not been performed. Outcome studies have 
not verified the safety of managing patients based on MRI results. Another consideration is that 
the interpretative performance of the expert readers who are pioneering this new technology may 
not be easily matched in general practice.

Radiolabeled thrombus-specific agents, such as antibodies targeted at components of fibrin 
and platelets, are under investigation. When these agents are systemically injected, they bind 
to acute thrombi and localize them as “hot spots” on nuclear medicine scans. Like MRI, these 
scans have the potential for diagnosing both PE and DVT simultaneously. Furthermore, because 
they are specific for the biochemical components of acute thrombi, they do not bind to venous 
scars and may distinguish them from recurrent DVTs. Finally, agents specific for propagating 
thrombi may foster unique insights about the ability of different anticoagulant drugs to “extin-
guish” active clotting.

As is true for DVT, clinical data are not sufficient to confirm or exclude the diagnosis of PE. 
This fact notwithstanding, the recognition of signs and symptoms suggestive of PE is the single 
most important factor in preventing death from this disease. This point is highlighted by the 
rather chilling observation that, in the vast majority of patients who die with PE, the condition 
was not diagnosed or even suspected ante mortem. Furthermore, although few patients who suc-
cumb to pulmonary emboli manifest all of the “textbook” clinical clues, almost all manifested at 
least one of them. The clinical impact of sophisticated diagnostic technology in reducing fatality 
from PE pales in comparison to the role of the astute clinician who maintains a low threshold 
for suspicion.

Signs and symptoms (even nonspecific ones) unexplained by other pathologies should raise 
the possibility of PE and trigger a workup. Dyspnea of sudden onset is a nonspecific, but com-
mon symptom. Pleuritic chest pain and hemoptysis, which indicate infarction, occur in a minor-
ity of patients. Other individual symptoms, such as syncope and substernal chest pain, are even 
less common and suggest myocardial damage or strain. In addition, specific physical findings are 
usually few. Tachycardia of variable duration is also nonspecific, but observed in the majority of 
patients. Other cardiac findings (e.g., increased pulmonic valve closure sound, right ventricular 
S3, right ventricular tap) can be subtle and typically occur only in the (fortunately) rare cases of 
massive embolism. Examination of the lungs rarely discloses a pleural friction rub or evidence 
of pleural effusion (because these require infarction). Scattered rales or focal wheezing may be 
heard but are hardly diagnostic.

Clinical clues are crucial for suggesting the diagnosis of PE, but as is true for DVT, objective 
testing is necessary to confirm or exclude it. Unfortunately, “routine” tests cannot offer such 
confirmation. The arterial Po2 is variable and a low value is commonly observed in other respira-
tory disorders. The chest x-ray is most often either normal or discloses nonspecific findings such 
as small pleural effusions. The ECG commonly shows only sinus tachycardia. Although such 
tests may be highly suggestive and are useful in ruling out other diagnoses (e.g., pneumothorax, 
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myocardial infarction), a definitive diagnosis can be arrived at only through a limited number 
of specific tests.

The currently available diagnostic techniques include: (1) ventilation and perfusion scinti-
photography, (2) computer-assisted tomography (computed tomographic [CT] scanning and 
MRI) and DVT studies, and (3) pulmonary angiography. All have potential roles in the workup 
of a potential PE. Each test has, in turn, been declared the “optimal study”; however, they all 
have specific values and limitations. It is better to individualize the choice and interpretation of 
these complimentary imaging studies to the particular clinical situation. Unfortunately, blood 
tests are not yet capable of diagnosing PE in clinical practice.

The pulmonary perfusion scan is highly sensitive, but nonspecific and is recommended as 
the first test for most patients suspected of PE. A negative scan is invaluable because it excludes 
the diagnosis as reliably as a pulmonary angiogram; however, a positive scan may be caused by 
many disorders other than embolism. Combining perfusion lung scans with ventilation scans 
and/or chest x-rays enhances the specificity of the procedure. There is some evidence to suggest 
that the accuracy of scintigraphic ventilation/perfusion (V/Q) scans can be enhanced when the 
patients are scanned with single photon emission computerized tomography (SPECT), rather 
than with planar scans. Embolism can also be diagnosed when there are segmental or larger 
perfusion defects in the presence of a clear chest x-ray (indicating normally ventilated lungs). 
Defects anatomically “matched” by radiographic opacities or ventilation defects should be 
regarded as nondiagnostic and should prompt further workup. Smaller perfusion defects occur 
less commonly with PE, but these scan findings, regardless of ventilation results, should be 
regarded as nondiagnostic.

Cross-sectional tomographic imaging of the thorax with CT or, less commonly, MRI, is a 
popular diagnostic tool for PE. Both CT and MRI use intravascular contrast to fill the lumen 
of the pulmonary arteries. (Unfortunately, the initial optimism that non-contrast MR imaging 
would distinguish thromboemboli based on their specific signal characteristics did not come 
to fruition.) Currently, CT scanning has the advantages over MRI of higher special resolu-
tion, wider availability, and larger clinical series demonstrating its value. Both technologies are 
constantly advancing and the diagnostic value of each test is likely to improve. In both types of 
scans, emboli are detected as focal defects in pulmonary artery filling.

There is a great deal of evidence that CT, when performed and interpreted correctly, is 
capable of identifying emboli in the segmental or larger pulmonary arteries. However, certain 
areas, such as the hila, are prone to false positives. Reading emboli in these areas should be 
done with special care. Perhaps more importantly, CT scans have variable accuracy in imaging 
emboli in subsegmental pulmonary arteries. There are insufficient data to support the notion 
that thromboembolic disease invisible to thoracic tomography does not require treatment. At the 
present time, a negative thoracic CT scan I (or MRI) does not necessarily indicate that emboli 
are absent. In some cases, such as where severely limited cardiopulmonary reserve may make 
undetected emboli (or recurrent emboli) particularly dangerous, nondiagnostic CT scans should 
be followed up with further testing.

If the diagnosis of PE is in doubt after noninvasive testing, searching for DVT is a sensible 
strategy. Because the two diagnoses are manifestations of the same disease, the treatments are 
largely the same. The yield of noninvasive testing for DVT is low (,10%) in PE suspects with-
out leg symptoms. However, the potential benefits of making the diagnosis without further 
thoracic imaging justifies the performance of noninvasive leg testing, even in patients without 
leg symptoms.

If other tests fail to confirm or refute the suspicion of PE, angiography may be indicated. 
Although it is used less commonly, pulmonary angiography is a valuable tool because it can dem-
onstrate the embolus itself, even in subsegmental pulmonary arteries. The procedure is invasive, 
but can be performed with little risk in most situations, if special care is exercised. The most 
common serious complications arise from the use of contrast dye: the same amount of contrast 
dye used for helical CT scanning. The decision to perform angiography in patients with equivo-
cal results from noninvasive studies must be based on the specific clinical situation.

New procedures to diagnose PE are generally the same as those discussed for DVT, includ-
ing the use of radiolabeled monoclonal antibodies directed against other thromboembolic 
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components and MRI. These agents are still under investigation and their diagnostic value 
remains to be defined.

Regardless of the imaging techniques employed, there are circumstances when the clinician 
must make the decision to withhold treatment or to treat on the basis of nondiagnostic test 
results, or to continue the work-up. The decision should be guided by careful consideration of 
the consequences of an incorrect choice: unnecessary long-term anticoagulation or, conversely, 
complications of untreated thromboembolism. The fundamental rule is that the greater the risk 
involved in making a therapeutic decision, the higher the degree of diagnostic certainty required.
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The most effective means to reduce the morbidity and mortality from venous thromboembolism 
(VTE) is by preventing the occurrence in the first place. The risk for VTE is especially high in 
patients hospitalized for medical illness with as many as 14.9% of patients having sonographic 
evidence of deep veins thrombosis (DVT) within 2 weeks of admission. When performed prop-
erly, the risks of VTE prophylaxis are small and are outweighed by a reduction in VTE. However, 
the decision regarding whether to offer pharmacologic prophylaxis must be made on a patient-
to-patient basis, weighing the individualized risks of both bleeding and thrombosis. When the 
benefits favor provision of pharmacologic prophylaxis, the physician has several options and can 
be guided by costs and ease of reversibility.

RISK ASSESSMENT
The risk for hospital-acquired VTE varies among patients; several risk assessment models exist 
to help identify those at highest risk. While none of these risk assessment models have been 
prospectively validated, there are several important known factors that increase the risk of VTE: 
increasing age, active malignancy, and prior VTE are almost universally included in available risk 
assessment models. Also, the patient’s mobility and predicted length of stay should be taken into 
account. For example, prophylaxis should be seriously considered for patients over 40 years of 
age who are admitted with expected periods of bed rest or immobilization for greater than 3 days.  
All patients admitted to the intensive care unit (ICU) are at high risk for VTE and more aggres-
sive prophylaxis should be considered in this group.

The risk of bleeding must also be considered in the decision to provide thromboprophy-
laxis. Unfortunately, there are few data to guide this assessment directly. Only one risk model, 
developed using the IMPROVE registry but never externally validated, has been published. 
While some of the factors that increase bleeding risk are obvious, such as active gastroduode-
nal ulcer, hepatic failure, or thrombocytopenia, many of the same risk factors that predispose 
to thrombosis also predispose to bleeding. These include increasing age, ICU admission, and 
active cancer.

Ultimately, the risk factors for both thrombosis and bleeding are cumulative and the total 
clinical picture should determine whether prophylaxis is used and the aggressiveness of the meth-
ods to be employed. Patients who are deemed to be at high risk of developing VTE and low risk 
for bleeding, such as those undergoing extensive lower extremity orthopedic surgeries, require 
aggressive mechanical as well as moderate-dose anticoagulant prophylaxis. Patients at low risk 
of VTE (e.g., young patients admitted for short stays and who are not immobilized) may not 
require either mechanical or pharmacologic prophylaxis. In between these two groups lies a spec-
trum of patients in whom the proper course of action is less clear. The clinician’s best judgment 
and the patient’s personal preferences must be employed to guide this decision.

NATURAL HISTORY OF VTE
Strategies to prevent VTE should address the mechanisms by which venous thrombi are formed 
and progress to clinically significant disease. The basic science underlying the pathogenesis and 
natural history of VTE is only partially understood, a fact that is reflected in our inability to 
completely prevent this disease. Hospitalization appears to affect all three aspects of Virchow 
Triad: stasis due to immobility, endothelial injury related to the reason for hospitalization, and 
hypercoagulability related to comorbid conditions such as cancer. In addition, clinical studies to 
evaluate prophylactic methods suffer from an incomplete understanding of how best to define 
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and detect “clinically significant VTE.” Nevertheless, the prophylactic methods developed and 
validated have had a tremendous impact on the incidence of this disease.

When considering prophylaxis, DVT and pulmonary embolism (PE) should be considered 
as different manifestations of VTE, rather than as separate disorders. The vast majority (.95%) 
of clinically significant pulmonary emboli arise from deep veins of the lower extremities. Thus 
the prevention of PE, for the most part, is really the prevention of lower extremity DVT.

Substantial data suggest that only lower extremity DVTs extending into the proximal deep 
veins (popliteal and above) cause clinically apparent emboli; thrombi that remain confined to 
calf veins pose no significant embolic risk. It is not known whether this observation reflects the 
fact that thrombi restricted to the calf veins do not embolize or that such emboli are so small 
that clinical disease does not result, although the latter is more likely. Whatever the case, it is 
now evident that the key to preventing PE is the prevention of lower extremity DVT or, failing 
this, prevention of the extension of calf vein thrombosis into the more proximal venous system.

PHARMACOLOGIC PROPHYLAXIS
The weight of available evidence favors providing some form of pharmacologic prophylaxis in 
the vast majority of hospitalized medical patients. With anticoagulation, the risk of both DVT 
and nonfatal PE are reduced by about half. Several anticoagulation options have been validated 
in prospective randomized clinical trials for the prevention of VTE in hospitalized medical pa-
tients. These options range from the inexpensive yet effective unfractionated heparin (UFH) to 
the comparably effective yet tremendously expensive rivaroxaban. The decision as to which of 
the myriad of available options to provide may be influenced by cost, the local formulary, and 
ease of reversibility.

Of all the available options, subcutaneous UFH has been studied the most widely and has the 
most clinical experience behind it. Doses of 5,000 to 7,500 U subcutaneously every 8 to 12 hours 
have proved safe and effective in preventing VTE in most populations. Direct comparisons have 
not demonstrated any significant difference in VTE prevention or bleeding between t.i.d. and 
b.i.d. dosing. Substantial experience suggests that bleeding risk is low with this regimen, even in 
surgical populations. The major advantages of UFH are that the dose is unaffected by renal func-
tion and it can easily be reversed in cases of unanticipated bleeding.

Low-molecular-weight heparins (LMWHs), a heterogeneous group of drugs derived by par-
tial depolymerization of heparin, present another option for prophylaxis. The two LMWHs in 
most widespread use in the United States are enoxaparin and dalteparin. Like UFH, both of 
these LMWHs are administered subcutaneously for DVT prophylaxis. They possess certain the-
oretical advantages over UFH, such as a reduced incidence of laboratory demonstrated heparin-
induced thrombocytopenia (HIT) during routine use. Two large meta-analyses compared UFH 
to LMWH for VTE prevention and demonstrated no significant difference in VTE prevention 
between the two; however, one analysis did show a small reduction in bleeding complications 
with LMWH. A recent, large randomized controlled trial in critically ill patients in Australia 
failed to show any differences between dalteparin and UFH in terms of both VTE prevention 
and bleeding complications, although there was a trend toward less HIT with dalteparin. The 
typical dose of dalteparin is 5,000 IU subcutaneously daily, while enoxaparin can be adminis-
tered subcutaneously, dosed either 30 mg twice daily or 40 mg daily. One distinct difference 
between UFH and LMWH is that caution must be taken when using LMWH in patients with 
renal failure; a lower dose of enoxaparin, 30 mg/day, should be used if the GFR is less than 
30 mL/minute.

Fondaparinux is the first entirely synthetic anticoagulant whose structure is based on the 
active site of heparin and LMWH. The mechanism of action is similar to heparin-based anti-
coagulants. The data for fondaparinux for VTE prophylaxis in medical patients are based on 
comparisons with placebo only. Clinical trials have not been reported comparing fondaparinux’s 
safety and efficacy to UFH or LMWHs in a wide range of clinical situations. After orthopedic 
and general surgery procedures, it appears that fondaparinux, 2.5 mg administered subcutane-
ously every 24 hours, is comparable to the LMWHs for prophylaxis.

Warfarin is an alternative, effective drug for prophylaxis in high-risk patients such as after 
orthopedic surgery or traumas. Vitamin K antagonists such as warfarin are not recommended 
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for VTE prophylaxis in hospitalized medical patients. For orthopedic surgery, one approach is 
to begin prior to surgery with low doses (1–2 mg/day), then escalate to a therapeutic range after 
surgery. Another is to begin warfarin only after surgery, finally achieving the desired prothrom-
bin range (International Normalized Ratio [INR]: 2.0–3.0) after several days.

Several synthetic oral anticoagulants have recently become available. These include rivar-
oxaban (a specific inhibitor of activated factor X), dabigatran (a direct thrombin inhibitor active 
against both free and clot-bound thrombin) and apixaban (also a specific inhibitor of activated 
factor X). These agents have all shown promise in randomized controlled trials compared against 
enoxaparin in patients undergoing hip or knee surgery. They appear to be at least non-inferior 
to enoxaparin in this specific population of orthopedic patients in terms of prevention of VTE, 
with a small but significant trend toward lower associated bleeding risk. However, there are two 
major disadvantages to the use of these newer medications. First, there are no specific antidotes 
if clinically relevant bleeding develops. This is a major limitation to the utility of these drugs 
for VTE prophylaxis, especially in hospitalized medical patients whose risk of bleeding may be 
more unpredictable than in orthopedic patients. Second, the increased cost of these newer agents 
compared to UFH and the LMWHs for minimal incremental benefit must be considered. Cost-
effectiveness studies may clarify the latter concern.

Among other options, aspirin, dipyridamole, sulfinpyrazone, and other antiplatelet drugs 
have not been shown to be useful for prophylaxis of venous thrombosis. Reports regarding the 
value of intravenous infusion of low-molecular-weight dextran are mixed, placing this polymer 
in the category of “probably effective.” Dextran does carry the potential risk of volume overload 
and allergic reactions.

MECHANICAL PROPHYLAXIS
In patients who are at high risk for VTE, but in whom anticoagulation is contraindicated, there 
are several forms of mechanical prophylaxis that can be considered. These include compression 
stockings, sequential compression devices, and inferior vena cava filter placement. While none 
of these have been proven to be as effective as the pharmacologic agents, they do reduce the risk 
of VTE, specifically PE, without increased risk of bleeding.

Graded compression stockings can be used in all settings to reduce the risk of proximal 
DVT. There are two lengths of stockings available: knee-high and thigh-high. In the CLOTS 
trial, knee-high stockings were compared with thigh-high stockings in patients with stroke. 
There was an increased incidence of proximal DVT in the knee-high stockings compared to 
that in the thigh-high stockings; however, an increase is mild skin breakdown was seen in the 
thigh-high group. For this reason, we favor use of the thigh-high stockings only in patients who 
cannot be anticoagulated and in whom we are able to ensure the stockings are applied properly. 
The nursing staff should be trained in proper application of the stockings and should also assess 
for skin breakdown on a daily basis. The added value of compression stockings in patients 
receiving pharmacologic prophylaxis is unknown and exposes the patient to increased risk of 
skin breakdown.

Intermittent pneumatic compressive devices prevent venous stasis by inflating a cuff for 
several seconds each minute. Some compress the calf alone; others compress the calf and thigh 
sequentially. There seems to be little difference in efficacy between the two. Although it is unclear 
if different pressures and speed of intermittent cuff inflation lead to improved prophylactic effi-
cacy, it is clear that the pattern of rhythmic inflation is helpful. While intermittent compressive 
devices are safe, effective, and well tolerated, the only trials to support the use of these devices are 
in postoperative surgical patients. No comparative clinical trials have established the efficacy of 
intermittent compression devices in hospitalized, medical patients; however, this deficiency in 
the literature alone should not prevent their use in this population, especially in patients unable 
to receive pharmacologic prophylaxis. The only contraindications to their use are the presence 
of active venous thrombosis (which should be ruled out prior to their application if suspected), 
limb ischemia from arterial insufficiency, or the presence of circumstances that prevent their 
application (e.g., a cast in place). The devices should be applied promptly (e.g., preoperatively) 
and maintained during the risk period. This approach has particular value in those patients for 
whom antithrombotic drugs are contraindicated (e.g., neurosurgical, head trauma, and known 
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hemorrhagic diathesis). As with elastic stockings, the added value of compression devices to 
pharmacologic prophylaxis is unknown.

Finally, a small group of patients who are at high risk for VTE but with absolute contraindi-
cations to anticoagulation, such as trauma or hemorrhagic stroke, may benefit from placement 
of an inferior vena caval (IVC) filter. The value of prophylactic IVC filter placement, even in 
these groups, remains extremely controversial and is best considered for each case individually. 
Removable IVC filters for this indication have the advantage that a filter can be withdrawn once 
it is safe to anticoagulate the patient.

CONCLUSION
Several pharmacologic and mechanical methods are available to prevent VTE. The exact pro-
phylactic “recipe” appropriate for each patient depends on the risks associated in the particular 
clinical situation. Many studies have been performed to compare different methods and drug 
regimens in VTE prophylaxis. Although these comparative trials may provide useful clinical 
guidance, they should be interpreted with some care, considering each trial’s sponsorship and 
scientific rigor. For example, the comparator medication should have been dosed optimally (or, 
in the case of mechanical modalities, optimal devices/methods should have been employed). The 
limitations of these studies have been translated to weaker endorsements of specific prophylactic 
regimens in the most recent guidelines for VTE prevention prepared by both the American Col-
lege of Physicians and American College of Chest Physicians.

Regardless of the specific regimen selected, it is clear that prophylaxis should be considered 
carefully for all patients at risk of VTE. The reasons, if any, for withholding prophylaxis should 
be documented and reconsidered periodically. Because prevention of DVT is the best means of 
preventing PE and death due to embolism, and because the vast majority of venous thrombi 
occur in hospitalized patients to whom a prophylactic option easily can be applied, widespread 
use of prophylactic options can considerably reduce the incidence of DVT and PE. Further 
developments in this field hold the promise of safely preventing it even further, perhaps to the 
point of eliminating it entirely.
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Management of venous thromboembolism (VTE) should be guided by the primary goals of 
treatment, namely, to prevent and minimize serious sequelae. These include: (1) death or dys-
pnea, chest pain, and hemodynamic instability from pulmonary emboli (PE); (2) leg discomfort 
from deep vein thrombosis (DVT); and (3) long-term recurrence of VTE or other problems such 
as postphlebitic leg swelling and pulmonary hypertension.

It is important to note that no form of anticoagulation reduces embolic risk or enhances 
thrombus resolution directly. Treated DVT patients remain at embolic risk until the DVT either 
dissolves or organizes; consequently, embolization occurring in the first few days of therapy does 
not reflect “drug failure.” The only evidence of anticoagulation failure is thrombus growth or 
development of a new thrombus during therapy. Furthermore, approximately 50% of patients 
with above-knee acute DVT have already had an asymptomatic PE; thus, it is important not 
to misinterpret the presence of preexisting emboli discovered during the course of treatment as 
evidence of recurrent thromboembolic disease.

A DVT confined to calf veins typically does not require anticoagulant therapy because it is 
associated with a low rate of clinically important sequelae. In contrast, a DVT occurring in the 
proximal veins (i.e., the popliteal, femoral, common femoral, or higher veins) is more danger-
ous and does require treatment. Both compression ultrasound and impedance plethysmography 
(IPG) are convenient, reliable ways to make this distinction, although IPG is used far less fre-
quently. However, 15% to 20% of calf-limited thrombi may propagate into the proximal veins 
within 2 weeks of presentation; thus, serial testing within this timeframe may ensure that a 
proximal DVT is detected and treated promptly.

The goals of anticoagulation in the acute treatment of VTE are to diminish the amount of 
vascular obstruction and prevent embolization. In the case of hemodynamically significant PE, 
inhibiting the release of vasoactive substances into the pulmonary circulation and optimizing 
right ventricular (RV) function is also an important goal of immediate anticoagulation. Antico-
agulation decreases ongoing thrombosis by inactivating a variety of clotting factors, most impor-
tantly thrombin and factor Xa. This inactivation of the coagulation system inhibits thrombus 
growth and allows the fibrinolytic system to proceed unopposed. Anticoagulation, therefore, 
indirectly speeds the resolution of VTEs and reduces the size of potential emboli.

In the acute stage, the milieu within and around the thrombi contains a high concentra-
tion of activated clotting enzymes. In the initial phase of treatment, the enzymes (particularly 
thrombin or activated factor X, also called “Xa”) must be inactivated to halt the self-perpetuating 
thrombotic process on the clot’s surface. Antithrombin (historically called “antithrombin III”) 
irreversibly inactivates these enzymes. Enhancement of antithrombin is the basis for parenteral 
therapy with heparin and heparin-like anticoagulants. The options include intravenous unfrac-
tionated heparin (UFH) as well as subcutaneous UFH, low molecular weight heparin (LMWH), 
and fondaparinux. Although clinical data are relatively sparse, most experts agree that at least 
5 days of parenteral anticoagulation are necessary for the initial phase of treatment.

Clinical trials have failed to demonstrate clear or consistent superiority of any one type 
of anticoagulation. A literature review suggests that UFH, LMWH, and fondaparinux are all 
comparable in their efficacy and safety and any may be used for the acute parenteral phase of 
anticoagulation for acute DVT or PE. The choice between agents depends in large part on the 
relative cost and ease of administration, with the subcutaneous route permitting more mobil-
ity and the possibility of outpatient management. The 9th edition ACCP guidelines for anti-
thrombotic treatment of VTEs recommend LMWH or fondaparinux over intravenous UFH 
and subcutaneous UFH for the parenteral phase of anticoagulation (Grade 2B and Grade 2C 
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recommendations, respectively, apparently influenced by ease of administration). The risk of 
heparin-induced thrombocytopenia is about the same with UFH and the LMWHs. However, 
when subcutaneous absorption is in question or the patient is being considered for thrombolytic 
therapy, the ACCP recommends the use of intravenous UFH.

The key to the parenteral phase of anticoagulation is achieving therapeutic dosing quickly. 
The recommended intravenous UFH regimen is weight-based dosing of intravenous UFH at 
80 units/kg bolus followed by a continuous infusion of 18 units/kg/hour. When compared to less 
aggressive treatment regimens, the weight-based regimen is more effective in terms of mortality 
and recurrence. The individual anticoagulant response to intravenous UFH varies widely, so it 
is useful to monitor intravenous UFH with the activated partial thromboplastin time (aPTT). 
A precise therapeutic range for aPTT has never been established unequivocally, but most experts 
recommend an aPTT during continuous intravenous infusion of heparin of 1.5 to 2.5 times the 
patient’s baseline aPTT. Although the 1.5- to 2.5-times relative range for aPTT can help identify 
gross over- or under-dosage, it is unlikely to precisely define a therapeutic range. The beneficial 
effects observed clinically with the 1.5- to 2.5-times range may reflect the appropriate dose of 
heparin rather than the aPTT test result itself. One clinical implication of this finding is that 
high-dose UFH subcutaneous regimens, with or without aPTT monitoring, are at least as safe 
and effective as intravenous regimens.

LMWH is prepared by the depolymerization of UFH and shares many properties with it. 
Like UFH, all LMWHs also bind antithrombin; however, because of shorter length, they favor 
inactivation of Xa more than thrombin. LMWHs have longer half-lives than UFH. They are 
cleared via the kidneys so should be used cautiously in patients with renal failure. The three 
formulations of LMWH currently approved in the United States are enoxaparin, dalteparin, 
and tinzaparin. Dalteparin is currently only FDA-approved for the treatment of VTE in cancer 
patients. All are given in a fixed, weight-adjusted dose either once or twice daily. Although not 
identical in their pharmacokinetics or anticoagulant properties, no particular LMWH has been 
found to be clinically superior.

Fondaparinux is a synthetic polysaccharide with similar active antithrombin binding sites 
as UFH and LMWH. Because of its small size, it enhances antithrombin-mediated inactivation 
of Xa exclusively. Fondaparinux has almost complete bioavailability with a longer half-life than 
LMWH. It may accumulate to dangerous levels in patients with renal insufficiency because of its 
near-total renal clearance. It is given subcutaneously once daily at a dose of 7.5 mg for patients 
with a body weight of 50 to 100 kg, 5 mg for patients weighing less than 50 kg, and 10 mg for 
patients weighing greater than 100 kg.

Rivaroxaban is a synthetic inhibitor of Xa that can be used in the acute phase of VTE treat-
ment. It differs from the parenteral agents (UFH, LMWH, and fondaparinux) in two substantial 
ways. First, it is a direct inhibitor that does not depend on the body’s antithrombin to inactivate 
thrombi. Second, it is well absorbed when given orally. For these reasons, it can be used to treat 
VTE in the acute as well as long-term phases. The acute phase of VTE treatment with rivaroxa-
ban lasts for 3 weeks, as opposed to the shorter acute phase used with parenteral agents.

Long-term anticoagulation after the acute phase of treatment is necessary to prevent recur-
rence of VTE. The options for long-term anticoagulation include UFH, LMWH, vitamin K 
antagonists (warfarin), direct Xa inhibitors (e.g., rivaroxaban), and direct thrombin inhibitors 
(e.g., dabigatran, discussed below). Vitamin K antagonists are the most commonly used agents 
for long-term anticoagulation. Clinical trials comparing LMWH to vitamin K antagonists have 
not shown substantial differences in outcome, with the exception of cancer patients who do 
better with LMWH. Because of the substantial cost of LMWH and the discomfort and incon-
venience of subcutaneous administration, vitamin K antagonists (warfarin in particular) remain 
the treatment of choice for most patients.

Vitamin K antagonists can be started early in the course of VTE treatment, often on the same 
day as parenteral therapy. Parenteral anticoagulation is typically continued for a minimum of 
5 days and until the International Normalized Ratio (INR) is greater than 2.0 for at least 24 hours. 
The recommended therapeutic INR range for the duration of long-term treatment is 2.0 to 3.0.

Rivaroxaban is a safe and effective therapeutic option for long-term as well as acute treatment 
of VTE (discussed above). Another option for long-term use is dabigatran, a direct thrombin 
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inhibitor. Like rivaroxaban, dabigatran is well absorbed orally. An advantage of both rivaroxaban 
and dabigatran is their pharmacokinetic consistency, which alleviates the need for drug monitor-
ing such as the INR monitoring necessary with warfarin. However, there are some important 
differences between the two. Dabigatran is not used for the acute phase of VTE treatment, but 
exclusively for long-term treatment. In healthy volunteers, rivaroxaban could be reversed with 
prothrombin complex concentrate (a human-plasma-derived intravenous product with high 
concentrations of thrombin, factor X, factor VII, and factor IX). Dabigatran appears not to be 
reversed by prothrombin complex concentrate, but it may be removed by hemodialysis. How-
ever, clinical experience with reversing either agent during therapy is lacking.

The appropriate type and duration of long-term anticoagulation therapy should be tailored 
to the clinical situation. Patients at high risk for recurrence, characterized by having unresolved 
or ongoing risk factors for VTE, are likely to require prolonged (possibly lifelong) anticoagula-
tion. Biological phenomena such as deficiencies in antithrombin, protein C, and protein S, as 
well as the antiphospholipid syndrome, strongly predispose VTE patients to recurrence. Clinical 
risk factors include immobility, heart failure, persistent venous obstruction, and malignancy. 
On the other end of the spectrum are patients with VTE because of transient risk factors. Those 
patients require no more than 3 months of therapy, provided that the original risk factor(s) have 
subsided (e.g., the broken leg has healed and the patient is fully ambulatory). Patients with VTE 
that was not provoked by transient risk factors have moderately high rates of recurrence, perhaps 
because of uncharacterized risk factors. After 3 to 6 months of long-term anticoagulation appro-
priate for nearly all patients with VTE, those with unprovoked VTE may benefit from longer or 
even life-long therapy. Although various algorithms and testing strategies appear promising, the 
duration of therapy for unprovoked VTE is best individualized to the patient’s particular risks 
of recurrence and bleeding.

The major complication of anticoagulation is hemorrhage. It was initially hoped that 
LMWH would be safer than UFH, but this has not borne out in clinical studies; all available 
forms of anticoagulation carry a similar risk of bleeding. In fact, host factors appear to be far 
more important than the type and dose of anticoagulation in determining bleeding risk. These 
include age (especially beyond the sixth decade), presence of unsuspected or known bleeding 
sites (e.g., stomach, bowel, and kidney), uremia, and demonstrable hemostatic defects (e.g., 
thrombocytopenia). Available data indicate that bleeding risk is very low among patients who 
do not have a significant coexistent disease or coagulopathy.

Approaches specific to DVT therapy have been proposed, but are not commonly used. 
Surgery (e.g., thrombectomy, ligation) has no role. Systemic administration of thrombolytic 
agents (e.g., streptokinase, urokinase, tissue plasminogen activator) may decrease the risk of 
post-thrombotic syndrome, but is associated with significant increase in major bleeding such 
as intracranial hemorrhage. Catheter-directed thrombolysis has been studied in patients with 
iliofemoral DVT. In selected cases and specialized clinical settings, catheter-directed thromboly-
sis may decrease the risk of post-thrombotic syndrome and improve outcomes. However, this 
procedure is still under investigation and is not applicable for most cases of DVT. Future studies 
with new or existing thrombolytic agents and strategies may modify these views.

The treatment of PE in very stable patients is generally identical to DVT, but several issues 
require extra consideration. The most important is recognizing that outpatient subcutaneous 
treatment regimens for PE are only applicable to very stable patients. Less healthy patients merit 
hospital admission. Additional therapeutic issues specific to PE include: (1) the importance of 
the initial dose of heparin and the dosage regimen during the first 24 hours, (2) the need for 
cardiopulmonary supportive measures, (3) the role of caval filters and surgery, and (4) the role 
of thrombolytic agents.

The initial anticoagulant dose during acute treatment may be important to the outcome 
of patients with PE. Pharmacologically active peptides released from platelets within PE may 
contribute to the initial severity of the cardiopulmonary symptoms by inducing pulmonary 
vasoconstriction. Adequate levels of heparin inactivate thrombosis on the clot surface, inhibit 
platelet aggregation, and subsequently retard the release of vasoconstrictive agents. On the basis 
of these data, we recommend prompt initiation of a therapeutic heparin dose, followed by a con-
tinuous infusion. Dose adjustment is generally the same as for DVT, but with special attention 
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to avoiding low doses or during the first 1 to 2 days of therapy. In most cases, of PE, careful 
attention to anticoagulation results in excellent clinical outcomes.

In some cases, cardiopulmonary supportive measures may be indicated for PE treatment, 
including administration of oxygen if arterial hypoxemia is present. Systemic hypotension, if 
present, is usually due to acute RV ischemia and failure. Animal experiments suggest that an 
important mechanism of RV ischemia is low myocardial perfusion pressure (coronary  pressure − 
RV pressure) occurring as the right heart “strains” to overcome massive pulmonary artery 
obstruction. For that reason, we prefer systemic vasoconstrictive agents, such as phenylephrine, 
to raise arterial pressure (and coronary pressure) during PE-associated shock.

Massive PE may require a more aggressive approach, particularly during the first few days 
of heparin therapy when heparin cannot prevent a recurrence. In this situation, death may be 
caused by additional embolization of lower limb DVT that occurs while the patient is already 
hemodynamically compromised. Multiple procedures are available to prevent recurrent embo-
lism of lower limb DVTs. Our current choice is limited to the insertion of an inferior vena caval 
filter. These devices are relatively easy to insert, do not interfere with caval blood flow, and have 
an excellent (95%) record of long-term patency. It is, for us, the “standard” against which other 
devices and approaches should be measured. When a recurrence may be fatal in the setting of 
massive PE, we consider filter placement to be a life-saving procedure.

The role of thrombolytic agents in management of PE is unclear. The choice of patients 
who might benefit from thrombolytics must be made on the basis of indirect information rather 
than by comparative clinical trials. Multiple studies have established that these agents promote 
more rapid embolic resolution than heparin alone. Positive effects on morbidity and mortality 
have not been demonstrated; in addition, the degree of embolic resolution after the first week of 
anticoagulation is about the same without thrombolytic therapy. Thrombolytic agents are costly 
and carry significant risks for adverse consequences. We believe that such agents should be used 
only in the management of patients with massive embolism and persistent hypotension and only 
by physicians quite familiar with the drugs.

Acute pulmonary embolectomy (by thoracotomy, suction catheter, or balloon catheter) is an 
aggressive procedure that is performed at some institutions. In our view, it is rarely warranted 
because medical therapy is so successful, patient selection is so difficult, and the results of acute 
embolectomy are so unimpressive. Conceivably, there are special situations in which this surgery 
is possible (massive embolism failing to respond promptly to medical therapy and the diagnosis 
is certain). However, the procedure carries a very high mortality and we do not recommend it 
in most cases.

For follow-up after the immediate treatment period, the use of lung scans in patients with 
above-knee DVT (to rule out asymptomatic embolism) and in patients with PE (to evalu-
ate resolution) merits comment. Often, in patients with DVT, pleuritic chest pain or other 
embolic symptoms appear several days after admission, and a scan demonstrates defects. In 
our  experience, these defects were usually present on the admission scan and, therefore, do not 
merit a change in therapy. Without the admission scan, such decisions are much more difficult. 
A follow-up scan during PE treatment not only provides evidence of satisfactory embolic resolu-
tion but also alerts the physician to the possibility that the patient may require close follow-up 
to rule out chronic thromboembolic pulmonary hypertension.
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Chronic thromboembolic pulmonary hypertension (CTEPH) represents an aberrant outcome 
that occurs in a minority of patients following an acute or recurrent episode of pulmonary em-
bolism (PE). Estimates of disease prevalence vary and range from 0.6% to 3.8%. In the largest 
published study, a cohort screening study involving 866 survivors of acute PE, 4 patients (0.6%) 
were ultimately diagnosed with CTEPH.

The pathophysiologic events leading to CTEPH are not entirely understood. Although 
anatomic resolution of acute embolism is often incomplete, sufficient resolution occurs in the 
majority of patients to restore normal hemodynamics and functional status. Incomplete throm-
bus resolution and hemodynamic recovery following an acute thromboembolic event, even with 
appropriate antithrombotic therapy, can occur in some patients. It is also apparent that many 
patients with CTEPH have had an asymptomatic or misdiagnosed thromboembolic event. 
Because appropriate antithrombotic therapy was not initiated at the time of the initial embolic 
event, it is possible that endogenous fibrinolytic mechanisms were overcome by the age, extent, 
or location of the obstructing embolus.

Despite extensive investigation, identifying a thrombophilic tendency or a defect in fibrino-
lytic activity has been elusive in most patients with established chronic thromboembolic disease. 
The presence of a lupus anticoagulant or anticardiolipin antibodies can be established in 10% 
to 24% of CTEPH patients. The frequency of protein S or C deficiency, factor V Leiden muta-
tion, and the prothrombin 20210G mutation have not consistently been found to be more 
common in CTEPH than in the general population. In terms of medical conditions, CTEPH 
has been associated with myeloproliferative syndromes as well as chronic inflammatory states, 
chronic ventriculoatrial shunts, splenectomy, recurrent episodes of venous thromboembolism, 
and chronic indwelling central venous catheters.

The diagnosis of CTEPH usually is not made until the degree of pulmonary hypertension is 
advanced. As a result, the exact hemodynamic evolution of the disease has not been established. 
The symptomatic history has been well described. A patient may carry on relatively normal 
activities following a pulmonary embolic event, whether clinically apparent or occult, and even 
when extensive pulmonary vascular occlusion has occurred. Following an asymptomatic period, 
which may range from months to years, exertional dyspnea worsens and hypoxemia and right 
ventricular failure ensue. The basis for this asymptomatic (“honeymoon”) period followed by 
gradual hemodynamic and symptomatic decline has only recently been elucidated.

The progressive nature of the pulmonary hypertension in the majority of patients with 
chronic thromboembolic disease does not appear to be the result of recurrent embolic events 
or in situ thrombosis, as initially postulated. The increase in pulmonary artery pressures arises 
from two different sources: a decrease in the cross-sectional area of the pulmonary vascular bed 
associated with the unresolved thromboembolic component of the disease, and the develop-
ment over time of a distal, small-vessel arteriopathy pathologically indistinct from that seen in 
a wide range of pulmonary hypertensive disorders. It appears that these secondary pulmonary 
hypertensive changes, perhaps induced by high pulmonary artery pressures or flows, result in an 
incremental increase in right ventricular afterload, progressive pulmonary hypertension, and, 
ultimately, right ventricular failure.

Progressive dyspnea is a complaint common to all patients with CTEPH. The subjective 
complaint of dyspnea must be considered in the context of the patient’s usual lifestyle. The sen-
sation of dyspnea and development of exercise intolerance are more troubling and lead to earlier 
evaluation in patients who are normally active than in those who live a sedentary lifestyle. Later 
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in the course of the disease, exertional chest pain, near-syncope or syncope, and lower extremity 
edema may develop.

Although a history of documented thromboembolism may be absent, many patients provide 
a history consistent with an acute embolic event such as an episode of “pleurisy,” lower extremity 
“muscle strain,” or prolonged, atypical “pneumonia.” Alternatively, they may describe a hospi-
talization or surgical procedure from which they never fully recovered.

Diagnostic delay occurs commonly, particularly in the absence of an acute history of venous 
thromboembolism. Progressive dyspnea and exercise intolerance from CTEPH are often errone-
ously attributed to coronary artery disease, cardiomyopathy, interstitial lung disease, asthma, 
deconditioning, or psychogenic dyspnea.

The nonspecific and often subtle clinical presentation of CTEPH especially early in the course 
of the disease demands that a high level of suspicion be maintained in patients presenting with 
unexplained dyspnea. Careful consideration should be given to prior medical conditions and the 
circumstances surrounding the onset of dyspnea and/or exercise intolerance. In retrospect, patients 
without a documented history of venous thromboembolism often provide a history consistent with 
that diagnosis, such as an episode of pneumonia or an operative procedure with persistent symp-
toms and functional impairment. Findings on physical examination may be subtle early in the 
course, thereby contributing to the diagnostic delay. Prior to the development of significant right 
ventricular hypertrophy or overt right ventricular failure, abnormalities can be limited to a widen-
ing of the second heart sound or a subtle accentuation of its pulmonic component. In time, more 
obvious findings of pulmonary hypertension and right ventricular dysfunction develop, which 
may include a right ventricular heave, jugular venous distension, prominent A and V wave venous 
pulsation, fixed splitting of S2, a right ventricular S4 or S3, a murmur of tricuspid regurgitation, 
hepatomegaly, ascites, and peripheral edema. A distinctive physical finding in certain patients with 
chronic thromboembolic disease is the presence of flow murmurs over the lung fields. These subtle 
bruits, which appear to originate from turbulent flow through partially obstructed or recanalized 
pulmonary arteries, are high pitched and blowing in quality, heard over the lung fields rather 
than the precordium, accentuated during inspiration, and frequently heard only during periods of 
breath-holding. Their importance lies in their not having been described in primary pulmonary 
hypertension, which is the most common alternative diagnostic possibility. The flow murmurs, 
however, are not unique to chronic thromboembolic disease and may be encountered in con-
genital stenotic lesions of the pulmonary vasculature, and in major-vessel pulmonary vasculitides.

The diagnostic approach is relatively straightforward once an abnormality of the pulmonary 
vascular bed has been considered as a basis for the patient’s complaints. The goals of diagnostic 
evaluation are: (1) to establish the presence and degree of pulmonary hypertension; (2) to define 
its etiology; and (3) to determine if major vessel thromboembolic disease is present and accessible 
to surgical intervention. Findings on standard laboratory tests are nonspecific, depending on 
when in the natural history of the disease they are obtained, and reflect the hemodynamic and 
gas exchange consequences of the thromboembolic obstruction and the accompanying cardiac 
dysfunction. The chest radiograph is often normal, although it may demonstrate one or more 
of the following findings that suggest the diagnosis: (1) enlargement of both main pulmonary 
arteries or asymmetry in the size of the central pulmonary arteries, (2) areas of hypoperfusion 
or hyperperfusion, (3) evidence of old pleural disease, unilaterally or bilaterally, or (4) evidence 
of right ventricular hypertrophy. Pulmonary function testing is often within normal limits, 
although approximately 20% of patients demonstrate a mild-to-moderate restrictive abnor-
mality. The majority of patients have a reduction in the single breath diffusing capacity for 
carbon monoxide (Dlco); however, a normal value does not exclude the diagnosis. When a 
spirometric abnormality is present (reflecting either restrictive or obstructive disease), the degree 
of the abnormality is almost always less impressive than the patient’s gas exchange abnormali-
ties, symptomatic complaints, and degree of pulmonary hypertension. Although the arterial Po2 
may be within normal limits, the alveolar–arterial oxygen gradient is typically widened, and the 
majority of patients have a decline in arterial Po2 with exercise. Dead space ventilation (Vd/Vt) 
is often elevated at rest and increases with exercise.

Echocardiography commonly provides the initial objective evidence for pulmonary hyper-
tension. Findings include evidence of right atrial and right ventricular enlargement, abnormal 
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septal position and motion related to the right ventricular pressure and volume overload, and 
evidence of pulmonary hypertension as determined from the tricuspid regurgitant jet.

Ventilation–perfusion lung scanning provides an excellent noninvasive means of distin-
guishing between potentially operable major-vessel thromboembolic pulmonary hypertension 
and small-vessel pulmonary hypertension. In chronic thromboembolic disease, at least one (and, 
more commonly, several) segmental or larger mismatched ventilation–perfusion defects are pres-
ent. In primary pulmonary hypertension, perfusion scans are either normal or exhibit a “mottled” 
appearance characterized by subsegmental defects. However, it is important to recognize that 
the ventilation–perfusion scan often understates the actual extent of central pulmonary vascular 
obstruction. Channels through or partial flow around partially recanalized or organized central 
obstructing lesions allow the radioisotopic agent to reach the periphery of the lung. Depending 
on the distribution of flow, these areas may appear normal or as relatively hypoperfused “grey 
zones.” Ventilation–perfusion scanning, therefore, is capable of suggesting the potential presence 
of chronic thromboembolic obstruction, but it is unable to determine the magnitude, location, 
or proximal extent of the disease, information critical to the question of surgical accessibility.

Right-heart catheterization and pulmonary angiography are essential to determine the degree 
of pulmonary hypertension, to exclude competing diagnoses, and to define the surgical accessi-
bility of the obstructing thrombotic lesions. If hemodynamic measurements at rest demonstrate 
only modest degrees of pulmonary hypertension, measurements should be obtained following 
a short period of exercise. In patients with chronic thromboembolic obstruction sufficient to 
abolish normal compensatory mechanisms, exercise-related increases in cardiac output will be 
accompanied by an excessive elevation in pulmonary artery pressure.

Five distinct angiographic patterns different from those encountered in acute embolism have 
been described that correlate with the finding of organized thromboembolic material at the time 
of thromboendarterectomy: (1) defects with a pouch configuration, (2) pulmonary artery webs 
or bands, (3) intimal irregularities, (4) abrupt narrowing of the major pulmonary arteries, and 
(5) obstruction of lobar or segmental vessels at their point of origin, with complete absence of 
blood flow to pulmonary segments normally perfused by those vessels. In experienced hands, 
pulmonary angiography can be performed safely, even in patients with severe pulmonary hyper-
tension. The use of nonionic contrast media, provision of supplemental oxygen to avoid hypox-
emia, and minimizing contrast volume with separate proximal pulmonary artery injections (i.e., 
avoiding right ventricular injections) are some of the technical safeguards necessary to prevent 
adverse outcomes in the evaluation of this patient population.

Computed tomography (CT) can be useful in the evaluation of competing diagnostic pos-
sibilities, such as pulmonary artery sarcoma, fibrosing mediastinitis, and extrinsic vascular com-
pression related to malignancies or inflammatory disease. Large vessel pulmonary arteritis can 
also mimic certain of the angiographic findings of chronic thromboembolic disease. Arch aor-
tography may be useful if this diagnosis is being considered.

A variety of abnormalities may be appreciated on helical CT scans obtained in patients with 
CTEPH, including right ventricular enlargement, chronic thromboembolic material within 
dilated central pulmonary arteries, bronchial artery collateral flow, and mosaic attenuation of 
the pulmonary parenchyma. The detection of central disease by CT scanning does not necessar-
ily imply that the patient represents an operative candidate. A syndrome of primary pulmonary 
hypertension with secondary, central pulmonary artery thrombosis has been described, a situa-
tion in which surgical intervention is contraindicated.

A positive CT or magnetic resonance (MR) angiogram can be used as a basis for surgical 
intervention in selected patients. Technologic advances in both MR and CT scanning, their 
three dimensional capabilities, and the lack of radiation exposure and ability to provide hemo-
dynamic information in the case of MR imaging suggest that they may play an expanded role in 
the future. However, until further comparative and outcome studies have been performed, their 
wholesale substitution for conventional angiography does not yet appear warranted.

Several other essential issues must be considered prior to surgery. Placement of an inferior 
vena cava filter should be considered prior to surgery given the risk of embolic recurrence, both 
over the long term and especially during the high-risk perioperative period when bleeding com-
plications may contraindicate the administration of even prophylactic doses of anticoagulation. 
Coronary angiography should also be considered preoperatively for those at risk of coronary 
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artery disease. Coronary artery bypass surgery, if necessary, can be performed without significant 
additional operative risk at the time of the pulmonary thromboendarterectomy (PTE).

The decision to proceed to PTE in patients suffering from CTEPH is based upon both objec-
tive and subjective factors, which are carefully defined during the preoperative evaluation. The 
first and most important criterion for potential surgical intervention is the accessibility of the 
thrombi, as defined by angiography and angioscopy. Present surgical techniques allow removal 
of chronic thrombi whose proximal location extends to the main, lobar, and segmental arteries. 
Those that begin more distally are not typically subject to endarterectomy. Failure to remove suf-
ficient embolic material to lower pulmonary vascular resistance, especially in patients with severe 
pulmonary hypertension and right ventricular dysfunction, may result in inability to wean the 
patient from cardiopulmonary bypass at the time of thromboendarterectomy and, if the patient 
does survive, is associated with a negative long-term outcome. The second criterion involves the 
presence of hemodynamic or ventilatory impairment as a consequence of the chronic thromboem-
bolic pulmonary vascular obstruction. The majority of operated patients have a pulmonary vascular 
resistance in excess of 300 dynes/sec/cm5, at rest or with exercise. Occasional patients, especially 
those with involvement of one main pulmonary artery, have significant exercise impairment due 
to high minute ventilatory demands, without substantially altered pulmonary hemodynamics. The 
third criterion involves the presence and severity of comorbid conditions, such as severe parenchy-
mal lung disease, which may adversely affect outcome. Although the presence of other disease pro-
cesses does not represent an absolute contraindication to the procedure, the risks imposed by any 
coexistent condition and its potential effects on long-term outcome are carefully reviewed with the 
patient before a surgical decision is made. Age by itself is not a contraindication to the procedure. 
Patients up to 84 years of age, if they are otherwise fit, have successfully undergone PTE.

The surgical option is also considered in patients with exercise-associated pulmonary hyper-
tension related to their chronic thromboembolic disease. Because this hemodynamic response 
reproduces events during the patient’s activities of daily living, it may reflect the true work load 
of the right ventricle. Furthermore, given what is now suspected about the pathophysiologic 
mechanisms of the disease, it is possible that the exercise-related augmentation of pressure and 
flow over a sufficient period of time will result in progressive levels of pulmonary hypertension.

Although a thoracotomy approach to CTEPH has been utilized in the past, sternotomy with 
cardiopulmonary bypass and periods of circulatory arrest currently represent the procedure of 
choice. The most critical need for sternotomy arises from the bilateral nature of the disease pro-
cess. Sternotomy allows access to both pulmonary arteries and assures more complete removal 
of the chronically obstructing material. The use of cardiopulmonary bypass allows periods of 
complete circulatory arrest, which provides the bloodless operative field essential for meticulous 
lobar and segmental dissections. Finally, the presence of bronchial artery collateral flow and 
pleural adhesions makes a transthoracic approach difficult.

Thromboendarterectomy bears no resemblance to acute pulmonary embolectomy. The pro-
cedure is a true endarterectomy, requiring careful dissection of chronic endothelialized material 
from the native intima to restore pulmonary arterial patency. Establishing the correct plane is 
essential and requires a considerable degree of surgical experience and expertise. Too deep a 
plane will result in perforation of the vessel; too superficial a plane will not result in an adequate 
endarterectomy.

Periods of circulatory arrest are limited to 20-minute intervals. With experience, the entire 
unilateral endarterectomy can usually be accomplished within this time. At the completion of the 
bilateral endarterectomy, circulation is reestablished and the patient rewarmed. The atrial septum 
is routinely inspected, since an atrial septal defect or persistent foramen ovale is seen (and subse-
quently repaired) in approximately 25% of cases. If additional procedures are required, such as 
coronary bypass grafting or valve replacement, they are performed during the rewarming period.

Careful postoperative management is essential for a successful outcome following PTE. 
Although pulmonary hemodynamics improve immediately in the majority of patients, the 
postoperative course can be complex. In addition to complications common to other forms of 
cardiac surgery (e.g., arrhythmias, atelectasis, wound infection, pericardial effusions, delirium), 
patients undergoing PTE often experience three unique postoperative conditions capable of sig-
nificantly impairing gas exchange and hemodynamic stability: pulmonary artery “steal,” reperfu-
sion pulmonary edema, and persistent pulmonary hypertension.
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Pulmonary artery “steal” represents a postoperative redistribution of pulmonary arterial 
blood flow away from previously well-perfused segments and into the newly endarterectomized 
segments. Although the basis for this phenomenon remains speculative, it is likely related to the 
temporary development of differential resistances and the loss of normal vasoregulation in the 
pulmonary vascular bed following thromboendarterectomy. Long-term follow-up has demon-
strated that pulmonary vascular steal resolves in the majority of patients.

Reperfusion pulmonary edema appears to represent a form of high-permeability lung injury 
acute respiratory distress syndrome (ARDS), which is limited to those areas of lung from which 
proximal thromboembolic obstructions have been removed. It may appear up to 72 hours after 
surgery and is highly variable in severity, ranging from a mild form of edema resulting in post-
operative hypoxemia to an acute, hemorrhagic and fatal complication. When associated with 
pulmonary artery steal, reperfusion pulmonary edema can represent a significant challenge in 
terms of postoperative gas exchange since pulmonary blood flow is directed toward edematous, 
noncompliant areas of lung, which contribute poorly to gas exchange.

Management of reperfusion edema, as with other forms of acute lung injury, is supportive 
until resolution occurs. As is the case in patients with ARDS, low volume ventilatory strategies 
are used routinely. The judicious use of inverse ratio ventilation has proven useful in improv-
ing ventilation/perfusion relationships and gas exchange when conventional ventilatory support 
has failed. Nitric oxide, delivered at a concentration of 20 ppm, has also proven beneficial in 
improving gas exchange, although its effect on mortality remains unclear. Finally, extracorporeal 
support has been utilized successfully when conventional measures fail.

Patients posing the most difficult management problem in the postoperative period are 
those with persistent pulmonary hypertension following thromboendarterectomy. This outcome 
results from either distal, surgically inaccessible thromboembolic disease or to a secondary, small 
vessel arteriopathy, and is associated with poor short-term and long-term outcomes. Unless right 
ventricular afterload is substantially reduced at the time of surgery, even patients with well-
compensated right ventricular function prior to the procedure may experience postoperative 
hemodynamic instability and a low output state as a result of the depressant effects of cardiopul-
monary bypass, deep hypothermia, acidosis, and hypoxemia.

The early intensive care management goals for the patient with persistent pulmonary hyper-
tension and right ventricular failure following attempted thromboendarterectomy should be 
directed toward minimizing systemic oxygen consumption, optimizing right ventricular pre-
load, and providing aggressive inotropic support. The use of afterload reduction in this patient 
population is fraught with difficulty. Pulmonary vascular resistance is commonly fixed, and 
attempts at pharmacologic manipulation of right ventricular afterload (sodium nitroprusside, 
calcium channel blockers, epoprostenol) may simply decrease systemic blood pressure and right 
coronary artery perfusion pressure. Inhaled nitric oxide at a concentration of 20 to 40 ppm is 
theoretically ideal for this circumstance since it has negligible systemic effects. Experience with 
this intervention in the setting of persistent postoperative pulmonary hypertension, however, 
has been disappointing.

At the University of California, San Diego, the operative and perioperative mortality rate 
in the 196 patients who underwent PTE prior to 1990 was 15.8%. Between 1994 and 1998, 
in-hospital mortality in the 500 patients operated on during this time period was 8.8%, declin-
ing further to 4.4% for the 500 patients operated on between 1998 and 2002. Mortality rate 
over the last 500 cases has fallen to 2.2%. During this latter time frame, the major causes of 
death were related to reperfusion pulmonary edema and to residual postoperative pulmonary 
hypertension and right ventricular failure when PTE failed to achieve substantial improvement 
in pulmonary hemodynamics. Other centers involved with this procedure have experienced the 
same learning curve. The need for a coordinated, multidisciplinary team to manage the care of 
these patients cannot be emphasized too strongly. Experience and expertise in the evaluative, 
surgical, and postoperative aspects of care are essential to minimize the substantial morbidity and 
mortality associated with the surgical correction of this disease state.

Among survivors of thromboendarterectomy, the immediate hemodynamic improvement 
observed has been dramatic, with marked reductions in pulmonary artery pressures and pul-
monary vascular resistance. Echocardiography demonstrates a decrease in right atrial and right 
ventricular chamber size, normalization of the interventricular septum, and improvement or 
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resolution of tricuspid regurgitation. This improvement is reflected in the patient’s postoperative 
physical examination and symptomatic status.

The long-term hemodynamic and symptomatic outcomes have been equally dramatic. Symp-
tomatic improvement continues for periods as long as 9 to 12 months following surgery. This 
long-term improvement probably involves resolution of the patients’ postoperative anemia and 
deconditioned state, as well as improvement in the ventilation/perfusion balance as the postopera-
tive pulmonary artery steal resolves. In addition, resolution of the pulmonary hypertensive changes 
within the pulmonary vascular bed, suggested by preliminary scan and angiographic data, further 
reduces right ventricular afterload. The majority of patients who were initially in NYHA Class 
III or IV status preoperatively return to NYHA Class I or II status and are able to resume normal 
activities. One follow-up of 308 patients surveyed a mean of 3.3 years after surgery found that 
62% of patients who were unemployed prior to thromboendarterectomy had returned to work.

Lung transplantation remains a therapeutic alternative for patients not deemed candidates 
for PTE based on the location and/or extent of their thromboembolic disease, and for patients 
who have undergone PTE with an inadequate hemodynamic outcome not responsive to medical 
therapy. Candidates have usually failed medical therapy as well and satisfy the other standard 
guidelines for transplantation. There are currently no data on how CTEPH patients fare follow-
ing lung transplantation compared to other categories of patients.

Disease-modifying therapies developed for use in idiopathic pulmonary arterial hypertension 
(IPAH), including prostacyclin analogs, endothelin receptor antagonists, and phosphodiesterase-5 
inhibitors have been studied in patients with CTEPH. Potential indications for medical therapy in 
CTEPH include: (1) surgically accessible CTEPH in patients who elect not to undergo surgery for 
personal choice or when comorbidities are so substantial as to exclude the patient from consideration 
of PTE, (2) distal chronic thromboembolic disease or limited central disease that is so disproportion-
ate to the severity of the pulmonary hypertension that the surgical mortality risk of PTE is prohibi-
tive, (3) use as a preoperative therapeutic “bridge” to surgery in patients with severe right ventricular 
dysfunction, and (4) management of persistent pulmonary hypertension following PTE.

In terms of the role of pulmonary hypertension-specific medical therapies, it is worth reiter-
ating that PTE remains the definitive intervention for CTEPH. The hemodynamic and symp-
tomatic benefits from medical therapy, although often positive, are modest in comparison to 
those resulting from PTE. A decision to forego PTE and to utilize medical therapy should be 
made only after a comprehensive evaluation has been performed, only for defined indications, 
and only after consultation with a center experienced in the management of this disease process.

Lifelong anticoagulation is strongly recommended after PTE. Thromboembolic recurrence 
can occur when anticoagulation is discontinued or maintained at a subtherapeutic level. Reop-
erative PTE is feasible with a perioperative risk comparable to primary PTE.

In summary, experience over the past 301 years has demonstrated that CTEPH represents 
a potentially treatable form of pulmonary hypertension, and that PTE, when performed at a 
center experienced in the management of these patients, is capable of restoring severely compro-
mised patients to near-normal or normal hemodynamic and symptomatic status.
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72 Unusual Forms 
of Embolism
Peter F. Fedullo

Because the lung receives all of the blood flow returned from the venous system, the pulmonary 
vascular bed serves as a “sieve” for all particulate substances entering the venous blood and is the 
first vascular bed to be exposed to any toxic substance injected intravenously. As a result of its 
strategic position, the pulmonary vascular bed is, therefore, exposed to a wide variety of poten-
tially obstructing and injurious agents.

ScHISToSomIASIS
Among such agents, the most common worldwide, though not in the United States, is schisto-
somiasis. Schistosomiasis is caused by one of a variety of blood flukes, Schistosoma haematobium 
(Africa and Middle East), S. japonicum (Japan, China, Philippines), S. mansoni (Africa,  Arabia, 
South America), S. mekongi (Laos, Thailand), and S. intercalatum (Africa) being among the 
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most common. Limited data suggest that cardiopulmonary schistosomiasis is seen most often in 
S. mansoni and S. Japonicum infection.

Infection occurs after contact with water containing the infective stage of the parasite, the 
cercaria. The cerceria penetrate unbroken skin and subcutaneous tissue and migrate through the 
lungs and then to the portal vein, probably by an intravascular route. The maturing schistosomes 
pair in the portal vein and then migrate to the venules of the mesentery, bladder, or ureters and 
begin to deposit eggs, many of which are subsequently swept back to the liver.

During acute infection (Katayama fever), nonspecific influenza-like symptoms, abdominal 
pain, lymphadenopathy, hepatosplenomegaly, and blood eosinophilia associated with fleeting 
chest radiographic abnormalities can occur.

Pulmonary hypertension occurs in less than 5% of infected patients. Cor pulmonale related 
to schistosomal infection usually does not occur in the absence of concomitant liver schistosomal 
liver disease because the liver is involved, usually quite extensively, before pulmonary involve-
ment. Pulmonary vascular obstruction appears to be induced by two mechanisms: anatomic 
obstruction by the organism itself and by an intense, granulomatous, inflammatory vasculitic 
response to shunted and embolized schistosomal eggs. In endemic areas, schistosomal disease is 
the most common cause of cor pulmonale.

The premortem diagnosis of cardiopulmonary schistosomiasis depends on the detection of 
viable schistosomal ova in stool, urine, or tissue (rectal mucosa or lung) along with evidence of 
hepatic fibrosis and pulmonary hypertension. Currently utilized serologic tests only indicate 
past or present infection, although promising serologic markers capable of differentiating acute 
from chronic disease are being investigated. Treatment with praziquantel can effectively eradi-
cate schistosomal infections in the acute phase of the disease with minimal toxicity. However, 
chronic cardiopulmonary manifestations are not likely to be reversible given the fibrotic changes 
that are present.

AIR EmbolISm
An increasingly common form of nonthrombotic embolism in the United States is venous air 
embolism. The increasing frequency reflects the wide variety of invasive surgical and medical 
procedures now available, broad use of indwelling central venous catheters, use of positive pres-
sure ventilation with high levels of positive end expiratory pressure, and the frequency of thoracic 
and other forms of trauma. The simple inadvertent transection or loss of closure of a large-bore 
intravenous catheter, particularly in the jugular or subclavian vein, can result in ingress of sub-
stantial quantities of air. Air bubbles enter the pulmonary vascular bed and, from there, can enter 
the arterial system and be diffusely distributed throughout the body by way of either an intra-
cardiac shunt (atrial septal defect, patent foramen ovale) or, more likely, through microvascular 
pulmonary shunts. Direct arterial gas embolism has been reported with transthoracic diagnostic 
procedures with inadvertent entry into a pulmonary vein.

The lethal volume of injected air in humans is estimated to be in the range of 100 to 500 mL. 
Physiologic consequences include an abrupt rise in pulmonary artery pressure. Non-cardiogenic 
pulmonary edema may develop, lung compliance falls, and hypoxemia ensues. The elevated 
pulmonary artery pressure may result in elevated right atrial pressure and subsequent paradoxical 
embolization. Gas entry into the systemic circulation results in ischemia of the affected organ.

The symptoms of venous air embolism are variable and nonspecific, and may include altera-
tions in sensorium, chest pain, dyspnea, or a sense of impending doom. These and other conse-
quences appear to be due to two phenomena: actual lodgment of the bubbles in capillary beds 
that interfere with nutrient supply to the affected organs, and the formation of platelet-fibrin 
aggregates, creating diffuse microthrombi. Thrombocytopenia may be seen as a consequence 
of this latter event. The most serious consequences result from cerebral or coronary artery air 
embolism, the severity of the consequences depending upon the rate and volume of air gaining 
access to the circulation.

The best approaches to air embolism are prevention and early detection. Aggressive  treatment 
is essential and should consist of measures designed to restore flow and promote reabsorption of 
the intravascular air. Measures designed to restore flow include patient positioning (Trendelen-
burg position with the left side down), removal of air through central venous catheters or direct 
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needle aspiration, and closed chest cardiac massage. Measures designed to increase absorption 
include the use of 100% oxygen and the institution of hyperbaric oxygen therapy as early as pos-
sible. Recovery following delayed institution of hyperbaric oxygen has been reported. Utilizing 
such aggressive measures, mortality from venous air embolism has been reduced dramatically.

FAT EmbolISm
Another reasonably frequent and dramatic form of nonthrombotic embolism is fat embolism. By 
far, the most common inciting event is traumatic fracture of long bones, with incidence rising 
with the number of fractures. However, orthopedic procedures and trauma to other fat-laden 
tissues (e.g., fatty liver) occasionally can be followed by the same syndrome. Although consider-
ably less common, fat embolism syndrome has been reported following both liposuction and 
lipoinjection procedures.

A rather characteristic syndrome follows entry of neutral fat into the vascular system, con-
sisting of the onset of dyspnea, hypoxemia, petechiae, and mental status changes. Seizures and 
focal neurologic deficits have been described. There is a variable lag time of 24 to 72 hours in 
the onset of the syndrome following the inciting event; rarely, cases occur within 12 hours or as 
late as 2 weeks after the event.

The variability in incidence of the syndrome after apparently comparable injuries has not 
been well-defined; neither has the reason for the delay in clinical presentation been explained. 
The pathophysiologic consequences appear to derive from two events: (1) actual vascular 
obstruction by neutral particles of fat and (2) the injurious effects of free fatty acids released 
by the action of lipases on the neutral fat. The latter effect is probably more important, causing 
diffuse vasculitis with leakage from cerebral, pulmonary, and other vascular beds. The time nec-
essary to produce toxic intermediaries may explain the delay from the inciting event to clinical 
presentation.

The diagnosis of fat embolism syndrome is a clinical one suggested by the onset of dyspnea, 
neurologic abnormalities, petechiae, and fever in the proper clinical context. Chest imaging 
studies may demonstrate bilateral infiltrates, ground glass opacities, and centrilobular and sub-
pleural nodules. Petechiae, typically distributed over the head, neck, anterior chest, and axillae 
are present in only 20% to 50% of cases. Their absence, therefore, should not preclude consider-
ation of the disease. No laboratory test is diagnostic of the syndrome. Fat can be demonstrated in 
the serum of a majority of fracture patients with evidence of fat embolism syndrome. The find-
ing of lipid-laden cells in bronchoalveolar lavage fluid appears to occur commonly in patients 
with traumatic injuries, irrespective of the presence of fat embolism syndrome.

Although a variety of treatments have been suggested (e.g., intravenous ethanol, albumin, 
dextran, heparin), none has proven effective. The role of corticosteroid therapy to prevent the 
onset of fat embolism syndrome after an inciting event remains controversial. Supportive treat-
ment, including mechanical ventilatory support when necessary, is the primary approach, and 
survival is now the rule with meticulous support.

AmNIoTIc FlUID EmbolISm
Another special form of embolism is amniotic fluid embolism, a rare but unpredictable and cata-
strophic complication of pregnancy that represents the third leading cause of maternal mortality. 
This disorder occurs during or after delivery when amniotic fluid gains access to uterine venous 
channels and, therefore, to the pulmonary and systemic circulations. The delivery may be either 
spontaneous or by cesarean section and is usually uneventful. Most cases occur during labor, but 
delayed onset of symptoms up to 48 hours after delivery can occur. Although specific risk factors 
have not yet been identified, advanced maternal age, multiparity, premature placental separation, 
fetal death, and meconium staining of amniotic fluid have been associated with increased risk of 
amniotic fluid embolism.

Amniotic fluid embolism syndrome is primarily a clinical diagnosis. There is, unexpectedly, 
sudden onset of severe respiratory distress, cyanosis, hypotension, cardiovascular collapse, and, 
often, disseminated intravascular coagulation. Occasionally, seizure activity occurs. It has been 
postulated that there is a biphasic pattern of hemodynamic disturbance: an initial period of 
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 pulmonary hypertension, commonly seen in animal models, followed by left ventricular dysfunc-
tion and cardiogenic shock. Patients who survive the first several hours develop noncardiogenic 
pulmonary edema coincident with improvement in left ventricular dysfunction.

Amniotic fluid does contain particulate materials that can cause pulmonary vascular obstruc-
tion, but the major pathogenetic mechanism of the syndrome remains uncertain. Amniotic fluid 
does have thromboplastic activity that leads to extensive fibrin deposition in the lung vasculature 
and, occasionally, in other organs. As a consequence of fibrin deposition, a severe consumptive 
coagulopathy develops, including marked hypofibrinogenemia and thrombocytopenia. Follow-
ing the acute event, an enhanced fibrinolytic state often occurs.

The diagnosis of amniotic fluid embolism is based on a compatible clinical picture, often 
enhanced by finding amniotic fluid components in the pulmonary circulation. The presence of 
squamous cells in pulmonary arterial blood, once considered pathognomonic, has proven to be a 
nonspecific finding. Serological assays and immunohistochemical staining techniques have been 
described as having high sensitivity for amniotic fluid embolism. Validation will be required 
prior to being introduced into clinical practice.

Although various forms of therapy have been suggested (e.g., antifibrinolytic agents such 
as aminocaproic acid, cryoprecipitate), the best approach is supportive. Pulmonary artery cath-
eterization is essential to monitor left ventricular function and volume status and to guide the 
appropriate utilization of inotropic and vasoactive agents. Even in the setting of aggressive sup-
portive measures, however, maternal mortality has approached 80%.

SEpTIc EmbolISm
Septic embolism is another special disorder that, unfortunately, is also increasing in frequency 
owing to widespread intravenous drug abuse and the expanding use of indwelling intravenous 
catheters. Previously, septic embolism was almost exclusively a complication of septic pelvic 
thrombophlebitis due to both septic abortion and postpuerperal uterine infection. However, 
almost any venous structure can be involved, either as a focus of primary infection or from in-
travascular or contiguous spread, for example, septic cavernous sinus thrombosis resulting from 
meningitis, sinusitis, or facial cellulitis; septic portal vein thrombosis resulting from diverticulitis 
or liver abscess; and septic tonsillar or internal jugular vein thrombosis (Lemierre syndrome) 
resulting from oropharyngeal infection. Increasingly common causes are those related to intrave-
nous drug use and those that are iatrogenic; namely, infections secondary to indwelling catheters 
inserted for a variety of diagnostic or therapeutic purposes.

Microscopically, septic phlebitis consists of purulent material admixed with fibrin thrombus. 
Embolization from such material does occur and can result in obstruction of small pulmo-
nary vessels, but the major consequence is pulmonary infection. Characteristically, the chest 
roentgenogram displays scattered pulmonary infiltrates that undergo cavitation. An increasing 
number of such infiltrates develops over periods of hours to a few days. Symptoms and signs 
include a septic temperature course, dyspnea, cough, pleuritic chest pain, and hemoptysis. Initial 
treatment consists of appropriate antimicrobial drugs. If an indwelling catheter is the source of 
the infection, it should be removed. If there is not a prompt response to this regimen, surgical 
isolation of the septic vein, if present, should be considered. The role of systemic anticoagula-
tion remains uncertain. Endocarditis may complicate septic phlebitis, or mimic it, particularly 
in drug addicts.

TUmoR EmbolISm
Involvement of the pulmonary vascular bed by tumor cells is not unusual, given the frequency 
with which circulating tumor cells can be identified in patients with a wide range of malig-
nancies and the frequency with which tumor emboli are discovered as an incidental finding at 
autopsy. Tumor embolism becomes clinically apparent, however, in only a minority of patients 
with malignancy.

Microvascular tumor embolism is associated with a wide range of malignancies, the most 
common sites of origin being the breast, lung, prostate, stomach, and liver. Tumor embolism 
of large fragments occurs rarely and may mimic acute thromboembolic disease. In this setting, 
survival following tumor embolectomy has been reported.
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The clinical presentation of microvascular tumor embolism is typically subacute and involves 
progressive dyspnea, tachycardia, and tachypnea. Jugular venous distention, a prominent P2, tri-
cuspid regurgitation or a right-sided S3 may be present on physical examination if the extent of 
pulmonary vascular obstruction is sufficient to cause pulmonary hypertension.

The development of pulmonary hypertension is a common accompaniment of symptomatic, 
microvascular tumor embolism and remains a major cause of mortality. Pulmonary hyperten-
sion appears to result from both obliteration of the pulmonary vascular bed by an admixture of 
tumor cells and thrombus as well as the development of medial hypertrophy, intimal fibrosis, 
and fibrinoid necrosis encountered in other variants of pulmonary hypertension.

Hypoxemia and a compensated respiratory alkalosis are commonly present. The chest radio-
graph is most often normal but focal or diffuse infiltrates, which may be fleeting, have been 
described. Ventilation–perfusion scanning most commonly demonstrates a mottled appearance 
or peripheral, subsegmental defects; segmental or larger defects, indistinguishable from those 
associated with thromboembolic embolism, may occur in those rare instances of large-vessel 
involvement. Computed tomography may demonstrate peripheral, wedge-shaped defects con-
sistent with infarcts; a pattern of multifocal dilatation and beading of the peripheral pulmonary 
arteries has been described. Tree-in-bud opacities may also be present. In the setting of pulmo-
nary hypertension, echocardiographic findings will reflect that diagnosis and include evidence 
of right atrial and right ventricular hypertrophy, abnormal septal position and motion, and a 
tricuspid regurgitant envelope consistent with elevated pulmonary artery pressures.

Pulmonary angiographic findings are most commonly normal. Delayed vascular filling, 
pruning, and tortuosity, similar to that seen in other forms of small-vessel pulmonary hyperten-
sion, may be encountered. The angiographic findings in large fragment tumor embolism may be 
indistinguishable from those seen in acute thromboembolic disease.

Pulmonary microvascular cytology on specimens aspirated through a wedged pulmonary 
artery catheter may demonstrate malignant cells. Positive cytologies, however, can also be 
obtained in the setting of lymphangitic carcinomatosis. It should also be emphasized that the 
misidentification of megakaryocytes obtained in this manner has been reported to lead to false-
positive results.

Although diagnosis by transbronchial biopsy has been reported, diagnostic confirmation 
may require open-lung biopsy. Before proceeding to that step, however, it must be stressed 
that the impact of early diagnosis on outcome is uncertain. This intervention should only be 
considered in the setting of a primary malignancy for which effective chemotherapeutic options 
are available.

The differential diagnosis of tumor embolism includes thrombotic embolism, parenchymal 
metastasis, lymphangitic carcinomatosis, malignant pericardial effusion, and chemotherapy-
related lung toxicity. The premortem diagnosis is often one of exclusion. Parenchymal metasta-
sis, lymphangitic carcinomatosis, and chemotherapy-related lung toxicity can be differentiated 
from tumor embolism by findings on high resolution computed tomography.

Differentiation of tumor embolism from thrombotic embolism may be somewhat more 
problematic, especially if there is large-vessel involvement. Under most circumstances, however, 
pulmonary angiography is capable of differentiating thrombotic embolism from microvascular 
tumor embolism.

oTHER EmbolI
Because of its sieve function, the lung may also be embolized on occasion by a wide variety of 
other materials. Trophoblastic tissue can escape the uterus and lodge in the pulmonary circula-
tion during pregnancy or in the setting of malignant trophoblastic disease. After head trauma, 
brain tissue has been found in the lungs; the same is true of liver cells following abdominal 
trauma and of bone marrow after cardiopulmonary resuscitation.

Finally, in this era of intravenous drug abuse, noninfectious vasculitic–thrombotic complica-
tions are being seen with increasing frequency, in association with the intravenous use of drugs 
intended for oral use. Medications implicated with pulmonary complications include methyl-
phenidate hydrochloride, oral opiates (pentazocine, meperidine), and antihistamines. Particulate 
and irritant drug carriers (e.g., talc and cellulose) and occasionally the drugs themselves may 
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cause vascular inflammation and secondary thrombosis. The clinical presentation may be diverse 
and includes lower lobe emphysema, diffuse interstitial fibrosis, and progressive massive fibrosis. 
Repetitive insults may lead to severe and irreversible pulmonary hypertension. In many intrave-
nous drug users, perfusion scans demonstrate segmental or smaller defects. Distinguishing these 
defects from those due to venous thromboembolism may be difficult.

The diagnosis is often suggested by the clinical history. Radiographic findings include small, 
diffuse, well-defined nodular densities. These nodules can progress and massive fibrosis may 
ensue. Lower lobe emphysematous changes may also be present. Diagnostic confirmation often 
requires lung biopsy, either open or transbronchial. The prognosis is poor, with progressive 
pulmonary disease being the rule.
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73 Pulmonary Hypertension: 
Pathogenesis and 
Etiology
Amy L. Firth and Jason X.-J. Yuan 

Establishing an accurate diagnosis of pulmonary hypertension (PH) is essential for proficient 
management of the disease. Indeed, several distinct cardiopulmonary diseases are encompassed 
by PH. Each requires an in-depth knowledge of the normal pulmonary vasculature and the 
pathophysiological progression of the disease.

The pulmonary vascular bed is normally a high-flow, low-resistance and low-pressure system 
that transports blood to the pulmonary capillaries; here, oxygen is taken up by the venous blood 
and excess carbon dioxide is unloaded through the blood–gas barrier. The complex branching 
structure of pulmonary vessels from the main pulmonary artery to small resistance vessels is 
described by three models: the Weibel model, the Strahler model, and the diameter-defined 
Strahler model. Regardless of the model used, the total resistance in the pulmonary vascular bed 
is dependent upon the intraluminal diameter, or cross-sectional area, of the pulmonary arteries. 
A reduction in this diameter can result from three fundamental pathologic processes: vasocon-
striction, obstruction, and obliteration.
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Pulmonary artery pressure (PAP) is calculated as a product of cardiac output (CO) and 
pulmonary vascular resistance (PVR), represented by the formula PAP 5 CO 3 PVR. While 
PAP is known to vary with age, the mean PAP is approximately 20 mmHg. It might be expected 
that during intense exercise there would be a large increase in PAP due to the increase in CO, 
but only a small increase is observed as the compliance of the pulmonary vascular wall compen-
sates by increasing the cross-sectional area of the vessels through vasodilation and recruitment 
of previously unperfused vessels. The major cause of elevated PVR in PH patients is a decrease 
in pulmonary arterial wall compliance (e.g., an increase in vascular wall stiffness due to vascular 
remodeling is the major cause of elevated PVR in PH patients). In the early stages of PH, it is 
common for PAP and PVR to be normal under resting conditions; however, when blood flow 
increases, there is a notable increase in PAP. Resting PH ensues as the disease progresses. To 
sustain the increase in PAP, an increase in the musculature of the right ventricle is necessary. 
Right ventricular hypertrophy is thus an indicative feature of sustained PAP in PH. If the right 
ventricular afterload is high enough, right-sided heart failure develops, manifesting as resting 
dyspnea, jugular venous distension, hepatic congestion, ascites, and dependent edema.

It cannot be understated that PH, in whichever form it may present clinically, is a phe-
nomenon comprising many unique but interrelated mechanisms at a cellular level. The arterial 
remodeling itself can encompass activation and proliferation of an array of cell types including 
endothelial cells, fibroblasts, myofibroblasts, and vascular smooth muscle cells (SMC). Pulmo-
nary vasoconstriction, generally associated with chronic exposure to hypoxia, eventually leads 
to hypertrophy of the medial SMC layer of the artery, compromising the integrity of the vessel 
lumen. Consequences unfold and vascular wall tension will increase, leading to further prolifera-
tion and intimal scarring. Intimal lesions/fibrosis are common to most forms of PH. The pulmo-
nary vascular bed integrity is maintained by a fine balance between apoptosis and proliferation; 
when either of these processes is compromised, arteriopathic changes occur in the pulmonary 
vasculature.

During the 4th World Symposium on PH held in 2008 in Dana Point, CA, experts in the 
field decided to modify the clinical classification of PH previously established in 2003 at the 
3rd World Symposium held in Venice. The current classification is summarized in Table 73-1. 
Correctly distinguishing the pathogenesis of PH is of upmost importance when it comes to 
discerning the most effective treatment régime for the patient. The new classification system 
has been associated with notable improvements in the quality and efficacy of clinical care for 
PH patients. Class I, known as pulmonary arterial hypertension (PAH), encompasses idiopathic 
and hereditary PAH, among others. Patients with a mean PAP greater than 25 mmHg without 
evidence of increased wedge pressure, parenchymal lung disorders, or thromboembolic disease 
are considered to have PAH. Historically, idiopathic pulmonary arterial hypertension (IPAH, 
previously known as primary pulmonary hypertension) occurs without demonstrable etiology. 
Secondary PH, on the other hand, develops as a complication of other diseases. The hereditable 
nature of PAH is usually due to mutations in the bone morphogenetic protein receptor type 2 
gene (BMPR2) or, less commonly, members of the transforming growth factor-β superfamily, 
namely activin-like kinase 1 (ALK1) and endoglin (ENG). The latter two are associated with 
hereditary hemorrhagic telangiectasia. While approximately 20% of patients with IPAH and 
70% of those with hereditary PAH have heterozygous germline mutations in BMPR2, they 
a have variable lifetime penetrance of about 10% to 20% and, even if identified, there are no 
known preventative measures.

As mentioned previously, PAH is a common, often rare but life-threatening secondary com-
plication of other conditions, most notably connective tissue diseases, HIV infection, portal 
hypertension (portopulmonary hypertension or PoPH), and congenital heart disease. PoPH has 
a prevalence of about 5% to 6% of patients with decompensated liver disease in which signifi-
cant vascular remodeling increases PAP and PVR. A definitive diagnosis typically requires right 
heart catheterization. Furthermore, liver cirrhosis can also be complicated by hepatopulmonary 
syndrome (HPS) caused by intrapulmonary arteriovenous shunting with resultant hypoxemia. 
While HPS remains refractory to treatment, PoPH is responsive to vasodilators and improve-
ment in pulmonary hemodynamics. Using PAH-specific therapies such as endothelin receptor 
antagonists may overcome the contraindication for liver transplantation. HIV-related PAH is of 
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unknown etiology and can be associated with both early and late stages of immunodeficiency. 
Theories for pathogenesis currently focus on smooth muscle and endothelial cell injury postu-
lated to be due to elevated levels of cytokines (e.g., ET-1, IL-6, and PDGF). The appetite sup-
pressant fenfluramine was withdrawn from the market in 1997 due to its association with PAH. 
More recently (1998–2009), the fenfluramine derivative Benfluorex (on the market since 1976) 
has also been associated with PAH and valve disorders; these contraindications are currently 
being formally assessed.

While PAH may be associated with a variety of conditions, response to therapy and patho-
physiological abnormalities remain somewhat consistent, with a spectrum of microvascular 

TAblE 73-1  Revised Nomenclature of pulmonary Hypertension

class 1: pulmonary Arterial Hypertension (pAH)

1.1. Idiopathic PAH
1.2. Hereditable

1.2.1. BMPR2
1.2.2. ALK1, endoglin (with/without hereditary hemorrhagic telangiectasia)
1.2.3. Unknown

1.3. Drug- and toxin-induced
1.4. Associated with…

1.4.1. Connective tissue diseases
1.4.2. HIV infection
1.4.3. Portal hypertension
1.4.4. Congenital heart diseases
1.4.5. Schistosomiasis
1.4.6. Chronic hemolytic anemia

1.5. Persistent pulmonary hypertension of the newborn (PPHN)
1.6. Pulmonary veno-occlusive disease (PVOD) and/or pulmonary capillary hemangiomatosis 

(PCH)

class 2: pulmonary Hypertension owing to left Heart Disease

2.1. Systolic dysfunction
2.2. Diastolic dysfunction
2.3. Valvular disease

class 3: pulmonary Hypertension owing to lung Diseases and/or Hypoxia

3.1. Chronic obstructive pulmonary disease (COPD)
3.2. Interstitial lung disease
3.3. Other pulmonary diseases with mixed restrictive and obstructive patterns
3.4. Sleep-disordered breathing
3.5. Alveolar hypoventilation disorders
3.6. Developmental abnormalities

class 4: chronic Thromboembolic pulmonary Hypertension (cTEpH)

class 5: pulmonary Hypertension with Unclear multifactorial mechanisms

5.1. Hematologic disorders: myeloproliferative disorders, splenectomy
5.2. Systemic disorders: sarcodosis, pulmonary Langerhans cell
  Histiocytosis: lymphangioleiomyomatosis, neurofibromatosis, vasculitis
5.3. Metabolic disorders: glycogen storage disease, Gaucher disease, thyroid disorders
5.4. Others: tumoral obstruction, fibrosing mediastinitis, chronic renal failure on dialysis
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lesions observed in the small resistance arteries. Despite the cellular and molecular pathways 
being currently undefined, these lesions include medial hypertrophy, intimal fibrosis, plexiform 
lesions (endothelial outgrowths from the pulmonary arteriole intima into the lumen at branches 
in the pulmonary arteries), and microthrombotic lesions.

Another form of IPAH is pulmonary veno-occlusive disease (PVOD) and/or pulmonary cap-
illary hemangiomatosis (PCH). Prognosis for these diseases is still bleak (,2 years) despite signifi-
cant recent advancements in understanding and treatment. The main histopathological hallmark 
of the disease is widespread fibrous intimal proliferation, predominantly involving the pulmonary 
venules and small veins. PVOD mimics other forms of PAH and is clinically  impossible to distin-
guish. Treatment with pulmonary vasodilators is possible; however, these often precipitate pul-
monary edema due to increasing pulmonary blood flow with “fixed” outflow (pulmonary vein) 
obstruction. It is also worth noting that elevation in pulmonary venous pressure can occur with 
any disorder impairing pulmonary venous outflow, including systolic and diastolic left ventricular 
dysfunction, mitral stenosis, and, less commonly, disorders of the pericardium or pulmonary 
veins themselves. Similar pathogenesis is observed with mild PH, augmented by vasoconstriction 
and, when sustained, hypertrophy and intimal proliferation. At this point, treating the elevated 
pulmonary venous pressure (e.g., repair of mitral stenosis) should still be considered.

Persistent pulmonary hypertension of the newborn (PPHN) develops when PVR remains 
elevated after birth. Right-to-left shunting of blood through fetal circulatory pathways occurs 
and PVR remains elevated due to pulmonary hypoplasia, maldevelopment, and poor adapta-
tion of the pulmonary arteries and vascular bed. Potential therapeutic targets currently being 
pursued include inhibition of phosphodiesterase-5 activity (Sildenafil), activation of guanylate 
cyclase (BAY 41-2272), and recombinant human vascular endothelial growth factor (rhVEGF), 
administered by intrapulmonary infusion.

Chronic obstructive pulmonary disease (COPD), interstitial lung disease, and widespread 
parenchymal destructive processes (tuberculosis) are parenchymal pulmonary diseases directly 
associated with the development of PH. The prevalence of PH in patients with advanced COPD 
is high; it usually presents with moderate severity (mean PAP are typically ,40 mmHg) and pro-
gresses slowly. Hypoxemia is believed to be the major cause of PH in COPD; this leads to vascular 
remodeling characterized by intimal proliferation of poorly differentiated SMCs and the deposi-
tion of elastic and collagen fibers. The disease manifests with impairment of endothelial function 
in the earliest stages leading to decreased vasodilator release (e.g., NO). PH is an under-recognized 
complication of interstitial lung diseases (ILD), which most commonly include connective tis-
sue disease-related ILD, sarcoidosis, idiopathic pulmonary fibrosis, and pulmonary Langerhans 
cell histiocytosis. Diagnosis can be difficult and often overlooked as the clinical presentation is 
fairly nonspecific; associated pathologies include pulmonary vasoconstriction, pulmonary vascular 
remodeling, vascular inflammation, perivascular fibrosis, and thrombotic angiopathy.

In obstructive sleep apnea (OSA), PH can cause functional limitation and increased mortal-
ity; however, it usually presents in a milder form induced by hypoxemia, hypercapnia, or acidosis. 
This applies similarly to other hypoventilation syndromes, including central alveolar hypoventila-
tion and obesity–hypoventilation syndrome. Structural changes in the pulmonary vasculature are 
rare and current treatment options are restricted to treatment of the underlying diseases. Clinical 
trials have been proposed for newer vasodilator drugs, which may improve the prognosis.

Chronic thromboembolic pulmonary hypertension (CTEPH) is a serious complication of 
acute venous pulmonary embolism (PE). It is a distinct entity characterized by obstruction of 
large, elastic (main, lobar, and segmental) pulmonary arteries by chronic, unresolved, organized 
PE. PH thus arises due to the blockade of the pulmonary artery. CTEPH is discussed in more 
detail in Chapter 71.
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74 Pulmonary Hypertension: 
Diagnosis and Treatment
David Poch and Jess Mandel

The main challenges in the diagnosis of pulmonary hypertension are: (1) including pulmo-
nary hypertension in the initial differential diagnosis and (2) completing a thorough diagnostic 
evaluation that establishes its presence. Historical information is usually nonspecific and patients 
frequently are misdiagnosed with more common conditions, such as asthma or heart failure. As 
an example, dyspnea on exertion is present in virtually all patients with pulmonary hypertension 
and may be the only presenting symptom. Other common symptoms include cough (30%), easy 
fatigability (25%), chest pain (21%), and hemoptysis (10%). These nonspecific symptoms often 
appropriately suggest other, more common, diagnostic considerations (asthma, coronary artery 
disease, psychogenic dyspnea) rather than pulmonary hypertension. More specific historical in-
formation, such as a history of anorectic drug use or childhood heart murmurs, should arouse 
suspicion for a specific pulmonary hypertensive disorder.

Findings on physical examination can be relatively subtle. Signs of pulmonary hypertension 
can include murmurs of tricuspid regurgitation or pulmonic insufficiency, accentuation of the 
pulmonic component of the second heart sound (P2), fixed splitting of S2, and a left parasternal 
lift, indicative of right ventricular hypertrophy. With more advanced disease, pedal edema, hepa-
tomegaly, and jugular venous distension may be appreciated. One notable physical examina-
tion finding observed in some patients with chronic thromboembolic pulmonary hypertension 
(CTEPH) is the presence of pulmonary artery flow murmurs. These are bruits auscultated over 
the lung fields, heard best during breath holding at mid-inspiration. These sounds indicate flow 
through partially occluded central pulmonary arteries and are highly suggestive of chronic large-
vessel pulmonary embolic disease.

Chest radiography frequently is unrevealing. If pulmonary hypertension is severe, enlarge-
ment of the right ventricle and pulmonary arteries is apparent. Chest radiography, however, can 
be useful in documenting secondary causes of pulmonary hypertension such as interstitial lung 
disease or chronic obstructive pulmonary disease (COPD). One notable radiographic finding is 
the presence of interstitial edema (Kerley B lines) in the setting of right ventricular failure and 
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pulmonary artery enlargement. This constellation of x-ray findings should raise suspicion for 
pulmonary veno-occlusive disease.

In patients in whom pulmonary hypertension is suspected, echocardiography is a very useful 
initial test that is likely to be abnormal in the presence of moderate or severe pulmonary hyper-
tension. Two-dimensional echocardiography demonstrates varying degrees of right atrial and 
right ventricular enlargement. Paradoxical movement of the interventricular septum indicates 
right ventricular pressure overload. Doppler echocardiography can also estimate the pulmonary 
artery systolic pressure (PASP) using the velocity of a tricuspid regurgitant jet (almost always 
present) and the formula PASP 5 4 3 v2 1 right atrial pressure.

The 2008 Dana Point classification of pulmonary hypertension includes five major 
categories:

 1. Pulmonary arterial hypertension (PAH)
a. Idiopathic
b. Heritable
c. Drug and toxin associated (e.g., fenfluramine, cocaine)
d. Associated with collagen vascular disease, congenital systemic to pulmonic shunts, portal 

hypertension, HIV, drugs and toxins, schistosomiasis, and others
e. Associated with significant venous or capillary involvement: pulmonary veno-occlusive 

disease, pulmonary capillary hemangiomatosis
 2. Pulmonary hypertension due to left-sided heart disease
 3. Pulmonary hypertension associated with lung diseases or hypoxemia (e.g., COPD, inter-

stitial lung disease, sleep-disordered breathing, alveolar hypoventilation disorders, chronic 
exposure to high altitude, developmental abnormalities)

 4. Pulmonary hypertension caused by chronic thromboembolic disease (CTEPH)
 5. Pulmonary hypertension with unclear multifactorial mechanisms (e.g., sarcoidosis, histio-

cytosis X, lymphangiomatosis, Gaucher disease).

Once a patient is identified as having a reasonable likelihood of pulmonary hypertension, 
additional tests are required to establish the diagnosis and determine which type of disease is 
present. These tests include: (1) echocardiography to exclude the presence of congenital heart 
disease (atrial septal defect, ventricular septal defect, patent ductus arteriosus) and left-sided 
heart disease (valvular or ventricular dysfunction), (2) pulmonary function testing to determine 
if significant obstructive or restrictive lung disease is present, (3) ventilation–perfusion scanning 
and possibly pulmonary angiography to identify CTEPH, (4) arterial blood gas analysis to evalu-
ate for a hypoventilation syndrome, (5) polysomnography, if clinically indicated, and (6) chest 
radiography and high-resolution computed tomography scanning if the diagnosis of interstitial 
lung disease–associated pulmonary hypertension is contemplated.

With these noninvasive studies, multiple disorders can be excluded and patients with PAH 
can be identified. Further studies to identify conditions associated with PAH include liver func-
tion tests, HIV serology, and antinuclear antibody titer (collagen vascular disease). Patients 
should also be questioned regarding a family history of pulmonary hypertension, a history of 
anorexigen use, or a history of use of stimulant drugs (e.g., methamphetamines, cocaine). Right 
heart catheterization should be done to confirm the diagnosis and exclude an elevated pulmo-
nary capillary wedge pressure indicative of left atrial hypertension, assess disease severity, and 
determine whether vasoreactivity is present.

The outcome of patients with untreated idiopathic PAH is quite unfavorable. In the National 
Institutes of Health Registry of such patients before modern treatments were available, median 
survival from the time of recognition was 2.9 years. Factors associated with a worse prognosis 
include severity of right ventricular failure (high right atrial pressure, low cardiac index), poor 
functional class, and poor exercise capacity as assessed by a 6-minute walk test.

Because the subset of patients with PAH that is responsive to vasodilators has a much bet-
ter prognosis, it is critical to determine the ability of the pulmonary vascular bed to vasodilate 
in response to pharmacologic agents such as epoprostenol, inhaled nitric oxide, or adenosine; 
longer acting agents should not be used. An acute fall in mean pulmonary arterial pressure of 
at least 10 mmHg and to a final value less than 40 mmHg without reduction in cardiac output 
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identifies a subgroup that may do well on long-term calcium channel blockers. Unfortunately, 
less than 10% of patients fall into this acute “vasoreactive” subgroup.

Since the late 1990s, effective medical therapy has been available for most patients with 
PAH. Therapies currently available in the United States include:

•	 Epoprostenol,	 an	 intravenous	 prostacyclin	 analog (“prostenoid”) requiring continuous 
administration

•	 Treprostinil,	a	prostacyclin	analog	that	can	be	administered	intravenously,	subcutaneously,	or	
via the inhaled route

•	 Iloprost,	an	inhaled	prostacyclin	analog
•	 Bosentan	and	ambrisentan,	oral	endothelin	antagonists
•	 Sildenafil	and	tadalafil,	oral	phosphodiesterase-5	inhibitors

The choice of treatment depends upon the severity of the pulmonary hypertension and the 
side effects and complication profile of the medications. Continuous intravenous prostenoid 
(e.g. epoprostenol) therapy is invasive, has numerous side effects, and requires an indwelling 
catheter for administration. However, it is considered the most effective treatment and is gener-
ally felt to be the drug of choice in PAH patients who are World Health Organization (WHO) 
functional class IV. Of interest is that the beneficial effects of prostenoids are noted even in 
the absence of favorable acute hemodynamic responses to the agent, suggesting non-vasodilator 
effects such as advantageous pulmonary vascular remodeling.

Bosentan and ambrisentan, orally administered endothelin receptor antagonists, have also 
been shown to improve hemodynamics and exercise capacity in patients with PAH. The agents 
are generally well tolerated, with their most important complications being hepatotoxicity (usu-
ally reversible) and teratogenicity.

Sildenafil and tadalafil are orally administered phosphodiesterase-5 inhibitors that have been 
shown to improve exercise capacity in patients with PAH. They are generally well tolerated, but 
can produce life-threatening hypotension if combined with nitrates.

Therapies currently under investigation include orally available prostacyclin receptor agonists, 
inhaled nitrates, and tyrosine kinase inhibitors. Additional studies are also underway examining the 
impact of upfront combination therapy with two or more of the approved drug classes listed above. It 
is not yet certain whether this combined approach offers benefit over sequential addition of therapies.

In addition to the primary treatments described, warfarin is recommended based upon retro-
spective data indicating a significant survival benefit in idiopathic PAH. Diuretics are frequently 
required to control symptoms such as hepatic congestion and lower extremity edema. Diuretics, 
however, must be used with caution because excessive reduction in blood volume can adversely 
affect the preload-dependent right ventricle and lead to systemic hypotension. Digoxin is con-
sidered to be of limited benefit at best.

Other supportive measures occasionally considered for patients with progressive right ven-
tricular failure include low-dose inotropic therapy and balloon septostomy. Inotropic support 
with low-dose dopamine, dobutamine, or milrinone can improve cardiac output and symp-
toms, and has been used long-term in a small number of patients. Balloon septostomy creates 
a small atrial septal defect that allows blood, albeit deoxygenated, to reach the left ventricle, 
thereby improving cardiac output and, in many cases, oxygen delivery. However, hypoxemia 
and decompensation may result. The size of the defect created appears to be critical in balancing 
improvement in cardiac output against severe hypoxemia.

Lung and heart–lung transplantation are reserved for patients who do not show significant 
improvement and stabilization with medical therapy. This is best assessed through evaluation of 
posttreatment hemodynamic data in combination with a 6-minute walk distance and functional 
class. Double-lung transplantation is preferred over single-lung transplantation in pulmonary 
hypertension; heart–lung transplantation is generally reserved for complex congenital heart 
abnormalities that cannot be corrected at the time of lung transplantation. Successful transplan-
tation results in marked hemodynamic and functional improvement. However, beneficial long-
term outcomes with lung transplantation are tempered by the high morbidity of the procedure 
and a mean posttransplantation survival of less than 8 years.
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75 Lung Transplantation
Marisa Magaña and Gordon L. Yung

Lung transplantation has a relatively short history: the first successful human single and double 
lung transplants were performed in 1983 and 1986, respectively. Organ availability remains 
the major obstacle to the number of lung transplants, with only 15% to 20% of all potential 
donors’ lung(s) being suitable for transplant. With better donor management and better pub-
lic awareness, there has been a small but steady increase in the number of patients receiving 
lung transplantation, despite an increasing number of double lungs over single lung transplants 
(which would, theoretically, result in a decrease in the total number of patients receiving lung 
transplant). In 2011, 1,822 adult lung transplants were performed in 60 adult and 3 pediatric 
transplant centers in the United States, including one living donor transplant. Compared to a 
total of 3,519 lung transplants reported from 178 centers worldwide to the International Society 
of Heart and Lung Transplantation in 2010, the United States continues to lead the world in this 
treatment. Encouragingly, the median posttransplant survival has increased from 4.7 years in the 
1990s to 5.7 years for the past decade.

The most common indications for lung transplantation worldwide are chronic obstructive 
pulmonary disease (COPD) (including α-1 antitrypsin deficiency, ∼40%), interstitial lung dis-
ease (including idiopathic pulmonary fibrosis [IPF], ∼27%), and cystic fibrosis (∼17%). Other 
less common indications, each constituting approximately 1% to 3% of all cases, include pulmo-
nary arterial hypertension (PAH), sarcoidosis, bronchiectasis, and lymphangioleiomyomatosis. In 
addition, 1% to 2% of all lung transplants were performed in patients who had a previous lung 
transplant, usually due to chronic rejection (bronchiolitis obliterans). In the United States, due 
to a new prioritizing allocation system established in 2005 that favors interstitial lung disease, the 
proportion of patients with this group of conditions approaches that of patients with COPD.

pATIENT SElEcTIoN
Because of limited organ availability, there are often conflicts during recipient selection between 
individual patient needs and societal benefits. For example, “high risk” patients who might 
benefit from transplant but who have a low chance of posttransplant survival may be denied 
transplant in favor of other patients with a better chance of survival. In addition, in developed 
countries, where rationing of resources is not a normal societal expectation, physicians may face 
significant ethical dilemmas. For example:

 1. Should patients be allowed to have repeat transplants for a second or third time, even 
though they are sicker than others who have not had their first one?

 2. Should a 25-year-old patient with cystic fibrosis (a disease he or she has no control over) 
who is the sole source of income for a family with young children be chosen over a 78-year-
old retired individual with COPD who was a life-long smoker?
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 3. Should there be limits on the number of transplants for foreign nationals, including illegal 
immigrants, when there are not enough organs for legal residents/citizens?

Exclusion criteria
Ethical issues and society considerations aside, selection of patients should be based primarily 
on potential benefits for the patient, either in terms of improved survival, quality of life or both. 
The significant perioperative and postoperative risks for morbidity and mortality, as well as the 
scarcity of donor organs, necessitates a vigorous selection process for suitable recipients that is 
critical to successful outcomes that benefit the largest number of patients for the longest period 
of time. The ideal patient should be healthy enough to undergo the surgery safely with the least 
risk of postoperative complications (both immediate and long-term), yet sick enough (i.e., high 
expected mortality and sufficiently impaired quality of life) to justify the considerable risks. 
Every patient is, therefore, required to undergo an extensive evaluation to determine transplant 
candidacy. This includes a detailed history and physical examination, testing for latent infections 
or organ dysfunction, cardiac and pulmonary function testing, imaging with chest radiograph 
and CT scan, as well as a careful psychosocial assessment.

Although every transplant center has its own guidelines regarding recipient selection, there 
is a general consensus that patients with the following conditions should not be considered for 
transplant until these issues are resolved: active tobacco, drug, or alcohol abuse; severe psychi-
atric illness that impairs the patient’s ability to comply with medical care; documented current 
history of medical nonadherence; lack of a significant social support system; active infection 
with hepatitis B or C, especially with histologic evidence of liver disease; untreatable advanced 
dysfunction of another major organ; significant chest wall/spinal deformities; and recent malig-
nancy with the exception of nonmelanoma skin cancers. It is important to recognize that experi-
ence in lung transplants is still relatively limited and some of the “conventional” practices and 
guidelines are constantly being challenged and undergoing change. For example, most trans-
plant centers still consider infection with HIV to be an absolute contraindication; however, with 
advances in antiviral therapies, it is possible that patients with HIV or chronic viral hepatitis 
may be candidates in the future if these infections can be treated successfully. Age is consid-
ered a relative contraindication due to evidence of worse outcomes in patients over the age of 
65 years. However, increasingly, there is an emphasis on physiologic age, so that if a patient 
over 65 years is physically strong and healthy aside from the lung disease, consideration can be 
given to transplantation. In fact, in 2011, more than 25% of all lung transplants in United States 
were performed on patients older than 64 years. Long-term outcome data on lung transplants in 
“elderly” patients are inconclusive, but it is likely that, even in well-selected patients, long-term 
(5 year) survival of patients over 70 years of age would be significantly worse that those younger 
than 65 years. Finally, selected patients with multi-organ failure may have successful multi-organ 
transplants, most commonly heart–lung and lung–kidney transplants.

Other conditions may increase posttransplant mortality and should also be taken into 
account when considering a patient’s transplant candidacy, including: symptomatic osteoporo-
sis, poor functional status with poor potential for rehabilitation, hemodynamic instability, and 
active and untreated extrapulmonary infections.

Although patients with cystic fibrosis and pan-resistant Pseudomonas aeruginosa have worse 
transplant outcomes than those with sensitive strains, they are similar to non–cystic fibrosis 
patients, presumably due to the younger age of this population. Thus, one may argue that colo-
nization with pan-resistant P. aeruginosa should not preclude transplantation. On the other 
hand, patients colonized with Burkholderia cepacia type III have significantly decreased 1 year 
survival posttransplant, prompting some centers to consider colonization with this organism a 
contraindication to transplantation.

Selected patients on chronic home ambulatory ventilator support have comparable survival 
outcomes, but those with acute respiratory failure requiring mechanical ventilation and urgent 
lung transplant generally have significantly worse outcomes. Extreme high or low body weight 
(20%–30% of ideal body weight) is associated with worse outcome; aggressive approaches, 
including dietary restriction or placement of a feeding tube, are often necessary. Some centers 
use a body mass index of 30 as a “cut-off” for transplant consideration, although one should also 
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take into account the distribution of fat and relative muscle/fat proportion in making the final 
decision. Increasingly, gastroesophageal reflux disease (GERD) has been associated with worse 
transplant outcomes due to its association with chronic lung rejection, and some transplant 
centers now recommend definitive surgical treatment in severe cases either prior to, or soon 
after, lung transplantation.

Inclusion criteria
To select the right patients, physicians should consider several factors:

 1. Survival after transplant: While no one can accurately predict how long an individual patient 
will live after a transplant, the most comprehensive data are available from the annual report 
from the Registry of the International Society of Heart and Lung Transplantation. In the 
2012 report of self-reported data of almost 33,000 lung transplants performed between 1994 
to 2010, the average survival after lung transplant was about 5½ years (single lung: 4.6 years, 
double lung: 6.7 years). The survival difference in single versus double lung transplant may, 
in part, be a result of selection bias: most older patients, who would be expected to have 
shorter posttransplant survival, typically receive single rather than double lung transplants. 
Similar survival data have also been reported in the United States by the Scientific Registry for 
Transplant Recipients (which operates under the Department of Health and Human Services 
to collect all transplant data in the United States). Different diagnoses may also have different 
transplant outcomes, in part because of age at the time of transplant. The shortest survival 
is associated with IPF (4.5 years). Previously, idiopathic PAH had the lowest 1-year survival, 
but this has improved to an average of 4.9 years. Patients with COPD have an average post-
transplant survival of 5.3 years, while those with the similar disease of emphysema due to α1 
antitrypsin deficiency survive an average of 6.3 years. Patients with cystic fibrosis have the 
longest average survival of 7.4 years. It is likely that age and, possibly, single versus double 
lung transplant plays a significant role in the reported differences in survival.

 2. Survival without transplant: To evaluate the benefits of transplant, one should compare post-
transplant survival to the expected survival of patients without transplant. To achieve this 
goal, one has to estimate individual patient survival without transplant. Because most lung 
diseases are associated with a wide range of survival, it is important for transplant physi-
cians to take into account an individual patient’s condition and disease progression, and 
not simply look at the average survival for each disease. For example, a patient with COPD 
who quit smoking 20 years previously and has had stable lung function for the past 5 years 
may have significantly better survival than another patient with α1 antitrypsin deficiency 
and similar pulmonary function tests, but who just quit smoking only 6 months earlier. 
Similarly, a patient with pulmonary hypertension who has not yet received optimal medical 
therapy might have a very different prognosis than another patient with similar pulmo-
nary hemodynamics, but who was already receiving maximal medical therapy. Guidelines 
were developed in 2006 by the International Society for Heart and Lung Transplantation 
(Table 75-1), which provide a framework for patient selection for lung transplant, but these 

TAblE 75-1  Guidelines for Selected Diseases

Chronic Obstructive Pulmonary Disease

Referral guidelines

BODE a index .5

Transplantation guidelines

BODE index of 7–10 or at least one of the following:

•	 History	of	hospitalization	for	exacerbation	associated	with	acute	hypercapnia	 
(Pco2 . 50 mmHg)
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•	 Pulmonary	hypertension	or	cor	pulmonale	or	both	despite	oxygen	therapy

•	 FEV1 , 20% predicted and either Dlco , 20% predicted or homogenous distribution 
of emphysema

Cystic Fibrosis

Referral guidelines

•	 FEV1 , 30% predicted or a rapid decline in FEV1, particularly in female patients

•	 Exacerbation	requiring	ICU	stay

•	 Increasing	frequency	of	exacerbations	requiring	antibiotics

•	 Refractory	and/or	recurrent	pneumothorax

•	 Recurrent	hemoptysis	not	controlled	by	embolization

Transplantation guidelines

•	 Oxygen-dependent	respiratory	failure

•	 Pulmonary	hypertension

•	 Hypercapnia

Idiopathic Pulmonary Fibrosis

Referral guidelines

•	 Histologic	or	radiographic	evidence	of	usual	interstitial	pneumonitis	(UIP)	regardless	of	vital	capacity

•	 Histologic	evidence	of	fibrotic	nonspecific interstitial pneumonitis (NSIP)

Transplantation guidelines

Histologic or radiographic evidence of UIP and any of the following:

•	 Dlco , 39% predicted

•	 10%	or	greater	decline	in	FVC	during	6	mo	of	follow-up

•	 Pulse	oximetry	,88% during a 6-min walk test. Honeycombing on HRCT  
(fibrosis score .2)

Histologic evidence of NSIP and any of the following:

•	 Dlco , 35% predicted

•	 10%	or	greater	decline	in	FVC	or	15%	decrease	in	Dlco during 6 mo of follow-up

Primary Pulmonary Hypertension

Referral guidelines

•	 NYHA	functional	class	III	or	IV,	regardless	of	current	treatment

•	 Rapidly	progressive	disease

Transplantation guidelines

•	 Persistent	NYHA	class	III	or	IV	symptoms	despite	maximal	medical	therapy

•	 Failing	therapy	with	intravenous	epoprostenol	or	equivalent

•	 Low	(,350 m) or declining 6-min walk test; cardiac index ,2 L/min/m2

•	 Right	atrial	pressure	.15 mmHg

Adapted from the ISHLT 2006 Guidelines for the Selection of Lung Transplant Candidates.

a The BODE index is a multidimensional grading system that predicts mortality from COPD on the basis of 
body-mass Index, airflow obstruction, dyspnea, and exercise capacity.
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do not substitute for an individual physician’s judgment, especially with regard to disease 
progression and consideration of quality of life. Because different countries may have very 
different systems of prioritizing organ allocation, and waiting time can vary considerably 
among different transplant centers in the same country, it is important for physicians to 
work with their local transplant centers to optimize the timing for transplant referrals.

lUNG AllocATIoN ScoRE
In May 2005, a new system of lung allocation was implemented in the United States under 
the administration of the United Network of Organ Sharing (UNOS). On the basis of several 
variables, a patient receives a lung allocation score (LAS) that determines his or her ranking on 
the organ distribution lists. Available organs are then prioritized according to location, blood 
type, and LAS ranking of patients on the waiting list. The LAS, normalized between 0 and 100, 
incorporates a common set of variables that combines the predicted risk of death within 1 year 
while on the waiting list and the predicted likelihood of (1-year) survival after transplantation. 
A higher score indicates greater urgency and need for transplantation.

The introduction of the LAS has led to many changes in the allocation of lungs as well 
as the outcomes in the transplant patient population. The number of patients on the waiting 
list has decreased significantly and, more importantly, the waiting time from listing to trans-
plantation has decreased dramatically. From 1998 to 2002, prior to the implementation of the 
LAS, the average wait time for lung transplant was 1,000 days; in 2007, this had dropped to 
141 days. Patients with the highest LAS (.45 points) can now expect to wait approximately 
1 to 2 months, compared to about 9 months for those with a lower score (,25). Wait-list mor-
tality has also decreased from 15% prior to LAS to 11% after its inception. In addition, the type 
of patients receiving transplantation has changed as well. Prior to the LAS, the most common 
indication for lung transplantation was COPD; in the post-LAS era, IPF has become most com-
mon, accounting for approximately 33% of all lung transplants in 2007. Finally, the propor-
tion of lung transplant patients with cystic fibrosis has increased from 16% to 20%  following 
implementation of the LAS.

With the exception of idiopathic pulmonary hypertension, wait-list mortality has decreased 
for most lung conditions following implementation of the LAS. This and other evidence suggest 
that the LAS may underestimate disease severity in patients with PAH. Ongoing efforts are in 
place to review and refine the current system. Finally, recent data suggest a trend toward higher 
posttransplant mortality after implementation of LAS. The explanation for this trend is not 
clear. Possibly, it indicates that sicker patients are being transplanted, or that there is a need for 
a better method for calculating the LAS.

DoNoR SElEcTIoN
It is clear that proper donor selection and optimal organ preservation improve transplant out-
comes. After being accepted on the waiting list, patients are matched with donors according to 
their ABO blood group and lung size. Donor organs are routinely evaluated for function and to 
exclude active or latent infections. Traditional donor criteria include the following: age less than 
or equal to 55 years, ABO compatibility, chest radiograph with clear lung fields or with only 
minimal abnormalities, PaO2 greater than or equal to 300 on 100% Fio2 and PEEP of 5.0 cm 
H2O, tobacco history less than or equal to 20 pack years, absence of significant chest trauma, 
no evidence of significant aspiration or sepsis, and no prior cardiopulmonary surgery. The deci-
sion to use marginal donor lungs should be made only after careful consideration, supported by 
informed consent from the individual patient. It has become apparent that these criteria may 
be too stringent and contributing to the current shortage of donor organs; many centers have 
 reported comparable outcomes with donor lungs that do not fit all of the traditional donor 
criteria. The traditional donor criteria, therefore, serve more as guidelines and not strict selection 
criteria. Each potential donor has to be considered on a case-by-case basis.

More recently, several devices have been developed for ex vivo transportation of explanted 
lung blocs at near-body temperature, while the organs continue to receive blood or fluid perfused 
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through a closed circuit as well as ventilation through a transport ventilator. This has the poten-
tial of extending the distance and time that an explanted organ can remain viable without the 
prolonged ischemic injury that current organ preservation methods can cause (ice cold perfusion 
solution to suspend organ cellular function). Preliminary data have been encouraging and even 
suggest the possibility of improved lung function with this method of ex vivo perfusion.

Approximately 8.6% of donors are classified as high-risk donors by the Public Health Ser-
vice and Center for Disease Control, meaning that the donor participated in behaviors that 
placed him/her at high risk of acquiring certain infectious diseases, specifically HIV and hepatitis 
B and C. When a donor is classified high risk, the transplant team is required to obtain special 
informed consent prior to proceeding with surgery with respect to the risk of transmission of 
these infectious diseases. This classification was first defined decades ago to avoid inadvertent 
transfer of infections such as HIV or viral hepatitis through the donor organ. With the avail-
ability of newer DNA polymerase chain reaction (PCR) testing, this category of high-risk donor 
may soon become obsolete.

TYpE oF TRANSplANT
There are three types of lung transplantation: single lung (SLT), bilateral (sequential) lung 
(BLT), and living donor transplantation. Heart–lung transplantation is seldom performed now 
and is most often used in cases of pulmonary hypertension related to severe congenital cardiac 
anomalies. The type of transplantation performed depends primarily on the underlying disease, 
associated conditions (e.g., age, degree of secondary pulmonary hypertension, bronchiectasis 
or active lung infections, previous thoracic or pleural surgeries, and comorbid conditions), and 
institutional practice. Because of the limited number of suitable donors and decreased opera-
tive morbidity, SLT is preferred whenever feasible. It is also technically the simplest and can 
usually be performed via a thoracotomy without cardiopulmonary bypass. The disadvantages 
of SLT are that the recipients are left with one diseased lung, generally have poorer results on 
pulmonary function testing even after recovery, and may have shorter posttransplant survival. 
However, patients with successful SLT have little functional disability in almost all normal daily 
activities.

BLT is performed either through an anterior thoracosternotomy (clam-shell incision) or 
bilateral thoracotomies and is usually reserved for patients at risk of recurrent pulmonary infec-
tions if the native lung is left behind. BLT is therefore recommended for all patients with cystic 
fibrosis or suppurative lung diseases. When SLT is performed in patients with PAH or severe 
secondary PH, most of the cardiac output flows through the transplanted lung leading to a high 
incidence of pulmonary edema in the allograft. Therefore, patients with PAH or severe second-
ary PH generally undergo bilateral lung transplantation.

There are some data suggesting slightly better long-term outcomes in patients with COPD 
from BLT compared with SLT. However, in patients with IPF, studies have not demonstrated 
any consistent mortality benefit for BLT over SLT. Therefore, the decision to perform BLT or 
SLT in patients with COPD or IPF is usually center and case-dependent. Finally, as long as there 
is a significant organ shortage, the ethics of giving one donor’s lungs to one versus two recipients 
in order to provide a small additional survival benefit should also be considered.

Because of the shortage of donors, living donor transplantation was used in the late 1990s 
until 2005. Most cases were performed on pediatric patients with cystic fibrosis, with the donors 
being close family members. Two donors are required, each donating the lower lobe of one 
lung (right lower lobe and left lower lobe) to the respective chest cavity of the recipient. This 
procedure has the advantage of allowing extensive donor evaluation and can potentially improve 
HLA matching. Criteria for living donor transplant recipients should be the same as for other 
types of lung transplantation; the procedure should not be performed as a rescue operation for 
patients in extremis. Aside from the technical difficulties, there are ethical considerations of 
subjecting two healthy adults to surgery that does not directly benefit their own health. Since 
the implementation of LAS, the need of living donor transplantation has decreased significantly. 
Between 2006 and 2011, only one to four patients annually received this form of transplant in 
the United States.
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poSTTRANSplANT complIcATIoNS
primary Graft Dysfunction
In approximately 10% to 30% of patients, primary graft dysfunction (PGD) develops in the 
postoperative period. PGD is a form of acute lung injury that occurs within the first 72 hours 
immediately after surgery. It is thought to be related to ischemia–reperfusion injury; various risk 
factors related to the donor and organ preservation, recipient characteristics, and injuries from 
operation are thought to play a role. A grading system based on the Pao2/Fio2 ratio has been used 
to assess severity at the following time points; immediately postoperative within 6, 24, 48, and 
72 hours. Severe PGD, grade 3 (Pao2/Fio2 , 200) carries significant short- and long-term mor-
bidity and mortality. Christie et al. demonstrated that patients with grade 3 PGD at 72 hours 
had significantly higher all-cause 30-day mortality of 63% compared to 9% in patients without 
any PGD. In addition, multiple studies have demonstrated an association between PGD and 
the development of bronchiolitis obliterans syndrome (BOS), even years later. The mechanism 
of how PGD causes BOS is unclear. BOS is the major obstacle to better long-term survival after 
lung transplantation. There is no definitive treatment of this condition and the main therapy is 
supportive care while awaiting recovery.

Acute Rejection
Acute rejection occurs in 30% to 40% of transplant recipients. Unlike PGD, it usually occurs 
after the first 5 to 7 days following transplant, and is rare after the first year. Symptoms may be 
nonspecific and include fever, dyspnea, and cough and are often associated with chest radiograph 
opacities. The gold standard for diagnosis is pathologic examination of tissue, usually obtained 
by transbronchial biopsy. Bronchoscopy also allows for the evaluation of infectious etiologies, 
especially cytomegalovirus (CMV), which can sometimes mimic acute rejection. Histologically, 
acute rejection is characterized by lymphocytic perivascular inflammation which may also con-
tain lymphocytic bronchiolitis.

A grading system for acute rejection, based on the severity of perivascular inflammation, has 
been developed, although the relation of grade to treatment response and long-term prognosis 
has not been clearly demonstrated. Treatment generally consists of high-dose pulse IV cortico-
steroids followed by an oral prednisone taper. Most patients respond well to this therapy; those 
unresponsive to first-line therapy may require other treatments that may include antilympho-
cyte antibodies, plasmapheresis, or other immunosuppressants. Most cases of acute rejection are 
thought to be cellular in origin, involving T-lymphocytes, although increasingly the entity of 
B-cell or antibody-mediated response (often related to donor-specific antibodies) is being recog-
nized as a cause of rejection. The occurrence of acute rejection, especially episodes with histologi-
cally proven lymphocytic bronchiolitis, is well recognized to be a risk factor for the development 
of chronic rejection, prompting some centers to treat the condition aggressively and follow with 
repeated lung biopsies, even in asymptomatic patients. Whether early treatment can prevent the 
subsequent development of chronic rejection is not clear.

Anastomotic complications
In the early era of lung transplantation, anastomotic dehiscence was one of the most feared com-
plications. The incidence has since decreased significantly through improved surgical techniques 
and with the avoidance of sirolimus within the first 6 weeks posttransplant. Sirolimus use in the 
postoperative period has been associated with a 40% to 60% risk of anastomotic dehiscence due 
to poor wound healing. For this reason, it must be avoided in the early postoperative period.

Anastomotic stenosis is a common complication usually occurring between 9 and 12 months 
posttransplant. When recognized early, it can often be managed with serial balloon dilation and, 
in more severe cases, placement of an airway stent. In some cases, laser removal of granulation 
tissue may also be needed. In our experience, silicone or hybrid (silicone and metal) stents result 
in the least complications, and can be removed with permanent “cure” after 9 to 12 months in 
most cases. Use of pure metal stents is generally discouraged due to the propensity for granula-
tion tissue formation and the difficulty in removing them at a later date. However, because of the 
need for rigid bronchoscopy for silicone stent placement, many centers do not have the expertise 
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and prefer metal stents due to the ease of placement. Currently, hybrid (metal-silicone) stents are 
being developed that may be placed with a flexible bronchoscopy.

Infection
Infections are a major cause of both early and late deaths in lung transplant recipients and are 
considered to be the most common cause of death within the first year post–lung transplant. 
Bacterial infections are frequent in the early postoperative period. Infections with Pseudomonas 
spp., followed by Staphylococcus aureus, are the most common causes of death during the first 
3 months after transplant. Fungal infections, predominately from Aspergillus spp., can occur 
both early and late after lung transplantation. As a result, many centers use antifungal prophy-
laxis. However, the choice of antifungal drug, dose, and length of prophylaxis has not been 
standardized. In some centers located in endemic fungal areas, long-term antifungal prophylaxis 
has been proposed. CMV was previously a common cause of viral infection, especially in the 
first year after transplant, and has been associated with an increased risk of developing chronic 
rejection. Since the development of effective oral anti-CMV prophylaxis that allows for long-
term suppressive therapy, this complication is now uncommon. However, the optimal duration 
of CMV prophylaxis has not been clearly established. CMV seronegative patients who receive 
an organ from a seropositive donor are at the greatest risk of developing CMV illness; these 
patients should receive prophylaxis for at least 6 months. However, a recent study comparing a 
12- versus 3-month course of valganciclovir in patients who are either donor or recipient CMV-
positive demonstrated significantly decreased incidence of CMV disease (4% vs. 32%) without 
significant increase in drug side effects, suggesting that perhaps longer courses of prophylaxis 
should be employed.

chronic Rejection
Chronic allograft rejection presents as progressive small airway obstruction. Histologically, biop-
sies demonstrate changes of obliterative bronchiolitis. Because repeated open lung biopsies are 
not practical, and transbronchial biopsies often yield inconclusive results, the term “bronchiolitis 
obliterans syndrome” has been accepted as a surrogate term for chronic rejection. Once other 
conditions that may cause airway obstructions are excluded (such as anastomotic stenosis), diag-
nosis of chronic rejection (or BOS) can safely be made when a progressive obstructive pattern is 
seen on pulmonary function tests. BOS does not usually occur within the first 6 months of trans-
plant; however, once it develops, most cases progress without intervention. Approximately 40% 
of patients develop BOS by 5 years after transplant and it remains the most common cause of 
death for patients beyond the first year. Multiple treatments have been tried with varying success. 
These include a change in the existing immunosuppressive regimen, addition of Azithromycin 
and/or Sirolimus, and use of anti-CD 52 antibodies (Alemtuzumab). Several small case series 
have also reported success with the use of extracorporeal photopheresis in BOS. Other centers 
have reported success in preventing progressive BOS after transplant with successful surgical 
treatment of gastroesophageal reflux. Unlike acute rejection, chronic rejection does not respond 
to corticosteroids. Re-transplantation remains the only effective, though controversial, treatment 
option for patients with severe BOS that would allow significant functional recovery.

Most other long-term complications after transplantation are related to the use of immu-
nosuppressive therapy and include: osteoporosis, hypertension, hyperlipidemia, diabetes, renal 
insufficiency (with 2%–3% of patients requiring long-term dialysis and 1% undergoing kid-
ney transplant 5 years post–lung transplant), myelosuppression, and malignancy (especially skin 
cancer and lymphoproliferative disease).

In summary, lung transplantation is still a developing area of pulmonary medicine. Selection 
of appropriate patients continues to change over time as organ availability improves. The task 
of equitably prioritizing patients according to needs and outcomes remains challenging. Even 
after almost three decades we still do not have a unified approach to selection and management 
of patients. Interestingly, no drug has been approved by the Food and Drug Administration for 
lung transplantation. As long as there is a significant organ shortage, ethical issues will remain an 
area of conflict between a transplant physician’s obligation to individual patients versus society.
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76 Pulmonary 
Manifestations of 
Sickle Cell Disease
Marisa Magaña and Jess Mandel

INTRoDUcTIoN
Sickle cell disease (SCD) is a hemoglobinopathy that has multisystem deleterious effects. It is one 
of the most common autosomal recessive genetic disorders worldwide. It occurs as a result of a 
single base pair substitution in the -subunit of hemoglobin, which results in the production of 
hemoglobin-S. In response to various stressors such as hypoxemia, oxidative stress, and cellular 
dehydration, sickle hemoglobin (HbS) polymerizes, resulting in structural abnormalities of the 
red blood cell, including characteristic sickle forms. This structural abnormality of the red blood 
cell results in the two main pathophysiologic processes of SCD: (1) occlusion of vascular beds 
with resulting ischemia–reperfusion injury and (2) hemolytic anemia.

Pulmonary complications of SCD commonly result in significant morbidity and mortality. 
An estimated 25% to 85% of deaths in SCD are related to pulmonary complications. Acute 
chest syndrome (ACS) is the most common cause of mortality in these patients and is a frequent 
cause of hospital admissions. Pulmonary hypertension is an increasingly recognized complica-
tion of SCD and is also associated with mortality. In addition, patients often have significant 
reactive airway disease and may develop chronic lung disease as a sequela of SCD.

AcUTE cHEST SYNDRomE
ACS is characterized by a new pulmonary infiltrate, fever, chest pain, dyspnea, and wheezing 
or cough in a patient with SCD. This complication is the second most common cause (behind 
painful vaso-occlusive crises) for SCD patients to be admitted to the hospital and is the number 
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one cause of admission to the ICU and death in patients with SCD. A key 2000 study evaluated 
671 episodes of ACS in 538 patients and demonstrated that more than one-half of the patients 
were admitted for other reasons such as pain crises and before developing clinical signs of ACS 
an average of 2 to 3 days after admission. On the basis of this observation, there is speculation 
that vaso-occlusive crises are likely to be a prodrome of ACS. Patients who developed ACS had 
an average hospital length of stay of 10.5 days; 22% developed neurologic complications, 13% 
developed respiratory failure requiring mechanical ventilation, and there was a mortality rate of 
9% in patients above 20 years of age. Interestingly, 81% of the patients who developed respira-
tory failure requiring mechanical ventilation recovered. Older patients (age .20 years) were 
more likely to develop complications and die in this study.

Several causes of ACS have been proposed. It is likely they all play a role in certain clinical 
situations; however, in almost half of cases no clear cause for ACS can be found. Known causes 
of ACS include infection with respiratory pathogens, fat embolism related to bone marrow 
infarction, sequestration of sickled cells in the pulmonary vasculature, and bronchospasm. 
Once one of these processes develops, it initiates a cycle of steps: further endothelial damage, 
worsened ventilation/perfusion matching, additional local hypoxemia, and further sickling 
of red blood cells and propagation of the cycle. Despite an aggressive diagnostic algorithm, 
a definite etiology is found in a minority of ACS episodes. In addition, investigators have 
noted that a high complication rate (up to 13% in the study referenced above) occurred dur-
ing diagnostic bronchoscopy, with eight patients requiring intubation. They concluded that 
aggressive diagnostic modalities should be reserved for patients who are not responding to 
standard therapy.

The diagnosis of fat embolism can be made from bronchoscopy with bronchioloaleolar 
lavage or from induced sputum with oil red O-staining of macrophages, although these findings 
are more specific than sensitive. Some studies suggest that patients with evidence of fat embolism 
as the etiology of ACS have a slightly worse clinical course, with more pain and neurologic com-
plications. However, because treatment of ACS does not differ when fat embolism is a primary 
cause, the importance of its diagnosis is uncertain at this time.

Treatment for ACS is predominantly supportive. Chlamydia pneumoniae (11%), Mycoplasma 
pneumoniae (8%), respiratory syncytial virus (4%), and Streptococcus pneumoniae (2%) are com-
mon respiratory  pathogens isolated. Early empiric treatment of potential respiratory pathogens 
with antibiotics is recommended, usually with a third generation cephalosporin and either a mac-
rolide or respiratory fluoroquinolone. In addition to antibiotic therapy, hydration, oxygen, red 
cell or exchange transfusion, aggressive pain control, and incentive spirometry are all important 
parts of the treatment of ACS. A component of reactive airway disease is frequently present and 
should be treated aggressively with bronchodilators.

pUlmoNARY ARTERIAl HYpERTENSIoN
In recent years pulmonary hypertension (PH) has been increasingly recognized as a complication 
of the hemolytic anemias and as a risk factor for death in patients with SCD. Pulmonary hyper-
tension is defined as a mean pulmonary artery pressure (PAP) greater than or equal to 25 mmHg 
at rest. Various studies have suggested that from 20% to 30% of patients with SCD have PH. The 
presence of PH is associated with increased mortality; in one study, the 22-month mortality rate 
was as high as 40%. However, most of these studies used an echocardiographic diagnosis of PH, 
which is not as accurate as cardiac catheterization. In a group of 192 patients with SCD evalu-
ated by echocardiogram, 32% had evidence of PH as defined by a tricuspid regurgitant (TR) jet 
velocity of greater than 2.5 m/second. Right heart catheterization was performed in 18 of the 
195 patients and there was a correlation with the echocardiographic diagnosis of PH and hemo-
dynamics by right heart catheterization, with a mean PAP in the cohort of 34 6 2.7 mmHg. 
These data are similar to published retrospective reviews, which estimate the echocardiographic 
prevalence of PH in SCD between 20% and 40%. There is evidence to suggest that when a TR 
jet velocity of greater than 2.5 m/second was present, it was associated with an increased risk of 
death (rate ratio 10.1) when compared to patients with a TR velocity of less than 2.5 m/second.

The etiology of PH in SCD is likely multifactorial. It appears to be associated with the sever-
ity of the hemolytic anemia and some studies have suggested that left heart disease may play a role 
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in its development. In the study by Gladwin et al., when echocardiographic variables  associated 
with diastolic dysfunction were analyzed in a logistic regression model, they were not associated 
with a risk of death; therefore the authors concluded that because PH was associated with an 
increased risk of death, PH was likely independent of diastolic dysfunction. Interestingly, in 
the Gladwin et al. study, the mean pulmonary artery wedge pressure was 17.2 6 1.2 mmHg, 
suggesting that perhaps left heart disease may have been contributing in some of the cases that 
underwent right heart catheterization.

There is substantial data that demonstrate the presence of increased mortality when PH 
exists. Therefore, patients with SCD should be screened for PH with echocardiogram. However, 
to confirm the presence of PH and determine the etiology, right heart catheterization should be 
performed prior to the initiation of any treatment for PH. Hypoxemia, thrombosis, and volume 
status may all influence TR velocity. Therefore, it is important that screening for PH be done 
in the steady state.

In addition to the degree of hemolytic anemia and left heart disease, the following mecha-
nisms have been proposed as potential causes or contributing factors to the development of PH 
in patients with SCD: hypoxemia, iron overload, HIV infection, and thromboembolic disease. 
Interestingly, the frequency of ACS and vaso-occlusive crises does not seem to be related to 
the development of PH in SCD. The exact pathophysiology of hemolysis-induced pulmonary 
hypertension has not been clearly elucidated but is thought to be related to relative NO deple-
tion due to non–red cell-contained hemoglobin from hemolysis. In addition, hemolysis causes 
release of arginase, which degrades arginine, the main substrate for NO generation. These two 
processes combined lead to decreased effects of NO, including pulmonary vasodilation. Unfor-
tunately, studies that have evaluated therapeutics aimed at increasing NO levels have failed to 
show a consistent clinical benefit. As an example, a pilot study by Morris et al. investigated the 
effects of oral arginine supplementation in SCD patients with PH and found a statistically sig-
nificant reduction in PAP measured by echocardiogram. However, this was not reproducible in 
a different study by Little et al. On the basis of the depleted NO hypothesis, the use of sildenafil 
in SCD-related PH has been tried as well. The Walk-Pulmonary Hypertension and Sickle Cell 
Disease with Sildenafil Therapy (Walk-PHaSST) study attempted to evaluate the safety and 
efficacy of sildenafil in SCD patients with Doppler-proven PH. This study was terminated early 
after enrollment of 74 out of 132 patients due to increased adverse events in the treatment arm, 
consisting mainly of painful vaso-occlusive crises. On the basis of this trial and pending further 
data, sildenafil is not recommended as first-line therapy for PH in patients with SCD.

Preliminary data suggest that bosentan may be effective and well-tolerated in SCD patients 
with Doppler-defined PH. However, further studies in more patients are needed before the 
therapy can be advocated on a broad scale.

ASTHmA
In children the prevalence of asthma in SCD is similar to that in age- and race-matched controls. 
However, children with SCD with a diagnosis of asthma are more likely to have episodes of ACS 
and vaso-occlusive pain crises than SCD patients without asthma. The relationship between 
asthma and SCD in adults is not well-established. In adults, the presentation of ACS and asthma 
may have significant clinical overlap and the prevalence of asthma in adults is lower, making it 
more difficult to study. However, the possibility of asthma should be investigated, diagnosed, 
and aggressively treated if potentially present.

cHRoNIc lUNG DISEASE IN ScD
Chronic lung disease in SCD encompasses a variety of pulmonary disorders that have not been 
well-characterized in adults. The largest cross-sectional study evaluating lung function in adults 
with SCD included 310 adult African American SCD patients who were in a steady clinical state 
at least 4 weeks after a vaso-occlusive crisis. It found that 90% of patients had abnormal pul-
monary function tests and the most common abnormalities were a restrictive defect occurring 
(74%) and low diffusing capacity (13%). An obstructive defect either alone or in combination 
with restriction was uncommon, occurring in 3% of patients. Interestingly, half of the patients 
with restrictive defects had a decreased total lung capacity but normal spirometry, suggesting that 
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spirometry alone may not be a good screening test in these patients. Patients in this study did not 
undergo routine imaging to look for the presence of interstitial lung disease (ILD). Therefore, 
the etiology of these findings is unclear and may be related to undiagnosed ILD or extrapulmo-
nary causes. There was no echocardiographic screening done to determine whether the patients 
with an isolated low diffusing capacity had PH. Other studies have shown that some patients 
with SCD and a restrictive pulmonary defect have a fibrotic interstitial disease that contributes 
to morbidity and mortality. More comprehensive and longitudinal studies are needed to deter-
mine the incidence, natural history, and clinical significance of these findings.

In addition, sleep-disordered breathing has been reported in a large fraction of adults and 
children with SCD. Therefore, these patients should undergo polysomnography or, at least, 
evaluation for nocturnal desaturation as this has clearly been linked with increased vaso-occlusive 
crises and neurologic events in SCD patients.

INFEcTIoN
The role of infection in ACS has already been discussed. This section will focus upon infection 
in the functionally asplenic SCD patient not related to ACS. By the time patients with SCD 
reach adulthood, they are functionally asplenic due to repeated episodes of vaso-occlusion and 
infarction in the spleen. The spleen plays a critical role in the clearance of infection, especially 
encapsulated bacteria. Therefore, SCD patients are at significantly increased risk of infection with 
these organisms, most notably S. pneumoniae and Haemophilus influenzae type B. Prior to the 
introduction of preventive measures (see below), children with SCD were 30 to 600 times more 
likely to develop invasive pneumococcal disease. This has dropped significantly, but both children 
and adults who develop infection with these bacteria have a significantly increased risk of mortal-
ity. For this reason, any sign of infection should be treated aggressively with empiric antibiotics.

Two measures have significantly decreased invasive pneumococcal infection: antibiotic pro-
phylaxis and pneumococcal vaccination. Children who are functionally asplenic should receive 
daily bacterial prophylaxis until the age of 5 with penicillin or erythromycin to prevent invasive 
pneumococcal disease. There are conflicting data regarding the use of prophylactic antibiotics 
in older children. The United States guidelines do not recommend its use after the age of 5, 
while the British guidelines recommend its use until the age of 16 and state that lifelong use is 
optional.

Vaccinations are particularly important in this group. Adults should receive the pneumococ-
cal polyvalent vaccine and be revaccinated 5 years later according to the CDC. Some European 
agencies recommend these individuals receive revaccination every 5 years. In addition, they 
should receive H. influenza B conjugate vaccine, if not given in childhood, as well as the menin-
gococcal C conjugate vaccine. Yearly influenza vaccination is also indicated.

Osteomyelitis occurs more commonly in SCD patients, likely because of repeated vaso-
occlusion and infarction. Salmonella typhimurium is the most common etiology in SCD patients 
with osteomyelitis, in contrast to Staphylococcus aureus in patients without SCD.
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77 Cystic Fibrosis
Douglas J. Conrad

Cystic fibrosis (CF) is a systemic disease characterized by acute and chronic sinusitis, progres-
sive bronchiectasis, and pancreatic malabsorption. In the past, patients with CF rarely survived 
through childhood and were cared for almost exclusively by pediatricians. However, aggressive 
treatment and newer therapies have dramatically improved prognosis: The predicted median 
age of survival of CF patients currently is approximately 38 years in North America. Mild or 
atypical forms of CF are diagnosed in adults because of recent advances in diagnostic technology. 
For these reasons, primary care providers and adult pulmonologists diagnose and manage CF 
patients more frequently now than in previous years.

ETIoloGY AND pATHopHYSIoloGY
The CF gene and the most common mutations associated with the disease were identified 
in 1989. These data characterized the CF gene product, a protein termed the cystic fibrosis 
transmembrane conductance regulator (CFTR). CF is inherited as an autosomal recessive. Mu-
tations in the CFTR gene are common in the general population (1:29 in North American 
Caucasians), but the incidence varies significantly in different ethnic populations. Carriers of 
a single mutated CFTR allele are minimally symptomatic but may have an increased incidence 
of pancreatitis and allergic rhinitis. The life expectancy of carriers with CFTR mutations is 
normal.

The CFTR protein is located primarily on the apical membranes of epithelial cells of the 
respiratory, hepatobiliary, and pancreatic tracts, as well as in the crypts of the large intestine 
and sweat gland ducts. It forms a large, regulated pore in the apical cell membrane, which 
functions as a chloride channel but also transports other anions including bicarbonate. Dys-
function of CFTR-dependent ion transport is believed to be responsible for the pulmonary 
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manifestations of CF. The “hydration hypothesis” states that ion transport by CFTR in airway 
epithelial cells is critical for maintaining hydration and normal function of the airway lin-
ing fluid, including the secreted mucus. When these processes are disturbed, the mucocili-
ary clearance mechanism is diminished and bacteria form a chronic polymicrobial biofilm, 
which elicits a strong innate immune response. Neutrophil proteases stimulate submucosal 
gland hypertrophy and secretion and eventually cause a breakdown of the airway wall sup-
port leading to bronchiectasis. In addition, the neutrophils leave large quantities of cellular 
DNA, dramatically increasing airway secretion viscosity and further impairing airway clear-
ance. Respiratory failure occurs as a result of a self-perpetuating cycle of inflammation and 
decreased airway clearance. The bronchiectasis is progressive and leads to respiratory failure 
in 80% of patients with CF.

Additional studies indicate that the pathophysiology of CF in the gastrointestinal tract and 
pulmonary systems also involves bicarbonate transport. In these studies, bicarbonate transport is 
critical for the deployment of mucus over these epithelia. Mutations in CFTR lead to abnormal 
mucus deployment, mucus plugging, and eventually, end organ dysfunction in the pancreatic 
and hepatobiliary ducts and intestinal obstruction in the lower gastrointestinal tract.

clINIcAl pRESENTATIoN
Patients with CF present with a wide variety of respiratory and gastrointestinal complaints that 
are typically evident in childhood. The more common manifestations include nasal polyps; sinus-
itis; bronchospasm; recurrent bronchitis or pneumonia; airway colonization with Staphylococcus 
aureus, Haemophilus influenza, or Pseudomonas aeruginosa; steatorrhea; pancreatic malabsorp-
tion; meconium ileus; failure to thrive; rectal prolapse; distal intestinal obstructive syndrome; 
and hepatic cirrhosis with portal hypertension. Undiagnosed adults frequently present with 
recurrent bronchitis (in a nonsmoker), asthma associated with the radiographic evidence of dif-
fuse bronchiectasis, chronic sinusitis, allergic bronchopulmonary aspergillosis (ABPA), airway 
bacterial colonization with atypical mycobacteria or mucoid P. aeruginosa, cirrhosis, idiopathic 
pancreatitis, or male infertility.

The physical examination is nonspecific but includes findings consisted with chronic sinus-
itis and obstructive lung disease. Chest examination reveals an increased chest anteroposterior 
diameter, with decreased diaphragmatic excursion. Diffuse rales and rhonchi are common in 
most patients and prominent in the apices. Breath sounds are occasionally normal in patients 
with mild disease. Digital clubbing is frequent. Most patients have pancreatic insufficiency and, 
thus, have some degree of protein–calorie malnutrition.

Taken individually, the findings on history and physical examination are nonspecific; 
however, the particular combination of sinusitis, diffuse bronchiectasis, pancreatic malab-
sorption with malnutrition, obstructive colonopathy, and male infertility is very specific for 
CF. Although primary ciliary dysfunction and other immunoglobulin deficiencies syndromes 
mimic some of the pathophysiologic consequences, they are not usually associated with gastro-
intestinal symptoms. More extensive use of genetic testing has identified patients with milder 
disease.

DIAGNoSTIc lAboRAToRY coNFIRmATIoN
A diagnosis of CF is made after a confirming laboratory study performed in patients with a con-
sistent clinical picture. The sweat chloride test remains the standard in the laboratory confirma-
tion of CF. This test should be performed by experienced laboratory personnel in accredited labs. 
Pilocarpine iontophoresis is used to stimulate secretion of sweat, which is collected, weighed, 
and analyzed for its chloride and sodium concentrations. A chloride concentration greater than 
60 mEq/L is diagnostic of CF, with most positive tests falling in the 90 to 110 mEq/L range. 
All positive or indeterminate results (values between 40 and 60 mEq/L) should be repeated at 
least once. Since the identification of the gene for CF in 1989, more than 1,500 disease-causing 
mutations have been identified. Several commercial laboratories now offer complete sequencing 
of the CFTR gene. Combined CFTR sequencing and sweat chloride testing may be particularly 
helpful in evaluating patients with atypical presentations.
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mANAGEmENT
Management of CF is focused on: (1) maintaining optimal nutritional status, (2) promoting air-
way clearance of inflammatory cells, (3) decreasing bacterial colonization, and (4) minimizing the 
impact of respiratory and gastrointestinal complications, particularly pulmonary exacerbations.

Management of progressive, chronic bronchiectasis focuses on decreasing the frequency of 
pulmonary exacerbations by diminishing airway inflammation and promoting airway clearance. 
Antibiotics are used to decrease the level of bacterial colonization. Although chronic antibi-
otic suppressive therapy with anti-staphylococcal antibiotics was demonstrated to be not tre-
mendously useful, this practice is being reconsidered in the context of dramatic increase in 
 methicillin-resistant S. aureus infections. Inhaled anti-pseudomonal antibiotics have a long his-
tory of utility in CF. Inhaled tobramycin at doses up to 300 mg twice daily every other month 
improves lung function and health-related quality of life and decreases absenteeism. Similar data 
exist for inhaled aztreonam lysate. In upcoming years, inhaled fluoroquinolones and other ami-
noglycosides are likely to be other approved alternatives. In general, inhaled antibiotics are best 
used as chronic, suppressive therapy and are less useful during acute exacerbations, particularly 
in patients with advanced lung disease.

Several pharmacologic therapies may improve airway clearance and reduce airflow obstruc-
tion. The concentration of DNA in respiratory secretions of patients with CF is high and 
 dramatically increases the viscosity of the sputum and impairs its clearance. Aerosolized recombi-
nant human deoxyribonuclease (DNase), a pancreatic-derived enzyme that degrades DNA, may 
be inhaled to diminish the effect DNA has on respiratory secretion viscosity. Clinical studies have 
demonstrated improvement in pulmonary function, decreased use of antibiotics, and subjective 
improvement in symptoms with inhaled DNase. Similarly, inhaled 7% hypertonic saline has also 
improved lung function and decreased the time to pulmonary exacerbation.

A great deal of clinical investigation has focused on anti-inflammatory therapy in CF. The 
use of steroids in CF is controversial largely because of the long-term risk of adverse effects. 
Corticosteroids are generally not used in the chronic outpatient management of CF patients, 
but are helpful in selected patients with severe lung disease and bronchospasm. Chronic use 
of nonsteroidal anti-inflammatory drugs, specifically ibuprofen, does preserve lung function; 
however, these effects were most prominent in children and in patients with mild lung function 
abnormalities. Several randomized clinical trials in pediatric and adult CF patients have dem-
onstrated that the anti-inflammatory effects of macrolides, particularly azithromycin, improve 
pulmonary function, decrease antibiotic use, and improve quality of life.

Chest physiotherapy is the major mechanical means of augmenting airway clearance. This 
is typically delivered manually or with a mechanical percussor two to four times per day. Other 
airway clearance techniques, such as autogenic drainage, positive expiratory pressure masks, and 
flutter valves, can be helpful. Finally, chest physiotherapy vests generate shearing forces and 
dislodge inspissated airway secretions and are very useful for most CF patients.

Many providers encourage patients to perform strenuous aerobic exercise daily. Exercise 
improves cardiovascular conditioning, promotes airway clearance, and, importantly, benefits 
patients psychologically. Patients who perform routine aerobic exercise may also be more sensi-
tive to a decline in their performance, which can be an early indicator of pulmonary illness 
requiring therapy.

Lung transplantation is an option for some patients with severely depressed lung function 
whose lifestyles have been significantly limited by the disease (see Chapter 71). Lung transplant 
candidates should be selected carefully, with consideration given to other medical comorbidities, 
psychosocial support, and patient motivation. Most centers that perform lung transplantation 
for patients with CF report a 1-year survival rate of approximately 80% and a 4-year survival 
rate of 50%.

Chronic sinusitis is evident in most patients with the disease; symptoms are managed ini-
tially with antibiotics and topical steroids. Although conservative management can be helpful, 
many patients are eventually referred for surgical polypectomies, sinus antrectomies, and tissue 
debridement. This aggressive therapy frequently relieves symptoms and, in some cases, is associ-
ated with improvement in pulmonary function.
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Pancreatic malabsorption and protein–calorie malnutrition should be managed aggres-
sively. Thorough reviews of daily caloric intake and monitoring of body weight are important 
to maintaining nutritional goals. Fat-soluble vitamins (vitamins A, D, E, and K) are not readily 
absorbed through the gastrointestinal tract of patients with CF. These vitamin levels should be 
monitored annually and dietary supplements should be provided. Adequate pancreatic enzyme 
replacement is the key to maintaining nutritional status and avoiding symptoms of pancre-
atic malabsorption. As a general rule, most patients who have insufficient pancreatic function 
require between 1,000 and 2,000 U/kg body weight per meal of lipase activity. In patients who 
are compliant with the nutritional regimen but whose body weight remains less than 80% of 
ideal body weight, the oral diet should be augmented with nocturnal gastrostomy tube feedings 
of nutritional supplements.

RESpIRAToRY complIcATIoNS
The most common cause of a hospital admission is a pulmonary exacerbation of infectious 
bronchiectasis. Patients often present with worsening exertional capacity, diminished pulmonary 
function, and increased cough and sputum production. Inpatients are typically treated with two 
antibiotics targeting organisms observed in sputum cultures. In vitro sensitivity data may help 
guide the antibiotic selection; however, clinical improvement is frequently observed even when 
the cultured bacteria have demonstrated significant in vitro resistance. In most cases, patients are 
treated empirically with two anti-pseudomonal antibiotics and an antibiotic targeting S. aureus 
if it is present in airway secretions. In addition to antibiotics, patients typically receive aggressive 
chest physiotherapy four times daily and frequent bronchodilators. Pancreatic malabsorption is 
treated the same as in the outpatient setting. Although home IV antibiotic administration is an 
option for treating pulmonary exacerbations in some patients, these patients must be carefully 
selected. Those who are most likely to have successful outcomes with outpatient IV antibiotics 
typically have had good responses to antibiotics in the past, are very motivated, and have ad-
equate support in the home. IV antibiotics should be continued as long as the patient’s clinical 
status is improving, which typically takes 10 to 14 days. If stabilization occurs before reaching 
the patient’s functional baseline, then changing antibiotic therapy based on antibiotic sensitivi-
ties may be considered.

The use of mechanical ventilation to treat respiratory failure is particularly controversial. 
All decisions regarding mechanical ventilatory support should be individualized. Some patients 
who are cooperative and motivated may respond temporarily to noninvasive ventilatory support. 
In general, patients who develop respiratory failure despite optimal treatment should not be 
mechanically ventilated because of the progressive nature of this disease. However, patients who 
have not received optimal therapy or who have respiratory failure secondary to reversible compli-
cations (e.g., hemoptysis, pneumothorax, etc.) should be considered for mechanical ventilation.

Massive hemoptysis (.250 mL/24 hours) is not uncommon in patients with CF. Most 
patients can be treated conservatively, using supportive measures such as IV antibiotics, oxy-
gen supplementation, temporary suppression of cough, avoidance of chest physiotherapy during 
active bleeding, transfusions of platelets or packed red blood cells, when appropriate, and the 
correction of any clotting abnormalities with either vitamin K or fresh frozen plasma. Occasion-
ally, these measures are inadequate because of progressive respiratory failure or ongoing bleeding. 
In these cases, medical stabilization should be followed with bronchial arterial embolization, 
which typically controls bleeding quickly. Surgery is very rarely needed for control, but may 
be considered if embolization does not control life-threatening bleeding and the patient is an 
adequate surgical candidate.

Pneumothorax occurs frequently in patients with severe lung disease caused by CF. Conser-
vative therapy with oxygen supplementation, antibiotics, and bronchodilators is usually success-
ful in patients with small, asymptomatic pneumothoraces. In patients with larger, symptomatic 
or nonresolving pneumothoraces, a more aggressive approach is warranted. Chest tube drainage 
is frequently successful in reexpanding the lung and allows the option of chemical pleurodesis. 
Pleurodesis, either chemical or surgical, should be avoided if the patient is to be considered for 
lung transplantation in the future.
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ABPA is a hypersensitivity reaction to aspergillus in the airway and occurs in 5% to 20% 
of patients with CF. In most instances, patients with ABPA exacerbations are treated with cor-
ticosteroid courses and antifungal therapy. Atypical mycobacterial infections are an emerging 
problem in CF patients. In many cases, the mycobacteria cause progressive airway destruction 
and volume loss. Standard therapy for macrolide sensitive isolates typically includes prolonged 
courses of clarithromycin, ethambutol, and rifampin. For recurrences or resistant isolates, infec-
tious disease consultation can be useful.

NoNRESpIRAToRY complIcATIoNS
Occasionally, patients with CF develop an obstructive colonopathy such as meconium ileus or 
distal intestinal obstructive syndrome. Frequently, they complain of constipation and right-sided 
abdominal pain. This abdominal pain needs to be distinguished from peptic ulcer disease, chole-
lithiasis, pancreatitis, colitis, or appendicitis. Initial management should include administration 
of pancreatic enzymes, along with mild laxatives and an increase in dietary fiber. Gastrografin 
enemas may help to relieve the obstruction in some cases; surgery is needed occasionally.

CF-related diabetes (CFRD) is common in adults with CF and is diagnosed either by an 
abnormal 2-hour oral glucose tolerance test or persistent elevation of fasting serum glucose val-
ues. Patients with untreated diabetes may have significant problems with gaining weight and 
preserving lung functions. Clinicians are increasingly treating CFRD more aggressively with 
insulin to assist in the treatment of nutritional therapy and to preserve lung function.

Other important nonrespiratory complications that occur frequently include bone disease 
(osteopenia/osteoporosis), chronic depression and anxiety, and infertility. The reader is referred 
to other resources that address these critical issues.

oNGoING RESEARcH
CF is an area of active clinical research. Some of the more promising areas of research are aimed 
at developing inhaled antibiotics, identifying novel anti-inflammatory agents. Modulators of 
epithelial anion transport are a primary focus of recent translational investigation. The results 
of recent clinical trials and approval of Kalydeco™ for patients with at least one copy of the 
CFTR G551D confirmed the approach of using small bioavailable molecules to correct the 
consequences of a single CFTR mutation. Investigations targeting therapies for nonsense muta-
tions, mutations affecting CFTR mRNA splicing and “corrector” therapies are currently in early 
phase investigation. Successful therapy for CF is likely to involve multiple therapies targeting the 
pathophysiologic process at several steps.
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The thoracic volume is determined by the height of the thoracic spine and the width and depth 
of the rib cage. Disorders that distort the chest wall or cause chest wall restriction can compro-
mise respiratory function. The most common disorders are scoliosis, kyphosis, kyphoscoliosis, 
and ankylosing spondylitis.

ScolIoSIS/KYpHoSIS/KYpHoScolIoSIS
Scoliosis is characterized by a lateral curvature of the spinal column with rotation of the ver-
tebrae. Its severity is defined by the angle between the tangents of the most inclined vertebral 
plateau, also known as the Cobb angle. The greater the Cobb angle, the shorter the hemithorax 
on the concave side of the curve. Kyphosis is defined by anteroposterior angulation of the spine. 
Scoliosis is usually associated with a component of kyphosis, but kyphosis can occur in isolation. 
Kyphoscoliosis is characterized by distortion of the thoracic cage, which can cause impairment 
of lung growth. Respiratory symptoms are usually mild unless: (1) the Cobb angle is greater 
than 100°, (2) scoliosis occurs prior to age 9, or (3) the patient has kyphoscoliosis. Congenital 
kyphosis, kyphoscoliosis, and scoliosis are all part of a spectrum of spinal deformities due to 
developmental vertebral anomalies.

Eighty percent of kyphoscoliosis begins in childhood and is idiopathic; the rest are due 
to neuromuscular diseases (e.g., poliomyelitis, syringomyelia, neurofibromatosis), congenital 
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defects of the spine, vertebral disease (e.g., tuberculosis, tumor, osteomalacia), and thoracic dis-
ease (e.g., emphysema, thoracoplasty). Idiopathic kyphoscoliosis is more common in women 
(4:1) and is usually not as severe compared to the deformities of poliomyelitis, tuberculosis, and 
congenital spine defects. Infantile scoliosis (onset 0 to 3 years) and juvenile scoliosis (onset 4 
to 9 years) are more likely to be associated with Cobb angles greater than 100°, fused or absent 
ribs, rotation of the spine with secondary rib deformity, or restriction of rib motion. Pulmonary 
development involves growth of new alveoli until 5 to 8 years of age. Any bony abnormality 
that reduces thoracic volume during this time may affect lung size. Individuals who reach skel-
etal maturity with a vital capacity of less than 45% of predicted (using arm span to determine 
predicted height) have an increased risk of respiratory failure when their lung function starts 
to decline from the age of 35 onward. However, studies of patients followed for 50 to 60 years 
demonstrate that the more common adolescent scoliosis is rarely a cause of mortality.

Patients with kyphoscoliosis are subject to a variety of mechanical factors, which eventu-
ally contribute to alveolar hypoventilation. With progressive disease, total lung capacity (TLC), 
vital capacity (VC), and functional residual capacity (FRC) can become reduced, mainly due 
to reductions in chest wall compliance and alterations in the mid-position of the thoracic cage. 
The degree of pulmonary restriction and gas exchange impairment is highly correlated with the 
angle of scoliosis. In 1975, Kafer established a correlation between the degree of scoliosis and 
TLC, VC, FRC, and residual volume. The degree of scoliosis (higher Cobb angle) was negatively 
correlated with alveolar ventilation (Va) and VC and positively correlated with the physiological 
dead space/tidal volume ratio (Vd/Vt). Deformity above T10 is associated with a greater degree 
of respiratory impairment. At rest, minute ventilation is reduced due to diminished tidal vol-
ume. With exercise, the mechanical effects of the chest wall deformity are of greater significance 
and hypoventilation is more marked.

Mild kyphoscoliosis has a good prognosis. Pulmonary rehabilitation may improve pulmo-
nary function and exercise capacity. Jones et al. performed 6-minute walk tests on six patients 
with moderate-to-severe kyphoscoliosis (mean Cobb angle 79°) and reported that oxygen ther-
apy relieved symptoms of dyspnea and improved desaturation, but did not increase the 6- minute 
walk distance, in contrast to patients with chronic obstructive pulmonary disease (COPD). 
 Supplemental oxygen may alleviate vasoconstriction associated with pulmonary hyperten-
sion secondary to regional or global alveolar hypoventilation. Patients with respiratory failure 
can benefit from noninvasive positive pressure ventilation, which increases lung compliance, 
decreases the work of breathing, and allows fatigued respiratory muscles to rest.

Surgery in adults with established kyphoscoliosis has questionable benefits and can result in 
significant complications. Gitelman et al. performed a retrospective review of 49 patients with 
adolescent idiopathic scoliosis who underwent corrective surgical procedures. Over 10 years, 
pulmonary function tests showed that the group who underwent corrective chest wall surgery 
had no change in forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV1), 
but demonstrated a significant decrease in percent-predicted FVC. The group that underwent 
posterior spinal fusion/instrumentation with iliac crest bone graft and no thoracic cage disrup-
tion had a significant increase in both FVC and FEV1, but no change in percent-predicted 
values.

Indications for surgery in young patients include (1) progression of disease despite good 
external brace care, (2) deformity that is too advanced to respond to external bracing, (3) scolio-
sis greater than 50°, (4) intractable pain, (5) nonalignment of occiput over sacrum, and (6) psy-
chiatric disturbances. Surgical treatment for progressive congenital kyphosis or kyphoscoliosis 
is indicated at an early age, not only to prevent severe spinal deformity and possible neurologic 
complications but also to prevent the adverse effects on lung development and function caused 
by constriction of the thoracic cage and impairment of diaphragmatic movement.

ANKYloSING SpoNDYlITIS
Ankylosing spondylitis (AS) is a chronic inflammatory disease affecting joints of the axial skel-
eton with secondary fibrosis and ossification of the ligamentous structures of the spine, sacroiliac 
joints, and rib cage. It predominately affects males aged 20 to 40 years. Approximately 90% of 
patients with AS are positive for the HLA-B27 antigen. Ankylosing spondylitis can affect the 
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tracheobronchial tree and pulmonary parenchyma, and is associated with several unique pulmo-
nary manifestations, including fibrobullous, fibrocystic, and pleural chest wall disease.

Ankylosing spondylitis causes fixation of the chest wall through fusion of the costovertebral 
joints and ankylosis of the thoracic spine. Clinical manifestations include intermittent low back 
pain or stiffness, weight loss, anorexia, and fever. Chest wall pain, typically with inspiration, 
has been noted in more than 60% of patients. Dyspnea, though relatively uncommon, can be 
associated with pulmonary or cardiovascular involvement. Severe respiratory symptoms are rare 
as long as diaphragmatic function is normal. Patients will often manifest only mild restriction on 
pulmonary function tests with decrease in TLC and VC. Reduction in VC, if present, is primar-
ily due to diminished thoracic cage compliance.

Approximately 1% of patients with ankylosing spondylitis develop pulmonary parenchymal 
disease, usually in the form of apical fibrobullous or fibrocavitary disease. Apical fibrobullous 
disease generally presents in adulthood, with an average interval of 15 years or more between 
the onset of arthritic manifestations and the development of pulmonary abnormalities. Apical 
fibrosis, unless extensive or secondarily infected by bacteria or fungi, is typically asymptomatic. 
In more advanced disease, cough, sputum production, or dyspnea may develop. Hemoptysis 
is more likely to occur in those with bronchiectasis or intracavitary mycetoma. An increased 
incidence of spontaneous pneumothoraces and obstructive sleep apnea has also been reported.

The mechanism responsible for the apical fibrobullous pulmonary changes is unknown. 
Proposed causes include reduced ventilation to the upper lobes due to chest wall rigidity, altered 
mechanical stresses in the lung apices, repeated pulmonary infections, and/or primary airway 
inflammation. Fungal and/or mycobacterial superinfections have been reported in up to one-
third of patients with upper lobe cystic and cavitary disease. Prior thoracic irradiation has been 
implicated, although apical changes are also present in those who have not undergone radiation 
therapy. Recurrent aspiration pneumonitis secondary to esophageal muscle dysfunction has been 
suggested as well.

Chest radiographic findings may mirror the severity of the clinical involvement. Chest radi-
ography initially shows a nodular or reticular pattern in the apical or subapical lung zones. 
These abnormalities may initially be asymmetric, but many patients eventually develop bilateral 
disease. Pulmonary parenchymal disease is typically progressive. Nodules often coalesce into 
larger opacities; cyst formation, cavitation, and fibrosis are seen with more advanced cases. 
Upward retraction of hilar structures is due to upper lobe volume loss. Computed tomography 
(CT) of the chest, particularly high-resolution techniques, is highly sensitive in defining the 
extent of airway and pulmonary parenchymal changes and in detecting intracavitary pulmonary 
mycetomas. CT is also useful in identifying pleural thickening, volume loss, cavitation, and 
bronchiectasis.

Treatment is primarily preventative and supportive. Anti-inflammatory therapy has not 
been shown to influence the pulmonary manifestations of the underlying disease. No treat-
ment has been shown to alter the clinical course of apical fibrobullous disease. Management 
of respiratory complications of ankylosing spondylitis is mainly related to treating pulmonary 
superinfections using antifungal or antimicrobial agents. Surgical excision of fibrocystic disease 
is rarely indicated except for major hemoptysis from an aspergilloma. Several preliminary reports 
on the use of tumor necrosis factor (TNF) blockers in ankylosing spondylitis suggest short-term 
improvement in disease activity ratings and quality-of-life measures; however, improvements in 
pulmonary function tests and respiratory symptoms have not been assessed consistently.

In summary, disorders of the thoracic spine like scoliosis, kyphosis, kyphoscoliosis, and 
ankylosing spondylitis can affect respiratory function and cause dyspnea. Respiratory failure is 
rare unless the disease is severe.
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The diaphragm is the principal muscle of respiration during quiet breathing. It also serves as the 
barrier between the thoracic and abdominal compartments. Proper integrity of the diaphragm 
is important in maintaining negative pressure within the thoracic cavity. Disorders of the dia-
phragm include paralysis, weakness, eventration, herniation, and rupture.

pARAlYSIS oF THE DIApHRAGm
Paralysis is the most important clinical condition affecting the diaphragm. It can be discovered in-
cidentally but often presents with dyspnea on exertion or dyspnea when in the supine position. The 
right and left phrenic nerves originate from the third, fourth, and fifth cervical roots. They run in 
the lateral compartment of the neck, enter the thorax posteriorly, and then run anteriorly over the 
pericardium to finally innervate the hemidiaphragms. Cooling of the heart during cardiac surgery 
can damage the phrenic nerves or diaphragm leading to paralysis. Paralysis usually occurs on the left 
side and is often temporary. The overall incidence is about 2%. Other causes of paralysis include 
tumor invasion, surgical section, trauma, and post-viral neuropathy. Often, the exact etiology is 
unknown. Rare causes include neck irradiation, hypothyroidism, post-polio syndrome, acid malt-
ase deficiency, Guillain–Barré syndrome, systemic lupus erythematosus, and malnutrition. Bilateral 
diaphragmatic paralysis is usually the result of cervical spinal cord trauma. Bilateral involvement is 
also seen with generalized neuromuscular disorders such as amyotrophic lateral sclerosis.

Patients with diaphragmatic paralysis present with dyspnea on exertion and orthopnea. Other 
conditions such as obstructive lung disease, congestive heart failure, thromboembolic disease, and 
pulmonary arterial hypertension must be excluded. Symptoms can be progressive and lead to signif-
icant disability. Sometimes the dyspnea is worse with immersion in water due to increased pressure 
on the abdomen. With diaphragmatic paralysis, the intercostal and the accessory muscles become 
the chief muscles of inspiration. Orthopnea occurs due to the effect of hydrostatic pressure of 
abdominal contents on the diaphragm and decreasing vital capacity. Also, there may be paradoxical 
elevation of the paralyzed hemidiaphragm during inspiration, which compromises ventilation. On 
physical examination, patients with bilateral diaphragmatic paralysis often show prominent activity 
of the accessory muscles of inspiration (i.e., intercostals, scalene, and sternocleidomastoids), because 
their inspiration results primarily from elevation of the rib cage by these muscles. Patients often 
favor the upright position, from which they can fixate their pectoral girdle and use their pectoral 
muscles to elevate the chest wall and breathe more efficiently. When supine, they may display a clas-
sic paradoxical inward motion of the anterior abdominal wall during quiet inspiration. Percussion 
of the chest wall before and after inspiration may reveal decreased excursion of the hemidiaphragms.

Chest radiographs may show elevation of the paralyzed hemidiaphragm. This finding is sen-
sitive (0.90) but not specific (0.44). Thus, many patients found to have incidental elevation of 
the hemidiaphragm on chest radiograph have normal lung function. Pulmonary function testing 
in diaphragmatic paralysis reveals a reduced forced vital capacity (FVC) and reduced forced expi-
ratory volume in 1 second (FEV1) with preserved FEV1/FVC ratio. In addition, total lung capac-
ity (TLC), vital capacity, inspiratory capacity, and maximal inspiratory pressure are all reduced. 
Unilateral paralysis reduces TLC and maximal inspiratory pressure by 20% to 25%. A low inspi-
ratory capacity that decreases still further in the supine position suggests diaphragmatic paralysis.

The definitive diagnosis of diaphragmatic paralysis has traditionally rested on fluoroscopic 
demonstration of diminished, absent, or paradoxical upward motion during normal inspiration. 
The “sniff maneuver” with a closed mouth is used to enhance this paradoxical upward movement 
during a quick inspiration. With unilateral disease, the normal diaphragm moves downward while 
the paralyzed diaphragm moves paradoxically upward. In cases of bilateral paralysis, the diaphragms 
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may move together and appear to be functioning normally (though not in the appropriate direction 
during inspiration and expiration), thus producing a false-negative fluoroscopic result. A more com-
prehensive evaluation can be made by inserting balloon catheters to record gastric and esophageal 
pressures to measure transdiaphragmatic pressure (Pdi). Pdi should increase with inspiration and 
the abdomen should move outward. The failure to increase Pdi, or the generation of greater Pdi by 
inward motion of the abdomen, suggests  diaphragmatic paralysis. Magnetic phrenic nerve stimula-
tors applied to the neck coupled with these pressure measurements have been used to definitively 
diagnose paralysis. Absence of pressure change in response to nerve stimulation is diagnostic. Recent 
studies have also suggested using two-dimensional B-mode ultrasound to assess diaphragm func-
tion. An ultrasound transducer is placed in the eighth or ninth intercostals space in the midaxillary 
line. Diaphragmatic thickness is measured at functional residual capacity and TLC to indicate the 
degree of thickening. Less than a 20% change in thickness may indicate diaphragmatic paralysis.

Patients with diaphragmatic paralysis may be at higher risk for sleep disordered breathing, par-
ticularly during REM sleep. Compared to typical obstructive sleep apnea patients, their respiratory 
events seem to be primarily central hypopneas associated with more severe oxyhemoglobin desatu-
ration. This is apparently due to respiratory muscle fatigue and mechanical disadvantage. It may 
be worthwhile to pursue sleep testing, particularly if the patient has significant daytime symptoms.

Diaphragmatic paralysis not related to spinal injury may improve spontaneously over a period 
of months to years. Treatment of diaphragmatic paralysis with pacing may be indicated in central 
paralysis when the phrenic nerve and diaphragmatic muscle are preserved. Electrodes are surgi-
cally implanted around the phrenic nerve, and electronic signals are generated using an external 
radio-wave source worn by the patient. Following installation of such a pacing device, weeks or 
months may be required to achieve full effect if diaphragmatic atrophy has antedated pacing.

Recovery of diaphragmatic paralysis over 6 to 12 months has been described in cases of ther-
mal injury during cardiac surgery. If there is no improvement after 12 to 24 months, surgical 
plication of the hemidiaphragm is a viable option for patients with significant dyspnea. The thin 
flaccid diaphragm is made taut with nonresorbable sutures to improve lung mechanics. The pro-
cedure can be performed either through video-assisted thoracoscopy (VATS) or thoracotomy. 
Long-term follow-up at 4 to 6 years indicate sustained improvement in symptoms and lung func-
tion. Alternatively, in unilateral diaphragmatic paralysis associated with brachial plexus neuritis, a 
few patients have responded well to valacyclovir therapy with improvement within 4 to 6 weeks.

EVENTRATIoN oF THE DIApHRAGm
Eventration in the purest sense is a congenital malformation consisting of failure of muscular de-
velopment of all or part of the diaphragm. It is associated with other malformations such as hypo-
plastic lungs, transposition of the viscera, and chest wall and spinal abnormalities and is a surgical 
emergency. In common use, the term “eventration” has been used to describe chronic elevation of 
the hemidiaphragm from any cause including diaphragmatic paralysis. On chest roentgenogram, 
eventration is apt to be confused with a diaphragmatic hernia or pleuropericardial cyst. It has 
poor specificity for hemidiaphragm paralysis, especially if the patient is asymptomatic.

HERNIATIoN oF THE DIApHRAGm
Herniation of abdominal contents through the diaphragm can occur through regions of congenital 
defect or weakness, including the esophageal hiatus, the posterolateral or pleuroperitoneal foramen 
of Bochdalek (in infants), and the retrosternal (parasternal) foramen of Morgagni (any age). Hiatal 
hernia (via the esophageal hiatus) is relatively common in adults. It is usually asymptomatic, but 
can cause retrosternal burning and pain, which are aggravated by lying flat and relieved by antacids. 
Occasionally, hiatal hernia can be associated with nocturnal aspiration and recurrent pneumonia.

Herniation through the posterolateral aspect of the diaphragm (foramen of Bochdalek) is the 
most common and serious hernia in infants. It usually presents as an acute respiratory emergency 
at or shortly after birth and requires immediate surgical repair.

Herniation through the foramen of Morgagni is more common in adults and is often asymptom-
atic. Obesity is an important predisposing factor. On chest roentgenogram, the abnormal shadow 
appears retrosternally, usually along the right sternal border, and can mimic a pericardial cyst.
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TEARS AND RUpTURE oF THE DIApHRAGm
Tears or rupture of the diaphragm can occur with blunt or penetrating trauma. Use of single-
point, lap-belt restraint systems in high-speed motor vehicle accidents is associated with dia-
phragmatic rupture. Herniation of the abdominal contents can cause respiratory distress and 
substernal pain. This injury can be missed in the unconscious trauma victim until an upright 
chest roentgenogram shows absence of the affected diaphragmatic outline or until computed 
tomography is obtained.

DIApHRAGm FATIGUE
Diaphragmatic fatigue is a common clinical problem in patients requiring mechanical ventila-
tion. It occurs when the energy expenditure of the diaphragm exceeds the capacity of the blood 
supply to provide oxygen and nutrients. An increase in the fraction of the maximal contractile 
pressure developed by the diaphragm during a breath and the fraction of ventilatory time spent 
in inspiration (i.e., with the diaphragm contracting) both independently increase the likelihood 
of diaphragmatic fatigue. The multiple of these two fractions, which is called the tension time 
index, predicts the development of fatigue when the value exceeds 0.15. Mechanical ventilation 
may induce atrophy and diaphragmatic dysfunction predisposing it to fatigue. The blood flow to 
the diaphragm is also an important determinant of fatigue. The threshold for fatigue is reduced 
under hypotensive or hypoxemic conditions.

Muscle rest is the primary therapy for respiratory muscle fatigue; however, a number of 
agents, most notably aminophylline, increase diaphragmatic contractility and endurance in the 
experimental setting. The significance of these findings for therapy of clinical respiratory muscle 
fatigue remains uncertain, but the complications of these agents probably outweigh their clinical 
utility in patients with respiratory muscle fatigue.

FUNcTIoNAl DISoRDERS oF THE DIApHRAGm
The most common functional disorder of the diaphragm is the mechanical disadvantage that re-
sults from an extreme degree of hyperinflation with severe airways obstruction or advanced em-
physema. During the course of chronic obstructive pulmonary disease (COPD), the diaphragm is 
displaced inferiorly and flattened out, thereby reducing the pressure that can be generated as the 
diaphragm contracts. Some adaptation of the diaphragm occurs with emphysematous change to 
make the diaphragm more fatigue-resistant, but mechanical disadvantage is more important than 
fatigue in causing ventilatory limitation. Lung volume reduction procedures can reduce lung vol-
ume in selected patients, restoring mechanical advantage to the diaphragm and improving exercise 
tolerance.

Other functional diaphragmatic disorders include hiccup (singultus) and diaphragmatic 
flutter. Hiccup is usually a benign disorder that results from repetitive, abrupt inspiratory spasm 
of the diaphragm, with associated closure of the glottis. It commonly follows transient diaphrag-
matic irritation, such as with gastric distention caused by aerophagia or overeating. Treatment 
of acute gastritis can be an effective means of reducing the frequency of hiccups. Protracted 
episodes may follow upper abdominal surgery, cardiac surgery, or inferior myocardial infarction. 
Hiccup can also be associated with mediastinitis, tumor invasion, pericarditis, pleuritis, gastritis, 
and peritonitis. In patients with cardiac pacemakers, hiccup can signal perforation of the right 
ventricle by the pacing electrode.

Diaphragmatic flutter (respiratory myoclonus or Leeuwenhoek disease) is a rare disorder 
characterized by dyspnea associated with frequent diaphragmatic contractions (~100/minute) 
superimposed on the normal respiratory excursion and by prominent epigastric pulsations. The 
attacks are paroxysmal. Diphenylhydantoin may be helpful.

SUmmARY
Disorders of the diaphragm can be an important unrecognized cause of exertional dyspnea. 
Although immediate treatment is not recommended in most cases, recognition of diaphragmatic 
paralysis is important to determine prognosis. Initial evaluation should include a careful physi-
cal exam of the chest wall, lung function testing, chest radiographs, and, possibly, fluoroscopy. 
Severe or persistent cases may be amenable to surgical treatment.
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80 Neuromuscular Diseases 
and Spinal Cord Injury
Russell J. Miller and John Scott Parrish

NEURomUScUlAR DISEASES
Neuromuscular disorders can affect multiple aspects of respiratory function. This heteroge-
neous group includes disorders affecting motor neurons (e.g., poliomyelitis, amyotrophic lateral 
sclerosis, Guillain–Barré syndrome [GBS]), neuromuscular junctions (e.g., myasthenia gravis, 
  Eaton–Lambert syndrome, botulism), and skeletal muscles (e.g., muscle dystrophy, drug- 
induced myopathy, polymyositis). Although the pathophysiology of these diseases can vary 
greatly, the expected morbidity is relatively predictable and directly related to respiratory insuffi-
ciency. There are three major muscle groups required for ventilation: inspiratory, expiratory, and 
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bulbar muscles. The inspiratory muscles, with primary responsibility for normal tidal breathing, 
include the diaphragm, external intercostals, and accessory muscles, such as the sternocleido-
mastoid and scalene, which are used in stressed inhalation. Expiration is normally a passive 
process, but forced expiration used with coughing, exercise, or spirometry testing is performed 
primarily by the abdominal and internal intercostal muscles. The bulbar muscles are responsible 
for cough, swallowing, and airway protection.

Hypoventilation
Hypoventilation in neuromuscular disorders is primarily related to respiratory muscle weakness 
as reflected by pulmonary function tests (PFT) demonstrating reduction in vital capacity (VC), 
tidal volume, and minute ventilation. Hypoventilation may be further complicated by stiffening 
of the chest wall leading to decreased thoracic compliance. With exertion, patients will often 
develop a rapid shallow breathing pattern as a mechanism to maintain minute ventilation as a 
result of reduced ability to generate adequate tidal volumes. Respiratory muscle fatigue from this 
pattern of breathing can result in air hunger and hypercapnia from increased dead space ventila-
tion. Dyspnea at rest and air hunger are actually late findings in many of the neuromuscular 
diseases due to the patient’s adjustment to sedentary lifestyle associated with the underlying 
disorder. Pulmonary function testing is typically characterized by restriction, although the pat-
tern varies depending on which muscles are affected (inspiratory and/or expiratory). VC can 
be reduced either due to a loss of inspiratory capacity (reduced total lung capacity), expiratory 
reserve volume (elevated residual volume), or both. Functional residual capacity (FRC), the end-
tidal lung volume representing the balance of static lung and chest wall elastic recoil, may be 
unaffected. The gold standard for evaluation of diaphragmatic strength is measurement of trans-
diaphragmatic pressure, but this requires the use of an esophageal balloon, is somewhat invasive, 
and is not commonly used. Other less-invasive tests for assessing respiratory muscle weakness 
include the maximum inspiratory pressure (MIP) and maximum expiratory pressure (MEP). To 
perform these tests, the patient is encouraged to inspire or expire with maximal effort against 
an occluded external airway from residual volume (MIP) or from total lung capacity (MEP). 
The maximum pressure generated is recorded with a manometer. The MIP and MEP can be 
abnormal early in the course of disease, even when the static lung volumes are normal. These 
maneuvers, however, can be technically difficult. A normal MIP and MEP is useful in exclud-
ing clinically significant respiratory muscle weakness, but values are often falsely low and hence 
lack specificity. The VC obtained during routine, upright spirometry may miss or underestimate 
significant diaphragmatic weakness since restrictive changes are most pronounced in the supine 
position. Daytime hypercapnia (Pco2 > 45) is an ominous sign and usually predicts development 
of overt respiratory failure.

Chronic hypoventilation in patients with neuromuscular disease is typically treated with 
noninvasive ventilatory support. Although tracheostomy is a tempting means to aid daytime 
hypoventilation, the complications of chronic invasive ventilation often outweigh the benefits. 
These complications include increased risk of developing ventilator-associated infections and 
reduced quality of life. In patients with intact bulbar muscle function, inspiratory and expira-
tory muscle support can be provided with intermittent noninvasive ventilation. The most com-
monly used method of noninvasive positive pressure ventilation for daytime use is through a 
mouth piece attached to either a bi-level pressure or portable volume ventilator. Patients can 
receive ventilator-assisted breaths as needed by creating a lip seal around the mouth piece and 
making a “sipping” effort to trigger the ventilator. Alternatively, positive pressure ventilation 
can be administered with a nasal interface that provides the advantage of delivering continuous 
ventilation; however, mouth air leaks and skin breakdown are significant problems that can limit 
its effectiveness.

Airway clearance and Secretions
Respiratory infections in patients with neuromuscular disorders are common and result from 
a combination of inability to generate adequate cough and recurrent aspiration. Coughing, an 
essential protective mechanism that helps to clear mucus-trapped particles and maintain pat-
ent airways, produced by a short, deep inspiration followed by forceful exhalation against a 
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transiently closed glottis. Neuromuscular weakness can impair cough through several mecha-
nisms. Reduced lung expansion and/or force of exhalation results in inability to generate the 
intrathoracic pressures necessary to achieve adequate airway clearance. Patients with isolated 
bulbar dysfunction will have impaired cough due to inability to adequately clear upper airway 
secretions and protect the airway from aspiration. Patients with abnormal cough may not be 
symptomatic until they develop respiratory infection. Peak cough flow can be measured easily 
with a peak flow meter connected to a mouthpiece. A peak cough flow of less than 160 L/ minute 
has been shown to  correlate with extubation failure in patients with neuromuscular disease. In 
non-ventilated patients, baseline peak cough flow less than 270 L/minute is associated with a re-
duction in peak cough flow to less than 160 L/minute during respiratory infections.  Abdominal 
thrust-assist maneuvers performed by caregivers can aid in airway clearance in patients with 
expiratory muscle weakness. With inspiratory muscle weakness breath stacking maneuvers can 
help patients obtain inflation volumes necessary to generate an adequate cough. A variety of 
commercial devices are also available to aid in airway clearance by augmenting mechanical insuf-
flation and exsufflation. These devices include the “pneumobelt,” which provides intermittent 
abdominal pressure, and mechanical in-exsufflators (MI-E), which simulate a normal cough by 
delivering positive-pressure insufflation followed by expulsive exsufflation through a nasal mask. 
In patients with bulbar dysfunction, these simple therapies are of limited value, and tracheos-
tomy may be indicated when persistent hypoxemia develops due to inability to clear airway 
secretions.

Sleep-Related problems
Sleep-related breathing problems are common in patients with neuromuscular diseases and 
generally precede awake manifestations of overt respiratory failure. Normal rapid eye move-
ment (REM) sleep results in reduced activity of the intercostal and accessory muscles of res-
piration causing a drop in minute ventilation with an associated decrease in oxyhemoglobin 
saturation and rise in carbon dioxide. Causes of this physiologic sleep-induced hypoventila-
tion include loss of a “wakefulness drive” (from reduced chemoreceptor and mechanoreceptor 
responsiveness) and concurrent pharyngeal muscle relaxation, which increases upper airway 
resistance. Patients with neuromuscular impairment are at risk for upper airway obstruction 
(obstructive sleep apnea), exaggerated sleep-related hypoventilation, or both, depending on the 
relative strength of the pharyngeal dilator muscles and diaphragm. Patients with diaphragmatic 
paralysis tend to hypoventilate during sleep, while patients with predominantly bulbar weak-
ness are more likely to develop upper airway obstruction. In these patients, nocturnal hyper-
capnia often precedes and predicts the development of daytime hypercapnia and subsequent 
ventilatory failure.

Predictors of nocturnal hypoventilation in patients with neuromuscular diseases include 
daytime sleepiness (assessed with standard questionnaires such as the Epworth Sleepiness 
Scale) and daytime supine inspiratory VC of less than 60% predicted. It should be noted, 
however, that in 15% of patients with neuromuscular disease unsuspected nocturnal hypoven-
tilation can be found during polysomnography. Use of nocturnal positive pressure ventilation 
in patients with neuromuscular disease has been shown to produce sustained daytime effects 
including normalization of Pco2 and improved medical quality of life and survival. It is not 
completely clear why noninvasive nocturnal ventilation has such profound effects. Proposed 
mechanisms include improved ventilatory mechanics, resting fatigued muscles, and improve-
ment of the blunted chemoreceptor response to hypercapnia, which occurs secondary to sleep 
deprivation.

Guillain–barré Syndrome
The most common acute neuropathy to affect the respiratory system is GBS, with an an-
nual incidence of 1 to 3 per 100,000 persons. Patients typically present with ascending motor 
weakness (although sensory symptoms may also be present to a lesser degree), often follow-
ing a viral respiratory or gastrointestinal illness. Areflexia, increased cerebrospinal fluid protein 
without leukocytosis, and electromyogram evidence of demyelination establish the diagnosis. 
Respiratory compromise is common, and mechanical ventilation is required in approximately 
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30% of patients. The rate of progression may be dramatic, with acute respiratory failure oc-
curring within 24 to 48 hours of symptom onset. Serial bedside measurements of the VC 
provide objective data on which to base intubation and ventilatory assistance decisions.  
A VC of less than 30 mL/kg compromises cough, and atelectasis with hypoxemia may develop 
when the VC falls below 25 mL/kg. Intubation should be strongly considered when the VC 
reaches 15 mL/kg, especially when there is clinical evidence of fatigue or difficulty handling se-
cretions. Other supportive treatments include IV fluids, electrolyte and nutrition management, 
physical therapy including passive joint movement, meticulous skin care with frequent turning 
or use of specialized beds, and deep venous thrombosis prophylaxis. Intravenous immunoglobu-
lin and plasmapheresis have been shown to be equally efficacious; combining treatments appear 
to confer no additional benefit. Approximately 20% of patients experience autonomic complica-
tions such as dysrhythmias and volatile blood pressures. Over two-thirds of all patients with GBS 
recover with only minor neurologic deficits.

Amyotrophic lateral Sclerosis
Amyotrophic Lateral Sclerosis (ALS) is a progressive and fatal degenerative disease of both upper 
and lower motor neurons with an annual incidence in the United States of 0.7 to 2.5 cases per 
100,000 persons. It typically affects adults over 40 years of age with the most frequent onset in 
the seventh decade of life. A large majority of cases occur sporadically with no known risk fac-
tors, though approximately 10% of patients with ALS have a familial form. Patients typically 
present with limb weakness. Respiratory impairment occurs in the more advanced stages of 
disease and is the most common cause of morbidity and mortality. Treatment of ALS is aimed at 
improving quality of life; there are very few interventions that impact survival. The only phar-
macologic therapy available is the sodium channel antagonist riluzole, which has been shown to 
slow the natural progression of disease and delay the onset of ventilator dependence by months. 
Patients who tolerate and can use noninvasive positive pressure ventilation (NPPV) may experi-
ence improvement in quality of life. NPPV should be strongly considered when patients develop 
early signs of respiratory insufficiency based on either the presence of symptoms, a reduction of 
VC to less than 50% predicted, or hypercapnia (Pco22 > 45 mmHg). For patients with bulbar 
involvement, NPPV plays a limited role and has not been shown to provide any consistent ben-
efit. Nevertheless, a trial should probably be offered, given the lack of other therapeutic options. 
Tracheostomy has been shown to improve survival in ALS; however, quality of life is typically 
worse than in patients who receive noninvasive ventilation. Patient desire for invasive ventilator 
support, including intubation and tracheostomy, should be addressed early in the course of the 
disease. As the disease progresses, palliative support such as narcotics and benzodiazepines can be 
utilized to reduce air hunger and anxiety.

SpINAl coRD INjURY
More than 200,000 patients in the United States have significant spinal cord injury and approxi-
mately 10,000 new injuries occur each year. The anatomic level of spinal cord injury is critical 
in determining respiratory system impairment. When intubation is required in such patients, it 
is the standard of care to perform manual in-line stabilization and, if possible, awake fiberoptic 
intubation to avoid further spinal cord damage. High cervical cord lesions (C1–C2) cause com-
plete paralysis of all muscles of respiration and result in respiratory arrest and need for immediate 
ventilatory support. Middle cervical cord lesions (C3–C5) cause variable loss of phrenic nerve 
function and the prognosis improves with lower lesions: 40%, 14%, and 11% of C3, C4, and 
C5 lesions, respectively, are chronically ventilator-dependent. Lower cervical (C6–C8) and up-
per thoracic lesions (T1–T6) spare the diaphragm and neck accessory muscles, but chest wall 
(intercostal muscles) and abdominal muscle functions are lost. The nadir of lung function occurs 
immediately after a spinal cord injury due to flaccid paralysis of the affected respiratory muscles. 
In the acute setting, the chest wall contracts instead of expands during inspiration, resulting in 
a substantial (up to 70%) reduction in maximal inspiratory forces. After several months, the 
intercostal and abdominal muscles become spastic, no longer collapse with inspiration, and VC 
improves to approximately 60% of predicted pre-injury levels. VC will typically improve over 
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the first year after injury with most of the improvement occurring during the first 5 weeks. In 
patients with injuries at C3 and above, need for long-term ventilatory support is nearly universal 
and early tracheostomy is recommended to facilitate ICU discharge. Patients with injury at C6 
or below requiring intubation can often be extubated without requiring tracheostomy. The major 
limitation to extubation in these patients is related to impaired cough and inability to clear airway 
secretions. Transition to bi-level noninvasive ventilation following extubation has been shown to 
reduce need for reintubation. In patients who require reintubation, subsequent extubation at-
tempts are unlikely to be unsuccessful and early tracheostomy is recommended. Another poten-
tially catastrophic pulmonary complication of spinal cord injury is venous thromboembolism. 
The ACCP Antithrombotic and Thrombolytic Therapy, 9th edition recommends a combination 
of pharmacologic and mechanical thromboprophylaxis with pneumatic compression or graded 
compression stockings when not contraindicated by lower extremity injury. The guidelines also 
recommend that vena cava filters not be utilized for primary venous thromboprophylaxis.

Although the majority of respiratory care in spinal cord injury is supportive, there are thera-
peutic interventions that have shown promise. Electric pacing of the diaphragm with implanted 
electrodes is an option for patients with intact phrenic nerves; however, this is a costly procedure 
and not widely available. Therapeutic hypothermia immediately after injury and stem cell trans-
plantation to delay and reverse deficits in spinal cord injury are current areas of investigation.

Chronic management issues in spinal cord injury include prevention of pneumonia, atelec-
tasis, and respiratory failure. Despite preservation of the cough reflex, loss of innervation to the 
expiratory muscles leads to ineffective cough. To overcome this deficiency, intensive resistive 
training of the inspiratory muscles can mildly increase maximal voluntary ventilation (MVV) 
and MIP, and, in some patients, reduce elements of sleep-disordered breathing, such as hyper-
capnia and nocturnal desaturation. Manually assisted cough techniques have been shown to 
increase peak cough expiratory flow and mucous clearance. Placement in the supine position  
(as opposed to upright) is an important mechanical factor for quadriplegics. In the supine posi-
tion, passive pressure from the abdominal contents helps to position the diaphragm optimally; 
this effect is lost in the upright position because of the flaccid abdominal wall.
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81 Sleep Apnea, Alveolar 
Hypoventilation, and 
Obesity-Hypoventilation
Kathleen Sarmiento and José S. Loredo

SlEEp-DISoRDERED bREATHING
The spectrum of sleep-disordered breathing ranges from intermittent snoring, which is primar-
ily a nuisance, to obesity-hypoventilation syndrome (OHS), which is associated with severe 
morbidity and high mortality. In between these two extremes are disorders of gradually in-
creasing impact on morbidity and mortality, including chronic snoring, upper airway resis-
tance syndrome (UARS), and sleep apnea. More recently, continuous positive airway pressure 
(CPAP)-emergent central apnea (complex sleep apnea syndrome) has been described in patients 
with unequivocal obstructive sleep apnea (OSA) who develop central apnea when exposed  
to CPAP.

OSA is the most common form of sleep-disordered breathing seen in the sleep labora-
tory. Both children and adults may be affected; however, the prevalence of obstructive apnea is 
highest in middle-aged men. In 1993, the prevalence of symptomatic OSA in the middle-age 
working population was 4% in men and 2% in women and the prevalence of asymptomatic 
sleep apnea was 24% in men and 9% in women. However, with the rise in obesity in the last  
20 years, the prevalence of OSA is higher, especially in patients with cardiovascular or metabolic 
disorders (≥50%). OSA is characterized by repetitive upper airway obstructions during sleep. 
The immediate consequences of OSA include microarousals from sleep, full awakenings, hypox-
emia, hypercapnia, increased systemic and pulmonary pressures, nocturia due to increased atrial 
natriuretic peptide levels, and sleep fragmentation. The most common presenting symptoms 
are excessive daytime somnolence and chronic loud snoring. However, it is not uncommon for 
the OSA patient to present with complaints of daytime fatigue, decreased cognitive function, 
sexual dysfunction, depression, and even sleep maintenance insomnia due to frequent nocturnal 
awakenings. Loud snoring, choking spells, abnormal motor activity during sleep, and, more 
specifically, observed apneas often are noted by the bed partner. These patients also have higher 
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rates of automobile accidents than the general population. In children OSA often presents with 
snoring and hyperactivity and can be misdiagnosed as attention-deficit hyperactivity disorder.

The etiology of OSA is not well understood. However, obesity, upper airway narrowing, 
loss of upper airway motor tone during sleep, abnormalities of central control of ventilation, 
high CO2 sensitivity, and cardiac dysfunction have been implicated. Major risk factors for OSA 
include obesity (strongest), upper airway abnormalities, male gender, increasing age, a family 
history of OSA, and menopause in women. There are strong epidemiologic and experimental 
evidence-linking OSA with the development of systemic hypertension and other cardiovascular 
complications. The mechanism for this association is unclear, but chronic intermittent hypoxia 
and frequent arousals leading to hyperactivity of chemoreceptors and the sympathetic nervous 
system may be involved. Current evidence suggests that untreated OSA causes systemic hyper-
tension, and its treatment reduces blood pressure.

There are three basic types of sleep-disordered breathing: (1) apnea, 90% or more decrease in 
airflow greater than or equal to 10 seconds; (2) hypopnea, 30% reduction in airflow greater than 
or equal to 10 seconds accompanied by 4% oxygen desaturation or, alternately, 50% reduction 
in airflow greater than or equal to 10 seconds accompanied by 3% oxygen desaturation or an 
arousal; and (3) respiratory effort related arousals (RERAs), the UARS.

Three types of apnea have been described: (1) obstructive apnea, in which oronasal airflow is 
blocked and diaphragmatic efforts continue; (2) central apnea, in which diaphragmatic and inter-
costal muscle activity cease; and (3) mixed apnea, obstructive apnea with an initial central compo-
nent. In most symptomatic patients with sleep apnea, all three types of apnea are found, but, by far, 
obstructive events predominate. The syndromes of obstructive and mixed sleep apnea are clinically 
similar and, therefore, are grouped together. UARS differs in that oxyhemoglobin desaturation 
and obvious apneas or hypopneas are not evident in the standard polysomnogram. However, air-
flow limitation associated with crescendo snoring often terminates in an arousal; RERAs can be 
observed if a pressure transducer is used to measure airflow. The gold standard for diagnosing 
RERAs is by measuring esophageal pressure during sleep; this is seldom performed clinically.

On physical examination, 70% of patients are overweight or obese; it is not unusual to find 
them dozing in the waiting room. Hypertrophy of the tonsils and adenoids appears to be the 
major mechanism of the upper airway obstruction in children but not in adults. Malformations 
of the jaw and maxilla, such as retrognathia, micrognathia, narrow high-arching palate (long face 
syndrome), and large tori of the palate and the jaw, are noted occasionally. More commonly, the 
adult sleep apnea patient presents with erythematous, enlarged and edematous soft palate and 
uvula, prominent tonsillar pillars, drapelike soft palate, macroglossia with scalloping, and Mal-
lampati class 3 to 4 oropharyngeal opening, resulting in oropharyngeal crowding and reduced 
caliber. However, in some patients the physical examination may be entirely normal. Despite 
having a narrow oropharyngeal opening, airway obstruction during the waking state is absent 
secondary to neuromuscular compensation. During sleep, this neuromuscular compensation is 
lost, predisposing the patient to upper airway obstruction. In the waking state, pulmonary func-
tion tests, arterial blood gases, and ventilatory response to carbon dioxide are usually normal, 
unless the separate effects of morbid obesity or another disease are present. Systemic hyperten-
sion is present in up to 50% of patients. Pulmonary arterial hypertension may occur in up to 
40% of cases of uncomplicated OSA; however, this is generally not clinically significant.

The diagnosis of the sleep apnea syndromes can be most accurately made by documenting 
apneic episodes with polysomnography (type 1 study), which measures EEG, oculogram, orona-
sal airflow, chin and tibialis anterior electromyogram, ventilatory effort, heart rate, and arterial 
oxygen saturation. More recently, unattended cardiorespiratory sleep recordings (type 3 studies) 
have been recommended for patients with a high likelihood of OSA after clinical assessment by 
a sleep specialist. To be considered significant, apneic episodes must last at least 10 seconds and 
occur repetitively. The Apnea/Hypopnea Index (AHI) is used to determine the severity of sleep 
apnea. The AHI represents the number of apneas plus hypopneas per hour of sleep. An AHI 
less than 5 is considered normal, while an AHI greater than or equal to 30 is considered severe.

The pathophysiology and hemodynamic consequences of the sleep apnea syndromes have 
been studied extensively. During an obstructive episode, the posterior wall of the hypopharynx 
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collapses and the strap muscles of the neck become hypotonic as documented by electromyo-
graphic recordings. As the apneic episode continues, hypercapnia and hypoxemia develop. Pro-
gressive increases in negative intrathoracic pressure develop with increasing efforts to breathe 
against the obstruction. Systemic and pulmonary hypertension, sinus bradycardia, and a variety 
of arrhythmias and conduction disturbances may occur. A loud snort may signal the end of the 
obstruction and correlates with an EEG pattern of arousal from sleep. Subsequently, abnormali-
ties of gas exchange and hemodynamics resolve rapidly, unless repetitive apneic episodes occur, 
a frequent situation in severely affected individuals.

Treatment of OSA patients should always include behavioral interventions: weight reduc-
tion, smoking cessation, and avoidance of alcohol, sedatives, sleep deprivation, and sleeping in 
the supine position. Weight reduction to optimum levels can be curative in some cases. How-
ever, even modest weight reduction may result in significant reductions in sleep apnea sever-
ity. More recently, in small randomized clinical trials, physical exercise, even without weight 
reduction, and playing the didgeridoo have been shown to decrease AHI by about 25% to 50%. 
Patients with positional sleep apnea (supine AHI .10/hour and nonsupine AHI ,10/hour) 
may benefit from sleeping in the lateral position, which can be achieved with antisnore shirts, 
bumper belts, or specialized pillows. Pharmacological therapy for sleep apnea has been disap-
pointingly ineffective in reducing AHI. Nocturnal nasal oxygen therapy can improve arterial 
oxygen saturation during sleep in OSA, but it does not significantly change the AHI. CPAP 
is the most effective treatment for sleep apnea. CPAP maintains upper airway patency dur-
ing sleep by creating a pneumatic splint. In most cases, it can effectively control sleep apnea, 
reduce arousals, and reverse oxyhemoglobin desaturation. CPAP is usually well tolerated. Com-
plications are mild, usually associated with mask-fit problems. In rare cases, aerophagia can be 
problematic. CPAP remains a cumbersome therapy despite significant technological advances, 
including integrated heated humidifiers, auto-CPAP, bi-level positive airway pressure (PAP) 
modalities, expiratory pressure relief, and ultraquiet blowers. However, with proper introduc-
tion and follow-up, CPAP compliance can be significantly higher than the usually quoted 50% 
nightly use after 4 months of therapy. Overnight CPAP titration in the laboratory is still the 
preferred method of identifying the optimal pressure level to treat OSA. However, in selected 
patients, a trial of auto-CPAP at home with minimal pressure estimated from a CPAP prediction 
formula may be effective and practical in treating OSA and controlling the night-to-night vari-
ability of AHI. Oral appliances provide an alternative to CPAP in patients with mild to moder-
ate sleep apnea, although these are not as effective as CPAP in controlling apneic events. Many 
types of appliances are available; the most effective are those that are adjustable and advance the 
jaw, increasing upper airway patency. Temporomandibular joint pain is a common complaint 
from the use of an oral appliance. Surgical procedures that increase upper airway size (e.g., 
uvulopalatopharyngoplasty) have been found to effectively eliminate snoring, but frequently 
fail to control sleep apnea, especially when sleep apnea is severe. Except in highly selected cases, 
uvulopalatopharyngoplasty is no longer recommended to treat OSA. Unfortunately, there is no 
way to predict which patients will benefit from surgical treatment. Extensive surgery to advance 
the entire mouth forward (maxillary mandibular advancement) has been as successful as CPAP 
in controlling sleep apnea in highly selected populations; however, convalescence can be pro-
longed, frequently resulting in prolonged facial numbness and cosmetic changes. More recently, 
several minimally invasive operations have been proposed to treat OSA in patients intolerant of 
CPAP. These include radiofrequency volume reduction of the base of the tongue and genioglos-
sus advancement surgery, in combination with the pillar procedure. However, this type of surgi-
cal intervention has not been evaluated systematically. Hypoglossal nerve stimulation to treat 
OSA remains experimental. Improving upper airway muscle tone during sleep corrects part of 
the pathophysiology of OSA. In some studies, the AHI has decreased by 50% with hypoglossal 
nerve stimulation during sleep. Tracheotomy is a last resort for patients with life-threatening 
conditions exacerbated by untreated OSA and who are not able to use CPAP. Tracheotomy is 
consistently effective in relieving signs and symptoms of OSA; however, its morbidity makes it 
a rarely used procedure. Finally, an effort should be made to identify associated conditions that 
may worsen sleep apnea (e.g., hypothyroidism, use of testosterone, alcohol or sedatives before 
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sleep). Correcting these can sometimes cure or improve sleep apnea. In children, removal of 
obstructing tonsils and adenoids is usually curative, although the rise in obesity in children has 
somewhat reduced the effectiveness of this procedure.

Pure central sleep apnea is often associated with advanced age, CNS disorders, congestive 
heart failure, and sleeping at high altitude. It may be associated with high sensitivity to carbon 
dioxide, conditions that promote hypocapnia, and chronic opioid therapy. Oral acetazolamide 
and nasal CPAP have both been partially successful in treating patients with central sleep apnea. 
Supplemental oxygen may also be beneficial, especially in central sleep apnea associated with 
high altitude. More recently, adaptive servo-ventilation therapy has been effective in controlling 
central sleep apnea, especially when associated with Cheyne–Stokes ventilation in patients with 
heart failure. Successful treatment can result in improved cardiac function.

AlVEolAR HYpoVENTIlATIoN
Alveolar hypoventilation is defined as an elevation in Paco2 greater than 45 mmHg due to a 
reduction in minute ventilation. A rise in alveolar Pco2 will lead to a decrease in alveolar Po2 and 
result in hypoxemia. Alveolar hypoventilation can occur with several disorders, referred to as the 
hypoventilation syndromes. Although hypercapnia and hypoxemia can be evident during wake-
fulness, these are usually more severe during deep sleep in most cases of alveolar hypoventilation.

The syndrome of primary alveolar hypoventilation (Ondine curse) is a rare disorder char-
acterized by hypercapnia and hypoxemia that develops mostly in young adult males without 
abnormalities of the lung parenchyma, chest wall, respiratory muscle function, or voluntary con-
trol of ventilation. Central alveolar hypoventilation is a term used when alveolar hypoventilation 
is caused by an identified CNS process such as destructive lesions in the medullary chemorecep-
tor. Congenital central hypoventilation is a rare disorder of ventilation control diagnosed in early 
childhood and may have a familial component. In all cases of primary alveolar hypoventilation, 
there is a failure of the central autonomic regulation of ventilation and inability to integrate 
the neural input from peripheral chemoreceptors. Invariably, these children have multisystem 
involvement, with significant developmental problems and common occurrence of congenital 
megacolon.

Clinical manifestations of alveolar hypoventilation include lethargy, somnolence, and morn-
ing headaches. Dyspnea is remarkably absent unless congestive heart failure supervenes. Apnea 
during sleep is often prominent. Cyanosis with a normal alveolar–arterial O2 gradient is the most 
common physical finding and can usually be reversed by voluntary hyperventilation. Polycythe-
mia and cor pulmonale are present in 50% of cases. Although hypercapnia and hypoxemia at 
rest are noted in the vast majority, arterial blood gases may occasionally be normal; unexplained 
metabolic alkalosis may be a clue to previous chronic hypercapnia. Pulmonary function tests 
reveal normal lung volumes and flow rates; however, diminished or absent ventilatory response 
to carbon dioxide inhalation may be greatly diminished. Ventilatory response to hypoxia is 
frequently impaired as well. Breath-holding time is often prolonged, and exercise may result in 
worsening of hypoxemia and hypercapnia due to impaired chemoreceptor response.

Several forms of therapy have been proposed. Respiratory stimulants are generally ineffec-
tive. Rocking beds or mechanical ventilatory assistance (bi-level PAP via a nasal mask) has been 
useful in severe cases, particularly at night when the hypoventilation is most severe. Nocturnal 
phrenic nerve pacing has been described as safe and effective therapy and may be the treatment of 
choice in severely affected individuals. However, noninvasive ventilation (NIV) is the most com-
mon therapy for congenital central hypoventilation syndrome, usually through a tracheotomy.

obESITY-HYpoVENTIlATIoN SYNDRomE
The OHS was originally described as the “Pickwickian syndrome” by Burwell and Robin, 
named after a character in Dickens’s The Pickwick Papers (“the fat boy Joe”) who was obese 
and  continually falling asleep. It is characterized by daytime hypercapnia (Paco2 > 45 mmHg), 
obesity (BMI > 30), and alveolar hypoventilation not explained by neuromuscular, mechanical, 
or metabolic reasons. Nearly 90% of patients with this syndrome also have OSA. Not all obese 
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individuals develop alveolar hypoventilation. Prevalence of OHS is unknown, but is thought 
to affect only a minority of obese individuals. The only clear risk factor for the development of 
OHS is morbid obesity (BMI . 40).

The etiology of the OHS is complex, probably resulting from an imbalance between venti-
latory drive and ventilatory load. Currently, there are no data supporting an inherited mecha-
nism for decreased ventilatory drive in OHS. Factors depressing ventilation and gas exchange 
in these patients include (1) obesity with its increased work of breathing and interference with 
the mechanical efficiency of ventilation, (2) heart failure, (3) diffuse airway obstruction, and 
(4) OSA, especially when severe. Patients with OHS have a high risk of mortality and morbidity; 
sudden unexpected death is common.

The findings on history and physical examination define this syndrome. Patients are severely 
hypersomnolent and fall asleep at the most inappropriate times. Though snoring is not a univer-
sal finding, these patients often have a long history of loud and disruptive snoring. On physical 
examination, patients are obese, often greater than 50% above predicted weights. They may have 
a ruddy complexion or cyanosis due to hypoxemia and secondary erythrocytosis; short, thick 
neck; enlarged uvula; and a small oropharyngeal opening. They may have crackles or wheezes 
on chest examination and demonstrate hepatomegaly, peripheral edema, and other findings of 
right-heart failure.

Chest radiographs show an enlarged heart and small lung fields with pulmonary conges-
tion. Electrocardiograms often demonstrate right-atrial and ventricular enlargement. Arterial 
blood gases show hypoxemia and hypercapnia, with a widened alveolar–arterial oxygen gradient. 
However, these patients can voluntarily hyperventilate and normalize their Pco2. Approximately 
one-half of these patients have erythrocytosis. Spirometry demonstrates decreased forced vital 
capacity (FVC) and forced expiratory volume in 1 second (FEV1); some patients also have evi-
dence of superimposed airway obstruction, that is, FEV1/FVC less than 75%. The total lung 
capacity (TLC) is 20% smaller and the maximal voluntary ventilation (MVV) is 40% lower than 
that of patients with simple obesity. Tests of ventilatory control show a diminished response to 
both hypercapnia and hypoxemia. Polysomnography demonstrates moderate to severe OSA, 
often with prolonged and severe hypoxemia in the large majority. Only a minority of patients 
demonstrate pure OHS.

OHS patients should be evaluated thoroughly and treated to avoid serious complications 
such as pulmonary arterial hypertension, cor pulmonale, acute ventilatory decompensation, and 
sudden death. Clinical evaluation should include a careful history and complete physical exami-
nation, arterial blood gases, spirometry, maximal inspiratory and expiratory pressures, thyroid 
function tests, and overnight polysomnography. This evaluation should focus on any conditions 
that could contribute to persistent daytime hypoventilation, such as hypothyroidism, severe 
OSA, or respiratory muscle weakness. In addition, one should consider other sources of ventila-
tory impairment, such as left-ventricular heart failure, sedative and narcotic medications, and 
diffuse airway disease.

There are no established guidelines on the treatment of OHS. The primary goal of therapy 
is to correct the obvious pathologic derangements. Therapy should focus on reducing ventila-
tory loads and increasing ventilatory drive. Weight loss invariably results in improvement in 
hypoventilation and clinical symptoms. Unfortunately, permanent weight loss in these patients 
is difficult and may require bariatric surgery. Respiratory stimulants such as acetazolamide and 
high-dose progesterone are not well-studied in OHS; their long-term clinical utility is unknown. 
The risk of deep-venous thrombosis and pulmonary embolism is high in these obese patients; 
when nonambulatory, prophylactic measures should be taken with the use of subcutaneous hep-
arin or lower extremity intermittent compression stockings. Sedatives, alcohol, and other venti-
latory depressants should be avoided. Nocturnal and daytime oxygen supplementation must be 
used with caution in order to avoid further ventilatory depression and worsening hypercapnia. 
Approximately 50% of OHS patients will require supplemental oxygen in addition to PAP 
therapy. The goal is to maintain an Sao2 of at least 88% to avoid pulmonary vasospasm and 
pulmonary hypertension. Correcting upper airway obstruction and hypoventilation during sleep 
is important in the treatment of OHS. CPAP alone is effective in correcting OSA in mild OHS 
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and has been shown to improve daytime symptoms and hypercapnia in some OHS patients. 
However, in severely decompensated OHS, NIV, most commonly bi-level PAP, should be used. 
NIV can effectively correct both upper airway obstruction and nocturnal hypoventilation in 
OHS. Expiratory positive airway pressure (EPAP) should be started at 5 cm H2O and titrated to 
abolish obstructive apneas, hypopneas, and snoring. Inspiratory positive airway pressure (IPAP) 
should be started at 5 cm H2O above the EPAP and titrated to correct Pco2 and increase Sao2 
to greater than or equal to 92%. Typically, IPAP needs to be 8 to 10 cm H2O above EPAP 
to effectively control hypoventilation during sleep and avoid hyperventilation. Supplemental 
oxygen may be needed to maintain Sao2 greater than or equal to 92%. Average volume assured 
pressure support (AVAPS) is a newer form of auto adjusting NIV that that targets preset min-
ute ventilation and tidal volumes by adjusting pressure support. In a recent study, AVAPS was 
shown to be as effective as fixed bi-level PAP in treating patients with OHS. Tracheotomy alone 
can correct the upper airway obstruction in OHS and, in preliminary studies, was reported to 
also improve daytime hypoventilation. However, tracheotomy generally requires the addition of 
mechanical ventilation during sleep to control worsened hypoventilation experienced by OHS 
patients. Since the advent of NIV to treat OHS, tracheotomy is only used in life-threatening 
situations or when NIV is not available or contraindicated.
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82 Silicosis
Richard D. Drucker

Silicosis is a fibrotic disease of the lungs caused by inhalation of free crystalline silica (silicon 
dioxide). Silica is a ubiquitous material that is a major component of the earth’s crust. The 
three major crystalline forms associated with lung injury are quartz, cristobalite, and tridymite. 
Quartz is the most common silica and is found in most rocks, including granite and sandstone. 
Cristobalite and tridymite are associated with high temperatures, are naturally found in lava, and 
can be produced from other forms of silica by exposure to high temperatures. These are termed 
free silica, in contrast to silicates, which are crystals of silicon dioxide complexed with inorganic 
cations such as calcium, iron, magnesium, or aluminum. Silicates such as asbestos, talc, and mica 
are also capable of inducing lung injury.

The classic occupations at risk for silicosis are mining (quarrying, tunneling), manufacturing 
(glass, pottery, porcelain, abrasives), and sandblasting. The development of disease is related to 
the duration, concentration, and structure of the free silica dust in the environment as well as 
each individual’s susceptibility to silica inhalation, which is incompletely characterized. Only a 
minority of workers at risk actually develop silicosis. The prevalence of silicosis appeared to be 
decreasing following introduction of improved dust control in the 1970s, but the prevalence 
recently has increased for unknown reasons.

The exact pathogenic mechanism of pulmonary silicosis is unclear, but there is abundant 
evidence that the pulmonary alveolar macrophage plays an important role in mediating lung 
damage. It is hypothesized that crystalline free silica interacts with water to form oxygen radicals 
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that injure the alveolar macrophage. The macrophages release cytokines such as tumor necrosis 
factor, interleukin-1, and arachidonic acid metabolites. The resulting proliferation of type II 
pneumocytes, fibroblasts, and collagen eventually cause pulmonary fibrosis.

The classic pathologic lesion of silicosis is the hyaline nodule, consisting of concentric whorls 
of connective tissue and an acellular central zone containing free silica. The middle zone has 
fibroblasts and collagen, and the peripheral zone contains macrophages, fibroblasts, and free 
silica. The nodules are scattered throughout the lungs with predominance in the upper lobes. 
Simple nodules rarely compress airways or blood vessels, but larger coalescent masses in the 
advanced stage of silicosis can involve these structures. Regional lymphadenopathy and pleural 
adhesions are common, particularly in more severe cases of silicosis.

The three major clinical presentations of silicosis are chronic silicosis, accelerated silicosis, 
and acute silicosis. Chronic and accelerated silicoses present with similar symptoms and radio-
graphs except that chronic silicosis becomes clinically apparent only decades after exposure to free 
silica, while accelerated silicosis becomes clinically apparent sooner and typically after exposure 
to heavy concentrations of silica. Radiographic abnormalities characteristically occur prior to the 
development of symptoms such as cough, sputum production, and dyspnea on exertion. Acute 
silicosis (silicoproteinosis) develops within 6 to 24 months of massive exposure to free silica. It 
tends to have a fulminant course consisting of cough, weight loss, rapidly progressive dyspnea, 
and early death. Histologically, the alveoli are filled with a PAS–positive acellular material like 
that seen in pulmonary alveolar proteinosis. The lungs of people exposed to free silica, whether or 
not silicosis is present, also may demonstrate pathologic evidence of emphysema or chronic bron-
chitis. Extrapulmonary involvement (kidney and liver) also has been described in acute silicosis.

There are several patterns of radiographic abnormalities in silicosis. Simple silicosis fre-
quently is associated with reticular and nodular patterns. The nodules range from 1 mm to 
less than 10 mm in meter, predominate in the upper lobes, and usually have sharp margins. 
Hilar adenopathy is common and may predate the parenchymal findings. Five percent of the 
lymph nodes contain characteristic “eggshell calcification,” a finding that once was considered 
pathognomonic of silicosis; however, it also has been reported in sarcoidosis and tuberculosis. 
Progressive massive fibrosis (also termed conglomerate or complicated silicosis) is characterized 
by densities that are 10 mm or larger in diameter and often seem to coalesce into larger masses. 
In chronic silicosis, the involvement is primarily in the upper lobes, in contrast to the lower and 
middle lobe predominance in the accelerated variant. Retraction is common in the involved 
lobes, with compensatory overexpansion of the remaining lobes. Superimposed mycobacterial 
disease should be suspected in the presence of cavitation, pleural thickening, or rapid increase in 
nodule size. In acute silicosis, the chest roentgenogram has either a diffuse alveolar filling pattern 
similar to pulmonary alveolar proteinosis or, less commonly, a reticulonodular pattern.

Pulmonary function abnormalities in silicosis are variable. Asymptomatic patients with 
simple silicosis may demonstrate no abnormality but may also show an accelerated loss of lung 
function. Patients with progressive massive fibrosis show restriction, obstruction, or a mixed 
pattern. Reductions in diffusing capacity, compliance, and arterial oxygenation with exercise 
have been shown in patients with advanced stages of silicosis. Some studies have suggested an 
association between obstructive pulmonary physiology and silica exposure in the absence of 
radiographic evidence of silicosis.

Silicosis has been associated with the development of lung cancer, mycobacterial disease, and 
collagen vascular disease. In 1996, the International Agency for Research on Cancer classified crys-
talline silica as a group I carcinogen. There also is an increased incidence of connective tissue diseases 
in patients with silicosis. Particularly prevalent are systemic sclerosis, rheumatoid arthritis, and sys-
temic lupus erythematosus. Clinically, the course of the connective tissue disease is similar whether 
or not silicosis is present; however, the clinical course of silicosis is less favorable in those patients 
who also have a connective tissue disease. In silicosis, there is an increased incidence of hypergam-
maglobulinemia, antinuclear antibodies, rheumatoid factor, and circulating immune complexes. 
There is no demonstrated correlation, however, between these serologic abnormalities and the clini-
cal, radiographic, or physiologic presentation of the silicotic patient. Patients with silicosis have an 
increased incidence of tuberculous and nontuberculous mycobacterial infections. Tuberculosis has 
been found in up to one-third of South African gold miners with silicosis. It is important for the 
clinician to have a high index of suspicion for possible tuberculosis in patients with silicosis.
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The diagnosis of silicosis is based on a history of significant exposure to free silica, character-
istic radiographic abnormalities, and the absence of another disease that is more likely to account 
for the findings. Biopsy is indicated only in patients with atypical radiographs or in a medico-
legal situation such as a compensation case involving multiple dust exposures. Hyaline nodules 
in various stages of development are characteristic. Doubly refractile particles can be seen with 
polarizing light microscopy, but these particles are not diagnostic of silicosis. In certain cases, 
X-ray energy spectrometry or scanning electron microscopy is needed for diagnosis.

Management is aimed at disease prevention by limiting free silica exposure and by removing 
patients with silicosis from further exposure. Preventative efforts have resulted in reduced mor-
tality rates over the past few decades. Unfortunately, there is no proven effective treatment for 
silicosis. The efficacy of corticosteroids is unproved, although an uncontrolled clinical trial has 
shown short-term improvement in chronic silicosis and a case report has shown improvement in 
acute silicosis. The use of whole-lung lavage in silicosis has been employed successfully to remove 
dust, but the clinical utility is not yet proven. Patients with a significantly reactive tuberculin 
skin test should receive isoniazid chemoprophylaxis.
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Coal workers’ pneumoconiosis, formerly called anthracosis or anthracosilicosis, exists in two 
forms: simple and complicated. Simple coal workers’ pneumoconiosis is diagnosed by a history 
of exposure to coal dust and chest radiographs showing an increased profusion of small, round 
parenchymal densities (categories 0, 1, 2, and 3 as rated by the International Labor Office sys-
tem for grading radiographs for pneumoconiosis). Complicated coal workers’ pneumoconiosis is 
known as progressive massive fibrosis. The diagnosis of progressive massive fibrosis requires densi-
ties larger than 1 cm in diameter; some authorities require lesions larger than 2 cm.

Bronchial stenosis associated with black pigmentation of the overlying mucosa was thought 
to be complication of tuberculosis. However, this condition has now been reported where tu-
berculosis was excluded, and the term anthracofibrosis is used to describe it. The stenosis and 
associated postobstructive atelectasis can mimic lung cancer.

PathoPhysiology
The basic pathologic lesion in simple coal workers’ pneumoconiosis is the coal macule. This is 
a collection of coal dust-laden macrophages, reticulin, and collagen located within the walls of 
respiratory bronchioles and adjacent alveoli. Macules range in size from 1 to 5 mm in diameter 
and are located predominantly in the upper lobes. As the number of macrophages grows, fibro-
sis increases, creating micronodules (<7 mm) and macronodules (7–20 mm). A zone of focal 
emphysema is usually seen around macules and nodules, possibly caused by mechanical traction 
on adjacent parenchyma or digestion of alveolar walls by proteolytic enzymes released from 
macrophages. A tendency is seen for nodules to cluster and eventually to coalesce to produce 
progressive massive fibrosis lesions. There is some evidence that coal workers may be at risk for 
chronic interstitial pneumonia, even when coal workers’ pneumoconiosis is not present.

Pathogenesis
The pathogenesis of coal workers’ pneumoconiosis is unclear. Silica in coal dust was thought to 
be the cause; it is now recognized that coal workers’ pneumoconiosis is a pathologic entity dis-
tinct from silicosis, although the two conditions can coexist. Coal is composed predominantly of 
elemental carbon and varying amounts of minerals, metals, and organic compounds. Electrically 
charged surface radicals on coal dust damage biologic membranes. Regional differences in the 
frequency and severity of coal workers’ pneumoconiosis may be caused by the content of Fe2+ 
and the buffering capacity of the dust. Higher (hardness)-rank coals are associated with increased 
risk of simple coal workers’ pneumoconiosis and progressive massive fibrosis. Anthracite is the 
highest rank, followed by bituminous and lignite. Experimentally, high-rank coals are cleared 
more slowly from the lungs and are more cytotoxic. The attack rate for progressive massive fibro-
sis rises with increasing total lung dust; progressive massive fibrosis usually occurs in the setting 
of advanced simple coal workers’ pneumoconiosis (categories 2 and 3). Increased silica content 
of inhaled dust also increases the incidence of progressive massive fibrosis. Historically, tubercu-
losis has been considered as a risk factor for progressive massive fibrosis; its role has diminished 
in recent decades, although this organism should always be sought in a patient with expanding 
upper-lobe lesions. Cavitation of progressive massive fibrosis lesions usually results from tissue 
necrosis, not tuberculosis. Coal miners do not have a greater incidence of tuberculosis compared 
with the general population.

The pulmonary macrophage plays a central role in the pathogenesis of coal workers’ pneu-
moconiosis by releasing inflammatory factors, recruiting polymorphonuclear leukocytes into the 
lung, and stimulating fibroblast production of collagen. A number of immunologic abnormalities 
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have been found in miners with coal workers’ pneumoconiosis. Their causative role, if any, is 
unknown and their prevalence has varied in different studies. Miners with coal workers’ pneu-
moconiosis have elevated serum levels of IgA, IgG, C3, antinuclear antibodies, rheumatoid fac-
tor, and α1-proteinase inhibitor; similar findings are seen in other forms of pneumoconiosis.

No clear correlation is found between serologic factors and the risk or severity of coal 
workers’ pneumoconiosis except for rheumatoid pneumoconiosis (Caplan syndrome), which 
describes coal miners with rheumatoid arthritis. The characteristic radiographic features of rheu-
matoid pneumoconiosis are rapidly enlarging, evenly distributed nodules ranging in size from 
0.3 to 5.0 cm in diameter, occurring in lungs that otherwise show little evidence of pneumo-
coniosis. Microscopically, the active lesions are similar to subcutaneous rheumatoid nodules; 
vasculitis is a common feature. Coal mining does not predispose to rheumatoid arthritis.

RegUlations anD RisK oF Coal WoRKeRs’ PneUMoConiosis
The risk of development and progression of coal workers’ pneumoconiosis increases with cumu-
lative dust exposure. Most affected miners worked before 1969, when the Federal Coal Mine 
Health and Safety Act (known as the Coal Act) was passed. It required that a coal worker’s expo-
sure to respirable dust be maintained at or below 2 mg/m3. The Federal Mine Safety and Health 
Act of 1977 (known as the Mine Act) consolidated all federal health and safety regulations of 
the mining industry under a single statutory scheme, and created the Mine Safety and Health 
Administration for enforcement. The prevalence of coal workers’ pneumoconiosis in coal miners 
decreased dramatically from the 1970s until 2000, but has increased since then. New mining 
techniques and machinery have increased coal production, and miners now spend about 25% 
more time underground than they did in the 1980s. The risk of coal workers’ pneumoconiosis 
and progressive massive fibrosis is much greater in small mines with fewer than 50 miners, rais-
ing concern about poor dust control and increased silica exposure due to the mining of thinner 
coal seams. New cases of coal workers’ pneumoconiosis and progressive massive fibrosis are still 
occurring, raising the issue of whether the current exposure limit is too high or if enforcement 
is inadequate. The National Institute for Occupational Safety and Health has recommended a 
reduction in the exposure limit to 1 mg/m3.

iMPaiRMent anD DisaBility
The issue of impairment and disability caused by coal workers’ pneumoconiosis is controversial. 
Most authorities agree that clinically significant pulmonary impairment does not occur in non-
smoking patients with simple coal workers’ pneumoconiosis, although small reductions in spiro-
metric values are common. Conversely, progressive massive fibrosis is associated with significant 
morbidity and premature death. Cough and sputum production, often described as industrial 
bronchitis, usually have little effect on lung function in the absence of smoking. Cigarette smok-
ing, although responsible for most pulmonary impairment among coal miners, does not increase 
the incidence of simple coal workers’ pneumoconiosis or the risk of progression to progressive 
massive fibrosis. Coal dust causes emphysema even in nonsmokers, and may be the major cause 
of respiratory morbidity in miners who do not have progressive massive fibrosis. The Mine Act 
and Black Lung Benefits Program established guidelines for rating disability based on reduction 
of the forced expiratory volume in 1 second (FEV1) and maximal voluntary ventilation. Decre-
ments in spirometric values are based on a miner’s height, but not age, and do not consider the 
effects of smoking. Should a miner have either a normal ventilatory capacity or a slight decre-
ment, that person can still qualify for benefits if the Pao2 is reduced below a certain level with 
an alveolar–arterial oxygen gradient greater than 45 mmHg breathing-room air at rest. Exercise 
testing is not included in the rating system.

Today, the life expectancy of a coal worker approximates that of the general population. 
Excess deaths are seen for nonmalignant respiratory disease, accidents, and possibly stomach 
cancer. Approximately 4% of coal worker deaths are directly attributable to pneumoconiosis, 
usually progressive massive fibrosis; most studies have not shown an excess mortality for simple 
coal workers’ pneumoconiosis. These excess deaths are counterbalanced by decreased mortality 
from lung cancer and ischemic heart disease. Employed populations typically have morbidity 
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and mortality rates 10% to 20% lower than the general population, which contains individuals 
disabled by chronic diseases. This deficit of disease is referred to as the healthy worker effect. Cor 
pulmonale and right-ventricular hypertrophy do not occur in the absence of cigarette smoking 
or progressive massive fibrosis. No specific treatment exists for coal workers’ pneumoconiosis 
except limiting dust exposure.
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84 Asbestos-Related 
Disease
William G. Hughson

The term asbestos refers to a group of naturally occurring, fibrous hydrated silicates that share 
characteristics of heat and chemical resistance. Chrysotile, or serpentine asbestos, is character-
ized by curvilinear fibrils. The other types have straight fibers, and are referred to as amphibole 
asbestos. The most important amphiboles are amosite and crocidolite. Asbestos has been used 
for multiple purposes, including textiles, thermal insulation, building materials, and friction 
products such as brake linings.

The risk of asbestos-related disease is related to the amount of exposure, described using the 
term fiber/cc-year, which is the amount of asbestos that would be inhaled by working for a year 
in an atmosphere where the time-weighted average level of asbestos was 1 fiber/cc of air. The 
year in this term is a working year (8 hours/day for 250 days), and only fibers longer than 5 μm 
are counted. Historically, exposure levels were very high. For example, insulators working in 
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shipyards and commercial construction were exposed to approximately 10 fibers/cc. Exposures 
for chrysotile miners and textile workers were in the range of 10 to 100 fibers/cc. In contrast, au-
tomobile mechanics doing brake repair had an average exposure of 0.1 fibers/cc. The threshold 
limit value for asbestos was 5 million particles per cubic foot (∼15 fibers/cc) until 1968. Since 
then, it has been progressively lowered to the current permissible exposure limit of 0.1 fiber/cc.

The risk of asbestos-related disease is also related to fiber type. Chrysotile asbestos is cleared 
rapidly from the lungs. In contrast, amphibole asbestos is retained to a much greater extent. As a 
result, the risk of disease in chrysotile-exposed populations is lower on a fiber/cc-year basis. For 
example, the chrysotile miners and millers of Quebec had little evidence of increased mortal-
ity up to a cumulative exposure of approximately 1,000 fiber/cc-years. In contrast, the risk of 
mesothelioma from crocidolite or amosite is increased by exposures in the range of 2 to 5 fiber/
cc-years. Approximately 90% of the asbestos used in North America was chrysotile. Amosite was 
used primarily in insulation products, and crocidolite was used mainly for asbestos cement. In 
Europe and Australia, amphibole use was more common. Those areas have experienced a much 
higher rate of asbestos-related malignancies.

Although the high exposure levels of the 1900s are a thing of the past, the widespread use of 
asbestos-containing construction materials has led to concern that occupants of public buildings 
and schools may be harmed. Asbestos fibers are present in the air of many buildings, typically 
in the range of 0.001 to 0.0001 fibers/cc. Most are chrysotile, and there is no evidence that the 
general public is at increased risk from these environmental or background levels of exposure. 
There have been reports of family members developing asbestos-related diseases caused by ex-
posure to fibers brought home on the clothes of asbestos workers. Most of those cases involved 
amphibole asbestos, and lung tissue analysis has demonstrated that the family members had lung 
tissue concentrations similar to people with occupational exposures.

Regulatory agencies such as the Occupational Safety and Health Agency and Environmental 
Protection Agency (EPA) use a linear no-threshold model for risk assessment. An inevitable conse-
quence of this model is that any level of asbestos exposure, no matter how small, can be calculated 
to cause some degree of risk. However, there is ample evidence that low levels of exposure, particu-
larly to chrysotile asbestos, do not cause an increased risk of asbestos-related disease. For example, 
residents in the Quebec chrysotile mining townships were exposed to ambient levels between 0.1 
and 3 fibers/cc prior to 1970. The estimated lifetime exposure at these levels would be approxi-
mately 25 fiber/cc-years. There is no evidence of increased lung cancer risk in the townships, and 
almost all the reported cases of mesothelioma had either occupational exposure in the mining in-
dustry, or lived with family members who were employed in the industry. The EPA’s model signifi-
cantly overestimated the risk of lung cancer and mesothelioma in the Quebec mining townships.

The term asbestosis refers to parenchymal fibrosis caused by asbestos, and is characterized 
by the presence of interstitial fibrosis and an increased number of asbestos ferruginous bodies 
and uncoated asbestos fibers in lung tissue. The ferruginous body is an asbestos fiber coated 
with proteinaceous iron-staining material; it is visible on light microscopy. Using lung digestion 
techniques, uncoated fibers can be identified and counted. Patients with asbestosis typically have 
concentrations of ferruginous bodies and uncoated fibers that are 100 to 1,000 times higher than 
the general population. Asbestosis usually begins subpleurally in the lung bases. As the disease 
progresses, it can involve both lungs diffusely as a fine fibrosis. In the final stages, the lungs can 
acquire a cystic honeycomb appearance and can be indistinguishable radiographically from other 
forms of severe interstitial fibrosis.

Patients with asbestosis usually present with dyspnea on exertion, and may have a nonpro-
ductive cough. A clinical diagnosis of asbestosis requires an appropriate exposure history. Asbes-
tosis requires a high level of exposure, and is now a rare disease. The latency period (the number 
of years from the initial exposure) is 20 years or longer for most patients. Chest radiographs show 
an increased profusion of bibasilar irregular densities. The American Thoracic Society (ATS) 
criteria for a diagnosis of asbestosis require a rating of 1/0 or higher using the International Labor 
Office (ILO) system. It is possible, though uncommon, to have histologic evidence of asbestosis 
in a patient with a normal chest radiograph. Other criteria include a restrictive pattern on the 
pulmonary function tests, reduction in the diffusing capacity for carbon monoxide, and the 
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presence of rales. High-resolution, thin-section computed tomography (CT) scans with supine 
and prone views may demonstrate interstitial disease in the presence of normal, equivocal, or 
mild parenchymal abnormalities on chest radiographs.

Exercise testing is useful in identifying the cause of dyspnea in patients with relatively normal 
pulmonary function. The level of dyspnea often does not correlate with a single pulmonary func-
tion test value or with a specific radiographic profusion score. The degree of impairment and 
disability should be noted according to subjective and objective criteria established by the ATS 
and the American Medical Association.

Pleural disease or pleural fibrosis is the most common form of asbestos-related pulmonary injury. 
It occurs at relatively low levels of exposure, far less than is required for asbestosis. Pathologically, 
localized areas of pleural scarring (the pleural plaque) are seen. Calcification can occur, and is an 
index of chronicity rather than severity. Pleural plaques viewed on a plain chest radiograph are usu-
ally bilateral and involve the middle and lower thirds of the thoracic cage. They are often seen on the 
diaphragm. Pleural plaques are generally found on the parietal pleural surface, but can occur on the 
visceral pleura and mediastinum. Usually, pleural plaques do not lead to abnormal lung function; 
however, studies of groups of workers with plaques have shown a mild but statistically significant dec-
rement in vital capacity and forced expiratory volume in 1 second (FEV1). Extensive pleural plaques 
can cause restrictive lung disease. Diffuse pleural thickening is distinct from localized pleural plaques, 
with fibrosis of the visceral and parietal pleura. If extensive and severe enough, it results in lung en-
trapment and can lead to severe impairment and ventilatory failure. The most likely cause of benign 
diffuse pleural thickening is an initial asbestos-related pleural effusion. Pleural effusions caused by 
asbestos are exudative, and may be chronic and recurrent. Infection and malignancy must be excluded 
before attributing the effusion to asbestos.

Rounded atelectasis is a benign finding characterized by localized pleural thickening and 
entrapment of adjacent lung tissue. Before advances in CT scanning made the characteristic 
appearance readily identifiable, biopsy was often necessary to distinguish this process from me-
sothelioma and lung cancer.

Populations with high levels of exposure to asbestos have an increased risk of lung cancer. 
For example, the insulators described by Selikoff had a relative risk of approximately 5-fold if 
they did not smoke regularly. Insulators who smoked had a risk of 50- to 90-fold compared 
with nonsmoking members of the general public because of a synergistic interaction between 
the risk of asbestos and smoking. Subsequent studies by Kipen and others demonstrated that the 
insulators who developed lung cancer also had asbestosis. Although there is some controversy 
on this subject, the preponderance of data suggest that the risk of lung cancer is increased when 
clinical or pathologic asbestosis is present, and that asbestos exposure alone does not increase 
the risk in the absence of pulmonary fibrosis. Approximately two-thirds of asbestos-related lung 
cancers occur in the lower lobes, in contrast to the predominantly upper-lobe distribution of 
most lung cancers. The distribution of cell types is similar to smoking-related lung cancers, and 
is not helpful in identifying tumors caused by asbestos. Many studies do not control adequately 
for smoking. Because blue-collar workers smoke more than the general population, failure to 
control for smoking can lead to the erroneous conclusion that occupational exposures are caus-
ing an increased risk of lung cancer.

Mesothelioma is a rare tumor, arising in the pleura and peritoneum. Approximately 75% of 
men and 10% of women with mesothelioma have a history of occupational exposure to asbestos. 
Some cases have been reported in family members of asbestos workers. Fiber type is very impor-
tant in the etiology of mesothelioma. Although chrysotile can cause mesothelioma, it does so 
rarely, and only after levels of exposure similar to those necessary to cause asbestosis. In contrast, 
amphibole asbestos causes mesothelioma at low doses. There is no evidence that the general 
public is at increased risk of mesothelioma because of ambient levels of asbestos.

No specific therapy exists for asbestos-related pleural or pulmonary disease. Every effort 
should be made to eliminate smoking. Other measures include early treatment of lung infec-
tions, influenza and pneumonia vaccinations, careful surveillance, and treatment of complica-
tions of respiratory failure.
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85 Work-Related Asthma
William G. Hughson

Asthma is a disorder of lung function characterized by widespread obstruction of the airways that 
(1) varies in severity; (2) is reversible, either spontaneously or as a result of treatment; and (3) is 
not caused by cardiovascular disease. Work-related asthma is the broad term that refers to asthma 
that is induced or exacerbated by inhalation exposures in the workplace and includes both oc-
cupational asthma and work-exacerbated asthma. Occupational asthma is caused by exposure to 
airborne dusts, gases, vapors, or fumes in the working environment. Work-exacerbated asthma 
refers to asthma triggered by various work-related factors in workers known to have pre-existing 
or concurrent asthma.

etiology
Asthma is a common disease. Approximately 10% of people are diagnosed with asthma during 
their lifetime (i.e., the incidence of asthma). Some cases resolve, but approximately 5% of the 
population has active asthma (i.e., the prevalence of asthma). Approximately 10% to 15% of 
cases of adult asthma is either caused or exacerbated by workplace exposures. The frequency of 
work-related asthma varies widely among occupations and within industries at different levels 
of exposure. The true occurrence of work-related asthma is probably greater than reported 
because affected workers often terminate their employment, leaving unaffected survivors. This 
type of self-selection is common in studies of working individuals that compare morbidity 
and mortality rates to those of the general population. Employed populations typically have 
morbidity and mortality rates 10% to 20% lower than the general population, which contains 
individuals disabled by chronic diseases. This deficit of disease is referred to as the healthy 
worker effect. Because asthma is common in the general population and the clinical findings 
in work-related asthma are identical to those of non–work-related asthma, the clinical chal-
lenge is to understand the nature and degree of workplace exposures and to make a temporal 
association between the asthma and occupation. Diagnosis can be difficult, given the inherent 
variability of asthma and the fact the patient can have early, late, dual, or recurrent late onset 
of symptoms.
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Pathogenesis
The pathogenetic mechanisms of work-related asthma can be classified as reflex, inflammatory, 
pharmacologic, and allergic. Reflex bronchoconstriction involves irritant receptors in the airway 
that are stimulated by agents such as cold air, inert dust particles, gases, and fumes. The reac-
tion does not involve immune mechanisms and is nonspecific. Many patients have a history of 
pre-existing asthma. Inflammatory bronchoconstriction begins as a nonspecific reaction following 
inhalation of high concentrations of nonspecific irritants. Most individuals recover, but a few 
develop chronic asthma. This condition is often referred to as reactive airways dysfunction syn-
drome (RADS). Vocal-cord dysfunction characterized by hoarseness, cough, and dyspnea is also 
caused by irritant exposures, and can be mistaken for asthma. Pharmacologic bronchoconstriction 
occurs when agents in the work environment exert a specific pharmacologic effect on the lung. 
An example is cholinesterase inhibition by organophosphate pesticides causing bronchoconstric-
tion because of excessive parasympathetic stimulation.

Allergic bronchoconstriction is the most common cause of occupational asthma. Susceptible 
workers develop IgE or IgG antibodies following exposure to workplace antigens such as animal 
or plant proteins. If high-molecular-weight compounds are responsible (e.g., baker’s asthma), 
individuals who are atopic become sensitized more readily than workers who are nonatopic. 
However, atopy is not a predisposing factor when low-molecular-weight compounds are in-
volved (e.g., isocyanate manufacturing). Sensitization takes time, and the latency period between 
exposure and the onset of symptoms can be weeks to years. Several hundred workplace agents 
have been shown to cause occupational asthma, and the list grows every year. Cigarette smoking 
doubles the risk of occupational asthma, possibly by recruiting inflammatory cells into the lung 
where they are available to react with irritants and sensitizers.

Diagnosis
When considering work-related asthma as a diagnosis, two questions must be answered: 
(1) does this patient actually have asthma and (2) is the asthma related to work. The general 
approach to diagnosing asthma is discussed elsewhere in this manual (see Chapter 63). Methods 
for  answering the second question include a detailed clinical and occupational history, physi-
cal examination, chest radiographs, pulmonary function tests, inhalation challenge tests, and 
 immunologic tests.

The clinical history of the patient with work-related asthma typically reveals shortness of 
breath, chest tightness, cough, and wheezing at work or within several hours after leaving work. 
Respiratory symptoms are often accompanied by rhinitis or conjunctivitis. Recurrent attacks of 
bronchitis are often reported. Improvement on weekends, vacations, or when away from work is 
an important clue. Patients who develop symptoms immediately after exposure or whenever they 
work with the same material usually recognize a causal relationship. However, a large number of 
substances, particularly low-molecular-weight organic and inorganic compounds, may give rise to 
late asthmatic reactions. Nocturnal attacks of dyspnea and cough may be the only manifestation 
of work-related asthma; thus, be aware that the onset of symptoms may not be simultaneous with 
workplace exposure. Key elements influencing the pattern of symptoms and airflow obstruction 
seen in workers with work-related asthma are the recovery time and the effects of cumulative 
exposures. Some individuals improve rapidly after leaving work, and recovery is virtually complete 
before the next workday. Such workers show a similar deterioration during each shift. At the other 
extreme are those who need more than 2 days to recovery. Repeated exposures over several weeks, 
even with weekends off, result in a steady deterioration of pulmonary function. Clinical features 
can be indistinguishable from chronic obstructive lung disease because of nonoccupational causes. 
The reactive nature of the disease can be masked by a fixed reduction in expiratory flow rates 
seemingly unrelated to work activities. In such cases, the true relationship between the patient’s 
occupation and asthma becomes apparent only after prolonged cessation of exposure allows suf-
ficient time for recovery of normal pulmonary function. When the patient finally returns to work, 
the simultaneous reappearance of symptoms and airflow obstruction makes the link obvious.

The occupational history is crucial for the diagnosis of work-related asthma. Obtain a de-
tailed description of the patient’s work practices, including the agents used, protective equipment 
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such as respirators and gloves, and the adequacy of ventilation. In addition to the patient’s own 
work, information concerning other processes and chemicals used by coworkers should be ob-
tained; bystander exposures can cause reactions in sensitized individuals. It is often helpful to ask 
whether coworkers have similar problems. Patients usually have only limited knowledge of the 
agents they use. Material safety data sheets should be obtained from the employer, who is legally 
required to provide them to the worker. If the clinician is careful to avoid a confrontational situ-
ation, the employer or the workers’ compensation insurance company may provide industrial 
hygiene data concerning the nature and degree of exposures. Site visits are often helpful, and the 
clinician must be prepared to search the medical literature to complete the assessment.

The physical examination may reveal conjunctivitis, rhinitis, and wheezing; however, these 
signs are often absent, particularly when the patient has been away from work for some time. 
The chest radiographs are usually normal in patients with work-related asthma, although paren-
chymal infiltrates and hyperinflation may be seen.

Pulmonary function tests should demonstrate expiratory obstruction and hyperinflation, 
with improvement following inhalation of bronchodilator medication. However, variability of 
airway obstruction is a key feature of asthma, and pulmonary function tests may be normal. In 
this situation, the demonstration of bronchial hyperreactivity depends on provocation tests us-
ing methacholine, histamine, cold air, or exercise as a stimulus. These nonspecific promoters of 
bronchial hyperreactivity cannot identify a workplace cause. The gold standard for diagnosing 
occupational asthma in the pulmonary laboratory is a specific inhalation challenge using the 
suspected agent. However, it is often difficult to select the correct chemical from among many 
used in the typical, complicated workplace environment. In addition, practical difficulties ex-
ist to administering the correct concentration of the agent and few facilities have sophisticated 
environmental chambers. Pre- and postshift pulmonary function tests may demonstrate expira-
tory obstruction after workplace exposures. Another approach is serial measurement of peak 
flow rates. The patient is provided with an inexpensive flow meter and maintains a diary during 
the workweek, evenings, and weekends. At least 2 weeks of observation is needed. This requires 
considerable patient cooperation, and the results of self-administered tests are often suspect in 
the setting of potential litigation and secondary gain. Some authors have recommended serial 
measurements of bronchial hyperreactivity using methacholine before and after work shifts; de-
creased provocative dose following exposure is supportive of work-related asthma.

Skin tests and serology may be useful in identifying specific sensitization. However, selection 
and preparation of agents for skin testing is difficult, and nonspecific irritation can lead to false-
positive findings. Antibody assays are available for only a limited number of workplace chemicals; 
positive serology indicates previous exposure, but is not diagnostic of asthma caused by that agent. 
Skin tests and serology may suggest the cause of work-related asthma but are not definitive.

tReatMent
The treatment of work-related asthma is identical to that for non–work-related asthma. Emphasis 
should be placed on avoidance of the agent responsible in sensitized individuals and reduction in 
exposure to nonspecific irritants. The prognosis of patients with work-related asthma is guarded. 
More than 50% remain symptomatic one year after removal from exposure. The clinician is often 
asked to define disability caused by work-related asthma. This requires a careful assessment of the 
degree of airflow obstruction and bronchial hyperreactivity and whether the patient could return 
to work with certain restrictions or job modifications. If return to work is not feasible, vocational 
rehabilitation is required. These decisions require input from the clinician, patient, employer, and 
the agency responsible for administering workers’ compensation claims.
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Pulmonary Injury 
in Burn Patients
Bruce M. Potenza
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The diagnosis and treatment of pulmonary problems encountered in patients with severe burn 
injuries may be challenging. Pulmonary injury may occur as a sole entity or in combination 
with cutaneous burn injury. Approximately 30% of patients with cutaneous burns will have an 
associated pulmonary injury. The presence of smoke inhalation with a cutaneous burn may in-
crease mortality by 20% to 50% depending upon the size of the burn. Eighty percent of all burn 
fatalities result from smoke inhalation, with most occurring in house fires and at night. Care for 
patients with smoke inhalation ranges from supplemental oxygen and β-agonist nebulizers to 
advanced ventilator management and bronchoscopy. The course of pulmonary support in burn 
patients is different from that for general medical and surgical patients requiring respiratory as-
sistance. This is, in part, due to the pathophysiology of inhalation injury compounded by the 
long hospital course associated with a large burn.

inhalation inJURy
Exposure to smoke and flame in an enclosed area such as a home, automobile, industrial build-
ing, tank, or silo is the major risk factor for smoke inhalation injury. In a closed-space fire, the 
oxygen concentration of the atmosphere may be 10% or less depending upon the fire charac-
teristics. The toxic byproducts of combustion are confined, resulting in high concentrations of 
carbon monoxide (CO), aldehydes, ammonia, hydrogen (chloride, cyanide, and sulfide), phos-
gene, and sulfur dioxide. Some of these gases, which are heavier than air, settle at the lower levels 
of the enclosed space increasing the exposure of a victim who is crawling to escape the fire or 
is lying unconscious. In addition, more particulates tend to be released during a fire in a closed 
space and act as a vehicle to deposit the toxic byproducts of combustion deep into the respira-
tory tract. Industrial inhalation injuries may occur without a fire when workers are exposed to 
noxious aerosolized chemicals in a confined space. Often, these patients become unconscious 
due to the prolonged exposure.

Clinical signs and symptoms of inhalation injury may include facial, neck, and upper torso 
cutaneous burns; singed eyebrows, nasal and scalp hair; and soot in the nares, mouth, or hy-
popharynx. The patient may exhibit a change in voice (hoarseness or high-pitched) or stridor. 
Additional findings may include tachypnea, hypoxemia, and the presence of carboxyhemoglo-
bin. Bronchoscopic confirmation of airway injury includes soot deposition, respiratory epithelial 
edema, hyperemia, ulceration, sloughing, or hemorrhage.

Inhalation injury is composed of three separate pathophysiologic mechanisms: injury due to 
particulate matter, toxic byproducts of combustion, and direct thermal injury. Any one or all 
three mechanisms may be involved in any patient. Inhalation injury due to particulate matter 
(smoke and soot) depends upon the size of the particles that are deposited in different anatomic 
areas. Larger particles are deposited proximally in the nares, concha, and hypopharynx. Smaller 
particulates are transmitted into the trachea and bronchioles. These smaller particles adhere to 
the respiratory epithelium and tend to incite or exacerbate reactive airway problems best treated 
with β-agonists and supplemental oxygen. It is usually a self-limiting process, but, in patients 
with a long exposure time, intubation and bronchoscopy to evaluate the airways and facilitate 
airway clearance may be indicated. Particulate matter that is adherent to the lower respiratory 
epithelium may take 24 to 48 hours to fully clear in moderate cases and up to 3 days in severe 
smoke inhalation.

The classic model for inhalation injury due to toxic byproducts of combustion is CO poi-
soning. Other frequent byproducts include cyanide, hydrogen chloride or sulfide, ammonia, 
and formaldehyde. Cyanide poisoning is difficult to diagnose, since there is no readily available 
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laboratory test to confirm the diagnosis in real time. The presence of a persistent anion gap aci-
dosis and elevated serum lactate is supportive evidence of cyanide poisoning.

Treatment for CO poisoning is high-flow oxygen. CO has a 200- to 250-fold higher affinity 
to bind hemoglobin than oxygen. The half-life of CO is 320 minutes on room air (21% Fio2), 
but can be reduced to 90 minutes at 100% Fio2. Most hospital and paramedic pulse oximeters 
cannot differentiate oxyhemoglobin and carboxyhemoglobin. Therefore, a patient with a high 
CO level may still have a high oxygen saturation level measured by the pulse oximeter. The cor-
rect oxygen saturation can be determined from the arterial blood gas and is often significantly 
lower. The actual CO level can be measured from an arterial or venous blood sample. It is our 
policy (extrapolated to the prehospital area) to place all patients with a history of fire exposure 
in a closed-space environment on high-flow 100% oxygen until the oxygen saturation and CO 
levels are validated by a blood gas.

Patients with high CO levels may be candidates for hyperbaric oxygen therapy to reduce 
serum CO levels but, more importantly, reduce central nervous system levels of CO. Long-
term cognitive deficits are seen in 10% of patients with CO poisoning; hyperbaric therapy 
may reduce this. Three “dives” in a hyperbaric chamber are typically completed within the first  
24 hours of exposure in patients with CO levels greater than or equal to 25%. Care must be 
taken in the burn patients to ensure that they are sufficiently hemodynamically stable to undergo 
hyperbaric treatment. If unstable, the dive should not be attempted. Cyanide poisoning is treated 
with hydroxycobalamin  (CYANOKIT®) and, if this is not available, amyl nitrate.

Direct thermal injury is the least common form of smoke inhalation and represents an injury 
that occurs with a very intense heat source or with lesser heat and long exposure. These injuries 
result in airway edema; respiratory epithelial sloughing or ulceration; and copious production 
of thick, tenacious sputum. Intubation and bronchoscopic evaluation and aggressive pulmonary 
toilet are indicated in these patients. Secondary postobstructive pneumonia and acute respiratory 
disease syndrome (ARDS) is not uncommon in these individuals.

ChRoniC oBstRUCtiVe PUlMonaRy Disease anD FaCial BURns
A special situation in the burn unit is the patient with chronic obstructive pulmonary disease 
(COPD) on supplemental oxygen who has been smoking and suffers a flash burn to the face and 
nares. This usually results in a small, 1% to 2% total body surface area (TBSA) partial thickness 
burn that does not require grafting. The mucosa of the nose, however, often is burned and results 
in edema and sloughing. This makes the act of breathing more difficult and uncomfortable re-
quiring these patients to breathe predominantly through their mouth. They may develop severe 
rhinorrhea and epithelial sloughing and require aggressive external pulmonary toilet. Admission 
for 24 to 48 hours is usual and permits serial burn wound care to the face as well as good pul-
monary toilet—intubation or mechanical ventilation usually is not required as the actual burn 
injury is small, superficial, and does not extend distal to the nasal or hypopharyngeal tissue. 
Nevertheless, they are prone to develop pneumonia as a late complication within a week of the 
burn injury, so it is very important to follow these patients carefully after discharge.

intUBation
The control and maintenance of the airway in a burn-injured patient is a high priority and may be 
quite challenging. Direct burn injury to the face and upper airway may create a critical  situation 
where intubation and mechanical ventilation are lifesaving. Edematous oral, pharyngeal, and su-
praglottic tissue may complicate airway control. Traditional landmarks may be distorted and the 
ability to preoxygenate such patients tends to be limited. One must be prepared to secure an 
airway with direct laryngoscopy and an endotracheal tube or establish an airway surgically with 
an emergent cricothyroidotomy.

Burns distant to the face may result in edema leading to the loss of the airway during the 
resuscitation phase of patient care. This is due to edema in the oral, hypopharyngeal, and su-
praglottic areas. Constant reevaluation of the nonintubated patient is prudent during the first 
24 hours of a large TBSA burn. If airway problems are anticipated, early intubation may be 
indicated. Some patients may have no smoke inhalation, yet will require intubation to protect 
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their airway during the resuscitation phase of the burn injury. The best action is to anticipate the 
need for an airway before the need becomes critical.

The decision to intubate the burn patient and obtain airway control is supported by the pres-
ence of severe respiratory distress, severe dyspnea, stridor, chest wall retractions, extensive facial 
or neck burns, or central nervous system depression (Glascow Coma Scale ,8). Relative indica-
tions for intubation include tachypnea, moderate dyspnea, minor facial burns, and the presence 
of a large greater than 40% TBSA burn where resuscitation fluid may result in late airway edema.

Adjuncts to direct laryngoscopy include intubation under direct visualization with the bron-
choscope and use of the GlideScope. A laryngeal mask airway (LMA) may serve as a “rescue 
airway,” but is not a definitive airway and will not protect the airway in the long term. As 
supraglottic and hypopharyngeal edema increase during a larger resuscitation, the patency of the 
airway will diminish. Yet, in an emergency situation, an LMA might provide an airway until a 
permanent or surgical airway is established. A surgical airway may be difficult to obtain if the 
patient already has massive cervical edema from the burn resuscitation. The strategy to overcome 
this problem is to make a large transverse incision and then retract the edematous soft tissue out 
of the surgical field. This will facilitate direct palpation of the crucial anatomic landmarks to 
complete the procedure successfully.

Increasing facial edema during the resuscitation phase will require the bedside nurse and 
respiratory therapist to constantly monitor and adjust the tension in the endotracheal ties. As 
facial edema increases the ties need to be loosened and often a soft guard for the corners of the 
mouth will be needed underneath the tracheostomy ties. Soft materials such as hydrocolloids can 
be used to provide padding underneath the endotracheal ties to prevent pressure necrosis of the 
underlying facial tissue. As the facial edema decreases the ties will need to be tightened. The use 
of two endotracheal ties during the facial edema phase can be utilized, with one tracheostomy tie 
over the ears and another under the ears as the massive facial edema is often asymmetrical. The 
time a burn patient spends on a ventilator is different from that for other medical or surgical 
patients. It is often governed by ongoing treatment of the burn wounds (large painful bandage 
changes, excision, grafting, and reconstruction) rather than the inhalation injury itself. In larger 
burns an elective tracheostomy may be considered due to the needs for multiple surgical proce-
dures and for sedation and analgesia during wound care.

PUlMonaRy toilet anD aiRWay PatenCy
In the nonintubated burn patient, increasing burn size limits patient movement and ambula-
tion. Sedation and analgesia for wound care often compromise normal pulmonary toilet and 
physiotherapy in these patients. In order to combat this problem, aggressive pulmonary toilet 
including frequent coughing, turning, elevation of head of bed, incentive spirometry, and chest 
physiotherapy should be utilized as indicated. Aggressive pulmonary physiotherapy to manage 
secretions in the intubated burn patient is essential to maintain airway patency and prevent pul-
monary complications. Patients with inhalation injury have compromised pulmonary mechanics 
and diminished ciliary motion and secretion clearance. Atelectasis, consolidation, and distal air-
way obstruction are continuous problems in these patients. Complications such as acute oxygen 
desaturation, endotracheal tube plugging, postobstructive pneumonia, and ventilator-associated 
pneumonia may occur.

In the intubated patient with a large burn or inhalation injury, secretion control and pulmo-
nary toilet can be greatly enhanced with fiberoptic bronchoscopy. The normal indications for 
fiberoptic bronchoscopy for other ICU patients should be broader in burn patients. The efficacy 
of blind, in-line endotracheal suctioning is often not sufficient for secretion clearance. Often, the 
suction catheter will be inserted into the right main-stem bronchus leaving the left main-stem 
bronchus, as well as distal airways, without adequate pulmonary toilet. The secretions tend to 
be very viscous, contributing to airway obstruction, atelectasis, inspissation, and pneumonia. 
Bronchoscopic pulmonary toilet offers a directed procedure for irrigation of soot and secretions, 
suctioning, and therapy to difficult distal airways. Ventilator prevention bundles, including el-
evation of the head of the bed to 30°, and oral care should be implemented.

Use of aerosolized nebulizer therapy may include β2-agonists, mucolytic agents, and anti-
coagulants. β2-Agonists have both bronchodilator and anti-inflammatory properties. They also 
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decrease the release of inflammatory mediators from pulmonary mast cells decreasing microvas-
cular permeability. Mucolytics include N-acetylcysteine or dornase alpha. Nebulized heparin, 
solely or in combination with N-acetylcysteine, has been used at some burn centers as a mediator 
of the procoagulant activity seen in combined burn and smoke inhalation.

It is important to realize that management of a mechanically ventilated burn patient entails 
some very important differences compared with typical patients in medical or surgical intensive 
care. Within the first 3 days, management of a patient with a large burn greater than 40% to 
50% TBSA is very different from that of other patients due to the large volume of fluid required 
for resuscitation. For example, a 70-kg male with a 50% TBSA burn receiving a Parkland re-
suscitation of 4 mL/kg/percent TBSA will be given almost 20 L of fluid in the first 24 hours. 
The capillary leak phenomena seen with burn shock will result in an increase in both vascular 
and alveolar permeability, resulting in fluid leak into the interstitial pulmonary space as well 
as the alveoli. Oxygenation and ventilation may be compromised with decreased lung compli-
ance, higher airway pressures, and worsening ventilation–perfusion (V

.
/Q

.
) mismatch and gas 

exchange. Managing these patients on the ventilator is a dynamic process.

PneUMonia in a BURn Patient
Pneumonia in the intubated burn patient may be difficult to diagnose. The combination of 
burn and trauma results in additional pathophysiologic manifestations that make the diag-
nosis of pneumonia challenging. The usual signs and symptoms of pneumonia are frequently 
present without solid evidence of pulmonary infection. Patients with large burns often have 
elevated temperature, in part due to pyrogen and cytokines released from the burn tissue itself 
and not related to any infectious process. An elevated white blood cell count of 12,000 to 
18,000 is common in patients with significant burn injuries. This leukocytosis may decrease 
slightly after complete excision of the burned tissue, but often remains elevated in the immedi-
ate perioperative period, in part due to stress and the various cytokines and pyogens released 
during the excision. Left shift in the differential may be due to physiologic stress from  surgery 
or resuscitation. Pulmonary infiltrates on chest radiograph may represent actual infection, 
simple  atelectasis or consolidation, fluid from resuscitation, and airway obstruction secondary 
to  secretion plugging.

Quantitative cultures can assist in identifying and determining the concentrations of micro-
organisms to help determine whether or not this represents colonization or active pulmonary 
infection. One can also follow absolute colony counts over time to help with the diagnosis 
of pneumonia. Increasing quantitative culture counts in the presence of a rising white count, 
increased sputum, and fever may favor the initiation of antibiotic therapy. The total length of 
antibiotic coverage is a very difficult decision in burn patients, but, in general, pulmonary infec-
tion strategies prevail. Inhalation injury in the burn patient requires a unique perspective and 
approach as the underlying burn management, and not just the respiratory status, often dictates 
the pulmonary management strategy.
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87
etiology
Hypersensitivity pneumonitis (HP), also known as extrinsic allergic alveolitis, results from an exag-
gerated immunologic response to various inhaled biologic and chemical antigens. Most cases 
of HP occur through occupational, environmental, or avocational exposures. Examples of HP 
include the classic farmer’s lung (thermophilic actinomycetes in moldy hay), pigeon breeder’s 
lung (serum proteins in pigeon droppings), bagassosis (bagasse in sugarcane), maple bark disease 
(fungi in moldy bark), hot-tub lung (mycobacteria), and humidifier lung (amoebae in humidi-
fier water). Additional antigens include a wide range of animal and insect proteins, molds from 
wind instruments, and chemicals such as isocyanates and anhydrides. New inciting antigens 
are reported regularly in the literature. Inhaled antigens are typically 1 to 5 μm in diameter; 
therefore, the site of lung injury is the distal airway and alveolus. An antigen’s ability to trig-
ger an immune response depends on its solubility, resistance to digestion by macrophages, and 
properties as an immunologic adjuvant. Prevalence rates vary widely (0.5%–30%) in an exposed 
population and appear to depend on intensity and duration of exposure as well as antigen type 
and host susceptibility. In studies conducted on exposed farmers, the estimated prevalence was 
0.5% to 3%. HP is more prevalent among pigeon breeders than among farmers, perhaps in part 
because of the more chronic nature of the exposure in pigeon breeding.

PResentation
Although HP classically has been categorized as acute, subacute, or chronic in presentation, these 
distinctions were not substantiated by a cluster analysis of patients performed by the HP Study 
Group. They found that most patients fit into one of two clusters and suggested that patients 
be considered as having either active or residual disease based on clinical evaluation, pulmonary 
function tests and high-resolution computed tomography (HRCT). The study group further 
concluded that the assumption that patients move temporally from acute to subacute and finally 
chronic disease in sequence had not been clearly established. Therefore, the group recommended 
that classifications of acute, subacute, and chronic not be used. This newly suggested classifica-
tion will require prospective validation.

Hypersensitivity 
Pneumonitis
Dominic A. Munafo, Jr.
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Active disease occurs after a previous sensitizing exposure to a particular antigen. Approxi-
mately 4 to 8 hours following reexposure, the individual experiences the abrupt onset of a flu-like 
syndrome. Symptoms typically include nonproductive cough, fever, chills, dyspnea, myalgias, 
and malaise. The most prominent physical findings are tachypnea, tachycardia, and bibasilar in-
spiratory crackles. Wheezing is uncommon. Symptoms typically peak within 24 hours and remit 
spontaneously within 72 hours. Symptoms recur with subsequent exposures, and the severity 
depends on the intensity and duration of exposure as well as a particular individual’s sensitivity. 
Chronic exposure to lower levels of antigen may be accompanied by mild or absent symptoms 
and disease progression can be insidious. Continued exposure is associated with increasing dys-
pnea, cough, anorexia, and weight loss.

Residual disease refers to the end-stage findings of emphysematous change or fibrosis pres-
ent long after the acute inflammatory reaction has dissipated. Inspiratory crackles and resting 
hypoxemia would be characteristic.

Diagnosis
The diagnosis of HP is suggested by a history that relates symptoms to exposure, but may be 
particularly difficult in those patients with chronic low-level exposure. Most of the signs and 
symptoms of disease are nonspecific. Numerous recommendations have been made as to the 
appropriate diagnostic criteria; however, most have not been validated. The HP Study Group 
published a logistic regression model that identified six significant predictors of HP: (1) exposure 
to a known offending antigen, (2) precipitating antibodies to the offending antigen, (3) recur-
rent symptoms, (4) inspiratory crackles on examination, (5) symptoms within 4 to 8 hours of 
exposure, and (6) weight loss. Depending on a patient’s particular constellation of findings, the 
probability of HP can be predicted by the model.

Laboratory findings are largely nonspecific. IgG serum precipitating antibodies to the of-
fending antigen are present in most patients, but only a fraction actually develop disease. IgA 
and IgM antibodies may also be seen. Immunoglobulin levels are usually elevated in both serum 
and bronchoalveolar lavage fluid (BALF); however, IgE levels remain normal. The presence of 
antibodies is not diagnostic of disease but only indicates previous significant exposure.

Leukocytosis with a left shift typically accompanies acute episodes. Eosinophilia is uncom-
mon and should suggest the possibility of another diagnosis. BALF shows a dramatic increase 
in the number of T lymphocytes recovered. Although the percentage of alveolar macrophages 
recovered is markedly reduced, the absolute number of macrophages is elevated. BALF findings 
are not diagnostic of HP but rather serve to support the diagnosis and help to rule out other 
processes. A normal BALF lymphocyte count would only be found in residual disease.

Histologically, a neutrophilic alveolitis in the first 24 hours gives way to an intense peribron-
chial inflammatory infiltrate of lymphocytes, plasma cells, macrophages, and giant cells. Nonca-
seating granulomas are often seen in the interstitium. In residual disease, both granulomas and 
interstitial fibrosis are seen. The fibrotic patterns seen include elements suggestive of usual intersti-
tial pneumonia and nonspecific interstitial pneumonia. Bronchiolitis obliterans is found frequently 
(25%–50%) with or without organizing pneumonia (15%–25%). Vasculitis is not present.

Chest radiographic findings of HP are highly variable. Initially, radiographs may be normal 
(20%–30%) or show bilateral, ill-defined alveolar and interstitial nodular infiltrates. The distribu-
tion can be patchy or diffuse, with some predilection for the lower lobes. Hilar adenopathy and 
pleural effusions are rare. In residual disease, the chest radiograph shows a reticulonodular pattern 
with interstitial fibrosis, honeycombing, and loss of lung volume. The fibrotic changes are often 
more prominent in the upper lobes and periphery of the lung. HRCT is more sensitive than chest 
radiography in demonstrating the characteristic centrilobular nodules and emphysematous changes; 
however, its sensitivity and specificity appear to vary, depending on disease severity and chronicity.

Pulmonary function tests during an acute episode usually show a restrictive defect. Mild 
to moderate hypoxemia, hypocapnia, and a decrease in the diffusing capacity of the lung for 
carbon monoxide (Dlco) are often present. As many as 60% of patients may demonstrate a 
positive methacholine challenge. Patients who experience recurring attacks most commonly de-
velop airway obstruction and a persistent decrement in Dlco. Progressive restriction secondary 
to interstitial fibrosis may also be seen. Early cessation of exposure leads to gradual resolution 
of the pulmonary function abnormalities over days to weeks. In advanced disease, progressive 
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pulmonary insufficiency, chronic hypoxemia, and cor pulmonale may develop. Inhalation chal-
lenge, either in a laboratory setting or by returning the patient to the site of exposure, may yield 
supportive information; however, standardized protocols for inhalation challenge have not been 
developed. In the absence of an identifiable cause and in more chronic presentations, lung biopsy 
may be necessary to define the pathology and rule out other possibilities. Skin tests are not helpful. 
Differential diagnosis in the acute setting includes atypical and viral pneumonia, collagen vascular 
disease, lymphocytic interstitial pneumonia, organic dust toxic syndrome, and other acute inha-
lational injuries. In patients who wheeze, consider occupational asthma, allergic bronchopulmo-
nary aspergillosis, and byssinosis. Miliary tuberculosis, sarcoidosis, fungal infection, eosinophilic 
granuloma, and idiopathic pulmonary fibrosis can mimic residual HP. As many as 10% of refer-
rals to some tertiary centers for idiopathic pulmonary fibrosis demonstrate pathology suggestive 
of HP. Therefore, a detailed exposure history in a patient with interstitial lung disease is essential.

PathoPhysiology
The immunologic mechanisms responsible for HP are complex and remain incompletely un-
derstood. Although both humoral and cellular immunity are involved, recent investigations in-
dicate that cell-mediated immunity is likely the more consequential. The acute alveolitis seen 
hours after antigen exposure is thought secondary to precipitation of immune complexes in the 
alveoli and interstitium. This type III immune response activates complement, resulting in an 
increase in vascular permeability and recruitment of additional inflammatory cells. Activated 
macrophages secrete a variety of proinflammatory cytokines, including tumor necrosis factor-α 
(TNF-α;), macrophage inflammatory protein-1α (MIP-1α), interleukin-1β (IL-1β), IL-8, 
and IL-12. MIP-1α is chemotactic for CD81 T cells. A murine model of HP has shown that 
interferon-γ (IFN-γ) is essential in the formation of granulomatous inflammation. IL-10 inhibits 
expression of IFN-γ and appears to mitigate the inflammatory response to antigen. Conversely, 
IL-12 enhances IFN-γ production, thus promoting granulomatous inflammation. Additional 
factors that may enhance the lymphocytic inflammation include increased expression of the 
adhesion molecule l-selectin by lymphocytes in BALF and the observation that HP lymphocytes 
demonstrate decreased apoptosis. Bronchus-associated lymphoid tissue can also serve as a site 
of induction and amplification of the local immune response. These data, coupled with studies 
showing adoptive transfer of HP using Th1-type cells, have been taken to suggest that differences 
in regulation of this type IV immune response may help explain the varying clinical presenta-
tions of disease. However, recent data suggest that the frequently seen elevation of CD81 T cells 
may reflect more active disease, and an expansion of the CD41 subset and movement toward a 
Th2 phenotype in the more chronic phases of disease. Lastly, there is evidence that the apoptotic 
pathways of epithelial cells may be activated and that epithelial apoptosis may be an important 
profibrotic event in the development of residual HP. Overall, no single immune mechanism can 
fully explain the constellation of findings in HP. Multiple mechanisms appear to be necessary.

Interestingly, common respiratory viruses have been found in the lower airways of patients 
with HP with increased frequency. A murine model suggests that a preceding viral infection 
can augment the inflammatory response in HP. Approximately 80% to 95% of HP patients are 
nonsmokers. Smoking may be immunosuppressive and therefore confer some degree of protec-
tion. Nicotine has been found to reduce IL-1 and TNF-α release from alveolar macrophages in 
a murine model. In addition, smokers have a lower incidence of antibody production. A signifi-
cant active smoking history speaks against a diagnosis of HP.

tReatMent
The mainstay of therapy is avoiding exposure to the offending antigen. A less-desirable alterna-
tive is the use of a mask or other filtration technique to substantially reduce or prevent exposure. 
The symptoms of active and progressive disease can be indolent. Thus, if continued exposure is 
unavoidable, close follow-up with pulmonary function tests and radiographic studies is essential 
to assess disease activity. Oral corticosteroids remain the cornerstone of therapy. The use of 
corticosteroids in the acute setting often speeds recovery and decreases symptoms. In addition, 
some patients treated with corticosteroids develop less radiographic evidence of fibrosis. To date, 
however, no clear evidence indicates that corticosteroids have a beneficial effect on lung func-
tion. Patients should be advised to avoid antigen exposure to the greatest extent possible.
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PRognosis
The prognosis of HP is quite variable. Some patients with farmer’s lung may tolerate contin-
ued exposure without persistent symptoms or disease progression. However, other patients 
with pigeon breeder’s lung have developed progressive disease despite complete antigen avoid-
ance. Chronic low-level exposures appear to confer a worse prognosis than short-term inter-
mittent exposures. The presence of fibrosis on lung biopsy has been associated with reduced 
survival.
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Accidental drowning occurs in all age groups, but is most common in children aged 1 to 4 years. 
Despite a recent decline in the number of deaths, drowning remains the second leading cause 
of injury-related death for children aged 1 to 14 years, and the sixth leading cause of accidental 
death for all age groups. In adults, alcohol is the most important single factor contributing to 
drowning incidents. US statistics from 2007 show there were 3,443 unintentional drowning-
related deaths, and approximately 70,000 episodes of drowning where the victim survived. 
A  recent decline in the number of fatalities may reflect better prevention because of enhanced 
private pool safety.

Previous reports and studies used conflicting nomenclature to refer to drowning victims. 
Cases were divided into freshwater and saltwater drowning, and they were also divided into 
drowning (victims died within 24 hours of the incident) and near-drowning (survived for at least 
24 hours after the incident). In 2003, the American Heart Association published the “Recom-
mended Guidelines for Uniform Reporting of Data From Drowning” that removes the different 
classifications and simplifies the reporting of drowning cases. Drowning is now defined as “a 
process resulting in primary respiratory impairment from submersion/immersion in a liquid 
medium.” Implicit in this definition is that a liquid/air interface is present at the entrance of 
the victim’s airway, preventing the victim from breathing air. The victim may live or die after 
this process, but whatever the outcome, he or she has been involved in a “drowning incident.”

PathoPhysiology
Historically, the pathophysiology of drowning was attributed to an electrolyte disturbance in-
duced by aspiration of fluid. However, current data suggest aspiration-related hypoxemia as the 
major pathophysiologic abnormality. The earlier notion that death could result from drowning 
without aspiration was based on misinterpretation of seminal documents. In 10% to 15% of 
drowning cases, hypoxemia appeared to be secondary to simple asphyxia. In these cases, termed 
dry drowning, with little or no aspiration, the hypothesis was that reflex laryngospasm prevented 
aspiration. However, no experimental evidence supports this hypothesis. Most experts believe 
that dry drowning does not occur and that other causes for in-water fatalities should be sought, 
such as sudden cardiac death. The sine qua non of drowning is the aspiration of fluid.

The hypoxemia observed in drowning cases is related to aspiration. The exact volume of 
fluid aspirated by victims remains unclear but animal experiments that seem to duplicate hu-
man injury require fluid in the range of 1 to 10 mL/kg. The mechanism of hypoxemia depends 
on the nature of the fluid aspirated. In seawater aspiration, osmotic and irritative effects from 
sand, diatoms, algae, and other particles provoke an exudative response. This exudate fills alveoli 
and results in ventilation/perfusion (V̇/Q̇) mismatch and hypoxemia. In freshwater aspiration, 
pulmonary surfactants are also lost from the lung, leading to focal collapse, (V̇/Q̇) mismatch, and 
hypoxemia. When water is instilled into the trachea of experimental animals, pathologic studies 
reveal damage to alveolar and endothelial cells, as well as disruption of the capillary basement 
membrane.

CliniCal ManiFestations
The clinical manifestations of drowning vary with the duration and severity of the hypoxemia. 
The neurologic presentation reflects the degree of cerebral anoxia. Pulmonary injury ranges from 
mild, manifesting as cough and mild shortness of breath, to severe, presenting with extreme 
dyspnea, pulmonary edema, and acute respiratory distress syndrome.

Drowning and Diving 
Accidents
Ian R. Grover
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Laboratory studies generally reveal hypoxemia, metabolic acidosis, and, perhaps, superim-
posed respiratory acidosis. Minor changes in electrolytes are seen frequently; however, clinically 
significant alterations in serum sodium or potassium are distinctly unusual in drowning in either 
freshwater or seawater. Chest radiographs may display a spectrum of abnormalities, ranging 
from patchy infiltrates to dense pulmonary edema. Rarely, massive particulate aspiration can 
also occur. It has been hypothesized that the pulmonary edema occasionally seen in drowning 
victims is caused by negative pressure inspiration (attempting to breathe against a closed glottis) 
or to neurogenic factors.

ManageMent
The management of drowning patients is mainly supportive. Arterial blood gases should be 
monitored frequently and mechanical ventilatory support should be instituted if acute respi-
ratory failure and refractory hypoxemia develop. Patients with acute respiratory failure may 
require high ventilator pressures to provide adequate oxygenation and ventilation, reflecting 
the marked reduction in pulmonary compliance. The application of positive end–expiratory 
pressure (PEEP) during mechanical ventilation reduces morbidity and mortality. In most cases, 
ventilatory support is necessary for only a short time. Less invasive methods of ventilatory sup-
port such as nasal continuous positive airway pressure and bi-level positive airway pressure may 
reduce the need for intubation and the risks associated with mechanical ventilation. The routine 
administration of hypertonic or hypotonic intravenous fluids is not warranted. The use of anti-
biotics in the drowning victim is usually restricted to those who develop fever, new pulmonary 
infiltrates, or purulent secretions. Prophylactic antibiotics do not improve mortality or decrease 
morbidity. Most pulmonary infections in drowning victims are secondary to hospital-acquired 
organisms; prophylactic antibiotics may only select more resistant organisms. Rarely, the victim 
may aspirate water that is heavily contaminated with a known organism. Prophylactic antibiotics 
may be appropriate in this situation.

Routine bronchoscopy to search for particulate matter causing airway obstruction is gener-
ally unnecessary. Adrenocortical steroids are not indicated to treat the lung injury associated 
with near drowning. Experimental evidence strongly suggests that steroids do not improve the 
long-term outcome or short-term morbidity. One uncontrolled report (four cases), however, 
suggests high-dose steroids may be beneficial in drowning victims who present with pulmonary 
edema. The use of surfactants to treat drowning victims has been reported recently. It is unclear 
whether such therapy alters the outcome. In an experimental model, surfactant therapy did not 
offer any benefit over traditional supportive approach.

CoMPliCations
Pneumothorax, lung abscess, and empyema occasionally complicate the course in drowning pa-
tients if severe respiratory failure occurs. Hypothermia at the time of the immersion incident can 
also complicate the picture. Although renal failure and disseminated intravascular coagulation 
have been reported, they are probably sequelae of prolonged acidosis, hypoxemia, and hypoten-
sion, rather than specific complications of near drowning.

PRognosis
The victim’s prognosis primarily depends on the extent and duration of the hypoxemic episode. 
Age and prior illnesses can be modifying factors. Epidemiologic data do not support the hypothesis 
that cold-water immersion improves the prognosis of the drowning victim. However, in rare, well-
documented cases, victims who fully recover after prolonged submersion in cold water have been 
reported. Many empiric studies have attempted to better define prognostic factors for the drown-
ing victim. Unfortunately, no factors seem to be completely reliable. In general, patients who pres-
ent with a normal chest radiograph or normal mental status are likely to survive without sequelae.

Most large studies indicate that 5% to 10% of all victims suffer varying degrees of permanent 
neurologic dysfunction, although some suggest a higher percentage with long-term neurologic 
sequelae. Not surprisingly, those who sustain a cardiorespiratory arrest persisting to the time 
of presentation in an emergency room have a poor chance of survival and a high incidence of 
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neurologic sequelae. However, children who sustain a “cardiorespiratory arrest” that responds 
to first aid measures at the scene of the accident do not necessarily have a poor prognosis. In the 
late 1970s after a small experience of drowning victims with a high percentage of long-term neu-
rologic sequelae, it was suggested that the incidence of neurologic dysfunction following near-
drowning episodes could be lowered by aggressive attempts at cerebral salvage. This HYPER 
therapy included barbiturate coma, controlled hyperventilation, diuretics, paralysis, intentional 
hypothermia, and adrenocortical steroids. The rationale for this therapy was to lower intracranial 
pressure (ICP), reduce cerebral edema, and lower cerebral oxygen demand in order to prevent 
further (secondary) neurologic damage. This mode of therapy presumes that further damage oc-
curs after the initial anoxic insult and that further damage can be prevented by these measures.

Unfortunately, after more than two decades of experience, it is not clear that morbidity and 
mortality have changed appreciably with this mode of therapy. The largest study, performed by 
the group that originally advocated this therapy, reported a 7% incidence of neurologic morbid-
ity. This was not appreciably different from multiple studies performed before the advent of this 
therapy. Additionally, although very high ICP is associated with poor outcome, other studies 
suggest that normal ICP does not ensure neurologic recovery and that HYPER therapy does not 
necessarily prevent elevation of ICP. Indeed, it appears that elevation of ICP is the result, not 
the cause, of brain injury. Certainly, most authorities agree that if this therapy is indicated at all, 
it should be reserved for the most severely affected patients in whom ICP is being monitored, 
and then only in an intensive care unit setting that is staffed, equipped, and experienced with 
this therapy. Even in such a setting, the aspects of this therapy that are associated with significant 
morbidity should be reserved for victims whose ICP cannot be controlled by other more conven-
tional means (e.g., head elevation, osmotic diuretics).

The decision to admit the drowning victim to the hospital is somewhat controversial. Any 
victim with significant respiratory symptoms, an abnormal chest radiograph, or abnormal 
arterial oxygenation (signs or symptoms suggesting aspiration) should be admitted to the 
hospital, because pulmonary damage may not reach its peak for several hours after the ac-
cident. It is less clear whether patients who have suffered solely a loss of consciousness and 
present with normal neurologic function and no cardiopulmonary signs or symptoms require 
hospital admission.

sPeCial CiRCUMstanCes
scuba Diving
In scuba diving accidents, the most common cause of death reportedly is drowning. However, 
problems exist with data collection. Barotraumatic systemic gas embolism may, in fact, be a more 
common cause of death. The physiologic mechanism is related to Boyle’s law, which states that 
in a closed system the product of pressure and volume remains constant at a given temperature 
(P1V1 5 P2V2). If a submerged diver fills his or her lungs from a compressed gas source and then 
rises in the water column, that gas must expand because of the reduction in barometric pressure. 
If the egress of gas is blocked (i.e., a closed glottis), intrapulmonary blood vessels can rupture, 
allowing gas to enter the pulmonary venous circulation resulting in systemic embolism. The 
most common symptoms are attributable to embolization of air in the cerebral vessels. Sudden 
unconsciousness with subsequent aspiration can then occur. The expanding gas can also dissect 
through the interstitium of the lung to the hila, producing pneumomediastinum and subcu-
taneous emphysema at the base of the neck. Rarely, pneumothorax may occur. Treatment of 
pulmonary barotrauma is supportive unless air embolism develops. In that case, recompression is 
indicated. A variety of hematologic and biochemical abnormalities have also been reported from 
arterial gas embolism. Pulmonary barotrauma with cerebral air embolism is seen only in divers 
breathing from a compressed gas source. Swimmers who descend below the surface following 
inspiration to total lung capacity initially compress the gas in their chest. On surfacing, that 
gas expands, but it does not expand to a volume greater than the initial total lung capacity, and 
therefore, barotrauma does not occur.

Decompression sickness also affects divers but rarely causes pulmonary problems. Short-
ness of breath occurs in fewer than 1% of cases. Most patients present with limb pain or spi-
nal cord lesions. These patients also require recompression therapy. The pathophysiology of 
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decompression sickness is related to absorption of an inert gas (nitrogen) with subsequent re-
duction in barometric pressure sufficient to generate a gas phase within the tissues. The precise 
pathophysiologic mechanisms of the different forms and presentations of decompression sick-
ness are still unclear. Prophylaxis for deep venous thrombosis in paralyzed divers may be prob-
lematic because hemorrhage into the spinal cord secondary to bubble damage is thought to be a 
mechanism involved in the generation of paralytic symptoms. As a result, these patients must be 
monitored extremely carefully if heparin prophylaxis is not administered.

Although not generally reported in diving fatality statistics, there is strong evidence that 
intentional hyperventilation prior to breath-hold diving is associated with drowning episodes. 
Hyperventilation reduces the partial pressure of arterial carbon dioxide (Paco2) so that the 
breath-hold break point is prolonged sufficiently for hypoxemia to occur before the individual is 
forced to breathe. Hypoxemia, in turn, may cause the individual to lose consciousness, resulting 
in a drowning incident.

submersion-induced Pulmonary edema
Another interesting phenomenon is swimming- or submersion-induced pulmonary edema 
(SIPE) that usually occurs with strenuous swimming activities, especially in cold water. It appears 
to have many features similar to exertional pulmonary edema. The pathophysiologic mechanism 
resulting in SIPE is not currently known. It is known, however, that it is not caused by aspiration 
or negative pressure inspiration against a closed glottis. It has been postulated that the effects 
of immersion in water, especially cold water, lead to an increase in central vascular volume, re-
distribution of pulmonary blood flow, and change in lung volumes. When these changes occur 
with an increased cardiac output from heavy exertion, it may expose the pulmonary capillary 
bed to high pressures. This high pressure may cause extravasation of fluid by hydrostatic forces 
and stress failure of pulmonary capillaries, resulting in pulmonary edema and frank hemorrhage.

These patients then present with dyspnea, cough, hypoxemia, tachypnea, and hemoptysis. 
Chest radiographs show an infiltrate or frank pulmonary edema. These patients occasionally 
require admission for observation and supportive treatment. Recovery is usually quite rapid, and 
diuretics are generally not required.
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89
BaCKgRoUnD
Radiotherapy for thoracic neoplasms often includes normal lung tissue within the field, cre-
ating a risk of radiation-induced lung injury. Reports on the frequency of radiation-induced 
lung injury after radiotherapy for lung cancer, breast cancer, esophageal cancer, and Hodgkin 
disease vary widely depending upon whether the study assesses radiographic or clinical features. 
Post radiation changes are common and occur in the majority of patients in some studies; 
however, clinical symptoms occur in a much smaller proportion of patients. Although the in-
creasing use of conformal radiation therapy (RT) techniques can limit normal-tissue exposure, 
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radiation-induced lung injury is an important consideration during radiotherapy planning and 
treatment.

PathoPhysiology
Radiation creates reactive oxygen and nitrogen species which damage cell proteins, membranes, 
and DNA. The exact pathophysiology of radiation injury is incompletely understood, but in-
volves damage to endothelial cells as well as type I and II pneumocytes.

The acute phase of radiation pneumonitis is characterized by endothelial cell changes, swell-
ing of the basement membrane, interstitial edema, variable capillary occlusion, and presence of 
inflammatory cells. There is an initial increase in surfactant due to release of surfactant-containing 
lamellar bodies from type II pneumocytes, followed by decreased surfactant and hyaline mem-
brane change. Sloughing endothelial cells and increased capillary permeability result in capillary 
obstruction and accumulation of proteinaceous exudate in alveoli, impairing gas exchange.

Inflammatory cells in the acute phase of radiation pneumonitis induce a cytokine cascade, 
which ultimately mediates a host response characterized by fibrosis. Cytokines including trans-
forming growth factor-β (TGF-β), tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and 
IL-1 play an important role, and their serum levels have been studied as potential predictors of 
radiation pneumonitis. Late injury, occurring 6 months or more after RT, is characterized by 
fibrosis and thickening of vessel walls and alveolar septa. TGF-β in particular is thought to be in-
volved in the development of chronic fibrosis by increasing synthesis of collagen and fibronectin.

The likelihood of developing radiation-induced lung injury depends on total dose, dose per 
fraction, concurrent chemotherapy, total lung volume irradiated, location of tumor, history of 
chest irradiation, and pre-existing lung disease. Older age and large gross tumor volume (GTV) 
may increase risk. Smokers may have a decreased risk of developing radiation pneumonitis. 
Studies have shown conflicting results on whether abnormal pulmonary function tests (PFTs) at 
baseline can predict for radiation pneumonitis. Dose per fraction and total lung dose have been 
shown to be particularly important, and higher total doses can be delivered without inducing 
lung injury when smaller fraction sizes are used. In large single doses, the frequency of radiation 
pneumonitis increases rapidly with fraction size above 7.5 Gy. Using smaller fraction sizes of 1.8 
to 2 Gy, the estimated whole lung doses resulting in a 5% and 50% probability of a complication 
within 5 years are approximately 17.5 and 24.5 Gy, respectively. Several studies evaluating dose–
volume parameters have sought to establish the relationship between radiation pneumonitis and 
VDOSE, which is defined as the percent of lung volume (V) receiving greater than or equal to a 
specified dose in Gray (DOSE). No single dose parameter can reliably predict for lung damage, 
but mean lung dose (MLD) above 20 Gy and V13, V20, and V30 above 40%, 25% to 30%, and 
10% to 15%, respectively, appear to increase probability of symptomatic radiation pneumonitis.

Predicting radiation pneumonitis as a function of dose is an area of active research. A review 
of studies reporting dose–volume parameters, normal-tissue complication probability (NTCP) 
models, and MLD found that most models had only fair to poor accuracy in predicting likeli-
hood of radiation pneumonitis. Predictive models to determine risk for radiation-induced lung 
injury based on large patient datasets have also not proven to be effective when applied to other 
datasets.

Chemotherapy with drugs that are toxic to the lung can exacerbate the effects of radiation 
pneumonitis. Bleomycin is the most well-known of these compounds, but Adriamycin (doxoru-
bicin), busulfan, paclitaxel, cisplatin, dactinomycin, vincristine, cyclophosphamide, mitomycin, 
gemcitabine, and other chemotherapeutic agents may also contribute to radiation-induced lung 
injury. Sequential, rather than concurrent, administration of chemotherapy drugs may decrease 
lung injury. Certain chemotherapeutic agents have also been reported to cause a “recall pneu-
monitis,” where signs and symptoms of radiation pneumonitis occur in the previously irradiated 
field within hours of receiving the chemotherapeutic drug. This response can occur months after 
the completion of radiotherapy.

CliniCal PResentation
Radiation-induced lung disease can be divided into two stages: acute radiation pneumonitis and 
chronic radiation fibrosis.
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acute Radiation Pneumonitis
Damage to lung tissue begins within days of radiation exposure, but radiation pneumonitis 
usually becomes symptomatic after 1 to 3 months. Early onset is associated with a worse clinical 
course. The most common symptom of radiation pneumonitis is dyspnea, but cough, fever, and 
chest pain can also occur. Cough is typically minimally productive, occasionally with streaky 
hemoptysis. Chest pain may be vague or pleuritic in nature. Physical exam is usually normal, but 
crackles, pleural, or pericardial rub may be heard. Signs of consolidation may also be noted in 
the affected lung area. Acute radiation pneumonitis can rarely progress to fulminant respiratory 
failure and death.

Chronic Radiation Fibrosis
Chronic fibrosis usually develops 6 months or more after radiotherapy and stabilizes by 2 years. 
Fibrosis likely occurs to some degree in all patients receiving radiation to the lung, but it is often 
asymptomatic. Dyspnea is the most common symptom. In severe cases of fibrosis, pulmonary 
hypertension and cor pulmonale may develop. Physical findings may include inspiratory crack-
les, elevated hemidiaphragms, cyanosis, clubbing, and elevated venous pressure.

Radiographic Changes
Radiographic changes for both early and late pulmonary injury are more common than clinical 
symptoms. Acute radiation pneumonitis typically presents as hazy opacity on chest radiogra-
phy. Radiation changes can have a sharp edge corresponding to the shape of the radiation port, 
but this may be less pronounced as more patients are treated with conformal radiotherapy 
fields. Later findings include septal thickening and air bronchograms. Radiation fibrosis ap-
pears within the irradiated area as a linear interstitial pattern, dense fibrotic strands with oc-
casional dense consolidation, volume loss, and traction bronchiectasis. Pleural thickening may 
also be seen. CT is more sensitive than plain radiography in assessing structural lung changes, 
which include (in order of severity) increased density, patchy consolidation, and solid consoli-
dation. MRI may be particularly useful in differentiating radiation pneumonitis from recurrent 
disease.

While radiographic findings are confined to the irradiated area, a bilateral lymphocytic 
alveolitis has been described outside of the radiation field. Bronchoalveolar lavage in pa-
tients undergoing unilateral breast irradiation shows increased lymphocytes and neutrophils 
compared to controls, with no difference in number between the irradiated and nonirradi-
ated sides. It is unclear if the degree of lymphocytosis correlates with symptoms of radiation 
pneumonitis.

Functional imaging studies can also aid in the diagnosis and quantification of lung injury. 
Increasing fludeoxyglucose positron emission tomography (FDG-PET) uptake following radio-
therapy appears to correlate with maximum degree of clinical radiation pneumonitis. FDG-
PET uptake following radiotherapy also increases with radiation dose, but there is a significant 
variation in the magnitude of increase, indicating possible differences in the underlying biologic 
response between patients. Single photon emission computed tomography (SPECT) shows de-
creased ventilation and perfusion 3 to 4 months after RT with some studies reporting partial 
recovery of function occurring at 18 months.

PFTs are variable in radiation-induced lung injury and are particularly difficult to evaluate in 
lung cancer patients who may have abnormal PFTs at baseline. The diffusion capacity of carbon 
monoxide is more consistently decreased than other parameters. Decreased forced expiratory 
volume in 1 second (FEV1) is also fairly common. Total lung capacity and vital capacity may 
decrease as a result of fibrosis. In some cases, PFTs may improve when tumor shrinkage decreases 
obstruction. The most common laboratory findings associated with radiation pneumonitis are 
polymorphonuclear leukocytosis and elevated erythrocyte sedimentation rate.

Differential diagnosis for radiation-induced lung injury includes infection, pericarditis, drug 
toxicity, pulmonary emboli, exacerbation of baseline lung disease, recurrent tumor, or lym-
phangitic tumor spread. Radiation-induced lung injury is usually scored using the National 
Cancer Institute Common Terminology Criteria for Adverse Events, Radiation Therapy Oncol-
ogy Group (RTOG) scale, or Southwest Oncology Group (SWOG) scale. All are 5-point scales 
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where 1 is minimal or asymptomatic and 5 is death, but reported grade of toxicity has been 
shown to vary depending on which scale is used.

CoMPliCations
Pleural effusion, pneumothorax, bronchial stenosis, and tracheoesophageal fistula are uncom-
mon complications of thoracic radiation. Pleural effusions are typically small and occur in the 
same time frame as other radiographic findings of acute pneumonitis. Bronchial stenosis has 
been reported mainly in patients receiving endobronchial brachytherapy, but can occur after 
high-dose external beam radiotherapy.

Bronchiolitis obliterans organizing pneumonia (BOOP) is an inflammatory reaction that 
can occur after thoracic radiotherapy. Symptoms are similar to those of radiation pneumonitis, 
including cough and dyspnea, but BOOP can be differentiated from radiation pneumonitis by 
the presence of affected lung tissue outside of the radiotherapy field and migratory infiltrates on 
chest radiograph or CT. BOOP is uncommon, occurring in 2.5% of patients in breast cancer 
series, and can present months to years after the completion of radiotherapy. Symptoms of 
BOOP are typically responsive to corticosteroids, but recur more frequently than classic radia-
tion pneumonitis symptoms when corticosteroids are withdrawn.

PReVention anD tReatMent
A number of compounds have been evaluated for their potentially protective effects on the lung 
during and after RT. Amifostine is a free-radical scavenger that has shown protective effects 
against pneumonitis in several randomized trials. The largest randomized study did not show a 
significant effect, but has been criticized for the schedule of drug administration. Pentoxyfylline, 
which inhibits TNF-α and platelet aggregation and increases microvascular blood flow, was also 
associated with a moderate decrease in radiation pneumonitis in one small randomized trial. 
Angiotensin II converting enzyme inhibitors (ACE-I) and angiotensin receptor blockers (ARB) 
may decrease risk of radiation-induced lung injury, according to animal studies and retrospective 
clinical findings. A recent randomized trial of berberine found decreased incidence of early and 
late radiation-induced lung injury. None of these medications are currently approved for the 
prevention of radiation-induced lung injury. Other compounds including taurine, genistein, 
statins, and gefitinib have shown potential for reducing pulmonary inflammation or fibrosis in 
animal models.

Treatment for radiation-induced lung injury is mainly supportive. Radiographic disease 
without clinical symptoms does not require treatment. Dyspnea and cough can be treated with 
bronchodilators and cough suppressants. Fever, if it occurs, can be treated with antipyretics, 
while infection may be investigated and is occasionally empirically treated. Patients with more 
severe radiation-induced lung injury may require supplemental oxygen.

Corticosteroids are the most effective treatment for radiation pneumonitis, with as many as 
80% of patients showing improvement in symptoms. Steroids can be given at doses of 60 mg 
for at least 2 weeks and should be tapered. Rapid withdrawal of steroids may result in worsening 
symptoms. Prophylactic steroids have not been shown to be effective in preventing radiation 
pneumonitis. Non-steroidal anti-inflammatory drugs may also improve symptoms. Antibiotics 
do not play a role in the treatment of radiation pneumonitis and should not be given unless the 
patient has a known infection. Nevertheless, infection may occasionally be difficult to exclude, 
and a high index of suspicion is warranted.

ConFoRMal teChniQUes in RaDiotheRaPy
The use of conformal radiotherapy techniques to treat thoracic neoplasms has increased signifi-
cantly during the last decade. Intensity modulated radiation therapy (IMRT) and stereotactic 
body radiation therapy (SBRT) are two conformal radiotherapy techniques that can deliver a 
high dose to tumor while decreasing the dose to surrounding normal structures.

Several dosimetric planning studies in lung cancer treatment have shown improved target 
conformity and decreased dose to lung parenchyma with conformal techniques as compared to 
conventional radiotherapy. A large study comparing CT/3DCRT with 4DCT/IMRT treatment 
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for treatment of lung cancer found decreased grade greater than or equal to 3 radiation pneumo-
nitis and similar disease control with 4DCT/IMRT.

SBRT is a focal, high-dose therapy typically delivered in five fractions or less, which can be 
used to treat medically inoperable lung cancer. Clinical outcomes studies of SBRT in the lung have 
shown improved survival and excellent tumor control compared to conventional radiotherapy. 
Concern exists that high doses per fraction may increase the risk of toxicity in exposed normal 
tissue, particularly for patients with tumor in the proximal bronchial tree, but clinical reports of 
toxicity have varied. Two large retrospective review of SBRT for non–small-cell lung carcinoma 
(NSCLC) reported only 1% to 2.4% of patients experiencing grade greater than or equal to 3 
toxicity. Two prospective trials to evaluate toxicity and outcomes of SBRT found high rates of local 
control with moderate grade greater than or equal to 3 toxicity (15%–16%). SBRT is still relatively 
new to clinical practice, and larger, prospective studies will be needed to establish toxicity profiles.

FUtURe DiReCtions
Ongoing studies of conformal radiotherapy techniques will further our knowledge of optimal 
treatment planning and also help to clarify risk factors for radiation pneumonitis. Preliminary 
functional imaging studies using SPECT and FDG-PET have indicated that these imaging mo-
dalities may be helpful in identifying active lung regions before treatment in order to spare them 
in treatment planning. Levels of TGF-β, IL-1, IL-6, intercellular adhesion molecule-1 (ICAM-1), 
and Krebs von den Lungen-6 (KL-6) may be useful biomarkers to identify patients who are more 
likely to develop radiation-induced lung injury. Recent studies have found genotype variations in 
single nucleotide polymorphisms of certain genes may also be useful in predicting individual sus-
ceptibility to lung injury. Several protective agents during radiotherapy have shown initial prom-
ising results, but further evidence is needed before they can be used in routine clinical practice.
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Sarcoidosis is a multisystem granulomatous disease of undetermined etiology with a variable 
clinical presentation and course that ranges from an incidental radiographic finding in an asymp-
tomatic individual to life-threatening illness. The epidemiology of sarcoidosis remains problem-
atic because of its variable presentation and insensitive and nonspecific diagnostic tests. In the 
United States, sarcoidosis has a higher prevalence among African-Americans, especially women. 
Several epidemiologic studies have demonstrated temporal, seasonal, and geographic clustering 
of sarcoidosis cases, suggesting a common etiologic origin. Possible agents have been identified 
as a cause for sarcoidosis, although none has been definitely confirmed. There is increasing evi-
dence to suggest that infectious agents are involved. Genome-wide scans (GWAS) have identi-
fied candidate genes, and cytokine dysregulation has been demonstrated. However, the criteria 
for diagnosis have not changed. Sarcoidosis remains a diagnosis of exclusion best supported by 
a tissue biopsy specimen demonstrating noncaseating granulomas in a patient with compatible 
clinical and radiologic features.

The immunopathogenesis of sarcoidosis remains unclear. It is likely due to a complex inter-
play to exposure to one or more exogenous antigens, environmental conditions, and host im-
munologic responses. Reports of case-clustering, increased susceptibility in certain occupations 
and environmental exposures (e.g., work in agriculture, exposure to mold, mildew, musty odors, 
or pesticides), and transmission via organ transplant all support this theory. After the World 
Trade Center disaster, firefighters exposed to dust exhibited a higher-than-expected incidence of 
sarcoidosis that was clinically and phenotypically distinct from that in the general population. 
Reduced risk has been associated with allergic responses and tobacco use. GWAS has identified 
non-HLA candidate susceptibility genes commonly involved in host-immune response, such as 
butyrophilin-like 2 (BTNL2). It has become increasingly well recognized that polymorphisms 
within various chemical mediators of inflammation contribute to the immunopathogenesis of 
sarcoidosis. In the United States, African-Americans are affected more frequently and generally 
have chronic and more severe disease. Familial clustering of sarcoidosis is common.

The ACCESS (A Case Control Etiologic Study of Sarcoidosis) study collected data on 
704 patients with newly diagnosed, biopsy-proven sarcoidosis and control subjects matched 
by age, sex, race, and geographic area and found that cases were five times more likely than 
control subjects to report an affected sibling or parent. Also, polymorphisms in the promoter 
region of tumor necrosis factor-α (TNF-α) have been associated with Löfgren syndrome, a 
form of sarcoidosis characterized by erythema nodosum, hilar adenopathy, uveitis, and a good 
prognosis. Insertion/deletions in the promoter region of angiotensin-1 converting enzyme have 
also been identified. The importance of TNF has been validated in studies documenting the 
effectiveness of biologic TNF antagonists in treating some patients with sarcoidosis. Reduced 
numbers of natural killer T (NKT) cells have been found in sarcoid blood and bronchoalveolar 
lavage (BAL) fluid.

There are data suggesting that bacteria, such as Mycobacteriun Tuberculosis or Propionibac-
terium acnes, may be involved in causing the disease. It is quite possible that the triggering 
antigen varies depending on ethnicity, geographic location, and individual genetic background. 
Also, strongly polarized T helper cell (Th) 1 immune responses are present more frequently. The 
immune response may precipitate a cascade of events leading to granuloma formation involving 
(1) exposure to the antigen; (2) presentation of the antigen (by macrophages via HLA class II 
molecules to T lymphocytes); and (3) immune effector cells promoting the development of 
noncaseating granulomas, the pathologic hallmark of sarcoidosis. The release of cytokines, such 
as interleukin-2 (IL-2) and interferon-γ, by activated CD4 T lymphocytes (indicating a Th-1 
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immunologic response) eventually leads to enhanced fibroblast replication and granuloma 
formation. Despite the increased local immunologic activity, cutaneous anergy is commonly 
present.

The diagnosis of sarcoidosis is never certain, although it may be established by clinical cor-
relation of nonspecific symptoms with biochemical, radiologic, and pathologic confirmation. 
Sarcoidosis is usually underdiagnosed. The clinical presentation ranges from asymptomatic 
to life-threatening organ involvement. A common feature of this disease is its multiorgan in-
volvement, including respiratory (cough, chest pain, and dyspnea), musculoskeletal (arthralgia 
and myalgia), ocular (visual changes and pain), and skin manifestations (erythema nodosum, 
nodules, plaques, and papules). There is no gold standard for diagnosis. Certain nonspecific 
clinical features are typical of sarcoidosis including bilateral hilar adenopathy, Löfgren syndrome 
(erythema nodosum coupled with bilateral hilar adenopathy and often fever and/or arthritis), 
Heerfordt syndrome (uveitis, parotitis, and fever), and gallium-67 scan uptake in the parotid 
and lacrimal glands (panda sign) along with right paratracheal and bilateral hilar areas (lambda 
sign). Unless one of the special clinical situations previously described is present, the diagnosis 
usually requires histologic confirmation and exclusion of alternative causes. Cough and dyspnea 
are the most common respiratory complaints. The heart can be affected in 1% to 4% of cases 
and cardiac sarcoidosis is potentially sudden and life-threatening. Erythema nodosum is seen 
occasionally with the typical presentation of bilateral hilar adenopathy and generally indicates a 
good prognosis. Pleural disease occurs uncommonly and can be associated with pleural effusions. 
Between 30% and 60% of patients are asymptomatic and present with incidental findings on 
chest radiographs.

The chest radiograph is staged as follows:

•	 Stage 0, normal;
•	 Stage 1, bilateral hilar adenopathy;
•	 Stage 2, bilateral hilar adenopathy with pulmonary infiltrate;
•	 Stage 3, pulmonary infiltrates without hilar adenopathy; and
•	 Stage 4, pulmonary fibrosis.

Currently, no reliable prognostic biomarkers have been identified. Pathologically, the most 
commonly involved organ systems are the lungs, peripheral lymphatics, liver, heart, skin, eye, 
spleen, salivary glands, joints, and bone. A reduction in diffusion capacity is the most common 
abnormality on pulmonary function testing (PFT). This is often accompanied by a restrictive 
pattern, although airflow obstruction can be found in approximately 30% of patients. Hypox-
emia may be present at rest and during exercise. Changes on serial PFTs may be useful in iden-
tifying candidates for therapy and further follow-up. Laboratory tests are generally not helpful. 
Levels of angiotensin-1 converting enzyme are often increased, but this finding is not specific 
and should not be used for screening. Chest CT remains controversial for routine assessment. 
Magnetic resonance imaging with gadolinium and nuclear imaging have been evaluated to aid 
in the diagnosis, monitor disease activity, and determine the optimal site for biopsy. Studies with 
positron emission tomography (PET) technology have proven valuable in locating occult sites 
of active disease. BAL can be used as an adjunctive measure to support the diagnosis (increased 
number of CD4 cells and elevated CD4/CD8 ratio). When tissue diagnosis is required, biopsy 
of an involved site is almost always diagnostic. The histologic picture is not pathognomonic; 
therefore, diseases such as tuberculosis, fungal infection, beryllium exposure, drug reactions, 
and local sarcoid-like reactions must be excluded. Endobronchial ultrasound and transbron-
chial needle aspiration (EBUS-TBNA) allow localization and aspiration of hilar and mediastinal 
lymph nodes, often eliminating the need for more invasive procedures, such as mediastinoscopy.

Most patients with sarcoidosis do not require therapy; many experience spontaneous remis-
sion. Recently, a more symptom-oriented approach in deciding to initiate or maintain therapy 
has been suggested to reduce secondary-drug side effects. Systemic long-term therapy may be 
necessary when significant organ involvement or systemic symptoms are present. Urgent indica-
tions include ocular, myocardial, and central nervous system involvement. Other relative indica-
tions include persistent hypercalcemia, disfiguring cutaneous lesions, symptomatic respiratory 
disease, thrombocytopenia, and severe constitutional symptoms. Asymptomatic individuals 
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with stable lung infiltrates are not usually treated. Corticosteroids remain the drugs of choice 
with significant functional impairment, but sustained treatment may result in disabling side ef-
fects that may be reduced by using steroid-sparing agents such as methotrexate or azathioprine. 
Most therapeutic regimens use prednisone (0.5 mg/kg/day), with tapered doses over a period 
of 6 months or longer until a response is observed. In the presence of a positive tuberculin 
reaction or complete anergy, it may be reasonable to start isoniazid concomitantly with corti-
costeroids. Exacerbations can occur when prednisone is decreased below 15 mg/day. Therapy is 
best monitored by symptom resolution and not by blood tests or imaging techniques. Inhaled 
corticosteroids may be used in mild cases, but their role is still unclear. Azathioprine may be 
used in corticosteroid-resistant sarcoidosis. Chloroquine, intradermal steroids, methotrexate, 
and retinoids appear to be effective in managing skin disease. Topical steroids may be effective 
in treating uveitis. TNF inhibitors (i.e., infliximab and etanercept) are being investigated for 
the treatment of refractory sarcoidosis. Phosphodiesterase-5 inhibitors, prostaglandin analogs, 
and endothelin antagonists have been used in treating sarcoidosis-associated pulmonary hy-
pertension. However, their efficacy is unknown. The indication for surgical intervention in 
certain forms of sarcoidosis, particularly sinonasal, remains controversial, and it is not usually 
recommended. Organ transplantation has been used successfully, but noncaseating granulomas 
may recur. The prognosis of sarcoidosis is generally favorable. The majority of patients with 
pulmonary involvement resolve within 1 to 2 years. However, some patients gradually decline 
and may die from pulmonary involvement.
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91
Granulomatosis with polyangiitis (GPA), formerly known as Wegener granulomatosis (WG), 
is an idiopathic systemic vasculitis that may involve any organ system, but most frequently 
involves the upper respiratory tract, lungs, and kidneys. In a 2010 consensus statement, the 
American College of Rheumatology, the American Society of Nephrology, and the European 
League Against Rheumatism recommended changing the name of Wegener granulomatosis to 
shift the emphasis from an eponym-based label to a more disease-descriptive nomenclature.

GPA is a rare entity with an estimated annual incidence of 11.3 per million population. 
The estimated prevalence of GPA in the United States is 3.0 per 100,000 persons, with an 
equal male/female ratio. Caucasians are affected predominantly, comprising up to 95% in epi-
demiological studies. A class of autoantibodies known as antineutrophil cytoplasmic antibodies 
(ANCA) is closely associated with GPA and likely contributes to the pathogenesis of these disor-
ders. Up to 90% of patients with GPA have involvement of the upper or lower respiratory tracts. 
Upper respiratory symptoms in GPA include chronic sinusitis, rhinorrhea, epistaxis, sinus pain, 
otitis media, and nasal or oral ulcerations. Tracheal involvement can lead to stenosis, obstruc-
tion, and stridor. Pulmonary symptoms may include cough, pleuritic chest pain, dyspnea, or 
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hemoptysis. GPA can present as fulminating pulmonary hemorrhage leading to hypoxic respira-
tory failure or as acute lung injury with a systemic inflammatory response syndrome in 50% to 
75% of acutely ill patients. Conversely, up to one-third of patients with pulmonary involvement 
may be asymptomatic. Other manifestations of GPA include arthralgias or myalgias, mono- or 
polyarthritis, constitutional symptoms, neurologic symptoms including mononeuritis multi-
plex, skin lesions, and pericarditis.

The diagnosis of GPA is made by a combination of clinical, radiographic, serological, and 
histopathological findings on biopsy. The presence of two or more American College of Rheu-
matology classification criteria (abnormal urinary sediment, characteristic chest radiograph ab-
normalities, oral ulcers or nasal discharge, and granulomatous inflammation on biopsy) has a 
sensitivity of 88% and a specificity of 92%. ANCA serologies are indicated in all patients. Pul-
monary function abnormalities are nonspecific but may reveal an obstructive pattern, reflecting 
airway stenosis, or a reduction in carbon monoxide diffusion capacity (Dlco) and lung volumes 
related to significant parenchymal disease. The definitive diagnosis of GPA is confirmed by 
tissue biopsy. Samples from the upper respiratory tract may demonstrate necrotizing granulo-
matous inflammation but have a sensitivity as low as 44% to 53%. In the presence of impaired 
renal function or active urinary sediment, renal biopsy can demonstrate a characteristic pat-
tern of segmental necrotizing glomerulonephritis and is less invasive than surgical lung biopsy. 
Bronchoscopic abnormalities are nonspecific and may be found in up to 80% of patients with 
GPA; alveolar hemorrhage, sublglottic stenosis, and tracheobronchial and laryngeal inflamma-
tion are the most frequent findings. In one large bronchoscopic study of 197 patients with 
GPA, segmental stenosis and airway inflammation were most common and predominated in the 
right lung. Transbronchial lung biopsy is of limited usefulness in the diagnosis of pulmonary 
GPA, but it is valuable for excluding infection and evaluating hemoptysis. Nonspecific eleva-
tions in either neutrophils or lymphocytes have been described in alveolar lavage samples with 
no pathognomonic CD4/CD8 ratio. Progressively, hemorrhagic lavage aliquots may be seen in 
alveolar hemorrhage with associated hemosiderin-laden macrophages. Surgical lung biopsy is 
the gold standard for diagnosis of pulmonary GPA and may demonstrate a plethora findings, 
including, most commonly, neutrophilic microabscesses with necrosis, polymorphic granulomas 
with giant cells, angiitis with eccentric focal parietal crescent-shaped microabscesses, geographic 
necrosis surrounded by palisading histiocytes, and alveolar hemorrhage.

Radiographic findings in pulmonary GPA span a spectrum, including consolidation, solitary 
or multiple nodules that may cavitate, pleural effusions, parenchymal bands, and focal or dif-
fuse ground-glass opacities. Computed tomography (CT) is superior to conventional chest ra-
diography for detecting and characterizing pulmonary opacities. Lung nodules occur in 40% to 
70% of patients, usually bilateral without segmental predilection, multiple in number, and with 
cavitation in up to 25% to 50% of cases. High-Resolution CT (HRCT) findings of nodules 
and areas of parenchymal opacification have been correlated directly with disease activity in 
multiple studies. Unilateral or bilateral pleural effusions may occur in up to 12% of patients. 
Enlarged mediastinal lymph nodes have been seen in 0% to 15% of patients, but bronchiectasis, 
honeycombing, pleural thickening, and pneumothorax are rare. Tracheobronchial stenosis may 
be appreciated on HRCT. Sinus radiographs may demonstrate air–fluid levels.

Renal involvement occurs in up to 80% of patients with GPA. Microscopic hematuria and 
red cell casts may be seen on urinalysis. Renal biopsies can demonstrate varying degrees of in-
flammation, from focal or segmental glomerulitis to rapidly progressing necrotizing glomeru-
lonephritis. Immunofluorescence shows this to be a “pauci-immune” glomerulonephritis, with 
absent or minimal immunoglobulin deposits. Glomerulonephritis may precede pulmonary GPA 
by a period of months to years.

GPA is associated with a class of autoantibodies to specific antigens in neutrophils (ANCA) 
that are present in several forms of systemic vasculitis, including Churg–Strauss syndrome, poly-
arteritis nodosa, and microscopic polyangiitis. Two patterns of indirect immunofluorescence 
have been described: a diffuse cytoplasmic (cANCA) and a perinuclear pattern (pANCA). The 
specific antigens involved have been identified. Proteinase 3 (PR3) is the usual target of cANCA, 
and myeloperoxidase (MPO) is the most common target of pANCA. Approximately 90% of 
patients with active GPA are ANCA positive. The cANCA associated with GPA is almost always 
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an anti-PR3 antibody. Therefore, it is prudent to confirm a finding of cANCA by a specific 
ELISA assay for anti-PR3 or anti-MPO. Up to 10% of patients with GPA do not have evidence 
of ANCA. Titers of ANCA correlate weakly with disease activity in two-thirds of patients.

Standard therapy is combination treatment with cyclophosphamide and prednisone. An ini-
tial oral dose of cyclophosphamide (2 mg/kg/day) is usually given in combination with prednisone 
(1 mg/kg/day). Prednisone is then tapered over 3 months to 0.25 mg/kg/day and continued for at 
least 1 year. Fulminant or life-threatening disease has been treated with higher doses of steroids, 
including pulse doses of intravenous methylprednisolone (up to 1,000 mg/day for 3 days), as well 
as higher doses of cyclophosphamide (up to 15 mg/kg intravenously). Plasmapheresis (40–60 mL/
kg for 4–7 treatments) has been used to manage renal disease requiring dialysis and has been rec-
ommended in patients with severe pulmonary hemorrhage. Patients receiving cyclophosphamide 
and prednisone are at risk for Pneumocystis jiroveci pneumonia, and prophylactic therapy with 
cotrimoxazole is recommended.

Remission is reflected by the absence of clinical symptoms, inactive urinary sediment, and 
resolution of radiographic abnormalities; ANCA may be reduced or eliminated. Following re-
mission, most authorities advocate continuing therapy for at least 12 months at lower doses. 
Cyclophosphamide therapy is associated with significant adverse effects, including hemorrhagic 
cystitis, increased risk of bladder cancer, myelodysplasia, and lymphoproliferative disorders. 
Alternative agents such as azathioprine, low-dose methotrexate, cotrimoxazole, mycophenolate 
mofetil, and leflunomide have shown efficacy for maintaining remission when administered 
with continued low-dose prednisone. Relapses of GPA are treated by resuming or increasing 
doses of cyclophosphamide and prednisone until clinical remission is attained. Monthly pulse 
cyclophosphamide therapy results in higher relapse rates with no effect on morbidity or mortal-
ity compared to a daily oral regimen. Fulminant relapses may require the reinstitution of induc-
tion therapy. While the anti-tumor necrosis factor agent etanercept has not been shown to be 
effective for remission, infliximab has shown benefit for the treatment of GPA. The anti-CD20 
monoclonal rituximab is being investigated for benefit in GPA.

In summary, GPA is a multisystem disease with several life-threatening pulmonary manifes-
tations. The diagnosis can be made with a combination of serology, clinical examination, and 
findings obtained through standard pulmonary procedures. Treatment should be started with 
immune suppression immediately and aggressively for pulmonary conditions such as alveolar 
hemorrhage and necrotizing granulomas. Less-fulminant presentations such as sinus inflamma-
tion and tracheal stenosis may be the first signs of disease. The prognosis of GPA is guarded and 
depends upon prompt recognition, treatment, and surveillance of relapses, which may require 
repeat induction therapy. The overall median survival of patients with GPA exceeds 20 years. 
GPA patients are best managed with a team of physicians to include rheumatologists, nephrolo-
gists, and pulmonologists who are familiar with the complex pathophysiology of GPA and man-
agement with chronic immunosuppressant medications.
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Goodpasture syndrome refers to the pulmonary–renal syndrome of diffuse alveolar hemorrhage 
(DAH) and glomerulonephritis. The term often is used interchangeably with Goodpasture dis-
ease, although, strictly speaking, the term disease should be restricted to the presence of circulat-
ing or tissue-bound antiglomerular basement membrane antibody (AGBMA), while the term 
syndrome may be applied to any pathogenesis. The term AGBMA disease may be more appropri-
ate and, to avoid confusion, will be used in this chapter.

Interestingly, the original description of the eponymous syndrome by American pathologist 
Ernest Goodpasture at Vanderbilt University in 1919 was likely referring to a vasculitis rather 
than what we now refer to as AGBMA disease. It was the case of an 18-year-old man who died 
6 weeks after influenza infection and was found to have DAH, glomerulonephritis, splenic in-
farcts, and vasculitis of the small bowel. This case report does highlight salient features that have 
been shown to be important in AGBMA disease.

As the term AGBMA disease implies, it is an autoimmune disorder resembling a type II 
hypersensitivity reaction. The AGBMA itself, first identified in 1965, is now known to target 
the noncollagenous-1 (NC1) domain of the α3 chain of type IV collagen. Expression of the α3 
chain is highest in glomerular and alveolar basement membranes, which explains the clinical 
syndrome of DAH and glomerulonephritis in AGBMA disease. α3 Chain expression is also 
found, though at much lower levels, in renal tubular basement membranes, choroid plexus, 
cochlea, and retina.

AGBMA disease is a rare disease with a reported incidence of about one patient per million 
population. It may, however, be responsible for up to 20% of all cases of rapidly progressive 
glomerulonephritis. Prevalence data are difficult to assess. A bimodal distribution has been de-
scribed with slight male predominance in younger patients in the third decade and equal sex 
distribution to a slight female predominance in older patients in the sixth and seventh decades. 
The younger group is more likely to present with the full pulmonary–renal syndrome, while 
older patients tend to have disease limited to the kidneys.

In about 60% to 80% of cases, pulmonary and renal diseases present simultaneously; how-
ever, pulmonary disease may appear up to 12 months prior to renal disease. In about 5% to 10% 
of cases, lung involvement occurs alone. It is worth noting, though, that even in the absence 
of overt renal disease, AGBMA deposits are often found in the glomeruli if kidney biopsy is 
performed.

Pulmonary symptoms are most common on presentation, including hemoptysis, cough, and/
or dyspnea. The degree of hemoptysis varies considerably; it can be minimal or life-threatening. 
Glomerulonephritis rarely manifests with hypertension and gross hematuria. Fatigue related to 
renal failure is more common. Fever may be present, especially in the context of antecedent flu-
like symptoms or upper respiratory tract infection. However, other systemic symptoms such as 
malaise, weight loss, arthralgia, and myalgia should raise suspicion for vasculitis.

Laboratory evaluation may reveal iron-deficiency anemia related to alveolar hemorrhage. 
Urinary sediment is active with microscopic hematuria, nonnephrotic range proteinuria, and, 
occasionally, erythrocyte casts or dysmorphic erythrocytes. Serum creatinine is often elevated. 
Complement levels are normal; reduced C3 and/or C4 should point to vasculitis or alternative 
diagnoses as the cause of the pulmonary–renal syndrome. Circulating AGBMA can be detected 
in greater than 90% of patients presenting with AGBMA disease. Positive antineutrophil cyto-
plasmic antibody (ANCA) titers may be found in up to 30% of cases.

Imaging tends to be nonspecific. Chest radiographs often show diffuse symmetric airspace 
opacities and, less commonly, asymmetric, focal, or interstitial opacities. Pleural effusions are 
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rare in the absence of concomitant volume overload or infection. Pulmonary infiltrates usually 
resolve over days. Occasionally, the chest radiograph can be normal despite a history of hemop-
tysis. Chest computed tomography is reportedly more sensitive for DAH than plain radiography 
and can demonstrate ground-glass opacities and consolidation, though such findings are hardly 
specific for DAH.

During active alveolar hemorrhage, pulmonary function tests reveal an increase in the dif-
fusing capacity of the lung for carbon monoxide (Dlco), reflecting the presence of abundant 
erythrocytes in the alveolar space creating a large diffusion sink for CO to which hemoglobin 
has a high affinity. An increase in Dlco above 30% of predicted normal has been suggested as 
an indicator of widespread intra-alveolar hemorrhage. Such an increase may precede clinical and 
radiographic changes and can, therefore, be used in monitoring for recurrence of DAH.

AGBMA titers do not always correlate with disease activity, though they are generally use-
ful for monitoring. Higher levels are thought to indicate more severe renal disease. The most 
commonly used assay is an enzyme-linked immunosorbent antibody (ELISA) assay which has 
a sensitivity of 70% to 100% depending on the specific antigen used. Assays using native or 
recombinant human α3 (IV) antigen substrates have a reported sensitivity of 95% to 100% and 
specificity of 91% to 100%. Confirmatory Western blot is performed at many centers.

The pathogenicity of AGBMA was demonstrated in a classic experiment in which antibodies 
isolated from serum or renal eluate samples of patients with Goodpasture syndrome induced glo-
merulonephritis in recipient monkeys. Interestingly, in some animal models AGBMA leads to 
renal but not pulmonary disease. After identification of the epitope as the α3 (IV) chain with its 
cDNA mapped to chromosome 2q35-37, it was cloned and shown to induce expression of the 
protein bound by AGBMA when transfected into cells. These antibodies are typically of the IgG 
1 or 3 subclass and less commonly of the IgA or IgM class. They do not bind native cross-linked 
α-3,4,5 hexamers until they are dissociated. Autoreactive T cells have also been implicated in the 
pathogenesis of AGBMA disease. T cells specific for the NC1 domain of the α3 (IV) chain have 
been found at higher frequency in patients with AGBMA disease than in controls. There is also 
growing evidence that effector T cells may contribute directly to injury and that CD4+ CD25+ 

regulatory T cells may facilitate the autoimmune response seen in AGBMA disease.
The inciting factor triggering the autoimmune response remains unknown. A combination 

of environmental and genetic factors is most likely. Temporal association between development 
of AGBMA disease and various infections and exposures suggests the role for some injurious 
stimulus that exposes previously concealed basement membrane epitopes that either stimulate 
an autoimmune response or, more likely, are attacked by already circulating autoreactive an-
tibodies and T cells. The association with influenza infection, first described by Goodpasture 
himself, has subsequently been reported in larger series. Other upper respiratory tract infections, 
hydrocarbon exposure, and tobacco use have all been implicated as well. In one study, 100% of 
smokers with AGBMA disease developed both DAH and glomerulonephritis, whereas only 20% 
of nonsmokers developed DAH, suggesting that direct pulmonary insult is needed to precipitate 
DAH in AGBMA disease. Similarly, there are reports of AGBMA disease occurring rarely after 
lithotripsy or in the presence of urinary tract infection or other glomerulonephritis conditions. 
Genetic predisposition is suggested by the presence of HLA-DR2 and HLA-B7 in 90% and 
60% of AGBMA disease patients, respectively. HLA-DRw15, a subtype of DR2, and DR4 in 
particular increase the risk of AGBMA disease. Disease susceptibility is most likely conferred by 
a common 6-amino acid motif found in these antigens, which are uncommon in blacks who 
have a lower incidence of the disease. DR1 and DR7 portend a lower risk of AGBMA disease.

On histopathological examination, lung biopsy specimens typically demonstrate bland 
pulmonary hemorrhage with intra-alveolar erythrocytes and hemosiderin-laden macrophages. 
Much less commonly, pulmonary capillaritis may be seen. Alveolar wall necrosis as seen in pul-
monary vasculitis is uncommon. Kidney biopsy reveals focal segmental necrotizing glomerulo-
nephritis with crescent formation. Immunofluorescence reveals the pathognomonic finding of 
uninterrupted linear deposition of IgG along the glomerular basement membrane. In 60% to 
70% of biopsies, linear C3 deposition is also seen. Similar appearance on immunofluorescence 
can be found in lung biopsies as well, though these are more technically challenging to demon-
strate. Typical staining can be found in kidney biopsies even in the absence of overt renal disease.
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Treatment strategies are aimed at removing circulating antibodies as well as preventing new 
antibody formation. Isolated DAH responds to corticosteroids, though glomerulonephritis is 
typically resistant to corticosteroid monotherapy. The mainstay of therapy is the combination of 
plasmapheresis, corticosteroids, and immunosuppressives. Plasmapheresis is typically performed 
daily or every other day for 2 to 3 weeks with volumes of 3 to 6 L per session. The only ran-
domized controlled trial was a small study in which two of eight patients receiving plasma-
pheresis progressed to dialysis dependence, compared with six of nine patients who were not 
plasmapheresed. The benefit, however, seemed to correlate with the serum creatinine level and 
percent of crescents found on renal biopsy. Nevertheless, the biological plausibility of AGBMA 
removal with plasmapheresis, as well as observations that AGBMA titers, declines more rapidly 
in patients receiving a plasmapheresis in addition to corticosteroids, and immunosuppressives 
(compared with those receiving corticosteroids and immunosuppressives alone) led to the rec-
ommendation of plasmapheresis for all patients with AGBMA disease.

Corticosteroids are typically administered with an initial pulse dose (methylprednisolone 
15–30 mg/kg/day to a max of 1,000 mg/day for 3 days) followed by prednisone 1 mg/kg/
day to a maximum of 60 to 80 mg/d. The immunosuppressive agent most often used is cyclo-
phosphamide at 2 mg/kg/day; the dose is usually capped at 100 mg/day in elderly patients to 
avoid drug toxicity. Daily cyclophosphamide therapy is favored over intermittent intravenous 
dosing, since durable remissions are more likely with daily therapy. Once remission is achieved, 
steroids can be tapered gradually and a less toxic immunosuppressive agent, such as azathioprine, 
may be substituted for cyclophosphamide. Maintenance therapy is generally continued for 6 to 
9 months, though larger series suggest that 2 to 3 months may be sufficient, given the low risk 
of recurrence.  AGBMA titers are usually measured every 1 to 2 weeks during therapy until 
they are negative on two occasions. Expert opinion suggests monitoring for 6 months thereafter 
to ensure continued remission. Case reports of treatment with rituximab and mycophenolate 
mofetil also have been published. Newer therapies include immunoadsorption and T-cell target-
ing techniques. Immunoadsorption involves the use of a sepharose-coupled sheep-antihuman 
IgG column that has been shown to be of benefit when added to immunosuppression in one 
case report. T-cell targeted therapy is still in the animal model stage; a fusion protein that blocks 
the CD28-B7 costimulatory pathway for T-cell activation was shown to prevent crescentic glo-
merulonephritis in a murine model. Renal transplantation is necessary when there is no recovery 
of renal function; it is typically delayed until AGBMA has been undetectable for 9 to 12 months. 
Recurrence of AGBMA disease is responsible for 14% of graft failures.

The prognosis of AGBMA disease has improved from the originally described 80% mortal-
ity at 6 months. However, the overall 5-year survival is still low at 50%. Certain prognostic 
factors portend different mortality risks. The two most important such factors are serum cre-
atinine and the extent of crescent formation on renal biopsy. Values under 3 mg/dL and 30%, 
respectively, are associated with better outcomes. The presence of greater than 90% crescents 
on biopsy is almost always associated with poor renal and overall patient outcome. Similarly, 
immediate hemodialysis, defined as the need for dialysis within the first 72 hours of disease 
presentation, is a poor prognostic factor. In one large retrospective review of 71 patients, those 
with a Cr of less than 5.7 mg/dL had a patient and renal survival of 100% and 95%, respec-
tively, at one year and 84% and 74%, respectively, at final follow-up (median 90 months). If 
Cr was more than 5.7 mg/dL, but there was no immediate need for dialysis, patient and renal 
survival were 83% and 82%, respectively, at one year and 72% and 69%, respectively, at final 
follow-up. Immediate dialysis conferred the worst prognosis, with patient and renal survival 
at 65% and 8%, respectively, at one year and 36% and 5%, respectively, at final follow-up. 
DAH, on the other hand, resolved in 90% of patients. Relapses are uncommon, reported at 
2% in one center’s experience, and may be associated with smoking and hydrocarbon exposure. 
ANCA positivity is of unclear significance; a role in pathogenesis seems unlikely, given the fact 
that it occurs in no more than 30% of AGBMA disease cases, though a recent case-control 
study demonstrated the presence of ANCA positivity years prior to the development of clinical 
AGBMA disease. From a prognostic standpoint, patients with AGBMA disease who are ANCA 
positive seem to have better prognosis, though current episode of ANCA-related vasculitis is 
seen commonly in such patients.
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93 Idiopathic Pulmonary 
Hemosiderosis
William L. Ring

etiology
Idiopathic pulmonary hemosiderosis (IPH) is a rare disease of unclear etiology and patho-
genesis characterized by the abnormal collection of hemosiderin in the lungs. It is primarily 
a disease of the first decade of life, but may be diagnosed in adults. Equal gender distribution 
is seen, and at least some cases seem to have a genetic predisposition. A number of reports 
have noted an association between celiac disease and IPH, and in some cases, treatment of the 
celiac disease seemed to improve the course of the IPH. However, a pathogenetic link between 
celiac disease and IPH remains controversial. Some reports have suggested that IPH may be 
associated with low socioeconomic status, toxic exposure (insecticides, hydrocarbons), seasonal 
clustering (spring and fall), viral agents, or diet (cow’s milk allergy). Exacerbations of IPH 
have been reported with and after pregnancy. Despite these associations, the etiology of IPH 
remains obscure.

PResentation
The presentation of IPH is highly variable. Iron-deficiency anemia and recurrent or chronic 
pulmonary symptoms (e.g., cough, hemoptysis, and dyspnea) characterize IPH. Patients may 
present with hemoptysis, which tends to be episodic. Although hemoptysis can be massive, it 
is often mild and can be absent despite significant intrapulmonary bleeding. Intrapulmonary 
bleeding may initially be clinically silent. Iron-deficiency anemia can overshadow clinical or 
roentgenographic pulmonary abnormalities. Chronic cough, fatigue, dyspnea, and pallor are 
frequent. Occasionally, pulmonary hypertension develops.
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Diagnosis
The diagnosis of IPH is one of exclusion and generally requires ruling out coagulopathy, 
 hemodynamic abnormalities (congestive heart failure, mitral stenosis), and infection, as well 
as systemic disorders such as vasculitis, immune-complex disease, or antibasement membrane 
antibody disease.

CliniCal FinDings
Chest radiographs in IPH are generally abnormal and demonstrate diffuse parenchymal infil-
trates. At the time of acute hemorrhage, chest radiographs may show diffuse mottled densities, 
which are particularly prominent in the perihilar regions and lower lung fields. After 2 to 3 days, 
consolidation is replaced by a reticular pattern that resolves over 10 to 14 days. With repeated 
bleeding episodes, progressive interstitial changes can develop into a pattern of interstitial fi-
brosis, which can become massive. Hilar lymph nodes may be enlarged, particularly during 
acute episodes. Computed tomography (CT) findings confirm the chest roentgenogram find-
ings. Magnetic resonance imaging may specifically diagnose a new hemorrhage because of the 
paramagnetic effect of ferric iron. Pulmonary function studies show a restrictive pattern, with 
elevation of the carbon monoxide diffusing capacity during an episode of bleeding. A transient 
obstructive component also may be present.

The histologic findings are nonspecific, but an open-lung biopsy is often required to ex-
clude other diagnoses. The dominant histopathologic features are intra-alveolar hemorrhage and 
hemosiderin-laden macrophages. Hyperplasia of the alveolar epithelium and variable degrees of 
fibrosis can be seen, but vasculitis, necrosis, and granuloma formation are absent. Immunofluo-
rescent stains are negative for immune deposits at the basement membranes, and inflammatory 
changes are minimal.

tReatMent anD PRognosis
The prognosis of IPH is highly variable, ranging from decade-long periods of remission 
to sudden death from massive hemoptysis. The median survival is reported to be approxi-
mately 3 years after diagnosis, although more recent studies support a much better progno-
sis. Treatment of IPH is immune suppression with otherwise supportive care. The results 
of therapy are difficult to interpret because of the natural variation in the clinical course 
of disease and the small number of patients reported. No controlled therapeutic trials have 
been conducted. Corticosteroids remain the primary line of treatment, supported by other 
immunosuppressant agents, particularly azathioprine, chloroquine, and 6-mercaptopurine, 
based largely on clinical improvement in a number of case reports and retrospective studies. 
Case reports suggest that long-term treatment with moderate doses of inhaled steroids after 
stabilization with systemic steroids may help to control IPH. While lung transplantation 
has been performed for IPH, there is at least one report of rapid recurrence of IPH in the 
transplanted lung.
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Pneumonias
Gordon L. Yung and Cecilia M. Smith

94
In the 1940s, the term “idiopathic (diffuse) interstitial pneumonias” (IIP) was used to describe a 
general, ill-defined category of interstitial lung diseases of unknown origin. Subsequently, several 
different classifications were proposed. In the late 1990s, the term IIP was adopted to categorize 
and define various types of interstitial lung diseases of unclear etiology. The new classification 
was developed largely due to new understanding of distinct histological subtypes that were pre-
viously grouped together under the general umbrella of idiopathic pulmonary fibrosis (IPF).

ClassiFiCation
Under the current classification, IIP is divided into seven subgroups (Table 94-1). The term 
“unclassifiable interstitial pneumonia” is applied when histological changes on surgical biopsy 
are nonspecific and do not fit with any of these subgroups. It is likely that further changes will 
occur in the future as we better understand these subgroups.

Adoption of this new classification by the general medical community has been slow, partly 
because of some misconceptions:

 1. The histological features, even in surgical (open) lung biopsy specimens, are not unique to 
each subtype. Other “nonidiopathic” lung conditions may share similar histological changes. 

Clinical Diagnosis Pathologic Diagnosis examples of associated Conditions

IPF UIP Smoking, gastro–esophageal reflux disease, 
wood working, CTD, sarcoidosis, HP

NSI P NSIP CTDs, drug toxicity, HIV, HP, slowly healing 
diffuse alveolar damage (DAD), relapsing orga-
nizing pneumonia, occupational exposure, 
immunodeficiency (mainly HIV infection), graft-
versus-host disease (GVHD)

DIP Respiratory bronchiolitis 
with airspace macro-
phage infiltration

Smoking, Langerhan cell histiocytosis

RB-ILD Respiratory bronchiolitis Smoking

Acute interstitial 
pneumonia

DAD IPF, CTDs, drugs and toxins, ARDS, pneumonia 
(atypical or viral), acute HP

COP Organizing pneumonia Lung infection, drugs and substance abuse, radi-
ation, CTDs, sarcoidosis, radiofrequency abla-
tion, lymphomatoid granulomatosis, Wegener 
granulomatosis, tumor, pulmonary infarcts, sys-
temic inflammatory diseases,  malignancies

LIP Cellular infiltrates with 
nodular lymphoid 
aggregates

Sjögren’s, SLE, RA, AIDS, common variable 
immunoglobulin deficiency

taBle 94-1  Classification of idiopathic interstitial Pneumonias
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In other words, it is important to exclude other systemic conditions by clinical and laboratory 
criteria before making a definitive diagnosis of IIP.

 2. Some IIP subtypes may coexist in the same pathologic specimen, implying that some of 
these conditions may share common pathologic mechanisms, whereas others may represent 
distinct entities. For example, up to one-third of specimens with features of usual interstitial 
pneumonia (UIP, the histological description of IPF) may have coexisting changes consistent 
with nonspecific interstitial pneumonia (NSIP). Patients with IPF also may experience an 
acute exacerbation of their lung condition with development of changes consistent with acute 
interstitial pneumonia in biopsy or autopsy specimens.

CliniCal, RaDiogRaPhiC, anD histologiC FeatURes
idiopathic Pulmonary Fibrosis
IPF, also known as cryptogenic fibrosing alveolitis, is the most common form of IIP, account-
ing for roughly half of all cases. The true incidence of IPF is not known, as many cases remain 
undiagnosed or misdiagnosed. One reasonable estimate suggests an annual incidence of about 
30,000 to 40,000 new cases in the United States and a prevalence of about 80,000 to 100,000 
cases. Most cases occur sporadically, although approximately 10% of patients have a positive 
family history. Despite intensive research, understanding of this condition remains incomplete. 
Use of animal models does not translate to humans, as the unique histological and radiographic 
equivalent of IPF has never been duplicated in laboratory specimens. Unfortunately, IPF often 
is mistaken by many to be synonymous with any interstitial pulmonary fibrosis that does not 
have a clear etiology (hence “idiopathic”). The diagnosis of IPF sometimes causes significant 
stress in patients because the older medical literature widely available on the Internet frequently 
quoted an average survival of 2 to 2½ years after diagnosis. We now know that survival is quite 
variable; it is not uncommon for patients, especially those with atypical features and earlier 
diagnosis, to survive much longer. A lone report noted better survival in IPF patients who have 
atypical computed tomography (CT) scan findings as compared to those patients with “classi-
cal” changes. Other studies suggest that mortality may be linked to the extent of honeycombing. 
Therefore, it is important to adhere to strict diagnostic criteria to avoid confusion and unneces-
sary anxiety for patients. It also is clear that, although the clinical disease course of IPF is usually 
one of progressive worsening, the pace of change is not necessarily linear. Some patients can 
have relatively stable lung function for up to 7 to 10 years, although the usual clinical course 
is that of a relatively slow decline interspersed with acute exacerbations at irregular intervals. 
Typically, patients experience significant and permanent loss of lung function following each 
exacerbation; it is not uncommon to not survive an exacerbation. A definitive diagnosis of IPF 
only can be made by the presence of (a) appropriate clinical features and laboratory findings and 
(b) either classical radiographic changes on chest CT or distinct histological changes on surgical 
lung biopsy specimens.

 1. Clinical and laboratory findings: Unlike most other IIPs, patients with IPF tend to be older, 
often presenting in their 60s or 70s and rarely before the age of 50 years. There is a male 
predominance (approximately two-thirds) and which is more apparent in older patients. 
There also is an association with cigarette smoking (ex- or current), gastro–esophageal reflux 
disease, and a history of exposure to wood or metal dust. Up to 20% of patients have a fam-
ily history of pulmonary fibrosis, suggesting an element of genetic predisposition, at least in 
some patients. Typically, patients present with one of the following: (i) insidious onset and 
progressive shortness of breath and dry cough; (ii) persistent cough and shortness of breath 
after an episode of respiratory tract infection; or (iii) incidental findings of interstitial changes 
on chest radiograph. Clinical examination can offer important clinical clues; the presence of 
“Velcro”-like crackles at lung bases and finger clubbing strongly suggests a diagnosis of IPF.

 2. Radiographic changes: Chest X-ray changes are never diagnostic of IPF or, indeed, of any of 
the IIPs. Because of convenience and relative low radiation dose, chest X-ray may be used as 
a screening tool in instances of acute change in respiratory symptoms. Chest CT scan offers 
the potential ability to differentiate various forms of IIP. When all the classical radiographic 
changes are present, a diagnosis of IPF can be made with more than over 90% confidence 
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without the need for lung biopsy. The classical changes considered diagnostic of IPF include 
the following:
a. Peripheral honeycombing
b. Irregular reticular opacities
c. Traction bronchiectasis
d. Minimal ground-glass changes
e. Subpleural, posterior, lower lobe predominance

 3. Only a relatively small proportion of patients with IPF have all of the classic features. In clini-
cal practice a probable diagnosis can be made with the presence of peripheral honeycombing 
in a subpleural distribution and the absence of any significant ground-glass changes.

 4. Histological changes: IPF demonstrates a pattern of histological changes called UIP. It is impor-
tant to recognize that similar changes can occur in lung specimens of several lung conditions, 
such as sarcoidosis, scleroderma, and rheumatoid arthritis (RA). Diagnostic criteria include 
the presence of noninflammatory fibrosis with “temporal heterogeneity” (varying degree and 
stages of fibrosis, interspersed with relatively uninvolved lung parenchyma), fibroblastic foci, 
and no evidence of significant inflammatory cells or granuloma. Of note, fibroblastic foci 
are areas where fibrotic tissue is generated; the number of foci correlates with survival. These 
changes can be obscured by end-stage fibrosis so to improve diagnostic yields at least two 
biopsy specimens should be obtained, including one sample from a relatively uninvolved 
area of the lungs. There are some inherent risks associated with lung biopsy, especially when 
there is no Food and Drug Administration (FDA)-approved treatment for the condition. It is, 
therefore, reasonable to consider forgoing the biopsy procedure if the results would not affect 
clinical management or if a clinical diagnosis can reasonably be made without histology.

 5. Pulmonary function tests: IPF exemplifies the classical changes of a restrictive pattern on pul-
monary function tests. Lung volumes, especially vital capacity (VC) and total lung capac-
ity (TLC), are reduced. In addition, the forced vital capacity (FVC) and forced expiratory 
volume in 1 second (FEV1) are both reduced with relative preservation of the ratio of FEV1/
FVC. The diffusing capacity for carbon monoxide (Dlco) is perhaps the most sensitive indi-
cator of disease progression, although it has a relatively poor specificity. Both FVC and FEV1 
have been linked to survival. In one study, the change in FVC and Dlco over a 6-month 
period provided accurate prediction of 2-year survival.

Although there is no uniform explanation of the unique clinical, radiographic, and histologi-
cal changes in IPF, one can propose a possible model of pathogenesis. Recent studies have sug-
gested that the presence of either telomerase mutation or telomere abnormalities may contribute 
to the pathogenesis of IPF. Telomeres are repetitive sequences of DNA elements found at the 
end of chromosomes; their length (and function) may shorten with aging and smoking. They 
appear to play a crucial role in cell division and, possibly, tissue repair processes. This, and other 
genetic changes, may explain why IPF tends to occur later in life and is associated with smoking 
(which more commonly causes airway injury and disease, rather than interstitial injury), and 
why the condition often accelerates after exacerbations associated with chest infections, when fi-
brosis develops in areas not involved in the infection. It has been hypothesized that the initial in-
jury may be due to negative pressure exerted on the surface of the lungs during forced inspiration 
and cough, and not due to the infection itself. This pathogenesis model supports the findings 
that early IPF affects peripheral (subpleural) parts of the lungs, where stress/force is usually maxi-
mal during cough and inspiration. It also supports the clinical impression that IPF patients with 
significant cough tend to progress more rapidly, and would explain why those with a history of 
smoking, wood and dust exposure, and gastro–esophageal reflux disease are at higher risks of IPF 
(conditions associated with increased cough). Finally, this theory may explain why treatments 
targeted to various pathways of fibrosis have been relatively unsuccessful, even though these same 
pathways are shared by other forms of fibrosis that respond to antifibrotic therapies.

nonspecific interstitial Pneumonia
The term NSIP is both a clinical and histological diagnosis. It is the second most common form 
of IIP, comprising about one quarter of all cases. Patients with NSIP can present at any age. 
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In many cases, extrapulmonary manifestations suggesting underlying rheumatologic conditions 
develop years after the onset of lung disease.

When referring to NSIP, it is important to specify whether the term refers to a clinical di-
agnosis (a subtype of IIP) or a pathologic diagnosis by biopsy, in which case several underlying 
conditions should be considered. The idiopathic form of NSIP generally occurs in middle-age 
females in their 40s and 50s with no significant history of smoking. Up to one-third of cases 
have a subacute presentation of respiratory symptoms. Some of these patients have nonspecific 
serological markers of connective tissue diseases (CTDs) and may eventually develop clinical fea-
tures of conditions such as scleroderma, RA, or others of these conditions. Three types of NSIP 
are generally identified: cellular, fibrotic, and mixed (coexisting cellular and fibrotic changes), 
depending on the presence or absence of significant interstitial inflammatory changes. In gen-
eral, cellular NSIP with significant inflammatory changes has a better chance of responding to 
immunosuppressive therapy and better overall survival. Fibrotic NSIP behaves clinically more 
like UIP/IPF, in both prognosis and a poor response to treatment. In fact, up to 75% of NSIP 
patients may show stabilization or improvement with treatment.

Most cases of NSIP demonstrate nonspecific radiographic interstitial changes with or with-
out ground-glass attenuation. Early cases of cellular NSIP may show ground-glass attenuation 
with a bibasilar distribution, whereas fibrotic NSIP may demonstrate ground-glass attenuation 
along with reticular lines. Traction bronchiectasis can occur in both NSIP and UIP and re-
flects chronicity that is more common in fibrotic NSIP and UIP. The extent of ground-glass 
opacities found on CT scan in NSIP presumably reflects the degree of inflammation and has 
been associated with the likelihood of a positive treatment response and longer survival. Unlike 
UIP, honeycombing is rare. Also, unlike IPF, there are no specific radiographic changes that are 
diagnostic of NSIP. Recently, demonstration of subpleural sparing of radiographic interstitial 
changes on CT scan has been suggested as having a high specificity for the diagnosis of NSIP. 
Further validation of this pathologic–radiographic association is needed before one can confi-
dently make a diagnosis of NSIP without lung biopsy. In general, flexible bronchoscopy with 
transbronchial biopsy or bronchoalveolar lavage (BAL) is not useful in the diagnosis of UIP or 
NSIP. The major indication for performing flexible bronchoscopy includes the need to rule out 
alternative diagnoses such as sarcoidosis and coexisting infections. An elevation of lymphocytes 
over 30% in BAL fluid supports a diagnosis of NSIP over UIP.

Histologic diagnosis by surgical lung biopsy remains the gold standard and should be ob-
tained whenever possible. NSIP is characterized by relatively uniform mononuclear inflamma-
tory infiltrates and interstitial fibrosis, with relatively few areas of normal parenchyma (i.e., 
temporal and spatial homogeneity). As is the case with UIP, it is important to exclude other 
histologic findings such as granulomatous disease that also can result in NSIP-like changes. Co-
existing findings of organizing pneumonia is common, but not a predominant feature in NSIP 
(,10% of cross sectional lung area).

acute interstitial Pneumonia
Much less is known about acute interstitial pneumonia, which was first described in 1935 as 
Hamman–Rich syndrome. Like other IIPs, it can occur in isolation or with other conditions, but 
it is the only form of acute or subacute IIP that presents with acute respiratory failure without an 
apparent inciting event such as sepsis. Other than the lack of an identifiable precipitating cause, 
its clinical and radiographic features are similar to acute respiratory distress syndrome (ARDS) 
with rapid onset and progressive shortness of breath and respiratory failure. Prodromal symp-
toms occur in some patients 1 to 2 weeks prior to the onset of shortness of breath, raising the 
possibility that an infectious agent may be a precipitating factor. In some cases, it occurs associ-
ated with an acute exacerbation of IPF, although how the two conditions are related is unclear.

Radiographic changes in acute interstitial pneumonia include diffuse, rapidly progressive 
ground-glass opacities and consolidation. In some cases, the initial degree of hypoxemia may 
be out of proportion to the radiographic changes. Over time, bronchial dilatation may also be 
observed. Histologic changes involve diffuse alveolar damage, often associated with fibroblastic 
proliferation and interstitial fibrosis. Two stages are described: an exudative phase characterized 
by the presence of interstitial edema, hyaline membranes, acute interstitial inflammation, and 
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varying degree of hemorrhage; and, a later organizing phase with type II pneumocyte hyper-
plasia and organizing fibrosis, mostly within the alveolar septa. Unlike most of the other IIPs, 
transbronchial biopsies can provide sufficient tissue for diagnosis, although, in clinical practice, 
the rapidity of disease progression often makes even this procedure risky. Perhaps because of the 
rapidly progressive clinical course from the exudative to organizing phase, treatment is often un-
successful with mortality greater than 60%; most deaths occur within 6 months of presentation.

Cryptogenic organizing Pneumonia
Under the new classification, cryptogenic organizing pneumonia (COP) has replaced the term 
bronchiolitis obliterans organizing pneumonia (BOOP). As the old name suggests, there are two 
components of the disease—small airway obstruction and alveolar space inflammation. His-
tologic diagnosis depends on the demonstration of “buds” of granulation tissue (mixture of 
fibroblasts and myofibroblasts within a loose network of connective matrix) within the lumen of 
distal airways and alveolar spaces.

Patients present at any ages, but more commonly in the sixth to seventh decade of life, 
with an equal male to female ratio. Common features include cough, shortness of breath, and 
bilateral crackles on physical examination. Although listed under the category of IIP, more than 
half of these cases are preceded by a viral-like illness. Other conditions also have been associ-
ated with this disease process, including chemotherapy, CTD, and radiation therapy. Unlike 
other IIPs, the clinical presentation, prognosis, treatment response, and relapse rates between 
idiopathic and secondary forms of COP are similar, raising the question of whether idiopathic 
COP truly exists independently. Pulmonary function tests generally show a mixed restrictive and 
obstructive pattern, with disproportionally reduced Dlco.

Early radiographic changes in COP can be subtle and it is not uncommon for the initial 
chest X-ray to be normal despite significant respiratory symptoms. Most CT scans in this condi-
tion demonstrate one of three patterns, in decreasing frequency: (1) bilateral patchy infiltrates 
(alveolar opacities cases), (2) diffuse infiltrative opacities involving subpleural (may be triangular 
in shape) and/or peribronchovascular parenchyma, and (3) solitary focal nodule or mass. In ad-
dition, approximately 12% to 20% of COP cases demonstrate a reversed halo sign (also called 
“atoll sign” or “fairy ring sign”) on CT scan. The reversed halo sign is defined by a central, 
round area of ground-glass opacity with a surrounding ring (“halo”) or crescent of consolidation. 
The ground-glass changes correspond to alveolar inflammation and the peripheral consolidation 
represents organizing pneumonia in the alveolar ducts. It has been suggested that a nodular ap-
pearance of the ring represents granuloma and suggests a secondary cause of COP. Although the 
latter radiographic change was initially described as specific to COP, other conditions have now 
been reported to show the same changes.

In the appropriate clinical and radiographic setting, surgical lung biopsy may not be neces-
sary for diagnosis of COP. Since the disease appears to originate from the distal airways and 
alveoli, transbronchial biopsy may yield a diagnosis in two-thirds of cases. Some suggest that, in 
cases of a nondiagnostic CT scan, the addition of BAL may be helpful when lymphocytosis and 
foamy macrophages are found.

Corticosteroid therapy is the best treatment option. The outcome of patients suffering from 
COP is good; up to 80% of patients will be cured. Relapse and mortality rates after 1 year of 
follow-up have been reported as 37.8% and 9.4%, respectively.

Desquamative interstitial Pneumonia
Desquamative interstitial pneumonia (DIP) is a relatively uncommon form of IIP, comprising less 
than 10% of all cases. More than 90% of patients are male, and they often present in the fourth 
and fifth decades of life. Most patients (.90%) are smokers; those without a smoking history, es-
pecially females, often have an associated CTD such as systemic lupus erythematosus (SLE) or RA.

In early disease, the chest radiograph can be normal, although ground-glass opacities are 
often seen on CT scan. As the disease progresses, small cystlike lesions may develop and, later 
on, honeycombing changes can occur. The disease appears to have a significant inflammatory 
component, with BAL showing elevated eosinophil counts in many patients. Definitive diagno-
sis usually requires surgical lung biopsy and is characterized by the diffuse accumulation of wide-
spread large numbers of pigmented macrophages in alveolar spaces associated with interstitial 
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inflammation and/or fibrosis. Patients often respond well to corticosteroids with preservation or 
improvement in lung function. Because of the association with smoking, these patients should 
be strongly urged to quit smoking. Mortality from DIP has been reported between 6% and 30%, 
with the majority of deaths in patients who presented late in the course of illness.

Respiratory Bronchiolitis-associated interstitial lung Disease
Respiratory bronchiolitis, first described in 1974, is a common autopsy finding in smokers. 
However, a small number of patients develop associated interstitial lung disease (RB-ILD). These 
patients, typically in their 30s to 50s, are generally asymptomatic or present with mild nonspe-
cific respiratory symptoms of mild chronic cough or shortness of breath on exertion. All of these 
patients have a significant history of first (rarely second)-hand cigarette smoke exposure (.30 
pack-year history); two-thirds are male.

Because of the significant overlap in clinical, radiographic, and histological features between 
RB-ILD and DIP, these two conditions are considered to represent a spectrum of the same disease 
process with RB-ILD representing the early stage of disease. However, it is likely that distinct 
underlying genetic or other factors are required for the development of DIP from RB-ILD. Clini-
cally, it is also important to differentiate the two conditions: death directly from RB-ILD is rarely 
reported, even though the mortality from DIP has been reported to be between 6% and 30%.

Radiographic changes of RB-ILD can be subtle and nonspecific and include nonbranch-
ing ground-glass opacities associated with evenly distributed, ill-defined, centrilobular (micro) 
nodules, often with some degree of upper-lobe predominance. In some patients, nonspecific 
interstitial changes on CT scan are seen and thought to represent significant bronchiolar inflam-
mation with secondary nonspecific fibrosis in the adjacent alveolar septa. Although the finding 
of micronodules may allow one to separate RB-ILD from DIP, similar radiographic changes can 
also be seen in NSIP, DIP, and acute or subacute hypersensitivity pneumonitis (HP). Histologi-
cally, RB-ILD is characterized by the prominent presence of yellow–brown pigmented macro-
phages within respiratory bronchioles and adjacent alveoli. Most patients with RB-ILD have 
mild symptoms that often, but not always, improve after smoking cessation. Rarely, steroids may 
be prescribed, but mortality from the disease is rare.

lymphoid interstitial Pneumonia
Idiopathic lymphoid interstitial pneumonia (LIP) is probably very rare, though the true inci-
dence is not known. Although classified under IIP, it also is considered part of the spectrum of 
pulmonary lymphoproliferative disorders, a group of diseases that is characterized by uncon-
trolled proliferation of lymphoid cells. It is likely that these lymphoid cells originate from native 
pulmonary lymphoid tissue (bronchial mucosa-associated lymphoid tissue, MALT), and can 
cause pathological conditions ranging from simple benign small airway lymphoid aggregates to 
malignant lymphoma. LIP generally refers to a nonmalignant form of diffuse polyclonal lym-
phoid proliferation that progresses from airways into pulmonary parenchyma. Despite earlier 
concerns, LIP is probably not a precursor of lymphoma, but represents a locally invasive form of 
benign lymphoproliferative disorder limited to the lung parenchyma. Similar to other types of 
IIP, no clear etiology has been found in the idiopathic form of LIP. Secondary forms of LIP are 
typically associated with immune disorders such as CTDs. In some cases, HIV or Ebstein–Barr 
virus DNA has been found in the lymphoid cells. Unlike other IIPs, LIP often occurs more 
commonly in children. In adults, it is often associated with autoimmune disease (particularly 
Sjögren’s) or HIV. Adult patients are typically between 40 to 60 years of age, with a female 
predominance and usually present with progressive cough and shortness of breath. The clini-
cal course is quite variable and occasionally is fatal. Pulmonary function tests typically show a 
restrictive pattern with disproportionately low Dlco.

Radiographic changes are often nonspecific. The most common features include uniform 
or patchy areas of bilateral ground-glass opacity and poorly defined centrilobular nodules, with 
or without subpleural nodules. In most cases, interlobular and peribronchovascular thickening 
as well as mediastinal lymphadenopathy also are present. In about two-third of cases, thin-wall 
cystic air spaces of variable size are noted. This last feature is thought to be due to bronchiolar 
stenosis and obstruction caused by peribronchiolar lymphocytic infiltration. Because clinical and 
radiographic changes are nonspecific, biopsy is often required for diagnosis. Histologically, LIP 
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is characterized by a diffuse inflammatory alveolar infiltrate comprised of mainly T lymphocytes, 
plasma cells, and histiocytes, often with loosely formed nonnecrotizing epithelioid granulomas.

aPPRoaCh to Diagnosis oF iiP
All patients suspected of IIP should have a detailed clinical history, including past history of oc-
cupational, drug, tobacco, and other toxic exposures. Signs and symptoms suggestive of a more 
systemic illness should also be noted. Wheezing and hemoptysis are uncommon in IIP and when 
present suggests an alternative diagnosis, the development of secondary bronchiectasis, or a su-
perimposed infection. Digital clubbing should raise the possibility of IPF, although it also can 
occur in later stages of sarcoidosis and HP. It is important to remember that many radiographic 
and histologic changes of IIPs can occur in other conditions, including various CTDs. Pulmo-
nary involvement in these conditions may precede other clinical features by many years. Another 
common condition that mimics IIP is HP. A detailed history of exposure to avian, fungal, and 
atypical mycobacteria should be obtained.

imaging studies
Standard chest radiographs are neither sensitive nor specific enough for the diagnosis and follow-
up of patients with IIPs. Therefore, all patients suspected of IIPs should have a high resolution 
CT scan of the chest. In early cases, both prone and supine images may help to distinguish early 
interstitial changes from dependent atelectasis. Although many cases of IIP do not have diagnos-
tic CT changes, there are a few exceptions: some cases of IPF may show classic changes as noted 
previously; subpleural sparing of peripheral basal interstitial changes may point to a diagnosis of 
NSIP; and in the appropriate clinical setting, a CT scan may be highly suggestive of COP. Other 
forms of IIP, however, usually require tissue confirmation for definitive diagnosis.

Gallium scan and fludeoxyglucose-positron emission tomography (FDG-PET) scans are 
generally not useful, unless specific alternative diagnoses, such as malignancy, are suspected.

serologic testing
Because of the strong association with various rheumatologic conditions, serologic testing is 
often performed. The extent of testing depends on clinical suspicion. Detailed testing should 
be considered especially in a younger, female patient. Typical serologic tests include antinuclear 
antibody (ANA) (and double stranded DNA (ds-DNA)), rheumatoid factor, cyclic citrullinated 
peptide (CCP), creatine phosphokinase (CPK) and aldolase, antimyositis panel (including 
anti-Jo-1 antibodies), extractable nuclear antigen (ENA) panel (anti-Scl-70, anti-Ro, and anti-
La), and antineutrophil cytoplasmic antibodies (ANCA). Unfortunately, many patients with 
IIP present with positive serologic markers without corresponding clinical features to support a 
specific diagnosis. Some of these patients may develop new extrapulmonary clinical findings of 
CTDs years after the initial pulmonary presentation, while others with initial negative serologic 
tests may subsequently develop positive tests later. A HP panel should also be considered in 
patients with appropriate history or radiographic changes. In the case of COP, the use of serum 
procalcitonin may be useful in differentiating infective from noninfective causes.

Flexible Bronchoscopy, Bal, and transbronchial Biopsy
The role of bronchoscopy, BAL, and transbronchial biopsy for diagnosis remains controversial. 
Both IPF/UIP and NSIP cannot be diagnosed through this route alone, since both diagnoses 
require demonstration of architectural changes in a larger specimen. However, unique features in 
other IIPs may be seen in transbronchial biopsies, as discussed previously. Some physicians have 
proposed using differential cell counts to determine diagnosis and the likelihood of response to 
corticosteroid and other immunosuppressive therapy, but most have not found this approach 
to be useful. The most consistent use of bronchoscopy appears to be in excluding infection and 
malignancies, as well as for confirming specific lung conditions such as DIP and sarcoidosis.

surgical lung Biopsy
For most patients, a surgical lung biopsy obtained via video-assisted thoracoscopic surgery 
(VATS) is the “gold standard” for diagnosis. When IPF and NSIP are suspected, it is important 
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to take samples from locations away from those of advanced fibrosis, where normal architecture 
may be completely destroyed. The benefits of surgical biopsy should also be weighed against 
potential risks, which may include accelerated decline in pulmonary function postbiopsy. In IPF, 
where effective therapy is lacking, a definitive diagnosis may not offer a therapeutic advantage, 
other than providing potential prognostic indicators.

other tests
Baseline full pulmonary function tests, including Dlco, should be obtained. A significant ob-
structive component should alert physicians to an alternative diagnosis other than IIP. Other 
tests commonly performed include echocardiography to exclude cardiac causes of dyspnea and 
cough as well as pulmonary hypertension, an exercise tests to evaluate oxygen desaturation and 
need for supplemental oxygen, and, if appropriate, a sleep study to rule out sleep apnea that may 
increase oxygen needs and cause early and severe pulmonary hypertension.

tReatMent
specific therapy
There is no specific treatment for IPF that is approved in the United States by the FDA. How-
ever, a new drug, pirfenidone, has shown promise in several large prospective randomized clini-
cal trials. Its use has been approved in other countries, including Japan, the European Union, 
Canada, and China. A multinational prospective randomized study is currently underway in the 
United States and other countries to further evaluate this drug’s efficacy; results are expected to 
be available in 2014. Use of N-acetyl cysteine remains controversial. Despite an earlier report of 
success in a small number of IPF patients, recent data showed contrary results, especially when 
combined with low-dose prednisone.

For other IIPs, the first-line treatment is typically corticosteroid therapy, usually oral predni-
sone at an initial dose of 0.5 to 1 mg/kg daily. The optimal duration of treatment is not known. 
Only about 20% to 30% of NSIP patients respond to steroid therapy, most commonly those 
with the cellular type of NSIP. Acute interstitial pneumonia, however, rarely responds to any 
treatment. In part because many patients with non-IPF types of IIP have an underlying CTD, 
it is reasonable to use a steroid sparing agent such as azathioprine or mycophenolate (sodium or 
mofetil) in patients who do not respond to steroid therapy, or those who respond but require 
high-dose therapy (typically more than 10–20 mg prednisone daily). Other immunosuppressive 
drugs, such as cyclophosphamide, have been used with limited and variable success.

supportive Care and Pulmonary Rehabilitation
An important strategy of managing IIP is to adopt an aggressive strategy to avoid and treat chest 
infections. This may be particularly important in IPF patients, since mechanical injury from 
coughing may contribute to lung injury and subsequent fibrosis. Strategies generally include use 
of mucolytics, cough suppressants, early antibiotics, and treatment of gastro–esophageal reflux 
disease. Other important measures include patient education with hand hygiene, and up-to-date 
immunization for patients and their household members.

Many IIP patients reported significant benefits from participating in a pulmonary rehabili-
tation program, including improvement in symptoms (e.g., dyspnea) and exercise tolerance. In 
addition, many programs help to evaluate and educate patients for selecting optimal oxygen 
delivery systems. It is likely that the high prevalence of pulmonary hypertension in IIP patients 
may, in part, be related to repeated and prolonged periods of hypoxemia. Aggressive use of 
supplemental oxygen may improve or slow down the development of pulmonary hypertension 
and cor pulmonale.

lung transplantation
For many IIP patients, lung transplantation remains the only option for improving lung func-
tion and extending survival. For instance, typical IPF patients have an average survival of about 
4 years, and 30% to 50% of patients with LIP die within 5 years of diagnosis. Because of the 
risks of transplantation, as well as limited organ availability, it is important to carefully balance 
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the risks and potential benefits of transplantation for each patient. Within each subgroup of IIP, 
patient response to therapy and disease progression can be highly variable, and an individualized 
approach to assess the benefit of transplant benefit is important. Additional information is avail-
able in the chapter on lung transplantation.
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Rheumatoid arthritis (RA) is a systemic inflammatory disorder whose pulmonary effects can be 
grouped into eight categories: (1) pleural disease, (2) interstitial pneumonitis, (3) drug-related 
pulmonary disease, (4) pulmonary nodules, (5) airways disease, (6) pulmonary vascular disease, 
(7) apical fibrocavitary disease, and (8) miscellaneous effects. Although frequently present as 
distinct entities, more than one manifestation can occur simultaneously or in sequence in an 
individual with rheumatoid disease.

PleURal Disease
Pleural disease is the most frequent pulmonary manifestation; it occurs as pleurisy in 20% of 
cases or as pleural effusion in 3% to 5%. In addition, asymptomatic pleural involvement is prob-
ably common, because autopsy series show pleural fibrosis or pleural effusion in approximately 
50% of patients with RA. Despite the fact that RA itself is more common among women, pleural 
disease has a striking predominance for middle-aged men. It can occur at any time during the 
course of the RA; in 20% of cases, however, it immediately precedes or occurs at the onset of 
arthritis. The presence of pleural disease appears to bear no definite relationship to the activity of 
the arthritis or to the titer of rheumatoid factor but correlates to some extent with the presence 
of subcutaneous nodules. Pathologically, the pleura shows chronic (mononuclear cell) inflamma-
tion; pleural or subpleural rheumatoid nodules may occasionally be seen.

Symptoms, which are usually minimal, are absent at least one-third of the time. When 
present, symptoms can include pleuritic pain or cough. Rarely, a large effusion causes dyspnea, 
especially in individuals with underlying parenchymal lung disease. Fever is uncommon. The 
chest roentgenogram reveals pleural thickening or effusion, which is unilateral in 80% of cases 
with a right-sided predominance.

A diagnostic thoracentesis is indicated to rule out other etiologies such as malignancy or 
infection. The pleural fluid is characteristically a yellow-green color, although long-standing ef-
fusions may have an opalescent or milky quality from cholesterol crystals. Rheumatoid effusions 
are exudative and have elevated protein levels and lactate dehydrogenase levels frequently above 
1,000 U/L. The pH and glucose levels are low. The glucose is less than 50 mg/dL in 80% of 
cases and is less than 25 mg/dL in 66% of patients. The pleural fluid glucose fails to rise during 
intravenous infusions of glucose—a characteristic that distinguishes rheumatoid effusions from 
low glucose effusions caused by other diseases. The hyaluronidase level may be elevated. The 
differential cell count is usually lymphocytic, but granulocytes can predominate if the thora-
centesis is done early on in the inflammatory process. Rheumatoid factor is present in higher 
concentrations than in the serum, but this is a nonspecific finding that occurs in effusions from 
other causes as well. Complement levels in pleural fluid can be sharply reduced in comparison 
with blood levels, a finding that distinguishes rheumatoid effusions and effusions secondary to 
systemic lupus erythematosus from those of other causes. A characteristic pleural fluid cytologic 
triad of elongated macrophages, giant multinucleated macrophages, and granular cell debris is 
felt to be diagnostic and should be sought. Mesothelial cells are nearly always absent. Pleural 
biopsy may be required to rule out malignancy or infection.

The pleural effusions in RA tend to resolve spontaneously over the course of several months 
and frequently leave residual pleural thickening. Rarely, such thickening is sufficient to cause sig-
nificant lung restriction and lead to consideration of pleural decortication. If the pleural disease 
causes significant dyspnea or other symptoms, therapeutic options include (1) nonsteroidal anti-
inflammatory drugs, (2) drainage by thoracentesis or chest tube, (3) a trial of oral or intrapleural 

Pulmonary 
Manifestations of 
Rheumatoid Arthritis
Frank D. Bender

95



    Chapter 95 • Pulmonary Manifestations of Rheumatoid Arthritis   5 4 1

corticosteroids if the effusion recurs, and (4) pleurodesis. Approximately 20% of RA-associated 
pleural effusions are persistent. Most of these, however, resolve within 1 to 5 years. Empyema 
has been reported to complicate rheumatoid pleural effusion, possibly because of impaired local 
defense mechanisms in conjunction with necrosis of a subpleural necrobiotic nodule. Systemic 
steroids, if used, could contribute to or mask the presence of an empyema, and those undergoing 
this treatment should be monitored carefully.

inteRstitial PneUMonitis
Interstitial pneumonitis, historically and clinically indistinguishable from the idiopathic variety, 
occurs with greater-than-expected frequency in patients with RA. Conversely, 15% to 20% of 
patients with idiopathic interstitial pneumonitis either have a positive rheumatoid factor or de-
velop symmetric polyarthritis consistent with RA during their clinical course. As with pleural 
disease, men are overrepresented. Interstitial pneumonitis precedes the onset of arthritis in 20% 
of patients. Patients are generally seropositive, but the activity of the arthritis bears no relation-
ship to the occurrence or severity of the interstitial pneumonitis.

The exact incidence of interstitial pneumonitis in RA is unclear. Characteristic roentgen-
ographic findings of interstitial pneumonitis, a diffuse reticulonodular infiltrate with basilar 
predominance, occurred in 1.6% in a series of 516 patients with RA. Other series show char-
acteristic plain chest film abnormalities in up to 6% of patients. High-resolution computed 
tomography (HRCT) is more sensitive than a plain chest roentgenogram in detecting interstitial 
disease. Various series report interstitial abnormalities in 10% to 60% of patients. Pulmonary 
function test abnormalities indicating characteristically restriction and reduced diffusing capac-
ity abnormalities occur frequently. One report describes abnormal pulmonary function in 41% 
of an unselected series of patients with RA, the majority of whom had no pulmonary symptoms. 
The carbon monoxide diffusing capacity (Dlco) is believed to be more sensitive than spirometry 
and lung volume determination in detecting interstitial disease. A recent study concluded that a 
diffusing capacity less than 54% of predicted at presentation is a sensitive predictor of progres-
sive interstitial lung disease.

With a combination of imaging techniques, physiologic testing, and bronchoalveolar lavage, 
abnormalities suggesting interstitial lung disease can be seen in up to 58% of patients with recent 
onset RA. In 14%, the changes are clinically significant. Cigarette smoking is an important risk 
factor in the development and progression of interstitial disease. Patients should be counseled 
regarding smoking cessation. Serologic testing for circulating levels of KL-6 (a MUC1 mucin) 
has been proposed as a sensitive marker for active rheumatoid interstitial pneumonitis as well as 
other forms of interstitial lung disease.

Nonproductive cough, exertional dyspnea, and easy fatigability are the most frequent symp-
toms. Clinical stability may be present for years, or, rarely, a rapid progression toward respiratory 
failure is seen. Examination reveals characteristic fine “Velcro” bibasilar crepitation. Subcutane-
ous nodules occur in most cases, and finger clubbing is quite common. Symptomatic individu-
als demonstrate hypoxemia (worsened by exercise), diminished Dlco, and reduced static lung 
volumes. The course of rheumatoid interstitial pneumonitis is variable.

The decision to treat rheumatoid-associated interstitial disease is based on the initial severity 
of symptoms and of physiologic impairment, as well as on the rate of deterioration over time. 
No controlled studies exist to guide treatment options. Initial treatment is usually with cortico-
steroids plus an immunosuppressive agent: cyclophosphamide or aziothioprine. Mycophenolate 
may have a role in treatment, although the series reporting a benefit had a small number of pa-
tients. Oxygen is given for hypoxemia. When appropriate, referral for lung transplantation may 
be considered. A poor prognosis for patients with RA hospitalized for evaluation or treatment 
of interstitial pneumonitis has been reported, with a median survival of 3.5 years and a 5-year 
survival of 39%.

DRUg-RelateD PUlMonaRy Disease
The possibility of drug-induced interstitial pneumonitis and of other pulmonary reactions 
to treatment must be kept in mind when evaluating patients with RA. Methotrexate causes 
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pulmonary reactions in 1% to 5% of patients. An acute hypersensitivity interstitial pneumoni-
tis is most common. Other reactions include pleuritis, hilar adenopathy, and nodules. Eosino-
philia may be seen in up to 50%. Cough not associated with interstitial disease can occur, and 
which is thought felt to be an irritant effect of methotrexate. Risk factors for the development 
of methotrexate-associated pulmonary toxicity include advanced age, diabetes, low serum albu-
min, preexisting interstitial abnormalities, and previous adverse reactions to disease-modifying 
antirheumatic drugs. Low-dose methotrexate is not associated with the development of chronic 
interstitial lung disease. Opportunistic infections may occur.

Gold can produce interstitial pneumonitis. Factors that can help in distinguishing gold-
induced interstitial pneumonitis from rheumatoid-associated interstitial disease are a female pre-
dominance, the presence of a skin rash or fever, low titers of rheumatoid factor, a lymphocytosis 
in bronchoalveolar lavage fluid, and gold-specific chest CT findings. With both methotrexate 
and gold, treatment of pulmonary toxicity involves withdrawal of the drug and administration 
of corticosteroids.

Ibuprofen has been associated with hypersensitivity pneumonitis, pleural effusions, and ex-
acerbation of asthma. Corticosteroids are associated with opportunistic pulmonary infections 
that can resemble an interstitial pneumonitis.

Antitumor necrosis factor-α (anti-TNF-α) drugs, etanercept, infliximab, and adalimumab, 
have been associated with rapidly progressive, often fatal pulmonary fibrosis. They also raise the 
risk of opportunistic infections, particularly mycobacterial and fungal infections. Mycobacterium 
tuberculosis is more frequent. Infection may occur early in the treatment and present with extra-
pulmonary disease.

Leflunomide has been associated with fatal exacerbation of interstitial lung disease, pulmo-
nary nodules, diffuse alveolar hemorrhage, and alveolar proteinosis.

In general, the evaluation and management of possible drug-related pulmonary toxicity re-
quires (1) excluding progression of rheumatoid interstitial disease and infection; (2) withdrawing 
the potentially offending drug (and not rechallenging); and (3) treating with corticosteroids, as 
appropriate.

Bronchoscopy with lavage and/or open-lung biopsy should be considered in cases (1) of 
rapidly progressive interstitial disease; (2) where concern exists regarding drug-induced disease 
or opportunistic lung infection; or (3) of unexplained fever.

PUlMonaRy noDUles
Necrobiotic nodules in the lung parenchyma, either single (34% of cases) or multiple (66%), can 
occur at any time during the course of RA. They sometimes occur coincident with an exacerba-
tion of joint symptoms. Necrobiotic nodules are more common in men and correlate with the 
presence of subcutaneous nodules. Histologically identical to subcutaneous rheumatoid nod-
ules, they are characterized by palisading epithelial cells surrounding a central core of fibrinoid 
necrosis. These lesions tend to be asymptomatic unless they become very large, when they can 
cause compressive symptoms. They infrequently undergo cavitation, at which time minimal 
hemoptysis may be present. Few become infected. Nodules can rupture into the pleural space, 
resulting in bronchopleural fistulas, pleural effusions, pneumothoraces, or pyopneumothoraces. 
On chest radiographs, the nodules appear as rounded, homogenous densities 0.3 to 7.0 cm in 
diameter, typically located in the peripheral lung fields. They can persist unchanged, cavitate, 
or resolve spontaneously; frequently, they wax and wane with disease activity. Although reports 
attest to steroids hastening their resolution, most nodules require no specific therapy; however, a 
single nodule requires the same evaluation as any  solitary pulmonary nodule.

Caplan syndrome was initially described as the appearance of nodular pulmonary opacities 
in coal miners with simple pneumoconiosis who had symmetric polyarthritis consistent with 
rheumatoid disease, a positive rheumatoid factor, or both. The syndrome has subsequently been 
described in individuals with occupational exposure to silicates, asbestos, iron, and aluminum 
powder. Histologically, the nodules resemble necrobiotic nodules except that a zone of inflam-
matory cells containing the offending dust is interposed between the palisading epithelial cells 
and the central necrosis. The nodules tend to occur in crops, which may herald the onset or 



    Chapter 95 • Pulmonary Manifestations of Rheumatoid Arthritis   5 4 3

worsening of arthritis symptoms. Roentgenographically, the nodules are multiple, 0.5 to 5.0 cm 
in diameter, and peripherally located. They frequently undergo cavitation and occasionally 
 calcify. No specific therapy currently exists.

aiRWays Disease
Upper airways involvement in RA most commonly affects the cricoarytenoid joint. Up to 75% 
of patients may have abnormalities recognized with laryngoscopy and CT scan. Symptoms may 
be mild and chronic; however, an acute presentation with stridor may require emergent air-
way management. In addition, C1–C2 subluxation which can occur with neck hyperextension 
during oral endotracheal intubation can produce quadriplegia. The use of smaller endotracheal 
tubes and possibly fiber optic intubation may reduce the risks of laryngeal complications with 
surgery. Vocal cord nodules and obstructive sleep apnea may also be seen.

Distal airways involvement in RA can manifest as small airways disease with expiratory air-
flow obstruction, bronchiolitis obliterans with organizing pneumonia (BOOP), obliterative 
bronchiolitis, follicular bronchiolitis, or bronchiectasis.

Small airways disease resulting in expiratory airflow obstruction occurs in 16% to 30% of 
nonsmokers and 60% of smokers with RA. Airflow obstruction is caused by a peribronchi-
olar mononuclear cell infiltration, which can progress to an obliterative bronchiolitis. Small 
airways disease is associated with the presence of rheumatoid factor in high titer, rheumatoid 
nodules, keratoconjunctivitis sicca (Sjögren syndrome), and specific human leukocyte antigen 
alloantigens.

Pathologically, BOOP is defined as granulation tissue in terminal bronchioles with distal 
organizing pneumonia. BOOP is associated with restrictive pulmonary function tests, cough, 
fever, weight loss, dyspnea, and bilateral pulmonary infiltrates. Corticosteroids are useful for 
treatment.

Obliterative bronchiolitis is pathologically a constrictive peribronchiolar fibrosis involving 
small airways. Despite the similar sounding name, this disorder is pathologically and prognosti-
cally distinct from BOOP. Obliterative bronchiolitis is associated with obstructive pulmonary 
function tests, female gender, more advanced rheumatoid disease, use of gold and penicillamine, 
and Sjögren syndrome. Rapidly progressive dyspnea with cough is seen. Corticosteroids are used 
in treatment.

Follicular bronchiolitis is characterized by lymphocytic infiltrates with hyperplastic lymphoid 
follicles along bronchioles. Clinically, patients have dyspnea with cough and, sometimes, fever. 
Pulmonary function tests may show a mixed obstructive and restrictive pattern with a reduced 
diffusing capacity.

Bronchiectasis is seen in 35% of patients on HRCT scan and may reflect the result of small 
airways disease and recurrent infections.

PUlMonaRy VasCUlaR Disease
Severe pulmonary vascular involvement in RA is rare. Several cases of progressive pulmonary 
hypertension with resultant cor pulmonale have been reported in young women with long-
standing RA. Although lung tissue from individuals with rheumatoid interstitial pneumoni-
tis occasionally contains a minor component of vasculitis, lung histology from these women 
predominantly reveals pulmonary arteritis with fibrotic intimal proliferation and medial hy-
pertrophy within small muscular pulmonary arteries and negligible interstitial pneumonitis. 
Whether such cases represent a distinct variant of rheumatoid lung disease rather than a coinci-
dental association of pulmonary arteritis with RA remains unclear. Patients with this syndrome 
have a poor prognosis. They present and behave similarly to those with primary pulmonary 
hypertension.

Pulmonary hypertension (pulmonary artery systolic pressure of 30 mmHg or more by 
 Doppler echocardiography) was detected in 31% of a group of patients with RA. Two-thirds of 
this group had no clinical evidence of heart disease or pulmonary function test abnormalities.

Pulmonary capillaritis and diffuse alveolar hemorrhage have been described, but they are 
rare. Secondary pulmonary hypertension from interstitial pneumonitis can occur.
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aPiCal FiBRoCaVitaRy Disease
Apical fibrocavitary lesions have been described in a very small number of patients with RA. A 
recent report suggested that this is a clinically distinct pattern of lung involvement in RA. Clini-
cally, the lesions may suggest tuberculosis and look similar to the apical pulmonary lesions seen 
in ankylosing spondylitis. Pathologically, cavitary necrobiotic nodules (clinically unsuspected) 
and interstitial fibrosis are seen.

MisCellaneoUs
Other pulmonary conditions seen in patients with RA include malignancies with an increased 
incidence of bronchogenic carcinoma and lymphoma. Amyloid can produce interstitial infil-
trates or pulmonary nodules. Reduced respiratory muscle strength and endurance and a reduced 
aerobic capacity are described. Dyspnea, a result of muscle weakness, may be due to RA myositis, 
vasculitis, or treatment drugs: corticosteroids, d-penicillamine, or hydroxychloroquine. RA is 
also associated with an increased risk of deep vein thrombosis.
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SyStemic LupuS erythematoSuS
Systemic lupus erythematosus (SLE) commonly affects the lungs and pleura. Manifestations of SLE 
that directly affect the respiratory system include (1) pleuritis with or without pleural effusions; 
(2) acute lupus pneumonitis; (3) chronic interstitial pneumonitis and interstitial fibrosis; (4) 
hemorrhagic alveolitis with or without hemoptysis; (5) bronchiolitis obliterans with organizing 
pneumonia (BOOP); (6) diaphragm–respiratory muscle dysfunction; (7) upper airway dysfunc-
tion; (8) pulmonary hypertension with or without thromboembolic disease; (9) less commonly, 
diffuse lung disease findings of organizing pneumonia (OP), diffuse alveolar damage (DAD), or 
acute fibrinous and organizing pneumonia (AFOP); and (10) risk for lung cancer. The indirect 
effects of SLE on the lungs arise from predisposition to infection; in fact, pneumonia is the most 
frequent cause of infiltrates in patients with lupus.

Pleuritis and accompanying pleuritic chest pain, with or without effusions, are the most 
common pulmonary manifestations of SLE, occurring in 50% to 75% of patients, with a slightly 
higher male predominance. It can occur at any time during the clinical course and is the initial 
manifestation in approximately one-third of cases. The effusions are generally small and bilat-
eral, but can be massive, unilateral, or associated with a pericardial effusion. The exudative fluid 
can be clear or serosanguineous, and the pH can be high or low; however, the glucose is usually 
greater than 56 mg/dL, which is useful in distinguishing it from a rheumatoid effusion. Cell 
counts reveal predominantly polymorphonuclear cells. Total hemolytic complement and serum 
antinuclear antibody (ANA) titers can be variable, but pleural fluid ANA titers greater than 
1:320 strongly support the diagnosis of SLE pleuritis. Lupus erythematosus cells in the pleural 
fluid are diagnostic. Although most pleural effusions resolve completely with steroid therapy, 
some residual pleural thickening can persist.

The incidence of interstitial pneumonitis in SLE is controversial, depending on whether 
clinical, pulmonary function testing, or histologic findings are used as the criteria for diagnosis. 
Histologic changes display a spectrum similar to idiopathic interstitial pneumonitis, ranging 
from interstitial mononuclear infiltration to extensive fibrosis. The presence of anti-Sm antibod-
ies in the serum significantly correlates with lung fibrosis. Clinically, acute lupus pneumonitis 
often presents with the sudden appearance of fever (as high as 104°F) and a nonproductive 
cough, which can progress rapidly to frank respiratory failure. Histology reveals a florid mono-
nuclear cell infiltrate, interstitial thickening, alveolitis, and vasculitis. Several series report find-
ings of immune complexes and complement within the alveolar walls, the pulmonary arterioles, 
and small vessels.

In contrast to other collagen vascular diseases such as rheumatoid arthritis and scleroderma, 
chronic interstitial pneumonitis and interstitial fibrosis are uncommon in SLE. In one report, 
fibrosis was observed in fewer than 3% of patients with lupus. Patients with fibrosis tend to be 
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older (45–50 years) and have had a prolonged duration of disease before the development of 
chronic lung disease. The histologic findings include evidence of (1) chronic or recurrent pneu-
monitis, (2) interstitial and alveolar fibrosis, and (3) immunoglobulin and complement deposi-
tion in the alveolar septae. The nail-fold capillary density is a useful physical finding, because it 
correlates with the extent of gas exchange deficiency. Both acute and chronic lupus pneumonitis 
may clear radiographically. However, they can also progress to advanced interstitial fibrosis and 
honeycomb lung. Even after improvement in symptoms and radiographic appearance, decreased 
diffusing capacity of lung for carbon monoxide (Dlco) and restrictive defects in pulmonary 
function often persist.

Pulmonary alveolar hemorrhage is a relatively rare presenting feature of SLE. It occurs pre-
dominantly in women and is associated with the presence of lupus nephritis. In the correct 
setting, the combination of anemia, dyspnea associated with hypoxemia, and new radiographic 
chest infiltrate may suggest its presence. Mortality approaches 50% and is even higher in patients 
who have required mechanical ventilation, have received cyclophosphamide (perhaps indicat-
ing more advanced disease), or have a nosocomial infection. Pathology usually shows a small 
vessel capillaritis, arteriolitis, and venulitis. Immune complex deposition in a granular pattern 
distinguishes the pathology of diffuse alveolar hemorrhage (DAH) in SLE from Goodpasture’s 
(linear distribution).

A relatively common histologic finding in open-lung biopsy specimens is cryptogenic orga-
nizing pneumonia (COP), which includes characteristic plugs of granulation tissue within small 
airways and alveolar ducts in conjunction with inflammatory changes of the bronchioles and 
pulmonary parenchyma. The usual associated clinical presentation is nonspecific, and patients 
may show a restrictive ventilatory defect. Diagnosis requires thoracoscopic or open-lung biopsy, 
and the pathologic changes tend to respond to steroid treatment.

Physiologic studies include the importance of diaphragmatic and respiratory muscle weak-
ness as a cause of dyspnea and a restrictive ventilatory defect in some patients with SLE. A 
condition known as shrinking lung syndrome consists of dyspnea with chest radiograph findings 
of small lung volumes, elevated hemidiaphragms, and basilar atelectasis. Maximal inspiratory 
pressure and maximal expiratory pressure measurements demonstrate inspiratory and expira-
tory respiratory muscle weakness as the basis for the restrictive ventilatory defects. Comparing 
the movement of the two hemidiaphragms by fluoroscopy is not useful because both tend to 
be affected. Transdiaphragmatic pressure during active breathing, measured by esophageal and 
gastric balloons, confirms the presence of diaphragmatic weakness. Most patients do not have 
diffuse muscle weakness; therefore, random muscle biopsy is of little utility. The pathogenesis 
remains unclear and the optimal therapy for this syndrome has not been established. This is also 
associated with pleurisy. Pleurisy with pleuritic chest pain was present at the time of evaluation 
in 65% of 77 patients reported.

Although upper airway involvement is uncommon in SLE, hypopharyngeal ulceration, la-
ryngeal inflammation, epiglottitis, and subglottic stenosis have been reported. These manifesta-
tions of SLE may result in complications following endotracheal intubation.

Pulmonary hypertension with cor pulmonale, which can be seen with or without associated 
pulmonary emboli, is significantly correlated with the antiphospholipid syndrome. In one series 
of 24 patients who had pulmonary hypertension, 68% had a lupus anticoagulant or anticardio-
lipin antibody. The cause of pulmonary hypertension in SLE can vary among patients. Possible 
causes include (1) small vessel arteriopathy, (2) chronic large vessel thromboembolic disease, 
and (3) secondary hypertension caused by end-stage parenchymal fibrosis. In many patients, the 
pathologic findings in the pulmonary vascular bed are indistinguishable from primary pulmo-
nary hypertension. Raynaud phenomenon is almost uniformly seen in cases not associated with 
parenchymal lung disease. Vasculitis and immune deposits are seen in SLE with or without the 
development of pulmonary hypertension. On the other hand, thromboembolism occurs in up 
to 25% of patients with SLE and is a major cause of death. Most patients with thromboembo-
lism are treated with life-long anticoagulation. Thromboendarterectomy for chronic pulmonary 
thromboembolic disease has been successful in lupus patients.

Less common to rare manifestations include OP and DAD. AFOP has histopathology fea-
tures of intra-alveolar fibrin deposition associated with OP. There are overlap features with 
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DAD, OP, and AFOP. Thoracoscopic or open-lung biopsy is required to differentiate these 
histopathologic findings.

Acute reversible hypoxemia has been described in patients with lupus associated with normal 
chest radiographs and widened A–a oxygen gradients. Patients generally present with pleuritic 
chest pain, dyspnea, and chest discomfort. Vital capacity and Dlco are significantly reduced. 
The syndrome appears to respond to corticosteroids, which improve oxygenation. The cause 
may be related to transient, complement-mediated aggregation, and neutrophil activation 
within the pulmonary vasculature.

There is a link between SLE and an increased risk of lung cancer. In one review of 30 cases, 
75% were female with a median age of 61 (range 21–91) years. The histologic distribution of 
the cell types of lung cancers from SLE patients was similar to that of lung cancer patients in 
the general population. In this group, 71% were smokers and only 20% were exposed to im-
munosuppressive therapies.

Pulmonary function abnormalities are common, occurring in 70% to 80% of patients with 
SLE-associated lung disease even in the absence of symptoms and radiographic abnormalities. 
The most common abnormalities are decreased Dlco and reduced lung volumes. Airway ob-
struction is unusual. Hypoxemia at rest or with exercise is present frequently. Concomitant renal 
dysfunction is seen frequently with lupus-associated pulmonary disease.

The management of pulmonary involvement in SLE is generally supportive. Corticosteroids 
appear to be the most useful drugs, with other agents such as cyclophosphamide, azathioprine, or 
mycophenolate mofetil added according to the severity of organ involvement. Therapies focus-
ing on B- and T-cell functions by rituximab (anti-CD20 monoclonal antibody) or infliximab 
(tumor necrosis factor-α blockade) are also being evaluated in ongoing studies. Even if the 
patient responds to therapy, pulmonary involvement is a poor prognostic sign; respiratory syn-
dromes in SLE have been associated with a 2-fold increased risk of death at 1 year. Pulmonary 
hypertension associated with SLE is responsive to each type of pulmonary vasodilator therapy as 
reported in the literature. For patients with pulmonary hypertension associated with pulmonary 
thromboemboli, treatment is directed for pulmonary embolic disease, acute or chronic.

SyStemic ScLeroSiS
Systemic scleroderma (SSc) is one form of scleroderma that involves internal organs as well as the 
characteristic skin disorder, which typically undergoes serial changes from the edematous phase 
to induration and skin thickening and tightness. Eventually, pitting scars and acrosclerosis can 
also occur in the fingers. The other form of this disease is localized to skin and adjacent tissues 
(morphea, linear scleroderma). Systemic sclerosis is further categorized into five subsets based on 
the extent and distribution of the skin involvement, plus the pattern of internal organs involved: 
diffuse cutaneous, limited cutaneous, sine scleroderma, environmentally induced scleroderma, 
and overlap syndrome with other collagen vascular diseases.

The two most common subsets of SSc are diffuse cutaneous and limited cutaneous. The 
disease is considered to be either diffuse or limited based on the extent and distribution of skin 
involvement plus internal organs affected.

Diffuse cutaneous systemic sclerosis (dcSSc) is associated with diffuse, often rapidly progres-
sive, skin involvement of the chest, abdomen, shoulders and upper arms, and internal organ 
injuries due to fibrosis and/or ischemic vascular disease. Raynaud phenomenon generally is fol-
lowed rapidly by the onset of skin and other systemic changes. Internal organ involvement with 
renal disease, interstitial pulmonary fibrosis, GI (esophageal dysmotility), and myocardial disease 
can occur early and be significant, and overall prognosis is generally poor.

Limited cutaneous systemic sclerosis (lcSSc) differs from dcSSc in that the skin involve-
ment is generally limited to the hands and distal forearms as well as the face and neck, and there 
is often prolonged delay in the appearance of internal organ manifestations. Limited cutane-
ous SSc is  associated with vascular manifestations such as telangiectasia and calcinosis; in its 
full form, it is often associated with the CREST syndrome. The CREST syndrome consists of 
(1)  calcinosis  cutis, (2) Raynaud phenomenon, (3) presence or absence of esophageal dysfunc-
tion, (4) sclerodactyly, and (5) telangiectasias. Raynaud phenomenon may be present for an 
extensive period of time before diagnosis.
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The other subsets of SSc include sine scleroderma, which is a rare form with the presence of 
internal organ disease without skin involvement; environmentally induced scleroderma, with the 
manifestations of scleroderma precipitated by exposure to a chemical agent (e.g., vinyl chloride 
or pesticides); and overlap syndrome including features of scleroderma as well as manifestations 
of other collagen vascular diseases.

Systemic sclerosis commonly affects the lung. Lung pathology is second in frequency to 
esophageal disease, and pulmonary complications are the most frequent cause of death, making 
early detection of lung involvement an important predictor of survival. Pulmonary pathology is 
found in approximately 90% of patients at autopsy.

The most common lung abnormalities include interstitial lung disease and pulmonary 
 arterial hypertension (PAH). The most common pattern of diffuse lung disease is nonspe-
cific  interstitial pneumonitis (NSIP). This pattern is seen in up to 75% of patients with SSc- 
associated interstitial lung disease. It is more frequent in dcSSc (approximately 40%) than in 
lcSSc  (approximately 35%). A small subset of these patients evolves to end-stage pulmonary 
fibrosis, with histopathology consistent with findings of usual interstitial pneumonia (UIP).

PAH occurs in up to 40% of patients with systemic sclerosis. PAH occurs in both diffuse 
and limited forms of disease but is seen 10 times more commonly in the limited cutaneous form 
of systemic sclerosis. PAH can occur with or without interstitial pulmonary fibrosis. When PAH 
develops, it can lead to cor pulmonale and right-sided heart failure.

Other pulmonary conditions associated with systemic sclerosis include aspiration pneu-
monitis associated with esophageal dysmotility, airway disease, hypoventilation due to neuro-
muscular weakness, extrinsic pulmonary restrictive physiology due to chest wall involvement of 
cutaneous skin disease, pleural effusions, pneumothorax, and lung cancer.

Patients with scleroderma have significantly higher risk for lung cancer than the general 
population. Scleroderma patients who smoke have a 7-fold higher risk as compared to nonsmok-
ing scleroderma patients, and nonsmoking scleroderma patients have a 5-fold higher risk for 
developing lung cancer as compared to age- and gender-matched subsets of the general popula-
tion. This appears to be similar for both diffuse cutaneous as well as limited cutaneous forms of 
systemic sclerosis.

Although the lung is commonly affected, respiratory symptoms are rarely the presenting 
complaint. Dyspnea on exertion is the most common pulmonary symptom, followed by a non-
productive or minimally productive cough. Pleuritic chest pain and pleural effusions are rare. 
Lung examination reveals basilar inspiratory crackles. Signs of pulmonary hypertension may be 
present, depending on the severity of the disease. The finding of digital ulcers is associated with 
interstitial lung disease but not PAH.

Pulmonary function studies are abnormal in most patients; decreased Dlco is the most com-
mon finding, followed by reduced lung volumes and airway obstruction. Chest roentgenograms 
reveal interstitial infiltrates in approximately one-third of patients. The echocardiogram with 
estimated pulmonary arterial pressures can screen for the development of PAH. However, if ab-
normal, a right-heart catheterization is required to diagnose PAH. An exercise echocardiogram 
may need to be performed to elicit abnormal elevation in pulmonary artery pressure.

There is no specific laboratory test for systemic sclerosis; the diagnosis is based on a constella-
tion of clinical and laboratory findings. Raynaud phenomenon and sclerotic skin changes occur 
in over 90% of these patients at various times of the disease, and about 80% will eventually 
develop some degree of esophageal dysmotility. Various autoantibodies have been associated 
with systemic sclerosis, but the incidence varies widely, with many autoantibodies developing 
late in the course of the disease. ANA, typically of a speckled fluorescence but also nucleolar, is 
found in more than 90% of patients with scleroderma. Several “scleroderma-specific” antibod-
ies demonstrate specificity of 70% to 80%, but poor sensitivities of less than 20%. In general, 
anti-DNA topoisomerase I (Scl-70), anti-U3 ribonucleoprotein (anti–U3-RNP), and anti-RNA 
polymerase I, II, and III antibodies are associated with diffuse scleroderma and renal crisis, 
whereas anticentromere antibody (ACA) is positive in 25% to 30% of all systemic sclerosis 
patients and up to 70% to 80% of patients with lcSSc. Patients who are ACA positive have been 
noted to have a decreased frequency of interstitial fibrosis and restrictive lung disease, but are 
prone to develop PAH and esophageal disease. On the other hand, anti–Scl-70 antibodies are 
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associated with diffuse skin involvement, visceral organ involvement, interstitial lung disease, 
and a greater risk of cancer. Finally, anti-PM/Scl tends to be found in those with scleroderma/
polymyositis overlap syndrome.

Because of the lack of specific markers for diagnosis, and the lag time for the development 
of full disease manifestations, a recently proposed scheme was developed for early diagnosis 
of systemic sclerosis. A diagnosis of systemic sclerosis should be considered in patients with 
a combination of Raynaud phenomenon, “puffy fingers,” and positive antinuclear antibodies. 
This should then be followed by nail-fold capillaroscopy (for abnormal capillary dilation and/or 
dropout) and blood tests for scleroderma-specific antibiotics. A diagnosis of systemic sclerosis is 
made if either test is positive.

The age distribution and gender predominance of pulmonary involvement reflect those of 
systemic sclerosis in general: most patients are in the fourth to sixth decades with a 3:1 female 
predominance.

It is believed that a multifactorial complex pathologic process involving hyperproliferative 
lung fibroblasts from increased expression of transcription factor Sp1, endothelial injury, and 
impaired vasodilation plays a role in promoting and advancing pulmonary fibrosis. As fibrosis 
progresses, severe pulmonary architectural distortion occurs, which is associated with bronchiec-
tasis and the formation of cystic air spaces of up to 1 to 2 cm in diameter in a subpleural distribu-
tion. Rupture of these cysts can result in spontaneous pneumothorax. Pulmonary hypertension 
can also develop in association with the interstitial lung process. Radiographic (HRCT scan) 
evidence of fine basilar reticular or reticulonodular changes is usually accompanied by restrictive 
pulmonary function defects. Reduced Dlco may be the first indication of pulmonary involve-
ment and has been found to be quite sensitive. In the absence of radiographic or ventilatory de-
fects, significant dyspnea with a low Dlco suggests the presence of pulmonary vascular disease.

The incidence of PAH in scleroderma ranges from 6% to 60%, depending on the test used 
to diagnose PAH. Additionally, the presence of autoantibodies to antitopoisomerase 1 is as-
sociated with severe pulmonary vascular disease. The pathogenesis of PAH is believed to be 
secondary to inflammatory and fibrogenic pathways in blood vessels and the heart. Fibrosis and 
perivascular cellular infiltration with activated T cells in the pulmonary arteries lead to pulmo-
nary hypertension and cor pulmonale. Left-ventricular failure, secondary to systemic hyperten-
sion or cardiomyopathy, is frequently coexistent. Isolated PAH has a worse prognosis than PAH 
secondary to fibrosis, with a poor prognosis and 2-year survival of 40%. Early diagnosis and 
treatment are critical.

Pleuritis is present histologically in up to 85% of patients at autopsy, but is only symptom-
atic in 16% of patients with scleroderma. Clinically significant effusions are uncommon. Pleural 
effusions or pleural thickening occur as a result of scleroderma involving the pleura or secondary 
to congestive heart failure from cardiac involvement. Reexpansion of the lung after thoracentesis 
is usually slow because of decreased lung compliance and recurrence is common, often requiring 
pleurodesis.

Aspiration pneumonitis can occur because of esophageal dysfunction, which can contribute 
to the development of chronic pneumonitis. Respiratory muscle dysfunction without general-
ized weakness has been reported to occur, similar to the phenomenon described in SLE.

A 2-fold increased incidence of bronchogenic carcinoma has been observed with systemic 
sclerosis, relative to the normal population. Older patients, diffuse disease, presence of pulmo-
nary fibrosis, and antitopoisomerase 1 antibody have been associated with an increased risk of 
cancer in scleroderma.

Low vitamin D levels have been found in patients with systemic sclerosis. In one study, sys-
temic sclerosis patients with low vitamin D levels demonstrated more severe disease. In another 
study, patients with systemic sclerosis, compared to matched healthy controls, had lower vitamin 
D levels. It may be beneficial to measure vitamin D levels and replace as necessary. However, the 
impact on the course of this disease is unknown.

No therapeutic regimens exist to reverse the interstitial pulmonary fibrotic disease at an early 
stage. There have been several studies evaluating the role of cyclophosphamide therapy for pul-
monary fibrosis associated with systemic sclerosis with both the oral and intravenous routes of 
administration. A common finding from these different studies is stabilization in improvement 
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of lung function at the completion of the treatment phase of up to 1 year, but effectiveness 
in maintaining the gains achieved may vary. Some studies reported sustained improvement in 
lung function after 2 and 3 years off therapy, while another reported decline in function after 
1 year off therapy. Cyclophosphamide was also found to improve health-related quality of life 
parameters after 1 year of therapy. Another study evaluated the use of cyclophosphamide initially 
followed by subsequent treatment with azathioprine to sustain the improvements of the initial 
therapy. Mycophenolate mofetil is also being studied for its effectiveness in treatment of pul-
monary fibrosis associated with systemic sclerosis. The results of two independent small studies 
for mycophenolate mofetil appeared promising with improvement or trend to improvement in 
lung function after 1 year of therapy. Mycophenolate mofetil improves the cutaneous changes 
of this disease.

Treatment of PAH needs to be given early due to the severity of this progressive disease 
in patients with systemic sclerosis. Oxygen, oral pulmonary vasodilator therapy, and/or pros-
tacyclin analogs have demonstrated effectiveness in reducing pulmonary artery pressures and 
improving cardiac output and exercise capacity. Many authors advocate the addition of war-
farin anticoagulation, based on its apparent efficacy in the treatment of primary pulmonary 
hypertension.

Lung transplantation may be an option for some patients with systemic sclerosis. One cen-
ter’s experience compared outcomes of two groups of transplanted patients with systemic sclero-
sis or idiopathic pulmonary fibrosis (IPF). The 1-year all-cause mortality did not differ between 
the two patient groups. The incidence of acute rejection was higher in the systemic sclerosis 
group, but chronic rejection, infection, and pulmonary function showed no difference. Trans-
plantation may be an option but will need to be an individualized decision based on extent and 
severity of other organ involvement.

poLymyoSitiS
Polymyositis (PM) is an inflammatory, autoimmune myopathy characterized by proximal muscle 
weakness. Dermatomyositis (DM) is similar to PM and additionally involves the skin with a char-
acteristic heliotrope rash. Pulmonary involvement has been reported in up to 10% of patients 
and is a significant cause of mortality. Both conditions have a 2:1 female predominance with a 
peak incidence in the fifth and sixth decades. The syndromes associated with PM and DM can 
be loosely separated into the following categories: (1) adult PM, (2) adult DM, (3) childhood 
PM or DM, (4) PM or DM associated with malignancy, and (5) PM or DM associated with a 
preestablished collagen vascular disease.

The syndrome may affect the lung in any of the following ways: (1) primary interstitial 
pneumonitis with progression to fibrosis; (2) pulmonary hypertension secondary to interstitial 
lung disease or pulmonary vascular disease; (3) recurrent aspiration pneumonitis secondary to 
esophageal muscle dysmotility; (4) respiratory muscle weakness with resultant hypoventilation, 
atelectasis, and pneumonia; (5) spontaneous pneumomediastinum; and (6) COP.

The pulmonary component of PM or DM can precede the muscle symptoms by years. 
When interstitial pneumonitis precedes muscle manifestations, the diagnosis can be missed 
because of the focus on the pulmonary disease. The presence of serum antibody to histidyl-
tRNA-synthetase (anti–Jo-1) significantly correlates with interstitial lung disease in up to 75% 
of patients. The discovery of this antibody in a patient with isolated pulmonary interstitial lung 
disease may be helpful in predicting the future development of PM or DM.

The antisynthetase syndrome consists of interstitial lung disease, arthritis, myositis, fever, 
mechanic’s hands, and Raynaud phenomenon in the presence of antisynthetase autoantibody, 
most commonly anti-Jo-1. Other antisynthetase autoantibodies are also believed to be associated 
with this clinical presentation.

Two other forms of respiratory involvement can occur as complications of therapy: (1) op-
portunistic infection secondary to immunosuppressive drugs and (2) drug-induced lung changes 
secondary to cytotoxic therapy for the muscle component of the disease.

Spontaneous pneumomediastinum is a rare complication of PM/DM. Up to 25% of pa-
tients in one series died within 1 month of occurrence. Pneumomediastinum can occur prior 
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to DM diagnosis or with no or minimum muscle involvement. Severe pulmonary disease was 
present prior to the onset of the pneumomediastinum.

PM/DM is recognized to be associated with malignancies. Common cancers associated with 
PM/DM include ovarian, lung, pancreatic, breast, and stomach. A rarer occurrence is the as-
sociation with hematologic malignancies, including acute myelocytic leukemia. Interstitial lung 
disease is less commonly seen in PM/DM associated with malignancy.

The pathologic findings differ between patients with acute, symptomatic interstitial lung 
disease and those with a more subacute or chronic presentation. In the acute presentation, pa-
tients may present with cough, fever, and dyspnea with or without skin or muscle findings. 
The chest radiographic study reveals diffuse mixed alveolar interstitial infiltrates. The clinical 
course is similar to Hamman–Rich syndrome. Pathologic findings include NSIP, usual inter-
stitial pneumonitis, COP, or DAD with focal alveolar hemorrhage. Small vessel vasculitis (pul-
monary capillaritis) was recently reported in several patients with PM, where pulmonary and 
muscle symptoms presented simultaneously. With the chronic presentation, pathology usually 
is consistent with usual interstitial pneumonitis. The pathogenesis of the muscle and pulmonary 
manifestations of the disease is thought to involve T-cell activation by muscle autoantigens, 
resulting in a release of interleukin-2 and γ-interferon. Subsequent promotion of macrophages 
and a cytokine called macrophage inflammatory protein lead to eventual tissue injury.

Clinically, respiratory symptoms are absent in up to 40% of patients with roentgenographic 
or histologic pulmonary changes. When symptoms occur, patients may present with dyspnea, 
dysphagia, or nonproductive cough. Examination of the lungs of patients with interstitial lung 
disease characteristically reveals fine, late inspiratory crackles (described as “Velcro-like”) in a 
bibasilar distribution. Roentgenographically, the disease manifests as lower-lobe reticulonodular 
infiltrates with an associated alveolar-filling component in 20% of patients. Pleural involvement 
is rare. Pulmonary function studies typically show a restrictive pattern caused by either intersti-
tial changes or respiratory muscle weakness. Commonly, a reduced Dlco is also found.

Routine laboratory findings are nonspecific. The sedimentation rate is usually elevated, 
whereas antinuclear antibodies and rheumatoid factor are negative. Serum levels of muscle en-
zymes (creatine kinase and aldolase) are elevated in most cases.

Response to therapy varies, depending on the histologic features. COP is most responsive to 
steroids, whereas DAD has, to date, been associated with uniformly poor prognosis. However, 
studies of different therapies are ongoing. Corticosteroids can be used alone, or in combination 
with cyclophosphamide or azathioprine for parenchymal lung disease. A small series of patients 
with DM and acute/subacute interstitial pneumonia was treated with cyclosporine and pred-
nisolone at different dosing of the cyclosporine. The group with combined prednisolone and 
cyclosporine started in the early days of lung disease manifestation had lower mortality from 
respiratory failure. A series of monthly intravenous cyclophosphamide plus oral prednisolone for 
chronic progressive interstitial pneumonia had improved symptoms, pulmonary function tests, 
and HRCT scan findings. Rituximab, an anti-CD20 monoclonal antibody targeting B cells, has 
been used in inflammatory myositis, DM more commonly but also PM. The most common 
manifestations of disease include skin and muscle weakness. The drug has been well tolerated 
with good response. The most common complication was respiratory infections.

mixed connective tiSSue diSeaSe
Mixed connective tissue disease (MCTD) has clinical and laboratory characteristics of SLE, 
PM/DM, and scleroderma. The distinguishing feature of MCTD is an antibody to extractable 
nuclear antigen (anti–nRNP-Ab) or ribonuclease-sensitive ribonucleoprotein (sn-RNP). Dilu-
tions of sn-RNP greater than 1:10,000 are considered confirmatory of MCTD. Controversy 
continues regarding whether MCTD is a distinct entity from the other collagen vasculitides.

The incidence of pulmonary involvement in MCTD is approximately 85% (n 5 34), of 
which 73% are asymptomatic. Pleural effusion (25%–50%), interstitial pneumonitis, pulmo-
nary vasculitis, pulmonary artery hypertension, pulmonary thromboembolic disease, aspiration 
pneumonia, and hypoventilatory failure can occur. Presenting symptoms include exertional 
dyspnea, nonproductive cough, pleuritic chest pain, and fever. Clubbing is not seen. Of the 
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asymptomatic patients with MCTD, 75% have evidence of pulmonary involvement on chest 
radiograph or pulmonary function studies. There is no significant HRCT scan finding that 
distinguishes MCTD from any of the other collagen vascular diseases, but interlobular septal 
thickening in the lower lobes predominates. Correlation with HLA-DR3 and interstitial pulmo-
nary fibrosis has been observed in one small study.

Histopathology of the lung in interstitial lung disease associated with MCTD is similar 
to IPF. Additionally, a proliferative vasculopathy is associated with MCTD, characterized by 
intimal thickening with medial muscular hypertrophy of the pulmonary arteries and arterioles, 
which correlates with the presence of pulmonary hypertension.

Radiographically, bilateral basilar interstitial opacities, right ventricular hypertrophy, and 
pulmonary artery enlargement can be seen. Pulmonary function abnormalities include decreased 
Dlco (up to 67% of patients) and reduced lung volumes (50% of patients). Small airway ob-
struction is seen early and is an indication of functional impairment.

It had been reported that the pulmonary disease of MCTD is benign and responds to steroid 
therapy with improvement shown on the chest roentgenogram and pulmonary function studies. 
A few reports, however, describe progressive pulmonary disease and rapid deterioration despite 
steroid therapy. Renal disease and Raynaud phenomenon is associated with a higher mortality 
rate. Some long-term follow-up studies show evolution of MCTD toward other connective tis-
sue diseases (SLE, progressive systemic sclerosis, and rheumatoid arthritis). The overall prognosis 
is estimated to be similar to that seen in patients with SLE.
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Pulmonary Langerhans cell histiocytosis (PLCH), also known as histiocytosis X, is a diffuse 
interstitial lung disease characterized histologically by a predominance of differentiated cells of 
the monocytes/macrophage lineage. The term PLCH is preferred over other names such as eo-
sinophilic granuloma or Langerhans cell granulomatosis. These are both misnomers because 
the pathologic lesions contain few, if any, eosinophils and do not form true granulomas. PLCH 
shares a spectrum of disease with Letterer–Siwe disease and Hand–Schüller–Christian disease. 
The latter two diseases have characteristic ages of onset (typically childhood), are more severe, 
and affect multiple organs including bone and, occasionally, soft tissues with infiltration of atypi-
cal histiocytes. Although PLCH was initially described as a disease of bone, isolated lung disease 
and multisystem involvement are well described.

The incidence and prevalence of PLCH are unknown. However, it is diagnosed rarely, even 
at centers that specialize in diffuse interstitial pulmonary disease. PLCH may occur at any age. 
It has been reported as early as infancy (3 months of age) and up to the seventh decade; how-
ever, most cases are diagnosed in young adulthood, between 20 and 40 years of age. PLCH was 
previously believed to affect men more than women, but recent data do not support a gender 
predilection. Women tend to develop the disease at a later age than men. Caucasians appear to 
be affected more commonly than those of African and Asian descent. There is no associated 
occupational predisposition. The most striking demographic feature of the disease is its strong 
association with current or past tobacco use. Fewer than 5% of patients are lifelong nonsmokers.

cLinicaL preSentation
Although patients with PLCH often present with pulmonary (cough, dyspnea, chest pain) or 
constitutional (fever, weight loss) symptoms, some present with asymptomatic radiographic 
findings. The most common abnormal radiographic presentation is spontaneous pneumothorax. 
Hemoptysis may occasionally occur, but this should prompt a search for opportunistic infections 
(especially Aspergillus spp.) or associated tumor. Painful bony lesions may precede lung involve-
ment and result in pathologic fracture as a presenting symptom. There are no diagnostic findings 
on bone radiographs. Diabetes insipidus may occur as a result of hypothalamic involvement and 
probably portends a poor prognosis. Airway involvement, pleural effusion, and lymphadenopa-
thy are distinctly uncommon manifestations.

The physical examination is often normal. Crackles and finger clubbing are uncommon; 
however, in advanced disease, evidence of pulmonary hypertension with associated right-heart 
failure may be present. Laboratory evaluation is typically normal. Peripheral eosinophilia is not 
associated with PLCH. Although spirometry and static lung volumes are often normal, obstruc-
tive or restrictive patterns may be seen and the diffusing capacity of the lung for carbon monox-
ide (Dlco) is characteristically reduced. Obstructive airway disease with hyperinflation occurs 
in a minority of patients with advanced cystic disease. There is usually exercise intolerance with 
activity limitation out of proportion to pulmonary function impairment. Resting room air arte-
rial blood gas measurements are typically normal until disease is advanced, but exercise testing 
may reveal gas exchange abnormalities as well as a reduction in maximum oxygen consumption 
and workload.

diaGnoSiS
The diagnosis of PLCH is strongly suggested by typical findings on the chest radiograph and 
high-resolution computed tomography (HRCT) scan. Specifically, small (2–12 mm) stellate 
nodules, upper-lobe reticulonodular opacities, and cysts or honeycombing favoring the upper 
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lung zones are strongly suggestive. Differential diagnosis of similar radiologic findings might 
include lymphangioleiomyomatosis, tuberous sclerosis, hypersensitivity pneumonitis, chronic 
eosinophilic pneumonia, sarcoidosis, and end-stage idiopathic pulmonary fibrosis. In the ap-
propriate clinical setting (i.e., young smokers), these findings may be pathognomonic. HRCT 
scanning can detect disease not readily apparent on the chest radiograph and is extremely useful 
in monitoring disease progression and response to therapy. Radiographic findings include up-
per lung zone predominance characteristically sparing the costophrenic angles, reticulonodular 
opacities, ill-defined or stellate nodules (2–12 mm size), upper-zone cysts, and honeycomb lung 
with preservation of lung volume. Patients with costophrenic angle involvement are more likely 
to experience disease progression and have an unfavorable prognosis.

The Langerhans cell, the pathologic cell type involved in PLCH, is derived from the 
 monocyte/macrophage lineage and is characterized by pale cytoplasm and a large nucleus with 
prominent nucleoli. Pentalaminar cytoplasmic inclusions seen on electron microscopy are 
known as Birbeck granules or X bodies, and are considered pathognomonic. Immunohisto-
chemical stains are positive for S100 and CD1a. These cells are normally found scattered in the 
dermis, lung, pleura, and reticuloendothelial system. Small numbers may also be seen in the 
pulmonary parenchyma of patients with idiopathic pulmonary fibrosis. Immunostaining and 
identification of the S100 protein or CD1a receptor on pathologic specimens usually obviate the 
need for electron microscopy.

In a minority of patients with PLCH (15%), the diagnosis can be established on the basis 
of appropriate radiographic studies and clinical history. In the absence of the classic find-
ings, it is necessary to obtain tissue. Bronchoalveolar lavage (BAL) is usually insufficient, al-
though recovery in the lavage fluid of more than 5% Langerhans cells is strongly suggestive. 
Transbronchial biopsy specimens may provide adequate tissue for analysis and is reported to 
be diagnostic in 10% to 40% of patients. However, the small sample size and potential for 
sampling error may yield false-negative results. Video-assisted thoracoscopic surgery or open-
lung biopsy provides larger specimens under direct visualization and is the most definitive 
diagnostic procedures.

Histopathologic specimens show an accumulation of Langerhans cells, tissue inflammation, 
fibrosis, and cystic spaces. Inflammatory lesions (cellular infiltrates) are centered around bron-
chioles, arterioles, and venules early in the disease course giving the characteristic stellate appear-
ance. The cellular infiltrate consists of Langerhans cells mixed with neutrophils, lymphocytes, 
and scattered eosinophils. Eosinophils are not a prominent component of the inflammatory 
process, and well-formed granulomas are rare. Areas of desquamative interstitial pneumonia 
(pseudodesquamative interstitial pneumonia) and respiratory bronchiolitis (smoker’s bronchi-
olitis) may also be seen. End-stage fibrosis may occur. In these cases, the typical histopathology 
may no longer be present, replaced by acellular tissue findings that may be difficult to distinguish 
from other forms of end-stage pulmonary fibrosis with findings of fibrosis, honeycombing, and 
cystic lesions.

treatment
Initial therapy should consist of smoking cessation. Clinical and radiographic resolution has 
been well described with this intervention alone. Patients who continue to smoke can expect 
gradual progression of disease. Corticosteroids and cytotoxic agents (vinblastine, methotrexate, 
cyclophosphamide, and chlorodeoxyadenosine) have failed to produce any benefit. Only pa-
tients with prominent nodular opacities respond to glucocorticoid therapy. Despite the lack of 
documented efficacy, systemic corticosteroids continue to be used in patients with progressive 
pulmonary disease, perhaps only because of the lack of any other effective treatment. Radiation 
therapy is highly effective for isolated bone lesions, but has been disappointing with respect to 
pulmonary lesions. Recurrent pneumothorax has been treated effectively with medical and surgi-
cal pleurodesis. Lung transplantation has been successful in patients with isolated end-stage lung 
disease, but PLCH has also been shown to recur in the transplanted lung.

The natural history of PLCH is extremely variable: some patients experience complete remis-
sion, and others progress to end-stage lung disease. Median survival is reported to be 12 years 
from the time of diagnosis. Almost 50% of deaths are from respiratory failure. Factors suggesting 
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a worse prognosis include extremes of age at diagnosis, low forced expiratory volume in 1 second 
(FEV1), and low Dlco, presence of pulmonary arterial hypertension, and presence of isolated lung 
disease. Patients with PLCH are at an increased risk of developing both malignant and nonmalig-
nant tumors. These include bronchogenic carcinoma and pulmonary carcinoid tumors, as well as 
hematologic malignancies (both Hodgkin and non-Hodgkin lymphoma). Recurrent spontaneous 
pneumothorax occurs in up to 25%. Associated malignancy follows only respiratory failure as cause 
of death in patients with PLCH. Patients may also develop pulmonary hypertension out of pro-
portion to the degree of pulmonary fibrosis. Pulmonary hypertension is associated with increased 
mortality that may be responsive to systemic corticosteroids. Diabetes insipidus is usually respon-
sive to chemotherapy, but patients may require long-term desmopressin replacement. Patients with 
radiographic sparing of the costophrenic angles are more likely to remain stable or improve.

Additional information for both patients and providers is available through the Histiocytosis 
Association of America (www.histio.org; 1-800-548-2758).
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neuroFibromatoSiS
Neurofibromatosis type 1 (NF1, von Recklinghausen disease) is characterized by cutaneous neuro-
fibromas, café-au-lait spots, Lisch nodules of the iris, and various other systemic manifestations. 
Von Recklinghausen disease, an autosomal dominant dysplasia of ectoderm and mesoderm with 
a variable clinical expression, appears in all races, with a prevalence of 1 in 3,000 live births. The 
NF1 gene is located on chromosome 17. In 30% to 50% of patients, there is no family history of 
the disease. The lungs and thorax are involved by cutaneous and subcutaneous neurofibromas on 
the chest wall, kyphoscoliosis, ribbon deformity of the ribs, thoracic neoplasms, and interstitial 
lung disease (ILD).

Interstitial pneumonitis occurs in a subset of patients with NF1. In a review of the literature, 
there were 64 patients with NF1 who had diffuse lung disease (DLD). Some authors state that 
7% to 20% of adults with NF1 have ILD. The mean age of patients with NF1 and DLD was 
50 years, with more males than females. Most patients report dyspnea as a complaint. The cause 
of the pneumonitis remains obscure. Pathologically, it is grossly and microscopically indistin-
guishable from idiopathic interstitial pneumonitis. The lung surface is often studded with bullae 
of varying sizes with striking upper-lobe predominance; a honeycombed appearance is common 
on sectioning. Histologic specimens show diffuse interstitial fibrosis and architectural disrup-
tion, with extensive alveolar destruction and cystic changes. Hyperplasia of neurolemma cells of 
intrapulmonary nerves has been described.

Dyspnea of insidious onset is often the presenting manifestation, although discovery in an 
asymptomatic individual through an incidental chest roentgenogram may occur. Cough occurs 
in approximately one-third of patients and chest pain in 5%. Chest radiographs in 63 patients 
revealed bullous lung disease in 73%, predominantly in the upper lobes. Basilar linear densities 
were present in 63% and honeycombing in 13%. HRCT scans revealed bullae (50%), reticular 
abnormalities (50%), ground-glass abnormality (37%), cysts (25%), and emphysema (25%). 
In one study, HRCT scans in 6 nonsmokers with NF1 demonstrated 2- to 18-mm thin wall 
cysts, upper-lobe predominant patchy ground-glass densities, and centrilobular micronodules. 
Lung cysts were located in the central or subpleural regions, or both. There was no radiologic 
evidence of lung fibrosis, honeycombing, or severe bullous disease. The chest radiograph may 
initially reveal only accentuated interstitial markings or diffusely mottled, ill-defined infiltrates. 
The infiltrates usually progress over years to a coarse linear or reticulated pattern and bulla for-
mation. Interstitial fibrosis is usually symmetric with a basal predominance. Bullae form diffuse 
fibrobullous interstitial disease. Other thoracic manifestations of this disease include paraverte-
bral neurofibroma, lateral meningocele, kyphoscoliotic vertebral deformity, and cutaneous neu-
rofibroma. Physiologic measurements reveal a combination of restrictive and obstructive defects, 
diminished carbon monoxide diffusing capacity (Dlco), and hypoxemia (initially  limited to 
exercise).

The diagnosis is generally obvious because the neurocutaneous manifestations almost invari-
ably precede the interstitial pneumonitis. Rarely, biopsy is necessary to exclude another infiltra-
tive pulmonary process. The course is variable and often slowly progressive. No specific therapy 
currently exists for pulmonary fibrosis associated with NF1.

Rarely, patients develop progressive respiratory failure with pulmonary hypertension (PH) 
leading to death. PH, when it occurs, has a late onset and female predominance and can occur 
late in the course of pulmonary disease. However, NF1-associated PH also can occur in patients 
with mild or absent parenchymal lung disease. Precapillary plexiform pulmonary arteriopathy is 
seen in NF1-associated PH, similar to idiopathic pulmonary arterial hypertension. Dyspnea and 
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symptoms of right-heart failure are major symptoms leading to the diagnosis of PH. Conven-
tional treatment with oxygen, diuretics, and anticoagulation should be considered. Treatment 
with pulmonary vasodilator medications, phosphodiesterase type 5 inhibitors, endothelin recep-
tor antagonists, and prostanoids have each been used in patients with NF1-associated PH, but 
the role of these medications is not clear. The response to these medications has varied. It has 
been reported that there has been a limited response with poor outcome. In one small series of 
seven patients, five patients died within 3 years of presentation.

Emphasis on early referral for lung transplantation assessment in eligible patients should be 
stressed. Often, referral is appropriate early in the course of the patient’s disease presentation.

Other thoracic manifestations include severe scoliosis and neurofibromas of the posterior or 
superior mediastinum. Neurofibromas arise from nerve sheaths in the sympathetic chain, vagus, 
and intercostal and intrapulmonary nerves. These tumors are commonly found adjacent to the 
spinal column. Neurofibromas can present in the tongue, larynx, trachea, and bronchi and cause 
airway obstruction. Patients may also have a hoarse voice, difficulty swallowing, or a deviated 
trachea. Neurogenic tumors involving the lung are rare, although multiple neurofibromas of 
varying size can occur. Hypoxemia can be caused by right-to-left shunts within these tumors. 
These tumors are usually benign, but malignant change can occur. The development of carci-
noma can be a complication of the diffuse interstitial disease.

LymphanGioLeiomyomatoSiS
Lymphangioleiomyomatosis or lymphangiomatosis (LAM) is a rare, progressive cystic pulmonary 
disorder with female predominance. LAM occurs in approximately 30% of women with the tu-
berous sclerosis complex (TSC) as well as in women without tuberous sclerosis (sporadic LAM, 
S-LAM). There is proliferation and infiltration of pulmonary interstitial smooth muscle cells 
with cystic destruction within the lungs. LAM frequently involves other organs (e.g., the kid-
neys, retroperitoneal or abdominal lymph nodes, liver, uterus, and pancreas) in addition to the 
lungs and can also be associated with abdominal and thoracic lymphatic spread with lymphade-
nopathy and abdominal tumors. Renal angiomyolipomas have been reported in 30% to 50% of 
patients with LAM. The incidence of meningioma is increased in women with LAM.

LAM occurs almost exclusively in women of childbearing age, in whom the disease can 
progress either rapidly or slowly to respiratory failure and death. There are rare cases of LAM 
diagnosed in males with TSC. In one series of 29 men with TSC, a retrospective review of CT 
scans of the chest was performed to assess the frequency of cystic lung disease. Thirty-eight 
 percent (11/29) of the men had findings of four or more cysts present. The mean age was 46.3 
years. None experienced a pneumothorax or chylothorax.

Over the last decade, there have been advances in the basic science of LAM. LAM and TSC 
are caused by mutations in one or the other of the tuberous sclerosis genes, TSC1 or TSC2. 
These genes control cell growth, cell survival, and cell motility through the Akt/mammalian tar-
get of rapamycin (mTOR) signaling pathway. Encoded proteins, hamartin or tuberin, are either 
deficient or dysfunctional, which results in loss of regulation of signals. The activation of mTOR 
kinase and S6 kinase leads to inappropriate cellular proliferation, migration, and invasion. Its 
incidence in young women, exacerbations during pregnancy, and associated steroid receptors in 
the lung, coupled with the known effect of estrogen and progesterone on smooth muscle, sug-
gests that hormonal interactions are important in its pathogenesis, though these mechanisms are 
not well understood.

The hallmarks of pathology in LAM are nodular and tortuous masses of smooth muscle 
and epithelioid cells around bronchovascular structures that extend into the interstitium, 
without significant fibrosis. Diffuse cystic dilatation of terminal airspaces is a unique feature, 
ranging in size from subcentimeter to several centimeters in diameter. Grossly, the pleura is 
thickened, and large thick-walled cystic airspaces give rise to a honeycombed appearance of 
the lungs.  Hilar, mediastinal, and retroperitoneal lymph nodes are often enlarged and spongy, 
and the thoracic duct is distended with lymph. Chylothorax can be present because of lym-
phatic rupture.  Microscopically, a striking nodular proliferation of smooth muscle is seen 
within the pleura and alveolar walls, as well as in and around the walls of bronchioles, ve-
nules, and lymphatics. Immunohistochemistry stains assist in confirming the diagnosis with 
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positive melanocytic and muscle markers. These smooth muscle cells exhibit melanoma-related 
marker, HMB45 immunoreactivity, distinct from other causes of smooth muscle proliferation. 
HMB45, a monoclonal antibody, also reacts with angiomyolipomas, clear cell tumors of the 
lung, and melanoma cells.

Bronchiolar obstruction from smooth muscle proliferation leads to air trapping, resulting in 
destruction of alveolar septa and honeycombed cystic spaces, especially at the lung bases. Ultra-
structural studies of lung biopsy specimens demonstrate degradation of elastic fibers in areas of 
smooth muscle accumulation, which may be a factor leading to the development of emphysema-
tous changes. Venous obstruction results in dilatation and rupture of venules, chronic low-grade 
hemorrhage, and, ultimately, hemosiderosis. Both estrogen and progesterone cell-surface recep-
tors have been demonstrated in the lung.

Pulmonary manifestations are the most common presenting symptoms in patients with 
LAM. Of the 230 patients enrolled in the NHLBI Lymphangioleiomyomatosis Registry, spon-
taneous pneumothorax was the event that led to the diagnosis of LAM in approximately one-
third of the patients. The average age at onset of symptoms was 39 years (range 18–76 years) and 
41 years for the average age at diagnosis. TSC was present in approximately 15%. Progressive 
dyspnea and recurrent pneumothorax are the most common presentations. Other symptoms 
include wheezing, cough, and chylous pleural effusion.

Pneumothorax presents in approximately 70% of patients. Of these, more than 70% recur 
with an average of 4.4. Pleurodesis is recommended after the first pneumothorax in a patient 
known to have LAM due to the high recurrence rate. With conservative therapy (chest tube 
drainage or aspiration), the recurrence rate is approximately 66%; with surgical or chemical 
pleurodesis, the recurrence rate decreases to 32% and 27%, respectively.

Chylous pleural effusions occur bilaterally or unilaterally in about 33% of patients. Other 
clinical manifestations include hemoptysis (30%), ascites (11%), pericardial effusion (6%), 
 chyloptysis (7%), and chyluria (3%). With abdominal lymphatic obstruction, chylous ascites 
can develop. Occasionally, communication between dilated retroperitoneal lymphatics and a 
kidney or ureter result in chyluria. Patients presenting with angiomyolipoma and pulmonary 
symptoms should be evaluated for LAM by chest CT scan, because the two are associated. Some 
patients may be asymptomatic at diagnosis.

The physical examination frequently is not revealing until late in the clinical course, when 
end-inspiratory rales, diminished lower-lobe breath sounds, scattered rhonchi, hyperinflation, 
signs of pleural effusion and/or ascites, and intra-abdominal or lymphatic masses are present. 
Abrupt exacerbation of dyspnea may signal the development of pneumothorax. Clubbing is rare.

LAM can be discovered by abnormal HRCT scan evidence of thin-walled cystic changes. 
Less commonly, it may be discovered on biopsy of an abdominal or retroperitoneal mass thought 
to be lymphoma or ovarian cancer. The chest roentgenogram initially may be normal or demon-
strate reticulonodular interstitial opacities or severe emphysematous changes with hyperinflation 
in advanced disease. Occasionally, small cysts coalesce to form large blebs. This occurs predomi-
nantly at the lung bases. HRCT scan is more useful than the chest radiograph in assessing the 
presence and extent of cysts. HRCT typically demonstrates numerous small (2–20 mm) thin-
walled cysts throughout both lungs. Greater morphologic and physiologic correlation is seen 
with the HRCT scan than with the chest radiograph.

Laboratory findings of complete blood count, serum chemistry, and liver enzyme levels are 
nonspecific except for chyluria. Pulmonary function tests (PFTs) most commonly reveal mild 
to severe airflow obstruction, followed by reduced diffusion capacity. Bronchodilator response is 
present in 17% of patients reported in the NHLBI Lymphangioleiomyomatosis Registry. PFTs 
were normal in approximately 34% of Registry patients. Hypoxemia (worsened by exertion), 
reduced flows and Dlco, and progressive increase in plethysmographic lung volume also are 
characteristic. Significant functional impairment usually precedes any radiographic abnormality 
(other than pneumothorax). Diminished exercise capacity is seen, most likely caused by ventila-
tory limitation. Serial exercise testing has been suggested as a means to monitor disease progres-
sion and screen for exertional hypoxemia.

The diagnosis of LAM is likely in a young female presenting with dyspnea, emphysematous 
changes on the chest radiograph, recurrent pneumothorax, and/or chylous pleural effusion 
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associated with renal tumors; PFTs may be normal or abnormal. The radiographic distribu-
tion and nature of the lesions are highly characteristic. Biopsy is generally necessary to con-
firm the diagnosis. Of 75 lung specimens obtained by transbronchial and open-lung biopsy, 
only LAM showed HMB45-positive cells. It has been suggested that if only a transbronchial 
biopsy is available, this marker can assist in confirming the diagnosis. A study assessing the 
diagnostic usefulness of the serologic test for vascular endothelial growth factor-D ( VEGF-D) 
demonstrated its potential as a biomarker. This may eventually eliminate the need for biopsy. 
 VEGF-D is a lymphangiogenic growth factor, and serum VEGF-D levels are higher in women 
with S-LAM than in women with other cystic lung diseases. Serum VEGF-D levels are sig-
nificantly higher in women with TSC-LAM compared to women with TSC alone. Serum 
VEGF-D levels greater than 600 pg/mL were highly associated with the diagnosis of LAM; 
values greater than 800 pg/mL were diagnostically specific in a study of 48 women presenting 
with cystic lung disease.

The differential diagnosis includes pulmonary Langerhans cell histiocytosis (PLCH), 
 emphysema, Sjögren syndrome, follicular bronchiolitis, lymphocytic interstitial pneumonitis, 
hypersensitivity pneumonitis, amyloidosis, bronchopulmonary dysplasia, metastatic  endometrial 
stromal cell sarcoma, leiomyosarcomas, and Birt–Hogg–Dubé (BHD) syndrome. Low-grade 
sarcomas metastatic to the lung have rarely been misdiagnosed as LAM.

Mediastinal and pulmonary lymphangiomyomas are resistant to radiation therapy. Surgi-
cal or chemical obliteration (pleurodesis) of the pleural space should be performed with the 
first pneumothorax in known LAM due to recurrent effusion or pneumothorax. Symptomatic 
therapy for bronchospasm or cor pulmonale may be required. Corticosteroids and cytotoxic 
agents appear to offer no benefit. Hormonal manipulation can affect muscle proliferation in this 
disease. Pregnancy and estrogen therapy can worsen the disease, and remission of the disease can 
occur after menopause. Oophorectomy or tamoxifen with progesterone therapy (or both) has 
been successful in some cases.

Pregnancy for patients with LAM is associated with an increased risk of pneumothorax and 
chylothorax. There may be increased risk of bleeding from angiomyolipoma during pregnancy. 
While it is the patient’s decision to become pregnant, patients with LAM are at increased risk 
of disease deterioration. Educating the patient prior to pregnancy and close monitoring through 
pregnancy are recommended. It may be appropriate to discourage pregnancy for patients with 
severe lung involvement.

Because of reports of pneumothorax associated with air travel, patients with LAM have 
been cautioned not to travel by air. However, for patients with minimal symptoms and mild 
disease, discouraging air travel is not recommended. If new respiratory symptoms develop, it is 
best not to travel by air until the situation has been evaluated. Patients with advanced disease 
should be evaluated for the need of supplemental oxygen during flight. Patients with a history 
of pneumothorax who have not received pleurodesis also should be cautioned about the risk 
of air travel.

Treatment with progesterone and antiestrogen agents has produced improvement or stabili-
zation in a subset of patients. One study of 36 patients receiving hormonal manipulation therapy 
reported a survival rate of 90% at 10 years compared to 20% for historical controls. Some pa-
tients do not respond to hormonal manipulation. It may be that the presence of advanced disease 
limits response at the time therapy is instituted. Other investigators found that treatment with 
hormonal therapy was associated with an increased risk of death/transplant (hazard ratio 2.93), 
particularly with progesterone therapy (hazard ratio 2.17). There have been no controlled trials 
of progesterone in LAM. Because of the increased risk associated with the use of progesterone, 
its routine use is not recommended.

Mortality from LAM is approximately 10% to 20% at 10 years from the onset of symptoms 
and 30% at 10 years from the time of lung biopsy. However, this varies widely in individual pa-
tients. The LAM Foundation has estimated 10-year survival transplant-free of 86%. Estimated 
median transplant-free survival time for USA LAM patients is 29 years from onset of symptoms 
and 23 years from the time of diagnosis.

A clinical trial with sirolimus in the largest number of LAM patients to date has shown 
promise. In a 1-year-long prospective randomized study, sirolimus stabilized lung function, 
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reduced serum VEGF-D levels, reduced symptoms, and improved quality of life. Sirolimus in-
hibits rapamycin (mTOR) signaling, which regulates cellular growth and lymphangiogenesis. 
Given the significant side effects of sirolimus, its use in LAM patients should only be considered 
in consultation with physicians familiar with the drug. At this time, there are no long-term data 
on outcome in these patients, and its use should generally be limited to those who show progres-
sive decline in lung function.

Lung transplantation is a viable alternative for patients with end-stage disease. Criteria for 
transplantation include (1) progression despite medical therapy; (2) severe functional defects 
(e.g., forced expiratory volume in 1 second/forced vital capacity [FEV1/FVC] ,50%, total lung 
capacity .130% predicted, FEV1 ,30% predicted); and (3) severe cystic disease on HRCT 
scans. Both single and bilateral lung transplants have been performed in patients with LAM. 
However, given the relatively young age and risk of pneumothorax in the native lung, bilateral 
transplant is generally preferred. Patients with LAM/TSC may have more comorbidities than 
S-LAM. This should not preclude these patients from transplant, but it will need to be evaluated 
during the assessment for candidacy. Two-year survival is similar to outcomes observed follow-
ing transplantation for other lung diseases. Recurrence of LAM in the transplanted lung has been 
reported, but in most cases this is not functionally important. History of pleurodesis may not be 
an absolute contraindication to transplantation, although there may be an increase in surgical 
difficulties and postoperative complications.

Patients with extensive cystic changes and hyperinflation usually survive only 3 to 10 years 
following the onset of symptoms. A few with primarily mediastinal LAM with minimal paren-
chymal involvement survive longer.

tuberouS ScLeroSiS
Tuberous sclerosis (Bourneville disease) is an autosomal dominant, hereditary, neurocutaneous 
disease. There are angiomyolipomas or tubers in the skin (adenoma sebaceum), brain, retina, 
kidneys, heart, and lungs. It has a broader systemic constellation of complications than LAM, 
but the pulmonary component of this disease appears identical to that in LAM. Approximately 
30% of patients with TSC have LAM (TSC-LAM).

Seizures, intellectual disability, and skin lesions occur commonly in early childhood. Renal 
angiomyolipomas and lung involvement (pulmonary lymphangioleiomyomatosis, LAM) in tu-
berous sclerosis generally develop later. Lung involvement occurs principally in women in the 
fourth decade of life, rarely occurring before age 20. Dyspnea worsens rapidly, and cor pulmo-
nale develops within years of its onset. This differs from classic tuberous sclerosis, in which no 
gender predilection is seen. Pregnancy exacerbates both diseases. Both disorders also are associ-
ated with renal angiofibrolipomatous tumors.

Tuberous sclerosis is a rare disease, occurring in 1 in 100,000 to 170,000 people in the 
general population. Two genes responsible for tuberous sclerosis (TSC1, TSC2) have been iden-
tified on chromosomes 9 and 16. Mutations in TSC1 or TSC2 are characterized by activation 
of mTOR signaling and TSC tumors. The classic triad in this disease includes intellectual dis-
ability, seizures, and dermal angiofibroma (adenoma sebaceum). Clinical features, however, can 
vary. When pulmonary disease accompanies TSC, the classic clinical triad is uncommon, that is, 
intellectual ability may be normal.

The primary features of TSC have been described to include central nervous system (CNS) 
lesions of cortical and subependymal tubers, ungual fibromas, and facial angiofibromas (seba-
ceous adenomas). Secondary lesions include shagreen patches, cerebral tubers, retinal hamarto-
mas, multiple renal tumors, sclerotic bone lesions, and cardiac rhabdomyomas.

In a National Institutes of Health (NIH) observational cohort study of 79 adult women 
with TSC, 45 females were diagnosed with TSC in adulthood. Of these, 21 presented with 
LAM, 19 with renal angiomyolipomas, and 10 with seizures. Thirty of the 45 women with TSC 
met clinical criteria for this diagnosis in childhood, but remained undiagnosed for a median of 
21.5 years. Fifteen women were greater than 18 years of age before meeting the clinical criteria 
for TSC. Whether the patient with TSC was diagnosed in childhood or adulthood, the occur-
rence of pneumothorax, shortness of breath, hemoptysis, nephrectomy and death were similar 
for both groups.
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Pulmonary involvement in tuberous sclerosis is rare, with estimates varying widely from 1% 
to 50% of patients. HRCT scans of asymptomatic females with TSC revealed that 52% had 
abnormal findings. Abnormalities include interstitial opacities, honeycomb changes, and hy-
perinflation. HRCT scans also reveal diffuse, homogeneous, small thin-walled cysts. Pulmonary 
manifestations appear later than cutaneous and neurologic ones. Pulmonary disease develops 
most often in women of childbearing age without any CNS disease. When pulmonary disease 
is present, it usually dominates the clinical picture and can be the cause of death from either cor 
pulmonale or pneumothorax. However, the most common causes of death are renal disease and 
brain tumors. Lymph-node involvement and chylous effusions have been reported rarely. Pneu-
mothorax and pulmonary insufficiency are common. Exertional dyspnea is the major symptom. 
Chronic cough and hemoptysis occur frequently. Lung histology, chest radiograph and CT scan 
findings, pulmonary presentation, and clinical course are similar to LAM.

In suspected cases, thorough cutaneous and ophthalmologic examinations should be per-
formed. The diagnostic workup should include cranial CT scan, renal ultrasound, and skeletal 
radiographs, in addition to chest radiograph, chest HRCT scan, and pulmonary physiology stud-
ies. A rare but early indicator of tuberous sclerosis is an unusual, but characteristically expanded, 
dense rib deformity. These bony lesions can be mistaken for fibrous dysplasia or Paget disease.

Genetic counseling is important in the management of patients with this disease. Estrogen 
receptors have been demonstrated in the lungs of patients with TSC. Tamoxifen and progester-
one therapy have slowed the pulmonary disease in some cases of tuberous sclerosis, similar to 
descriptions for LAM. However, hormonal therapy has not been shown to be of proven benefit.

In a phase 2, multicenter trial of 36 patients with TSC or TSC/LAM, sirolimus (an mTOR 
inhibitor) diminished the size of angiomyolipomas in 44% of patients (16/36 partial response), 
with 47% (17/36) maintaining stable disease and 8% (3/36) not evaluable. There was a 30% 
mean regression in kidney tumor size, 26% regression in mean diameter brain tumor size 
(7/11 patients), 32% mean decrease in longest diameter liver angiomyolipomas (4/5 patients), 
and 57% subjective improvement in facial angiofibromas. Lung function remained stable in 
women with TSC/LAM (15 patients). Serum VEGF-D levels decreased from elevated baseline 
values. The serum VEGF-D level correlated with the kidney angiomyolipoma size. Once ther-
apy was stopped, kidney angiomyolipomas increased in size. The regression response appeared to 
persist in those patients with continued therapy for more than 52 weeks. Serum VEGF-D levels 
may be a useful biomarker for monitoring kidney angiomyolipoma size.

Both grade 1 to 2 (.20% frequency) and grade 3 drug toxicities (n 5 3) were reported 
with sirolimus. For the former, this included stomatitis, joint pain, hypertriglyceridemia, hy-
percholesterolemia, bone marrow suppression with anemia, mild neutropenia, leukopenia, and 
proteinuria. For the latter, this included lymphopenia, headache, and weight gain.

Lung transplantation is a consideration in eligible patients. Other organ involvement with 
tuberous lesions will need to be assessed during the evaluation for candidacy.
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Pulmonary alveolar proteinosis (PAP) is a heterogeneous group of rare diseases characterized by 
the accumulation of eosinophilic, periodic acid-Schiff (PAS)-positive material within alveoli, 
and distal airways resulting in restrictive pulmonary function that can progress to respiratory 
failure and death. Two general categories of PAP exist: autoimmune and non-autoimmune. The 
latter can be further classified into hereditary and secondary.

pathophySioLoGy
More than 90% of PAP cases are caused by defective granulocyte macrophage colony- stimulating 
factor (GM-CSF) signaling due to high levels of circulating autoantibodies that prevent  GM-CSF 
binding to its receptor (autoimmune PAP). GM-CSF is a hematopoietic cytokine that regulates 
the clearance of surfactant lipids and proteins by alveolar macrophages. Impaired host defense re-
sults from decreased surfactant catabolism and impaired microbicidal activity by neutrophils. In 
congenital cases, inherited GM-CSF receptor mutations prevent GM-CSF signaling. All forms 
result in decreased surfactant catabolism and the accumulation of large, foamy, surfactant-filled 
macrophages within alveoli. Because GM-CSF also regulates multiple neutrophil functions, PAP 
also is associated with defective alveolar macrophage- and neutrophil-mediated host defense. 
Thus, patients are prone to pulmonary and systemic infections.

Three main etiologies of secondary PAP have been identified: (1) lung infections, including 
Pneumocystis carinii pneumonia in patients with and without AIDS; (2) hematologic malignan-
cies and other immune-altering conditions; and (3) exposure to inhaled chemicals and minerals. 
Several toxic insults to the lung (e.g., silica, NO2, ozone, and ONOO-) can result in alveolar 
proteinosis. PAP has also been produced in laboratory animals by inhalation of inert dusts of 
extremely fine particulate matter. Presumably, these exposures result in impaired macrophage 
function.

diaGnoSiS
PAP occurs in all ethnic groups. The peak age of onset of autoimmune PAP is between 30 and 
50 years; however, the disease has been described in all ages. In adults, the male to female ratio is 
approximately 4:1 and is associated with past or current history of smoking. Although some pa-
tients are asymptomatic at the time of diagnosis, PAP most commonly presents insidiously with 
increasing dyspnea and cough. However, abrupt onset also can occur, usually in the setting of a 
concomitant respiratory infection. Often, patients present with bilateral, community-acquired 
pneumonia that fails to clear with antibiotics.

Sputum production is usually scant but on occasion has been described as containing small 
chunks of material. Other much less-common symptoms include weight loss, weakness, chest 
pain, and hemoptysis. Physical findings, if present, are nonspecific. Fever usually implies super-
infection, although a low-grade fever is present occasionally. Inspiratory crackles occur in up to 
50% of patients; in severe cases, cyanosis and clubbing are observed.

The most common laboratory finding is a mildly elevated serum lactate dehydrogenase 
(LDH). Although nonspecific, LDH may be used to follow disease activity and severity. Patients 
with severe disease may have secondary polycythemia. The leukocyte count is normal or slightly 
increased. Serum protein electrophoresis may reveal increased globulins. Pulmonary function 
tests may be normal but usually reveal a restrictive pattern with decreased static lung compliance 
and decreased carbon monoxide diffusing capacity (Dlco). Arterial blood gases demonstrate 
hypoxemia and a widened alveolar–arterial oxygen gradient.

Pulmonary Alveolar 
Proteinosis
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Chest radiographs typically show diffuse, finely nodular, soft infiltrates in a perihilar but-
terfly pattern, similar in appearance to pulmonary edema; however, other signs of left ventricular 
failure (cardiomegaly, Kerley B lines) are absent. A miliary, interstitial, or multinodular pattern 
and lobar consolidation also can be seen. Hilar adenopathy, pleural effusions, and cavitation are 
rare and suggest superimposed infection. The presence of patchy ground-glass opacities with 
lobular septal thickening (“crazy paving”) on high-resolution chest CT is highly characteristic 
of PAP, but may be absent, particularly in patients with secondary PAP. Furthermore, “crazy 
paving” is not pathognomonic for PAP and can also be seen in alveolar sarcoidosis, lipoid pneu-
monia, and mucinous bronchoalveolar carcinoma.

The differential diagnosis includes any disease that can produce a diffuse acinar-filling pat-
tern on chest roentgenogram, including cardiogenic and noncardiogenic pulmonary edema, 
toxic inhalations, pulmonary hemorrhage, viral pneumonia, and P. carinii infection. One of the 
clues to the diagnosis of PAP is the disparity between extensive radiographic abnormalities and 
minimal clinical symptomatology. When chest roentgenograms reveal a predominant interstitial 
pattern, the diagnosis becomes more difficult.

Although open-lung biopsy was previously used as the gold standard for diagnosing PAP, 
the diagnosis can now be established via bronchoscopy with bronchoalveolar lavage (BAL), 
combined with appropriate clinical and radiographic findings and the presence of autoanti-
bodies against GM-CSF in BAL fluid/serum. Serum concentration of less than 10 μg/mL 
has been reported to have good negative predictive value. Typically, the BAL fluid in PAP 
appears opaque and milky and is PAS-positive. Microscopically, few alveolar macrophages are 
seen and these cells appear large and foamy. Increased lymphocytes may be seen. Large eo-
sinophilic bodies appear amidst a background of PAS-positive granular debris. The presence 
of the phospholipid or  proteinaceous material within alveoli correlates with a ground-glass 
appearance.

treatment
Whole-lung lavage (WLL) remains the treatment of choice for all three forms of PAP, despite 
the lack of consensus on its performance or randomized controlled trials to determine op-
timal strategy. Large-volume WLL usually requires the use of a double-lumen endotracheal 
tube for selective lavage of each lung. The procedure can take up to 3 hours and use 15 to 
20 L of saline for a single lung. Contraindications include uncorrectable hypoxemia, con-
vulsions, and fever which may indicate the presence of infection. Fiberoptic bronchoscopy 
has also been used to lavage multiple segments or lobes and has the advantage of requiring 
local anesthesia.  Multiple sessions can be carried out over 2 to 3 days. Treatment options for 
autoimmune PAP also include subcutaneous or aerosolized GM-CSF. Plasmapheresis also 
has been reported to result in transient improvement, presumably by decreasing levels of 
systemic snit-GM-CSF antibodies. In some cases, immunosuppression using rituximab to 
deplete B cells has resulted in improved oxygenation, total lung capacity, and HRCT scan 
findings. Although corticosteroids may be helpful in the treatment of autoimmune PAP, they 
are relatively contraindicated because of the high incidence of associated infection. Treat-
ment of secondary PAP focuses on the underlying condition (e.g., the inciting hematologic 
malignancy).

The possibility of spontaneous resolution of PAP has made clinical decision-making 
 regarding the need for and frequency of WLL less clear. In one series from the Cleveland Clinic, 
46% of patients followed over a prolonged period never required WLL. Another 29% required 
repeated WLL for recurring signs and symptoms of PAP. However, lavage may improve survival 
overall: in one group of 146 patients, mean survival (6SD) at 5 years was 94 6 2% with lavage 
versus 85 6 5% without lavage. Radiographic evidence alone is probably not sufficient to war-
rant the procedure. Patients who require repeated alveolar lavages have a poorer prognosis and 
greater rate of progression to fibrosis.

Lung transplantation has been considered an option for some patients, but its role in 
 acquired PAP needs careful evaluation because the disease can recur. Bone marrow transplanta-
tion also can be considered in patients with hereditary PAP if a suitable donor can be found.
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compLicationS
The major complication in PAP is infection, both pulmonary and systemic. Bacterial, mycobac-
terial, and fungal infections have been reported frequently. Disease exacerbations often respond 
to antibiotics without a definite bacteriologic diagnosis. Nocardia asteroides and Mycobacterium 
tuberculosis have appeared most often in case reports. In one large series, M. avium–intracellulare 
was isolated from lavage fluid in 42% of cases. Other complications include pulmonary fibrosis, 
cor pulmonale, and spontaneous pneumothorax.

proGnoSiS
The course of PAP is variable. Three categories of disease prognosis have been described: spon-
taneous improvement, stable but with persistent symptoms, and progressive deterioration. 
A recent review found that approximately 8% fell into the first category. Another study demon-
strated a 5-year survival of approximately 75%. The majority of deaths in the latter study were 
from respiratory failure from PAP, with about 20% from infection. Although the prognosis in 
infants remains grave, with most deaths occurring between 3 and 6 months of age, long-term 
survival following WLL has been reported.
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100
Bronchial carcinoids and benign neoplasms of the lung account for less than 10% of all primary 
pulmonary neoplasms. Many are discovered incidentally due to the increasing use and availability 
of computed tomography (CT) scanning. The symptoms and diagnosis of these lesions depend 
very much on their location; most are asymptomatic. When centrally located, they may not be 
visible on chest radiographs and slowly cause progressive airway obstruction, resulting in focal 
wheezing, postobstructive pneumonia, or hemoptysis, and even may be confused with chronic air-
ways disease. When peripheral, these tumors are usually clinically silent but still pose the diagnos-
tic challenge typical of any solitary pulmonary nodule. Ultimately, the diagnosis of many of these 
lesions is obtained at the time of surgery performed to definitively exclude malignancy. Work-up 
and evaluation relies on clinical suspicion of malignancy, imaging modalities, including positron 
emission tomography (PET) scanning, and patient’s risk and preference for surgical intervention.

Carcinoid tumors are classified as malignant tumors due their potential for metastases, al-
though “typical” carcinoids have a growth pattern and behavior similar to benign tumors of 
the lung. Hamartomas are the most common benign pulmonary neoplasms. Leiomyomas, true 
bronchial adenomas, lipomas, chondromas, inflammatory myofibroblastic tumors, endometrio-
sis, and even teratomas also occur.

bronchiaL carcinoidS
Bronchial carcinoids comprise the second largest group of lung tumors behind broncho-
genic  carcinomas and are responsible for approximately 0.5% to 2% of all bronchial tumors. 

Bronchial 
Carcinoids and 
Benign Neoplasms 
of the Lung
David H. Kupferberg



5 7 6   Section III • Diseases

They occur with a small increased frequency in women and at an earlier average age of onset 
(40–60 years old) compared with noncarcinoid bronchogenic malignancies. Some studies sug-
gest a greater incidence in Caucasians than in African Americans. The link between smoking and 
the development of carcinoid tumors is unclear and has not been firmly established. While more 
than 90% of cases are sporadic, there is an association with multiple endocrine neoplasia (MEN 
type 1) as well as a reported familial non-MEN1 incidence.

Bronchopulmonary carcinoid tumors account for 25% of all carcinoid tumors, which occur 
primarily in the gastrointestinal tract. The bronchial type tends to develop centrally, in the large 
airways and can be visualized easily with bronchoscopy. Macroscopically, they can grow pri-
marily either as a polypoid lesion or as a predominantly infiltrative process, with only minimal 
protrusion into the bronchial lumen (known as iceberg tumor). Growth is largely submucosal, 
and the surface epithelium is usually intact, although frequently metaplastic. Carcinoids have a 
wide histologic spectrum; most commonly appearing as clumps of small, uniformly staining cells 
with a rich vascular stroma. Some form acini and produce mucin; others appear highly malig-
nant and may bear a striking resemblance to small-cell carcinoma. They can be classified along a 
spectrum as follows: (1) typical carcinoid with the best prognosis and bland-appearing  histology; 
(2) atypical carcinoid with 2 to 10 mitoses per high-power field and necrosis; (3) large-cell neu-
roendocrine carcinoma with a higher mitotic rate, greater atypia, and necrosis; and (4) small-cell 
carcinoma, the most aggressive. Immunohistochemistry-identifying synaptophysin, neuron-
specific enolase, and chromogranin are often used to support the neuroendocrine origin of cells. 
The tumor is capable of elaborating a wide spectrum of neuroendocrine products. Atypical 
carcinoid may be misclassified with bronchoscopic biopsies because of difficulty with mitotic 
counts on limited sampling.

The clinical manifestations of bronchial carcinoid tumors depend on the site of the tumor. 
Approximately 80% are central and can produce symptoms and signs of bronchial obstruc-
tion, including cough, fever, chest pain, and often a localized wheeze. Hemoptysis is present in 
approximately 50%, reflecting both their central origin and hypervascularity. Peripheral carci-
noids most often are asymptomatic and usually detected fortuitously by radiographic imaging. 
 Regional lymph node metastasis is present in approximately 10% of typical carcinoids at presen-
tation, compared with 30% to 50% of atypical carcinoids.

Rarely, there are associated paraneoplastic findings. The most common is Cushing syndrome, 
which can even predate visualization of a lung nodule. Acromegaly has also been reported with 
significantly elevated levels of growth hormone even without overt acromegalic features. The car-
cinoid syndrome occurs infrequently with an incidence as low as 0% to 3%. Production of high 
levels of 5-hydroxytryptamine and other substances (e.g., bradykinin, prostaglandins) can enter 
the systemic circulation causing flushing, wheezing, anxiety, vomiting, and hypotension. In ad-
dition, cardiac valvular damage can develop in the left heart in bronchial carcinoid syndrome, as 
opposed to the right heart with the abdominal variety. This syndrome always reflects metastasis 
of the carcinoid tumor, usually to the liver. Other neuroendocrine manifestations include the 
Zollinger–Ellison syndrome, hyperinsulinemia, and an association with MEN type I.

Radiographic findings depend on the site of the tumor. Central tumors may cause bronchial 
obstruction and result in pneumonitis, atelectasis, bronchiectasis, and collapse. Nonobstructive 
central and peripheral tumors may appear as a solitary pulmonary nodule, usually 4 cm or less 
in diameter, and are often slightly lobulated. Atypical carcinoids tend to be larger. Calcifica-
tion may be present. CT scanning is helpful in identifying endobronchial lesions as well as 
lymph node enlargement. Because carcinoid tumors tend to be highly vascular, there is marked 
enhancement with intravenous contrast. Newer localization modalities include radiolabeled so-
matostatin analog scintigraphy, which has been reported to find up to 85% of all primary and 
metastatic carcinoid lesions. PET scanning may yield false-negative results because of hypometa-
bolic activity.

Pulmonary function testing is usually normal unless central obstruction occurs, in which 
case flow obstruction may be demonstrated. Serum or urine hormone levels can be elevated in 
association with the aforementioned neuroendocrine syndromes.

Differential diagnosis includes all causes of solitary pulmonary nodules and obstructing air-
way lesions. The diagnosis of central tumors is usually made at bronchoscopy; the diagnosis of 
peripheral tumors often requires other methods (CT-guided biopsy, video-assisted thoracoscopic 
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surgery [VATS] or thoracotomy). Treatment for bronchial carcinoids is surgical. Lung-sparing 
procedures, which have been shown to yield similar survival results for typical carcinoids, should 
be attempted when possible. Lymph node dissection should be performed with atypical carci-
noids or when higher grade lesions are suspected. Surgical treatment in those cases should be 
similar to resection of non–small-cell lung cancer with at least lobectomy. Lobectomy is often 
necessitated by bronchiectasis and parenchymal necrosis distal to an obstructing tumor. In such 
cases, the prognosis is excellent. There may be a role for Nd:YAG laser resection in typical 
carcinoid, particularly when patients are not good surgical candidates, though local recurrence 
rates are slightly higher. Survival in cases of nonmetastatic typical carcinoid is approximately 
90%. Atypical carcinoid has a 5- and 10-year survival of 60% and 40%, respectively. Positive 
lymph nodes, age greater than 60 years, and larger tumor size correlate with poorer overall 
prognosis. Chemotherapy and radiation have limited benefit for metastatic disease although 
platinum-etoposide regimens can be offered. Metastatic liver lesions have been treated success-
fully with hepatic artery embolization and local direct chemotherapeutic instillation. Interferon 
and octreotide have been reported to temporarily stabilize tumor growth, yet rarely produce any 
decrease in tumor size. Cushing syndrome can be well controlled with octreotide with significant 
improvement in symptoms. Targeted therapies (i.e., involving mammalian target of rapamycin 
pathway) are currently being investigated.

puLmonary hamartomaS
Pulmonary hamartomas, the largest group of benign pulmonary neoplasms, occur more fre-
quently in men than in women (3:1), with a peak incidence in the sixth to seventh decade. 
They are uncommon before age 30. Pathologically, they contain a mixture of tissues normally 
present in lung (i.e., smooth muscle, collagen, and, rarely, cartilage); however, these components 
are totally disorganized. Ultrastructural studies indicate that pulmonary hamartomas represent 
a histologic spectrum of mesenchymal neoplasms derived from peribronchial connective tissue. 
Although pulmonary hamartomas can become extremely large, they remain benign.

Hamartomas are clinically silent because of their peripheral location. Hemoptysis is rare. 
 Radiographically, they appear as well-circumscribed, solitary pulmonary nodules,  usually 
less than 4 cm in diameter; occasionally, they can be large, nearly filling the hemithorax. 
 Calcification, resembling a kernel of popped popcorn, occurs in 5% to 15% of cases. CT scan 
of the lung may suggest the diagnosis. Multiple tumors rarely occur. Unless the imaging and 
clinical course are classic, the diagnosis is usually made at the time of surgical excision because 
other methods fail to exclude carcinoma.

other beniGn neopLaSmS
Infrequently, primary lung involvement may occur in other benign neoplasms. Signs and symp-
toms depend on the location, ranging from no clinical findings with peripheral lesions to cough, 
hemoptysis, or recurrent pneumonia from bronchial involvement. Radiographically, findings 
may be consistent with bronchial obstruction or only solitary or multiple nodules. True bronchial 
adenomas are benign tumors that arise from bronchial mucous glands and are quite rare. They 
can cause symptoms by obstructing airways. Leiomyomas arise from smooth muscle in the lung 
and are usually endobronchial. Most cases are asymptomatic. Women are affected slightly more 
often than men, and the average age at presentation is 37 years. There appears to be a distinct 
entity in which multiple pulmonary fibroleiomyomas occur in women who have had uterine 
fibroids. Although such tumors are histologically and clinically benign, controversy exists regard-
ing their in situ or metastatic origin. Lipomas are usually endobronchial (80%) and can occur 
on either side of the bronchial cartilage. They can change shape roentgenographically, as the 
individual assumes different positions. Chondromas are extremely rare. Unlike hamartomas, they 
derive exclusively from formed bronchial cartilage. Teratoma is a relatively common tumor of the 
mediastinum, but is rarely found in lung tissue. Pulmonary teratomas may contain tissue from 
any germ layer. On imaging, they may contain calcifications or even well-formed teeth. Expecto-
ration of hair (trichoptysis) has been reported. Endometriosis can occur in the lung as a solitary 
nodule. The origin of this lung tumor is unclear; some consider it of metastatic origin, whereas 
others feel it arises from pluripotential pulmonary tissue. Recurrent pneumothorax, particularly 
on the right side, or hemoptysis associated with menstruation should suggest the diagnosis.
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Further readinG
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Eur J Cardiothorac Surg. 2011;39:565–569. 
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5. Fraser RS, Muller NL, Colman NC, et al, eds. Fraser and Paré’s Diagnosis of Diseases of the Chest. 
4th ed. Philadelphia, PA: WB Saunders; 1999. 
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6. Detterbeck FC. Management of carcinoid tumors. Ann Thorac Surg. 2010;89:998–1005. 
A review that also highlights the importance of mediastinoscopy for lymph node sampling in upstaging 
the diagnosis to atypical carcinoid.

7. Erasmus JJ, Macapinlac HA. Low-sensitivity FDG-PET studies: less common lung neoplasms. 
Semin Nucl Med. 2012;42:255–260. 
Highlights limitation of FDG-PET scanning in carcinosis and atypical lung lesions. Novel tracers, such 
as somatostatin for neuroendocrine tumors discussed.

8. Gridelli C, Rossi A, Airoma G, et al. Treatment of pulmonary neuroendocrine tumours: state of the 
art and future developments. Cancer Treat Rev. 2013;39(5):466–472. http://dx.doi.org/10.1016/ 
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A deeper review of chemotherapeutic avenues being explored in neuroendocrine tumors.

9. Guo W, Zhao YP, Jiang YG, et al. Surgical treatment and outcome of pulmonary hamartoma: a 
retrospective study of 20-year experience. J Exp Clin Cancer Res. 2008;27:8. 
Surgery often needed to make the diagnosis of hamartoma.
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Clin Imaging. 2011;35(2):116–122. 
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diagnosis. Cancer Imaging. 2006;6:72–82. 
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resection for suspected lung cancer. Ann Thorac Surg. 2006;81:1824–1829. 
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cLinicaL preSentation
Patients with lung cancer most often present with signs and symptoms heralding local or 
metastatic disease. Less commonly, an incidental radiographic finding in an asymptomatic pa-
tient triggers workup and diagnosis. This may change with more widespread use of low-dose 
 CT-based imaging strategies. Rarely, patients may present with a paraneoplastic syndrome. How 
an individual presents is more often a function of (1) the site of origin (central versus peripheral 
airways), (2) the inherent biologic activity of the neoplasm, and (3) the presence of comorbid 
conditions. Even with early stage disease, signs and symptoms of local tumor growth, including 
cough, dyspnea, wheezing, or hemoptysis, frequently are encountered. Additionally, patients 
may present with purulent sputum, fever, and chills from a postobstructive pneumonia. More 
ominous signs and symptoms of local tumor growth include superior vena cava syndrome, 
Horner syndrome, dysphagia, odynophagia, hoarseness (recurrent laryngeal nerve involve-
ment), elevated hemidiaphragm (phrenic nerve impingement), dyspnea and chest pain (pleural 
 effusion), and dyspnea and hemodynamic compromise (pericardial involvement).

Metastatic disease usually is accompanied by malaise and anorexia; weight loss also may be 
present. Other symptoms reflect the site(s) of metastases: supraclavicular and cervical lymph 
nodes, brain, bone, liver, and adrenal glands are the most common. The presence of a para-
neoplastic syndrome does not necessarily imply metastatic disease. The most common systems 
involved are endocrine-metabolic, neuromuscular, hematologic-vascular, dermatologic, and 
skeletal/connective tissue.

diaGnoSiS
A tissue diagnosis is essential to distinguish non–small-cell lung carcinoma (NSCLC) from 
small-cell lung carcinoma (SCLC), and ideally is carried out with the least invasive means to 
accurately establish the diagnosis and extent of disease. For solitary pulmonary nodules (defined 
as lesions ,3 cm in diameter), the initial challenge is to distinguish a benign from a malignant 
lesion. In some cases, the lesion is sufficiently proximal or localized to the central airways and 
bronchoscopic diagnosis resolves the diagnosis via direct visualization with bronchoscopic biopsy 
or fluoroscopically guided transbronchial biopsy. The examination of bronchoscopic brushings 
and washings increases the diagnostic yield. The diagnostic capability of bronchoscopy is well 
defined: the yield is over 90% for airway-visualized lesions, over 80% for non-visualized le-
sions greater than 4 cm in size, and greater than 60% for non-visualized lesions 2 to 4 cm in 
size. Peripheral lung lesions generally require a CT-guided transthoracic needle aspiration for 
the highest diagnostic yield. Regardless of the modality, a “negative” biopsy should be regarded 
as non-diagnostic, especially when the pretest probability of malignancy is moderate to high, 
and cannot be used to exclude the possibility of cancer. Unless a specific diagnosis is obtained, 
 thoracotomy may be indicated for excisional biopsy and definitive anatomic resection in the 
same operative setting. In exceptional cases, patients who are high-risk for surgery (e.g., due to 
severe emphysema) may require empiric radiotherapy to treat a lesion that is highly suspicious 
but otherwise not safely accessible by biopsy.

While techniques such as conventional diagnostic bronchoscopy and transthoracic needle as-
piration may often yield the tissue diagnosis, they are generally limited in the accurate evaluation 
of suspicious mediastinal lymphadenopathy. The latter may first appear on CT scans, though 
CT scans are limited in sensitivity and specificity in this setting for mediastinal lymphadenopa-
thy greater than 1 cm in size in short axis (approximately 60% and 80%, respectively). In addi-
tion to a careful clinical survey for possible distant sites of metastases, two additional modalities 
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have now become valuable additions to our diagnostic capability: these include positron emis-
sion tomography (PET) scanning, which relies on the specific uptake of radiolabeled glucose, 
and endobronchial ultrasound (EBUS), which has become especially useful in the tissue diagno-
sis of mediastinal lymphadenopathy. While PET scanning and EBUS now serve very important 
roles in staging of the mediastinum, one may often obtain the first tissue diagnosis of lung cancer 
through EBUS–fine-needle aspiration (FNA; i.e., positive lymph node[s], primary lesion, or 
both). For solitary pulmonary nodules, PET achieves approximately 94% sensitivity and 83% 
specificity, provided nodule size is 8 mm or greater, while for mediastinal lymphadenopathy 
the values are in the 85% to 90% range. For diagnosing carcinoma involvement of mediastinal 
lymph nodes, several analyses now combine the use of PET/CT and EBUS, increasing sensitivity 
to approximately 92%, while specificity approaches 100%.

The use of PET increasingly is combined in one procedure with CT, as a “PET/CT,” and 
is integrated into the staging algorithm for any primary lesion that is either suspicious or even 
proven to be lung cancer, as it both strongly modifies the pretest probability of cancer and aids 
in assessing stage. There are, however, some important diagnostic caveats for PET/CT. First, 
its sensitivity falls off markedly for lesions less than 0.8 cm in mean diameter; thus, for sub-
centimeter lesions one cannot rely on modifying the probability of cancer with PET, and other 
algorithms for radiographic tracking and biopsy decisions such as the Fleischner Radiological 
Society guidelines, 2005 must be applied for any lesion likely to be lung cancer. Second, one 
must consider the fact that a highly suspicious primary lesion on chest X-ray or CT imaging that 
is greater than 0.8 cm may represent a slow-growing carcinoma even in the face of a negative or 
“cold” PET scan. This may occur, for example, with low-mitotic activity lung adenocarcinomas, 
including adenocarcinoma in situ (formerly known as “bronchoalveolar carcinoma”) or with 
carcinoid tumors. Thus, one must be careful not to ignore supracentimeter PET-negative le-
sions that are otherwise suspicious for carcinoma by CT and (or) have other concerning clinical 
characteristics.

StaGinG
For non–small-cell lung cancer, the international lung cancer staging system is used (see 
 Table 101-1). This relies on TNM definitions that are carefully outlined. Several classification 
changes have been made since the last revision, including (1) multiple nodules or “satellite” le-
sions in the same lobe as the primary tumor are defined as T3 (and thus potentially resectable); 
(2) size matters in terms of prognosis, so T1 and T2 subdivisions (a and b) exist and a lesion 
greater than 7 cm is considered T3; (3) T4 tumors include satellite lesions found in more than 
one lobe but confined to one/ipsilateral lung; (4) satellite nodules in both lungs represent M1 
disease; (5) malignant pleural effusion is considered M1 disease; and (6) T4N0M0 or T4N1M0 
lesions are now classified as stage IIIA. Nodal stage definitions remain unchanged.

To define the T (tumor) characteristics of a lesion, chest radiograph, CT scanning, PET, 
magnetic resonance imaging (MRI), and bronchoscopy may all be helpful. MRI may be par-
ticularly useful in assessing patients with possible T3 or T4 lesions and for specific assessment 
of brachial plexus involvement (i.e., superior sulcus tumors) and/or chest wall invasion. In some 
cases, video-assisted thoracoscopic (VATS) techniques may be needed to assess or better define 
T4 disease.

To accurately define the N (nodal) status of a lesion, combining PET/CT with EBUS now 
allows for improved identification as well as access to multiple lymph node stations, beyond 
(and including) those that have traditionally been accessed via mediastinoscopy. Regardless of 
the approach, transbronchial needle aspiration (TBNA) of any lymph node should be assessed 
for lymphocyte yield (i.e., negative without lymphocytes has a higher false-negative likelihood); 
when positive, there is a risk of contamination by nearby extranodal tumor during sampling. 
Other approaches that may be required for nodal staging include ultrasound-guided transesopha-
geal needle biopsy, mediastinotomy (e.g., to diagnose aortopulmonary or anterior mediastinal 
adenopathy), thoracoscopy, or thoracotomy (i.e., with node sampling/definition at resection). In 
general, nodes that are enlarged on CT and positive on PET require tissue confirmation, except 
when gross mediastinal invasion by tumor (T4) is obvious. In either case, tissue diagnosis will be 
required for appropriate treatment. Finally, a patient should not be denied potentially curative 
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primary tumor (t)

TX Occult carcinoma (status not able to be assessed)

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor ≤3 cm in greatest dimension, surrounded by lung or visceral pleura, 
and without bronchoscopic evidence of invasion proximal to a lobar bronchus. 
T1a versus T1b discriminates lesions lesser or greater than 2 cm.

T2 A tumor >3 cm in greatest dimension but ≤7 cm, or a tumor of any size that 
either invades the visceral pleura or has associated atelectasis or obstructive 
pneumonitis that extends to the hilar region; at bronchoscopy, proximal extent 
of demonstrable tumor must be at least 2 cm distal to the main carina; any 
associated atelectasis or obstructive pneumonitis must involve less than an 
entire lung. T2a versus T2b discriminate lesions lesser or greater than 5 cm.

T3 Tumor >7 cm; or tumor of any size with direct extension into the chest wall 
(including superior sulcus tumors), diaphragm, phrenic nerve, mediastinal 
pleura, or parietal pericardium without involving the heart, great vessels, tra-
chea, esophagus, or vertebral bodies; or a tumor in the main bronchus within 
2 cm of main carina without involving it; or atelectasis/obstructive pneumonitis 
of the entire lung; or separate tumor nodules in the same lobe.

T4 A tumor of any size with invasion of the mediastinum or involving the heart, 
great vessels, trachea, esophagus, recurrent laryngeal nerve, vertebral bodies, 
or main carina; or separate tumor nodules in a different ipsilateral lobe

nodal involvement (n)

NX Occult carcinoma

N0 No regional lymph node metastasis

N1 Metastasis of lymph nodes in the ipsilateral peribronchial and/or perihilar 
regions, and intrapulmonary nodes, including involvement by direct extension

N2 Metastatic involvement of ipsilateral mediastinal lymph nodes and/or subcarinal 
lymph nodes

N3 Metastatic involvement of contralateral mediastinal lymph nodes, contralateral 
hilar nodes; or the involvement of any scalene or supraclavicular nodes

distant metastatic involvement (m)

M0 No (known) distant metastatic involvement

M1a

M1b

Separate tumor nodules in a contralateral lobe; or malignant pleural involve-
ment; or pleural tumor nodules
Distant metastasis

tabLe 101-1  Staging of non–Small-cell Lung cancer—tnm definitions 
according to the iaSLc 7th edition

surgery based solely on radiographic criteria. In this regard, PET/CT may assist in identifying 
patients with enlarged lymph nodes on CT but PET-negative in the mediastinum: Such patients, 
with a high probability of false-positive nodes on CT, should be considered for EBUS–TBNA 
for staging the mediastinum or definitive resection with nodal sampling at the time of surgery.

Modified from Detterbeck FC, Boffa DJ, Tanoue LT. The new lung cancer staging system. Chest. 
2009;136:260–271.
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The M (metastasis) characteristics of a lesion may be defined through history and physical 
examination, chemistry panel, liver function tests, and imaging studies, including assessment of 
liver and adrenal glands on CT and whole-body PET to guide further sampling. Questions and 
examination focused on neurologic signs/symptoms and/or bony pain may guide brain (CT or 
MRI) or bone scanning. Guidelines by the National Comprehensive Cancer Network (NCCN) 
now recommend an MRI brain scan for any stage II or higher NSCLC patient, as the risk of oc-
cult brain metastasis becomes significant (up to 10% for adenocarcinoma), and may thus mark-
edly influence the treatment plan. Finally, whole-body PET studies indicate that unsuspected 
metastatic disease may often be found (11%–29% of patients in one series). More investigation 
is needed to determine the role of alternative radiolabeled uptake analogs as well as single-photon 
emission CT (SPECT) imaging in evaluating local/regional and distant disease in lung cancer.

Stages of lung cancer are defined by combining the TNM components (see Table 101-2). 
Stage I includes those patients with no lymph node involvement (N0) and no invasion of struc-
tures (T1,2). Stage II includes patients with either no invasion (T1,2) and hilar (N1) lymph 
node metastases or patients with chest wall invasion or even satellite lesions in one lobe, but no 
lymph node involvement (T3N0; stage IIB). Stage III is divided into those with potentially re-
sectable disease (IIIA) and those with unresectable disease (IIIB). With the possibility of multiple 
advanced T and N combinations, stage III (and even IIIA) remains particularly heterogeneous. 
Stage IV disease is confined to those patients with metastasis to distant sites.

While the staging system continues to be refined by advances in detection technology, bio-
logical understanding, and therapy, it remains critical to make a strong effort to accurately stage 
patients using the current system. Determination of the N (nodal) status remains one of the 
most challenging aspects of thoracic TNM staging for NSCLC. Use of the American Joint 
Committee on Cancer (AJCC) regional lymph node map allows for uniform reporting of patient 
data. This is also important for the design and implementation of new clinical trials.

For SCLC, once a tissue diagnosis is made, the disease is staged as limited versus extensive 
stage. Limited-stage SCLC is limited to one hemithorax (i.e., disease that can be contained in a 
“tolerable” radiation field or port). Extensive SCLC involves metastasis beyond the hemithorax.

Stage tnm Subset

0 Carcinoma in situ

IA T1a, bN0M0

IB T2aN0M0

IIA T1a, bN1M0
T2aN1M0
T2bN0M0

IIB T2bN1M0

T3N0M0

IIIA T1–3N1M0

T3N1M0

T4N0,1M0

IIIB T4N2M0

T1–4N3M0

IV T any N any M1a,b

tabLe 101-2   new international 
revised Stage Grouping

Modified from Detterbeck FC, Boffa DJ, Tanoue LT. The new 
lung cancer staging system. Chest. 2009;136:260–271.
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proGnoSiS
The stage of NSCLC at presentation correlates strongly with lung cancer survival. With surgery, 
the 5-year survival for clinical TNM stages IA, IB, and IIA/IIB disease is approximately 50%, 
43%, and 36%/25%, respectively. For pathologic stages IA, IB, and IIA/IIB, 5-year survivals are 
73%, 56%, and 46%/36%, respectively. Stage III patients are highly heterogeneous with 5-year 
survival ranging from less than 25% in the majority up to 30% to 40% in some select patients, 
depending on the particular TNM status and treatment modalities employed (see Chapter 104). 
Patients with clinical stage IV disease have a 1-year survival of 20% to 30% and 5-year survival 
of less than 5%. Occasionally, patients with stage IV disease who respond well to chemotherapy 
may survive 2 to 3 years or longer.

The patient’s performance status at diagnosis, according to the Eastern Cooperative Oncol-
ogy Group (ECOG) scale, also carries significant prognostic weight and influences treatment 
decisions (see Chapter 103). Finally, while a number of histologic and biologic molecular mark-
ers are not formally integrated into the anatomic-based TNM scale, several of these markers 
are now being employed in the selection of molecular-targeted therapies, and appear to have 
significant prognostic significance. Further work may integrate some of these into future prog-
nostic algorithms.

Survival is limited to weeks to months in untreated SCLC. Current treatment of limited-
stage SCLC is associated with median survival of 18 to 24 months and 5-year survival of 20% 
to 25%. For extensive-stage disease, median survival of 8 to 10 months is typically observed. 
Survival analyses of SCLC patients using the IASLC database show that TNM staging for SCLC 
also has prognostic significance, and should be incorporated in clinical trials of early stage dis-
ease. For now, it is sensible to provide TNM data on SCLC to the tumor registry while clinically 
staging and treating patients according to the limited versus extensive-stage definition.

Further readinG
1. Detterbeck FC, Boffa DJ, Tanoue LT. The new lung cancer staging system. Chest. 2009;136:260–271. 

A publication outlining the current 7th edition IASLC lung cancer staging system with detailed descrip-
tors for T, N, and M; and prognoses for descriptors as well as clinical- and pathologic stages.

2. Lababede O, Meziane J, Rice T. Seventh edition of the cancer staging manual and stage grouping of 
lung cancer: quick reference chart and diagrams. Chest. 2011;139:183–189. 
Helpful diagrams and descriptions of 7th edition IASLC staging system that may be used as a reference 
that accompanies the paper summarizing current staging system (Detterbeck et al., 2009).

3. Maeda R, Yoshida J, Ishii G, et al. Prognostic impact of histology on early-stage non-small cell lung 
cancer. Chest. 2011;37:2798–2800. 
This publication provides compelling data highlighting the importance of how microanatomic predictors 
(such as histologic differentiation, vessel invasion, and visceral pleural invasion) might be used alone or as 
a group to refine prediction/prognosis for any given stage. It focuses on early stage NSCLC, and emphasizes 
the utility (and possible future incorporation) of measures beyond our macroscopic T and N descriptors as 
an additional prognostic guide.

4. MacMahon H, Austin JH, Gamsu G, et al. Guidelines for management of small pulmonary nodules 
detected on CT scans: a statement from the Fleischner Society. Radiology. 2005;237:395–400. 
Fleischner society statement/guidelines on management of subcentimeter nodules on CT imaging. Used 
as a common guide for decisions on the frequency of imaging follow-up as modified by the state of cancer 
risk factors.

5. Sher T, Dy GK, Adjei AA. Small cell lung cancer. Mayo Clin Proc. 2008;83:355–367. 
A comprehensive review that includes overview of the practical treatment-oriented staging approach as 
well as prognoses for limited and extensive small-cell lung cancer.

6. Chandra S, Nehra M, Agarwal D, et al. Diagnostic accuracy of endobronchial ultrasound-guided 
transbronchial needle biopsy in mediastinal lymphadenopathy: a systematic review and meta- 
analysis. Respir Care. 2012;57:384–391. 
A comprehensive review and meta-analysis of 14 recent studies utilizing EBUS-TBNA.
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cLaSSiFication
The term lung cancer comprises a number of specific malignancies (Table 102-1). The four 
major histologic types of lung cancer are squamous cell carcinoma, adenocarcinoma, large-cell 
carcinoma, and small-cell carcinoma. Historically, clinicians have been concerned primarily 
with the division of lung cancer into small-cell lung carcinoma (SCLC) and non–small-cell 
lung carcinoma (NSCLC). These two major groups have very different clinical presentations, 
metastatic potential, and responses to therapy. However, in the past decade, there has been 
increased emphasis on the precise classification of NSCLC since molecular testing and potential 
therapies now depend on histology. For example, adenocarcinomas are more likely to harbor 
epidermal growth factor receptor (EGFR) mutations that respond to specific targeted inhibi-
tors. As a result of this need for more precision, the classification of lung adenocarcinoma was 
further refined in 2011, as shown in Table 102-1. One major change is that the term bronchio-
loalveolar carcinoma (BAC) is no longer used. The four major histologic types of lung cancer 
are discussed below.

Squamous cell carcinoma accounts for about 20% to 25% of all lung cancers in the United 
States. It used to be the most common type of lung cancer, but for unclear reasons its incidence 
has dropped, and it is now surpassed by adenocarcinoma. Historically, the majority of squamous 
cell carcinomas presented as central tumors. However, more recent data suggest an increasing 
percentage of peripheral tumors. Cavitation is not uncommon. Morphological features include 
intercellular bridging, squamous pearl formation, and keratinization. Squamous cell carcinoma 
typically arises from altered bronchial epithelium and is preceded by years of progressive mucosal 
changes that include squamous metaplasia, dysplasia, and carcinoma in situ. In its early stages of 
growth, the tumor may appear as a small, red, granular plaque or as a focus of leukoplakia. Later, 
it may appear as a large exophytic endobronchial mass.

Adenocarcinoma is the most common histologic type, representing 40% to 50% of all lung 
cancers in the United States. Adenocarcinomas are classically peripheral tumors arising from 
the peripheral airways and alveoli, but they may also arise proximally from the epithelium or 
submucosal glands. Cavitation is rare. Morphologically, they appear as cuboidal or columnar 
cells forming gland-like structures that may or may not produce mucin. Some adenocarcinomas 
display a lepidic growth pattern, meaning growth restricted to neoplastic cells along preexisting 
alveolar structures without invasion. These preinvasive or minimally invasive lesions carry a bet-
ter prognosis. The new 2011 classification of adenocarcinoma introduced many changes, some 
of which are worth highlighting. First, the term bronchioloalveolar carcinoma was discontinued 
and further divided into new terms (Table 102-1). Second, new concepts of adenocarcinoma in 
situ and minimally invasive adenocarcinoma were introduced. Third, micropapillary adenocar-
cinoma was added as a new subtype with poor prognosis. Finally, new terminology and diagnos-
tic criteria for small biopsies and cytology specimens were proposed. These changes will assist in 
determining patient therapy and predicting outcome.

SCLC comprises about 15% of all lung cancers. It has a distinct clinical presentation, with 
a very aggressive course and frequent metastases at presentation. Paraneoplastic syndromes 
are common. Though chemoresponsive, SCLC has a very poor prognosis. About two-thirds 
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tabLe 102-1 histologic classification of Lung cancer

Squamous cell carcinoma

Variants: papillary, clear cell, small cell, basaloid

Small-cell carcinoma

Variant: combined small-cell carcinoma

Adenocarcinoma

Adenocarcinoma in situ (formerly BAC)

Minimally invasive adenocarcinoma (≤3 cm lepidic predominant tumor with ≤5 mm invasion)

Invasive adenocarcinoma
•	 Lepidic	predominant	(formerly	nonmucinous	BAC	pattern,	with	.5 mm invasion)
•	 Acinar	predominant
•	 Papillary	predominant
•	 Micropapillary	predominant
•	 Solid	predominant	with	mucin	production

Variants of invasive adenocarcinoma
•	 Invasive	mucinous	adenocarcinoma	(formerly	mucinous	BAC)
•	 Colloid
•	 Fetal	(low	and	high	grade)
•	 Enteric

Large-cell carcinoma

Variants: large-cell neuroendocrine carcinoma, basaloid carcinoma, lymphoepithelioma-like 
 carcinoma, clear-cell carcinoma, large-cell carcinoma with rhabdoid phenotype

Sarcomatoid carcinoma

Variants: pleomorphic carcinoma, spindle cell carcinoma, giant cell carcinoma, carcinosarcoma, 
pulmonary blastoma, other

Carcinoid tumor

Variants: typical carcinoid, atypical carcinoid

Carcinomas of salivary gland type

Variants: mucoepidermoid carcinoma, adenoid cystic carcinoma, epimyoepithelial carcinoma

Adenosquamous carcinoma

of SCLC present as a perihilar mass, though it can present as a solitary pulmonary nodule 
in up to 5% of cases. Extensive lymph node metastases are common, and the tumor often 
causes bronchial obstruction by extrinsic compression. Tumor cells are small, with a round to 
fusiform shape, scant cytoplasm, and absent or faint nucleoli. Nuclear molding and smearing 
of nuclear chromatin as a result of crush artifact can be seen. Extensive necrosis is common. 
Staining for neuroendocrine markers, such as CD56, chromogranin, and synaptophysin, can 
aid in diagnosis.

Large-cell carcinoma represents about 3% to 9% of all lung cancers. The majority are pe-
ripheral tumors, often quite large and necrotic. Histologically, they often consist of sheets and 
nests of large polygonal cells with vesicular nuclei and prominent nucleoli. The presence of 
squamous or glandular differentiation must be excluded to make the diagnosis. Thus, large-cell 
carcinoma cannot be diagnosed in small biopsies and cytology specimens. A resection specimen 
is required. Large-cell carcinomas are a heterogeneous group of poorly differentiated tumors. 
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Several variants exist, some of which are associated with a worse prognosis, such as large-cell 
neuroendocrine carcinoma.

epidemioLoGy
Lung cancer is the leading cause of cancer mortality worldwide. The disease became an epi-
demic in the last century, as incidence and mortality rose dramatically. More than 1.5 mil-
lion new cases are diagnosed annually throughout the world. Incidence in the United States 
alone is estimated to be 226,160 cases in 2012. Though historically a disease of men, lung 
cancer now affects the sexes equally, with 116,470 new cases in men and 109,690 new cases 
in women expected in 2012. Mortality remains very elevated for lung cancer. 2012 US es-
timated deaths are 87,750 in men and 72,590 in women. This represents 29% and 26% of 
all cancer deaths in men and women, respectively. Lung cancer kills more people than breast, 
prostate, and colon cancers combined. Age, racial, and socioeconomic disparities also exist. 
Lung cancer is a disease of the aging, with 60% of cases diagnosed in persons over the age of 
65. Incidence and mortality are higher in Caucasians and African Americans than in other 
ethnic groups in the United States, and socioeconomic status correlates inversely with lung 
cancer mortality.

Risk factors for lung cancer can be divided into genetic factors, behavioral factors, and en-
vironmental factors. By far the most important risk (and causal) factor is behavioral: tobacco 
smoking. Smoking causes about 85% of lung cancer cases in the United States. Smokers have 
about a 20-fold increase in lung cancer risk compared to never-smokers. There is a direct dose–
response relationship between cigarettes smoked and lung cancer risk. Tobacco smoke contains 
about 4,000 chemicals, of which at least 60 are known carcinogens. These carcinogens and 
their metabolites lead to the formation of DNA adducts. Along with free-radical damage, these 
adducts can lead to carcinogenesis. Carcinogenic risk in former smokers declines progressively 
following smoking cessation. Lung cancer risk falls by greater than 70% after 15 years of smok-
ing cessation. The risk will eventually approach that of a never-smoker, though some residual 
risk remains and that risk depends upon the intensity of the precessation smoking history (e.g., 
pack-years, inhalation, and age at initiation).

Secondhand smoke exposure is now recognized as a cause of lung cancer among nonsmok-
ers. A dose–response relationship has been confirmed; there is no safe level of secondhand smoke 
exposure. Nonsmokers who live with a smoker have a 20% to 30% increased risk of lung cancer. 
Secondhand, or passive, smoking is estimated to cause 3,000 lung cancer deaths per year in the 
United States alone.

Other environmental risk factors for lung cancer include radon, indoor and outdoor air 
pollution, and certain occupational exposures. Radon is the second leading cause of lung can-
cer, responsible for 10% of lung cancer deaths. The amount of radon found in homes var-
ies, and radon testing kits are easily available. Homes with radon levels of 4 pCi/L or higher 
should undergo interventions to reduce levels. Occupational exposures known to cause lung 
cancer include ionizing radiation, arsenic, chromium, nickel, asbestos, tar, and soot. Many of 
these exposures are additive or synergistic with cigarette smoke in the induction of pulmonary 
malignancies.

There may be significant individual susceptibility to lung cancer. Having a positive fam-
ily history of lung cancer is associated with a 1.7-fold increased risk of the disease. Even in 
nonsmokers, the risk is elevated at 1.4-fold. A positive family history in two or more relatives 
is associated with a 3.6-fold increased risk. Variant alleles of several genes are associated with 
increased susceptibility to lung cancer. Some of these genes are involved in the metabolism of 
tobacco carcinogens; others are involved in DNA repair. Genome-wide association studies have 
also identified polymorphisms that predispose to lung cancer. These host factors are areas of 
active research.

Preexisting lung disease has also been implicated to increase the risk of lung cancer. Chronic 
obstructive pulmonary disease, pulmonary fibrosis, tuberculosis, pneumoconioses, and systemic 
sclerosis have all been associated with an increased risk. Other host factors like HIV infection 
may also be important. Finally, there is consistent evidence that dietary intake of fruits and 
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vegetables lowers the risk of lung cancer. High consumption of β-carotene has been associated 
with a 50% reduction in the risk of lung cancer in comparison to low consumption. However, 
three prospective, randomized, controlled intervention trials found no benefit or increased lung 
cancer mortality in those patients given β-carotene as a dietary supplement.

ScreeninG
The basic principles of any good screening program are (1) diagnose disease early in asymptom-
atic patients; (2) detect diseases that respond better to early versus late treatment; and (3) ensure 
that the benefits of treating the few patients who will be diagnosed with the disease outweigh the 
harms associated with screening the large number without the disease. Lung cancer, the leading 
cause of cancer mortality worldwide, would certainly be a good candidate for screening. Cur-
rently, only about 30% of lung cancer is diagnosed at an early, potentially curable stage. This 
could improve with screening. Multiple studies in the 1970s and 1980s evaluated lung cancer 
screening with chest radiography (CXR) and sputum cytology. These studies showed that one 
could diagnose more lung cancers with CXR screening, but lung cancer mortality was not af-
fected. In 2011 the Prostate, Lung, Colon and Ovary (PLCO) screening trial, the largest US 
screening trial ever done, published the results of its lung cancer screening arm. Over 150,000 
subjects were randomized to usual care or annual CXR. After 13 years of follow-up, there was no 
difference in lung cancer deaths, stage, or histology between the two groups. It is now clear that 
CXR should not be used for lung cancer screening.

Radiographic chest imaging has advanced substantially since the 1970s. Current computed 
tomography (CT) scanners can detect lesions in the 2-mm range. Several large observational 
studies demonstrated that annual CT screening of high-risk populations yields a substantial 
number of asymptomatic lung cancers, most at an early stage. These advances rekindled en-
thusiasm for lung cancer screening. The National Lung Screening Trial (NLST), supported by 
the National Cancer Institute, randomized over 50,000 high-risk subjects to annual low-dose 
CT versus annual CXR (note that CXR was used in the control group because the PLCO trial 
results were not yet known). Subjects were aged 55 to 74 years and current or former smokers 
with at least 30 pack-years; if former smokers, they must have quit within 15 years. After 6 years 
of follow-up, the low-dose CT screening group had a 20% reduction in lung cancer mortality. 
The number needed to screen was 320 to prevent one lung cancer death. This compares very fa-
vorably with other established screening programs. Following NLST, multiple medical societies 
and the US Preventive Services Task Force now recommend lung cancer screening with annual 
low-dose CT in high-risk patients. Screening patients outside of the inclusion criteria for NLST 
(age 55–74, smoked ≥30 pack-years) is controversial and not recommended by many societies.

Many questions and uncertainties remain about low-dose CT screening for lung cancer. 
Will screening be cost-effective? Some studies suggest it will be, but data on cost-effectiveness 
from NLST are still pending. How long or until what age should patients be screened? What 
is the risk of overdiagnosis (diagnosing a low-grade cancer that would not have killed the pa-
tient)? What are the long-term radiation risks? The average radiation dose of low-dose CT is 
1.5 millisieverts (mSv). To put that in context, a standard diagnostic CT is about 8 mSv, and 
background radiation exposure after a year living on earth is about 3 mSv. So the radiation dose 
is clearly low, but the cumulative exposure of repeated screens may not be negligible. Another 
question is whether the elevated false-positive rate (about 94% of positive screens) can be low-
ered, perhaps by using biomarkers to select patients at even higher risk of lung cancer. Also, in 
what setting should screening be performed, and what infrastructure will be required? Ideally, 
screening will be carried out in settings with multidisciplinary, specialized care with close surveil-
lance and follow-up. However, real-world implementation may not always be so ideal. These 
questions, and others, will need to be addressed over the coming years.

In summary, we can now reduce lung cancer mortality by 20% with low-dose CT screening. 
This benefit is limited to a specific, high-risk population (age 55–74 years and 30 or more pack-
years of smoking). Data cannot and should not be extrapolated to other “risky” populations at 
this time. Ideally, screening should be a multidisciplinary effort that includes smoking cessation, 
and implemented carefully and with appropriate resources.
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While overall survival for patients diagnosed with lung cancer remains poor (16%–18% 5-year 
survival), clinical and basic research over the last 10 to 15 years has led to the incorporation 
of adjuvant therapies as well as targeted therapies that may significantly improve outcomes in 
select groups of patients. The approach to treatment is now guided by a combination of histol-
ogy (small-cell versus non–small cell) and stage of disease as well as the presence of molecular 
signatures that permit individualized therapy. The treatment approach also must take into 
consideration a patient’s general performance status and pulmonary function. The involvement 
of a multidisciplinary team (pulmonary, medical and radiation oncology, thoracic surgery, radi-
ology, pathology, palliative care, and nursing specialists) in making integrated treatment deci-
sions helps to provide state-of-the-art care. For non–small-cell lung cancer (NSCLC), the most 
basic decision at the time of diagnosis is whether the patient has early stage and potentially 
resectable disease (if the patient is deemed operable) or advanced-stage disease. For small-cell 
lung cancer (SCLC), the treatment approach depends on whether disease is limited versus 
 extensive in anatomic extent, features that determine whether and how radiation is paired with 
chemotherapy as a basic form of treatment. Most of the chapter, and the following sections, 
will focus on NSCLC.

operabiLity, reSectabiLity, and adjuvant therapy  
For StaGe i and StaGe ii nScLc
Surgical resection should be the first consideration for possible cure of stage I or stage II NSCLC. 
A patient must be operable to undergo resection. This assessment requires routine cardiovascular 
evaluation as well as pulmonary function and arterial blood gas testing. In general, a predicted 
postoperative forced expiratory volume in 1 second (FEV1) or diffusing capacity of the lung for 
carbon monoxide (Dlco) of less than 40% indicates significant risk of perioperative complica-
tions or death following anatomic/lobar resections. Dlco is particularly important when imaging 
reveals diffuse parenchymal lung disease or in the setting of dyspnea on exertion. When pulmo-
nary function results are marginal, cardiopulmonary exercise testing (with Vo2 max , 15 mL/
kg/min indicating increased perioperative risk) and/or quantitative ventilation–perfusion lung 
scanning may greatly assist in decision-making regarding operability. The lung scan occasionally 
may weight a decision toward surgery in a patient with marginal FEV1 if a tumor-affected lobe 

Lung Cancer: 
Treatment
Mark M. Fuster

103



    Chapter 103 • Lung Cancer: Treatment   5 9 1

contributes minimally to ventilation (or perfusion). In general, decisions must be individualized 
and often rely on integrating physiologic testing data.

Once a patient is deemed operable, the assessment of resectability depends upon stage. 
Stages I and II patients are candidates for resection. Following a lobar resection, adjuvant che-
motherapy has been found to improve outcomes in patients with pathological stage II disease, 
although there is still no role for adjuvant therapy following resection of a lesion that is patho-
logical stage IA. Finally, when compromised lung function precludes anatomic resection, a cura-
tive attempt with radiotherapy is generally employed, with sublobar resection (for stage IA) a 
less frequent approach. Radiotherapy for stage IA lesions has evolved to incorporate the use of 
higher-dose, hypofractionated programs (i.e., stereotactic body radiotherapy [SBRT]) that have 
markedly improved local control rates and curability. Studies on outcomes using SBRT for early 
stage disease are ongoing; however, more conventional radiation therapy for early stage lesions 
still produce significantly lower cure rates than that achieved by anatomic surgical resection. 
Following definitive therapy, surveillance imaging (i.e., CT thorax) is typically carried out twice 
yearly for 2 years, and yearly thereafter.

advanced-StaGe nScLc: chemotherapy, radiotherapy,  
and combined-therapy approacheS
Stage IIIA disease is very heterogeneous. Most patients (e.g., with bulky N2/mediastinal ad-
enopathy) are not resection candidates, and benefit most from a combination of chemotherapy 
and radiation. Standard chemotherapy is platinum-based and involves the use of two agents. 
Some stage IIIA patients (e.g., T3N1 superior sulcus tumor) may benefit from a “neoadjuvant” 
approach, wherein surgery following a good response to induction chemotherapy/radiation of-
fers 5-year survival rates that exceed 30%. Neoadjuvant therapy, however, remains an area of 
investigation; for some patients, toxicity of this approach may be significant, and its use should 
generally remain within the context of a protocol. Occasionally, patients are found to have 
pathologic stage IIIA disease upon postoperative pathological review following lobar resection 
of what appeared to be clinical stage I or II; adjuvant chemotherapy has improved outcomes for 
such patients. Adjuvant radiotherapy may also be employed in patients found to have advanced-
stage (III) disease at time of resection (or when resection results in positive surgical margins for 
any stage), with its major benefit a reduction in local–regional recurrence. For stage IIIB or 
stage IV disease, chemotherapy is the main form of therapy for patients with good-performance 
status. Concurrent delivery of chemotherapy and radiotherapy may be employed in the aggres-
sive treatment of stage III patients, although toxicity may limit this approach. Sequential use of 
these modalities is a frequently used alternative. For stage IV NSCLC disease in patients with 
good-performance status, unless radiation is necessary for palliation, treatment is limited to 
chemotherapy. Stage IV disease is mostly noncurable with overall 5-year survival in the range of 
10% to 15% for pathologic stage IV; however, patients with good-performance status may have 
2-year survival rates of 30% to 40%. Survival in such patients may be further modified in re-
sponders to novel targeted therapies. Limited performance should be recognized, however, with 
appropriate and early institution of palliative measures to improve quality of life.

tarGeted treatment For nScLc: taiLorinG therapy  
to tarGetS and the individuaL
In the last decade, a number of growth receptors have been identified as important contributors 
to tumor growth and spread. Some of these have surfaced curiously in unique demographic 
groups with distinct histology. To date, the best such characterized target is the epidermal growth 
factor receptor (EGFR), which has been found to have a kinase-domain mutation in lung ad-
enocarcinomas predominating in nonsmoking females (including higher probability among in-
dividuals of Asian descent). Tumors bearing a specific group of EGFR mutations (e.g., δ-LRE, 
L858R, G719X) respond well to small-molecule tyrosine kinase inhibitors, such as erlotinib, 
which may be used as a main form of (targeted) drug therapy for appropriate patients. It is 
reasonable to suspect such mutations in any non- or remote former smoker with lung adenocar-
cinoma, and needle-biopsy or histology specimens should be submitted for pathologic testing 
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in such individuals. Treatment with erlotinib may also benefit advanced-stage patients who have 
not responded to first- or second-line chemotherapy. Nevertheless, primary as well as acquired 
resistance mutations have also been described, and may limit length of therapy. Another recently 
discovered target involves a gene fusion (EML4-ALK) that activates anaplastic lymphoma kinase 
(ALK), which is highly oncogenic and present in approximately 3% to 6% of NSCLC. It also 
appears with highest frequency in younger never-smokers with adenocarcinoma. Responses to 
targeted ALK inhibitors in this group appear promising. It should be noted that expression of 
KRAS mutations predicts lack of response to EGFR or ALK inhibitors, and may identify pa-
tients who are unlikely to benefit from EGFR (and possibly ALK) kinase inhibitors.

SmaLL-ceLL LunG carcinoma
This lung cancer is aggressive, highly metastatic, and very rapidly fatal without treatment. In 
terms of therapy, limited-stage disease (LD-SCLC), limited to the hemithorax, or “contained” 
within a port of radiation, has median survival of approximately 18 to 24 months, and should 
be distinguished from extensive, or metastatic, disease (ED-SCLC). Patients with LD-SCLC can 
be treated with combined chemotherapy and radiation with curative intent, achieving 5-year 
survivals of up to 20% to 25%. However, patients with ED-SCLC typically have a median sur-
vival of only 8 to 10 months with therapy. They should generally be offered chemotherapy, with 
the use of palliative radiotherapy targeted to symptomatic sites, as needed. Surgery does not play 
a primary role in the treatment of SCLC; however, rarely an early stage lesion may be resected 
during thoracotomy for a solitary pulmonary nodule. In that setting, adjuvant chemotherapy is 
generally recommended. Prophylactic cranial irradiation (PCI) should also be offered to patients 
with disease remission, since this significantly lowers the development of central nervous system 
(CNS) metastases and has also been shown to improve survival, even in ED-SCLC patients 
responsive to chemotherapy. The risk of late CNS toxicity from PCI is associated with radiation 
fractions of 2.5 Gy (or total radiation doses of .30 Gy).

paLLiative treatment
There are multiple modalities for palliation of symptoms that may be applied to advanced-stage dis-
ease, recurrent disease, or disease that is unresectable or inoperable. Radiation may be used to pal-
liate airway compression, cough, obstructive pneumonia/atelectasis, hemoptysis, pain (e.g., bony 
metastases), brain metastases, or superior vena cava obstruction, among other localized tumor-
mediated problems. Endobronchial stenting may be used for central airway obstruction (e.g., ex-
trinsic main-stem bronchus compression); other modalities may be used to alleviate endobronchial 
disease, such as laser therapy via the rigid bronchoscope (e.g., exophytic growth into the airway, 
hemoptysis) or endobronchial radiation (brachytherapy). Other treatment modalities that may be 
used for palliating central airway disease include electrocautery, balloon dilatation, cryotherapy, 
and photodynamic therapy. The goal of such palliative approaches is to alleviate symptoms and 
improve patient’s quality of life. In patients with metastatic NSCLC, integrating early palliative care 
with standard oncologic care may improve both quality of life and mood as well as extend survival.
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Extrathoracic 
and Endocrine 
Manifestations  
of Lung Cancer
Shari A. Brazinsky

104
The extrathoracic manifestations of bronchogenic carcinoma can be categorized into those re-
lated to local spread, those related to metastases, and those that are independent of cancer spread, 
namely, the paraneoplastic syndromes.

maniFeStationS oF LocaL Spread
Local spread, which causes extrathoracic manifestations, is most often caused by superior sulcus 
tumors involving the eighth cervical and first thoracic nerves. Patients complain of pain in the 
shoulder and along the ulnar distribution of the arm. Paravertebral involvement of the sympa-
thetic chain can cause a Horner syndrome. Tumor also can involve the recurrent laryngeal nerve 
and produce hoarseness. Superior vena cava syndrome is caused by tumor compression anywhere 
along the course of this vessel. Other extrathoracic symptoms may result from spread into the 
mediastinum, with involvement of the heart and esophagus.

metaStatic diSeaSe
Although metastatic disease is common in patients dying of lung cancer (96%), symptomatic 
disease is less frequent. Metastases are most common in lymph nodes (70%), liver (49%), brain 
(30%), adrenals (25%), bone (30%), and kidneys (18%), although they can involve any organ 
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or tissue. Lymph node, adrenal, and renal metastases are rarely symptomatic. Bony metastases 
can produce local pain and even spinal cord compression if the vertebral bodies are involved. The 
diagnosis and treatment of spinal cord compression is a medical emergency and should always 
be considered in this setting, particularly if neurologic symptoms are present. Liver involvement 
is generally asymptomatic but can cause abdominal discomfort. Brain metastases can mimic 
cerebrovascular disease or primary intracranial neoplasm.

paraneopLaStic SyndromeS
The paraneoplastic syndromes can be characterized as (1) constitutional, (2) hematologic, 
(3) skeletal, (4) neuromuscular, (5) cutaneous, (6) vasculitic, and (7) endocrine. The most com-
mon constitutional syndromes are weight loss, anorexia, and fatigue. Tumor size alone does not 
explain the presence or magnitude of symptoms, and their cause(s) is unknown. Cachexia is a 
significant prognostic factor in the course of lung cancer. Recent studies suggest that cytokines 
such as tumor necrosis factor-α, interleukin (IL)-6 and IL-1β influence cachexia, as well as loss 
of muscle mass and adipose tissue. Megestrol acetate, a synthetic progestin, has been found to 
improve well-being, as well as allow weight gain, in many types of lung cancer.

Normochromic, normocytic anemia occurs in less than 10% of patients with bronchogenic 
carcinoma and is unrelated to marrow infiltration or therapy. A number of coagulopathies are 
associated with lung cancer. They include migratory thrombophlebitis (Trousseau syndrome), 
disseminated intravascular coagulation, chronic hemorrhagic diathesis, nonbacterial thrombotic 
endocarditis, and arterial embolization. Trousseau syndrome often involves unusual sites such as 
the upper extremities or the vena cava and is frequently unresponsive to anticoagulant therapy. 
Non–small-cell carcinomas have also been associated with tumor-related leukocytosis, which is 
cytokine mediated and carries an ominous prognosis.

Hypertrophic pulmonary osteoarthropathy occurs in 4% to 12% of patients with lung 
cancer, most commonly with epidermoid carcinoma and only rarely with small-cell carcinoma 
(5%). It consists of periosteal new bone formation in the long bones, with digital clubbing and 
symmetric arthritis. Vasomotor instability is often present with episodic blanching, swelling, 
and diaphoresis of the hands and feet. The ankles, wrists, and long bones can be very painful 
and tender. Although new bone growth is present, the syndrome does not seem to be caused by 
ectopic human growth hormone production, but it may be mediated by autonomic reflexes. It 
usually regresses after tumor removal, vagotomy, or thoracotomy without tumor resection. Prog-
nosis does not appear to be altered if this syndrome is present, and tumor recurrence is frequently 
accompanied by recurrent osteopulmonary arthropathy. Unilateral facial pain and cluster head-
aches can be referred pain, or caused by hypertrophic osteopathy or paraneoplastic circulating 
humoral factors. Pain can be relieved by radiotherapy, tumor resection with vagotomy or medi-
cal treatment with nonsteroidal anti-inflammatory agents or a bisphosphonate.

An increasing number of neuromuscular syndromes have been associated with bronchogenic 
carcinoma, most commonly small-cell carcinoma. These syndromes may precede the clinical 
appearance of the tumor by months to years. The most potentially devastating are cerebral 
encephalopathy and cortical cerebellar degeneration, both of which can occur precipitously. 
Peripheral neuropathies, usually sensorimotor and often presenting as pain and paraesthesias of 
the lower extremities, occur in up to 15% of patients with lung cancer. This can be followed by 
the gradual onset of a neuropathic arthropathy. Lambert–Eaton myasthenic syndrome (LEMS) 
occurs in 6% of patients with small-cell carcinoma and differs from myasthenia gravis primarily 
by an increase in the muscle action potential on repetitive stimulation and the lack of improve-
ment in muscle strength with anticholinesterases. Studies suggest the antibodies associated with 
LEMS may confer a survival advantage, as the median survival with small-cell lung carcinoma 
was prolonged by more than 10 months in patients who tested positive for it. SOX1 antibodies 
presence in LEMS predicts the presence of small-cell carcinoma of the lung. Symmetric proximal 
muscle neuromyopathy associated with muscle wasting is also common. Non–small-cell tumors 
have been reported with a paraneoplastic necrotizing myopathy. Paraneoplastic encephalomyeli-
tis, frequently associated with small-cell carcinoma, is characterized by inflammatory infiltrates 
and neuronal loss. A rapidly progressive binocular vision loss, termed cancer-associated retinopa-
thy, has been described in patients with small-cell carcinoma. Also associated with small-cell 
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carcinoma is an adult-onset opsoclonus–myoclonus syndrome. There is no specific immunore-
activity, and the paraneoplastic variety has a worse prognosis than if idiopathic. If the tumor is 
treated effectively, significant neurologic recovery is noted.

The cause of these neuromuscular paraneoplastic syndromes is generally not known. Evi-
dence has been found, however, for an autoimmune basis for several of these syndromes. In 
these cases, antibodies have been found that cross-react with tumor and normal tissue antigens. 
In LEMS, the antibodies cross-react with presynaptic voltage-gated calcium channels at the 
neuromuscular junction. In cancer-associated retinopathy, antibodies to a tumor antigen cross-
react with a subset of retinal ganglion cells (to the photoreceptor protein recoverin). Prednisone 
therapy has been reported to reduce antibody titers and stabilize visual fields. A heterogeneous 
group of cases including of paraneoplastic encephalomyelitis, cerebellar degeneration, LEMS, 
and sensory neuronopathy with small-cell carcinoma associated with a specific antibody in the 
serum or cerebral spinal fluid is considered part of the anti-Hu syndrome (bearing the name of 
the first patient in whom the antibody was discovered). These include the presence of high titers 
of Hu antibody associated with more severe cerebellar degeneration than in the subset without 
the antibody. An anti-Purkinje cell antibody has also been found in some patients with para-
neoplastic cerebellar degeneration. In patients with lung cancer, however, the antibody is rarely 
found, and the clinical picture is less severe and slower to develop than when the syndrome is 
associated with other types of cancer. Lower motor neuron disease as a paraneoplastic syndrome 
has also been seen with anti-Hu antibody. In terms of early diagnosis of malignancy, presence of 
paraneoplastic neuronal autoantibodies is associated with successful positron emission tomogra-
phy (PET)–CT directed cancer search in 18% of patients.

Some studies have found more than one antibody present in patients with paraneoplastic 
syndrome, raising the possibility of multimodal autoantibody production. Such autoantibodies 
are found to be associated with other paraneoplastic syndromes. Gastrointestinal motor dys-
function is now known to be associated with small-cell carcinoma (with multiple paraneoplastic 
autoantibodies) and can precede the recognition of tumor by months to years. Dysfunction 
includes delayed gastric emptying, esophageal dysmotility, and abnormal autonomic reflexes.

Cutaneous manifestations include features of dermatomyositis, hyperpigmentation caused 
by ectopic production of melanocyte-stimulating hormone, and acanthosis nigricans. The last is 
a hyperkeratotic, hyperpigmented dermatosis with small papillomatous lesions giving the skin 
a velvety texture. It is symmetric and prominent in skin folds. When it occurs after age 40, 
it is almost always associated with cancer (90% intra-abdominal, 5% lung). Dermatomyositis 
has been associated with an autoantibody to a nuclear complex of unknown function. Other 
rare manifestations include erythema gyratum (thickened, bandlike urticarial plaques impart-
ing a “knotty pine” appearance) with small-cell carcinoma, universal hypertrichosis lanuginosa 
with epidermoid carcinoma, and rapidly progressive digital necrosis with small-cell carcinoma. 
Recently, benign dermatosis granuloma annulare, interstitial granulomatous dermatitis, tripe 
palms, and subacute cutaneous lupus erythematosus were reported as being temporally associ-
ated with carcinoma of the lung, and regressed with successful treatment of the malignancy.

Non–small-cell carcinomas have been associated with cutaneous vasculitis and purpura 
rheumatica. Disseminated vasculitis has now been reported with small-cell carcinoma of the 
lung. A nonsystemic subacute vasculitic neuropathy called paraneoplastic vasculitic neuropathy 
has been described with small-cell carcinoma of the lung. The neuropathy, which varies from 
a mononeuropathy multiplex to a symmetric polyneuropathy, is associated with an elevated 
erythrocyte sedimentation rate and high cerebrospinal fluid protein count. Both chemotherapy 
and immunotherapy for vasculitis are effective in this disorder.

Many endocrine and metabolic syndromes are associated with bronchogenic carcinoma; 
they are primarily, but not exclusively, associated with small-cell carcinoma. It is theorized that 
lung cells embryologically derived from neural crest cells with the ability for amine precursor 
uptake and decarboxylation undergo malignant derepression and secrete one or more peptide 
hormones. Overt clinical syndromes appear in approximately 10% of patients with lung can-
cer, although subclinical hormone production is more common. The hormones produced are 
peptides and include adrenocorticotropic hormone (ACTH), melanocyte-stimulating hormone, 
parathyroid hormone, antidiuretic hormone (ADH), human chorionic gonadotropin, prolactin, 
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serotonin, insulin, glucagon, corticotropin-releasing factor, and calcitonin. Most is known about 
ectopic ACTH, parathyroid hormone, and ADH.

Probably the most commonly produced ectopic hormone is ACTH (50% of patients with 
small-cell carcinoma), although Cushing syndrome is seen rarely with bronchogenic carcinoma. 
Tumors appear to elaborate both active ACTH in small amounts and an immunoreactive, but 
biologically weak “big ACTH,” which can be a precursor molecule. Big ACTH was evaluated as 
a marker for lung cancer, because it is present in more than 80% of all patients who have lung 
cancer. It is not, however, specific, because it also occurs in a significant number of patients with 
chronic obstructive pulmonary disease. When Cushing syndrome does occur in association with 
tumor ACTH secretion, it is a virulent disease with poor prognosis. Ketoconazole, an inhibitor 
of adrenal steroid synthesis secondary to its inhibitory effects on the cytochrome P-450 enzyme 
system, has been reported to significantly suppress serum cortisol levels in a patient with Cush-
ing syndrome caused by small-cell carcinoma.

Hypercalcemia occurs in at least 12% of patients with lung cancer, mainly with epidermoid 
carcinomas. Although small-cell carcinoma frequently metastasizes to bone, it rarely causes hy-
percalcemia. Ectopic parathyroid hormone production is one cause of hypercalcemia that usu-
ally responds to therapy. Some cases may be caused by tumor-secreted prostaglandin E. The 
hypercalcemia in these patients can be suppressed by aspirin or indomethacin. Other cases may 
be caused by tumor production of a peptide with significant structural homology to parathyroid 
hormone, but without immunologic cross-reactivity.

The syndrome of inappropriate ADH (SIADH) results from ectopic ADH secretion. It oc-
curs in 11% of patients with small-cell carcinoma and, although hyponatremia can be severe, 
symptoms occur in only about 25% of patients with tumor-induced SIADH. It usually resolves 
within 3 weeks of the initiation of chemotherapy. Retrospective studies reveal hyponatremia 
is associated with a poorer prognosis in small-cell cancer of the lung, as is failure to normalize 
serum sodium after two chemotherapy cycles. Occasionally, severe SIADH can occur in the first 
5 days following the start of chemotherapy; thus, patients should be monitored carefully during 
this time. Preliminary studies have used 131I-labeled antibodies against vasopressin-associated 
neurophysin to localize tumors using radio imaging.

Other causes of hyponatremia associated with lung cancer are much less common. Renal tu-
bular dysfunction in association with glycosuria and aminoaciduria has been reported, as has so-
dium loss associated with massive bronchorrhea in bronchoalveolar cell carcinoma. In addition, 
some hyponatremic patients with lung cancer who have normal levels of ADH have been found 
to have increased messenger RNA levels for atrial natriuretic factor as a possible mechanism for 
their deranged sodium homeostasis.

Gonadotropin production occurs predominantly with large-cell carcinoma and can cause 
gynecomastia, which can be unilateral. Gynecomastia in a man should be evaluated with hCG 
testing. Prolactin production by anaplastic tumors can cause lactation in women. Rarely, epi-
dermoid carcinomas have been associated with the production of vasoactive intestinal peptides, 
resulting in a syndrome of watery diarrhea, hypokalemia, and achlorhydria. In addition, bron-
chogenic carcinomas have been found to produce small, biologically active amines or peptides, 
including serotonin, histamine, and a substance resembling eosinophilic chemotactic factor of 
anaphylaxis.

Currently, most of these hormones represent curiosities. In the future, some may become 
useful markers of disease or response to therapy, and the mechanisms of their production may 
provide insights into the behavior of carcinoma.

A retrospective study of 40 years of reports in the literature found that 13% of patients with 
resectable non–small-cell lung cancer had a paraneoplastic syndrome. The authors suggested 
that recent onset arthritis and arthralgias, without other explanations, should be considered as 
early clues to possible lung cancer. PET appears to be useful in localizing (particularly small-cell) 
carcinoma in patients presenting with paraneoplastic syndromes. Increasing recognition of new 
paraneoplastic syndromes, many of which are felt to be immunologically mediated, has been 
accompanied by frequently disappointing trials of therapy with steroids, immunoglobulins, and 
plasmapheresis. Ongoing study of immunoadsorption with protein A for paraneoplastic neuro-
logic syndromes has shown some initial success and merits further trials.
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etioLoGy and pathophySioLoGy
Neoplastic disease of the pleura can be primary, arising from the cellular elements of the pleural 
surface (e.g., mesothelial tissue), or metastatic, arising from either thoracic or extrathoracic sites. 
Metastatic pleural tumors comprise most pleural neoplasms. These resemble the primary tumor 
histologically and are usually associated with roentgenographically apparent pleural effusion or 
thickening.

Primary tumors of the pleura are rare. They are classified as benign mesotheliomas (i.e., 
solitary or localized fibrous) or diffuse malignant mesotheliomas. Solitary fibrous tumors of the 
pleura occur equally in men and women with a peak incidence in the fourth to sixth decades. 
Tobacco smoking and exposure to asbestos do not appear to increase the risk for these benign 
tumors, which are usually grossly well encapsulated and histologically composed of fibrous ele-
ments. Similar lesions have been reported as postinflammatory tumors of the pleura, leading to 
speculation that they are part of a spectrum of mesothelial cell response to a variety of stimuli. 
Immunohistochemical, ultrastructural, and tissue culture studies were previously felt to support 
a mesenchymal origin, but most agree now that these tumors derived from fibroblasts have the 
potential for multidirectional differentiation.

Malignant pleural mesothelioma (MPM), on the other hand, while also rare, has a well-
described relationship with occupational exposures, noted in about 80% of patients with MPM, 
most of whom report exposure to asbestos. The pathogenesis of other metastatic malignant pleu-
ral disease, also referred to as pleural carcinomatosis or secondary pleural metastasis, is less clear. 
Most frequently caused by lung, breast, and gastrointestinal adenocarcinomas, the prognosis for 
these tumors is poor, with median survivals of only about 9 months. Other less-common pri-
mary tumors are those of the ovary, pancreas, liver, kidney, uterus, adrenal glands, testis, larynx, 
and thyroid. In addition, benign pelvic tumors can be associated with pleural effusion and ascites 
(Meigs–Salmon syndrome) that subside following tumor resection. The prognosis for patients 
with malignant pleural disease from non–small-cell lung cancer is even worse, prompting a 
recent change in TNM staging from T4 to M1.

cLinicaL preSentation and diaGnoSiS
Clinically, 30% to 40% of patients with pleural tumors are asymptomatic at the time of diag-
nosis; others complain of chest pain, cough, dyspnea, and weight loss in decreasing frequency. 
Tumors can reach enormous size. They can be attached to the pleura by a pedicle and lead to a 
sensation of something moving about in the chest after a positional change. Other times they 
may affect diaphragmatic surfaces. Rarely, they cause lobar collapse or superior vena caval ob-
struction. They may present as wide-based parietal pleural abnormalities, as well as pleural thick-
ening noted on chest radiographs or computed tomography (CT) scans. Infrequently, tumors 
involve the visceral pleural surface, presenting radiographically as solitary pulmonary nodules. 
Secondary pleural metastases are frequently noted at post mortem examinations in patients from 
cancer but without pleural effusions. These deposits probably result from hematogenous spread, 
although some investigators emphasize a role for lymphatic obstruction in view of frequently 
noted swollen lymphatics along the posterior and inferior costal parietal pleura during thoraco-
scopic inspection.

In patients with benign disease, physical examination is usually unrewarding but may 
show evidence of clubbing (,20%), or osteoarthropathy or arthropathy (,15%) simulating 
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rheumatoid arthritis. The chest roentgenogram usually reveals a localized mass; pleural effusion 
occurs in fewer than 15% of cases. In some patients with large tumors, hypoglycemia has been 
reported. Needle biopsy, pleural fluid cytology, or pleural biopsy may suggest the diagnosis, 
but definitive diagnosis of solitary fibrous tumors of the pleura usually requires thoracoscopy, 
CT-guided cutting needle biopsy, or thoracotomy. Preoperative differential diagnoses include 
malignant mesothelioma, metastatic carcinoma, sarcomas, and bizarre pseudotumors related to 
the organization of a pleural exudate. Surgical resection is usually curative but can be difficult in 
cases of gross invasion of contiguous vascular, neural, or mediastinal structures. Recurrences may 
not appear for years following initial resection. Often, the arthropathy disappears with tumor 
resection but can recur with regrowth. It can then be relieved by further resection.

In patients with suspected malignant mesothelioma, tissue diagnosis is required after ob-
taining a good occupational history. Pleural fluid cytology results are often equivocal. Recent 
studies suggest a role for serum mesothelin-related proteins and osteopontin, but these may only 
support a presumptive diagnosis. Mesothelioma is rare, accounting for less than 1% of all cancer 
deaths in the general population; however, its incidence is rising because of (1) the delayed ef-
fects of an increase in the occupational exposure to asbestos; (2) increased awareness by patholo-
gists of this disease; and (3) more accurate diagnostic methods, such as electron microscopy and 
immunohistochemistry. Today, it is felt that approximately 2,000 cases are diagnosed yearly 
in the United States. Tumors must be distinguished from other neoplasms such as soft-tissue 
sarcoma and leukemia or lymphoma involving the pleura.

Malignant mesotheliomas also occur as primary tumors of the peritoneum and tunica vagi-
nalis of the testes; simultaneous occurrence of pleural mesothelioma with mesothelioma at these 
other sites has not been described, although patients may have both pleural and peritoneal in-
volvement during the course of their illness. Pathologically, MPM tumor appears early as single 
or multiple, small, white or gray lesions; later it may produce a thick, gelatinous, gray–pink 
sheath enveloping the affected lung. It is noteworthy that thoracoscopic appearance can be mis-
leading. Parietal pleura can appear normal, as is often the case in stage 1A malignant mesothe-
lioma, or appear as a conglomeration of small or large nodules involving parietal, visceral, or 
both pleural surfaces.

Histologically, tumors are composed of epithelial and mesenchymal (fibrosarcomatous) ele-
ments and are classified as epithelial (54%), fibrosarcomatous (21%), or mixed (25%). Epithelial 
mesotheliomas are the most frequently diagnosed histologic type. Seven types of epithelial meso-
theliomas are seen, the most common of which is tubulopapillary. Sarcomatoid mesotheliomas 
account for approximately 20% of mesotheliomas, and are usually positive on keratin staining. 
This is unlike most sarcomas. Twenty percent of epithelial mesotheliomas produce hyaluronic 
acid, which can be identified by specific stains. The presence of hyaluronic acid contributes 
to the increased viscosity often noted in pleural fluid from patients with mesothelioma. Car-
cinoembryonic antigen (CEA) has been reported as negative in 88% of mesotheliomas. This 
immunostaining procedure can be helpful in excluding mesothelioma from the diagnosis. Im-
munohistochemical and ultrastructural analysis of pleural neoplasms can lead to an accurate 
diagnosis of mesothelioma in most cases, although a careful review of an entire battery of tests 
often including CEA, Leu-M1, and mucicarmine staining is necessary. Electron microscopy is 
also helpful when abnormalities such as long, slender microvilli are noted. Increasingly, bio-
logic markers of pleural malignancy are being studied, and differential gene expression between 
MPM, adenocarcinoma, and normal or benign mesothelium are being assessed.

In some patients, diagnosis can only be made retrospectively after careful review of the ex-
posure history, clinical history, immunohistochemical stains and ultrastructural analyses, clinical 
and radiographic progressions of disease (usually one of gradual entrapment of the lung with 
associated pleural thickening, and dyspnea), and autopsy findings. Although the pathogenesis of 
malignant mesothelioma is unclear, asbestos is the single most important causative agent. This 
conclusion is based on (1) retrospective studies showing a strikingly higher incidence (300×) 
of malignant mesothelioma among asbestos workers; (2) studies showing a significantly higher 
incidence of asbestos exposure among new mesothelioma cases versus controls; and (3) direct 
measurements of significantly increased asbestos fiber content of the lungs of patients with me-
sothelioma (95%) with respect to controls. A shift has occurred in exposure history from primary 
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users to end-users of asbestos (handlers of asbestos products, such as workers in the construction 
industry). A threshold amount of asbestos exposure necessary to induce mesothelioma is un-
known but presumed. Cigarette smoking is not a risk factor for malignant mesothelioma, but the 
addition of smoking to asbestos exposure significantly increases risk for lung cancer. Histologic, 
biologic, and cellular prognostic factors such as microvessel density of tumor specimens, over-
expression of COX-2, levels of MIB-1, and role for Simian SV40 virus (a DNA virus shown to 
induce mesothelioma in up 100% of hamsters after intrapleural injection) remain controversial.

Asbestos exposure can occur occupationally, as in textile, shipyard, mining, insulation, and 
construction industries, or it can occur environmentally, as with persons living near asbestos 
mines and mills. Significant exposure can also occur when family members of asbestos workers 
handle the workers’ clothing (paraoccupational). Thus, the level of exposure may seem incon-
sequential and the fiber burden may be less than expected to cause asbestosis. Fiber size can be 
important in that fibers that are long and thin have been found to be more tumorigenic than 
shorter, thicker fibers, although all types of asbestos can induce mesotheliomas. The various types 
of asbestos vary in tumorigenicity. Fibers with the longest length:diameter ratio are the most 
carcinogenic, but the carcinogenic potential of short fibers cannot be ruled out. It appears that 
amphiboles, particularly crocidolite (but also amosite, anthophyllite, tremolite, and actinolite), 
are more frequently associated with malignancy than serpentine fibers such as chrysotile asbestos.

A direct relationship exists between intensity and duration of exposure with tumor inci-
dence. Intensity of exposure is related inversely to time of presentation. The mean time between 
exposure and presentation (latency period) is approximately 29 years for factory workers and 48 
years for those exposed environmentally. Asbestos fibers are inhaled and deposited at the level of 
smaller bronchioles and alveoli, where they are ingested by pulmonary alveolar macrophages and 
coated with a ferrous proteinaceous material. Asbestos fibers are believed to be both promoters 
and initiators of malignant transformation. Once inhaled, asbestos fibers cannot be destroyed or 
removed; thus, the lifetime risk for mesothelioma increases over time.

Other nonasbestos causes of mesothelioma are also seen, including naturally occurring fi-
brous silicate minerals called erionite, a fibrous zeolite. Individuals living in small villages in cen-
tral Turkey where this mineral was used in building materials have had the highest incidence of 
mesothelioma in the world. Most artificial fibers (e.g., ceramic fibers, glass wool, and rock wool) 
have not been clearly shown to cause mesothelioma, although results from at least one study 
suggest that genetic predisposition influences man-made mineral fiber (erionite) carcinogenesis.

While CT scans and a conventional TNM staging system are commonly used at diagnosis, 
the staging system of the International Mesothelioma Interest Group is commonly used subse-
quently to identify extent of disease after treatment and determine prognosis. Increasingly, mag-
netic resonance imaging and CT scans are used to help accurately stage patients, and results from 
recent studies suggest the benefit from 18F-fluorodeoxyglucose positron emission tomography 
(FDG-PET) for differentiating MPM from benign disease, staging, and detecting recurrence. 
According to a recent ERS–ESTS guideline, an international panel of experts could not agree on 
a common classification system (at least five different ones exist and are being used). Regardless, 
authors of these guidelines note that performance status and histopathological subtype are the 
only clinical factors of importance in terms of disease management.

In contrast to patients with solitary fibrous tumors of the pleura, almost all patients with 
malignant mesothelioma are symptomatic at the time of diagnosis, although presentation as an 
incidental radiographic finding of pleural effusion is increasingly common. Chest pain (43%) 
of a constant gnawing character is a frequent complaint. Occasionally positional, it is rarely 
pleuritic in nature. Dyspnea is another frequent symptom (27%), with or without chest pain 
at presentation. Cough (19%), weight loss (13%), and fever (7%) also occur. Weight loss is a 
poor prognostic sign.

The physical examination frequently reveals evidence of pleural effusion. Clubbing is infre-
quent (,5%). Auscultation of the chest may reveal decreased breath sounds unilaterally, coarse 
crackles, squeaks, or pleuropericardial rubs. Horner syndrome, hoarseness, or tumor extending 
through the chest wall in the tract of a previous needle tract or incision site are infrequently 
noted today. The chest roentgenogram typically reveals a unilateral pleural effusion, pleural 
nodularity or thickening, or a localized mass lesion. A massive effusion without mediastinal shift 
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away from the side of the fluid collection should raise suspicions for mesothelioma, especially 
with a history of asbestos exposure. Rib destruction may be present adjacent to the pleural le-
sion. Interstitial fibrotic changes or diaphragmatic pleural calcifications suggest prior asbestos 
exposure and are not indicative of MPM. CT scan may demonstrate pleural calcifications, a 
distinct pleural mass, invasion of contiguous structures, or abdominal extension not otherwise 
apparent radiographically.

The tissue diagnosis of malignant mesothelioma can be difficult. Sputum cytology is nega-
tive, and bronchoscopy usually reveals no endobronchial lesions, although extrinsic bronchial 
compression caused by mediastinal pleural thickening, a large pleural effusion, or entrapped 
lung with volume loss is observed occasionally. The pleural fluid from a thoracentesis is usu-
ally straw colored but can be serosanguinous or bloody in 30% to 50% of cases. Typically, the 
protein level is elevated, ranging from 3.5 to 5.5 g/dL and lactic acid dehydrogenase is high. 
Cytology is of limited value because benign and malignant mesothelial cells closely resemble 
each other.

Abrams or Cope needle pleural biopsy may confirm the diagnosis, but usually provides 
insufficient tissue. CT-guided pleural biopsy provides greater diagnostic yield. Thoracoscopy 
provides tissue and allows complete evacuation of pleural effusion, a thorough examination of 
parietal and visceral pleural surfaces, assessment of lung expandability, and visually guided bi-
opsy of both normal and abnormal appearing areas of the costal and diaphragmatic parietal 
pleura. Procedures are almost always diagnostic, although false negatives may occur. If intra-
pleural chemotherapy is not planned, patients can undergo thoracoscopic talc pleurodesis, which 
is successful in preventing fluid reaccumulation in more than 80% of instances. Rarely, open 
thoracotomy is necessary for definitive diagnosis, but should probably not be performed unless 
an open parietal pleural biopsy has been unsuccessful. An independent panel of pathologist 
should be convened to review tissues in case of doubt and in patients enlisted for clinical trials.

Malignant mesothelioma is an unrelenting, progressively fatal disease. As disease progresses, 
patients may present with obstruction of the superior or inferior vena cava (or both) or pericar-
dial involvement. Involvement of the soft tissues of the chest cage, ipsilateral lung, contralateral 
pleura, supraclavicular nodes, and peritoneal cavity is also seen. Distant metastases to bone, liver, 
or brain rarely occur. There is limited evidence supporting debulking surgery. Aggressive surgical 
resection, radiation therapy, and chemotherapy have all yielded poor results. Newer regimens 
using combined treatment modalities are under evaluation but have yet to significantly alter 
prognosis (median survival 20–24 months). Radical surgery (extrapleural pneumonectomy) in 
the setting of a multimodality therapy protocol has reached reasonably low mortality (5%) in 
experienced centers, but morbidity remains high. Combination chemotherapy can be adminis-
tered at diagnosis, but at least one British Thoracic Society study has reported no survival benefit 
over best supportive care. Novel gene therapy protocols are still in the experimental stage and 
have not been shown to alter outcome significantly. Palliative radiation therapy may be benefi-
cial for pain control, but radiation dose must be carefully controlled. The value of prophylactic 
radiation to prevent thoracoscopy, thoracotomy, or chest tube tract tumor seeding is unclear.

Secondary metastatic pleural involvement is the most common form of neoplastic pleural 
disease. It usually presents as a pleural effusion that can be pathogenically related to visceral or 
parietal pleural implants, peripheral or mediastinal lymphatic and venous obstruction, thoracic 
duct obstruction, or a combination of these mechanisms. Tumor lymphatic obstruction, tho-
racic duct invasion, or both can also result in chylothorax.

The clinical manifestations of metastatic pleural tumors relate to the primary neoplastic 
process and the size of the effusion. Dyspnea can be severe if a large amount of fluid accumulates. 
Roentgenographically, the findings of mediastinal shift toward the side of the pleural effusion 
(implying atelectasis), an underlying parenchymal or mediastinal mass, or rib erosions suggest a 
malignant cause. In many of these cases, flexible bronchoscopy is warranted to exclude bronchial 
obstruction before performing thoracoscopy or chest tube insertion. The diagnosis of pleural 
carcinomatosis is based on evaluation of the pleural fluid, pathologic evaluation of biopsied 
specimens, or both. Characteristically, the fluid is an exudate and is often blood tinged. In long-
standing effusions, the glucose can be low and the pH less than 7.35. The white cell count is typ-
ically low and predominantly lymphocytic. Cytologic examination can identify the primary site 
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in up to 70% of cases. Not surprisingly, repeated thoracenteses increase the yield, as the pleural 
fluid malignant cell burden can increase over time, and as the malignant disease itself progresses.

Closed-needle pleural biopsy yields a diagnosis in up to 50% of cases and, when combined 
with cytology, in close to 90%. Thoracoscopy almost always makes the diagnosis (the only false-
negative findings being in patients with early malignant mesothelioma), and provides an op-
portunity for pleurodesis or insertion of an indwelling pleural catheter. Treatment of recurrent 
effusions has included intrapleural instillation of sclerosing agents, such as quinacrine, Coryne-
bacterium parvum, nitrogen mustard, mitoxantrone, doxycycline, minocycline, tetracycline (no 
longer commercially available), iodine, bleomycin, and pleural abrasion or pleurectomy. Small 
bore chest tube insertion followed by pleurodesis in preferred over repeated aspiration except 
in patients with survival measured in weeks. Asbestos-free, sterile talc powder is the most effec-
tive and least expensive pleurodesis agent available, and appears to be equally effective whether 
administered as a slurry or by insufflations. Pleuritic chest pain and fever are its most frequent 
adverse effects. Patient rotation is not necessary after chest tube instillation of slurry. In case of 
trapped lung, intrapleural indwelling chest tube insertion may be warranted. This technique 
also results in a substantial number of favorable results for patients with recurrent symptomatic 
malignant effusions who are not candidates for pleurodesis or who wish to avoid hospitalization.
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for tuberculosis, 287
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(ACE-I), 507

Angiotensin receptor blockers (ARB), 507
Ankylosing spondylitis (AS), 450–451
Anthracofibrosis, 477
Anthracosilicosis, 477
Anthracosis, 477
Anthrax, disaster management of, 79–80
Anti-CD 52 antibodies, for lung 

transplantation, 437
Anti-Hu syndrome, 596
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(continued)
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IgE-mediated asthma in, 313
in immunocompromised, 167
invasive pulmonary, acute, 315–317
species of, 312
tracheobronchial, 317

Aspergillus galactomannin, 170
Aspergillus infection, after lung 

transplantation, 437
Aspiration

definition of, 155
from drug abuse, 174
risk factors for, 155
upper respiratory tract, drug abuse in, 174

Aspiration pneumonia, 155–158
clinical features of, 157
definition of, 156
oral and dental hygiene in, 156–157
treatment, 157–158

Aspiration pneumonitis
definition of, 156
management of, 156
with scleroderma, 551

Aspirin, 41
Asthma, 11, 90, 128, 129, 186, 188, 

353–361, 441
air travel with, 111
aspirin-sensitive, 360
clinical presentation of, 355–356
definition of, 353
diagnosis of, 356, 485–486
epidemiology of, 353
etiology, 353–354, 484
exercise-induced, 360
IgE-mediated, from Aspergillus, 313
intrinsic, 353
laryngeal (vocal-cord) dysfunction vs., 356
management of, 356–357

allergens and irritants in, 357
hospital, 357
patient education in, 357
in status asthmaticus, 359
vaccination in, 357

medications for, 357
occupational, 212, 213t, 484
pathogenesis, 485
pathophysiology of, 353–354
persistent nocturnal, 360
pharmacotherapy for, 50–53, 357–358

airway diseases, 50–52
anticholinergic, 51, 357
beta-2 agonists, 50–51, 358–360

calcium channel blockers, 52
corticosteroids, 50–52, 357–359
cromolyn sodium, 51
cromolyn sodium and nedocromil, 358
endothelin-receptor antagonists, 53
inhalational, 50
leukotriene modifiers, 51, 360
macrolide antibiotics, 52
mast cell stabilizers, 51
methylxanthines, 51
omalizumab, 52, 358
phosphodiesterase-5 inhibitors, 53
pulmonary vascular diseases, 52–53
theophylline, 51, 358, 359, 360

in postoperative pulmonary 
complications, 46

in pregnancy, 160, 161t, 360
respiratory complications during and after 

surgery, 360–361
surgery in, 360
symptoms of, 354–355
treatment, 486
triad, 354
work-related, 484–486

Asthmatic bronchitis, 356, 365
Atelectasis

pleural effusion from, 132
after pulmonary resection, 143
rounded, 482

Atmospheric pressure (Pbaro), 110, 111t
Atovaquone, 340t, 341t
Atropine sulfate, 79
AVA-Biothrax vaccine, 80
Avian flu (H5N1), 273
Azathioprine

for idiopathic interstitial pneumonias, 537
for idiopathic pulmonary 

hemosiderosis, 528
for interstitial pneumonitis, with 

rheumatoid arthritis, 541
for sarcoidosis, 514
for systemic lupus erythematosus, 549
for Wegener’s granulomatosis, 518

Azithromycin, 201, 446
for atypical pneumonia, 28
for cystic fibrosis, 446
for Haemophilus influenzae infection, 247
for lung transplantation, 437
for nontuberculous mycobacterial 

infections, 292, 293
Aztreonam

for gram-negative bacilli pneumonias, 256
for Haemophilus influenzae  

infection, 247
Aztreonam lysate, for cystic fibrosis, 446
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B
B-readers, 3
Bacillus anthracis, 79, 80
Bacillus Calmette-Guérin (BCG) 

vaccination, for TB prevention, 279
Bacterial infections, after lung 

transplantation, 437. See also 
specific infections

Bacterial pneumonia, 167, 170, 182
in HIV-infected, 342
in pregnancy, 160

Bacteroides melaninogenicus, 263
Balloon dilation, 436
Barcode sign, in ultrasound, 36
Barotrauma, from mechanical 

ventilation, 90–91
“Batwing” sign, in thoracic ultrasound, 33
Beclomethasone

for asthma, 50, 358, 360
in pregnancy, 360

Benfluorex, pulmonary hypertension, 422
Benzimidazole, for echinococcosis, 337
Benzonatate, 130
β2-agonists, 490–491. See also specific agents

for asthma, 50–51, 354, 357–358, 
358–360

for chronic obstructive pulmonary 
disease, 373

β-hemolytic streptococci, classification 
of, 242

β-lactam/β-lactamase inhibitor, for anaerobic 
lung infections, 264

Bicarbonate, 25
transport, in cystic fibrosis, 445

Bilateral (sequential) lung transplant 
(BLT), 435

Bilateral pneumothorax, 151
Bilevel positive airway pressure (BiPAP), 209
Bilevel ventilation, 87
Biologic agents, disaster management of

anthrax, 79–80
plague, 80
ricin, 81
smallpox, 80

Biopsies. See also specific disorders
closed pleural, 35
kidney, 522
open lung, 182
for pleural effusion, 134
surgical lung, 536–537
thoracic ultrasound in, 34–35
transbronchial, 536
transthoracic, of lung lesions, 36–37

Bioterrorism, 137, 138
Bisphosphonate, 595

Black Lung Benefits Program, 478
Blastomyces dermatitidis infection,  

308–310, 343
Blastomycosis, 308–310

diagnosis of, 310
disseminated, 309
in HIV-infected, 343
in pregnancy, 310
transmission of, 309

Bleb, in pneumothorax, 149
Bleomycin, 505

for malignant pleural disease, 605
Blood gas evaluation, arterial, 23–31. See 

also Arterial blood gas (ABG) evaluation
Blue bloater, 370
BMPR2 gene mutations, in pulmonary 

hypertension, 421
Bone scans, for coccidioidomycosis, 298
Bone tuberculosis, 284
Borg Dyspnea Index, 122
Bosentan (Tracleer®)

for asthma, 53
for pulmonary hypertension, 427

Botulinum, 79
Bourneville disease. See Tuberous sclerosis
Brachytherapy, for malignant airway 

lesions, 62
Brain natriuretic peptide (BNP), 121
Brain tissue embolism, pulmonary, 417
Breath sequence, in mandatory 

ventilation, 85–86
Breathing

normal tidal, 460
reducing work of, 86 (See also Ventilation, 

mechanical)
retraining techniques for, in  

COPD, 375
British Thoracic Society (BTS) 

guidelines, 182, 183
Bronchial alveolar lavage, for pneumonia 

diagnosis, 182
Bronchial artery embolization (BAE), 139

for chronic invasive pulmonary 
aspergillosis, 313

for hemoptysis, 139
Bronchial carcinoids, 575–577
Bronchial challenge testing, 355–356
Bronchial hygiene therapy, 293

in pulmonary therapeutics, 67–68
Bronchial obstruction, 195–196

pneumothorax from, 149
Bronchial stenosis, in radiation-induced lung 

injury, 506
Bronchial stump integrity, after pulmonary 

resection, 145, 146
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Bronchial thermoplasty
for asthma, 62–63
in interventional pulmonology, 62–63

Bronchiectasis, 68, 197–202
cause of, 199
complication of, 199
cylindrical, 198
in cystic fibrosis, 445
definition of, 197
diagnostic testing, 200–201
diffuse, 199
drug abuse in, 177
focal, 199
medical management, 201
microbes cultured from, 198
pathogenesis of, 199–200
presentation of, 198–199
in rheumatoid arthritis, 543
saccular, 198
surgical management, 201–202
traction, 198
treatment for, 201–202
varicose, 198

Bronchiolar obstruction, in 
lymphangioleiomyomatosis, 564

Bronchiolitis, 189
Bronchiolitis obliterans syndrome 

(BOS), 168, 436, 437
Bronchiolitis obliterans with organizing 

pneumonia (BOOP), 494, 506
drug abuse in, 176
in rheumatoid arthritis, 543
in systemic lupus erythematosus, 547

Bronchitis, 485
acute, 174, 356
asthmatic, 356
chronic, 11 (See also Chronic obstructive 

pulmonary disease (COPD))
definition and clinical description 

of, 363
drug abuse in, 176
hemoptysis from, 138

eosinophilic, 129
industrial, 213t, 478

Bronchoalveolar carcinoma, 581
Bronchoalveolar lavage fluid (BALF), 494
Bronchoconstriction, allergic, 485
Bronchodilators. See also specific agents

for aspiration pneumonia, 156, 157
for chronic obstructive pulmonary 

disease, 373
for cystic fibrosis, 447

Bronchogenic carcinoma,  
in HIV-infected, 344

Broncholithiasis, from histoplasmosis, 304

Bronchopleural fistula, after pulmonary 
resection, 145–146

Bronchopulmonary carcinoid tumors, 576
Bronchoscopic confirmation, of airway 

injury, 488
Bronchoscopic pulmonary toilet, 490
Bronchoscopy, 182

endobronchial ultrasound, 41–42
flexible

fiberoptic, 40–41
for hemoptysis, 139
for pneumonia diagnosis, 182

for hemoptysis, 139
navigational, 42–43
rigid, with advanced therapeutic 

techniques, 61–62
Bronchospasm, 355, 360

drug-induced, 176
exercise-induced, 19
treatment of, 195

Bronchus-associated lymphoid tissue, 495
“Bronchus sign” in navigational 

bronchoscopy, 43
Bubbler device, 67
Budesonide, for asthma, 50
Bullous lung disease, drug abuse in, 176
Bupropion, 70
Burkholderia cepacia type III, 431
Burning injury, patients with

chronic obstructive pulmonary disease and 
facial burns, 489

in intubation, 489–490
pneumonia in, 491
pulmonary injury in, 488–491
pulmonary toilet and airway 

patency, 490–491
smoke inhalation injury, 488–489

“BURP” maneuver, 210
Busulfan, 505
Butyrophilin-like 2 (BTNL2), 512

C
C-reactive protein (CRP), 181, 183, 258
Calcium channel blockers, for asthma, 52
Cancer-associated retinopathy, with lung 

cancer, 595–596
Candida albicans, 167
Canine blastomycosis, 309
Caplan syndrome, 478, 542
Capreomycin, for tuberculosis, 278, 287
Carbapenem, 250. See also specific agents

for anaerobic lung infections, 264
for gram-negative bacilli pneumonias, 256

Carbon dioxide, arterial measurement of, 25
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Carbon monoxide, 77
Carcinoembryonic antigen (CEA), 602
Carcinoid tumor, 586t
Carcinoids, bronchial, 575–577
Carcinoma, bronchogenic, in  

HIV-infected, 344
Cardiac arrhythmias, 195
Cardiac herniation, after pulmonary 

resection, 146
Cardiopulmonary exercise testing, 122
Cardiovascular conditions, contraindications 

for commercial flights, 112–113
Caspofungin, for acute invasive pulmonary 

aspergillosis, 317
Catheterization, right-heart, 421, 426

for chronic thromboembolic pulmonary 
hypertension, 408

in evaluation of pulmonary vascular 
disease, 126–127

for pulmonary arterial hypertension, 440
Causation, 107
Cefepime, for gram-negative bacilli 

pneumonias, 256
Cefotaxime

for Haemophilus influenzae infection, 247
for nocardiosis, 321
for pneumococcal pneumonia, 235

Cefoxitin, for nontuberculous mycobacterial 
infections, 294

Ceftaroline, for streptococcal 
pneumonia, 241, 242

Ceftazidime, for gram-negative bacilli 
pneumonias, 256

Ceftobiprole, for streptococcal 
pneumonia, 241

Ceftriaxone
for nocardiosis, 321
for pneumococcal pneumonia, 235
for streptococcal pneumonia, 242

Cefuroxime axetil, for Haemophilus 
influenzae infection, 247

Cell-mediated immunity, 304
Cellulose, pulmonary embolism from, 417
Central airway obstruction, 187
Central alveolar hypoventilation, 469

pulmonary hypertension in, 423
Central sleep apnea, 467
Central venous catheter (CVC)

access, using ultrasound, 37
intervention to eliminate, 101–102,  

103, 104
Cephalosporin, 440

for streptococcal pneumonia, 241, 242
Cerebellar cortical degeneration, with lung 

cancer, 595

Cerebral edema, high-altitude, 113, 114
Cerebral encephalopathy, with lung 

cancer, 595
Cerebrospinal fluid (CSF), 284
Cestode infections, 331
Check valve, in pneumothorax, 149
Chemical exposure, disaster management of

biologic agents
anthrax, 79–80
plague, 80
ricin, 81
smallpox, 80

inhalational toxins
airway vesicants (mustards), 78
direct respiratory irritants (chlorine, 

phosgene), 77–78
neurotoxic agents, 79

Chemiluminescent DNA probes, 292
Chest drain insertion, thoracic  

ultrasound in, 35
Chest drainage catheters, thoracic 

ultrasound, 34–35
Chest films, 1. See also Radiography
Chest physiotherapy, 57, 446, 447, 450
Chest radiography

for asthma, 486
computer-aided diagnosis in, 3
for diaphragm disorders, 454
for fat embolism, 415
for hypersensitivity pneumonitis, 494
for pulmonary hypertension, 425, 426
for submersion-induced pulmonary 

edema, 501
Cheyne–Stokes ventilation, 469
Chickenpox, 80
Chlamydia trachomatis, 268
Chlamydophila pneumoniae, 267–271
Chlamydophila psittaci pneumonia, 267–271
Chloramphenicol, 80, 235, 322
Chlorine, disaster management of, 77
Chloroquine, 336, 514, 528
Chondromas, 577
Chronic allograft rejection, after lung 

transplantation, 437
Chronic interstitial pneumonitis, in systemic 

lupus erythematosus, 547
Chronic invasive pulmonary 

aspergillosis, 312–313
Chronic obstructive pulmonary disease 

(COPD), 77, 90, 434, 489, 126, 
186, 188. See also Bronchitis, chronic; 
Emphysema
air travel with, 111
clinical and laboratory manifestations 

of, 369
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Chronic obstructive pulmonary disease 
(COPD) (continued)
consequences of, 191
definition and clinical description 

of, 363–365
diaphragmatic disorders in, 456
epidemiology of, 365
hypercapnic respiratory failure in, 191 (See 

also Hypercapnic respiratory failure)
management of, 372–375

antibiotics in, 374
anticholinergics in, 373
breathing retraining techniques in, 375
bronchodilators in, 373
corticosteroids in, 374
goals of, 372
hydration and mucolytic agents in, 374
influenza and pneumococcal vaccination 

in, 373
occupational-environmental pollutant 

reduction in, 373
oxygen therapy in, 375
patient education in, 373
pulmonary rehabilitation in, 57–58, 375
smoking cessation in, 372
steroids in, inhaled, 374
surgery in, 375
theophylline in, 373

pathophysiology of, 370
pharmacotherapy of asthma and, 50
on postoperative pulmonary 

complications, 46
prognosis in, 370
pulmonary hypertension from, 423
from smoking, 366
theophylline for, 51
types of, 370

Chronic thromboembolic pulmonary 
hypertension (CTEPH), 6–7, 126–127, 
406–411, 422t, 423, 425. See also 
Pulmonary hypertension, chronic 
thromboembolic

Chrysotile, 480
Churg–Strauss syndrome, 51, 231, 232
Chylothorax, 144, 563
Chylous pleural effusions, 564
Cigarette smoking. See Smoking
Cimetidine, 373
Ciprofloxacin, 80, 373

for gram-negative bacilli pneumonias,  
256, 257

for hypercapnic respiratory failure, 195
for nontuberculous mycobacterial 

infections, 294
for pneumonic plague, 138

Cisplatin, 505
Cisternal injections, for 

coccidioidomycosis, 300
Clarithromycin, 448

for community-acquired pneumonia, 183
for cystic fibrosis, 446
for nocardiosis, 321
for nontuberculous mycobacterial 

infections, 292, 293
Clindamycin, 80

for actinomycosis, 322
for anaerobic pneumonia, 264
for pneumonia

aspiration, 157
streptococcal, 242

Clinical quality improvement, techniques 
for, 100–105
background, 100–101
examples for system improvement,  

101–103
key concepts for successful, 103–104, 103t

Clofazimine, for tuberculosis, 287
Clonidine, 70
Closed pleural biopsy, thoracic ultrasound 

in, 35
CO poisoning, 488

treatment for, 489
Coagulopathies, in lung cancer, 595
Coal Act. See Federal Coal Mine Health and 

Safety Act
Coal macule, 477
Coal workers’ pneumoconiosis (CSP). See 

Pneumoconiosis
Cobb angle, 449
Cocaine, on lungs, 173. See also Drug abuse
Coccidioides immitis infection, 297–300, 

343. See also Coccidioidomycosis
Coccidioides posadii infection, 297–300.  

See also Coccidioidomycosis
Coccidioidomycosis, 297–300

clinical presentation, 297–298
control and prevention of, 300
diagnosis of, 299
epidemiology, 297
etiology and pathogenesis of, 297
in HIV-infected, 343
microbiology of, 297
prognosis in, 298
serological tests in, 299
treatment of, 299–300

Cold agglutinin-induced hemolysis,  
267–268

Colistin
for gram-negative bacilli pneumonias, 257
for KPC-producing strains, 251
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Combivent RESPIMAT®, 50
Comfortflow™, 66
Community-acquired pneumonia 

(CAP), 180
biomarkers for management of, 183
incidence of, 180

Compression ultrasonography, for deep 
venous thrombosis, 387

Compressive devices, intermittent 
pneumatic, for venous thromboembolism 
prophylaxis, 395–396

Computed radiography (CR),  
digital, 2–3

Computed tomography (CT), 507–508.  
See also specific disorders
for allergic bronchopulmonary 

aspergillosis, 314
for chronic thromboembolic pulmonary 

hypertension, 408
for cryptogenic organizing 

pneumonia, 534
for idiopathic pulmonary 

hemosiderosis, 528
for immunocompromised host, 171
for invasive pulmonary aspergillosis, 316
for lung cancer, 580–581, 588
for mediastinal masses, 223–224
for pneumothorax, 149, 150–151
for pulmonary embolism, 5, 389
for solitary pulmonary nodule, 217
for thoracic spine disorders, 450
for Wegener’s granulomatosis, 517

Computer-aided diagnosis (CAD), in chest 
radiography, 3

Congenital heart disease, pulmonary 
hypertension in, 421

Congestive heart failure, pleural effusion 
from, 131–132

Continuation-phase therapy, for  
drug-susceptible tuberculosis, 287

Continuous intravenous prostenoid 
therapy, 427

Continuous positive airway pressure 
(CPAP), 209
for sleep apnea, 468

Contraceptives, oral, smoking and, 69
Contrast venography, for deep venous 

thrombosis, 387–388
Coronary angiography, for chronic 

thromboembolic pulmonary 
hypertension, 408–409

Cortical cerebellar degeneration, with lung 
cancer, 595

Corticosteroids, 544. See also specific agents
for AGBMA disease (Goodpasture’s), 523

for airways disease, in rheumatoid 
arthritis, 543

for asthma, 50–52, 357–359,  
357–358

for chronic obstructive pulmonary 
disease, 374

for cryptogenic organizing 
pneumonia, 534

for cystic fibrosis, 446
for hypercapnic respiratory failure, 195
for hypersensitivity pneumonitis, 495
for idiopathic pulmonary 

hemosiderosis, 528
for interstitial pneumonitis, in rheumatoid 

arthritis, 541
for Pneumocystis carinii pneumonia with 

HIV infection, 341, 343
for polymyositis, 552
pulse IV, for lung transplantation, 436
for radiation pneumonitis, 507
systemic, agents for asthma, 51
for systemic lupus erythematosus, 549
for tuberculosis, 288

Corynebacterium parvum, for malignant 
pleural disease, 605

Cotrimoxazole
for Q fever pneumonia, 269
for Wegener’s granulomatosis, 518

Cough
chronic, 128–130

cigarette smokers and, 128
idiopathic, 129
immunosuppressed patients and, 128

hypersensitivity syndrome, 129
postinfectious, 128
psychogenic, 129
reflex, with cervical spinal cord  

injury, 463
subacute, 128
variant asthma, 129

CoughAssist Mechanical Insufflation/
Exsufflation™, 67–68

Coxiella burnetii pneumonia, 267–271
Crack cocaine, on lung, 174–175. See also 

Drug abuse
Crack lung, 175
CREST syndrome, 549
Cricothyroidotomy, 211
Cristobalite, 474
Critical care patients, aspiration pneumonia 

in, 157
Cromolyn sodium, for asthma,  

51, 357
Cryotherapy, for management of central 

airway obstruction, 62
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Cryptococcal polysaccharide antigen 
(CRAG) testing for cryptococcosis, 327

Cryptococcosis (Cryptococcus neoformans 
infection), 309, 325–328
diagnosis of, 326–327
management of, 327–328
microbiology and epidemiology of,  

325–326
pathogenesis and clinical manifestations 

of, 326
treatment of, 327–328

Cryptococcus gattii infection, 325, 328
Cryptogenic organizing pneumonia 

(COP), 343, 534, 548
CURB-65, 182
“Curtain sign”, in thoracic ultrasound, 33
Cushing syndrome, 597
Cutaneous vasculitis, with lung cancer, 596
Cyanide poisoning, 488–489
Cyclophosphamide, 505

for AGBMA disease (Goodpasture’s), 523
for interstitial pneumonitis, with 

rheumatoid arthritis, 541
for progressive systemic sclerosis, 552
for systemic lupus erythematosus, 549
for Wegener’s granulomatosis, 518

Cycloserine, for tuberculosis, 287
Cyclosporine, for asthma, 53
Cylindrical bronchiectasis, 198
Cystic dilatation, diffuse, 563
Cystic fibrosis (CF), 68, 200, 444–448

clinical presentation, 445
complications of, 447–448
diagnosis of, 445
etiology and pathophysiology of, 444–445
management of, 446–447
ongoing research, 448
in pregnancy, 162

Cystic fibrosis transmembrane conductance 
regulator (CFTR), 444

Cystic fibrosis–related diabetes 
(CFRD), 448

Cytomegalovirus (CMV), 168, 169,  
276, 436

D
D-penicillamine, in rheumatoid 

arthritis, 544
Dabigatran, 395, 400–401
Dactinomycin, 505
Dalteparin, 394, 400
Dapsone, 340t
Deep venous thrombosis (DVT). See also 

Pulmonary embolism (PE)

from air travel, 111
diagnosis of, 388
epidemiology of, 385–386
natural history of, 386
in pregnancy, 162
prophylaxis against, 393–396

drugs in, 394
intermittent pneumatic compressive 

devices in, 395–396
options and strategies in, 393–394

risk factors for, 386
signs and symptoms of, 387
treatment of, 399–402

Deoxyribonuclease (DNase)
for chronic obstructive pulmonary 

disease, 374
for cystic fibrosis, 446

Dermatomyositis, 552
with lung cancer, 596

Desquamative interstitial pneumonia 
(DIP), 534–535

Dexamethasone, 114
Dextromethorphan (DM), 130
Diabetes, with cystic fibrosis, 448
Diameter-defined Strahler model, 420
Diaphragm

eventration of, 455
fatigue of, 456

in systemic lupus erythematosus, 547
functional disorders of, 456
herniation of, 455
paralysis of, 454–455
pleural effusion and contour of, 132
tears and rupture of, 456

Diaphragmatic flutter, 456
Diazepam, 79
Difficult airway, 206–211

algorithm, 207f
etiology of, 209
mask ventilation, optimal positioning 

for, 209
preparation and environment, 206–208
recognition and intervention in, 208
secure airway, obtaining, 209–210

Diffuse alveolar hemorrhage (DAH). See 
Goodpasture’s syndrome

Diffuse bronchiectasis, 199
Diffuse cutaneous systemic sclerosis 

(dcSSc), 549
Diffuse cystic dilatation, 563
Diffuse panbronchiolitis, 189
Digital chest radiography, 2–3
Dilatational therapy, for benign airway 

stenosis, 62
Diloxanide furoate, for amebiasis, 336
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Diphenylhydantoin, for diaphragmatic 
flutter, 456

Diphosgene, 78
Direct arterial gas embolism, 414
Direct laryngoscopy, 188, 210
Direct respiratory irritants (chlorine, 

phosgene), disaster management of, 77–78
Direct thermal injury, of smoke 

inhalation, 489
Directly observed therapy (DOT), for 

tuberculosis, 288
Dirofilaria immitis, 332
Dirty bomb. See Radiation dispersal device 

(RDD)
Disability, 106–109

basis for apportionment in, 109
definition of, 106
diagnosis in, 107–108
evaluation reports for, 107, 107t
evidence and severity of impairment 

in, 108
need for further treatment in, 109
presence of, 108
vocational retraining in, 109
work-relatedness in, 107–108

Disaster management, by 
pulmonologist, 74–81
acute radiation syndrome, 76–77
airway vesicants (mustards), 78
anthrax, 79–80
biologic agents, 79–81
chemical exposure, 77–81
direct respiratory irritants (chlorine, 

phosgene), 77–78
earthquakes, 75
inhalational toxins, 77–79
ionizing radiation exposure, 76–77
neurotoxic agents, 79
plague, 80
planning for, 74
ricin, 81
smallpox, 80
surge capacity and, 74–75

Disease-modifying therapy, for idiopathic 
pulmonary arterial hypertension 
(IPAH), 411

Distal airways disease, in rheumatoid 
arthritis, 543

Diuretics, 191, 209, 427. See also specific 
agents

Diving accidents, 498–501
Diving, scuba, 500–501
Dog heartworm, 332
Donor selection, for lung 

transplantation, 434–435

Dopamine, for cryptococcosis, 326
Doppler effect, in sound waves, 33
Doripenem, 526
Dornase alpha, 491
Dorsalis pedis artery, 23
Doxycycline, 80

for atypical pneumonia, 269, 270
for Haemophilus influenzae infection, 247
for Legionella pneumonia, 270
for malignant pleural disease, 605
for nontuberculous mycobacterial 

infections, 294
for pneumonic plague, 138
for Q fever pneumonia, 269

Drowning, 498–501
clinical manifestations of, 498–499
complications in, 499
dry, 498
management of, 499
near-, 498–501
pathophysiology of, 498
prognosis, 499–500

Drug abuse, 173–177. See also specific drugs
aspiration in, 174
bronchiectasis with, 177
bronchiolitis obliterans with organizing 

pneumonia with, 176
bronchitis with

acute, 174
chronic, 176

bronchospasm with, 176
bullous lung disease with, 176
crack lung with, 175
fungal pulmonary infections with, 174
interstitial lung disease with, 176
lung cancer with, 177
pneumonia with

community-acquired, 174
with heroin overdose, 174

pneumothorax or pneumomediastinum 
with, 177

pulmonary complications and, 173t
pulmonary edema with, 

noncardiogenic, 175
pulmonary embolism with

noninfectious, 417–418
septic, 174, 416

pulmonary hemorrhage with, 175
pulmonary hypertension with, 175
pulmonary tuberculosis with, 174
respiratory failure with, 177
talcosis with, 176
thermal epiglottitis with, 176
thermal injury with, 176
tracheal stenosis with, 176
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Drug-induced pulmonary disease, 
in rheumatoid arthritis, 541–542

Dry drowning, 498
DuoNeb®, 50
Dyspnea, 120–122

clinical presentation, 120–121
definition of, 120
differential diagnoses, 121–122, 121t
etiology of, 121
on exertion, 19
in neurofibromatosis type 1, 562–563
in pregnancy, 160
quantification of, 122

E
Earthquakes, disaster management, 75
Eastern Cooperative Oncology Group 

(ECOG) scale, 584
Echinocandins, for acute invasive pulmonary 

aspergillosis, 315, 317
Echinococcosis, 336–338
Echinococcus granulosus infection, 336–338
Echinococcus multilocularis infection,  

336–338
Echocardiography, for pulmonary 

hypertension, 426
Efavirenz-based antiretroviral therapy, 289
Effusion

complicated parapneumonic, 134
parapneumonic, 134 (See also Empyema)
pleural (See Pleural effusion)

Embolectomy, acute pulmonary, 402
Embolism

amniotic fluid, 163, 415–416
from brain tissue, 417
direct arterial gas, 414
fat, 415
pulmonary (See Pulmonary embolism)
septic, 416
from tumor, 416–417
venous air, 414–415

Emphysema, 11. See also Chronic 
obstructive pulmonary disease (COPD)
compensatory, 367
congenital lobar, 366–367
definition and clinical description of, 364
diaphragmatic disorders in, 456
epidemiology of, 366
pathophysiology of, 370
senile, 367

Empiric therapy, 181
Empyema, 133, 236, 241, 264–265

in rheumatoid arthritis, 541
thoracic ultrasound in, 35

Encephalomyelitis, paraneoplastic, with lung 
cancer, 595

Encephalopathy, cerebral, with lung 
cancer, 595

Endobronchial ablative therapy, 61–62
Endobronchial stents, in airway patency, 62
Endobronchial ultrasound (EBUS), 37

benefits of, 42
bronchoscopy, in interventional 

pulmonology, 41–42
Endobronchial ultrasound with guided 

transbronchial needle aspiration  
(EBUS-TBNA), 42, 224

Endoglin (ENG), 421
Endoluminal radiotherapy, for malignant 

airway lesions, 62
Endometriosis, 577
Endoscopic ultrasound with fine needle 

aspiration (EUS-FNA), 224
Endotracheal intubation, 206, 210, 211
Endotracheal tubes, aspiration pneumonia 

from, 157
Engraftment syndrome, 169
Enoxaparin, 394, 400
Entamoeba histolytica infection, 335–336
Enterobacter pneumonia, 253–259. See also 

Pneumonia, gram-negative bacilli
Environmental lung disease, 

occupational, 212–214, 213t. See also 
Asthma; specific diseases

Enzyme-linked immunosorbent assay 
(ELISA) test, 299

Eosinophilia, tropical pulmonary, 332
Eosinophilic lung disease, 228–232. See also 

Eosinophilic pneumonias
drug-and toxin-induced, 229–230
helminthic and fungal   

infection-associated, 228–229
Eosinophilic pneumonias, 228

approach to diagnosis, 232
of known etiology, 228–229
of unknown etiology, 230

acute eosinophilic pneumonia,  
176, 230, 232

chronic eosinophilic pneumonia,  
231, 232

Churg–Strauss syndrome, 231
idiopathic hypereosinophilic 

syndrome, 231
Eosinophilic vasculitis, 356
Epidermal growth factor receptor 

(EGFR), 591
Epiglottitis, thermal, drug abuse in, 176
Epithelial anion transport, modulators 

of, 448
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Epoprostenol, 52, 126, 426, 427
Epstein–Barr virus, 169
Erionite, 603
Erlotinib, 591–592
Error reduction techniques, 100–105
Ertapenem, for gram-negative bacilli 

pneumonias, 256
Erythromycin, 373, 442

for actinomycosis, 322
for chronic obstructive pulmonary 

disease, 373
Escherichia coli pneumonia, 253–259.  

See also Pneumonia, gram-negative bacilli
Etanercept, 304, 514, 518, 542
Ethambutol, 448

for cystic fibrosis, 446
for nontuberculous mycobacterial 

infections, 292, 293, 294
in pregnancy, 289
for tuberculosis, 280, 287–289

Ethionamide, 287
Eventration, of diaphragm, 455
Exercise

capacity, in postoperative pulmonary 
complications, 47

higher level, 20
-induced asthma, 360
low-level, 20
in patients with lung diseases, 20
testing, 16, 19–21, 122
training, for COPD, 57–58

Expert Panel Report III, 354
Expiratory central airway collapse, 188
Expiratory positive airway pressure (EPAP), 

for OHS, 471
Extended-spectrum azole antifungals, for 

coccidioidomycosis, 299
Extensively drug-resistant (XDR) 

tuberculosis, 288
Extrapulmonary dissemination, 298
Extrinsic allergic alveolitis, 493–496. See also 

Hypersensitivity pneumonitis
Exudative phase, 380
EZ Pap™, 68

F
Facial burns, 489
Facial edema, during resuscitation phase of 

burn injury, 490
Fat embolism, 415, 440
Federal Coal Mine Health and Safety 

Act, 478
Federal Mine Safety and Health Act of  

1977, 478

Fenfluramine, for pulmonary 
hypertension, 422

Fiberoptic bronchoscopy
flexible, 40–41
for solitary pulmonary nodule,  

218–219
standard, 218

Fibrinolysis, 386
Fibroleiomyomas, 577
Fibrosing mediastinitis, from 

histoplasmosis, 304
Fibrosis

from histoplasmosis, 305
idiopathic pulmonary, 531–532
interstitial

with scleroderma, 549–550
in systemic lupus erythematosus, 547

pleural, 482
progressive massive, 477

Filariasis, 332
Filters, inferior vena caval, 402, 408
Flatworm infections, 333
Flesh-eating bacteria, 242
Flow–volume loop, 14–15, 15f
Fluconazole

for coccidioidomycosis, 300
for cryptococcosis, 327
for histoplasmosis, 305

Flucytosine, 327, 328
Fludeoxyglucose positron emission 

tomography (FDG-PET), 506
Fluke infections, 333
Flunisolide, for asthma, 50
Fluoroquinolone-clindamycin, for anaerobic 

lung infections, 264
Fluoroquinolones

for atypical pneumonia, 269
for cystic fibrosis, 446
for Haemophilus influenzae infection, 247
for Legionella pneumonia, 270
for nocardiosis, 321
for pneumococcal pneumonia, 235
for streptococcal pneumonia, 241
for tuberculosis, 278, 287

Fluoroscopy, 2
Fluticasone, for asthma, 50
Flutter Valve™, 68
Focal bronchiectasis, 199
Follicular bronchiolitis, in rheumatoid 

arthritis, 543
Fondaparinux

prophylaxis against, 394
for thromboembolic disease, 399–400

Food and Drug Administration (FDA),  
70, 237, 316, 437
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Foramen of Morgagni, herniation through 
the, 455

Forced expiratory volume (FEV), 450
Forced vital capacity (FVC), 450
Formoterol, for asthma, 50
Fraction of inspired oxygen, 110
Francisella tularensis, 138
Frequencer™, 68
Friedlander’s pneumonia, 250–251
Fulminant psittacosis, 268
Function testing. See Pulmonary function tests
Functional imaging, of lung injury, 506
Functional residual capacity (FRC), 450, 460
Fungal infections. See also specific infections

drug abuse in, 174
in HIV-infected, 343
in immunocompromised host, 167–168
after lung transplantation, 437

Fungus ball, 312–313
Fusobacterium nucleatum, 263

G
G5 Percussor™, 67
Gabapentin, 130
Galactomannan, 316
Gallium-67 (67Ga) lung scanning, 7
Ganciclovir, for cytomegalovirus 

pneumonia, 276
Gastric colonization, in hospital-acquired 

pneumonia, 348
Gastroesophageal reflux disease 

(GERD), 128, 129, 432
Gastrointestinal hemorrhage, 195
Gatifloxacin, for Haemophilus influenzae 

infection, 247
Gefitinib, 507
Gemcitabine, 505
Genetic counseling, for tuberous 

sclerosis, 567
Genistein, 507
Genitourinary tuberculosis, 284
Genome-wide scans, 512, 587
Gentamycin

for gram-negative bacilli pneumonias, 256
for tularemia, 138

Germ cell tumors (GCT), 224, 225–226
Global Initiative for Asthma (GINA)  

2010, 354
Global Initiative for Chronic Obstructive 

Lung Disease (GOLD), 372
Glomerulonephritis. See Goodpasture’s 

syndrome
Glottic and subglottic extra/intra thoracic 

obstruction, 186t
Glycerol, iodinated, for COPD, 374

Gold, interstitial pneumonitis from, 543
Goodpasture’s syndrome, 15, 521–523

clinical manifestations of, 521–522
diagnosis of, 522
etiology of, 521
histopathological examination of, 522
pathogenicity of, 522
prognosis of, 523
in rheumatoid arthritis, 543
treatment of, 523

Gram-negative bacilli pneumonia, 253–259. 
See also Pneumonia, gram-negative bacilli; 
specific organisms
background and etiology of, 253–254
clinical presentations of, 254–255
diagnosis of, 255–256
prevention of, 258–259
prognosis with, 258
treatment of, 256–258

Granulocyte macrophage colony-stimulating 
factor (GM-CSF), 571

Granulomatosis with polyangiitis 
(GPA), 516–518
diagnosis of, 517
prognosis of, 518
radiographic findings, 517
treatment for, 518

Ground glass opacities (GGOs), 217–218
Guanylate cyclase (BAY 41-2272), 423
Guillain–Barré syndrome (GBS), 461–462
Gynecomastia, with lung cancer, 597

H
Haemophilus influenzae type B vaccines, 247
Haemophilus influenzae infection, 245–247, 

274, 373
etiology and epidemiology of, 245
in HIV-infected, 342
natural history and transmission of, 246
pathogenesis and clinical manifestations 

of, 246
risk factors for, 245–246
in sickle cell disease, 442
treatment of, 247

Halo sign, 316
Haloperidol, aspiration pneumonia and, 156
Hamartomas, pulmonary, 577
Hamman–Rich syndrome. See Acute 

interstitial pneumonia
Hantavirus pulmonary syndrome (HPS), 276
Health-care-associated pneumonia 

(HCAP), 180, 183
Healthy worker effect, 479, 484
Heart disease, congenital, pulmonary 

hypertension in, 421
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Heart failure, congestive, pleural effusion 
from, 131–132

Heart–lung transplantation, 427, 435
Heat moisture exchanger (HME), 67
Heerfordt syndrome, 513
Heimlich maneuver, 158
Helminthic infections, 331–334

nematode, 331–334
trematode, 333

Hemagglutinin (H) glycoproteins, influenza 
A virus and, 274

Hematopoietic stem cell transplants, acute 
invasive pulmonary aspergillosis in,  
315–316

Hematopoietic syndrome, 76–77
Hemithorax, 583
Hemodynamic compromise, from 

mechanical ventilation, 90–91
Hemoptysis, 137–141, 199, 202, 388

in ankylosing spondylitis, 450
causes of, 137
chest radiograph, 138
in cystic fibrosis, 447
diagnostic approaches, 138–139
evaluation of, 138–139
therapy for, 140–141

Hemorrhage, pulmonary
alveolar

in rheumatoid arthritis, 543
in systemic lupus erythematosus, 548

drug abuse in, 175
resection, 143–144

Hemosiderosis, idiopathic pulmonary, 527–528
Hemothorax, 151–152
Hendersen–Hasselbalch equation, 26, 26f, 28
Heparin

for pulmonary embolism, 401
for thromboembolic disease, 399–401

prophylaxis against, 394
“Hepatization sign” in ultrasound, 35
Herd immunity, 247
Hernia, hiatal, 455
Herniation

cardiac, 146
diaphragm, 455
through the foramen of Morgagni, 455

Heroin, on lungs, 174, 175, 176. See also 
Drug abuse

Herpes simplex virus (HSV), 276
Hiatal hernia, 455
Hiccup, 456
High-altitude cerebral edema (HACE),  

113, 114
High-altitude illness, 113–116
High-altitude pulmonary edema 

(HAPE), 113, 114–115

High-frequency oscillating ventilation 
(HFOV), 87

High-performance liquid chromatography 
(HPLC), 292

High-resolution computed tomography 
(HRCT), 426, 517

Highly active antiretroviral therapy 
(HAART), 326, 339, 342–344

Hilar lymph node, endobronchial ultrasound 
bronchoscopy for, 42

Histoplasma capsulatum infection, 303–306, 
343. See also Histoplasmosis

Histoplasmosis, 303–306, 309
clinical presentation of, 303
diagnosis of, 305
etiology and epidemiology of, 303
with HIV/AIDS, 304–305, 343
immunocompromised patients with,  

304–305
inflammatory reaction to, 303
natural history and pathophysiology 

of, 303–304
other manifestations, 304
progressive disseminated, 303–304
pulmonary, 303

acute, 303
chronic, 303

treatment of, 305–306
HMB45 antibody, 564
Hodgkin disease, mediastinal masses 

and, 226
Hookworm, 331
Horner syndrome, 223
Hospital-acquired pneumonia (HAP),  

180, 253, 347–350
Human immunodeficiency virus (HIV) 

infection. See also Acquired immune 
deficiency syndrome (AIDS)
aspergillosis, 343
bronchogenic carcinoma, 344
Haemophilus influenzae, 342
Kaposi’s sarcoma, 343, 344
Mycobacterium avium complex, 343
Mycobacterium kansasii, M. xenopi, 

M. gordonae, 343
pneumonia

bacterial, 342
fungal, 343
Pneumocystis carinii, 340–342, 340t, 341t
Streptococcus pneumoniae, 342

pulmonary hypertension, 344
pulmonary infections and complications 

in, 339–344
tuberculosis, 284, 342–343

prophylaxis against, 280
treatment of, 287
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Human neutrophil elastase, 366
Humidification, 67
Hydatid disease, 336–338
Hydration. See also specific disorders

for chronic obstructive pulmonary 
disease, 374

for hypercapnic respiratory failure, 195
hypothesis, 445

Hydropneumothorax, 151, 152
Hydroxychloroquine, in rheumatoid 

arthritis, 544
Hydroxycobalamin (CYANOKIT), for 

cyanide poisoning, 489
Hygiene hypothesis, 353
HYPER therapy, for drowning, 500
Hyperbaric oxygen therapy, for CO 

poisoning, 489
Hypercalcemia, with lung cancer, 597
Hypercapnia, 25, 190

acidosis from, 192
chronic, 369

Hypercapnic respiratory failure, acute,  
190–196
acidosis in, 192–193
complications of, 195–196
definition of, 190
diagnosis of, 191–192
management of, 193–195

mechanical ventilation in, 193–194
oxygen supplementation in, 193
symptomatic treatment in, 195
underlying cause in, 194

Hypercarbia, preoperative evaluation 
and, 46

Hyperechoic image, 33
Hyperpigmentation, with lung  

cancer, 596
Hypersensitivity pneumonitis (HP), 213t, 

493–496
from Aspergillus, 313
diagnosis of, 494–495
etiology of, 493
pathophysiology of, 495
prognosis with, 496
treatment of, 495

Hypertension, pulmonary. See Pulmonary 
hypertension

Hypertrophic pulmonary osteoarthropathy, 
in lung cancer, 595

Hypocapnia, 25
Hypoechoic image, 33
Hyponatremia, 282

with lung cancer, 597
Hypoventilation. See also specific disorders

absolute and relative, 191

alveolar, 190 (See also Hypercapnic 
respiratory failure)
central, 469

pulmonary hypertension in, 423
primary, 469

in neuromuscular disorders, 460
obesity in, 469–471

pulmonary hypertension in, 423
Hypoxemia, 190, 369, 41. See also specific 

disorders
acute reversible, in systemic lupus 

erythematosus, 549
in aspiration pneumonia, 157
assessment guidelines for, 24t
cause of PH in COPD, 423
classification of, 24
in drowning, 498
exercise-induced, with chronic obstruction 

pulmonary disease, 58
in neurofibromatosis type 1, 563
in rheumatoid arthritis, 549

Hypoxia-altitude simulation test 
(HAST), 112–113

I
Iatrogenic pneumothorax, 148, 150
Ibuprofen

for cystic fibrosis, 446
interstitial pneumonitis from, 542

Iceberg tumor, 576
Idiopathic hypereosinophilic syndrome, 231
Idiopathic interstitial pneumonias 

(IIP), 530–538. See also Pneumonia, 
idiopathic interstitial
classification, 530–531
clinical, radiographic, and histologic 

features, 531–536
acute interstitial pneumonia, 533–534
cryptogenic organizing pneumonia, 534
desquamative interstitial 

pneumonia, 534–535
idiopathic pulmonary fibrosis, 531–532
lymphoid interstitial pneumonia, 535–536
nonspecific interstitial pneumonia,  

532–533
respiratory bronchiolitis interstitial lung 

disease, 535
diagnosis of, 536–537

flexible bronchoscopy, bal, and 
transbronchial biopsy, 536

imaging studies, 536
serologic testing, 536
surgical lung biopsy, 536–537

treatment, 537–538
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Idiopathic kyphoscoliosis, 450
Idiopathic pulmonary arterial hypertension 

(IPAH), 6–7, 411, 421
Idiopathic pulmonary fibrosis (IPF), 434, 

531–532
Idiopathic pulmonary hemosiderosis 

(IPH), 527–528
clinical findings, 528
diagnosis, 528
etiology, 527
presentation, 527
treatment and prognosis, 528

IgE-mediated asthma, in aspergillosis, 313
Iloprost

for asthma, 52
for pulmonary hypertension, 427

Imipenem
for nocardiosis, 321
for nontuberculous mycobacterial 

infections, 294
for pneumonia

gram-negative bacilli, 256
pneumococcal, 235

for tuberculosis, 287
Imipenem-cilastatin

for actinomycosis, 322
for Haemophilus influenzae infection, 247

Immune Reconstitution Inflammatory 
Syndrome (IRIS), 342

Immunocompromised host, 167–171. See 
also specific disorders
bacterial infection in, 167
diagnosis in, 169–171
fungal infection in, 167–168
non-infectious etiologies in, 169–170
viral infection in, 168

Immunoglobulins, for asthma, 355. See also 
specific immunoglobulins

Immunotherapy, passive, for gram-negative 
bacilli pneumonias, 258

Impedance plethysmography (IPG), for deep 
venous thrombosis, 387, 399

Indacaterol, for asthma, 50
Industrial bronchitis, 213t, 478
Infection. See also specific disorders and 

organisms
anaerobic lung, 263–265

antibiotic treatment for, 264
diagnosis of, 264

in aspiration pneumonia, 156–157
cestode, 331
fungal (See Fungal infections)
in immunocompromised host, 167–170 

(See also Immunocompromised host)
after lung transplantation, 437

from mechanical ventilation, 91
hospital-acquired pneumonia in, 348

nematode, 331–334
after pulmonary resection, 145, 146
respiratory, neuromuscular disorders,  

460–461
of respiratory tract in pregnancy, 160
in sickle cell disease, 442
tapeworm, 331
trematode, 333
viral (See specific infections)

Infectious Diseases Society of America/
American Thoracic Society (IDSA/
ATS), 181, 182, 183

Inferior vena cava filters, 396,  
402, 408

Inflammatory bronchoconstriction, 485
Infliximab

for interstitial pneumonitis, in rheumatoid 
arthritis, 542

for sarcoidosis, 514
Influenza. See also Haemophilus influenzae 

infection
pneumonia from, 274–275 (See also 

Pneumonia, viral)
vaccine against, 274–275

for chronic obstructive pulmonary 
disease prophylaxis, 373

in pregnancy, 160
viruses, 274

Inhalation injury, smoke. See Smoke 
inhalation injury

Inhalational toxins, 77–78. See also specific 
toxins

Inhaled corticosteroids agents, for 
asthma, 50–51

Inspiratory positive airway pressure 
(IPAP), 471

Institute for Healthcare Improvement 
(IHI), 349

Institute of Medicine (IOM)
To Err Is Human, 100–101

Intensity modulated radiation therapy 
(IMRT), in lung cancer treatment, 507

Interferon-gamma release assays 
(IGRAs), 282–283
for tuberculosis, 279

Intermittent pneumatic compressive 
devices, for venous thromboembolism 
prophylaxis, 395–396

Intermittent Positive Pressure Breathing 
(IPPB), 68

Interstitial fibrosis
in scleroderma, 549–550
in systemic lupus erythematosus, 547
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Interstitial lung disease (ILD), 442
drugs in, 176
pulmonary hypertension from, 423
respiratory bronchiolitis in, 535

Interstitial pneumonia
acute, 533–534
chronic, 547
desquamative, 534–535
idiopathic, 530–538 (See also Idiopathic 

interstitial pneumonias)
lymphoid, 535–536
nonspecific, 532–533

Interstitial pneumonitis
in neurofibromatosis type 1, 562–563
in rheumatoid arthritis, 541

drug-related, 541–542
in systemic lupus erythematosus,  

547–549
Interventional pulmonology, 61–63

advanced diagnostic procedures
endobronchial ultrasound 

bronchoscopy, 41–42
flexible fiberoptic bronchoscopy, 40–41
navigational bronchoscopy, 42–43

therapeutic procedures
bronchial thermoplasty, 62–63
rigid bronchoscopy with advanced 

therapeutic techniques, 61–62
Intraconazole, 305
Intravenous immunoglobulin, for Guillain–

Barré syndrome, 462
Intrinsic asthma, 353
Intubation, burning injury patients in,  

489–490
Invasive pulmonary aspergillosis (IPA),  

311–312
acute, 315–317
clinical presentation of, 316
epidemiology of, 316

Inverse ratio ventilation (IRV), 86
Iodinated glycerol, for chronic obstructive 

pulmonary disease, 374
Iodine, for malignant pleural disease, 605
Iodoquinol, for amebiasis, 336
Ionizing radiation exposure, disaster 

management, 76
acute radiation syndrome, 76–77

Ipratropium, 50
Ipratropium bromide, 358, 360
Isoechoic image, 33
Isoniazid

for tuberculosis, 286–289
in pregnancy, 289
prevention of, 279–280

Isoproterenol, for asthma, 50

Itraconazole
for allergic bronchopulmonary 

aspergillosis, 315
for aspergillosis

allergic bronchopulmonary, 313
chronic invasive pulmonary, 313
chronic necrotizing aspergillosis, 313

for blastomycosis, 310
for coccidioidomycosis, 300
for cryptococcosis, 327

Ivermectin, for nematode infection, 332

J
Joint tuberculosis, 284

K
Kalydeco™, 448
Kanamycin, for tuberculosis, 278, 287
Kaposi’s sarcoma, in HIV-infected, 343, 344
Kartagener syndrome, 200
Katayama fever, 414. See also Schistosomiasis
Ketoconazole

for coccidioidomycosis, 300
on cortisol levels, 597

Keystone Project, 101–102, 103, 104
Kidney biopsy, for AGBMA disease, 522
Klebsiella pneumonia, 250–251

etiology of, 250
pathophysiology of, 251

Klebsiella pneumoniae carbapenemase 
(KPC), 250–251

Kyphoscoliosis, 449–450
Kyphosis, 449–450

L
Lady Windermere syndrome, 200, 292
Lambert–Eaton myasthenic syndrome 

(LEMS), 595
Langerhans’ cell, 559
Langerhans cell histiocytosis, 

pulmonary, 558–560
Laparoscopy vs. open techniques, as 

postoperative risk factor, 45
Large-cell carcinoma, of lung, 586, 586t.  

See also Lung cancer
Large volume entrainment nebulizer, 66
Laryngeal (vocal-cord) dysfunction, 356
Laryngeal mask airway (LMA), 210–211, 490
Leeuwenhoek disease, 456
Leflunomide

interstitial pneumonitis from, 543
for Wegener’s granulomatosis, 518
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Legionella pneumonia, 267–271
Legionnaires’ disease, 267–271
Leiomyomas, 577
Lemierre syndrome, 416
Leukotriene modifiers. See also specific agents

for asthma, 51, 357, 360
Levalbuterol, for asthma, 50
Levofloxacin, 80

for gram-negative bacilli pneumonias, 256
for Haemophilus influenzae infection, 247
for pneumonia

atypical, 268, 269
gram-negative bacilli, 256, 257

for tuberculosis, 287
Liberation, from mechanical ventilation,  

89, 91–92
Lidocaine, for cough suppression, 130
Light’s criteria, in pleural effusion, 133
Limited cutaneous systemic sclerosis 

(lcSSc), 549
Linezolid

for nocardiosis, 321
for streptococcal pneumonia, 241
for tuberculosis, 287

Lipomas, 577
Liposomal formulations, 300
Liquid-based culture media, use of, 291–292
Liquid mustard, 78
Liver cells, pulmonary embolism from, after 

abdominal trauma, 417
Living donor transplantation, 435
Lobar torsion, after pulmonary 

resection, 146
Lobectomy, for bronchial carcinoids, 577
Löffler’s syndrome, 228, 331
Löfgren syndrome, 513
Logistic regression model, for 

hypersensitivity pneumonitis, 494
Long-acting beta-2 agonists (LABAs), for 

asthma, 50
Lorazepam, 79
Low-flow oxygen systems, 64–66
Low-molecular-weight heparin (LMWH), 

for thromboembolic disease, 399–401
prophylaxis against, 394

Lung
aging, 367
in drug abuse, 173–177
lesions, transthoracic biopsies of, 36–37
microbial agents in, 181
nodules, guidelines for follow-up, 218t

Lung allocation score (LAS), 434
Lung cancer, 213t, 585–588

from asbestos, 481, 602–603
classification of, 585–587, 586t

clinical presentation of, 580
diagnosis and staging of, 580–583, 582t, 583t
drug abuse in, 177
epidemiology of, 587–588
local spread of, 594
metastatic, 594–595
paraneoplastic syndromes from, 595–597
prognosis in, 584, 590
risk factors for, 587
screening for, 588

on mortality rates, 588
radiographic, 3–4
small lesions on outcome in, 588
on smoking cessation, 588
usefulness of, 588

treatment of, 590–592
chemotherapy and radiotherapy in, 591
operability, resectability, and adjuvant 

therapy for stage I and stage II 
NSCLC, 590–591

palliative, 592
for small-cell lung carcinoma, 592
tailoring therapy, 591–592

Lung disease, radiation-induced, 504–508
clinical presentation, 505–507

acute radiation pneumonitis, 506
chronic radiation fibrosis, 506
radiographic changes, 506–507

complications, 507
conformal techniques in 

radiotherapy, 507–508
future directions of, 508
pathophysiology, 505
prevention and treatment, 507

Lung expansion therapy, in pulmonary 
therapeutics, 68

Lung resection. See also specific disorders
for hemoptysis, 139, 140–141
preoperative evaluation in, 47

Lung transplantation, 411, 430–437
for cystic fibrosis, 446
donor selection in, 434–435
guidelines for selected diseases, 432–433t
indications for, 430
lung allocation score, 434
for lymphangioleiomyomatosis, 566
patient selection, 430–434

exclusion criteria, 431–432
inclusion criteria, 432–434

posttransplant complications, 436–437
acute rejection, 436
anastomotic complications, 436–437
chronic rejection, 437
infection, 437
primary graft dysfunction, 436
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Lung transplantation (continued)
pregnancy following, 162
for pulmonary alveolar proteinosis, 572
for pulmonary hypertension, 427
tracheobronchial aspergillosis after, 317
types of, 435

Lung ventilation and perfusion (V/Q) 
scanning, 5

Lymphangiography, 144
Lymphangioleiomyomatosis (LAM),  

563–566
in pregnancy, 161–162

Lymphangiomatosis, 563–566
Lymphoid interstitial pneumonia 

(LIP), 535–536
Lymphomas, mediastinal masses and,  

223, 226

M
Macrolide antibiotics, 243, 270. See also 

specific agents
for asthma, 52
for cystic fibrosis, 292, 446
for tuberculosis, 287

Macrophage inflammatory protein, 553
Magnesium sulfate, for status 

asthmaticus, 359
Magnetic phrenic nerve stimulators, for 

diaphragm paralysis, 455
Magnetic resonance imaging (MRI). See also 

specific disorders
for chronic thromboembolic pulmonary 

hypertension, 408
for deep venous thrombosis, 387
for pulmonary embolism, 389

Mahler Dyspnea Score, 122
Malignant airway obstruction, 61
Malignant mesothelioma

from asbestos, 602–603
pleural, 601–605 (See also Mesothelioma, 

pleural)
Malignant pleural mesothelioma 

(MPM), 601
Mandatory ventilation, 84–86
Marijuana, on lungs, 173–177. See also 

Drug abuse
Mask ventilation, 209
Mast cell stabilizers (cromolyn), for 

asthma, 51
Maximum expiratory pressure (MEP),  

16, 460
Maximum inspiratory pressure (MIP),  

16, 460
Maximum mid-expiratory flow rate, 14

Measles (rubeola), pneumonia from, 276
Mebendazole

for echinococcosis, 337, 338
for nematode infection, 331

Mechanical insufflation and exsufflation 
devices, 67–68

Mechanical ventilation. See Ventilation, 
mechanical

Mediastinal crunch, in pneumothorax, 150
Mediastinal developmental cysts, 226
Mediastinal granuloma, 303
Mediastinal masses, 222–226

clinical presentation of, 223
diagnosis of, 223–224
etiology of, 224–226
infections, 226
location of, 222–223

Mediastinal ultrasound, 37
Mediastinoscopy, 41–42
Mediastinum

endobronchial ultrasound bronchoscopy 
for, 42

location of, 222–223
lymphomas in, 223
thymomas, 223

Medicolegal evaluation, 106–109
basis for apportionment in, 109
diagnosis in, 107–108
evidence and severity of impairment in, 108
need for further treatment in, 109
presence of disability in, 108
reports in, 106–107, 107t
vocational retraining in, 109
work-relatedness in, 107–108

Meig syndrome, 132
Meigs–Salmon syndrome, 601
Mendelson syndrome, 155, 156
Meningitis

coccidioidal, 298, 300
tuberculous, 284

Meningoencephalitis, 325
Meperidine abuse, pulmonary embolism 

from, 417
Meropenem

for nocardiosis, 321
for pneumonia gram-negative bacilli, 256

Mesothelioma, pleural, 601–605
from asbestos, 602–603
clinical presentation of, 601
diagnosis of, 602–603
etiology and pathophysiology of, 601
treatment and prognosis of, 605

Metaproterenol, for asthma, 50
Metered-dose inhalers (MDIs), for 

asthma, 50, 357, 359, 360, 373
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Methacholine, for asthma, 486
Methadone, on lungs, 175. See also Drug 

abuse
Methamphetamine, 175
Methicillin-resistant Staphylococcus aureus 

(MRSA), 241
Methotrexate

for interstitial pneumonitis, in rheumatoid 
arthritis, 541–542

pulmonary toxicity of, 542
for Wegener’s granulomatosis, 518

Methylphenidate (hydrochloride)
on lungs, 175, 176 (See also Drug abuse)
pulmonary embolism from, 417

Methylprednisolone
for asthma, 51, 359
for histoplasmosis, 305
for hypercapnic respiratory failure, 195

Methylxanthines, for asthma, 51
Metronidazole

for amebiasis, 336
for aspiration pneumonia, 157

Microbial agents, in lungs, 181
Microbiology, 291–292
Microimmunofluorescence (MIF) assay, 269
Microvascular tumor embolism, 416–417
Miliary tuberculosis, 284
Mine Act. See Federal Mine Safety and 

Health Act of 1977
Minocycline

for malignant pleural disease, 605
for nocardiosis, 321

Minute ventilation, 20, 191
Mitomycin, 505
Mitoxantrone, for malignant pleural 

disease, 605
Mixed connective tissue disease 

(MCTD), 553–554
Monoclonal antibodies, 77
Montelukast, for asthma, 51
Moraxella catarrhalis, 373
Mounier-Kuhn syndrome, 200
Moxifloxacin

for anaerobic pneumonia, 264
for Haemophilus influenzae infection, 247
for atypical pneumonia, 268
for tuberculosis, 287

Mucolytic agents, 491. See also specific agents
for chronic obstructive pulmonary 

disease, 374
for hypercapnic respiratory failure, 195

Mustard gas, 78
Mycetoma, 312–313
Mycobacterial infection, non-TB, with 

silicosis, 477

Mycobacterium abscessus, 293–294
Mycobacterium avium, 291, 292

complex, 292
treatment, 292–293

infection and AIDS, disseminated, 293
Mycobacterium avium-intracellulare complex 

(MAC), 169. See also Mycobacterial 
infection, non-TB, with silicosis
in HIV-infected, 343

Mycobacterium gordonae, in   
HIV-infected, 343

Mycobacterium intracellulare, 292
Mycobacterium kansasii, 169, 291, 294

in HIV-infected, 343
Mycobacterium massiliense, 294
Mycobacterium tuberculosis (MTB),  

168–169, 278, 282–284, 512, 573
Mycobacterium xenopi, in HIV-infected, 343
Mycophenolate, for idiopathic interstitial 

pneumonias, 537
Mycophenolate mofetil

for progressive systemic sclerosis, 552
for Wegener’s granulomatosis, 518

Mycoplasma pneumoniae pneumonia,  
267–271

Myeloperoxidase (MPO), 517

N
N-acetylcysteine, 78, 491
N-terminal pro-brain natriuretic peptide 

(NT-pro-BNP), 121
Naloxone, 175
Narcotics, illicit. See also Drug abuse;  

specific drugs
on lungs, 175, 177

Nasal cannulas device, 65
Nasogastric feeding tubes (NGT),  

hospital-acquired pneumonia from, 348
Nasogastric tubes, aspiration pneumonia 

from, 157
National Asthma Education and Prevention 

Program (NAEPP) 2007, 354
National Institutes of Health (NIH) 

observational cohort study, 566
National Lung Cancer Screening Trial 

(NLST), 3–4, 216
Navigational bronchoscopy, 219

interventional pulmonology, 42–43
for solitary pulmonary nodule, 219

Near-drowning, 498–501
Nebulizers

for asthma, 50
heparin, 491
sodium carbonate, 77
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Necator americanus, 331
Nematode infections, 331–334
Neoplastic disease, of pleura, 601–605. See also 

Pleura, neoplastic disease of; specific cancers
Nerve agents, 79
Neurofibromatosis type 1 (NF1), 562–563
Neurogenic tumors, mediastinal masses 

and, 225
Neuromuscular disorders, 459–462. See also 

specific disorders
amyotrophic lateral sclerosis, 462
Guillain–Barré syndrome, 461–462
hypoventilation in, 460
respiratory infections in, 460–461
sleep-related breathing problems in, 461

Neuropathic arthropathy, with lung 
cancer, 595

Neurotoxic agents, 79
Neutrophilic alveolitis, in hypersensitivity 

pneumonitis, 494
NF1 gene, 562
Nicotine, 70, 79
Nitrogen mustard, for pleural disease, 

malignant, 605
Nocardiosis (Nocardia infection), 320–322

acute, 321
chronic, 321
clinical manifestations of, 321
diagnosis of, 321
microbiology and epidemiology, 320–321
treatment of, 321–322

Nocturnal hypoventilation, in neuromuscular 
diseases, 461

Nocturnal nasal oxygen therapy, for 
obstructive sleep apnea, 468

Nodule, solitary pulmonary, 215–220.  
See also Solitary pulmonary nodule

Non-Hodgkin lymphoma, mediastinal 
masses and, 226

Noninvasive ventilation, hospital-acquired 
pneumonia in, 348

Nonpulmonary disease, caused by NTM 
species, 294–295

Non–small-cell lung carcinoma (NSCLC)
advanced-stage, 591
operability, resectability, and adjuvant 

therapy for stage I and stage II, 590–591
stereotactic body radiation therapy 

for, 508
targeted treatment for, 591–592

Nonspecific interstitial pneumonia 
(NSIP), 532–533

Nonsteroidal antiinflammatory drugs 
(NSAIDs), 229
for cystic fibrosis, 446

Nontuberculous mycobacterial (NTM) 
infections, 291–295. See also 
Mycobacterial infection, non-TB, with 
silicosis
diagnosis of, 291
microbiology, 291–292
Mycobacterium abscessus, 293–294
Mycobacterium avium complex, 292

infection and AIDS, disseminated, 293
treatment, 292–293

Mycobacterium kansasii, 294
nonpulmonary disease caused by, 294–295

North American blastomycosis. See 
Blastomycosis

Nosocomial pneumonia, 180
Novel coronavirus pneumonia, 275
Nucleic acid amplification (NAA) test, for 

tuberculosis, 283

O
Obesity-hypoventilation syndrome 

(OHS), 469–471
pulmonary hypertension in, 423

Obliterative bronchiolitis, 188–189
with organization pneumonia. See 

Bronchiolitis obliterans with organizing 
pneumonia (BOOP)

in rheumatoid arthritis, 543
Obstructive sleep apnea (OSA), 461, 

466–469
characteristics of, 466
diagnosis of, 467
as postoperative risk factor, 46
treatment of, 468–469

Occupational asthma, 212, 213t, 484
Occupational-environmental lung disease 

(OELD), 212–214, 213t
examples of, 213t
general approach to patient of, 213t
historical features of, 213, 214t
radiographic screening for, 3

Ochroconis gallopavum, 167, 168
Omalizumab, for asthma, 52, 358
Ondine curse, 469
Open lung biopsy, 182
Opiates, pulmonary embolism from abuse 

of, 417. See also specific opiates
Optiflow™, 66
Oral contraceptives, smoking and, 69
Oral hygiene, in aspiration 

pneumonia, 156–157
Organizing pneumonia. See Bronchiolitis 

obliterans with organizing pneumonia 
(BOOP)
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Oseltamivir, 275
Osteoarthropathy, hypertrophic pulmonary, 

in lung cancer, 595
Osteomyelitis, in sickle cell disease, 442
Oxygen

arterial measurement of, 24
for burning injury patients, 491
delivery, 64–66, 65t

Oxygen therapy
for acute respiratory distress 

syndrome, 381
for chronic obstructive pulmonary 

disease, 375
for hypercapnic respiratory failure, 193

Oxymizer, 65

P
2-PAM (Protopam chloride), 79
p-Aminosalicylic acid (PAS), for 

tuberculosis, 287
Paclitaxel, 505
Panbronchiolitis, diffuse, 189
Pancreatic malabsorption, in cystic 

fibrosis, 446
Panton–Valentine leukocidin (PVL), 241
Papanicolaou, for blastomycosis, 310
Paradoxical reaction, 289
Paragonimus westermani, 333–334
Parainfluenza virus, 275
Paraneoplastic encephalomyelitis, with lung 

cancer, 595
Paraneoplastic syndromes, 595–597
Paraneoplastic vasculitic neuropathy, with 

lung cancer, 596
Parapneumonic effusion, complicated, 134
Parenchyma, pulmonary hypertension in 

diseases of, 423
Parenteral prostanoids, for asthma, 52
Paromomycin, for amebiasis, 336
Partial pressure of inspired oxygen, 110, 111t
Particulate matter, smoke inhalation injury 

and, 488
Patent airway, verification of, 211
Patient-driven protocols, 96
Penicillin, 442

for actinomycosis, 322
for streptococcal pneumonia, 241, 242

Penicillin G, for pneumococcal 
pneumonia, 235

Pentamidine, for P. carinii pneumonia with 
HIV, 340t, 341t
prophylaxis against, 340t

Pentazocine abuse, pulmonary embolism 
from, 417

Pentoxifylline, 77, 507
Percutaneous transthoracic lung aspiration, 

for pneumonia diagnosis, 182
Perfusion scans, 5–7

application of, 6
for pulmonary embolism, 389
for thromboembolic pulmonary 

hypertension, 408
Pericardial tuberculosis, 284
Peripheral neuropathy, in lung cancer, 595
Peromyscus maniculatus, 276
Persistent pulmonary hypertension of the 

newborn (PPHN), 423
pH, 26, 27t
Pharmacologic bronchoconstriction, 485
Phenothiazines. See also specific agents

aspiration pneumonia and, 156
Phenylephrine, 402
Phosgene, 78
Phosphodiesterase-5, 423

for asthma, 53
for pulmonary hypertension, 427

Pickwickian syndrome, 469
Picture archiving and communication system 

(PACS), 3
Pilocarpine iontophoresis, in cystic 

fibrosis, 445
Pink puffer, 370
Piperacillin

for gram-negative bacilli pneumonias, 256
for Haemophilus influenzae infection, 247

Piperacillin-tazobactam (pip/tazo), for  
gram-negative bacilli pneumonias, 256

Pirbuterol, for asthma, 50
Plague, disaster management of, 79, 80
“Plankton sign”, in thoracic ultrasound, 34
Plasmapheresis

for AGBMA disease (Goodpasture’s), 523
for Guillain–Barré syndrome, 462

Plethysmography, 15
Pleura, neoplastic disease of, 601–605

clinical presentation of, 601
diagnosis of, 601–605
etiology and pathophysiology of, 601
metastatic, 604
treatment and prognosis of, 605

Pleural carcinomatosis, 601, 604
Pleural effusion, 131–134

causes of, 131–132
chest roentgenogram for, 132
definition of, 131
differential diagnosis of, 133
fluid analysis in, 133–134
open biopsy for, 134
parenchymal abnormalities with, 132–133
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Pleural effusion (continued)
physical examination findings in, 132–133
pleural ultrasonography for, 132
after pulmonary resection, 144
in radiation-induced lung injury, 506
in rheumatoid arthritis, 541
thoracoscopy for, 134
treatment of, 134
ultrasound in, 34

Pleural fibrosis, 482
Pleural fluid, analysis of, 131, 133–134
Pleural tear, pneumothorax from, 149
Pleural ultrasonography, for pleural effusion, 132
Pleuritic chest pain, 388
Pleuritis

in scleroderma, 551
in systemic lupus erythematosus, 547

Pleurodesis, 134, 152
for lymphangioleiomyomatosis, 564
talc, 605

“Pneumobelt”, 461
Pneumococcal pneumonia. See Pneumonia, 

pneumococcal
Pneumococcal vaccine, for COPD 

prophylaxis, 373
Pneumococcus, 167. See also Streptococcus 

pneumoniae
Pneumoconiosis, 213t

coal workers’, 477–479
impairment and disability, 478–479
pathogenesis of, 477–478
pathophysiology of, 477
regulations and risk of, 478

Pneumocystis carinii, 168, 381
Pneumocystis carinii pneumonia (PCP)

with HIV, 339–344, 340t, 341t
with pulmonary alveolar proteinosis, 571

Pneumocystis jiroveci, 168
Pneumomediastinum, 149

drug-induced, 177
spontaneous, 552–553

Pneumonia, 180–184
Acinetobacter, 253–259 (See also 

Pneumonia, gram-negative bacilli)
antimicrobial treatment of, 183
aspiration, 155–158
atypical, 267–271
bacterial, in HIV-infected, 342
in burn patients, 491
Chlamydophila (Chlamydia), 267–271
clinical presentation of, 180
colonization pattern in, 180, 181
community-acquired

drug abuse in, 174
gram-negative, 253

cryptogenic organizing, 534
diagnosis of, 181–182
Enterobacter, 253–259 (See also 

Pneumonia, gram-negative bacilli)
Escherichia coli, 253–259 (See also 

Pneumonia, gram-negative bacilli)
etiology of, 180, 181
fungal, in HIV-infected, 343
general considerations in, 180–184
gram-negative bacilli, 253–259

background and etiology of, 253–254
clinical presentations of, 254–255
diagnosis of, 255–256
prevention of, 258–259
prognosis with, 258
treatment of, 256–258

hematogenous or embolic causes of, 181
heroin use in, 174
hospital-acquired (nosocomial), 347–350

choice of antibiotic regimens for, 350
definition and epidemiology of, 347
diagnosis of, 349–350
gram-negative, 253–259 (See also 

Pneumonia, gram-negative bacilli)
in immunocompetent host, 347
pathogenesis of, 347–348
prevention of, 348–349
treatment of, 350

idiopathic interstitial, 530–538
acute interstitial, 534–535
cryptogenic organizing, 534
desquamative interstitial, 534–535
idiopathic pulmonary fibrosis, 531–532
lymphoid interstitial, 535–536
nonspecific interstitial, 532–533
respiratory bronchiolitis interstitial lung 

disease, 535
incidence of, 180
interstitial (See Interstitial lung disease; 

Interstitial pneumonia)
Klebsiella, 250–251 (See also Klebsiella 

pneumonia)
Legionella, 267–271
management of, initial antibiotics 

in, 181–182
Mycoplasma pneumoniae, 267–271
nomenclature, 180
nonspecific interstitial, 532–533
pathogenesis of, 181
pneumococcal, 233–237, 242

clinical manifestations of, 234
complications of, 236
diagnosis of, 234–235
etiology and pathogenesis of, 234
natural history of, 235
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treatment of, 236
vaccines against, 236–237, 243

prevention of, 184
Proteus, 253–259 (See also Pneumonia, 

gram-negative bacilli)
Pseudomonas aeruginosa, 253–259 (See also 

Pneumonia, gram-negative bacilli)
Q fever, 267–271
Serratia, 253–259 (See also Pneumonia, 

gram-negative bacilli)
staphylococcal, 240–243
streptococcal, 240–243
ventilator-associated, 347–350

gram-negative, 253–259 (See also 
Pneumonia, gram-negative bacilli)

viral, 273–276
adenovirus, 275
bacterial coinfection with, 274
cytomegalovirus, 276
diagnosis of, 274
factors of, 273
hantavirus pulmonary syndrome, 276
herpes simplex virus, 276
influenza, 274–275
measles (rubeola), 276
neurological sequelae of, 274
novel coronavirus, 275
parainfluenza, 275
respiratory syncytial virus (RSV), 275
rhinovirus, 275
severe acute respiratory syndrome,  

273, 275
varicella-zoster virus (VZV), 275–276

Pneumonia Patient Outcomes Research 
Team (PORT), 182

Pneumonia Severity Index (PSI), 103, 182
Pneumonic plague, 80, 138
Pneumonitis, 180. See also Pneumonia

aspiration, with scleroderma, 551
chronic interstitial, in systemic lupus 

erythematosus, 547–548
hypersensitivity, 213t, 493–496 (See also 

Hypersensitivity pneumonitis)
interstitial

in neurofibromatosis type 1, 562–563
in rheumatoid arthritis, 541

drug-related, 541–542
in systemic lupus erythematosus, 547

presentation of, 493–494
Pneumothorax, 90, 148–153, 195

air travel and, 111
categories of, 148–150

iatrogenic, 148, 150
primary spontaneous, 149
secondary spontaneous, 149

spontaneous (idiopathic), 148, 149–150
traumatic, 148, 150

clinical manifestations/physical findings 
in, 150

complications of, 151–152
bilateral, 151
hemothorax, 151–152
pyothorax, 152
tension, 151

in cystic fibrosis, 447
diagnosis of, 150–151
drug-induced, 177
hydropneumothorax with, 151, 152
management of, 152–153
radiography for, 2
risk factors for, 149
thoracic ultrasound using, 36
thoracotomy for, 153

Polymerase chain reaction (PCR),  
267, 273, 283

Polymyositis, 552–553
Polymyxin B, for gram-negative bacilli 

pneumonias, 257
Polymyxin E, for gram-negative bacilli 

pneumonias, 257
Polysaccharide vaccine, in pneumococcal 

pneumonia, 236
Polysomnography

for chronic lung disease in sickle cell 
disease, 442

for pulmonary hypertension, 426
Portopulmonary hypertension (PoPH), 421
Posaconazole

for coccidioidomycosis, 299
for cryptococcosis, 328

Positive end-expiratory pressure (PEEP), 86
for acute respiratory distress 

syndrome, 381–382
use of, 86

Positron emission tomography (PET)
for lung cancer, 581
solitary pulmonary nodule, 217

Postinfectious cough, 128
Postoperative pulmonary 

complications, 45–47. See also specific 
disorders
impact of increasing age on, 45
risk factor for, 45

Postpneumonectomy syndrome, 146–147
Posttransplant lymphoproliferative 

disease, 169
Potassium hydroxide (KOH), for 

blastomycosis, 310
Pott’s disease, 284, 289. See also  

Tuberculosis (TB)
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Pralidoxime chloride (2-PAM or Protopam 
chloride), 79

Praziquantel
for paragonimiasis, 334
for schistosomiasis, 334

Precipitation, 107
Prednisone

for allergic bronchopulmonary 
aspergillosis, 315

for asthma, 51, 359
for chronic obstructive pulmonary 

disease, 374
for histoplasmosis, 305
for progressive systemic sclerosis, 553
taper, for lung transplantation, 436
for Wegener’s granulomatosis, 518

Pregnancy, 159–164
asthma in, 160–161, 360
bacterial pneumonia in, 160
blastomycosis in, 310
cystic fibrosis in, 162
deep venous thrombosis in, 162
drugs in, 161, 289
dyspnea in, 160
influenza vaccination, 160
following lung transplantation, 162
lymphangioleiomyomatosis, 161–162
medications, pulmonary, 163–164t
pulmonary edema in, 163
pulmonary embolism in, 162
pulmonary function tests in, 160
pulmonary hypertension in, 162–163
radiography in, 160
respiratory tract infection in, 160
sarcoidosis in, 162
sleep disordered breathing in, 162
tidal volume in, 160
tuberculosis in, 160, 289
varicella pneumonia in, 160
venous thromboembolism in, 162
viral pneumonia in, 160
vital capacity in, 160

“Pregnancy category X,” 53
Preoperative pulmonary evaluation, 45–47
Primaquine-clindamycin, for P. carinii 

pneumonia with HIV, 341t
Primary alveolar hypoventilation, 469
Primary graft dysfunction (PGD), 436
Primary or metastatic pleural tumors, 34
Primary pulmonary hypertension. See 

Idiopathic pulmonary arterial hypertension 
(IPAH)

Procalcitonin, 181, 182, 183, 258
Prodromal symptoms, 76
Progesterone

for lymphangioleiomyomatosis, 565
for tuberous sclerosis, 567

Progressive disseminated 
histoplasmosis, 303–304

Progressive massive fibrosis, 477
Progressive systemic sclerosis, 549–552
Prominent hilar adenopathy, 282
Prophylaxis, 501

mechanical, 395–396
pharmacologic, 394–395
risk assessment, 393

Propionibacterium acnes, 512
Proportional assist ventilation, 87
Propoxyphene, on lungs, 175. See also Drug 

abuse
Prostacyclin receptor agonists therapy, for 

pulmonary hypertension, 427
Prostanoids, for asthma, 52
Protected brush specimen (PBS), 182
Protein-conjugate vaccines, 243
Proteinase 3 (PR3), 517
Protein–calorie malnutrition, in cystic 

fibrosis, 446
Proteus pneumonia, 253–259. See also 

Pneumonia, gram-negative bacilli
Protocol-driven care, in respiratory 

therapy, 96–98
advantages of, 97–98
considerations, 98
development of, 97
success of, 96

Protopam chloride (2-PAM), 79
Proximal muscle neuromyopathy, symmetric, 

with lung cancer, 595
Pseudomonas aeruginosa, 180, 431
Pseudomonas aeruginosa pneumonia, 253–259. 

See also Pneumonia, gram-negative bacilli
Pseudotumor, pleural effusion and, 132
Psittacosis, 268
Psychogenic cough, 129
Puffing, 370
Pulmonary actinomycosis, 322
Pulmonary alveolar hemorrhage, in systemic 

lupus erythematosus, 548
Pulmonary alveolar proteinosis (PAP),  

571–573
complications of, 573
diagnosis of, 571–572
pathophysiology of, 571
prognosis in, 573
treatment of, 572

Pulmonary arterial hypertension 
(PAH), 124, 421, 422t, 440–441. See also 
Pulmonary hypertension
diagnosis of, 421–422
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etiology of, 440–441
obstructive sleep apnea and, 467
oral arginine supplementation effects, in 

SCD patients with, 441
with scleroderma, 550
treatment of, 126–127, 423
WHO classification of, 125t

Pulmonary arterial obstruction, 6
Pulmonary artery pressure (PAP), 124, 421
Pulmonary barotrauma, with cerebral air 

embolism, 500
Pulmonary capillaritis, in rheumatoid 

arthritis, 543
Pulmonary capillary hemangiomatosis 

(PCH), 423
Pulmonary disease, 291

caused by NTM
diagnosis of, 291
microbiologic criteria, 291

and cryptococcosis, 325
HIV-negative patients with, 292

Pulmonary edema, 188
drug-induced, 175
high-altitude, 113, 114–115
in pregnancy, 163
reperfusion, 410

Pulmonary embolism (PE), 385–402
from air travel, 111
amniotic fluid, 415–416
brain tissue, after head trauma, 417
diagnosis of, 389

perfusion scans in, 5, 6, 389
radioisotopic techniques for, 5

from drug abuse, noninfectious, 417–418
epidemiology of, 385
fat, 415
liver cell, after abdominal trauma, 417
lower extremity deep veins in, 386
natural history of, 386
pathophysiology of, 386
in pregnancy, 162
prophylaxis against, 393–396

drugs in, 394
intermittent pneumatic compressive 

devices in, 395–396
options and strategies in, 393–394

from pulmonary embolism, 413–414
septic, 416

drug-induced, 174, 416
submersion-induced, 501
from thromboembolic disease, 385–390 

(See also Venous thromboembolism 
(VTE))

treatment of, 401–402
trophoblastic tissue, 417

from tumor, 416–417
microvascular, 416–417

venous air, 414–415
direct arterial gas, 414

Pulmonary evaluation, preoperative, 45–47
Pulmonary fibrosis, 77

idiopathic, 531–532
Pulmonary function tests (PFTs), 9–17, 57, 

460, 513
in asthma, 486
in diaphragmatic paralysis, 454
exercise testing in, 16
flow-volume loop in, 14–15, 15f
gas dilution techniques in, 15
for hypersensitivity pneumonitis, 494
normal values for, 10–11, 10t
in pregnancy, 160
preoperative, 46–47
for pulmonary hypertension, 426
for radiation pneumonitis, 505
sleep studies in, 17
spirometry in, 12–15f, 14

Pulmonary hamartomas, 577
Pulmonary hemosiderosis, idiopathic,  

527–528
Pulmonary histoplasmosis, 303–304
Pulmonary hydatid cyst, 336, 337
Pulmonary hypertension (PH), 46, 124, 

420–423
air travel with, 111
classes of, 422t
with cor pulmonale, in rheumatoid 

arthritis, 548
detection of, 124–125
diagnosis and treatment of, 420–421, 

425–427
Doppler echocardiography for, 426
drug-induced, 175
endothelin antagonists for, 427
in HIV-infected, 344
hypoventilation syndromes in, 423
owing to left heart disease, 422, 422t
owing to lung diseases and/or 

hypoxia, 422t
pathogenesis and etiology of, 420–423
in pregnancy, 162–163
pulmonary arterial hypertension,  

421, 422t
in pulmonary Langerhans cell 

histiocytosis, 560
in rheumatoid arthritis, 543
from schistosomiasis, 414
with unclear multifactorial 

mechanisms, 422t
WHO classification of, 125t
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Pulmonary hypertension, chronic 
thromboembolic, 406–411, 422t, 423
diagnosis of, 406–408
epidemiology of, 406
imaging of, 408
pathophysiology and predisposing factors 

in, 406
treatment of, 409–411

postoperative management in, 409–410
pulmonary thromboendarterectomy 

in, 409–411
reperfusion pulmonary edema in, 410

Pulmonary impairment, 478–479
Pulmonary infarction, from embolism, 386
Pulmonary injury, in burn patients,  

488–491
Pulmonary Langerhans cell histiocytosis 

(PLCH), 558–560
clinical presentation, 558
diagnosis of, 558–559
treatment, 559–560

Pulmonary macrophage, in 
pneumoconiosis, 477–478

Pulmonary nodules
in rheumatoid arthritis, 542–543
solitary (See Solitary pulmonary nodule)

Pulmonary rehabilitation (PR), 57–58
for chronic obstructive pulmonary 

disease, 375
goal of, 57

Pulmonary resection, complications 
of, 143–147
air leaks, 144–145
atelectasis, 143
bronchial stump integrity, 145, 146
bronchopleural fistula, 145–146
cardiac herniation, 146
hemorrhage, 143–144
infection, 145, 146
lobar torsion, 146
pleural effusion, 144
postpneumonectomy syndrome, 146–147
postresectional space, 145
preoperative preparation in, 143

Pulmonary therapeutics, 64–68
bronchial hygiene, 67–68
humidification, 67
lung expansion, 68
oxygen delivery, 64–66, 65t

Pulmonary thromboendarterectomy,  
409–411
postoperative management in, 409–410

intensive care, 410
reperfusion pulmonary edema in, 410

Pulmonary toilet, 489, 490–491

Pulmonary tuberculosis, drug abuse in, 174
Pulmonary vascular disease, 124–127

asthma, 52–53
epidemiology of, 125–126
pharmacologic treatment of, 52–53
pulmonary hypertension, detection 

of, 124–125
in rheumatoid arthritis, 543
right heart catheterization in evaluation 

of, 126–127
Pulmonary vascular resistance (PVR), 421
Pulmonary vasodilator therapy, 124, 126
Pulmonary veno-occlusive disease 

(PVOD), 423
Pulmonary venous pressure, pleural effusion 

from, 131–132
Pulse oximeter, 24
Pulsus paradoxus, 355
Purpura rheumatica, with lung cancer, 596
Pyothorax, 152
Pyrazinamide, for tuberculosis, 286–289

in HIV-infected, 280
in pregnancy, 289

Q
Q fever pneumonia, 267–271

diagnosis of, 269
treatment of, 269

QuantiFeron-TB test (QFT), 279
Quantitative scans, for lung, 6
Quartz, 474
Quick-relief asthma medications, 357
Quinacrine, for malignant pleural 

disease, 605

R
Radial artery, 23
Radial endobronchial ultrasound (EBUS) 

bronchoscopy, 218, 219
Radial probe endobronchial ultrasound 

(RP-EBUS), with navigational 
bronchoscopy, 43

Radiation dispersal device (RDD), 76
Radiation fibrosis, chronic, 506
Radiation Injury Treatment Network 

(RITN), 77
Radiation pneumonitis

acute, 505, 506
chronic, 506

Radiography, 1–4. See also specific disorders
chest

digital, 2–3
for lung cancer, 588



Index  6 3 5

error in, 4
for pleural effusions, 133
in pregnancy, 160
for screening, 3–4
studies in, supplemental, 2
technique for, 1–2

Radioisotopic techniques, 5–7
pulmonary embolism

diagnosis of, 5
Radiology. See Radiography
Rapid eye movement (REM), 461
Rapid sequence intubation (RSI), 210
Rasmussen aneurysm, 282
Raynaud phenomenon, in rheumatoid 

arthritis, 548
Reactive airways dysfunction syndrome 

(RADS), 485
Reasonable medical probability, 107
Recombinant human vascular endothelial 

growth factor (rhVEGF), 423
Reflex bronchoconstriction, 485
Rehabilitation, pulmonary, 57–58

for chronic obstructive pulmonary 
disease, 57–58, 375

goal of, 57
Rejection, after lung transplantation

acute, 436
chronic, 437

Relative hypoventilation, 191
Renal tubular dysfunction, with lung cancer, 597
Reperfusion pulmonary edema, 410
Residual disease, 494
Respiratory bronchiolitis interstitial lung 

disease (RB-ILD), 535
Respiratory care protocol, 96–98
Respiratory distress. See Acute respiratory 

distress syndrome (ARDS); specific disorders
Respiratory effort related arousals (RERAs), 467
Respiratory failure

acute, 190
drug abuse in, 177

Respiratory infections, in neuromuscular 
disorders, 460–461

Respiratory muscle weakness, in systemic 
lupus erythematosus, 548

Respiratory myoclonus, 456
Respiratory syncytial virus (RSV) 

pneumonia, 168, 275
Respiratory tract infection. See also specific 

infections
in pregnancy, 160

Respiratory viral infections, 168
Retinopathy, cancer-associated, with lung 

cancer, 595–596
Reverberation artifacts, 33–34

Reversible hypoxemia, acute, in systemic 
lupus erythematosus, 549

Rheumatoid arthritis, 540–544
airways disease in, 543
apical fibrocavitary disease in, 544
drug-related pulmonary disease in, 541–542
interstitial pneumonitis in, 541
pleural disease in, 540–541
pulmonary nodules in, 542–543
pulmonary vascular disease in, 543

Rhinovirus pneumonia, 275
Rhodococcus equi, 167
Ribavirin, for respiratory syncytial virus, 275
Ricin, disaster management of, 79, 81
Rifabutin, for tuberculosis with HIV, 280, 289
Rifampin, 80, 278, 448

for asthma, 53
for cystic fibrosis, 446
for nontuberculous mycobacterial 

infections, 292, 293, 294
in pregnancy, 289
for tuberculosis, 283, 286–289

in HIV-infected, 280, 287
prevention of, 280

Right heart catheterization
in evaluation of pulmonary vascular 

disease, 126–127
for pulmonary hypertension, 440–441

Rigid bronchoscopy, with advanced 
therapeutic techniques, 61–62

Riluzole, 462
Rimantadine, 53, 275
Ritonavir, for asthma, 53
Rituximab, for polymyositis, 553
Rivaroxaban, 395, 400–401
Roentgen, Wilhelm, 1
Roflumilast (Daliresp®), for asthma, 51
Rounded atelectasis, 482
Rubeola pneumonia, 276

S
Saccular bronchiectasis, 198
Salivary gland type, carcinomas of, 586t
Salmeterol, for asthma, 50
Sampling techniques, in flexible fiberoptic 

bronchoscopy, 41
Samter syndrome. See Triad asthma
San Joaquin Valley Fever, 298
Sarcoidosis, 512–514

clinical presentation of, 513
diagnosis of, 513
pathophysiology of, 512–513
prognosis of, 514
treatment of, 513–514
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Sarcomatoid carcinoma, 586t
Scar, venous, 386
Schistosomiasis, 333

cardiopulmonary, 414
pulmonary embolism from, 413–414

Scoliosis, 449–450
infantile, 450
juvenile, 450

Screening
for lung cancer, 3, 588 (See also Lung 

cancer, screening for)
for occupational-environmental lung 

disease, 3
radiography in, 3–4
for tuberculosis, 3

Scuba diving, 500–501
“Seashore sign”, in thoracic  

ultrasound, 33
Second-hand smoke, 366
Secondary pleural metastasis, 601
Secretion clearance. See Bronchial hygiene 

therapy, in pulmonary therapeutics
Secure airway

advantage of, 209–210
alternative modes of, 210–211
definition of, 209

Selective decontamination of the digestive 
tract (SDD), for ventilator-associated 
pneumonia prevention, 349

Septic pulmonary embolism, 174, 416
drug-induced, 174, 416

Serratia pneumonia, 253–259. See also 
Pneumonia, gram-negative bacilli

Severe acute respiratory syndrome 
(SARS), 168, 273, 275

Short-acting beta-2 agonists (SABAs), for 
asthma, 50

Shrinking lung syndrome, 548
Shuttle walk test (SWT), 21

endurance, 21
incremental, 21

Sickle cell disease (SCD), pulmonary 
manifestations of, 439–442
acute chest syndrome in, 439–440

causes of, 440
characteristics of, 439
treatment for, 440

asthma in, 441
chronic lung disease in, 441–442
infection in, 442
pulmonary arterial hypertension in,  

440–441
etiology of, 440–441
oral arginine supplementation effects 

with, 441

Sildenafil, 423
for asthma, 53
for pulmonary hypertension, 427

Silica, 477
free, 474

Silicoproteinosis, 475
Silicosis, 474–476

clinical presentations of, 475
diagnosis of, 576
management, 576

Simian SV40 virus, 603
Simple masks, 65
Sin Nombre virus (SNV), 276
Single lung transplant (SLT), 435
Single photon emission computed 

tomography (SPECT), 7, 506
Sirolimus, for lung transplantation,  

436, 437
Skin testing, 299
Sleep apnea

central, 467
mixed, 467
obstructive, 466–469

as postoperative risk factor, 46
Sleep disordered breathing, 466–469

in neuromuscular disorders, 461
in pregnancy, 162
with sickle cell disease, 442

Sleep studies, 17
“Sliding sign”, in thoracic ultrasound, 33
Small airways disease, 186t

in rheumatoid arthritis, 543
Small-cell carcinoma of lung, 583, 585–586, 

586t, 592, 595. See also Lung cancer
Smallpox, disaster management of, 79, 80
Smoke inhalation injury, 488–489

clinical signs and symptoms of, 488
due to particulate matter, 488
due to toxic byproducts of 

combustion, 488–489
Smoking

in asthma, 485
chronic obstructive pulmonary disease 

from, 366
control of, 69–72

for chronic obstructive pulmonary 
disease, 372

lung cancer screening on, 588
for pulmonary Langerhans cell 

histiocytosis, 559
lung cancer from, 587
on postoperative pulmonary 

complications, 46
for pulmonary impairment, 478
spontaneous pneumothorax from, 149
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Solitary fibroma, of pleura, 601–605
Solitary pulmonary nodule (SPN),  

215–220, 580
clinical and radiographic evaluation 

of, 216–217
diagnosis of, 215
etiologies of, 216
guidelines for follow-up lung 

nodules, 218t
intervention, 218–219
management of, 217
surveillance imaging of, 217–218

SOX1 antibodies, with lung cancer, 595
Spinal cord injury, 462–463
Spirometry, 12–15f, 14, 186–187, 357, 369
Spleen, 442
Spontaneous (idiopathic) 

pneumothorax, 148, 149–150
Spontaneous or aerosol-induced sputum 

sampling, 283
Squamous cell carcinoma of lung, 585, 

586t. See also Lung cancer
Standard electrocautery, 62
Standard fiberoptic bronchoscopy, for 

solitary pulmonary nodule, 218
Staphylococcal pneumonia, 240–243
Staphylococci, 240
Staphylococcus aureus infections, 180, 

241–242, 274
in cystic fibrosis, 446, 447
after lung transplantation, 437

Staphylococcus aureus pneumonia, 240–242
Staphylococcus epidermidis, 240
Staphylococcus saprophyticus, 240
Status asthmaticus, 359
STEER protocol, 92–93
Stents, 436–437

migration, 62
Stereotactic body radiation therapy 

(SBRT), 219
in lung cancer treatment, 507–508

Steroids. See Corticosteroids; specific agents
in cystic fibrosis, 446
for mixed connective tissue disease, 553
for radiation pneumonitis, 507
for Wegener’s granulomatosis, 518

Storage phosphor plates, 2–3
Strahler model, 420
Stratosphere sign, in ultrasound, 36
Streptococcal pneumonia, 240–243
Streptococcus agalactiae pneumonia, 241, 242
Streptococcus pneumoniae, 240–243, 250, 

274, 373
in HIV-infected, 342
in sickle cell disease, 442

Streptococcus pyogenes pneumonia, 241, 242
Streptomycin

for nontuberculous mycobacterial 
infections, 292

in pregnancy, 289
for tuberculosis, 287, 289

Stroke, aspiration pneumonia in, 156
Strongyloides stercoralis, 332
Subacute cough, 128
Subacute pulmonary histoplasmosis, 303
Subglottic suctioning, for aspiration 

pneumonia, 157
Submersion-induced pulmonary embolism 

(SIPE), 501
Substance abuse. See Drug abuse; specific 

drugs
Sucralfate, 348–349
Sulfur mustard, 78
Supplemental oxygen, 112
Supraglottic upper airway obstruction, 186t
Surge capacity

definition of, 74
and management in disaster 

planning, 74–75
Swallowing provocation test, 157–158
Swine flu (H1N1), 273, 274
Symmetric proximal muscle neuromyopathy, 

with lung cancer, 595
Syndrome of inappropriate ADH (SIADH), 

with lung cancer, 597
Systemic corticosteroids agents, for 

asthma, 51
Systemic lupus erythematosus (SLE),  

547–549
Systemic scleroderma, 549–552
Systolic pressure, pulmonary arterial, 426

T
T-lymphocytes, 436
Tadalafil (Adcirca®)

for asthma, 53
for pulmonary hypertension, 427

Talc
for malignant pleural disease, 605
pulmonary embolism from, 417

Talc pleurodesis, 605
Talcosis, drug abuse in, 176
Tamoxifen, for tuberous sclerosis, 567
Tapeworm infections, 331
Taurine, 507
Technetium-99m (99mTc), 5
Telephone counseling services, 70, 71
Tension pneumothorax, 151
Teratoma, 577
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Terbutaline, for asthma, 50
Tetracycline

for actinomycosis, 322
for chronic obstructive pulmonary 

disease, 374
for hypercapnic respiratory failure, 195
for KPC-producing strains, 251
for malignant pleural disease, 605
for pneumonia, atypical, 271

ThairapyVest™, 68
Theophylline

for asthma, 51, 357, 358, 359, 360
for chronic obstructive pulmonary 

disease, 373
Therapeutic procedures, interventional 

pulmonology
bronchial thermoplasty, 62–63
rigid bronchoscopy with advanced 

therapeutic techniques, 61–62
Thermal epiglottitis, drug abuse in, 176
Thermal injury

direct, of smoke inhalation, 489
drug abuse in, 176

Thermoplasty, bronchial
for asthma, 62–63
in interventional pulmonology, 62–63

Thin film transistor (TFT), light-sensitive, 3
Thoracentesis

for pleural effusion, 133, 134
pneumothorax from, 151–152
thoracic ultrasound in, 34–35

Thoracic actinomycosis, 322
Thoracic spine disorders, 449–451

ankylosing spondylitis, 450–451
treatment of, 451

kyphoscoliosis, 449–450
idiopathic, 450

kyphosis, 449–450
scoliosis, 449–450

infantile, 450
juvenile, 450

Thoracic ultrasound, 32–37
biopsies, 34–35
central venous catheter access, 37
chest drain insertion, 35
chest drainage catheters, 34–35
closed pleural biopsy, 35
mediastinal ultrasound, 7
normal findings, 33–34
preparing for examination, 33
in specific lung diseases, 35–36

alveolo-interstitial edema, 36
consolidation, 35–36
pneumothorax, 36

technical aspects and physics of, 33

thoracentesis, 34–35
transthoracic biopsies, of lung 

lesions, 36–37
Thoracoscopy, for pleural effusion, 134
Thoracotomy, for pneumothorax, 153
Thromboembolic disease, 385–402. See 

also Deep venous thrombosis (DVT); 
Pulmonary embolism (PE); Pulmonary 
hypertension, chronic thromboembolic
chronic pulmonary, 6
diagnosis of, 388
epidemiology of, 385–386
natural history of, 386
prophylaxis against, 393–396

drugs in, 394
intermittent pneumatic compressive 

devices in, 395–396
options and strategies in, 393–394

signs and symptoms of, 387
therapy for, 399–402

duration and follow-up of, 402
fondaparinux in, 399–400
goals of, 399
heparin in, 399–401

Thromboendarterectomy, pulmonary,  
409–411
postoperative management in, 409–410

intensive care, 410
reperfusion pulmonary edema in, 410

Thrombolytic agents. See also specific agents
for pulmonary embolism, 402

Thymomas, mediastinal masses and,  
223, 225

Tidal volume, in pregnancy, 160
Tigecycline, 252, 269, 270
Tinzaparin, 400
Tiotropium, for asthma, 50
TNF-α antagonists, in histoplasmosis, 304
Tobacco. See Smoking
Tobramycin

for bronchiectasis in cystic fibrosis, 446
for gram-negative bacilli pneumonias, 256

“Tongue” sign, in thoracic ultrasound, 34
Total body surface area (TBSA), 491
Total lung capacity (TLC), 450
Toxocara canis, 332
Toxocara cutis, 332
Toxocariasis, 332–333
Tracheal stenosis, drug abuse in, 176
Tracheobronchial aspergillosis, 317
Tracheobronchomalacia, 62, 188
Tracheostomy, in amyotrophic lateral 

sclerosis, 462
Traction bronchiectasis, 198
Traditional asthma, 129
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Transcription-mediated amplification, for 
tuberculosis, 283

Transforming growth factor-β (TGF-β), 505
Transthoracic biopsies, of lung lesions, 

thoracic ultrasound in, 36–37
Transthoracic needle aspiration (TTNA), for 

solitary pulmonary nodule, 219
Trauma

pneumothorax from, 150
pulmonary embolism from, 417

Traumatic pneumothorax, 148, 150
Travel, air, 110–113
Trematode infections, 333
Treprostinil (Remodulin®)

for asthma, 52
for pulmonary hypertension, 427

Triad asthma, 354
Triamcinolone, for asthma, 50, 51
Triazoles, 300
Trichoptilosis, 577
Tricothecene mycotoxin, 138
Tridymite, 474
Trimethoprim-sulfamethoxazole  

(TMP-SMX)
for chronic obstructive pulmonary 

disease, 374
for Haemophilus influenzae infection, 247
for hypercapnic respiratory failure, 195
for nocardiosis, 321
for pneumonia

P. carinii prophylaxis, 340t
P. carinii with HIV, 340t, 341t

Trophoblastic tissue embolism, 
pulmonary, 417

Tropical pulmonary eosinophilia 
(TPE), 229, 332

Trousseau syndrome, in lung cancer, 595
Tuberculin skin test (TST), 278–279, 

282–283
Tuberculosis (TB), 278–280

bone and joint, 284
clinical manifestations of, 282–284
diagnosis of, 278–280, 282–284
epidemiology of, 278
extrapulmonary, 283

treatment of, 288
genitourinary, 284
in HIV-infected, 284, 342–343

prophylaxis against, 280
treatment of, 288–289

in immunocompromised host, 169
large airway (endobronchial), 283–284
laryngeal, 283–284
meningeal, 284
miliary, 284

pathophysiology of, 282
pericardial, 284
pleural, 284
in pregnancy, 160
prevention of, 279–280
primary, 182
radiographic screening for, 3
reactivation of, 282
with silicosis, 475
treatment of, 286–289

adverse reactions from, 289
in children, 287, 289
directly observed therapy in, 288
first-line agents in, 286–287
with HIV, 287, 288–289
latent infection in, 279–280
monitoring response to, 288
phases of, 287
in pregnancy, 289
second-line agents in, 287
third-line drugs in, 287
using drugs, 286–287

Tuberculous meningitis, 284
Tuberous sclerosis, 566–567
Tularemia, 79, 138
Tumor. See specific tumors
Tumor embolism, 416–417
Tumor necrosis factor (TNF), importance 

of, 512
Tumor necrosis factor-α (TNF-α), 495, 505
Tyrosine kinase inhibitors, for pulmonary 

hypertension, 427

U
Ultrasonography, 2. See also specific disorders
Ultrasound (US), thoracic, 32–37

biopsies, 34–35
central venous catheter access, 37
chest drain insertion, 35
chest drainage catheters, 34–35
closed pleural biopsy, 35
mediastinal, 7
normal findings, 33–34
preparing for examination, 33
in specific lung diseases, 35–36

alveolo-interstitial edema, 36
consolidation, 35–36
pneumothorax, 36

technical aspects and physics of, 33
thoracentesis, 34–35
transthoracic biopsies, of lung 

lesions, 36–37
Ultrasound transducer, for diaphragm 

paralysis, 455
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Unfractionated heparin (UFH), for 
thromboembolic disease, 399

Upper airway cough syndrome 
(UACS), 128, 129, 461

Upper airway resistance syndrome, 467
Upper airways involvement, in rheumatoid 

arthritis, 543
USA300 strain, 241

V
Vaccines

for Haemophilus influenzae, 246–247
against infections, 442
influenza, 246–247, 274–275

for COPD prophylaxis, 373
pneumococcal pneumonia, 236–237

for COPD prophylaxis, 373
13-valent pneumococcal conjugate 

vaccine, 237
Valganciclovir, 437

for cytomegalovirus pneumonia, 276
Vancomycin, for pneumonia

pneumococcal, 235
staphylococcus, 241
streptococcal, 241

Varenicline, 70
Variable extrathoracic obstruction,  

187–188
Variable intrathoracic obstruction,  

188–189
Varicella pneumonia, in pregnancy, 160
Varicella-zoster virus (VZV) 

pneumonia, 275–276
Varicose bronchiectasis, 198
Variola virus, 80
Vascular endothelial growth factor-D 

(VEGF-D), 565
Vasculitis

cutaneous, with lung cancer, 596
disseminated, with lung cancer, 596
in rheumatoid arthritis, 548

Venography, contrast, for deep venous 
thrombosis, 387–388

Venous air embolism, 414–415
Venous scar, 386
Venous thromboembolism (VTE), 102–103, 

104, 385–402. See also Pulmonary 
embolism (PE)
diagnosis of, 388

radioisotopic techniques for, 5
epidemiology of, 385–386
inferior vena caval filter for, 396
natural history of, 387, 393–394
in pregnancy, 162

prophylaxis against, 393–396
drugs in, 394
intermittent pneumatic compressive 

devices in, 395–396
options and strategies in, 393–394

risk factors for, 386
signs and symptoms of, 387
therapy for

duration and follow-up of, 402
fondaparinux in, 399–400
goals of, 399
heparin in, 399–401

treatment of, 399–402
Ventilation

alveolar, 190
for burning injury patients, 491
minute, 191
for pulmonary embolism, 389
scans, 5–7

Ventilation, mechanical, 84–87, 89–93, 184
for acute respiratory distress 

syndrome, 381
airway–pressure release, 87
barotrauma from, 90–91
bilevel, 87
breath sequence, 85–86
complications of, 90–91
discontinuation of, 91–93
hemodynamic compromise, 90–91
high-frequency oscillating, 87
for hypercapnic respiratory failure, 193–194
indications, 92
infection from, 91

hospital-acquired pneumonia in, 348
inhalation and exhalation, duration of, 86
inverse ratio ventilation in, 86
models of, 84–85
positive end-expiratory pressure in, 86
procedure, 92
proportional assist ventilation in, 87
reducing workload in, 86
triggering inhalation, 86
volume vs. pressure, control, 84–85

Ventilation–perfusion lung scanning. See also 
Perfusion scans
for chronic thromboembolic pulmonary 

hypertension, 408
for pulmonary hypertension, 426

Ventilator-associated pneumonia 
(VAP), 180, 347–350. See also 
Pneumonia, hospital-acquired 
(nosocomial); Pneumonia,  
ventilator-associated
gram-negative, 253–259 (See also 

Pneumonia, gram-negative bacilli)
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VentiMask, 66
Venturi effect, 66
Video-assisted thoracoscopic surgery 

(VATS), 219, 536, 559
Vincristine, 505
Viral encephalitides, 79
Viral infections. See also specific infections

in immunocompromised host, 168–169
after lung transplantation, 437

Viral pneumonia, 273–276
bacterial coinfection with, 274
cytomegalovirus, 276
diagnosis of, 274
factors of, 273
hantavirus pulmonary syndrome, 276
herpes simplex virus, 276
neurological sequelae of, 274
novel coronavirus, 275
parainfluenza, 275
in pregnancy, 160
rhinovirus, 275

Virtual map, drawback of, 44
Visceral larvae migrans, 332–333
Visual Analogue Scale, 122
Vital capacity (VC), 450, 460, 461

in pregnancy, 160
Vitamin C, for mustard gas, 77
Vitamin K antagonists, 394, 400
Vocal cord dysfunction, 187–188, 485
Vocational retraining, 109
Volume vs. pressure, control, in mechanical 

ventilation, 84–85
Volutrauma, 90–91
von Recklinghausen disease. See 

Neurofibromatosis type 1 (NF1)
Voriconazole

for aspergillosis
acute invasive pulmonary, 315, 317
chronic invasive pulmonary, 313
chronic necrotizing aspergillosis, 313

for blastomycosis, 310
for coccidioidomycosis, 299
for cryptococcosis, 328

W
Walk-Pulmonary Hypertension and Sickle 

Cell Disease with Sildenafil Therapy 
(Walk-PHaSST) study, 441

“Walking pneumonia,” 267
Warfarin, 41, 400

for asthma, 51, 53
for pulmonary hypertension, 427
for thromboembolic disease 

prophylaxis, 394–395
Weaning, from mechanical ventilation, 89, 91–92
Wegener’s granulomatosis. See 

Granulomatosis with polyangiitis (GPA)
Weibel model, 420
Williams-Campbell syndrome, 200
Woolsorter disease, 79

X
Xa factor, 399
Xenon-133 (133Xe) gas, 5–6

Y
Yellow Nail Syndrome, 200
Yellow rain. See Tricothecene mycotoxin
Yersinia pestis, 80, 138
Young syndrome, 200

Z
Zafirlukast, 51
Zanamivir, 275
Zileuton, 51
Zinc, 253
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