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Preface

The diagnosis of diffuse parenchymal lung diseases (DPLD) is a very difficult task in respiratory medicine. On one hand, 
this is owing to the rare occurrence of such diseases and the lack of doctors with sufficient experience for a confident diag-
nosis. On the other hand, many diffuse lung diseases, which are often referred to as interstitial, have very similar clinical 
and radiological signs that make them difficult to differentiate. Moreover, different diseases can have the same morphologi-
cal pattern or can be simultaneously represented by several mixed histopathologic patterns in one patient. All these aspects 
often do not allow physicians to consider the morphological conclusion as a decisive argument for final diagnosis. To 
improve the quality of diagnosis of DPLD, a multidisciplinary discussion (MDD) has been recently proposed, with partici-
pation of a pulmonologist, radiologist, morphologist, and sometimes rheumatologist and thoracic surgeon, in patients with 
controversial diagnosis or disagreements in the interpretation of the identified respiratory anomalies.

The idea of this monograph is to attempt to create a unified guide for physicians, which not only contains general infor-
mation about rare DPLD, its histopathology, and high-resolution computed tomography (HRCT) features but also contains 
a detailed analysis of similar diseases that should be differentiated. We prepared a book that describes the theoretical basis 
for diagnosis and treatment of rare DPLD and practical issues that appear in the process of an MDD for choosing one or 
another examination method and interprets the results obtained. Based on our own long-term experience, which includes 
hundreds of difficult diagnostic cases, we discuss the diseases with similar clinical, radiological, and histopathologic signs 
and highlight the unique features that allow one to get closer to the correct diagnosis. Each chapter contains a large visual 
material with morphological characteristics, HRCT data, and alveoloscopic images of a number of diseases obtained dur-
ing probe-based confocal laser endomicroscopy of distal airways. Due to a large number of images with comments, the 
monograph also carries the features of an atlas using HRCT for DPLD.

According to the definition of the European Respiratory Society, rare lung diseases are those that have a prevalence of 
<1 case per 2000 population, and their total list includes more than 6000 disorders, approximately 80% of which are geneti-
cally determined. We are aware of the fact that not all diseases that are among the orphan or rare DPLD are discussed in this 
monograph. We primarily chose those conditions that are most difficult to diagnose. Parts of these diseases are devoted to 
separate chapters; the rest are considered in the framework of the discussion of differential diagnosis and can be found with 
the index at the end of the book. However, for the majority of DPLD, such as idiopathic interstitial pneumonia, interstitial 
lung disease associated with connective tissue diseases, diffuse cystic lung lesions, airspace-predominant diseases, and 
hypersensitive pneumonitis, the material is given in detail with lining up of the differential rows. We hope that this work, 
prepared by a team of pulmonologists, a morphologist, a radiologist, a bronchologist, and a thoracic surgeon, will be useful 
and interesting for physicians of these specialties and for the course of MDD in patients with difficult diagnosis of DPLD.

On behalf of the author team,
Editor

Alexander Averyanov
Moscow, Russia
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Chapter 1

A modern approach to the diagnosis of diffuse pulmonary diseases (DPDs) is based on a multidisciplinary discussion 
(MDD) among clinicians, pathologists, and radiologists. A study by Grenier et al. including patients with infiltrating DPDs 
revealed that the diagnostic accuracy with only clinical data was 29%, whereas that based on data from high-resolution 
computed tomography (HRCT) was 36%; the diagnostic accuracy reached 80% if all data, both clinical and radiographic, 
were considered [1]. The obligatory morphological evaluation for cases with difficult pulmonological diagnosis, which was 
the long prevailing approach, appears to have become obsolescent. Burg et al. compared the diagnoses for interstitial lung 
diseases based on the evaluation of biopsy material or MDD and found that the histological diagnosis based on MDD was 
revised in 30% of the cases [2]. Many rare pulmonary diseases have very clear and specific HRCT signs, and there is often 
no need for invasive diagnostic approaches to obtain histological material. For example, in cases of idiopathic pulmonary 
fibrosis, lymphangioleiomyomatosis, alveolar microlithiasis, and alveolar proteinosis as well as others, chest HRCT can be 
a definitive diagnostic method; in other cases, it can narrow the range of possible diagnoses so that additional laboratory 
tests or patient history can conclude the diagnostic quest satisfactorily. Thus knowledge of the basic interpretation of HRCT 
signs of DPDs is a prerequisite for the professional competence of a chest physician. In this chapter, we will overview the 
main HRCT signs of DPDs, which will be discussed in more detail in subsequent chapters that describe the radiological 
picture of individual DPDs. In addition, we provide basic information on probe-based confocal laser endomicroscopy 
(pCLE) of the lower respiratory tract, a relatively new method, which, similar to HRCT, is aimed at structural assessment 
of the lung tissue; however, unlike HRCT, pCLE does not utilize X-ray radiation but analyzes reflected laser beam from 
intraacinar structures and inclusions that have taking autofluorescence properties [3]. In this monograph, we also present 
our own data and conclusions regarding the prospects for the use of this technology based on our accumulating experience 
in pCLE for patients with DPDs.

The lung is a natural contrasting organ for X-ray techniques, and most pathological processes in the lung parenchyma 
are associated with increased or reduced attenuation of the pulmonary parenchyma. HRCT manifestations of DPDs are 
very diverse, which, however, can be categorized into several large patterns that can dominate in heterogeneous diseases 
(Table 1.1). In the previously cited study by Grenier et al. based on the analysis of computer tomography scans in 208 
patients with interstitial pulmonary diseases, signs such as ground-glass opacity (GGO), reticular abnormalities, micronod-
ules (<5 mm), and consolidation were the most common HRCT findings. Very rarely, only one HRCT pattern is present in 
DPDs; a combination of two or more patterns (Table 1.2) is more common, often forming specific radiological phenomena 
that are found only in certain diseases (e.g., the halo sign and crazy-paving sign). The specific distribution of pulmonary 
abnormalities is also important for the likelihood of an accurate diagnosis (Table 1.3).

Ground-glass opacity (GGO) is defined as a hazy increase in lung tissue attenuation with preservation of the bron-
chial and vascular margins (Figs. 1.1–1.2) [4]. GGO is one of the most common HRCT signs that characterize diffuse 
 parenchymal lung diseases and may reflect both acute and chronic lung diseases [5]. It should be noted that a moderate 
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decrease in the opacity of the pulmonary parenchyma can be observed in healthy people at expiration scanning, which, un-
like GGO, usually manifests locally or in a mosaic distribution; the physiological decrease in lung density associated with 
respiration phase is diffuse and symmetrical. Sometimes, limited areas of increased attenuation, similar to GGO, can be 
visualized in the basal lung segments, which is associated with a gravitational effect of the blood flow.

The morphological substrate of GGO is thickening of the intralobular and interlobular interstitia, mainly inflammatory 
in origin, with partial filling of the alveolar spaces with cellular elements or fluid (exudate or transudate) as well as other 
substances such as protein-lipid complexes [6]. If the alveoli are filled entirely with a substance, the GGO can transform 
into a consolidation zone (Fig. 1.3). GGO can also be observed due to increased lung tissue attenuation due to other patho-
logical processes including subatelectasis and pulmonary fibrosis [7] (Table 1.4).

GGO without fibrosis, traction bronchiectasis, or lung tissue distortion is often a sign of reversible and treatable pulmo-
nary disease [8]. Importantly the vessel diameter in areas of GGO is almost unchanged on HRCT scans.

GGO should be differentiated from changes in the attenuation of lung tissue that occurs with the so-called mosaic attenu-
ation or mosaic perfusion phenomenon [9], which, also known as false GGO, is characterized by a combination of high- and 
low-density zones with a patchwork or mosaic distribution in the volume of lung parenchyma. In fact, mosaic perfusion is 
a common term as it can occur by two different pathological mechanisms: (a) redistribution of blood flow from areas of 
hyperinflation to healthy areas, followed by an increase in lung parenchymal density in that area, and (b) hemodynamic dis-
orders (e.g., pulmonary embolism and pulmonary hypertension) in the pulmonary artery system with blood flow to adjacent, 
unchanged anatomical units [10]. Mosaic perfusion is best detected on inspiratory scans. Reduction of vessel size in lucent 
lung regions bordering areas of GGO is an important feature distinguishing mosaic perfusion from true GGO (Fig. 1.4). 
Expiratory HRCT is used to clarify the etiology underlying mosaic perfusion, which reveals that areas of air trapping do not 
change the lucency, unlike zones of oligemia that is associated with increased attenuation on expiratory scans [11].

Lung tissue consolidation. Airspace consolidation sign on HRCT is defined as a high-attenuation area without visible 
vascular components in the lung tissue that results from the replacement of air in the alveoli with pathological contents. 
The morphological substrate of consolidation may be transudate (pulmonary edema), blood (pulmonary embolism and pul-
monary hemorrhage), exudate with cellular contents (bacterial pneumonia and diffuse alveolar damage), cells (e.g., tumor, 
organizing pneumonia, and eosinophilic pneumonia), and substance accumulation (protein-lipid complexes with alveolar 
proteinosis and lipoid pneumonia) [12].

On HRCT scans, air-filled bronchi are frequently visible within the area of consolidation to create the air bronchogram 
sign (Fig. 1.5). Absence of bronchial lumens reflects filling of the bronchi by pathological content such as mucus, tumor, 

TABLE 1.1 Most common HRCT patterns in DPD

Pattern Disease/s in which the pattern can dominate

Septal pattern AP, AM, AH, DPL, LC, LP, PE, PM

Air traps FB, HP, LIP, PP, RB-ILD

Honeycombing CTD-ILD, IPF, IPPF, HP, NSIP, PC

Reticular abnormalities CTD-ILD, DI-ILD, IPF, IPPF, HP, NSIP, SR

Cystic pattern AM, BHDS, LAM, LCDD, LCH, LIP, TS

Ground-glass opacity AP, COP, CTD-ILD, DI-ILD, DIP, DPL, EGPA, HP, IPF, AE-ILD, LIP, LP, NSIP, PAC, 
PE, PH, PP, RB-ILD

Consolidation AEP, AE-ILD, AIP, AM, ARDS, COP, DAD, DI-ILD, GPA, LP, PA, PAC, PI, PE, SR

Nodular pattern AML, FB, HP, GPA, LCH, LIP, PC, PI, PM, SR

AEP, acute eosinophilic pneumonia; AE-ILD, acute exacerbation of interstitial lung disease; AIP, acute interstitial pneumonia; AM, amyloidosis; AML, alveolar 
microlithiasis; AH, alveolar hemorrhage; AP, alveolar proteinosis; BHDS, Birt-Hogg-Dube syndrome; CTD, connective tissue disease; COP, cryptogenic 
organizing pneumonia; DAD, diffuse alveolar damage; DI-ILD, drug-induced interstitial lung disease; DIP, desquamative interstitial pneumonia; DPL, diffuse 
pulmonary lymphangiomatosis; EGPA, eosinophilic granulomatosis with polyangiitis; ELD, eosinophilic lung disease; FB, follicular bronchiolitis; GPA, 
granulomatosis with polyangiitis; HP, hypersensitivity pneumonitis; IPF, idiopathic pulmonary fibrosis; IPPF, idiopathic pleuroparenchymal fibroelastosis; 
LAM, lymphangioleiomyomatosis; LC, lymphangitic carcinomatosis; LCH, Langerhans cell histiocytosis; LIP, lymphoid interstitial pneumonia; LCDD, light-
chain deposition disease; LP, lipoid pneumonia; PAC, pulmonary adenocarcinoma; PI, pulmonary infection; PC, pneumoconiosis; PE, pulmonary edema; PM, 
pulmonary metastasis; PP, Pneumocystis pneumonia; SS, Sjögren syndrome; NSIP, nonspecific interstitial pneumonia; SR, sarcoidosis; RB-ILD, respiratory 
bronchiolitis-associated interstitial lung disease; TS, tuberous sclerosis; TB, pulmonary tuberculosis.



TABLE 1.2 DPD with a typical combination of HRCT signs

 

Ground-
glass 
opacity Consolidation

Cysts/
cavities

Septal 
thickening

Intralobular 
septal 
thickening Honeycombing

Ill-defined 
nodules

Well-
defined 
nodules Air traps

Ground-glass 
opacity

 AH, AIP, COP, 
DAD, ELD, GPA, 
PAC, PE, PI

DIP, HP, LIP, 
PP, SS

AH, AM, AP, 
DPL, LC, LP, 
PAC, PE

AH, AP, HP, LIP, 
NSIP, PP

CTD, HP, LIP, 
NSIP

AH, DIP, 
EGPA, FB, 
HP, MPC, 
PE, PI, PP, 
RB-ILD

GPA, PM, 
SR

EGPA, FB, 
HP, PP

Consolidation AH, AIP, 
COP, DAD, 
ELD, GPA, 
PAC, PE, PI

 AM, GPA, 
LCDD, PAC, 
PI, TB

AM, LCDD PAC, 
PC, SR

AH, AP, PAC, PE PC, SR AH, COP, 
PAC, PE

GPA, PAC, 
PC, SR

EGPA, PP

Cysts/cavities DIP, HP, LIP, 
PP, SS

AM, GPA, 
LCDD, PAC, 
PI, TB

 AM, LCDD AM, LIP HP, LIP LCH, PM, TB LCH, PM, 
TB, TS

HP, PP

Septal thickening AH, AM, AP, 
DPL, LC, LP, 
PAC, PE

AM, AH, PE, SR AM, LCDD  HP, IPF, IPPF, 
NSIP

IPF, IPPF, NSIP, 
PC, SR

AH, LP, PAC, 
PE

PAC, PC, SR PP

Intralobular 
septal thickening

AH, AP, HP, 
NSIP, PP

AH, AP, PAC, PE AM, LIP HP, IPF, IPPF, 
NSIP

 HP, IPF, IPPF, 
NSIP

LIP LCH LCH, PP

Honeycombing CTD, HP, 
LIP, NSIP

PC, SR HP, LIP IPF, IPPF, NSIP, 
PAC, SR

HP, IPF, IPPF, 
NSIP

 HP PC, SR HP, IPF

Ill-defined 
nodules

AH, DIP, 
EGPA, FB, 
HP, MPC, 
PE, PI, PP, 
RB-ILD

AH, COP, PAC, 
PE

LCH, PM, TB PAC, PE, AH, LP LIP HP  LCH, LIP, PC EGPA, FB, 
HP PP

Well-defined 
nodules

GP, PM, SR GPA, PAC, PC, 
SR

LCH, PM, 
TS, TB

PAC, PC, SR LCH PC, SR LCH, LIP, PC  LCH

Air traps FB, HP, PP PP HP, PP PP PP, LCH HP, IPF EGPA, FB, 
HP, PP

LCH  

AIP, acute interstitial pneumonia; AM, amyloidosis; AH, alveolar hemorrhage; AP, alveolar proteinosis; СOP, cryptogenic organizing pneumonia; CTD, connective tissue disease; DAD, diffuse alveolar damage; 
DIP, desquamative interstitial pneumonia; DPL, diffuse pulmonary lymphangiomatosis; EGPA, eosinophilic granulomatosis with polyangiitis; ELD, eosinophilic lung disease; FB, follicular bronchiolitis; GPA, 
granulomatosis with polyangiitis; HP, hypersensitivity pneumonitis; IPF, idiopathic pulmonary fibrosis; IPPF, idiopathic pleuroparenchymal fibroelastosis; LC, lymphangitic carcinomatosis; LCH, Langerhans 
cell histiocytosis; LIP, lymphoid interstitial pneumonia; LCDD, light-chain deposition disease; LP, lipoid pneumonia; MPC, metastatic pulmonary calcification; PAC, pulmonary adenocarcinoma; PI, pulmonary 
infections; PC, pneumoconiosis; PE, pulmonary edema; PM, pulmonary metastasis; SS, Sjögren syndrome; NSIP, nonspecific interstitial pneumonia; SR, sarcoidosis; PP, Pneumocystis pneumonia; RB-ILD, 
respiratory bronchiolitis–associated interstitial lung disease; TS, tuberous sclerosis; TB, pulmonary tuberculosis.



FIG. 1.2 Valsartan-induced pneumonitis. Areas of ground-glass opacity in the anterior segments. Vessels and bronchi are clearly visualized inside.

TABLE 1.3 The most typical distribution patterns of abnormalities in DPDs

Distribution Disease

Parachilar AH, DPL, PE, PP

Perilymphatic AM, LC, LCH, PC, SR

Basal, subpleural AML, DIP, IPF, LIP, NSIP

Peribronchovascular AP, COP, SR

Upper and middle zones CEP, EGPA, IPPF, MPC, PP, RB-ILS, SR, TB

Random COP, GPA, LAM, PAC

AM, amyloidosis; AML, alveolar microlithiasis; AH, alveolar hemorrhage; AP, alveolar proteinosis; CEP, chronic eosinophilic pneumonia; COP, cryptogenic 
organizing pneumonia; DIP, desquamative interstitial pneumonia; DPL, diffuse pulmonary lymphangiomatosis; EGPA, eosinophilic granulomatosis with 
polyangiitis; GPA, granulomatosis with polyangiitis; HP, hypersensitivity pneumonitis; IPF, idiopathic pulmonary fibrosis; IPPF, idiopathic pleuroparenchymal 
fibroelastosis; LC, lymphangitic carcinomatosis; LCH, Langerhans cell histiocytosis; LIP, lymphoid interstitial pneumonia; MPC, metastatic pulmonary 
calcification; NSIP, nonspecific interstitial pneumonia; PI, pulmonary infection; PC, pneumoconiosis; PE, pulmonary edema; PM, pulmonary metastasis; PAC, 
pulmonary adenocarcinoma; SR, sarcoidosis; PP, pneumocystis jirovecii pneumonia; RB-ILD, respiratory bronchiolitis–associated interstitial lung disease; TB, 
pulmonary tuberculosis.

FIG. 1.1 Pneumocystis jirovecii pneumonia in a patient with acquired immunodeficiency syndrome. Extensive bilateral areas of ground-glass opacity 
associated with intralobular thickening. Air trap (arrow) is visualized within the GGO. Note the clear outline from intact pulmonary parenchyma.



FIG. 1.3 Dynamics of the high-resolution computed tomography pattern of bacterial pneumonia in a 55-year-old male. Corresponding HRCT scans 
obtained in 1-day intervals. Area of ground-glass opacity in the lower lobe of the right lung, with a clear border from the unaffected parenchyma (A). 
Expansion of the ground-glass opacity, with the appearance the consolidation zones inside (B).

TABLE 1.4 Main causes of GGO

Course Disease Additional HRCT signs

Acute Pulmonary edema Diffuse or patchy GGO, a relatively parahilar symmetrical distribution (i.e., 
butterfly sign), does not reach visceral pleura

Alveolar hemorrhage Patchy GGO with parahilar distribution, thickening of the interlobular septa, 
often in combination with consolidation

ARDS, diffuse alveolar damage, acute 
interstitial pneumonia

Diffuse bilateral massive consolidation zones

Bacterial pneumonia Asymmetrical, often unilateral consolidation areas

Subacute Pneumocystis pneumonia Multiple nodules and areas of GGO in early stage, predominantly in the upper lobes

Fungal pneumonia Foci of consolidation, often associated with destructive cavities

Hypersensitivity pneumonitis Air trapping, centrilobular nodules

Organizing pneumonia (cryptogenic 
organizing pneumonia)

Consolidation areas surrounded by GGO (i.e., halo sign), subpleural and 
peribronchovascular distribution, mild reticular changes

Desquamative interstitial pneumonia Patchy or diffuse areas of GGO predominantly basal localization, centrilobular 
nodules

Chronic eosinophilic pneumonia Consolidation areas in the upper lobes, migration of the affected areas, atoll sign

Mycobacteriosis Consolidation and bronchiectasis usually present, distribution predominantly in 
the upper lobes

Acute exacerbation of interstitial lung 
disease

Diffuse or patchy GGO with or without consolidation which superimposed on 
the features of underlying disease

Chronic Nonspecific interstitial pneumonia Posterior basal distribution, moderate honeycombing, reticular changes

Idiopathic pulmonary fibrosis Honeycombing, pronounced reticular changes, subpleural and basal localization

Vasculitis Foci of consolidation with cavities (granulomatosis with polyangiitis), 
centrilobular nodules (eosinophilic granulomatosis with polyangiitis)

Lung sarcoidosis Increased intrathoracic lymphatic nodes, multiple small nodules with 
perilymphatic distribution

Adenocarcinoma with lepidic growth 
(former bronchioloalveolar carcinoma)

Zones of consolidation, pseudocavity, the air bubble sign

Alveolar proteinosis Areas of “geographic” distribution of GGO associated with interlobular septal 
thickening

ARDS, acute respiratory distress syndrome; GGO, ground-glass opacity.
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FIG. 1.4 Mosaic perfusion in a patient with constrictive bronchiolitis. Vast areas of increased attenuation bordering hyperlucent regions containing 
vessels with decreased size.

FIG. 1.5 Pneumonia caused by H1N1 influenza. Bilateral massive consolidation zones turning into areas of ground-glass opacity area. On the right, 
bronchial lumens are clearly visible (the air bronchogram sign).

and blood. Densitometric indicators of consolidation may closely resemble those that are typical for soft tissues. The con-
solidation zone structure may be homogeneous or heterogeneous due to the presence of cavities or areas of partial alveolar 
damage (Fig. 1.6) [13]. Consolidation zones often have fuzzy contours similar to GGO, due to the irregular involvement of 
the peripheral alveoli in the pathological process.

Consolidation, unlike atelectasis, is usually not accompanied by a change in the volume of the affected anatomical 
pulmonary unit [12].

Given the diversity of pathological processes underlying this HRCT finding, the range of diseases manifesting with the 
consolidation of lung tissue is quite wide and heterogeneous (Table 1.1). The prevalence and localization of the abnormali-
ties are important for the differential diagnosis of the consolidation sign. Diffuse distribution is most typical for diseases 
with diffuse alveolar or vascular damage including acute interstitial pneumonia, acute eosinophilic pneumonia, severe 
infectious diseases, pulmonary edema, and diffuse alveolar hemorrhage. Subpleural and peribronchovascular distributions 
are typical for organized pneumonia, sarcoidosis, adenocarcinoma with lepidic growth, and alveolar proteinosis (Fig. 1.7).
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The combination of GGO and consolidation can lead to the appearance of special radiological presentation; the halo 
(nimbus) sign, named after its resemblance to the luminous ring around the sun, is the most common. The halo sign is 
characterized by the presence of a GGO shadow around the area of consolidation (Figs. 1.7 and 1.8). The underlying etiol-
ogy of the halo sign can be tumor infiltration of the lung stroma and alveolar walls, edema and inflammatory reaction, and 
hemorrhagic filling of alveolar spaces that violates the permeability of the alveolar-capillary membranes. The halo sign can 
be observed with organized pneumonia, infectious lesions, granulomatosis with polyangiitis, and primary and secondary 
lung tumors [14].

Another specific manifestation of the combination of GGO with consolidation is the reversed halo, or the atoll, sign. In 
contrast to the halo sign, the atoll sign manifests as a dense annular consolidation zone around the area of GGO or unaffected 
parenchyma, resembling a coral reef or a crescent. The atoll sign is a characteristic of organizing pneumonia (secondary or 
cryptogenic) and eosinophilic pneumonia and, as a rule, is characterized by the presence of multiple sites (Fig. 1.9) [15].

Linear and reticular opacities in the lung tissue result from thickening of the pulmonary interstitium due to the presence 
of fluid, cellular infiltration, extracellular material (amyloid), and/or fibrous tissue or expansion of the local lymphatic ves-
sels [16]. As a rule, such processes are diffuse and constitute the pathological basis of several DPDs. Therefore the HRCT 

FIG. 1.6 Mucinous invasive adenocarcinoma. Massive consolidation zone in the upper right lobe. Multiple cavities are visualized inside. Heterogeneous 
cavities associated with ground-glass opacity are also defined in the anterior segments. Several small, randomly located, poorly differentiated nodules in 
the left lung.

FIG. 1.7 Cryptogenic organizing pneumonia. Bilateral subpleural consolidation zones surrounded by ground-glass opacity (halo sign).
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FIG. 1.8 Atypical presentation of community-acquired pneumonia in a 22-year-old female. A single focus of consolidation in the upper lobe of the 
left lung, surrounded by a rim of ground-glass opacity, resembling adenocarcinoma, which disappeared completely after a 5-day course of antibacterial 
therapy.

FIG. 1.9 Chronic eosinophilic pneumonia. Foci of ground-glass opacity surrounded by consolidation rings, that is, the reversed halo sign.

manifestations of changes in the pulmonary interstitium are quite diverse and depend on the underlying morphological 
substrate. There are three main types of reticular changes: thickening of the interlobular septa, thickening of the intralobular 
septa, and honeycombing [16].

Thickening of the interlobular septa resembles a mesh pattern on HRCT: the segments, approximately 1–2 cm in length, 
form polygonal shapes corresponding to the secondary pulmonary lobule (Fig. 1.10). The thickening may be smooth, nodu-
lar, or irregular. The dominance of the thickening of the interlobular septa over other reticular abnormalities is termed the 
septal pattern, which is a characteristic of several rare DPDs (Table 1.5).

The uniform thickening of the interlobular septa in areas of GGO is termed the crazy-paving sign (Fig. 1.11), which 
was initially described in patients with alveolar proteinosis and later identified in many other diseases (see Chapter 4.1, 
Table 4.1.2).

On HRCT scans, nodular thickening of the interlobular septa is as unevenly thickened lines resembling beads or ro-
saries. This sign is often accompanied with an increase in lymph nodes and central and peribronchovascular interstitium. 
Nodular thickening of the interlobular septa is typical for sarcoidosis, amyloidosis, lymphogenous spread of tumors, lym-
phoproliferative diseases and vascular lymphatic abnormalities, silicosis, and other pneumoconioses (Fig. 1.12). Irregular 
thickening of the interlobular interstitium is often associated with interstitial intralobular fibrosis and occurs in idiopathic 
pulmonary fibrosis, in late-stage nonspecific interstitial pneumonia, sarcoidosis, hypersensitivity pneumonitis, and pneu-
moconiosis (Fig. 1.10).

By HRCT, thickening of the intralobular interstitium or intralobular septa (TILS) is observed as thin lines that are sev-
eral millimeters long, which are located more often in the peripheral part of the lung parenchyma, resembling a fine web 
[17]. TILS that is not accompanied by GGO can be an early sign of interstitial fibrosis, whereas intralobular thickening 
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FIG. 1.10 Chronic hypersensitivity pneumonitis. Irregular thickening of the interlobular septa, primarily in the right middle lobe. Diffuse zones of 
ground-glass opacity associated with air traps. The initial manifestations of honeycombing.

associated with areas of GGO indicates concurrent interstitial inflammation, which can be a manifestation of infection 
(Pneumocystis jirovecii, viral pneumonia) or noninfectious interstitial lesions of the lungs (Fig. 1.13). Fibrotic processes 
are indicated by the appearance of bronchiectasis in areas of TILS and adjacent transseptal irregular lines usually extending 
from the visceral pleura deep into the pulmonary parenchyma, with a thickness of 1–3 mm and a length of up to 5 cm. Most 
often, these are associated with the formation of linear fibrosis and often observed in combination with pleural thickening 
[1] (Fig. 1.14).

Honeycombing is defined as clustered cystic airspaces, typically with a comparable diameter of 3–10 mm, which are 
usually subpleural and have well-defined walls [18]. On HRCT scans, honeycombing resembles air cavities that are round 
or oval in shape, with quite distinct and relatively thick walls (1–3 mm), which are localized typically in peripheral and 

TABLE 1.5 Specific aspects of the septal pattern in DPDs

Smooth Irregular Nodular

Pulmonary edema Post-ARDS pulmonary fibrosis Lymphangitic carcinomatosis

Alveolar hemorrhage Radiation fibrosis Sarcoidosis

Alveolar proteinosis Idiopathic pulmonary fibrosis Pneumoconiosis

Lipoid pneumonia Chronic hypersensitivity pneumonitis Amyloidosis

Pulmonary postcapillary hypertension Fibrous nonspecific interstitial pneumonia Light-chain deposition disease

Lymphangiosis carcinomatosa Idiopathic pleuroparenchymal fibroelastosis Alveolar microlithiasis

Diffuse pulmonary lymphangiomatosis Sarcoidosis  

Pneumocystis pneumonia Pneumoconiosis  

Adenocarcinoma (formerly 
bronchioloalveolar carcinoma)

  

Amyloidosis   

Light-chain deposition disease   

Niemann-Pick disease   

Erdheim-Chester disease   

ARDS, acute respiratory distress syndrome; DPD, diffuse pulmonary disease.
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FIG. 1.12 Chronic pulmonary sarcoidosis. Significant reticular changes. Irregular thickening of the interlobular septa with nodular patches (arrows).

FIG. 1.13 Interstitial lung disease associated with systemic sclerosis. Diffuse ground-glass opacity. Reticular abnormalities (thickened intralobular 
septa in subpleural zones and isolated thickened interlobular septa) and traction bronchiectasis.

FIG. 1.11 Alveolar proteinosis. Bilateral patchy areas of ground-glass opacity associated with thickened interlobular septa, that is, the crazy-paving sign.
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subpleural fields of the lungs (Fig. 1.15) [19]. Histologically the HRCT areas of honeycombing correspond to respiratory-
lined cysts (dilated cysts partially lined with respiratory epithelium and fibroblast foci) and peripheral bronchiolectasis 
(subpleural cysts lined by respiratory epithelium with a discrete smooth muscle layer, often in continuity with a proximal 
bronchus, extending to within 1 cm of the visceral pleura) [20]. The presence of honeycombing indicates advanced-stage 
fibrotic lung diseases; however, in patients with idiopathic pulmonary fibrosis, a fragmented honeycombing pattern can be 
observed at relatively early stages of the disease, hindering interpretation. According to Watadani et al. the interobserver 
agreement on the assessment of honeycombing differed among clinicians, expert radiologists, and board-certified chest 
radiologists (κ value, 0.4–0.7) [19]. An important distinguishing feature of honeycombing is the multirow arrangement of 
small cysts (Fig. 1.16), which is distinct from paraseptal emphysema that is also located subpleurally, albeit in one layer, 
which most often observed in the upper lobes and usually (but not always) larger than 1 cm in diameter (Fig. 1.17) [16]. 
Nevertheless, some experts believe that single-row cysts, especially at the onset of the disease, can be an HRCT sign of 
honeycombing [18]. Such minimal changes propose the mandatory presence of at least three subpleural cysts, 3–10 mm in 
diameter, with visible walls arranged in a row or cluster (Fig. 1.18) [16]. Honeycombing is the most important component 

FIG. 1.14 Idiopathic pulmonary fibrosis. Pronounced subpleural reticular changes and manifestations of honeycombing. Interseptal line (arrow).

FIG. 1.15 Idiopathic pulmonary fibrosis. Irregular reticular abnormalities and subpleural honeycombing, most pronounced in the right lung.
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FIG. 1.16 Chronic hypersensitivity pneumonitis after prolonged contact with birds. Pronounced reticular changes, pleural layering, subpleural honey-
combing, and air traps. Unlike paraseptal emphysema, the cysts are small in size and arranged in several layers (arrow).

FIG. 1.17 Paraseptal emphysema. Multiple small cavities in subpleural zones (arrows). Unlike honeycombing, emphysematous clarification is located 
in one layer, accompanied by centriacinar emphysema in the absence of reticular abnormalities.

FIG. 1.18 Honeycombing of a worker in wood manufacturing. On the left, multirow subpleural honeycombs are seen; on the right, there is one layer 
of small cysts.
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of the radiological manifestations and a hallmark of usual interstitial pneumonia [21]. Therefore, diseases that can manifest 
with honeycombing include those that assume the development of UIP: idiopathic pulmonary fibrosis, nonspecific inter-
stitial pneumonia, connective tissue diseases, chronic hypersensitivity pneumonitis, and drug-induced pulmonary fibrosis, 
among others [22].

The UIP pattern is discussed in more detail in Chapter 2.1 (Idiopathic pulmonary fibrosis). In addition to paraseptal em-
physema, honeycombing sometimes must be differentiated from diffuse cystic lung diseases (lymphangioleiomyomatosis 
and Langerhans cell histiocytosis), especially in cases where cystic changes are grouped subpleurally (Fig. 1.19).

Pulmonary cysts are round airspaces with thin walls (usually <2 mm) located inside the pulmonary parenchyma [4]. 
Pulmonary cysts can occur in numerous DPDs; however, the cystic pattern dominates over the remaining radiological 
findings in a substantially small subset of disorders (Table 1.1). Cystic lung lesions are discussed in detail in Chapter 9. 
Pulmonary cysts are not necessarily a disease manifestation; the so-called incidental pulmonary cysts are also found in 
people without lung diseases [23]. In the Framingham Heart Study, among 2633 participants who underwent chest HRCT, 
at least one random cyst was found in 7.6% of the subjects, whereas more than five cysts were found in 0.9% of the cohort; 
the cysts were significantly associated with older age, low body mass index, and calcification of the coronary arteries [24]. 
Of note, incidental cysts were not found in patients under the age of 40 years, indicating their relation to age [24].

The valve mechanism is the most often considered among the proposed pathogenic pathways of cyst formation, which 
involves obstruction at the level of bronchioles with blocking of the expiratory flow, as well as ischemic dilatation of the 
distal airways and high protease activity in the acinus zone [25]. The same mechanisms are also considered in the formation 
of pulmonary emphysema with which pulmonary cysts most often have to be differentiated. Cysts on HRCT may be similar 
to centrilobular pulmonary emphysema that is sometimes observed in a round shape (Fig. 1.20). However, the absence of 
a visible wall and the frequent detection of the intralobular artery in the center of the focal zone of lucency usually aid in 
differentiating the two conditions [26]. Conversely, it is significantly more difficult and sometimes impossible to clearly 
distinguish a bulla from a cyst. The bullae are larger than 1 cm in diameter, with <1-mm thick walls, usually located sub-
pleurally, and often associated with paraseptal, centriacinar emphysema, and other signs of chronic obstructive pulmonary  
disease [27]. Differentiating cysts from cystic bronchiectasis is usually not difficult. The latter are usually grouped in 
separate segments resembling bunches of grapes, have an adjacent vessel, and are accompanied by signs of infectious 
bronchiolitis [28].

Air traps are a radiographic finding that reflects air retention with stretching and hyperinflation of secondary lobules due 
to the obstruction of adductor bronchioles [29]. The most common causes of air traps are diseases of the small bronchi (chronic 
obstructive pulmonary disease, severe asthma, noncystic fibrosis bronchiectasis, and bronchiolitis) and interstitial lung dis-
eases involving respiratory bronchioles (e.g., hypersensitivity pneumonitis, sarcoidosis, and idiopathic pulmonary fibrosis);  
however, air traps can also occur in healthy adults (Figs. 1.1, 1.10, and 1.21) [30,31].

Areas of decreased attenuation usually have clear anatomical boundaries. The presence of air traps is confirmed by 
expiratory scanning: The density of intact areas of lung tissue is physiologically reduced, leading to an increase in attenua-
tion, whereas the air traps remain unchanged compared with the inspiratory scans (Fig. 1.22) [32]. The most frequent signs 

FIG. 1.19 Lymphangioleiomyomatosis. The subpleural location of the cysts resembles honeycombing. However, unlike honeycombing, the cystic walls 
are thinner, and cysts are distributed not only under the pleura but also in the middle of the pulmonary parenchyma; there are no other signs of fibrosis 
(reticular abnormalities or bronchiectasis).



FIG. 1.21 Subacute hypersensitivity pneumonitis in a brewery worker. Bilateral diffuse areas of ground-glass opacity associated with irregular air 
trapping.

FIG. 1.22 Hypersensitivity pneumonitis. Inspiratory (A) and expiratory (B) scans. After expiration true air traps are visualized as remaining areas of 
decreased attenuation, whereas non-affected zones that looked like air traps, have become more dense (arrows).

FIG. 1.20 Bullous and centriacinar emphysema (confirmed with video-assisted thoracoscopic surgical biopsy) in a 54-year-old heavy smoker male 
that resembles cystic lung disease (coronal reconstruction). Bilateral cyst-like hyperlucent abnormalities, some of which have a visible thin wall. In some 
places, intralobular vessels are visible (arrow). In the right lung, fibrous bands are formed after right-sided pneumonia.



 HRCT and alveoloscopic assessment of diffuse lung disease  Chapter | 1 15

 associated with the presence of air traps on HRCT are bronchiectasis, the tree-in-bud sign, reticular changes, and honey-
combing as well as GOO and architectural distortion [30].

Nodules are defined as round or irregular opacities that are well or poorly defined, which measure up to 3 cm in di-
ameter [4]. Micronodules have a size of <3 mm, whereas nodes more than 3 cm in diameter are considered as masses [4]. 
Characteristics (i.e., contours, density, and distribution) of nodules are the most important differential diagnostic signs of 
many pulmonary diseases. Well-defined nodules with a higher density are more common in granulomatosis, malignancies, 
and diseases with hematogenous or lymphogenous spread, whereas ill-defined nodules often have an inflammatory origin 
and lower density close to that of a GGO (Table 1.2).

The distribution of nodules relative to the secondary pulmonary lobule is an important aspect in their differential di-
agnosis. Perilymphatic distribution suggests localization of the nodules along the lymphatic vessels and bronchovascular 
bundles, in the interlobular septa, adjacent to the pleura, including the pleurae of the interlobar fissures, and in the intra-
lobular septa. This distribution is typical for sarcoidosis, silicosis, and other types of pneumoconiosis, lymphoproliferative 
diseases, and lymphogenous metastasis (Fig. 1.23) [33]. Centrilobular nodules occur near intralobular arteries and bron-
chioles and, due to their similarity to secondary lobules in size, are often evenly distributed [34]. Their size typically ranges 
from a few millimeters to 1 cm, and their density ranges from ground-glass to solid opacities [33]. The classic distinguish-
ing feature of centrilobular nodules is the location that is no closer than 5–10 mm from the visceral pleura [35]; however, 
in patients with severe diffuse lesions, the nodules may be located close to the pleura (Fig. 1.24). Some studies classify 
centrilobular nodules into two distinct patterns: those associated with the tree-in-bud sign and those that are ill-defined [36].

The tree-in-bud sign appears with obstruction of the peripheral bronchioles (usually by inflammatory secretion) and 
manifests as typical Y-shaped structures with nodules at the ends (Fig. 1.25). In most cases, this sign indicates an infectious 
origin for the nodular lesions, although it can rarely be a manifestation of aspiration, juvenile laryngotracheobronchial pap-
illomatosis, or obliterating bronchiolitis [37]. Poorly defined centrilobular nodules usually appear in patients with diseases 
affecting the intralobular structures such as vessels, walls of the bronchioles, and alveolar spaces, which most often are 
DPDs (Table 1.1). With random distribution the nodules are located within the lung tissue without a link to the anatomical 
lung structures; this nodular distribution corresponds to hematogenous spread of the pathological processes such as that 
seen in tuberculosis, metastases, and fungal infections (Fig. 1.26) [38]. Nodules can be detected in pleural surfaces and 
interlobular interstitium and near vascular branches; in typical cases the process is bilateral and symmetrical, involving 
both lungs.

In conclusion the analysis of all HRCT findings in patients with DPDs can significantly approximate the diagnosis; 
however, comprehensive analysis of all clinical, radiological, laboratory, and often morphological data in an MDD is usu-
ally necessary for a reliable definitive diagnosis.

FIG. 1.23 Gastric sarcoma with lymphogenic metastases to the lungs. Multiple nodules of various sizes maximally distributed along the visceral pleura, 
around the bronchi, and vessels. Areas of ground-glass opacity in the posterior segments.
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FIG. 1.25 Infectious bronchiolitis in a patient with right-sided non-cystic fibrosis bronchiectasis. Multiple small nodules associated with the subpleural 
tree-in-bud sign.

FIG. 1.26 Disseminated pulmonary tuberculosis. Diffuse, random distribution of well-defined nodules. Left-sided pleural effusion.

FIG. 1.24 Subacute hypersensitivity pneumonitis after contact with birds. Diffuse, innumerous, poorly differentiated centrilobular nodules, some of 
which are merging with the visceral pleura. Lobular air trapping.
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Probe-based confocal laser endomicroscopy of distal airways (pCLE)
pCLE is a relatively new minimally invasive diagnostic approach that allows real time in vivo evaluation of the lung tis-
sue structure based on to their fluorescent response. The degree of resolution capacity on an order of several micrometers 
provides visualization of the elastic framework, blood vessels, and individual cellular and noncellular structures of the 
terminal bronchioles and alveoli [39]. The fiber-optic probe of the endomicroscope, while in contact with the tissue under 
examination, excites the fluorescence of tissue by laser radiation passing through the probe; the optical signal, that is, the 
image, of the fluorescent tissue response through the same optical probe returns to the recording spectral optical system.

Based on our experience with pCLE of distal airways in patients with certain DPDs, we herein summarize our find-
ings and specific endomicroscopic patterns associated with specific lesions. Distal airway pCLE or alveoloscopy was 
performed during bronchoscopy after completion of the endoscopic examination. The Cellvizio diagnostic system (Mauna 
Kea Technologies, France), with an AlveoFlex miniprobe (1.4 mm in diameter) and laser radiation with a wavelength of 
488 nm, was used. The resolution capacity of the miniprobe was 3.5 μm, the diameter of the optical field was 600 μm, and 
the depth of investigation was 0–50 μm, with 12 images per second. Additional fluorophores were not used in alveoloscopy, 
since the method was based on the natural autofluorescence of the structures of the bronchi and the pulmonary parenchyma.

The miniprobe was inserted through the working channel of the videobronchoscope (EB-530T; Fujinon, Japan) and 
advanced to the distal regions until a weak resistance from the lung tissue was achieved, and the alveolar sacs and ducts 
were visualized. All available segmental and subsegmental bronchi were examined sequentially both sides, except RB1 and 
LB1 + 2 in some cases due to technical unattainability. A dynamic monochrome microscopic picture, which was observed 
on the monitor screen, was recorded in film format and reproduced for analysis.

Terminal bronchioles with a diameter of 1–2 mm change into respiratory bronchioles, the diameter of which is no more 
than 0.6 mm [40]. The diameter of the AlveoFlex miniprobe is more than two times the diameter of the terminal bronchiole. 
In our experience the alveolar structures could be evaluated by penetration of the bronchiole walls in majority of the pa-
tients undergoing this procedure (approximately 90%), by slightly increasing the pressure on the miniprobe while advanc-
ing forward along the instrumental channel, which was reported in other studies [41], with the exception of those patients 
with pronounced atrophy or individual anatomical features (Fig. 1.27).

In single cases a miniprobe could be inserted directly into the alveoli through the respiratory bronchiole, without dam-
aging the wall of the terminal bronchiole; in such vases the shape and, if possible, dimensions of the alveolar mouth were 
also recorded (Fig. 1.28).

Terminal bronchioles are visualized based on the transverse enhancement of fluorescence, which is due to the presence 
of smooth muscle fibers, a specific anatomical feature of this part of the respiratory system (Fig. 1.29A)  [42]. Based on our 
survey of 10 healthy individuals, the alveoli of an individual who never smoked were visualized as a clear, round structure 
with a septal thickness of 10.27 ± 0.54 μm. There were no secretions or any cellular structures in the lumen of the alveoli 
(Fig. 1.29B).

In smokers without any lung diseases, the structure of the alveoli was similar to that of nonsmokers; however, some 
(score of 1–3 on a scale from 0 to 6) brightly fluorescent macrophages, 15–30 μm in diameter, were noted in the lumen of 
the alveoli (Fig. 1.30); the observed autofluorescence of macrophages is due to inclusions of tobacco tar [41]. For a semi-
quantitative assessment of the presence of alveolar macrophages in the alveoli and respiratory bronchioles, we developed a 
6-point scale, where a score of 0 was used for no cells, a score of 1 reflected single cells in the visual field (with additional 

FIG. 1.27 Technique for visualization of alveolar structures in pCLE. Penetration of the terminal bronchiole wall is characterized by the rupture of elas-
tic fibers with a slight increase in the pressure on the miniprobe. Yellow arrows indicate the ends of the elastic fibers, the distance between which increases 
progressively as the miniprobe moves forward.



FIG. 1.28 Visualization of the alveolar mouth. The miniprobe is inserted directly through the terminal bronchiole without penetration. Yellow arrows 
indicate the elastic fibers of the alveolar septa; blue arrows show intraluminal macrophages located individually or in groups.

FIG. 1.29 Normal endomicroscopic pattern of the distal respiratory tract in a nonsmoker. (A) A terminal bronchiole with the enhanced cross pattern of 
elastic fibers (arrows) due to the presence of smooth muscle cells. (B) Alveolar ducts. The elastic fibers of the alveolar septa are indicated with arrows.

FIG. 1.30 Normal alveoloscopic pattern in a smoker. The alveolar structure is not violated; the cavities are rounded. Alveolar macrophages (pink ar-
rowheads) are identified in the lumen. Interalveolar septa are indicated with yellow arrows.
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measurement of the cell size), a score of 2 was used to note that the cells occupied less than half of the visual field, a score 
of 3 indicated that the cells occupied approximately half of the visual field, a score of 4 reflected that the cells occupied 
more than half of the visual field, and a score of 5 indicated that the cells covered the entire visual field (Fig. 1.31).

In addition to the scale described earlier, we developed a 6-point scale for estimating the total number of floating intra-
alveolar substances, whether they were exclusively noncellular complexes or comingled with macrophages, in which a score 
of 0 meant the absence of these complexes and a score of 5 indicated maximum severity (see Fig. 4.1.11 in Chapter 4) [43].

The average length of a complete pCLE per patient was 11.1 ± 5.3 min. The alveoloscopy data were registered in a video 
recording mode (MKT format), with 15–30 videos and 100–135 graphic images collected for each patient.

The findings revealed that pCLE was informative if it achieved the visualization of the alveolar structures and that only 
then pCLE of distal airways could be considered as alveoloscopy.

After pCLE, endomicroscopic images were analyzed and evaluated retrospectively using the Cellvizio Viewer software 
(version 1.6.0; Mauna Kea Technologies). The parameters available for measurement were evaluated in absolute values, 
and other signs inherent in specific diseases were evaluated semiquantitatively based on their presence in fields of view 
that were examined and defined as percentages. By pCLE the following parameters can be quantified: thickness of the 
interalveolar septa; size of alveolar macrophages; diameter of microvessels; size of fluorescent intra-alveolar complexes; 
and the fluorescence intensity of the interalveolar septa, alveolar macrophages, and fluorescent intra-alveolar complexes. 
Semiquantitatively the following can be assessed by pCLE: signs of decreased alveolar airiness, the presence of fluorescent 
viscous fluid and/or secretion in the alveolar lumen, the presence of giant alveolar macrophages and fluorescent intra-
alveolar complexes, and signs of replacement of alveolar structures with connective tissue elements.

The cumulative results of the examination of patients with DPDs using pCLE are summarized in Table 1.6. More de-
tailed descriptions are presented in respective chapters.

Briefly, pCLE revealed the following changes in the distal respiratory tract of patients with interstitial lung disease: an 
increase or decrease in the thickness of the interalveolar septa and the size of the alveoli (Fig. 1.32); damage to the integ-
rity of the elastic fibers within the interalveolar septa (Fig. 1.33); increase or decrease in the level of autofluorescence of 

FIG. 1.31 Estimation of the number of alveolar macrophages with alveoloscopy: (A) 0 points, (B) 1 point, (C) 2 points, (D) 3 points, (E) 4 points, and 
(F) 5 points.



TABLE 1.6 Summary of the characteristic pCLE patterns in certain interstitial lung diseases

 NSIP IPF ILD-SS LCH LAM HP EGPA AP LP IPA

Alveolar diameter 
(μm)

249.6 ± 33.6 270.9 ± 35.8 269.0 ± 30.0 359.9 ± 63.3 400.2 ± 53.1 269.7 ± 38.0 285.3 ± 24.9 250.8 ± 16.8 259.4 ± 24.7 313.8 ± 58.2

Alveolar elastic fiber 
thickness (μm)

12.4 ± 1.8 15.7 ± 2.7 15.4 ± 3.1 8.1 ± 2.9 8.6 ± 3.5 12.6 ± 1.8 12.8 ± 2.6 10.9 ± 1.0 11.2 ± 1.3 12.2 ± 1.8

Size of alveolar 
macrophages (μm)

21.5 ± 1.7 – 21.7 ± 0.3 25.5 ± 2.9 – 22.8 ± 1.9 20.0 ± 1.3 25.6 ± 3.5 22.6 ± 2.4 24.6 ± 2.3

Microvessel diameter 
(μm)

120.3 ± 38.0 125.9 ± 35.7 118.8 ± 32.7 123.0 ± 43.0 130.7 ± 37.1 141.2 ± 46.8 123.3 ± 40.6 94.8 ± 20.8 108.6 ± 32.1 129.5 ± 43.8

Size of FIC (μm) – – – 215.6 ± 25.3 – – – 81.3 ± 21.6 55.4 ± 16.3 –

Fluorescence intensity 
of intra-alveolar septa 
(AU)

63.9 ± 8.9 70.2 ± 11.3 54.9 ± 8.3 54.2 ± 9.8 32.1 ± 5.0 57.2 ± 8.2 58.1 ± 7.2 60.3 ± 10.3 49.6 ± 4.9 55.7 ± 8.1

Fluorescence 
intensity of alveolar 
macrophages (AU)

79.5 ± 11.6 – 54.3 ± 9.6 96.4 ± 6.1 – 83.2 ± 7.2 52.0 ± 5.2 88.3 ± 20.5 73.5 ± 11.4 78.8 ± 11.2

Fluorescence intensity 
of fluorescent intra-
alveolar complexes 
(AU)

– – – 85.9 ± 21.7 – – – 113.7 ± 25.6 78.7 ± 25.1 –

Dystelectasis 47/127a 
(37.0%)

– 5/42 (11.9%) 2/35 (5.7%) 12/33 
(36.4%)

8/35 (22.9%) 5/15 (33.3%) 3/121 (2.5%) 1/23 (4.3%) 9/19 (47.4%)

Thickening of the 
elastic fiber of intra-
alveolar septa >12 μm

34/127 
(26.8%)

74/117 
(63.2%)

28/42 
(66.7%)

5/35 (14.3%) 6/33 (18.2%) 11/35 
(31.4%)

8/15 (53.3%) 23/121 
(19%)

3/23 (13.0%) 6/19 (31.6%)

Thickening of the 
elastic fiber of intra-
alveolar septa >20 μm

17/127 
(13.4%)

45/117 
(38.5%)

15/42 
(35.7%)

2/35 (5.7%) 2/33 (6%) 2/35 (5.7%) 4/15 (26.7%) 15/121 
(12.4%)

– 4/19 (21.1%)

Thinning of the elastic 
fiber of intra-alveolar 
septa

– – 3/42 (7.1%) 16/35 
(45.7%)

16/33 
(48.5%)

8/35 (22.9%) 2/15 (13.3%) 2/121 (1.7%) 2/23 (8.7%) 4/19 (21.1%)

Significant increase in 
alveoli diameter

– – – 7/35 (20.0%) 10/33 
(30.3%)

2/35 (5.7%) 1/15 (6.7%) – – 4/19 (21.1%)



Fragmentation of the 
elastic fiber of intra-
alveolar septa

6/127 (4.7%) – – – – – – 4/121 (3.3%) – –

Partial fibrosis per 
field of vision

– 40/117 
(34.2%)

10/42 
(23.8%)

– – 7/35 (20.0%) – 3/121 (2.5%) – –

Total fibrosis per field 
of vision

– 14/117 
(12.0%)

4/42 (9.5%) – – 2/35 (5.7%) – – – –

Alveolar 
macrophages >40 μm 
in diameter

12/127 
(9.4%)

– 4/42 (9.5%) 25/35 
(71.4%)

0% 13/35 
(37.1%)

– 58/121 
(47.9%)

15/23 
(65.2%)

11/19 
(57.9%)

Fluorescent particles 
3–7.5 μm

29/127 
(22.8%)

16/117 
(13.7%)

6/42 (14.3%) 4/35 (11.4%) 9/33 (27.3%) 9/35 (25.7%) 7/15 (46.7%) – – –

Mucous secretion 
in alveoli (with air 
bubbles)

33/127 
(26%)

26/117 
(22.2%)

– – – – – – – –

Fluorescent liquid in 
alveoli

– 0% 3/42 (7.1%) 3/35 (8.6%) 18/33 
(54.5%)

10/35 
(28.5%)

5/15 (33.3%) 91/121 
(75.2%)

17/23 
(73.9%)

16/19 
(84.2%)

Normal pCLE imaging 18/127 
(14.2%)

23/117 
(19.6%)

11/42 
(26.2%)

2/35 (5.7%) 11/33 
(33.3%)

7/35 (20.0%) 3/15 (20%) 24/121 
(19.8%)

1/23 (4.3%) 4/19 (21.1%)

AP, alveolar proteinosis; EGPA, eosinophilic granulomatosis with polyangiitis; FIC, fluorescent intra-alveolar complexes; HP, hypersensitivity pneumonitis; ILD-SS, interstitial lung disease associated with systemic scleroderma; 
IPA, invasive pulmonary aspergillosis; IPF, idiopathic pulmonary fibrosis; LAM, lymphangioleiomyomatosis; LCH, Langerhans cell histiocytosis; LP, lipoid pneumonia; NSIP, nonspecific interstitial pneumonia.

a Here and elsewhere in the table, number of zones with the presence of the sign/total number of the explored bronchopulmonary zones.



FIG. 1.34 Alveoloscopy in a patient with nonspecific interstitial pneumonia. The ellipse denotes a giant alveolar macrophage with a higher fluorescence 
intensity than those of other visualized cells.

FIG. 1.32 Thickness of the elastic fibers (yellow arrows) of alveoli during pCLE: (A) thickened with high autofluorescence (a patient with chronic 
bronchitis) and (B) thinned and flaccid-appearing with low autofluorescence (a patient with lymphangioleiomyomatosis).

FIG. 1.33 pCLE in a patient with COPD. In the middle of the pCLE image, fragmented elastic fibers of the interalveolar septum are visible.
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the interalveolar septa and alveolar macrophages (Figs. 1.32 and 1.34); secretion, giant alveolar macrophages, fluorescent 
intra-alveolar complexes, and bipalmate structures in the lumen of the alveoli (Fig. 1.35); dystelectasis with an increase in 
the total number of alveoli within the field of view, where the alveoli have lost their round shape (Fig. 1.36); indirect signs 
of fibrotic changes in the lung parenchyma observed as the lack of alveolar differentiation, with their replacement with 
intensely fluorescent fibrillar and nodular structures (Fig. 1.37); signs of complete destruction of the elastic framework 
of the alveoli with visualization of blurred elements including fibers, nodules, and cellular mucus-containing structures 
(Fig. 1.38); partial visualization of microcysts and cysts (Fig. 1.39); higher frequency of vascular imaging with an increase 
in the fluorescence intensity of the vascular walls (Fig. 1.40); and intensely fluorescent rounded elements (3–7.5 μm in 
diameter) in the lumen of the terminal bronchioles and alveoli (Fig. 1.41).

FIG. 1.35 During alveoloscopy in a patient with pulmonary proteinosis, a large number of macrophages (four points) are visualized with normal alveolar 
structure in the background (A); some of the macrophages are giant-sized, whereas others are comingled with amorphous mass in the alveolar lumen (B).  
(C) The normal alveolar structure is lost completely. Dichotomous branching structures, representing Aspergillus niger mycelium, are visualized in a 
patient with invasive pulmonary aspergillosis.
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The most specific pCLE patterns were established in interstitial lung diseases with predominant intra-alveolar dam-
age (alveolar proteinosis and exogenous lipoid pneumonia). Floating complexes, 55–350 μm in size, with a high level of 
autofluorescence were detected in the alveolar lumen in 74.4%–87.0% of the bronchopulmonary fields, which were more 
pronounced with alveolar proteinosis, and macrophages containing lipoprotein (alveolar proteinosis) (Figs. 1.35B and 
4.1.12–4.1.13) or lipid (lipoid pneumonia) components (Fig. 1.42). In addition, the resolution capacity of pCLE is greater 
than HRCT in patients with alveolar proteinosis [43] (Fig. 4.1.13). In this regard, pCLE can be used for primary diagnosis 
and monitoring of the disease course in patients with accumulation of protein-lipid substances in the alveolar lumen and 
in those with unclear diagnosis despite clinical respiratory symptoms even in the absence of any HRCT changes.

FIG. 1.37 Endomicroscopic signs of fibrotic changes of the lung parenchyma in a patient with idiopathic pulmonary fibrosis. Alveoli are not differenti-
ated. Fibrillar and nodular structures with bright autofluorescence are visualized.

FIG. 1.36 Signs of a decrease in airiness of the lung parenchyma by pCLE imaging in a patient with bacterial pneumonia. The total number of alveolar 
structures in the field of vision is increased.



FIG. 1.40 Increased autofluorescence of vessel walls during alveoloscopy in a patient with eosinophilic granulomatosis with polyangiitis.

FIG. 1.38 pCLE of distal airways in a patient with peripheral lung adenocarcinoma. The alveolar structure is destroyed completely. The pathological 
substrate of the observed individual fibers cannot be determined.

FIG. 1.39 Alveoloscopy in a patient with Langerhans cell histiocytosis. A part of the cystic structure, the dimensions of which exceed the size of the 
field of vision, is visualized.
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The most specific characteristics of the endomicroscopic pattern have been also established in a patient with invasive 
pulmonary aspergillosis in the form of fluorescent bipalmate fibrillar structures in both the central and the distal airways 
[44] (Fig. 1.35C).

Less specific changes in pCLE patterns were established with other interstitial lung diseases. In idiopathic pulmo-
nary fibrosis (Fig.  2.1.20) and interstitial lung disease associated with systemic scleroderma (Fig.  8.2.24), the normal 
alveolar structure was partially or completely replaced by connective tissue elements with pronounced autofluorescent 
activity (Fig.  1.37). Patients with pulmonary Langerhans cell histiocytosis (Fig.  9.1.16) and lymphangioleiomyomato-
sis (Fig. 9.2.18) exhibited increased alveolar size to 350–450 μm, with thinning of the interalveolar septa to <9 μm, and 
partial visualization of the alveolar structures with a diameter exceeding the size of the visual field and a wall thickness 
of 45–65 μm in 20%–30% of the fields examined. Alveolar macrophages, which were not observed in the alveolar lumen 
in lymphangioleiomyomatosis, were visualized in the lumen (2–4 points on a 6-point scale) of patients with pulmonary 
Langerhans cell histiocytosis, with the presence of giant macrophages in 71.4% of the positive areas. In hypersensitivity 

FIG. 1.42 Alveoloscopy in a patient with exogenous lipoid pneumonia. The field of vision is completely filled (5 points) with amorphous lipid masses 
and cellular elements (A) or roundish formations with high irregular fluorescent activity with diameters 61.9 and 84.7 μm are determined in the alveolar 
lumen (B). Interalveolar septa are indicated with arrows.

FIG. 1.41 Brightly fluorescent, small, rounded elements in the lumen of the terminal bronchiole during pCLE in a patient with chronic bronchitis.
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pneumonitis, in addition to the overall moderate thickening of the interalveolar septa, there were distinct fields of view with 
interalveolar septal walls that were thickened by more than six times and alveoli with increased diameter (450–515 μm); 
giant macrophages were found in 37.1% of the regions (Fig. 3.19). Eosinophilic granulomatosis with polyangiitis was 
characterized by the visualization of a large number of vessels with pronounced fluorescence intensity of the vessel walls, 
which occurred in an amount of at least 2–3 within the same examined area in 80% of the cases (Fig. 7.1.9). In nonspecific 
interstitial pneumonia, endomicroscopic pattern did not have distinct specific characteristics (Fig. 2.2.10).
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Idiopathic interstitial pneumonia (IIP) includes a heterogeneous group of nonneoplastic diseases of unknown origin, which 
develop in response to damage to the lung parenchyma and present as various combinations of inflammation and interstitial 
fibrosis, often spreading to the distal lower respiratory tract and blood vessels [1].

The history of IIP as a distinct entity begins in 1892, when W. Osler [2] first described diffuse fibrosis in the lung tissue, 
which he termed “pulmonary cirrhosis” in his famous monograph that withstood many reprints and was translated into six 
languages. In 1935 American physicians L. Hamman and A. Rich presented a case of a special variant of severe, rapidly 
progressing lung lesions with interstitial fibrosis and severe respiratory failure, which they called “fulminant diffuse inter-
stitial fibrosis of the lungs” [3].

For several decades the term “Hamman-Rich disease” referred to both acutely and chronically occurring pulmo-
nary lesions with interstitial fibrosis. In his letter to the editor of the British Medical Journal in 1964, J. Scadding 
proposed the term “fibrosing alveolitis,” which combined the acute forms described by Hamman and Rich with the 
more common chronic presentations [4]. Further evolution of views on IIP is associated with two American patholo-
gists A. Liebow and C. Carrington, who published classification of interstitial pneumonias in 1969, which later be-
came the basis of the modern clinical and pathological separation [5]. American pathologists A.L. Katzenstein, R.F. 
Fiorelli, and J.L. Myers also made significant contribution to the development of the modern IIP classification [6,7].

The consensus developed by experts from the American Thoracic Society and the European Respiratory Society in 
2002 classified IIP into seven forms: usual interstitial pneumonia (UIP)/idiopathic pulmonary fibrosis (IPF), nonspecific 
interstitial pneumonia (NSIP), cryptogenic organizing pneumonia (COP), acute interstitial pneumonia (AIP), lympho-
cytic interstitial pneumonia (LIP), desquamative interstitial pneumonia (DIP), and respiratory bronchiolitis associated 
with interstitial lung disease (RB-ILD) [8]. This classification was revised in 2013 [1] to include idiopathic pleuropa-
renchymal fibroelastosis (IPPFE), which, together with LIP, was attributed to rare forms of IIP, with the remaining IIPs 
belonging to the major forms. The major forms were grouped into three categories: (1) chronic fibrosing interstitial 
pneumonia (IPF and NSIP), (2) IIP associated with smoking (RB-ILD and DIP), and (3) acute/subacute forms (COP 
and AIP).

Each IIP variant has its own clinical, morphological, and radiological characteristics (Table 2.1); however, IIP 
in up to 15% of the patients cannot be definitely attributed to any of the classified forms due to the presence of 
morphologically heterogeneous forms, such as NSIP and COP or AIP and LIP in different lung regions of the same 
patient [9].

Chapter 2



TABLE 2.1 Clinical and radiological characteristics of idiopathic interstitial pneumonias

Feature IPFa NSIP COP LIP AIP DIP RB-ILD IPPFE

Anamnesis Older than 
50 years, more 
often smoker 
males, history 
of GERD

40–50 Years, more 
often nonsmoking 
females, frequent 
familial association 
with connective 
tissue diseases

40–50 Years 
old, most often 
nonsmoking females

40–50 Years 
old, most 
often females

Any age and 
anamnesis

30–40 Years 
old, 90% 
smokers

30–40 Years 
old, 100% 
smokers

Any sex and 
age

Disease onset Slow Slow Acute or subacute Slow Acute Slow Slow Slow

GGO + +++ +++ +++ +++ +++ ++ +

Consolidation −a + +++ + +++ − − ++

Honeycombing +++ ++ − + + + − ++

Traction 
bronchiectasis

+++ ++ − + + − − ++

Thickening of 
intralobular, 
interlobular septa

+++ +++ + ++ + + + +++

Intralobular nodules − ++ ++ ++ − ++ +++  

Reversed halo sign − − ++ − − − − −

Cysts + + − ++ − + − ++

Isolated lesions of 
the upper lobes

− − + − − + ++ +++

Subpleural sparing − ++ − + − + + −

Response to steroids −a ++ +++ ++ + +++ +++ −a

Possibility of full 
recovery

− − ++ − + ++ ++ −

a Not in acute exacerbation.
+++, typical sign; ++, frequent sign; +, possible sign; −, atypical sign.
AIP, acute interstitial pneumonia; COP, cryptogenic organized pneumonia; DIP, desquamative interstitial pneumonia; IPF, idiopathic pulmonary fibrosis; IPPFE, idiopathic pleuroparenchymal fibroelastosis; GERD, 
gastroesophageal reflux disease; LIP, lymphocytic interstitial pneumonia; NSIP, nonspecific interstitial pneumonia; RB-ILD, respiratory bronchiolitis associated with interstitial lung disease.
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Chapter 2.1

Idiopathic pulmonary fibrosis
IPF is a specific form of chronic progressive fibrosing interstitial pneumonia of unknown origin that occurs mainly in the 
elderly, is limited to the lungs, and is associated with the histological and/or radiological pattern of UIP [1].

IPF is the most common form of IIP, comprising between 50% and 60% of all IIP cases [2]. Epidemiological studies 
in the United States and Canada reveal that the incidence of IPF ranges from 14 to 42.7 per 100,000 population, with a 
widespread increase in the incidence in the last 20 years [3–7]. Given the increase in life expectancy, general expert opinion 
predicts a further increase in the incidence and prevalence of IPF. Conversely, approximately 40,000 new IPF cases are 
diagnosed annually in the European Union countries [8].

Risk factors
The etiology of IPF is unknown; however, disease-associated risk factors are well studied.

Genetic risk factors

Three to five percent of the patients have a family history of IPF [1]. Genetically determined IPF is suggested to manifest at 
an earlier age than the sporadic forms, exhibit a subacute onset, follow a rapidly progressive course, and occur in combina-
tion with dyskeratosis, aplastic anemia, and liver damage [9,10].

Mutations that determine the risk of IPF can be divided into two categories: those associated with the metabolism 
of surfactant or mucin proteins and changes in the biology of telomeres. Among the surfactant genes whose polymor-
phisms are associated with the development of IPF, the most studied are SFTPC that encodes surfactant protein C, 
SFTPA2 that encodes surfactant protein A2, ABCA3 that encodes ATP-binding cassette subfamily A member 3 that is 
involved in surfactant homeostasis, and MUC5B that is localized in chromosome 11 and responsible for the synthesis 
of mucin 5B [11]. Moreover, nucleotide polymorphisms of MUC5B are detected in both familial and sporadic cases 
of IPF [12].

Telomeres are the end sections of chromosomes that are shortened during cell division, and the rate of telomere 
shortening is a determinant of aging. One hypothesis on the development of IPF proposes premature aging of the epi-
thelium, confirmed by the presence of shortened telomeres in blood cells and respiratory tract epithelium of patients 
with IPF [13]. In addition, telomere shortening in peripheral blood cells was shown to be a negative predictor of survival 
in patients with IPF [14]. Changes in telomere regulators including telomerase reverse transcriptase (TERT), dyskerin 
pseudouridine synthase (DKC1), and regulator of telomere elongation helicase 1 (RTEL1) are associated with the devel-
opment of IPF, and TERT, the most frequently mutated gene in familial pulmonary fibrosis, is rarely found in sporadic 
forms [15,16].

Telomere shortening appears to be a significant factor for the early onset and poor prognosis of IPF. A study by Planas-
Cerezales et al. showed that 66% of patients with shortened telomeres were younger than 60 years, died or required lung 
transplantation, and exhibited the most severe impairment of pulmonary function at diagnosis [17].

Furthermore a human leukocyte antigen locus containing genes with significantly different expression levels was de-
tected in patients with fibrosing interstitial pneumonia in comparison with healthy individuals, suggesting autoimmune 

mechanisms may be at play during IPF development [18].

Smoking

Smoking is one of the main risk factors for IPF. Most often the disease develops in patients with a smoking history of more 
than 20 pack-year [19]. At the same time the dose-dependent effect of smoking on the development of IPF has been proved. 
Each pack-year increases the likelihood of IPF by 3% for those who continue to smoke and by 2% for those who quit smok-
ing [20]. Perhaps the predominance of males among IPF patients reflects the higher prevalence of smoking in the male 
population. The mechanisms that determine the effect of smoking on the development of IPF have not been established. 
However, direct toxic effects of tobacco smoke components on epithelium; free radical products induced by inhalation of 
tobacco smoke; and activation of neutrophils with increased protease activity, similar to those that occur in chronic obstruc-
tive pulmonary disease (COPD), are postulated to be important in IPF pathogenesis [21].
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Oxidative stress due to smoking is an inducer of MUC5B gene expression, which, as mentioned earlier, is associated with 
the development of pulmonary fibrosis [22]. Recently the epigenetic effects of smoking and the impact of pollutants on DNA 
methylation processes, which are also observed in lung cancer, have been described. Specifically,  hypermethylation of the 
THY-1 DNA region leads to a decrease in the synthesis of the corresponding glycoprotein by fibroblasts and transformation 
of fibroblasts into myofibroblasts [23]. Despite the strong correlation between tobacco smoking and the development of IPF, 
the disease is not classified as an IIP associated with smoking [24]. Data on the role of smoking in the course and prognosis 
of IPF are contradictory. Some studies report increased frequency of acute IPF exacerbations and lower survival rates among 
patients with no history of smoking in comparison with current and ex-smokers [25,26]. Conversely, cardiovascular diseases, 
COPD, and lung cancer, which are more frequent in smokers with IPF, are associated with a worse prognosis [27].

Air pollutants

The relationship between the development of IPF and exposure to air pollutants, especially industrial, has been studied in 
less detail than that for other risk factors. However, chronic inhalation of metal, wood, silicon-containing particles, and 
organic dust was shown to be associated with increased risk of local lung fibrosis and IPF; this risk is higher in males [28]. 
In a case-control study of a Swedish registry including 137 patients with IPF, Ekström et al. established that 68% of the 
patients had more than 10 years of history of contact with various dust particles in addition to a history of smoking [20]. 
It is unclear, however, whether patients with chronic hypersensitivity pneumonitis, which is almost indistinguishable from 
IPF in late stages, were included in the IPF group in that study.

There is evidence supporting that some of the features of IPF are associated with dust factors. In a large Korean study, 
the disease onset was earlier, and the prognosis was worse in patients with IPF who had contact with industrial dust com-
pared with other patients [29]. However, in general, the role of air pollutants in IPF development is likely to be underesti-
mated. Careful assessment of the professional history and the air environment of patients with IPF is necessary to exclude 

air pollutants as potential aggravating factors for IPF.

Old age

IPF is a disease of the elderly, with a mean patient age of 66 years, and is rarely diagnosed until the age of 50 years [1]. A 
large-scale epidemiological study in the United States found that the incidence and prevalence rates of IPF were 93.7 and 
494.5 per 100,000 population, respectively, among those aged over 65 years, which are an order of magnitude higher than 
those in the younger age group (under 65 years) [30]. As mentioned earlier, accelerated aging of lung tissue is one of the 
hypotheses for IPF, with a number of the mechanisms that underlie aging shown to be involved in patients with IPF [31]. 
First, genomic instability due to the accumulation of DNA damage is much greater in patients with IPF compared with 
age-matched healthy controls [32]. Epigenetic mechanism, DNA hypermethylation of epithelial and stem cells in particu-
lar, is also associated with accelerated aging and uncontrolled fibrosis [33]. The second proved mechanism of accelerated 
aging leading to defects in cell division and full regeneration is telomere shortening [16]. Accelerated physiological ag-
ing in IPF is observed as an increase in the number of epithelial cells expressing markers of aging, senescence-associated  
β-galactosidase, and cyclin-dependent kinase inhibitor [34]. Within the framework of disturbance of the cellular homeo-
stasis, mitochondrial dysfunction and degradation of cellular proteins due to disruption in the activity of proteolytic sys-
tems are active topics of discussion [35,36]. Finally, depletion of the resources for resident stem cells, that is, stem cell 
 exhaustion, which is the source of lung regeneration, also reflects accelerated aging at play in IPF [37].

Gastroesophageal reflux

A significant number of studies have shown a close correlation between IPF and gastroesophageal reflux (GER). Daily 
monitoring of esophagus pH reveals an increase in acidity in 87%–94% of patients with IPF, which is significantly higher 
than in the general population, whereas GER is present in the absence of classical clinical manifestations such as heartburn 
and belching in 54%–75% of patients with IPF [38,39]. Conversely the number of GER episodes was found to be directly 
associated with the severity of fibrosis by high-resolution computed tomography (HRCT) [40]. In addition, the incidence 
of nonacid reflux is higher in patients with IPF, as confirmed by the detection of pepsin in bronchoalveolar lavage (BAL) 
fluid, which is significantly higher during the exacerbation of IPF [40]. Microaspiration of gastric juice is assumed to be 
a contributing factor for the initiation of lung damage in IPF. However, a reverse effect—the development of reflux due to 
changes in intrathoracic pressure following a decrease in the elasticity of the lungs—cannot be ruled out. The undisputable 
association of GER with IPF led to the inclusion of antireflux drugs in the empirical regimen of IPF in 2015, albeit with an 
emphasis on the limited evidence for such recommendations [41].



34 Difficult to diagnose rare diffuse lung disease

Indeed, several studies revealed that antacid drugs conferred no benefit for IPF. Raghu et al. [39] showed that the admin-
istration of proton pump inhibitors did not normalize the acidity of the esophagus in 63% of patients. In a large INPULSIS 
trial, antacid therapy was found not to have a beneficial effect on the disease course or the dynamics of pulmonary function 
in the entire study cohort [42]. Kreuter et al. assessed the effect of proton pump inhibitors and H2 histamine blockers on 
lung function in patients receiving pirfenidone and concluded that their inclusion in the treatment regimen did not improve 
the outcomes but increased the risk of respiratory infections in patients with a forced vital capacity (FVC) <70% [43].

Infection

The percentages of carriers of herpesviruses (especially Epstein-Barr virus), hepatitis C virus, and cytomegalovirus are 
higher in patients with IPF than in the general population [44,45]. It is possible that these same viruses and the influenza 
virus may also play a role in the induction of IPF acute exacerbations [46].

Bacterial infections are also clear contributors to the development and the changes in the disease course of IPF. BAL 
studies showed that bacterial colonization was significantly higher in patients with IPF than in healthy individuals, in-
cluding both smokers and nonsmokers, and in patients with moderate COPD. The presence of above-threshold levels of 
Streptococcus and Staphylococcus DNA in BAL fluid was associated with decreased survival of patients with IPF [47].

In the COMET study the most frequent bacterial pathogens present in the BAL fluid were Prevotella, Veillonella, and 
Cronobacter sp., and colonization with Streptococcus and Staphylococcus was associated with more rapid progression of 
the disease [48]. Administration of co-trimoxazole at a dose of 960 mg twice a day for 12 months in IPF patients led to a 
significant decrease in mortality and improvement in the quality of life in the antibiotic therapy group, albeit not improving 
functional parameters [49].

Acute exacerbation of IPF is associated with up to fourfold increase in bacterial burden and a high level of neutrophils 
in the BAL fluid [50].

Further study of the microbial community in patients with IPF may reveal new directions for the treatment of IPF and 
prevention of acute exacerbations [51].

Pathogenesis
The current understanding of the pathogenesis underlying IPF suggests chronic microinjury to the respiratory epithelial 
cells by various factors including tobacco smoke, pollutants, acid, viruses, and bacteria, with impairment in physiological 
repair, epithelial-mesenchymal transition, proliferation of fibroblasts, and myofibroblasts that are resistant to apoptosis, 
uncontrolled production of collagen, and fibronectin that deposit in the extracellular matrix [52]. Pathological immune 
response and atypical remodeling of the lung tissue appear to be due to genetic factors [53]. A number of biologically ac-
tive molecules play a role in fibrogenesis during IPF and include transforming growth factor β1 (TGF-β1); platelet-derived 
growth factor; interleukins 1β, 13, and 17; and chemokine ligands 2, 12, 17, and 18 [54].

Unlike other forms of IIP, interstitial inflammation is not the pathogenic component of IPF, which is the reason underly-
ing the predominance of signs of fibrosis over other changes.

Morphology
The IPF morphology is UIP, which is characterized by predominance of irregular lesions in the respiratory interstitium 
with subsequent development of pathological repair and fibrosis [55]. An extreme presentation of IPF is honeycombing 
lung, which is a combination of interstitial fibrosis and cystic transformation of terminal and respiratory bronchioles 
and alveoli with the development of lung cancer in 13%–14% of the cases [56,57]. Fibrous changes are accompanied by 
block of the air-blood barrier and the development of pulmonary hypertension (pH), right ventricular hypertrophy, and 
pulmonary heart.

Macroscopic examination reveals that the most pronounced changes are in the subpleural regions and the lower lobes 
of both lungs. Visually the lungs are unevenly airy and engorged with blood, with a rubber density on palpation; a cellular 
pattern is visible on the cut surface, and pleura exhibits a poorly paved cobblestone appearance (Fig. 2.1.1).

Key histopathologic findings of UIP are patchy fibrosis zones that alternate with unaffected or slightly altered lung 
parenchyma, honeycombing with architectural distortion of the parenchyma and subpleural distribution, and fibroblastic 
foci [58]. These abnormalities, along with the absence of changes that are not characteristic of UIP, including granulomas, 
organized pneumonia, and significant inertial inflammation, confirm definitive morphological diagnosis [58]. The diagno-
sis of UIP can also be valid in the presence of other signs without honeycombing [58].
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Microscopic manifestations of early-stage UIP include signs of pathological repair with early formation of interstitial 
fibrosis, possibly in combination with minimal interstitial exudative and exudative-productive inflammation (Figs. 2.1.2–
2.1.11). UIP differs from other ILDs in that there is more severe damage, pathological repair, and sclerosis of the  interstitium 
of the respiratory regions of the lungs, accompanied with the formation of fibroblastic and myofibroblastic foci in the in-
terstitium. Fibrotic zones among the unchanged pulmonary parenchyma are a characteristic pattern. The longer the disease 
is, the smaller the unaffected areas. Pathological repair develops in bronchiolar-alveolar junction zones, that is, the junction 
of the alveoli and bronchioles where destruction of the epithelial lining and the basement membrane are initially replaced 
immature mesenchymal cells exhibiting a myofibroblastic phenotype (Fig. 2.1.5).

Subsequently, in the same areas, fibroblastic and myofibroblastic foci arise, and epithelialization due to mesenchymal-
epithelial transition of immature mesenchymal cells is observed. In parallel, proliferation of the epithelial component with 
formation of adenomatous structures on the background of fibrosis can develop. The bronchiolar-alveolar junction zones 

FIG. 2.1.1 Idiopathic pulmonary fibrosis (IPF). Lung view: cysts for-
mation (honeycomb lung) in the subpleural areas presented as irregular 
pleural tuberosity.

FIG. 2.1.2 IPF. Usual interstitial pneumonia. The bronchiolar-alveolar 
junction with proliferation of myofibroblasts and the formation of myofi-
broblastic focus. Hematoxylin and eosin (H&E) staining, 200×.

FIG. 2.1.3 IPF. The bronchiolar-alveolar junction with proliferation of 
myofibroblasts and the formation of myofibroblastic focus not stained 
with picrofucsin. Van Gieson staining, 400×.

FIG. 2.1.4 IPF. Usual interstitial pneumonia with proliferation of myo-
fibroblasts and the formation of myofibroblastic focus. Smooth muscle 
actin in myofibroblasts within the myofibroblastic focus of the zone of 
bronchiolar-alveolar junction. Immunoperoxidase reaction, 200×.
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FIG.  2.1.5 IPF. Usual interstitial pneumonia. Myofibroblasts of the 
myofibroblastic focus with bundles of myofilaments and lipid droplets in 
the cytoplasm. Electron microphotograph, 18,000×.

FIG. 2.1.6 IPF. The honeycomb lung. Mosaic changes due to the alter-
nation of the affected and intact parts of the lung. H&E staining, 100×.

FIG. 2.1.7 IPF. Usual interstitial pneumonia. Honeycomb lung. General 
view with thickening and sclerosis of the alveolar septa and formation of 
cystic structures. H&E staining, 100×.

FIG.  2.1.8 IPF. Usual interstitial pneumonia. Increased levels of 
type 4 collagen in the basement membranes of the alveolar capillaries 
and epithelial structures in the honeycomb lung. Immunoperoxidase 
reaction, 200×.

FIG. 2.1.9 IPF. Usual interstitial pneumonia. Adenomatosis in the hon-
eycombing area with squamous metaplasia and epithelial atypia. H&E 
staining, 200×.

FIG.  2.1.10 IPF. Usual interstitial pneumonia. Adenomatosis in the 
honeycombing area with ciliary and cylindrical epithelium. H&E stain-
ing, 200×.
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are established as the most important stem cell niches in the 
peripheral regions of the lung [59]. We showed that persistent 
and/or significantly pronounced damage to the bronchiolar-
alveolar junction zones, that is, the stem cell niches, led to 
impaired regeneration of the lung tissue, followed by fibrosis 
and adenomatosis [60].

Microscopic examination in the later stages of UIP re-
veals marked sclerosis of the respiratory interstitium of 
the lungs and microcystic reorganization of the lung tissue 
(Figs.  2.1.7 and 2.1.8). The lung parenchyma is replaced 
by connective tissue, honeycombing lined by adenomatous 
hyperplastic alveolar epithelium. Type 1 pneumocytes are 
replaced by type 2  hyperplastic pneumocytes exhibiting 
signs of atypia, and focal adenomatous hyperplasia, atypical 
adenomatous hyperplasia, and foci of squamous metaplasia 
and epithelial dysplasia are observed (Figs.  2.1.9–2.1.11). 
The air-blood barrier is blocked and ceases to function due 
to both pronounced interstitial fibrosis of the alveolar septa 
and dysregenerative changes in the epithelial lining.

Pulmonary interstitium expands due to sclerosis and re-
duplication of epithelial and endothelial basement membranes; all types of collagens accumulate within a sharp increase 
in the specific gravity of degradation-resistant type IV and V collagens. A large number of collagen fibers, activated fibro-
blasts, fibrocytes, and inflammatory cells, which are dominated by lymphoid elements and histiocytes, are introduced into 
the air-blood barrier zone. Interstitial fibroblasts with signs of collagen synthetic activity are detected not only in the area 
around the air-blood barrier between the thickened basement membranes, that is, interposition, but also in the alveolar lu-
men, which can lead to PH [61].

The pulmonary epithelium in the later stages of UIP also undergoes remodeling. Type I pneumocytes in large areas are 
replaced by type 2 pneumocytes with immature osmiophil multilamellar bodies, often with signs of immaturity and cell 
atypism [60]. In connection with impaired production of surfactant and obliteration of the bronchioles, focal microatelecta-
ses develop. Damage to the epithelium of the transitional bronchiolar-alveolar zone may explain the development of early 
and severe dysregenerative changes in the epithelium, including precancerous changes and lung cancer.

Differential diagnosis of the histological pattern of UIP

Ideally the diagnosis of IPF requires concurrence of clinical, morphological, and radiological data with the identification of 
a definitive UIP pattern. In real clinical settings, clinicians have deal with mixed or insufficient data from diagnostic tests 
to reach a definitive diagnosis. Moreover, histopathologic evidence of UIP is not synonymous with that of IPF. UIP can 
also occur in a number of other diseases such as rheumatoid arthritis, dermatomyositis/polymyositis, systemic sclerosis, 
systemic lupus erythematosus, hypersensitivity pneumonitis, asbestosis, and drug-induced pneumonitis [61]. However, the 
morphological features of UIP in these clinical presentations may be distinct. For example, UIP lesions in hypersensitivity 
pneumonitis tend to exhibit a bronchocentric location, and peribronchiolar granulomas and lymphocytic bronchiolitis are 
often encountered. Conversely, asbestos bodies are observed in UIP cases associated with asbestosis. The appearance of fol-
licular bronchiolitis or lymphoid hyperplasia with germinal centers with the clinical presentation of UIP argues in favor of the 
Sjögren syndrome or drug-induced interstitial lung disease (DI-ILD) [62]. In systemic sclerosis an overlap is often observed 
between UIP and NSIP with a significantly smaller number of myofibroblastic foci and more limited honeycombing [63].

Collection of representative biopsy material allows the differentiation of UIP from the fibrous variant of idiopathic 
NSIP, which is characterized by the homogeneity of fibrotic changes and the presence of varying severity of interstitial 
inflammation [64].

Clinical presentation and course
The main symptoms of IPF are slow progressive dyspnea and unproductive cough, which are present in most patients. In 
later stages, cough often becomes productive. The characteristic Velcro crackles are often present in zones corresponding 

FIG. 2.1.11 IPF. Usual interstitial pneumonia. Cytokeratin-19 in cells 
of adenomatous structures in the honeycombing area. Immunoperoxidase 
reaction, 200×.
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to honeycombing. The presence of these sounds in patients older than 70 years, even in the absence of other symptoms, 
requires HRCT to check for IPF [65].

In 40%–75% of patients, deformation of the nail phalanges, that is, clubbing, can outpace the onset of other symptoms 
[66]. In the early stages, IPF can be almost asymptomatic. In one of the substudies of the large-scale Farmington trial on 
the prevalence of cardiac pathology, no one did have a pulmonary diagnosis and minimally had symptoms of pulmonary 
pathology approximately 2% of the patients over 50 years of age in the general population who underwent chest computed 
tomography (CT) and found to have interstitial abnormalities that could be interpreted as definite fibrosis [67]. Further 
observation of the study cohort revealed that approximately 75% of the subjects had progression in both the radiological 
signs of fibrosis and the reduction in pulmonary function [68]. For such asymptomatic patients with minimal HRCT signs 
of definite or possible UIP, the term “preIPF” is proposed, and active monitoring of physical, functional, and radiological 
status and determining the expression of MUC5B as an important predictor of IPF development are suggested [69]. The 
average time from the emergence of first symptoms to the diagnosis of IPF is approximately 2 years [26].

Symptoms of IPF in predominantly elderly patients are often accompanied by manifestations of numerous comor-
bidities such as COPD, coronary heart disease, diabetes mellitus, and deep vein thrombosis, which are more common 
than in the general population [70]. These facts must be taken into account when assessing the clinical status of the 
patient, since dyspnea can be a manifestation of not only IPF but also heart failure, pulmonary embolism, and PH.

Although the well-established opinion states that IPF is a progressive disease with a permanent decline in pulmonary 
function, albeit at different rates, studies of antifibrotic medications, including pirfenidone and nintedanib, in large co-
horts demonstrated the possibility that a stable status can be achieved without any drugs or other interventions [71,72]. 
Conventionally, IPF clinical course can be categorized into three types based on the rate of FVC decline: slow deteriora-
tion (<10% decline in FVC over 6 months or no changes in disease indicators for many months), intermittent deteriora-
tion with episodes of exacerbations, and rapid deterioration (more than 10% decline in FVC for 6 months) [2,73]. In the 
latter two classes, the life expectancy of patients does not exceed 2 years from the time of diagnosis [2].

Acute exacerbation of IPF

Acute exacerbation (AE) of IPF has been a focus of active debate since 2007. AE of IPF is associated with mortality and 
hospitalization in approximately 40%–60% and 35% of patients, respectively [74,75]. In the 2011 consensus statement for 
IPF by the ATS/ERS/JRS/ALAT, the frequency of AEs among all patients with IPF was 5%–10% per year [1]. A metaanaly-
sis of clinical studies on IPF revealed an exacerbation frequency of 41 per 1000 patient-years [76]. However, given that 
patients with severely impaired respiratory function and those with serious comorbidities were excluded from these studies, 
this number may be considerably higher in clinical practice.

The definition and criteria for AEs of IPF, proposed in 2007 [77], were revised in 2016 [78] (Table 2.1.1).
Although the definition of an AE of IPF and the criteria for its diagnosis hint at an idiopathic nature, AEs are 

known to be triggered by viral infections, surgical lung biopsy, aspiration, and BAL [79,80]. Moreover, it is clinically 
and morphologically impossible to differentiate diffuse alveolar damage of exogenous and endogenous origin [81]. 
In this regard the definition and diagnostic criteria for the AEs of IPF were criticized and revised, the definition of 
“unknown origin” was excluded from its definition, and the current interpretation suggests an AE of IPF as an acute 
clinically significant deterioration in respiratory symptoms characterized by the appearance of new common alveolar 
lesions [78].

Diagnosis of the AEs of IPF initially involves the exclusion of other diseases that can lead to increased dyspnea in a patient 
with IPF, such as pulmonary embolism, pneumothorax, pleural effusion, infection of distal airways, decompensated heart fail-
ure, drug damage, and aspiration [78]. All these etiologies should be considered in the differential diagnosis, since they require 
distinct approaches in patient management in most cases. Furthermore, infection, aspiration, and drug toxicity can act as not 
only separate, new diseases but also triggers of exacerbation, along with surgical or bronchological intervention. Clinical and 
radiographic differentiation of these conditions such as drug-induced pneumonitis or bacterial pneumonia from an IPF exac-
erbation can be quite challenging, since most of the symptoms and changes in laboratory values can occur in both conditions.

Risk factors for IPF exacerbations are reductions in initial functional parameters including FVC, carbon monoxide dif-
fusion capacity in the lungs (DLCO), and 6-min walking distance as well as PH, low arterial oxygenation, and a rapid FVC 
decline [78]. In other words the more severe the disease, the higher the risk of AE. Less significant risk factors for AEs IPF 
are younger age, concomitant coronary heart disease, and a higher body mass index [82,83].

As stated earlier, during an AE of IPF, there are almost always morphological signs of diffuse alveolar damage, which 
manifest as ground-glass opacity (GGO) and consolidation on HRCT; these findings are not characteristic for UIP with a 
stable IPF course [84].
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Laboratory tests and biomarkers
Among laboratory studies used for the definitive diagnosis of IPF, serological tests to detect connective tissue diseases 
(CTDs) are the most important and should be performed in all patients with interstitial lung lesions [58]. Recommended 
routine tests include C-reactive protein, erythrocyte sedimentation rate, antinuclear antibodies, rheumatoid factor, myo-
sitis panel, and anticyclic citrullinated peptide antibody level. Other tests should be performed depending on the clinical 
symptoms and disease history and may include antibodies to Scl-70 (topoisomerase-1), centromere, RNA polymerase III, 
U1-RNP, Th/To, PM-Scl, U3-RNP (fibrillarin), and Ku for suspicious systemic sclerosis; antibodies to SSA/Ro and SSB/La 
for suspicious the Sjögren syndrome; and antibodies to creatinine phosphokinase, myoglobin, and aldolase for suspicious 
myopathy, as well as others including antibodies to Jo-1, MDA5, Mi-2, NXP2, and TIF1-g [58].

A frequently observed laboratory phenomenon of IPF is elevated antineutrophil cytoplasmic antibodies (ANCA) titers in 
4%–35% of the patients. Moreover, only 7%–23% of the patients develop ANCA-associated vasculitis in the future [85]. The 
pathophysiology of IPF with increased ANCA titers is not well understood. These patients also often exhibit increased serum 
levels of rheumatoid factor, antinuclear antibodies, anti-Scl-70, and others; therefore IPF in these cases can be classified as in-
terstitial pneumonia with autoimmune features [86]. However, an isolated increase in ANCA without associated autoimmune 
serum markers does not by itself allow classification of these patients as interstitial pneumonia with autoimmune features 
according to the majority of the experts. For these patients the term ANCA-associated pulmonary fibrosis can be used [85].

The clinical and radiological signs of ANCA-positive and ANCA-negative IPF are almost indistinguishable [87]. 
Nevertheless, higher ANCA titers are associated with lower survival rates in patients with IPF [88]. Smoking cessation can 
lead to normalization of ANCA titers and decrease the risk of ANCA-associated vasculitis [89].

Currently, there is no one diagnostic biomarker with sufficient specificity and sensitivity that can be recommended 
for use in routine practice for definitive or differential diagnosis of IPF [58]. However, several studies demonstrated that 
increased levels of surfactant protein (SP)-A, SP-D, matrix metalloproteinase (MMP)-7, MMP-28, and osteopontin in pa-
tients with IPF were significantly different than those observed in other fibrosing ILDs [90–92]. Several potential biomark-
ers (KL-6, periostin, SP-A, and SP-D) reflect the severity of the disease, correlate with the degree of functional impairment, 
and are relatively useful for assessing the prognosis of IPF [93,94].

TABLE 2.1.1 Definition and criteria for the diagnosis of acute exacerbations of IPF

 2007 2016

Definition Acute, clinically significant deterioration of unknown origin 
in patients with IPF

Acute clinically significant deterioration of 
respiratory symptoms, characterized by the 
emergence of new widespread areas of alveolar 
damage

Criteria for 
diagnosis

Previous or probable diagnosis of IPF Previous or probable diagnosis of IPF

Unexplained gain or development of shortness of breath 
within the last 30 days

Acute exacerbation or development of dyspnea 
over a course of usually less than 1 month

Appearance of new bilateral GGO zones and/or 
consolidations of the background of reticular changes and 
honeycombing by HRCT, corresponding to the CT pattern 
of UIP

Appearance of new bilateral GGO zones and/or 
consolidations on the background of CT pattern of 
UIP by HRCT

The lack of evidence for infection of distal airways based on 
BAL or endotracheal aspirate examination

 

Exclusion of alternative causes, such as heart failure, 
pulmonary embolism, and acute lung injury of known 
etiology (sepsis, trauma, drug damage, aspiration, surgery, 
stem cell transplantation, and massive blood transfusion)

Worsening course that cannot be fully explained 
by heart failure or fluid overload

BAL, bronchoalveolar lavage; CT, computed tomography; GGO, ground-glass opacity; HRCT, high-resolution computed tomography; IPF, idiopathic pulmonary 
fibrosis; UIP, usual interstitial pneumonia.
Extract from Collard HR, Moore BB, Flaherty KR, Brown KK, Kaner RJ, King TE Jr, et al. Acute exacerbations of idiopathic pulmonary fibrosis. Am J Respir Crit 
Care Med 2007;176(7):636–43; Collard HR, Ryerson CJ, Corte TJ, Jenkins G, Kondoh Y, Lederer DJ, et al. Acute exacerbation of idiopathic pulmonary fibrosis: an 
International Working Group Report. Am J Respir Crit Care Med 2016;194(3):265–75.
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The search for biomarkers from various sources is one of the diagnostic directions in the IPF field. Recently, several 
micro-RNAs (miR-142-3p, miR-33a-5p, and let-7d-5p) isolated from the sputum of patients distinguished IPF from hyper-
sensitivity pneumonitis with high confidence when used as a panel [95].

Functional diagnostics
Several methods such as regular spirometry, body plethysmography, lung diffusion capacity, and the 6-min walking test are 
used to assess the functional status of the patients and monitor the disease course [96,97]. The characteristic spirometric 
signs for IPF and other restrictive lung diseases are a decrease in FVC with a preserved or slightly reduced forced expira-
tory volume in one second (FEV1), which leads to an increase in the FEV1/FVC ratio. Additionally, total lung capacity and 
DLCO are usually reduced [98]. The 6-min walking distance decreases in proportion to the severity of the disease and is 
usually accompanied by desaturation [97]. The gas levels in arterial blood reflect a disruption in gas exchange in the lungs. 
A decrease in partial arterial CO2 pressure occurs only during physical exertion initially, which is observed even at rest in 
advance-stage disease [99].

Hypercapnia is detected in the terminal stage of IPF. According to several studies, decreases in the aforementioned func-
tional parameters, along with older age and male gender, are predictors of disease progression and worse survival. Ley et al. 
developed a multivariate index to assess the severity and predict the course of IPD, which they termed gender, age, and physi-
ology (GAP), which includes two functional predictors: FVC and DLCO. According to the GAP index, an FVC level <50% 
of predicted value and a DLCO <35% of predicted value are thresholds for the most severe functional compromise [100].

FVC and DLCO are also surrogate markers for estimating the rate of progression in IPF. An annual (according to other 
data for 6 months) FVC decline of >10% and/or an annual (6 months) DLCO decline of >15% indicate that the disease is 
in a rapidly progressive course with a high risk of death [2,101].

The standard interval for monitoring pulmonary function in IPF is 3–4 months; however, the final decision on the fre-
quency of monitoring rests on the clinician, based on clinical data and the rate of disease progression.

High-resolution computed tomography
Together with histopathologic evaluation, HRCT is the most important, and often the decisive, tool for the diagnosis of 
IPF with which surgical lung biopsy can be avoided in many patients. Chest X-ray has insufficient resolution to be useful 
for initial assessment of the lung parenchyma and disease monitoring and usually reveals bilateral reticular changes with a 
basal-subpleural distribution.

The typical HRCT presentation of IPF is the characteristic UIP pattern that includes the following features (Figs. 2.1.12 
and 2.1.13) [102,103]:

– Reticular abnormalities: intralobular septal thickening, irregular interlobular septal thickening, and linear opacities
– Traction bronchiectasis and bronchiolectasis
– Honeycombing
– Bilateral, basal, and subpleural distribution of abnormalities
– Little GGO in the area of reticular changes

Honeycombing is a classic sign of UIP, but is not always present, found in 24%–95% of cases depending on the disease 
stage, according to different studies [104,105].

At the onset of disease, there are no signs of honeycombing, and reticular changes may be minimal; therefore un-
ambiguous interpretation is difficult (Fig. 2.1.14), especially since clinical symptoms are often absent in these patients. 
However, reticular signs are the earliest and easily attributable to UIP; they are detected in almost all patients. As the disease 
progresses, severity of the reticular changes increases, and bronchiectases are visualized inside the reticular areas, which 
then merge with small cysts that eventually form the honeycombing pattern.

GGO zones, albeit not conflicting with the pattern of UIP, do not extend beyond reticular abnormalities and are usually ad-
jacent to the sites of honeycombing (Fig. 2.1.15). The predominance of GGOs over the reticular and honeycombing zones and 
their spread beyond their limits during periods of no AE indicates the dominance of interstitial inflammation over fibrosis, which 
renders the diagnosis of IPF less likely but does not exclude it [102]. However, architectural distortion of the lung parenchyma 
and volume loss in the basal regions can lead to the appearance of widespread GGOs in areas of fibrosis that, in that case, reflects 
not interstitial inflammation but a decrease in opacity and increase in attenuation of the lung parenchyma (Fig. 2.1.16).

In IPF, intrathoracic lymph nodes can become enlarged, but their size rarely exceeds 1.5 cm [106]. A nonspecific, albeit 
quite frequent, finding in patients with IPF is pulmonary emphysema (Fig. 2.1.17). According to Cottin et al., emphysema 



FIG. 2.1.13 IPF. Pronounced reticular changes, honeycombing, and traction bronchiectasis. Changes are predominantly subpleural, corresponding to 
the pattern of usual interstitial pneumonia (A and B).

FIG. 2.1.12 IPF. Subpleural zones of honeycombing. Irregular intralobular and interlobular septal thickening. Outside the affected areas, lung tissue 
appears healthy (A and B). Abnormalities are expressed predominantly subpleurally in the basal and paramediastinal areas (C), corresponding to the pat-
tern of usual interstitial pneumonia.



FIG. 2.1.15 IPF, confirmed by surgical lung biopsy. Pattern of probable usual interstitial pneumonia. Subpleural reticular changes expressed in both the 
upper (A) and lower (B) regions. In the same areas, GGO, some foci of visceral pleura thickening, and bronchiectasis are visualized.

FIG. 2.1.14 IPF, confirmed by video-assisted thoracoscopic lung biopsy. Early usual interstitial pneumonia pattern. Thickened intralobular septa, linear 
fibrosis, and single-row small cysts with subpleural distribution. Light ground-glass opacity (GGO) within fibrous changes (A and B). Abnormalities are 
distributed predominantly in the basal and subpleural segments (C).
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FIG. 2.1.16 IPF, advanced stage. Diffuse reticular changes and traction bronchiectasis (A and B). In the lower zones (with the exception of the middle 
lobe), there are diffuse GGOs, subpleural honeycombing, and traction bronchiectasis.

FIG. 2.1.17 IPF. Bullous and paraseptal emphysema of the upper lobes (A). Subpleural honeycombing, traction bronchiectasis in the lower lobes, and 
single bulla in the right lung (B). Coronal reconstruction shows the distribution of emphysema in the upper lobes and fibrosis mainly in the lower zones (C).
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is usually localized in the upper parts of the lungs, both cen-
trilobular and paraseptal forms are present in majority of the 
cases, 54% of patients also have bullae, and 47% of patients 
have signs of PH [107]. The appearance of air traps in the 
upper lobes is found in no more than 4% of patients with 
IPF and usually argues in favor of other diagnoses, primarily 
hypersensitivity pneumonitis; however, air traps associated 
with IPF are detected more often in lower levels, not differ-
ent than that observed in other fibrotic lung diseases [108].

HRCT signs such as nodules, infiltrates, and multiple 
cysts in the lung parenchyma; changes that are one-sided 
or include the upper lobes or peribronchovascular region; 
and subpleural sparing are not typical for UIP [109]. Their 
presence in a patient with IPF means either an alternative 
diagnosis or the appearance of an additional new disease, 
including lung cancer, pneumonia, and pulmonary embolism 
(Fig. 2.1.18).

The radiological diagnosis of UIP is especially diffi-
cult in periods of AE. Nonetheless, along with the classical 
HRCT presentation, there are signs of acute alveolar dam-
age represented by massive bilateral GGO zones, which 

often overlap reticular changes and honeycombing (Fig.  2.1.19). Consolidation areas may also be observed. In an 
analysis of 64 AE episodes of IPF, Akira et al. concluded that the distribution of GGOs in an AE can be divided into 
three categories. The most frequent, the peripheral pattern, occurs in more than half of the cases and is characterized 
by a subpleural spread, resembling a sickle. The second most frequent is the diffuse variant, which is characterized by 
bilateral lesions that capture both the central and peripheral zones. Finally the rarest, multifocal pattern presents with 
patchy areas of GGO in different parts of the lungs [84].

Bronchoalveolar lavage
Cytological analysis of BAL fluid in IPF has characteristic findings among which the most commonly reported is an 
increase in the fraction of neutrophils (6%–22%) and eosinophils (2.4%–7.5%) and a decrease in alveolar macrophages 
(46%–83%) [58]. Individual patients may experience lymphocytosis and an increase in the CD4/CD8 ratio; however, BAL 
analysis is recognized primarily for its utility in the differential diagnosis of lung diseases with specific BAL findings such 
as hypersensitivity pneumonitis, sarcoidosis, and pulmonary eosinophilia [58,110].

FIG. 2.1.18 Squamous cell carcinoma of the lingular segments of the 
left lung associated with signs of usual interstitial pneumonia.

FIG. 2.1.19 IPF. Subpleural reticular changes and honeycombing on the left (A). The same patient after 3 months. Acute exacerbation of IPF. Diffuse 
GGOs in the posterior zones. Worsening of reticular abnormalities (B).
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Probe-based confocal laser endomicroscopy of distal airways
Our unpublished study examined 117 bronchopulmonary areas in six patients with morphologically proved IPF using 
probe-based confocal laser endomicroscopy (pCLE) of distal airways, and 843 informative images were obtained.

A typical endomicroscopic presentation in IPF is characterized by the lack of visualization of normal alveolar struc-
tures in the affected pulmonary segments due to the replacement of the alveolar sacs with connective tissue elements, 
which are defined as brightly randomly located fluorescent fibrils and nodules that seal the alveoli; this was found in 40 
out of a total of 117 areas that were examined (Fig. 2.1.20A). In parts within the same bronchopulmonary segment, nor-
mal alveoli with preserved structures alternated with alveoli with completely (Fig. 2.1.20A) or partially (Fig. 2.1.20B) 
sealed components of fibrous tissue and pronounced fluorescence. In 9 out of the 117 regions, it was not possible to dif-
ferentiate any structures with normal alveolar pCLE pattern. None of the patients at the time of the examination smoked, 
and there were no cellular elements in the alveolar lumen. Additionally, mucus was present in the alveolar lumen 
(Fig. 2.1.20C). In 16 of the 117 areas that were examined, a moderate amount of rounded, small (3–5 μm in diameter), 
brightly fluorescent particles was found in the terminal bronchioles (Fig. 2.1.20D). The thickness of the interalveolar 
septa field could vary from normal to two to three times the normal within the same visual field in patients with IPF 
(Fig. 2.1.20E).

The role of transbronchial lung biopsy (TBB) is currently limited to patients who cannot undergo video-assisted thora-
coscopic lung biopsy (VATS) due to the disease severity or a high risk of complications [111].

The small size of the species and their deformation with forceps TBB often do not allow differentiation of IPF from 
NSIP and HP using TBB [112]. The main value of this diagnostic approach is not the evidence it provides for IPF but 
its utility in exclusion of other diseases such as sarcoidosis and other pulmonary granulomatous diseases; therefore 
decision to perform TBB should be reached individually [58]. Cryobiopsy is a relatively new, minimally invasive 
biopsy method for ILDs, allows the collection of lung fragments approximately five times larger than those obtained 
with forceps biopsy, and is not subject to artifacts [113]. This method increases the likelihood of correct histological 
diagnosis of ILDs by up to 80% [58]. A metaanalysis of 14 studies on cryobiopsy in ILDs, including IPF, showed a 
significantly greater diagnostic value of cryobiopsy in comparison with TBB, albeit with a rather high rate of bleeding 
(23.7%) [114].

Due to the heterogeneity in results, primarily due to complications and the lack of a standardized protocol, cryobiopsy 
has not yet been incorporated into routine practice, and its use should be limited to specialized pulmonary clinics with ex-
tensive experience in cryobiopsy [115,116].

Currently, VATS remains the gold standard for obtaining complete histological material to reach a diagnosis of IPF [70]. 
However, as an invasive surgical intervention, VATS cannot always be performed in patients with severe respiratory failure, 
who have contraindications for surgery or simply refuse the procedure. In addition, for unknown reasons, IPF exacerbates 
after VATS in a small number of patients [117].

Open surgical lung biopsy is associated with a significant risk of complications compared with VATS in patients with 
ILDs (30-day mortality, 4.3% vs 2.1%; nonfatal complications, 18.1% vs 9.6%) and can be considered as a diagnostic tool 
only if its potential utility is considered to be superior to the associated surgical risks [118]. Biopsy specimens should be 
collected from several lobes, and sampling from areas that are affected by honeycombing the most should be avoided, since 
the diagnostic benefits of biopsy material from areas of maximum fibrosis are low [119].

Regardless of the method, lung biopsy should not be prescribed in patients with an HRCT pattern of UIP [58].

Diagnosis
The current diagnostic approach of IPF, presented in the recommendations of the Fleischner Society and the 2018 practical 
guidelines for the diagnosis of IPF by the ATS/ERS/JRS/ALAT [58,109], is based on assessment of the likelihood that a 
patient has an UIP pattern according to the findings of HRCT and biopsy material, if other possible diseases are excluded 
(Fig. 2.1.21). First the proposed diagnostic algorithm provides a thorough evaluation of the patient’s history for character-
istic clinical manifestations to exclude other ILDs due to exogenous factors and CTDs. For the same purpose, laboratory 
tests are required to exclude CTDs (see section “Laboratory tests and biomarkers”).

If an exogenous factor or a competing serum-positive disease is excluded, the next step is to analyze the HRCT data 
together with signs that are characteristic for UIP to various degrees (see Table  2.1.2). In cases with predominantly 
 subpleural-basal localization of the honeycombing in the absence of not relevant signs of UIP, the diagnosis of IPF is valid 
without histological confirmation (Figs. 2.1.12 and 2.1.13). In remaining patients with CT findings that don’t clarify UIP 



FIG. 2.1.20 PCLE images of distal airways in patients with IPF. (A) Brightly fluorescent, chaotically located connective tissue elements are seen in 
most segments of the lung on both sides; the walls of the alveoli are not differentiated. (B) The left part of the field of vision is almost completely oc-
cupied by connective tissue and brightly fluorescent elements without differentiation of the walls of the alveoli. In the right side of the field of vision, 
yellow arrows show some clearly visible interalveolar septa. C) Arrows show the ends of the elastic fibers of the interalveolar septa, fragmented because 
of pressure by a miniprobe. In the lumen, there is mucous secretion with air bubbles. (D) Characteristic cross striation, typical for the walls of terminal 
bronchioles. Rounded corpuscles with high autofluorescence stand out from the rest of the structures (yellow arrow tips indicate the largest corpuscules). 
(E) Interalveolar septa thickened to varying degrees. Measurements are marked with corresponding color ellipses.
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pattern, the next steps in diagnosis (BAL in cases with suspicious pulmonary infection or a disease with a specific BAL 
features or surgical lung biopsy) require multidisciplinary discussion (MDD) (Fig. 2.1.21).

If there is a risk of complication with surgical biopsy, that is, DLCO <25% of predicted, severe hypoxemia, pH, and 
oxygen dependence ≥2 L/min [120], the next step can be a decision to conduct cryobiopsy in a specialized clinic or TBB if 
some diseases are suspected (sarcoidosis and Langerhans cell histiocytosis). Following histological examination a repeated 
MDD can confirm or excludes the final diagnosis of IPF. MDD is always required at differential diagnosis of similar to IPF 
diseases.

Differential diagnosis
The range of disorders that should be included in the differential diagnosis of IPF is quite wide and includes diseases with 
HRCT and morphological features that resemble the UIP pattern, primarily honeycombing and/or reticular abnormalities. 
Among these disorders are NSIP, chronic HP, CTDs, drug-induced pulmonary fibrosis, pneumoconiosis, and radiation 
pneumonitis (Table 2.1.3). Less commonly, conditions such as the fibrous stage of sarcoidosis, fibrosis after diffuse alveo-
lar damage, and LIP as well as certain cystic lung diseases and paraseptal emphysema, which can sometimes simulate a 
honeycombing, may be mistakenly diagnosed as an UIP.

FIG.  2.1.21 Diagnostic algorithm for idiopathic pulmonary fibrosis (IPF). MDD, multidisciplinary discussion; UIP, usual interstitial pneumonia. 
(Extracted from Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, Lederer DJ, et al. Diagnosis of idiopathic pulmonary fibrosis. An official 
ATS/ERS/JRS/ALAT clinical practice guideline. Am J Respir Crit Care Med 2018;198(5):e44–e68 with the permission of ATS.)
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Regarding NSIP, signs of interstitial inflammation predominate over fibrosis, especially in the early stages (Fig. 2.1.22) 
and can be radiographically observed as dominance of the GGO. At the late stage of NSIP, as with IPF, reticular changes, 
traction bronchiectasis, and honeycombing are also seen [121]. In patients with NSIP, there may be foci of consolidation, 
which do not occur in UIP [122].

With the progression of NSIP, the severity of pulmonary fibrosis increases, and the HRCT pattern of NSIP becomes 
similar to that of UIP (Fig. 2.1.23) [123]. Two radiological phenomena are noted to accompany NSIP frequently and not 
occur in IPF: subpleural sparing [124] (Fig. 2.1.24) and the straight-edge sign [125]. The latter reflects a reasonably clean 
interface between the unaffected pulmonary parenchyma and the affected zones, which are localized to the basal regions 
and do not extend along the visceral pleura to the overlying parts of the lungs (Fig. 2.1.25) [125]. It should be noted that 
NSIP is often a pulmonary manifestation of a CTD; therefore thorough examination for complete history, additional symp-
toms, and laboratory tests aimed at CTD markers can aid in achieving the correct diagnosis.

The chronic course of hypersensitivity pneumonitis, especially without adequate treatment, leads to the development of 
interstitial pulmonary fibrosis, which resembles not only the HRCT findings but also the histological  pattern of UIP [111]. 
The combination of reticular signs, honeycombing with a moderately expressed GGO, is possible in the advanced stages of 
HP (Fig. 2.1.26). Distinctive features of the latter are the predominance of GGOs over reticular and honeycombing changes, 
frequent presence of foci of consolidation and centrilobular nodules, a more homogenous distribution of pathological areas 
with the upper lung lobes, and subpleural sparing [124]. Silva et al. propose that the predominance of sites with honey-
combing in the upper lobes is a characteristic feature of HP [30]. Conversely, air traps are equally common (45%) in zones 
of pathological changes (lower and middle zones) in IPF and HP; however, the appearance of air trappings in upper lobes is 
not typical in IPF and can be used in differential diagnosis as a characteristic feature of HP (Fig. 2.1.26) [108].

CTDs can affect the lungs in the form of UIP or NSIP. This is especially true for rheumatoid arthritis (RA) and systemic 
sclerosis (SSC) [126]. In patients with RA the lung lesion is usually preceded by a long articular history; in SSC the pulmonary 
manifestations may dominate and outpace other symptoms. Therefore, in patients with an HRCT picture of UIP or NSIP, care-
ful history-taking and physical and other evaluations are very important to identify signs typical of SSC including the Raynaud 
phenomenon, arthralgia, dysphagia, sclerodactyly, amimia, mummified skin, pH, and esophageal dilatation (Fig. 2.1.27).

TABLE 2.1.2 High-resolution computed tomography scan patterns

UIP Probable UIP Indeterminate for UIP Alternative diagnosis

Subpleural and basal 
predominant; distribution 
is often heterogeneousa

Honeycombing with 
or without peripheral 
traction bronchiectasis or 
bronchiolectasis

Subpleural and basal 
predominant; distribution is 
often heterogeneous
Reticular pattern with 
peripheral traction 
bronchiectasis or 
bronchiolectasis
May have mild GGO

Subpleural and basal 
predominant
Subtle reticulation; may have 
mild GGO or distortion (early 
UIP pattern) CT features and/
or distribution of lung fibrosis 
that do not suggest any specific 
etiology (truly indeterminate 
for UIP)

Findings suggestive of another 
diagnosis, including
CT featuresb of cysts
Marked mosaic attenuation
Predominant GGO
Profuse micronodules Centrilobular 
nodules
 Nodules
 Consolidation
Predominant distribution: 
Peribronchovascular
Perilymphatic
Upper or mid-lung
Others:
Pleural plaques (consider asbestosis)
Dilated esophagus (consider CTD)
Distal clavicular erosions (consider 
RA)
Extensive lymph node enlargement 
(consider other etiologies)
Pleural effusions, pleural thickening 
(consider CTD/drugs)

a Variants of distribution: occasionally diffuse and may be asymmetrical.
b Superimposed CT features: mild GGO, reticular pattern, and pulmonary ossification.

Extracted from Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, Lederer DJ, et al. Diagnosis of idiopathic pulmonary fibrosis. An official ATS/ERS/
JRS/ALAT clinical practice guideline. Am J Respir Crit Care Med 2018;198(5):e44–e68, with the permission of ATS.

CT, computed tomography; CTD, connective tissue disease; GGO, ground-glass opacities; RA, rheumatoid arthritis; UIP, usual interstitial pneumonia.



TABLE 2.1.3 The differential signs of IPF and other fibrotic lung diseases

 IPF NSIP Chronic HP SSC-ILD RA-ILD DI-ILD

Anamnesis Smoking, pollutants, 
GER

Nonsmokers Nonsmokers; contact 
with allergens from 
birds, fungi, organic 
dust

The Raynaud syndrome Polyarthritis Medication 
(bleomycin, 
amiodarone, and 
biologic drugs)

Laboratory tests No specific data No specific data No specific data Increases in CRP, antinuclear 
antibodies, and anti-
Scl-70 (topoisomerase-1), 
anticentromere, and 
anti-RNA polymerase III 
antibodies

Increases in CRP, 
rheumatoid factor, 
anticyclic citrullinated 
peptide

Increased CRP

BAL Neutrophilia
Mild eosinophilia

Moderate 
neutrophilia
Moderate 
eosinophilia

Lymphocytosis >50% Mild neutrophilia, mild 
eosinophilia

Moderate 
neutrophilia, moderate 
lymphocytosis

Lymphocytosis 
>30%, increased 
CD4+/CD8+ ratio

Reticular 
abnormalities

+++ ++ ++ +++ ++ ++

GGO + +++ +++ ++ ++ +++

Honeycombing +++ ++ + ++ ++ +

Straight-edge + ++ − ++ ++ −

Consolidation − + + + + ++

Air traps in nonfibrous 
areas

− − +++ − − +

Subpleural sparring − ++ ++ + + ++

Abnormalities 
distribution

Subpleural, posterior-
basal divisions

Basal segments Middle and lower 
zones Possible 
predominance of 
changes in the upper 
lobes

Basal segments Basal and subpleural 
zones

No preference

+++, Typical sign; ++, often sign; +, possible sign; −, atypical sign.
IPF, idiopathic pulmonary fibrosis; NSIP, nonspecific interstitial pneumonia; HP, hypersensitivity pneumonitis; SSC-ILD, systemic scleroderma associated with interstitial lung disease; RA-ILD, rheumatoid arthritis 
associated with interstitial lung disease; DI-ILD, drug-induced interstitial lung disease.
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FIG. 2.1.22 Nonspecific interstitial pneumonia. Significant reticular changes associated with GGO in the anterior segments (A and B). Subpleural 
sparing (arrows) (A).

FIG. 2.1.23 Nonspecific interstitial pneumonia, confirmed by lung biopsy in late stage, in a 23-year-old patient. Subpleural honeycombing, traction 
bronchiectasis, and moderate reticular changes. Right-sided limited pneumothorax (A and B).

FIG. 2.1.24 Nonspecific interstitial pneumonia, confirmed by lung biopsy. Diffuse bilateral areas of GGO and moderate reticular changes. Subpleural 
sparing.
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In most cases it is extremely difficult to distinguish UIP in IPF from that in CTDs radiologically; nevertheless, Chung 
et al. [127] showed that radiological findings such as exuberant honeycombing and the straight-edge sign were present in 
22%–25% of patients with CTD (Figs. 2.1.27 and 2.1.28), whereas their frequencies did not exceed 6% in patients with 
IPF. Exuberant honeycombing reflects the formation of multiple honeycomb-like cyst formations that make up more than 
70% of the fibrous areas in the lung tissue [127]. Another CT sign to distinguish IPF from SSC is the so-called four-corner 
sign, the presence of UIP signs (honeycombing and reticular abnormalities) in symmetrical zones: the anterior corners 
corresponding to the anterolateral mid-upper lobes from the top of the aortic arch to the carina and the posterior corners 
corresponding to the posterosuperior lower lobes defined as an area between the carina and the inferior pulmonary veins 
[128]. Although this sign has a low sensitivity (16.4%), its specificity is 100% for ILD associated with systemic sclerosis 
(Fig. 2.1.29) [128].

Lymphoid interstitial pneumonia (LIP) is characterized by combination of signs of interstitial inflammation with cystic 
transformation of the lungs; however, the cysts are usually larger in size and more rounded than those observed in UIP. 
However, the progression of LIP may lead to a picture that is similar to IPF, and the differential diagnosis with UIP becomes 
relevant (Fig. 2.1.30) [42].

FIG. 2.1.25 Nonspecific interstitial pneumonia. Diffuse zones of GGO with fragmented reticular signs. Healthy and affected areas are separated by  
straight edges (A). Coronal slice shows localization of the lesion only in the basal segments (B).

FIG. 2.1.26 Chronic hypersensitivity pneumonitis caused by prolonged contact with birds. Diffuse reticular changes. Honeycombing areas, air traps in 
both the upper (A) and lower zones (B).



FIG. 2.1.27 Systemic sclerosis associated with interstitial lung disease. 
Exuberant honeycombing in the lower lobes, which are clearly separated 
from the intact parenchyma on the right. The dilated esophagus is visualized.

FIG. 2.1.28 Systemic sclerosis. Diffuse areas of GGO associated with 
excessive cystic transformation; unlike the honeycombing in IPF, cysts 
have not only subpleural but also parenchymal distribution. The affected 
areas are clearly distinguished from healthy tissue.

FIG. 2.1.29 Interstitial lung disease associated with systemic sclerosis. The four-corner sign. Symmetrical subpleural honeycombing in the anterior 
segments of the upper lobes (A) and reticular abnormalities in the posterior segments of the lower lobes (B).

FIG. 2.1.30 Lymphocytic interstitial pneumonia. Bilateral reticular changes, honeycombing, and GGO in the lower sections (A and B). In contrast to 
usual interstitial pneumonia, thin-walled cysts of different sizes are additionally visualized to be predominantly subpleural.
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The fibrous stage of sarcoidosis of the lungs and pneumoconiosis are characterized by the appearance of changes in 
the lungs by chest HRCT, which resemble UIP in some cases. However, these changes are preceded by a long history of 
pulmonary abnormalities; furthermore the presence of nodular formations, areas of consolidation, and intrathoracic lymph-
adenopathy aid in differentiating sarcoidosis from IPF in almost all cases (Fig. 2.1.31).

The HRCT changes in drug-induced interstitial lung disease (DI-ILD) caused by the administration of certain medica-
tions, such as amiodarone, bleomycin, methotrexate, nitrofurans, and new biologics, often proceed as NSIP but sometimes 
can resemble the UIP pattern (Fig. 2.1.32).

Careful collection of the patient history with clarification of the facts associated with long-term use of certain drugs aid 
in linking fibrotic changes in the lungs with a drug-induced reaction. Lymphocytosis in the BAL fluid, usually exceeding 
30%, is an additional argument in favor of DI-ILD.

Unilateral fibrosis of the lungs, a rare condition, is usually associated with radiation pneumonitis, impaired blood flow 
in the corresponding lung area, or drug-induced fibrosis (Fig. 2.1.33). Presence of one-sided honeycombing argues against 
an IPF diagnosis.

The pandemic of severe forms of the H1N1 flu in the 2009–10 and 2015–16 seasons resulted in interstitial pulmonary 
fibrosis in a subset of surviving patients who developed diffuse alveolar damage, followed by fibrosis of the lungs that 
resembled UIP by radiological characteristics (Fig. 2.1.34). However, unlike that observed in UIP, honeycombing in these 
cases is significantly less prominent than reticular signs, 
and pulmonary abnormalities are stable, with no significant 
 disease progression.

Complications of IPF
A number of complications that change the clinical and 
radiological signs may develop in patients with IPF. One 
of the most frequent complications is PH, noted in almost 
half of the patients [129,130]. There are several mecha-
nisms underlying PH in IPF: prolonged angiospasm due 
to chronic hypoxemia with irreversible remodeling of the 
vascular wall, reduction of the capillary bed in zones of 
honeycombing, and endothelial dysfunction with increased 
expression of vasoconstrictors, primarily endothelin-1 
[131]. Nevertheless, many studies reported no significant 
correlations between IPF severity, functional parameters, 
and PH severity [130,132]. Generally, clinical studies on 
the treatment of PH in patients with IPF have not effective, 
and drugs such as ambrisentan, bosentan, and sildenafil are 
currently not recommended for use [41].

FIG. 2.1.31 Sarcoidosis, fibrous stage. Pronounced reticular changes and traction bronchiectasis. Fibrous cords located peribronchovascularly and 
along the interlobar pleura. Multiple small nodules of different density (A and B). Irregular thickened visceral pleura (A).

FIG.  2.1.32 Usual interstitial pneumonia caused by uncontrolled ni-
trofurantoin intake. Reticular changes, the beginning of the formation of 
the honeycombing in the basal-subpleural zones. (Case courtesy of Prof. 
S.N. Avdeev, Sechenov First Moscow State Medical University, Moscow, 
Russia.)
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Moreover, increased respiratory failure on the background of antihypertensive treatment is frequently observed, in par-
ticular among patients treated with sildenafil, due to the deterioration of the ventilation-perfusion relationship and enhance-
ment of intrapulmonary shunting [133]. In fact the only way to impact PH in patients with IPF is prolonged oxygen therapy 
in cases of hypoxemia. Another possible cause of PH in IPF is recurrent pulmonary embolism (PE), which is predisposed by 
the use of corticosteroids, sedentary lifestyle, old age, and chronic hypoxemia, all of which contribute to the development of 
deep venous thrombosis [134]. Progression of dyspnea and appearance of new areas of reduced opacities in a patient with 
IPF are most often regarded as an AE of IPF, whereas acute PE often manifests with similar signs [135]. In cases of a rapid 
increase in respiratory failure in patients with IPF, contrast HRCT is recommended to rule out PE (Fig. 2.1.35). The ques-
tion regarding the utility of anticoagulant treatment for the prevention of thrombosis and PE in patients with IPF remains 
open. A study of 624 patients with IPF who received oral anticoagulants or placebo demonstrated that the mortality rate 
was higher in the anticoagulant therapy group [136], although the first study evaluating the effects of warfarin during IPF 
exacerbation reached opposite conclusions [137].

FIG. 2.1.33 Unilateral pulmonary fibrosis in the left lower lobe. Honeycombing and traction bronchiectasis. Initially regarded as an atypical form of 
IPF (A and B). Visualization using contrast reveals thrombotic occlusion of the left inferior pulmonary artery (arrow) (C).
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Secondary immunodeficiency contributes to the de-
velopment of opportunistic pulmonary infections, with 
Pneumocystis jirovecii pneumonia, aspergillosis, and 
pulmonary tuberculosis in descending frequency [138]. 
Clinically, these situations are similar, with predominance 
of increased dyspnea and cough; however, Pneumocystis 
jirovecii pneumonia is characterized by high fever and more 
pronounced increases in erythrocyte sedimentation rate and 
C-reactive protein. Foremost among the diagnostic tests in 
such patients is detection of P. jirovecii in the respiratory 
tract secretion by bacterioscopy or analysis of sputum or 
BAL fluid by polymerase chain reaction.

The development of invasive pulmonary aspergillosis 
in IPF contributes not only to immunodeficiency but also 
to the presence of cavitary lesions, that is, bronchiectasis 
and cysts.

Cavitation associated with upper lobe consolidation and 
intracavitary fungus ball are characteristic HRCT signs of 
pulmonary aspergillosis. Some studies describe a relatively 
high incidence of aspergillosis (20%) in ILD [139].

Pulmonary tuberculosis is significantly more common in patients with IPF than in the general population. According 
to Chung et al., tuberculosis on the background of IPF presents as a peripheral single solid infiltrate without cavitation on 
HRCT in 67% of the cases, which hinders its differential diagnosis from lung tumor [140].

Lung cancer is another pulmonary disease associated with IPF. In patients with IPF, there is a fivefold increase in the 
risk of lung cancer, due to common risk factors (smoking and old age) and chronic epithelial damage and epithelial meta-
plasia in areas of fibrotic changes [141]. Additionally, overlap of tumorigenesis and fibrogenesis pathways promoted by 
TGF-β1 may also play a role in the increased frequency of lung cancer in IPF [142].

The tumor in most patients with lung cancer and IPF is peripheral (Fig. 2.1.18) and occurs in the area of honeycombing 
in 82% of the cases according to Sakai et al. [143].

Finally, pneumothorax and pneumomediastinum are other possible complications of IPF [144]. They can be asymptom-
atic since most cases have a limited distribution due to pleural adhesions.

FIG.  2.1.34 Pulmonary fibrosis that developed after diffuse alveolar 
damage with H1N1 influenza infection. Linear subpleural fibrosis, trac-
tion bronchiectasis and bronchiolectases, and irregular reticular changes.

FIG. 2.1.35 Bilateral pulmonary embolism in a patient with IPF. Bilateral areas of GGO, associated and reticular changes, single subpleural cysts (A). 
At contrast study, bilateral filling defects in the inferior branches of the pulmonary artery are visualized (arrows) (B).
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Treatment
Therapeutic approaches to patients with IPF have fundamentally changed in recent years. For many years, systemic steroids 
were used; although they were effective in certain patients in the short term, generally deteriorating overall IPF survival, they 
also lead to complications; the severity of which was often comparable with the severity of the underlying disease [145].

Currently, systemic corticosteroids are limited to pulse therapy (0.5–1 g methylprednisolone per day) during AE of IPF, 
after exclusion of infection [146]. Triple therapy with systemic corticosteroids, azathioprine, and acetylcysteine, which was 
widely used previously in patients with IPF, was found to be ineffective and harmful due to the increase in risk of hospital-
ization and mortality compared with the placebo by Raghu et al. [147].

In recent years, there have been significant breakthroughs in the treatment approaches for IPF, thanks to the emergence of 
two antifibrotic drugs that have passed all phases of clinical trials and were approved for use in most countries. The first, pirfeni-
done, was synthesized in 1976 and originally patented as an antiinflammatory agent [148]. The antifibrotic effect of pirfenidone 
was discovered in 1992 in an experimental study, and the results of the first clinical study were published in 1999 [149]. The 
main mechanism underlying the antifibrotic action of pirfenidone involves the suppression of proliferation of fibroblasts and 
their transformation to myofibroblasts and suppression of collagen synthesis by blocking the effects of TGFβ-1, the main media-
tor of fibroblast activity [150,151]. In addition, pirfenidone was demonstrated to suppress the expression of proinflammatory 
cytokines, primarily tumor necrosis factor α, and to exert an antioxidant effect in experimental models [152,153]. In European 
Union countries, pirfenidone as for IPF treatment was approved in 2011 after the publication of the results of the CAPACITY 
trials, including the CAPACITY 1 and CAPACITY 2 studies, which, albeit different in design, demonstrated an overall dose ef-
ficiency at 2403 mg/day in comparison with placebo, with decreases in the rate of FVC reduction and the proportion of patients 
with a rapid decline of >10% in FVC and a 36% reduction in the risk of death and progression of IPF (CAPACITY 2) and an 
increase in the distance covered in the 6-min walking test (CAPACITY 1) [154]. In the United States, pirfenidone was approved 
after the ASCEND study including 555 patients with IPF according to the 2011 ATS/ERS criteria, which showed a significant 
reduction in the number of patients with a rapid decline in FVC and a reduction in the rate of decrease in the distance covered 
in the 6-min walking test [71]. Side effects of pirfenidone include gastrointestinal symptoms such as nausea, vomiting, loss of 
appetite, and increased liver enzymes as well as photosensitivity, skin rash, and insomnia [155].

The second antifibrotic drug is nintedanib, a tyrosine kinase inhibitor, primarily developed as an antitumor agent [156]. 
The antifibrotic action of nintedanib is based on the suppression of endothelial, vascular, fibroblastic, and platelet growth 
factors such as vascular endothelial growth factor, fibroblast growth factor, and platelet-derived growth factor. As a result 
the activity of fibroblasts and their transition into myofibroblasts are suppressed, and the production of extracellular matrix 
and, ultimately, fibrogenesis is blocked [157].

Three clinical trials for nintedanib in patients with IPF, TOMORROW, INPULSIS I, and INPULSIS II showed that, 
at a dose of 300 mg/day compared with placebo, nintedanib reduced the rate of decrease in FVC annually by more than 
twofolds, reduced the number of acute exacerbations, increased the time until the first exacerbation, and improved the qual-
ity of life [72,73]. Among the side effects, diarrhea (61%) and nausea (23%) were the most frequent, which nevertheless 
allowed therapy to continue in 95% of the patients [72]. In 2014 nintedanib was approved for use in IPF in the European 
Union and the United States, and both nintedanib and pirfenidone were officially recommended for the treatment of IPF in 
by a consensus of experts with the ATS/ERS/JRS/ALAT 2015 [41].

Over the years, antifibrotic therapy was evaluated for efficacy and safety in numerous studies. Metaanalyses of the 
pooled data suggest that both nintedanib and pirfenidone can reduce mortality from IPF [158,159]. Earlier studies indicate 
the possibility of combined use of the two antifibrotic drugs. While the frequency of side effects increased in parallel with 
combination use, key parameters of lung function improved simultaneously [160,161]. In observational studies, both antifi-
brotic drugs (named as disease-modifying therapy [162]) were also evaluated, revealing that the side effects of pirfenidone 
(nausea and fatigue) and nintedanib (diarrhea, nausea, and loss of appetite) with long-term administration were comparable 
with those reported during the initial 52-week study in general [163,164]. Both drugs demonstrate similar efficacy and safety 
profiles; currently, there are no consensus recommendations for choosing a specific drug to initiate starting therapy [119].

Despite the evident progress in potential approaches in IPF therapy, a number of practical questions remain unresolved. 
The unresolved question of antifibrotic treatment for IPF as a whole will determine the scientific directions that are being 
implemented in the framework of ongoing clinical studies.

Nonpharmacological treatment of IPF
Maintenance of patients with IPF should not be limited to drug treatments. As with most other serious chronic diseases, a 
multifaceted approach is necessary to correct various physical and psychological aspects of disease in one way or another 
and to improve the quality of life.
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Long-term oxygen therapy (LTOT) should be considered as a treatment of choice in patients with hypoxemia according 
to the 2011 ATS/ERS recommendations. However, a clear threshold for implementation of LTOT has not been identified; 
nevertheless, based on the practices for managing COPD, LTOT can be recommended in patients with hypoxemia with a 
partial arterial O2 pressure of <55 mmHg or a blood O2 saturation of <88% by pulse oximetry. LTOT generally improves 
the quality of life in patients with IPF [165].

Rehabilitation activities should include measures to maintain physical activity and psychological support. Physical 
rehabilitation in the form of regular exercise with weight on skeletal muscles in the presence of adequate oxygenation can 
improve the functional parameters of patients, including increases in FVC and the 6-min walking distance [166].

Psychological assistance to patients with IPF is limited to detailed information provided to patients about the disease 
course, including the possibility of relative stabilization with adequate therapy and rehabilitation and a delicate preparation 
of the patients for their final stage in life, as is often used in patients with lung cancer. In a number of countries, hospice-
type palliative care centers have been established for patients with IPF to alleviate the physical and psychological suffering 
of patients and their relatives in the final stage of the disease.

Today, lung transplantation is the only method that allows a radical change in the quality of life of patients and signifi-
cantly increases their life expectancy. However, the outcomes of unilateral and bilateral lung transplantation in patients with 
IPF are worse than those in patients with other terminal lung diseases. Among patients with IPF, 1-year survival rates are 
81% and 67% for bilateral and unilateral transplantation, respectively, whereas 5-year survival rates are 55% and 34% for 
bilateral and unilateral transplantation, respectively [167].

Indications for lung transplantation in IPF are the following [168]: histologically or radiologically confirmed UIP plus 
one of the following criteria: DLCO ≤39%; ≥10% decrease in FVC within 6 months; reduction in blood O2 saturation to 
<88% during the 6-min walking test; and honeycombing on HRCT, with a fibrosis index of more than 2.

Contraindications for placement on a transplantation waiting are far more. Absolute contraindications are the follow-
ing:  history of malignant neoplasm during the last 2 years; decompensated function of another vital organ (the heart, liver, 
and/or kidneys); significant chest deformation; documented inability or refusal to follow medical prescriptions; intractable 
psychiatric or psychological disorders; inability to receive social assistance; and use of alcohol, drugs, or tobacco products 
in the last 6 months. Relative contraindications are also numerous and include an age over 65 years. Although the authors of 
the recommendations emphasize that transplantation can be performed in older patients, the survival rate of these patients 
is far worse [169].

Prevention of acute exacerbations
Patients with IPF should be vaccinated against influenza and pneumococcus, as these infections can be fatal in patients with 
limited body reserves [1]. Long courses of macrolides are widely used for the prevention of exacerbations of bronchiectasis, 
cystic fibrosis, and COPD. The first study reporting a two-third reduction in the hospitalization rate and a possible reduc-
tion in the number of AE with the use of 250-mg azithromycin thrice weekly in patients with IPF patients was published by 
Macaluso et al. in 2018 [170]. The authors emphasized that in addition to the prophylactic effect, azithromycin exhibited 
good tolerability and safety. However, the mechanism underlying these effects of azithromycin remains unclear [170], al-
though macrolides’ ability to stimulate immune responses may partially explain these outcomes.

Management of comorbidities in patients with IPF is important. The most common cardiovascular diseases encountered 
in patients with IPF require monitoring and regular therapy [171,172]. Regarding antacid therapy for gastroesophageal 
reflux disease, which, in accordance with the 2015 consensus statement, should be considered in patients with IPF; how-
ever, the INPULSIS substudy evaluating the efficacy of antacid therapy did not confirm the results from previous studies 
showing that the decline in functional parameters was attenuated and that the survival rate was increased in patients with 
IPF who were using antacids [42].

Prognosis
The prognosis of IPF is less optimistic than most other forms, except for acute interstitial pneumonia and idiopathic inter-
stitial pneumonia. Five-year survival does not usually exceed 30%, which is significantly less than that for most forms of 
cancer except for lung and pancreas cancer [111]. Only approximately 15% of patients live more than 10 years from the 
onset of the first IPF symptoms [26,173].

Among the various approaches used to determine prognosis in patients with IPF are estimation of the initial value and 
rate of decline in FVC, distance of 6-min walking test, fibrosis index by HRCT, and indicators of quality of life, all assessed 
according to different scales [100,174–176]. A relatively simple method is the GAP scale, which is based on the score 
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 depending on gender, age, FVC, and DLCO values [175]. Jacob et al. proposed the vascular structure index, which is based 
on HRCT fibrosis score and respiratory function, which had a high predictive value for survival of patients with IPF [176].

Most of the studies on prognosis, course of disease, and survival in IPF were conducted before the era of antifibrotic 
drugs, and there is reason to believe that progress will be made in the prognosis of IPF patients in the coming years.
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Chapter 2.2

Nonspecific interstitial pneumonia
Nonspecific interstitial pneumonia (NSIP) is the second most common variant of interstitial pneumonia after usual interstitial 
pneumonia (UIP), occurring in 14%–35% of biopsy cases [1]. NSIP may be an independent disease of unknown origin; how-
ever, it is more often a manifestation of connective tissue diseases (CTDs) and drug-induced pulmonary lesions, and NSIP may 
be associated with hypersensitivity pneumonitis (HP) or diffuse alveolar damage with subsequent development of interstitial 
fibrosis [2,3]. Primary diagnosis of idiopathic NSIP does not rule out further development of CTD as reflected in a study by 
Cono et al., where heterogeneous CTDs developed within 5 years of follow-up in 17.1% of 35 patients with idiopathic NSIP [4].

NSIP can be a presentation of not only CTD but also a recently introduced, new class of interstitial pneumonia, inter-
stitial pneumonia with autoimmune features (IPAF). Yamakawa et al. [5] analyzed 159 patients with a morphologically 
proved NSIP and found that 40.8% of the patients have signs of CTDs, 36.9% could be classified as IPAF, and only 22.3% 
fell into the idiopathic NSIP category.

Katzenstein and Fiorelli identified three NSIP subtypes: cellular with predominance of inflammation, fibrous with pre-
dominance of fibrosis, and mixed with comparable ratios of both inflammatory and fibrotic processes [2]. The cellular variant 
of NSIP usually responds better to treatment and has a more favorable prognosis than fibrous NSIP; it can occur at any age, 
but most cases arise in the second half of life, usually affecting females (60%–70%) and those who never smoked (70%) [6].

Morphology
NSIP is one of the most challenging diseases for diagnosis due to the lack of specific features. It is characterized by signs 
of uniform interstitial inflammation and fibrosis with a tendency to subpleural and paraseptal location [2]. Morphologically 
the cellular subtype of NSIP is characterized by interstitial inflammation with the involvement of macrophages, СD3+ and 
CD20+ lymphocytes, stromal edema, and marked changes in microvessels, including fibrinoid necrosis and the development 
of destructive and productive vasculitis [3,7] (Figs. 2.2.1–2.2.4). Foci of organizing pneumonia may be noted, although they 
do not dominate the overall pattern [2]. Pathological changes are usually uniform and can include both diffuse and patchy 
distribution. Unlike UIP the zone of the bronchiolar-alveolar junction is not affected. In the mixed subtype of NSIP, the 
morphological signs of productive interstitial inflammation and interstitial fibrosis are detected simultaneously. In patients 
with the fibrous subtype, paucicellular interstitial fibrosis dominates the morphological pattern. In contrast to UIP, fibrosis 
is represented by uniform collagen deposition in alveolar septa and peribronchiolar interstitium, but interlobular septa and 
visceral pleura may also be involved [8]. Myofibroblastic foci and honeycombing are rare but possible  findings in NSIP: 
in a study by Li et al., honeycombing and accumulation of myofibroblasts were observed in 16.7% of patients with NSIP, 
whereas their incidence was 93%–100% in those with UIP [9].

FIG.  2.2.1 Nonspecific interstitial pneumonia. Relative uniformity of 
edema, lymphohistiocytic infiltration, and sclerosis of the pulmonary in-
terstitium. Hematoxylin and eosin staining, 100×.

FIG.  2.2.2 Nonspecific interstitial pneumonia. Edema, lymphohistio-
cytic infiltration, and sclerosis of the pulmonary interstitium and small 
vessels. Hematoxylin and eosin staining, 200×.
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Differential diagnosis. The diagnosis of NSIP is established after excluding all other variants of diffuse lung diseases, 
based not only on morphological features but also on history and clinical, radiological, and laboratory signs [7]. NSIP-
type morphological changes often represent the pulmonary involvement of a number of diseases such as systemic sclerosis 
(SSC), rheumatoid arthritis (RA), systemic lupus erythematosus, and dermatomyositis/polymyositis and can be a mani-
festation of HP, asbestosis, and drug-induced pneumonitis [10,11]. Differential diagnosis is further complicated due to its 
possible overlap with UIP, organizing pneumonia, or HP in the same patient [12,13]. It can be very difficult, and sometimes 
impossible, to differentiate NSIP and HP, and only the presence of peribronchiolar granulomas (up to 80% of cases) weight 
the scales on behalf of the latter [8,11].

The pulmonary changes in NSIP can resemble lymphocytic interstitial pneumonia [7]; however, the latter, in addition 
to lymphocytic interstitial infiltration and lymphocytic aggregates that are characteristics of both diseases, usually has as-
sociated granulomas and lymphocytic infiltration, most pronounced in the bronchiolar walls, in half of the patients [14].

Clinical presentation
Clinical presentation of idiopathic NSIP has no special signs that aid in distinguishing significantly from other chronic 
forms of IIP. Dyspnea and unproductive cough occur in 70%–96% and 50%–87% of patients, respectively; however, some 
systemic manifestations are also often present, including weight loss (18%–25%), fever (22%–33%), arthralgia (14%–
17%), Raynaud phenomenon (8%–10%), myalgia (7%), skin rash (5%–40%), and arthritis (3%) [6,15]. These symptoms 
can be noticed in the history of patients before the development of NSIP. Auscultatory data, that is, velcro crackles, depend 
on the severity of fibrotic changes and are registered in 53%–64% of patients [15]. Clubbing, which is characteristic of 
idiopathic pulmonary fibrosis (IPF), is rare (2%–10%) in patients with NSIP [4,15]. There are no significant differences in 
the majority of clinical symptoms between secondary and idiopathic NSIP [15].

High-resolution computed tomography
The most common radiological signs of NSIP include ground-glass opacity (GGO), irregular linear fibrosis, traction bron-
chiectasis, thickening of the interlobular septa, and decrease in the volume of the lower lobes (Figs. 2.2.5–2.2.7) [16,17]. 
While NSIP is traditionally viewed to exhibit GGO, found in 66%–100% of the cases, that dominates over all other signs 
[16,18], a study by Travis et al. reported that GGO occurred in only 44% of patients with NSIP, whereas bronchiectasis, 
reticular pattern, and lobar volume loss were found in 82%, 96%, and 77% of the patients, respectively [6]. The character-
istic of NSIP is the most extensive distribution of the pathological findings in the lower and peripheral pulmonary regions 
[16–19]. Honeycombing zones are generally not typical for NSIP and occur in 5%–30% of patients according to different 
studies, while their prevalence does not exceed 10% of the total lung surface [16,18]. At advanced stages of the disease, a 
HRCT pattern of UIP can be observed (Fig. 2.2.8). Relative subpleural sparing is one of the frequent signs of NSIP, occur-
ring in 20%–64% of cases [19]; this sign has relatively high specificity for NSIP and helps to differentiate from UIP [20]. 
Another specific sign of NSIP is the recently described straight-edge sign (SES), that is, reticulation and GGO isolated 

FIG. 2.2.3 Nonspecific interstitial pneumonia. Diffuse sclerosis, edema, 
and lymphohistiocytic infiltration of the pulmonary interstitium and small 
vessels. Hematoxylin and eosin staining, 400×.

FIG.  2.2.4 Nonspecific interstitial pneumonia. Small vessel sclerosis, 
edema, and lymphohistiocytic infiltration of the pulmonary interstitium. 
Van Gieson staining, 400×.
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to the lung bases with sharp demarcation from unaffected 
lung tissue, without substantial extension along the lateral 
margins of the lungs on coronal images (Fig. 2.2.9) [21]. In 
a study by Zhan et al. [21], the SES was detected in 14 of 15 
patients and was unilateral in 26.7% of the cases (bilateral 
in the remaining 67.7%) with a histologically proved NSIP.

HRCT generally reflects the histological pattern of NSIP. 
The inflammatory, that is, cellular, subtype is characterized 
by predominance of GGO and absence of honeycombing 
(Figs. 2.2.5, 2.2.7, and 2.2.9). Fibrous (Fig. 2.2.8) and mixed 
(Fig.  2.2.6) NSIP subtypes suggest more varied features, 
with all four primary radiological signs and rarely honey-
combing, are simultaneously present, albeit with varying de-
grees of severity [22]. A possible HRCT sign of NSIP is foci 
of consolidation (Fig. 2.2.6), which may indicate the simul-
taneous presence of organizing pneumonia, which overlaps 
with NSIP in two-thirds of the patients [13].

As with IPF the course of NSIP may be accompanied by 
periods of deterioration of clinical symptoms, usually inter-
preted as acute exacerbation (AE) of NSIP. The exact causes 
underlying the AE are not conclusively established, although 

infectious factors are considered as the most likely culprits. AE should be differentiated from other destabilizing events 
such as pulmonary artery thromboembolism, pneumothorax, and acute cardiac failure. HRCT obtained at the time of AE of 
NSIP reveal expansion of GGO and appearance of new consolidation areas [23].

Enlarged lymph nodes of the mediastinum, which are typical for NSIP, occur in other IIPs as well. Souza et al. reported 
that, among 206 patients with IIP, intrathoracic lymphadenopathy was found in 81%, 71%, and 66% of patients with NSIP, 
respiratory bronchiolitis associated with interstitial lung disease, and IPF, respectively [24].

Bronchoscopy and bronchoalveolar lavage
Bronchoscopy and bronchoalveolar lavage (BAL) are more useful for the differential diagnosis of NSIP from pulmonary 
infections and diseases that have a specific cellular pattern that can be detected by analysis of BAL fluid. In general, 

FIG. 2.2.5 Nonspecific interstitial pneumonia. Bilateral patchy areas of 
ground-glass opacity and moderate reticular changes. Dilated bronchi are 
visible inside the abnormalities.

FIG. 2.2.6 Nonspecific interstitial pneumonia. Bilateral diffuse areas of ground-glass opacity associated with reticular abnormalities and traction bron-
chiectasis. Subpleural sparing (A). Coronal reconstruction reveals the maximum distribution of changes in the lower parts of the lungs with architectural 
distortion of the parenchyma and a decrease in the volume of the lower lobes. Separate foci of consolidation are visualized, which reflect the pattern of 
organizing pneumonia (B).
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changes in BAL fluid in NSIP include an  increase in the percentage of lymphocytes, ranging from 19% to 75%; moderate 
neutrophilia; and mild eosinophilia [25–27]. However, in the fibrous variant of NSIP, lymphocytosis is usually mild, and 
changes in the BAL cellular profile closely resemble that of UIP [27]. Transbronchial lung biopsy is of limited importance 
for a sufficient volume of histological material for definitive diagnosis: Its diagnostic value is 16%–33%, and video-assisted 
thoracoscopic biopsy remains the gold standard for obtaining tissue samples for NSIP [28].

Probe-based confocal laser endomicroscopy of distal airways
We studied eight patients with NSIP by probe-based confocal laser endomicroscopy (pCLE) and examined 127 broncho-
pulmonary zones to capture 621 informative images. The endomicroscopic pattern of NSIP did not reveal specific features. 
Because most of the patients were smokers, there were alveolar macrophages in the alveolar lumen, although their numbers 

FIG. 2.2.7 Nonspecific interstitial pneumonia. Bilateral diffuse-patchy 
areas of ground-glass opacity associated with reticular changes. Bilateral 
subpleural sparing.

FIG. 2.2.8 Nonspecific interstitial pneumonia, late stage, confirmed by 
video-assisted thoracoscopic biopsy in a 23-year-old patient. Subpleural 
honeycombing, traction bronchiectasis, reticular abnormalities, and local 
pleural thickenings.

FIG. 2.2.9 Nonspecific interstitial pneumonia. Diffuse subpleural areas of ground-glass opacity associated with mild reticular signs clearly demarcated 
from healthy tissue. Bilateral subpleural sparing (A). Coronal reconstruction reveals the distribution of abnormalities in the basal segments with distinct 
demarcation from the nonaffected areas (straight-edge sign) (B).
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exceeded those of smokers without pathological changes in the lungs. Even with a completely normal alveolar structure 
with unchanged interalveolar septa, the number of alveolar macrophages reached 2–5 points, in accordance with the scale 
presented in the Fig. 1.31 (Fig. 2.2.10A and B). Approximately in the same amount, macrophages were encountered with 
thickening of the interalveolar septa (Fig. 2.2.10C). In addition to cells of normal size, single giant macrophages exceeding 

FIG. 2.2.10 Confocal laser endomicroscopy patterns in patients with nonspecific interstitial pneumonia (cellular form, A–C; fibrous form, D–F; and 
mixed form, D–G). (A) Alveoli with normal structure, alveolar septa are not thickened; alveolar macrophages of 3–4 points are present in the lumen. 
(B) The entire field of vision is occupied by intraluminal alveolar macrophages, and single air bubbles (black circles) are visible. (C) Alveolar shape is 
preserved, interalveolar septa are thickened up to 16.3 μm, and alveolar macrophages of 4–5 points are visualized. (D) Partial visualization of the alveolar 
structures and alveolar macrophages of 3 points are present; a giant intraluminal cell, 41.4 μm in diameter, is indicated with an ellipse. (E) Airiness of the 
alveoli is normal. Almost all visible septa are thickened to a significant extent (up to 34.1 μm). Some elastic fibers of the interalveolar septa are fragmented, 
their ends protruding loosely into the lumen. (F) A large volume of secretion with air bubbles is visualized in the alveolar lumen. In the lower right corner, 
single interalveolar septum is visualized. (G) Note the decrease in alveolar airiness with an increase in visualization of the elastic fibers of the alveolar 
walls within the same field of vision. Individual alveoli have a normal shape.
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40 μm in size were found in 12 of the 127 areas (Fig. 2.2.10D). There were significantly thickened interalveolar septa with 
fragmentation of elastic fibers in each field of vision (Fig. 2.2.10E). Along with alveolar macrophages a moderately fluores-
cent liquid secretion was present in the alveolar lumen of 43 of the 127 surveyed areas (Fig. 2.2.10F). In contrast the intra-
luminal fluorescent cellular elements were significantly less prominent in nonsmoking patients (1–3 points). Additionally, 
dystelectasis was observed in 47 of the 127 regions (Fig. 2.2.10G).

Differential diagnosis of idiopathic NSIP
The absence of specific clinical and HRCT patterns renders the diagnosis of NSIP dependent on biopsy results. Unfortunately, 
even the presence of a apparent histological pattern does not always lead to a final clinical diagnosis of idiopathic NSIP. In 
these cases a multidisciplinary discussion is important, according to the results of which the consensus diagnosis of NSIP 
can be established two to three times more often than that based on the opinion of the pathologist [29,30]. By definition the 
term nonspecific interstitial pneumonia implies several clinical conditions with similar morphological characteristics. Thus 
idiopathic NSIP is more likely a diagnosis of exclusion. CTDs, drug-induced pulmonary lesions, and HP can exhibit the histo-
logical and radiological patterns of NSIP. In these cases, detailed history and identification of additional clinical symptoms are 
important (Table 2.2.1). SSC is characterized by the presence of Raynaud phenomenon that often manifests many years ahead 
of the pulmonary parenchymal lesions. Visual signs of SSC include mummification of the skin, which is especially noticeable 
on the hands and face, and sclerodactyly. In 78% of the SSC cases, pulmonary damage has the histological pattern of NSIP 
[31]. However, pulmonary manifestations of SSC may be ahead of the lesions of other organs, which hinder its diagnosis.

HRCT findings of SSC with the NSIP pattern include those manifestations of NSIP that have already been described 
earlier. An important additional sign that often appears on chest CT scan is dilatation of the esophagus due to sclerosis of 

TABLE 2.2.1 Differential diagnosis of NSIP

 NSIP IPF Subacute HP CTD DIPD

Anamnesis Frequent systemic 
manifestations, 
onset of the 
disease is at ages 
40–50 years

Onset of disease 
after 50 years, long-
term smoking

Exposure with a 
potential allergen 
(e.g., birds and fungi)

Onset of pulmonary 
lesions are preceded 
by symptoms in other 
organs

Intake of 
bleomycin, 
amiodarone, 
methotrexate, 
sulfasalazine, and 
other drugs

Clinical 
presentation

More often in 
nonsmoking 
females

More often in 
males, clubbing, 
velcro crackles in 
most

Increased dyspnea, 
cough, fever after 
contact with an 
allergen

Raynaud phenomenon, 
polyarthritis, dry 
mouth and dry eyes, 
sclerodactyly, dry 
thinned skin

Emergence 
of respiratory 
symptoms usually 
coincides with the 
intake of the drug

Laboratory 
tests

No abnormalities 
or moderately 
increased 
rheumatoid factor 
and antinuclear 
antibodies

No abnormalities Moderately increased 
CRP and ESR

High titers of 
antinuclear antibodies, 
rheumatoid factor; 
moderate increase in 
ESR, CRP

Moderate 
leukocytosis in the 
blood; increased 
ESR, CRP

BAL Moderate 
lymphocytosis, 
moderate 
neutrophilia

Moderate 
neutrophilia, 
eosinophilia

High lymphocytosis 
more than 50%

Moderate 
lymphocytosis, 
moderate neutrophilia

Lymphocytosis 
more than 30%

CT signs Ground-glass 
opacity, moderate 
reticular changes, 
subpleural sparing, 
straight-edge sign. 
Predominantly 
basal localization

Honeycombing 
with preferential 
subpleural and 
basal localization. 
Pronounced 
reticular changes

Ground-glass opacity, 
lobular air traps. 
Intralobular nodules, 
subpleural sparing
Uniform distribution 
with the capture of the 
upper lobes

Identical to NSIP. 
Dilatation of the 
esophagus, dilatation 
of the pulmonary artery 
(with SSC), straight-edge 
sign. Four-corners sign

Identical to NSIP. 
Frequent areas of 
consolidation as 
a manifestation of 
OP. May localize 
to upper lobes

CRP, C-reactive protein; CTD, connective tissue disorder; CT, computed tomography; DIPD, drug-induced pulmonary disease; ESR, erythrocyte sedimentation 
rate; HP, hypersensitivity pneumonitis; IPF, idiopathic pulmonary fibrosis; NSIP, nonspecific interstitial pneumonia; OP, organizing pneumonia; SSC, systemic 
scleroderma.
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the mediastinal periesophageal tissue (Fig. 2.2.11). This sign can be detected earlier than the lung parenchymal damage 
[32]. Another radiographic marker of SSC is dilatation of the pulmonary artery, which indicates severe pulmonary hyper-
tension and develops in approximately 20% of patients with SSC [33]. In the majority of the patients with SSC, high levels 
of antinuclear antibodies are found in the blood, including antibodies against topoisomerase (anti-Scl-70), anticentromere 
antibodies, and anti-RNA polymerase III, which are important diagnostic criteria [34].

NSIP is the second most common morphological pattern of interstitial lung disease associated with RA [35]. The diag-
nosis of RA is not usually very difficult in patients with a history of erosive polyarthritis; however, if the disease manifests 
with pulmonary lesions or serositis such as pleural effusion and pericarditis, differential diagnosis may be challenging. 
Therefore examination of the characteristic serological markers of RA, namely, rheumatoid factor and specific anticyclic 
citrullinated peptide antibodies, and markers of other CTDs must be performed in the first stage of diagnostic workup for 
all patients with interstitial lung disease [36].

Dermatomyositis/polymyositis is a heterogeneous group of inflammatory myopathies, in which NSIP is observed in the 
affected lungs. In addition to interstitial lung disease, the clinical pattern usually has signs of muscle weakness, systemic 
inflammation, and increased levels of serum muscle enzymes and antisynthetase antibodies, primarily anti-histidyl-tRNA 
synthetase (anti-Jo1) [37], which should also be investigated in patients with interstitial pulmonary disease with an obscure 
etiology, since the lungs are the primary target of the autoimmune process in 20% of the cases with dermatomyositis/poly-
myositis [38].

Interstitial lung disease in the form of NSIP is possible in systemic lupus erythematosus, the Sjögren syndrome, and a 
mixed CTD. Initial examination of the patient, evaluation for additional symptoms of the disease except those of pulmonary 
nature, and levels of serum immunologic markers (rheumatoid factor, antinuclear antibodies, and antidouble stranded DNA 
antibody) often aid in the inclusion of these diseases in differential diagnosis at the first visit. The more detailed differential 
diagnostic workup for CTDs is described in Chapter 8.

Increased antibody titers specific for certain CTDs in combination with interstitial lung disease do not automatically 
lead to a CTD diagnosis. For example, in a study of 25 patients with idiopathic NSIP, Huo et al. [26] found that 76% of the 
patients had increased antinuclear antibody titers. For patients who do not fulfill the criteria for a CTD but exhibit clinical, 
serological, and morphological signs of an autoimmune process, the term IPAF has been proposed [39]. Most often, IPAF 
is associated with HRCT and morphological patterns of UIP or NSIP, both of which have a more favorable course and a 
better prognosis for survival than idiopathic forms [40].

With the exception of SSC, the HRCT pattern of NSIP 
associated with a CTD or IPAF does not have specific char-
acteristics that differ from those of idiopathic NSIP. Chronic 
and subacute forms of HP can nearly completely replicate 
the histological pattern of NSIP [11]. Radiological differen-
tiation of these cases is very difficult. Silva et al. [20], based 
on a comparative analysis of the CT data in 66 patients, con-
sidered that the appearance of lobular air traps associated 
with reduction of blood vessels (Fig. 2.2.12), centrilobular 
nodules, and the lack of dominance of the lower lobe local-
ization were more typical for HP.

A thorough history regarding the potential etiologic 
factors of HP surely enables to tilt the balance toward the 
correct diagnosis; however, even in cases with an obvious di-
agnosis of HP, the patients are not always able to identify the 
trigger allergen. For such cases the term cryptogenic HP has 
been proposed [41]. An important diagnostic test to facili-
tate the differential diagnosis of HP from IIP is the cytologi-
cal analysis of BAL fluid. The presence of more than 50% 
lymphocytes in the cell sediment indicates the diagnosis if 
HP [25]. However, this sign is not sufficiently sensitive and 
specific; a high level of up to 75% lymphocytosis in the BAL 
fluid is also possible in patients with NSIP [26].

NSIP is one of the most common histological variants of 
drug-induced pulmonary disease (DIPD). Bleomycin, cyclo-
phosphamide, methotrexate, and amiodarone are the most com-

FIG.  2.2.11 Dilatation of the esophagus in a patient with interstitial 
lung disease associated with systemic sclerosis. Marked bilateral reticu-
lar abnormalities, bronchiolectases, and subpleural sparing indicating the 
nonspecific interstitial pneumonia pattern.
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mon causes of drug-induced NSIP. The apparent chronological 
association of drug administration with the  development of 
interstitial pulmonary abnormalities usually facilitates the cor-
rect definitive diagnosis. However, cases of drug retention for 
several years after the completion of treatment were also de-
scribed. For example, NSIP was observed 15–17 years after 
the last course of chemotherapy in patients receiving cytostatic 
carmustine for brain tumors [42]. There are no clear signs that 
can differentiate drug-induced NSIP from idiopathic NSIP, 
with the exception of possible preferential localization of the 
abnormalities in the upper lobes in DIPD (Fig. 2.2.13), which, 
however, does not always occur [43].

The most challenging is the radiological differential di-
agnosis of the fibrous variant of NSIP and IPF. Before the 
results of large-scale IPF studies became available, errone-
ous diagnosis of NSIP was very common. Thus Johkoh et al. 
[44] evaluated the compliance of radiological and morpho-
logical diagnoses in 129 patients with IIP in 1999 and found 
that two independent radiologists reached correct diagnosis 
in 71%, 79%, and 63% of the patients with IPF, obliterating 
bronchiolitis with OP, and desquamative interstitial pneumonia (DIP), respectively, whereas NSIP was interpreted correctly 
only in 9% of the patients. Several studies have since shown that the principal differences between IPF and NSIP on HRCT 
included the severity of honeycombing (typical for IPF) and the presence of GGO (typical for NSIP) (Fig. 2.2.14) [6,18]. 
However, during the acute exacerbation of IPF, GGO is observed on CT scans, which renders the radiological pattern of IPF 
to closely resemble that of NSIP (Fig. 2.2.15). Other common signs of NSIP, which are rarely noted in IPF, are subpleural 
sparing and SES (Fig. 2.2.9) [20]. Bilateral SES, which was found only in 3.3% and 6.6% of patients with UIP and HP, 
respectively, was noted in 33% of patients with NSIP [21].

Differentiation of NSIP from DIP is also difficult. The latter is characterized almost exclusively in active smokers, ma-
jority of whom are males, while NSIP develops in nonsmoking females mostly [45]. Inflammatory changes in blood such as 
an elevated erythrocyte sedimentation rate above 50 mm/h and an increased C-reactive protein level, as well as an elevated 
lactate dehydrogenase level are more common in DIP than in NSIP [46].

Brown macrophages and moderate eosinophilia (approximately 18%) and neurophilia (approximately 11%) with in-
creased total cell count are commonly found in the BAL fluid of patients with DIP [46], whereas moderate lymphocytosis 
and/or neutrophilia are characteristics of NSIP. By HRCT, bilateral areas of GGO that tend to localize in the peripheral and 

FIG. 2.2.12 Subacute hypersensitivity pneumonitis resulting from con-
tact with birds. Air traps (arrows) associated with bilateral diffuse areas of 
ground-glass opacity.

FIG.  2.2.13 Bleomycin-induced pneumonitis. Bilateral diffuse areas 
of ground-glass opacity associated with pronounced reticular changes. 
High-resolution computed tomography pattern of nonspecific interstitial 
pneumonia.

FIG. 2.2.14 Idiopathic pulmonary fibrosis. Bilateral symmetrical sub-
pleural areas of honeycombing, severe reticular signs, and traction bron-
chiectasis. Pattern of usual interstitial pneumonia.
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basal regions of the lungs are usually observed in both NSIP and DIP. However, in patients with DIP, significant changes 
may also be localized in the upper regions of the lungs, which is not a characteristic of NSIP [47]. In general a mosaic 
pattern is typical for GGO with DIP, which is very similar to that of air traps in patients with HP (Fig. 2.2.16). As a rule, 
reticular changes are poorly expressed, but thickened bronchi resulting for long-term smoking are found frequently. DIP 
usually responds very quickly to treatment with systemic steroids and is often resolved without leaving any trace. NSIP and 
DIP may have a completely identical HRCT pattern, which does not aid in their radiological differentiation [47].

Treatment and prognosis
Treatment for NSIP includes systemic corticosteroids and immunosuppressants, administered separately or in combination. 
Standard doses are 0.5–0.75 mg/kg weight per day for prednisone, 2 mg/kg/day for cyclophosphamide maximum 2 mg/kg/day 
for azathioprine (no more than 150 mg/day) and 2000 mg daily for mycophenolate. When combined with immunosuppressive 
drugs, the dose of prednisone is usually reduced to 0.25 mg/kg/day [48]. In a study by Lee et al. [49], 86% of patients with 

NSIP responded to steroid therapy with an average dose of 
0.54 mg/kg/day. Additionally, they reported that the factors 
that influenced poor response to the therapy included posi-
tive antinuclear antibody titers and the presence of additional 
diseases such as CTDs, acute leukemia, and hepatitis B in-
fection. Further analysis of the factors that influenced the re-
lapsing course of NSIP revealed that relapse was observed in 
patients who received 0.5 mg/kg/day as the initial prednisone 
dose and an average duration of treatment was 4.7 months, 
while nonrelapsing patients received a starting prednisone 
dose of 0.6 mg/kg for an average of 7.7 months with no ste-
roid dose reduction [49]. The development of NSIP in pa-
tients with a CTD requires, as a rule, the administration of 
immunosuppressive therapy (i.e., cyclophosphamide alone 
or in combination with prednisone) while combination treat-
ment is not substantially better than monotherapy [50]. A 
study evaluating the efficacy of the potentially useful anti-
fibrosis drugs pirfenidone and nintedanib for other fibrotic 
intestinal lung diseases except IPF is in its final phase [51].

FIG. 2.2.15 Idiopathic pulmonary fibrosis. Acute exacerbation: bilateral patchy areas of ground-glass opacity, pronounced subpleural reticular ab-
normalities. High-resolution computed tomography pattern is similar to that of nonspecific interstitial pneumonia (A). The same patient 2 weeks later. 
Significant reduction in ground-glass opacity, more clear visualization of honeycombing in the paravertebral subpleural areas. High-resolution computed 
tomography findings correspond to the pattern of probable usual interstitial pneumonia (B).

FIG. 2.2.16 Desquamative interstitial pneumonia. Diffuse bilateral ar-
eas of ground-glass opacity in the lower segments, minimally expressed 
reticular abnormalities. Clearly demarcated areas of the unaffected paren-
chyma, resembling air traps, are seen.
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The prognosis of NSIP is more favorable than that of IPF. Under the influence of steroid therapy, there is often a 
decrease or disappearance of GGO with increased reticular abnormalities; however, the rate of fibrosis is significantly 
lower in NSIP than IPF [52]. Akira et al. evaluated the dynamics of CT patterns over 72 months in 50 patients with 
NSIP and found that nearly all patients had a decrease in areas of GGO and foci of consolidation, whereas areas of 
fibrosis and the number of bronchiectasis expanded simultaneously; furthermore the formation of honeycombing was 
observed in 34% of the patients [53]. Wide areas of GGO without traction bronchiectasis on HRCT and the presence 
of subpleural sparing are factors of a favorable prognosis, whereas reticular abnormalities worsen the course and prog-
nosis [54,55].

The development of pulmonary hypertension (PH) is also a negative factor in NSIP prognosis. In a study by King et al., 
PH, confirmed by right-heart catheterization, was detected in 31% of the patients with NSIP, and the median transplant-
free survival in the PH group was 17.6 months, which was 47.9 months in patients with NSIP without PH [56]. Travis 
et al. reported that the average 5- and 10-year survival rates among NSIP patients were 82.3% and 73.2%, respectively 
[6]. However, these rates are significantly worse for fibrous NSIP, with 5- and 10-year survival rates of 64.9% and 37.1%, 
respectively [5].
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Chapter 2.3

Cryptogenic organizing pneumonia
Cryptogenic organizing pneumonia (COP) is one of the clinical and histological forms of idiopathic interstitial pneumonia 
(IIP) that belongs to a group of entities with acute or subacute course, the morphological substrate of which is bronchiol-
itis obliterans with organizing pneumonia (BOOP) [1]. BOOP is an inflammatory reaction of the terminal regions of the 
respiratory tract, characterized by the organization of exudative and fibroblastic proliferative processes as ingrowth of the 
granulation tissue into respiratory bronchioles, alveolar ducts, and alveoli [2].

Pathophysiologically, BOOP is a nonspecific inflammatory proliferative response of the distal respiratory tract to vari-
ous systemic diseases and exogenous factors. The most common causes of BOOP include infection, drugs (e.g., ami-
odarone, sulfanilamides, methotrexate, and biologics), radiation therapy, connective tissue diseases (CTDs), and organ 
transplantation (e.g., the bone marrow, lungs, heart, liver, and kidneys) [3]. BOOP in patients with no apparent etiology is 
termed COP; therefore COP is a subtype of BOOP. Currently the term BOOP is recommended to describe the histological 
changes in lung tissue lesions, whereas etiologic terms such as drug-induced pneumonitis and radiation pneumonitis or 
COP in cases with unknown etiology should be used for clinical diagnosis [4].

The precise epidemiology of COP is unclear due to diagnostic challenges. A large-scale study in Iceland revealed that 
the general prevalence of BOOP was 1.97 cases per 100,000 populations and that the prevalence of COP was 1.1 cases 
per 100, 000 populations [5]. Males and females are affected to a similar extent, whereas the patient age ranges from 12 
to 93 years, with an average age of 50 years according to various studies. Majority of the patients do not have a history of 
smoking or otherwise ceased smoking a long time before developing COP [6,7].

Morphology
The histopathology of BOOP is characterized by a combination of patchy intraluminal organizing fibrosis in the distal parts 
of the respiratory tract such as respiratory bronchioles, alveolar ducts, and alveoli with retention of the lung architectonics 
and chronic moderate interstitial inflammation (Figs. 2.3.1–2.3.6).

Typical findings during the early disease stage are peribronchiolar lymphocytic infiltration, accumulation of inflam-
matory exudate in bronchiolar and alveolar lumen, and basal epithelial cell hyperplasia. Organization of the inflammatory 
exudate involves fibroblasts, which acquire the phenotypic features of myofibroblasts with increased overproduction of 
collagen that is deposited as granulation tissue in the alveolar lumen [3].

The hallmark of BOOP in the later stage is budding of the granulation tissue within distal airspaces that dominates the 
overall pattern, with the absence of signs common in other diseases such as granulomas, prominent neutrophilic or eosino-
philic infiltration, hyaline membranes, and giant cells [8,9].

FIG. 2.3.1 BOOP. General appearance. Hematoxylin and eosin stain-
ing, 100×.

FIG. 2.3.2 Focus of BOOP with an organized exudate in alveoli—area 
of OP. Hematoxylin and eosin staining, 400×.
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Transforming growth factor beta, fibroblast growth factor beta, cytokeratin-19, and cytokeratin-5 are actively expressed 
by epithelial cells in areas with atypical basal cell hyperplasia (Fig. 2.3.5).

Differential diagnosis of BOOP should include slowly resolving and organizing infectious pneumonia. In these cases 
the prevalence of lesions should be considered for definitive diagnosis. In patients with unilateral nodular or lobular lesions, 
the definitive diagnosis is unresolved organizing pneumonia of infectious origin. Foci of BOOP can be detected in non-
specific interstitial pneumonia, hypersensitivity pneumonitis (HP), fibrosis after diffuse alveolar damage, granulomatosis 
with polyangiitis, and chronic eosinophilic pneumonia (CEP); however, these foci do not dominate the overall histological 
pattern [8,10]. In many cases a multidisciplinary discussion in combination with the evaluation of clinical, laboratory, and 
radiological data is required for the correct interpretation of the histopathology.

Clinical presentation
The clinical presentation of COP is very similar to that of bacterial pneumonia. As a rule, COP has an acute or subacute on-
set and is accompanied by fever, fatigue, nonproductive cough, weight loss, sweating, and chest pain as well as and crackles 
in areas of infiltration in up to 80% of the patients [6,8,11]. COP is also characterized by moderate dyspnea starting in early 

FIG.  2.3.3 Focus of bronchiolitis obliterans with an organized exu-
date in the bronchiole lumen observed as a granulation tissue polyp. 
Hematoxylin and eosin staining, 100×.

FIG. 2.3.4 BOOP at the stage of sclerotic changes. Focus of bronchiol-
itis obliterans with dysregeneratory changes in the epithelium and accu-
mulation of cytokeratin-7. Immunoperoxidase reaction, 600×.

FIG. 2.3.5 BOOP at the stage of sclerotic changes. Focus of bronchiol-
itis obliterans with dysregeneratory changes and alveolar macrophages in 
the lumen. Hematoxylin and eosin staining, 200×.

FIG. 2.3.6 BOOP. The focus of OP with sclerotic changes. Hematoxylin 
and eosin staining, 100×.
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days of the disease. Antibiotics are usually not effective, or their intake leads to a partial but not complete improvement. 
In about half of the patients, COP may resemble influenza infection [12]. Cases of rapidly progressing COP that leads to 
acute respiratory failure that requires respiratory support are also described. These cases must be differentiated from diffuse 
alveolar damage due to influenza, opportunistic infections, and acute interstitial pneumonia [13].

Diagnosis
Traditional laboratory data are not specific and include blood leukocytosis, increased C-reactive protein level, and erythrocyte sedi-
mentation rate [6,14]. Among pulmonary functional tests a decrease in the diffusing capacity of the lung for carbon monoxide is 
the most diagnostically valuable parameter. Moderate deterioration in DLCO and forced vital capacity is typical for COP [15,16].

Examination of the bronchoalveolar lavage (BAL) fluid is useful for definitive diagnosis, especially in cases where 
morphological verification of the diagnosis is impossible. The diagnostic criteria of BAL for COP with a predictive value of 
85% or above are the following [17]: lymphocyte count > 25%, CD4+/CD8+ T-cell ratio <0.9, foamy macrophages >20%, 
neutrophils >5%, and eosinophils 2%–25%. The definitive diagnosis of COP requires the presence of the first two criteria 
plus any two of the remaining three criteria [17]. Cytological, microbiological, and polymerase chain reaction analyses 
of the BAL fluid are also important to rule out infectious or neoplastic causes that present with a similar pattern by high-
resolution computed tomography (HRCT).

Transbronchial lung biopsy, despite the small size of the samples obtained, is often sufficient for morphological diag-
nosis of BOOP, especially in patients with typical radiological patterns and relevant clinical presentation, with a reported 
sensitivity of 64% and specificity of 86% [17].

A higher diagnostic accuracy of 88% based on histological specimens can be achieved using a computed tomography 
(CT)-guided transthoracic needle biopsy [18].

In cases with a solitary consolidation area or an atypical HRCT pattern of COP, biopsy by video-assisted thoracoscopic 
surgery remains the gold standard.

High-resolution computed tomography
For COP, there are several characteristic signs detected by HRCT [19–23]:

1. Patchy areas of consolidation in different sizes and shapes, including band-like consolidation, in 80%–90% of the 
patients.

2. Bilateral abnormalities. Solitary infiltrates of COP are described; however, these are generally very rare.
3. Subpleural and/or peribronchovascular distribution of consolidation areas.
4. Simultaneously with consolidation, there are patchy areas of ground-glass opacity (GGO), which often exhibit a peril-

obular distribution around the interlobular septa, in up to 80% of patients.
5. Small nodules, often centrilobular, in 30%–50% of patients.
6. Large nodular abnormalities in up to 20% of patients.
7. Reversed halo sign (atoll sign), in up to 20% of patients.
8. Thickening of the bronchial walls and expansion of the bronchial lumen.
9. Changes in localization and attenuation of the lesions, which can migrate from one place to another, if steroid therapy 

is not administered. Of note, this characteristic is also typical for CEP.

In general the first four signs in various combinations are found in most patients, which render the radiological diagnosis of 
COP one of the most predictable among other interstitial pulmonary diseases (Figs. 2.3.7–2.3.9). In a study by Johkoh et al. 
[24], COP was correctly diagnosed by independent radiologists in 79% of the patients, whereas the correct diagnosis was 
achieved for idiopathic pulmonary fibrosis, desquamative interstitial pneumonia, and nonspecific interstitial pneumonia in 
71%, 63%, and 9% of the patients with histologically verified disease, respectively.

Interestingly, consolidation areas in COP are typical for patients with a normal immune status, whereas these areas were 
noted only 40% of the patients among those with immune compromise, according to Lee et al. [25].

Focal and nodular abnormalities of COP detected on HRCT are in fact the same foci of granulation tissue within the al-
veoli and the bronchioles, which are rounder in shape that is therefore treated as an independent radiological phenomenon.

The reversed halo sign was first described in COP and considered as an exclusive finding for COP for some time [26]. 
This sign represents the characteristic pattern of the central focus of normal tissue or GGO that is surrounded by a dense ring 
of consolidation, which creates the peculiar appearance of a coral reef (Fig. 2.3.8) [27]. Later studies revealed that this sign 
had a low specificity for COP and was very common in many other diseases of infectious and noninfectious nature including 
bacterial pneumonia, tuberculosis, fungal lesions, pulmonary embolism, and primary and metastatic tumors of the lungs [28].



(A) (B)
FIG. 2.3.7 COP. Bilateral subpleural areas of consolidation and GGO. Changes are observed in both the upper (A) and lower (B) fields.

(A) (B)
FIG. 2.3.8 COP. On the left, a massive heterogeneous area of consolidation is visualized; on the right, there is a pronounced reversed halo sign, mod-
erately pronounced reticular changes, and nodules (A). On coronal reconstruction, there is a noticeable, spotted peribronchovascular and subpleural  
arrangement of areas of consolidation, multiple nodules, and isolated thickened interlobular septa (B).

(A) (B)

FIG. 2.3.9 COP. Note the predominance of reticular abnormalities. Foci of consolidation with peribronchovascular distribution, irregular thickening of 
the interlobular septa, and multiple nodules of various sizes (A and B).
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Rarer but possible findings of COP are the crazy-paving phenomenon, linear opacities (7%–29%), minor pleural effu-
sion (10%–30%), and intrathoracic lymphadenopathy (20%–40%) [18,20,25]. The presence of honeycombing rules out the 
diagnosis of COP [29].

Cordier and Cottin [30] suggest that COP can be characterized by three distinct pulmonary lesions: (i) bilateral subpleu-
ral and/or peribronchovascular areas of consolidation in combination with patchy GGO (typical pattern); (ii) a single local 
area of consolidation (focal pattern), often localized at the periphery in the upper lobe with minimal clinical manifesta-
tions, which leads to suspicion of a tumor and often leads to surgical intervention (Fig. 2.3.10); and (iii) diffuse infiltrative 
interstitial process with predominance of GGO with minimal consolidation areas, which resembles other types of IIP [30].

COP may overlap with other forms of IIP, such as nonspecific interstitial pneumonia, desquamative interstitial pneu-
monia, and idiopathic pulmonary fibrosis, in patients with several simultaneous histological variants and HRCT signs of 
interstitial pulmonary lesions [4]. Moreover the HRCT pattern of COP changes during treatment. Chung et al. observing 
93 patients with histologically confirmed COP for a median of 7 months found that the size and number of consolidation 
areas, GGOs, and nodules/mass were significantly reduced after steroid therapy (Fig. 2.3.11) but that the reticular changes 
increased, which led to the resemblance of abnormalities on HRCT to fibrous nonspecific interstitial pneumonia [31].

Secondary OP caused by CTDs or radiation- or drug-induced pneumonitis does not have specific HRCT characteristics 
that distinguish them from COP (Fig. 2.3.12).

Differential diagnosis
Despite the fact that experienced specialists can reach a fairly confident COP diagnosis, it is however significantly delayed, 
usually 6–13 weeks after the disease onset [12]; the clinical presentation of COP is not very specific, and the presence of con-
solidation areas in the lungs, as the most frequent HRCT sign, is usually interpreted toward the more common diagnosis of 
bacterial pneumonia that is unresolved or slowly resolving. During the first days of the disease, reaching a definitive diagnosis 
of COP without an attempt for antibiotic prescription is extremely difficult in the presence of an acute inflammatory reaction 
with respiratory symptoms and lung infiltrates. However, if a properly selected antibiotic does not provide the expected result, 
the physician should consider possible opportunistic or antibiotic-resistant infection or common diseases mimicking bacterial 
pneumonia, such as pulmonary embolism, tumor, mycoses, and mycobacterioses, as well as diseases manifesting with OP 
including radiation- and drug-induced OP, CTDs, posttransplantation OP, and COP.

Serum procalcitonin level is an important diagnostic test to distinguish bacterial and noninfectious inflammation during the first 
days of the disease. A low serum procalcitonin level aids in ruling out an active bacterial infection. However, due to its low specificity, 
an elevated serum procalcitonin level cannot exclude a COP diagnosis. The lack of improvement with the antibiotic therapy is also 
important supporting the COP diagnosis, although in our practice we met several patients with histologically confirmed COP who 
exhibited some clinical, but not radiological, improvement including reduced fever and fatigue after antibiotic treatment.

Reduction in the DLCO to below 60% of the predicted value is another finding that supports interstitial pulmonary lesions. 
Conversely, almost all characteristic HRCT signs of COP can occur at different stages of bacterial pneumonia, especially in  multifocal 
pneumonia (Fig. 2.3.13). Pneumonia caused by opportunistic infections often exhibits a pattern of  interstitial  pneumonia and 

FIG. 2.3.10 COP, confirmed by video-assisted thoracoscopic surgical biopsy. The area of consolidation is seen as an irregular spiculated shape (A and B).  
Areas of GGO in the lower parts of the lungs are visible on the coronal scan (B).

(A) (B)
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(A) (B)

(C)

(E) (F)

(D)

FIG. 2.3.11 Spontaneous dynamics of high-resolution computed tomographic abnormalities in a patient with COP confirmed by biopsy. On the initial 
scans, irregularly shaped consolidation foci are located in subpleura in the left upper lobe and round areas of GGO in the right lower lobe (A, B, and C). 
One month later, in the left upper lobe, areas of GGO are observed at sites of the consolidation foci; the density of areas with GGO in the lower right lobe 
is decreased (except for the outer boundary), which led to the appearance of the atoll sign (D, E, and F).



82 Difficult to diagnose rare diffuse lung disease

(A) (B)
FIG. 2.3.12 Statin-induced OP. Symmetrical massive subpleural and linear consolidation areas in both the upper (A) and lower (B) lobes. (Case cour-
tesy of Prof. S.N. Avdeev, Sechenov First Moscow State Medical University, Moscow, Russia.)

(A) (B)

(C)
FIG. 2.3.13 Multifocal bacterial pneumonia, completely resolved after antibiotic therapy. Multiple ground-glass opacities and consolidation areas scattered 
randomly across all fields of the lungs. In addition to the subpleural and peribronchovascular distribution, intraparenchymal lesions are also visible (A, B, and C).
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HRCT pattern resembling that of COP. However, the domi-
nant HRCT sign for pneumonia caused by Pneumocystis 
jirovecii and Cytomegalovirus is GGO, whereas consolida-
tion foci are less common (Figs. 2.3.14 and 2.3.15).

Other rarer but possible causes of infectious and in-
flammatory processes of the lung, such as mycobacteri-
oses, tuberculosis, and invasive mycoses, should also be 
considered. With these etiologies the disease process has 
a subacute onset, with less pronounced symptoms than 
those observed with bacterial pneumonia; there is also a 
lack of response to conventional antibiotics. The HRCT 
pattern can also be very similar to that of COP, except for 
the cavitation of infiltrates, which is a characteristic of both 
tuberculosis and mycotic lesions; however, this sign is not 
always observed (Fig. 2.3.16). The presence of bronchiec-
tasis is typical for nontuberculous mycobacteriosis, as well 
as the primarily upper lobe localization of the infiltrates 
(Fig. 2.3.17). The  definitive diagnosis in such cases relies 
on the microbiological and polymerase chain reaction 
analysis of the BAL fluid to isolate the potential pathogens.

In the absence of sufficient tools for verification of the 
diagnosis, steroid therapy may be prescribed in patients 
with suspicious COP after the exclusion of an infectious cause [30]. With steroid treatment, clinical changes occur very fast 
and include a decrease in fever, cough, dyspnea, and C-reactive protein level. Usually a 5-day course of therapy is sufficient 
to verify the efficiency of systemic corticosteroids. However, other interstitial pulmonary lesions can also respond quickly to 
steroid therapy, in particular HP, which should also be differentiated from COP. The clinical, laboratory, and functional signs of 
COP can be very similar to those of acute and subacute HP (Table 2.3.1). If there is no clear indication of a responsible allergen, 
the next step in the differential diagnosis should be the analysis of BAL fluid. In patients with HP who have not been treated 
with systemic steroids, BAL lymphocytosis (>50%) is characteristic [32], which ranges from 25% to 50% in patients with COP.

In general, all characteristic HRCT signs of COP can be observed in subacute HP; however, consolidation areas are a 
possible but not typical finding that is detected in only up to 20% of patients with HP (Fig. 2.3.18). Moreover, air traps, 
which are usually found in HP, are not a sign of COP [33]. By some, consolidation is not considered an independent sign 
of HP but additional lung tissue reactivity in the form of BOOP, which can be observed in the same patient within the his-
tological pattern of HP [34].

FIG. 2.3.14 Pneumocystis jirovecii pneumonia in a patient with acquired im-
munodeficiency syndrome. Diffuse areas of GGO and subpleural foci of con-
solidation in the lower right lobe.

(A) (B)

FIG. 2.3.15 Cytomegalovirus pneumonia in a patient with secondary immunodeficiency. Diffuse areas of GGO associated with subpleural sparing. 
Moderate reticular abnormalities and subpleural foci of consolidation in both the upper (A) and lower (B) lobes.
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Our experience indicates the necessity to consider recurrent pulmonary embolism in the differential diagnosis of COP. 
Pulmonary embolism of small branches of the pulmonary artery with the development of peripheral infarctions, followed 
by an inflammatory reaction, may mimic COP (Fig. 2.3.19). Foci of consolidation with subpleural localization combined 
with the emergence of dyspnea and moderate fever, and a lack of response to antibiotic therapy may closely resemble the 
clinical presentation of COP.

It is important to note that the absence of signs of pulmonary artery filling defect on CT angiography and the absence of 
pulmonary hypertension cannot completely rule out peripheral PE that occurred several days prior. For pulmonary infarctions, 
perilobular areas of opacity, centrilobular nodules, and movement of the affected areas are not typical.

The radiological pattern of pulmonary lymphoma, in which consolidation areas alternate with areas of GGO, is simi-
lar to that of COP (Fig. 2.3.20); fever, nonproductive cough, dyspnea, and failure of antibiotic treatment are also usu-
ally present. Establishing lymphoma diagnosis without morphological and immunohistochemical verification is almost 
impossible.

Eosinophilic pulmonary diseases, that is, CEP and eosinophilic granulomatosis with polyangiitis, have CT find-
ings that are very similar to those of COP, rendering their radiological distinction almost impossible (Fig.  2.3.21) 
[35]. However, Mehrian et al. found that upper lobe localization and prevalence of areas of GGO over consolidation 

(A) (B)
FIG. 2.3.16 Invasive aspergillosis. Bilateral, primarily peribronchovascular, areas of consolidation and GGO, multiple randomly distributed nodules.

(A) (B)
FIG. 2.3.17 Mycobacteriosis caused by Mycobacterium abscessus. Bilateral, mostly subpleural, foci of consolidation, GGO, and multiple nodules. 
Cylindrical bronchiectasis, mainly in the upper right lobe (A) and lingular lobes of the left lung (B).



TABLE 2.3.1 Differential diagnosis of COP

 COP Bacterial pneumonia PE GPA Subacute HP

Contact with potential allergen − − − − +++

Fever ++ +++ + ++ +

Thoracic pain + + ++ + +

Dyspnea ++ + ++ + +++

Hemoptysis − + +++ ++ −

Risk factors of deep venous 
thrombosis

− − +++ − −

CRP ++ +++ + ++ ++

ANCA − − − +++ −

Procalcitonin (ng/mL) <0.5 >0.5 <0.5 <0.5 <0.5

Increased D-dimer level − + +++ + −

DLCO reduction ++ − + + +++

BAL Foamy macrophages, 
eosinophilia 2%–25%, 
lymphocytosis >25%

Neutrophilia Erythrocytosis Lymphocytosis in the 
low-activity period; CD4+/
CD8+ > 3, neutrophilia in 
highly active phase

Lymphocytosis >50%

Subpleural distribution +++ ++ +++ + +

Peribronchovascular distribution +++ + − +++ −

Bilateral localization +++ + + ++ +++

GGO +++ ++ + + +++

Intralobular nodules ++ ++ − + ++

Reversed halo sign ++ + ++ + −

Spontaneous migration of 
consolidation areas

++ + − − +

−, Nonrelevant sign; +, possible sign; ++, frequent sign; +++, typical sign.
ANCA, antineutrophilic cytoplasmic antibodies; BAL, bronchoalveolar lavage; COP, cryptogenic organizing pneumonia; CRP, C-reactive protein; DLCO, diffusing capacity of the lung for carbon monoxide; GGO, 
ground-glass opacity; GPA, granulomatosis with polyangiitis; HP, hypersensitivity pneumonitis; PE, pulmonary embolism.



FIG. 2.3.18 Hypersensitivity pneumonitis. Bilateral areas of GGO comprising the foci of consolidation in the posterior segments. Significant reticular 
abnormalities and air traps are also visible.

(A) (B)

(C) (D)
FIG. 2.3.19 Multiple pulmonary embolism. Subpleural area of GGO in the right lung (A) and consolidation in the left lung (B) correspond to the throm-
bus in the right (C) and left (D) pulmonary arteries on a contrast-enhanced spiral HRCT.
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(A) (B)
FIG. 2.3.20 B-cell lymphoma. Focus of consolidation in the upper lobe (A) and lower lobe (B) of the left lung.

FIG. 2.3.21 Chronic eosinophilic pneumonia. Bilateral areas of irregular consolidation and GGO with  subpleural and peribronchovascular distribution. 
Atoll sign is visible in the right lung (A and B). Abnormalities indistinguishable from COP (A–C).

(A)

(B)

(C)
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were significantly more common in CEP and that the reversed halo sign and the presence of nodules less than 1 cm in 
 diameter in combination with masses were more typical for COP [36]. The differential diagnosis is facilitated based 
on the fact that eosinophilic granulomatosis with polyangiitis and CEP are always accompanied by a high level of 
eosinophilia in peripheral blood, a frequent clinical pattern of asthma, and a high level of eosinophilia in BAL fluid. 
Granulomatosis with polyangiitis (GPA) presenting with pulmonary lesions can have a histological pattern of BOOP or 
induce secondary BOOP [37–39]. The presence of multiorgan involvement with lesions of the upper respiratory tract 
and kidneys and high titers of antineutrophil cytoplasmic antibodies (ANCA) usually facilitates to differentiate GPA 
from COP. However, if vasculitis manifests only with pulmonary lesions, GPA can be very similar clinically and radio-
logically to COP (Fig. 2.3.22); therefore all patients with consolidations in the lungs are recommended to be evaluated 
for to examine ANCA levels to rule out early-stage GPA. Another disease that must be considered in the differential 
diagnosis of COP is mucinous adenocarcinoma. Since the clinical and radiological patterns (Fig. 2.3.23) and the labo-
ratory and functional parameters of the two diseases can be very similar, the cytological or histological verification of 
tumor is decisive.

Acute forms of noninfectious lung lesions, which are accompanied with respiratory failure and radiologically similar to 
both COP and acute interstitial pneumonia, are considered to be a special pattern of acute fibrinous organizing pneumonia 
(AFOP), in which, in addition to granulation tissue, many fibrin balls are noted in the alveolar lumen [40]. Clinically and 
morphologically, AFOP is an intermediate diagnosis between COP and diffuse alveolar damage; however, in contrast to the 
latter, AFOP is not accompanied by the formation of hyaline membranes [40,41]. Similar to COP, AFOP usually responds 
well to systemic steroids and is sometimes considered as a special form of OP [42]. Radiologically, AFOP manifests as 
patchy or diffuse areas of consolidation and GGO (Fig. 2.3.24).

Differential diagnosis of focal (solitary) COP is the most challenging. A study from the Mayo Clinic in Rochester, 
the United States [43], conducted a retrospective analysis of 26 patients with morphologically confirmed focal COP of 
over 8 years. Prior to surgery, all patients underwent CT angiography, which confirmed contrast accumulation in lesions 
typical for a tumor, or positron emission tomography, which demonstrated active uptake of [18F]-fluorodeoxyglucose by 
the suspicious focus. The average size of the consolidation areas was 1.9 cm (0.6–6.75 cm). The majority of the patients 
(62%) had no clinical symptoms of a respiratory illness, whereas the rest had different complaints, with cough as the most 
frequent. The authors concluded that the diagnosis of focal COP was extremely difficult without biopsy of the affected tis-
sue (Fig. 2.3.10) [43]. Interestingly, after the surgical resection of the lesion, only one patient experienced a relapse within 
15 months, and none of the patients received steroid therapy [43].

FIG. 2.3.22 Atypical presentation of granulomatosis with poly-
angiitis. Bilateral peribronchovascular and subpleural areas of 
consolidation without visible cavitation, radiologically indistin-
guishable from OP.

FIG. 2.3.23 Invasive mucinous adenocarcinoma. Bilateral subpleural consolida-
tion areas and adjacent nodules are visualized. Lumens of small bronchi are detect-
able within the affected areas, creating the air bubble sign.
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Treatment and prognosis
The standard treatment for COP is administration of systemic corticosteroids, with a starting dose of prednisone at 0.75 mg/
kg body weight per day, followed by a dose reduction every 4–6 weeks, up to complete withdrawal within 6 months [12]. 
Patients with severe COP who develop severe respiratory failure require administration of pulse doses of methylpredniso-
lone [3,44]. Despite the usually good response to steroid therapy, 30%–50% of the patients relapse with a milder form of 
COP after the withdrawal of corticosteroids. In relapsed cases, lower-dose prednisone (20 mg/kg) for 12 weeks with a sub-
sequent decrease and withdrawal by the sixth month is recommended [45]. The presence of fibrin balls in biopsy samples, 
which is a sign AFOP; the presence of lesions in three or more lung lobes; smoking; old age; and late initiation of treatment 
are risk factors for the recurrence of COP [46–48].

Among other therapeutic approaches for COP, long-term treatment with macrolide antibiotics with antiinflammatory 
properties (azithromycin, clarithromycin, or erythromycin) is considered [49,50].

Indications for macrolides include patients with COP that does not respond to treatment with steroids or those with 
complications due to steroid therapy [51]. An observational study by Radzikowska et al. [11], which enrolled 40 patients 
with COP who received either steroids or clarithromycin (500 mg, twice daily for 3 months), found that the efficiency of 
the macrolide was maximum in patients with a baseline predicted forced vital capacity above 80% and a predicted FEV1 
above 70%. However, a consensus on the use of macrolides in COP has not yet been achieved [3].

Treatment with rituximab can be an alternative treatment for steroid-resistant forms of COP. In a series of four patients 
with a biopsy-confirmed COP not responding to steroids, the administration of rituximab resulted in complete radiologi-
cal and clinical recovery in one patient and led to improvement, enabling a reduction in the steroid dose in the remaining 
patients [52]. Cases of patients with secondary OP successfully treated with rituximab were also described [53].

The prognosis for COP is favorable, with a 5-year survival of approximately 90% [45].
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Chapter 2.4

Desquamative interstitial pneumonia
Desquamative interstitial pneumonia (DIP) is classified as a smoking-related idiopathic interstitial pneumonia (IIP) and a 
respiratory bronchiolitis associated with interstitial lung disease [1]. The term DIP is based on initial histological descrip-
tion of desquamation of cells, predicted to be epithelial cells, in the alveolar lumen [2]. Subsequently the specific patho-
logical sign of DIP was defined as accumulation of macrophages, sometimes accompanied with giant cells, in the terminal 
and respiratory bronchioles, alveoli, and alveolar ducts, resulting from an inflammatory response to inhalation of tobacco 
smoke or other pollutants [3], and the term DIP was retained albeit not reflecting the pathological changes in the respiratory 
compartment. DIP is a rarer form of IIP than idiopathic pulmonary fibrosis, nonspecific interstitial pneumonia (NSIP), and 
cryptogenic organizing pneumonia. Although accurate information is not available, DIP is considered to account for less 
than 3% of all IIP cases [4].

The onset of DIP is most often noted in patients over 40 years of age who have a long history of tobacco smoking (up to 
90%) [5]. Professional exposure to mineral or organic dusts may also predispose to the development of DIP [6]; dusts from 
cobalt, beryllium, asbestos, coal, aflatoxin-containing materials during textile production, wood, and potato chips, among 
others, are described as possible inhalation triggers of DIP [7–13]. This wide range of air pollutants capable of inducing 
DIP indicates its resemblance to hypersensitivity pneumonitis (HP), a distinct histological form of inflammatory response 
with potentially similar pathogenic mechanisms.

DIP was also described in patients with connective tissue diseases (CTDs), marijuana smokers, and those treated with 
sirolimus and certain other drugs [14–16]. Thus DIP, like most IIP types, can be a respiratory manifestation of systemic 
inflammatory reaction. Of note the diagnosis of DIP is twice more common in males than females, although several studies 
failed to find sex differences [17].

Morphology
DIP is characterized by severe damage to the alveoli, including the alveolar epithelium and the interstitium of the alveolar 
septa (Figs. 2.4.1–2.4.4) [2]. Accumulation of a large number of hyperpigmented alveolar macrophages in the alveolar lu-
men and respiratory bronchioles is typical for early-stage DIP; occasional eosinophils, plasma and giant cells in the cellular 
mass, and moderate thickening of the interalveolar septa due to inflammatory infiltration can also be observed [2,18]. At 
later stages, interstitial fibrosis may occur, and lymphoid follicles associated with respiratory bronchioles or septa are fre-
quently defined [19]. The appearance of myofibroblastic foci and honeycombing is not typical for DIP, and their presence 
may indicate the presence of usual interstitial pneumonia.

FIG.  2.4.1 Desquamative interstitial pneumonia. Alveolar lumens are 
filled with large macrophages with cytoplasmic brown-pigmented gran-
ules. Hyperplasia of alveolar cells. Hematoxylin and eosin staining, 400×.

FIG. 2.4.2 Desquamative interstitial pneumonia. Formation of intersti-
tial fibrosis and alveolar cell hyperplasia. Hematoxylin and eosin staining, 
100×.
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DIP should be differentiated histologically with other interstitial pulmonary lesions notable for intra-alveolar accumula-
tion of macrophages, namely, respiratory bronchiolitis–associated interstitial lung disease (RB-ILD), chronic eosinophilic 
pneumonia, and Langerhans cell histiocytosis. The histological manifestations of DIP resemble very closely to those of RB-
ILD; however, the accumulation of macrophages in distal airway lumen, which exhibits a bronchiolocentric distribution 
in RB-ILD, is distributed diffusely and uniformly in DIP [8]. Additionally, lymphoid hyperplasia and signs of interstitial 
inflammation and fibrosis are not typical for RB-ILD [19].

The prevalence of eosinophils over macrophages is a characteristic of chronic eosinophilic pneumonia, which, unlike 
DIP, does not include brown pigmentation [19]. In Langerhans cell histiocytosis, peribronchial and periseptal granulomas 
containing histiocytes and eosinophils are observed in all cases [5].

Some phenotypes of pulmonary adenocarcinoma, as well as metastatic tumors (e.g., melanoma), can histologically 
manifest with intra-alveolar floating accumulation of tumor cells that mimic macrophages, which can lead to the erroneous 
diagnosis of DIP. In such cases, additional immunohistochemical analyses may be required to clarify the diagnosis [20,21].

Clinical presentation
The onset of DIP is usually slow. The first sign is dyspnea during physical exertion, which gradually progresses. The second 
most common symptom of DIP is dry or slowly productive cough [22]. Other nonspecific symptoms such as chest pain, 
hemoptysis, weight loss, and subfebrile fever can also be observed, albeit in a smaller percentage of patients with DIP 
[23]. Clubbing sign is observed in a substantial number of patients with DIP (25%–42%) [17,22]. By auscultation, end-
inspiratory crackles are heard in the posterior-basal areas of the lungs of more than half of the patients [24]. However, up to 
15% of patients with DIP have no obvious clinical manifestations of disease [22]. Although DIP progresses slowly in most 
cases, patients with rapid manifestation and a dramatic increase in symptoms that do not respond to steroid therapy and are 
fatal have also been described [8,25].

Diagnosis
Laboratory data of DIP are not specific. A study by Kawabata et al. [26] reported an average accelerated erythrocyte sedi-
mentation rate of more than 50 mm/h and increased levels of lactate dehydrogenase (52%), total IgG (74%), and KL-6 
(93%) in the serum of patients with DIP.

Regular spirometry provides minimal aid in establishing the diagnosis of DIP. Approximately 30% of patients show 
moderate restrictive changes [17]. Evaluation of the diffusion capacity of the lungs, which aids in assessing the status of the 
alveolar-capillary membrane, is of greater value. A decrease in this parameter is observed in most patients and generally 
reflects the prevalence of the pathological processes detected by radiological methods [17].

FIG. 2.4.3 Desquamative interstitial pneumonia. Alveolar lumens contain-
ing large macrophages with an admixture of single lymphoid elements and 
plasma cells. Alveolar cell hyperplasia. Hematoxylin and eosin staining, 600×.

FIG. 2.4.4 Desquamative interstitial pneumonia with interstitial fibro-
sis and lymphohistiocytic infiltration of the interstitium. Hematoxylin and 
eosin staining, 400×.
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Cytological analysis of the bronchoalveolar lavage (BAL) fluid is not a highly specific diagnostic method. Usually, 
moderate eosinophilia (approximately 20%), neutrophilia (15%–30%), and an increase in the number of alveolar macro-
phages with brown inclusions are detected [27]. There is no clear consensus on the method of obtaining of histological ma-
terial from patients with suspicious DIP. Surgical biopsy, albeit preferable over forceps transbronchial biopsy [28], should 
be performed only in patients with a progressive course of DIP; its value is significantly lower in mild and moderate forms 
of DIP with a favorable prognosis [29].

Transbronchial lung cryobiopsy (TBLC) facilitates the collection of tissue sufficient for the histological diagnosis of 
DIP. In a study by Dias et al., TBLC was effective in the diagnosis of all five patients with DIP [30]. However, although 
an apparent alternative to surgical biopsy, TBLC should be performed only at specialized centers with experience in such 
interventional procedures due to the high risk of complications.

High-resolution computed tomography
Due to its low incidence, high-resolution computed tomography (HRCT) findings of DIP in original studies are limited to 
approximately 40 patients per study [4]. The most significant HRCT sign observed in all patients with DIP is ground-glass 
opacity (GGO) (Figs. 2.4.5 and 2.4.6). The areas of GGO can be significantly diffuse or patchy and exhibit a  predominant 

(A) (B)

(C)
FIG.  2.4.5 Desquamative interstitial pneumonia. Bilateral patchy areas of ground-glass opacity, thickening of the bronchial walls (A and B). 
In  posterior-basal areas inside the ground-glass opacity, small cysts are visualized on the right, and emphysema foci are observed on the left (B). 
Abnormalities are distributed mainly in the lower areas of the lungs (C).
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bilateral localization in the basal and/or subpleural regions 
[31]. There is often a mosaic pattern of GGO distribution, 
with a clear border against the lobular areas of intact pa-
renchyma, leading to an appearance resembling air traps 
(Fig. 2.4.6) [32].

Inside the areas of GGO, centrilobular emphysema, re-
sembling bronchiolectasis can be visualized (Fig.  2.4.5), 
which was found in four of the eight patients included in a 
study by Akira et al. [33].

Irregular septal and extraseptal linear attenuation is also 
described in many patients with DIP [33]. Centrilobular nod-
ules are observed frequently by HRCT in up to 45% of the 
patients [34]. In the Japanese population, small, thin-walled 
cysts were observed within the areas of GGO in 38%–75% 
of cases [26,33]; however, these HRCT findings were ob-
served in less than 10% of cases in studies from Europe and 
the United States [17,31]. Cysts are usually thin-walled, their 
size does not exceed 2 cm in diameter (Fig. 2.4.5B); addi-
tionally, cysts may disappear with complete restoration of 
the lung structure during treatment [33,35].

The subpleural areas of honeycombing in the basal regions are a possible but not frequent radiological finding that is 
observed primarily during the long-term course of DIP in patients who do not receive adequate therapy or in those who 
continue to be exposed to tobacco or did not fully respond to corticosteroids. Honeycombing in these patients does not ex-
ceed 10% of the entire volume of the lower lobes [31,36]. Among other radiological signs accompanying DIP, centriacinar 
or irregular emphysema and thickening of the bronchial walls reflect changes associated with smoking and are not directly 
associated with DIP [36].

Differential diagnosis
DIP should be considered in heavy smokers and those exposed to occupational or household pollutants that complain of 
slow progressive dyspnea and exhibit areas of GGO with no signs of fibrosis by chest HRCT. The differential diagnosis 
should include HP, NSIP, RB-ILD, and Pneumocystis jirovecii pneumonia (PP) (Table 2.4.1). NSIP is an interstitial lung 
disease that is significantly more common than DIP, and the cellular subtype of NSIP can resemble DIP clinically and ra-
diologically. However, nonsmoking females are more likely to be diagnosed with NSIP, whereas DIP affects male smokers 
primarily. NSIP is often a secondary syndrome in patients with CTDs and drug-induced pulmonary lesions. Additionally 
the BAL fluid in NSIP demonstrates a moderate increase in lymphocyte and neutrophil fractions; conversely, brown- 
pigmented macrophages and eosinophils, and neutrophils to a lesser extent, are found in the BAL fluid of patients with DIP. 
Conversely, areas of GGO, which are found by HRCT in both NSIP and DIP, are more pronounced in the lower and periph-
eral areas. Reticular abnormalities of varying severity, thickening of the interlobular and intralobular septa in particular, are 
common HRCT signs of NSIP (Fig. 2.4.7) [37].

The HRCT signs specific for NSIP are subpleural sparing and the straight-edge sign, which are not registered in DIP. 
However, it is often impossible to differentiate between NSIP and DIP without a lung biopsy [38].

Subacute forms of HP are very difficult to differentiate from DIP if based solely on clinical and radiological patterns. 
Nodular or diffuse areas of GGO and lobular air traps with no obvious signs of fibrosis are also characteristic of subacute 
HP (Fig. 2.4.8) [39]. Several experts believe that differentiating HP and DIP only by HRCT characteristics is not possible 
[40]. Patients with HP are very frequently nonsmokers; in many cases the history includes regular contact with organic 
triggers of HP. Additionally the distribution of lesions in HP is usually more uniform, with occupation of the upper lobes, 
whereas areas of GGO are found not only in subpleural areas but also deep in the lung parenchyma [41]. An important 
criterion for the HP diagnosis is lymphocytosis above 50% in BAL fluid, which can be a decisive argument for HP in the 
absence of histological diagnostic confirmation.

Pneumonia caused by an infectious pathogen affecting mainly the interstitial tissue, especially PP, may have a HRCT 
pattern similar to that of DIP. Patchy or diffuse areas of GGO are also among the HRCT characteristics of PP; however, 
they are located primarily in the upper and middle fields of the lungs in contrast to DIP, in which they typically exhibit a 
basal distribution (Fig. 2.4.9).

FIG. 2.4.6 Desquamative interstitial pneumonia. Bilateral diffuse areas 
of ground-glass opacity. Transseptal linear attenuation (arrow) and unaf-
fected lobules resembling air traps are noticeable in the left lung lingula 
and the cardiodiaphragmatic angle of the right lung.
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FIG. 2.4.7 Nonspecific interstitial pneumonia. Bilateral patchy areas of 
ground-glass opacity associated with reticular abnormalities. On the left, 
subpleural sparing is clearly visualized as a specific sign of nonspecific 
interstitial pneumonia (arrow).

FIG.  2.4.8 Subacute hypersensitivity pneumonitis in a bird 
fancier. Diffuse areas of ground-glass opacity associated with air 
traps. Within areas of ground-glass opacity, multiple small ill- 
defined centrilobular nodules (circle) can be distinguished.

TABLE 2.4.1 Differential diagnosis of desquamative interstitial pneumonia

 DIP NSIP HP PP

Anamnesis Heavy smoking, regular 
contact with inorganic 
pollutants

Primarily nonsmoking 
females, connective 
tissue disease, 
therapeutic drug intake

Contact with exogenous, 
often organic pollutants

HIV infection, intake 
of cytostatic drugs or 
steroids

Fever Absent or subfebrile Absent Absent or subfebrile >38°C

Blood tests ESR, 40–60 mm/h No abnormalities Accelerated ESR Lymphopenia (CD4+ 
T-cell count <200 per 
μL), accelerated ESR

BAL Eosinophilia, 15%–30%; 
brown-pigmented 
macrophages

Lymphocytosis >20%, 
moderate neutrophilia

Lymphocytosis >50% + PCR for P. jirovecii

GGO distribution Basal and subpleural 
areas, often patchy

Basal and subpleural 
areas

Evenly or in the lower 
parts

Primarily upper and 
middle fields

Related changes on CT Centrilobular nodules, 
emphysema

Subpleural sparing, 
reticular changes, 
straight-edge sign

Air traps, subpleural 
sparing, centrilobular 
nodules

Thickening of 
interlobular septa, 
intralobular nodules, 
air traps; consolidation 
areas with cavitation 
are possible

BAL, bronchoalveolar lavage; CT, computed tomography; DIP, desquamative interstitial pneumonia; ESR, erythrocyte sedimentation rate; GGO, ground-glass 
opacity; HIV, human immunodeficiency virus; HP, hypersensitivity pneumonitis; NSIP, nonspecific interstitial pneumonia; PCR, polymerase chain reaction; PP, 
Pneumocystis jirovecii pneumonia.
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(A) (B)

(C)
FIG. 2.4.9 Pneumocystis jirovecii pneumonia in a patient with acquired immunodeficiency syndrome. Bilateral diffuse (A) and patchy (B) areas of 
ground-glass opacity associated with air traps and reticular abnormalities. Basal segments are affected less significantly (C).

In PP, thickened interlobular septa are often found within the areas of GGO, which can create the crazy-paving pattern. Foci 
of consolidation can also be present, and thin-walled cysts in areas of interstitial inflammation can be detected in patients with 
long-term disease [42]. During differential diagnosis, it should be considered that PP develops in the presence of pronounced im-
munodeficiency and/or lymphopenia, often in combination with other opportunistic infections such as herpes zoster infection and 
oropharyngeal candidiasis. As a rule, these patients have pronounced fever accompanying dyspnea. The definitive diagnosis of PP 
relies on the visualization of pneumocystis in the sputum or the BAL fluid or on a positive polymerase chain reaction for P. jirovecii.

RB-ILD is very closely related to DIP; the two diagnoses are often combined together into one nosological group, since 
they share the common risk factor of smoking and exhibit similar clinical and radiographic manifestations. However, DIP 
usually presents with more pronounced symptoms and inflammatory changes in the blood. In addition, several HRCT find-
ings differ between DIP and RB-ILD, including less pronounced areas of GGO that are more likely to be distributed in the 
upper lobes (Fig. 2.4.10) in RB-ILD, which tend to exhibit a basal distribution in DIP [43].

Treatment and prognosis
Since there is a direct relationship of smoking and environmental factors with the development of DIP, smoking cessation 
and termination of contact with pollutants is essential for treatment.

All studies conducted in patients with DIP confirm that systemic corticosteroids are highly efficient in 80%–90% of pa-
tients. Most studies use medium doses (0.5–0.75 mg/kg) of prednisone per day for 2–4 weeks, followed by a slow, stepwise 
decrease, sometimes with preceding pulse therapy [17,26]. However, these dosages have not been strictly established by 
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randomized clinical trials; therefore variations in one direction or another are acceptable, depending on the severity of the 
clinical and radiological manifestations.

The prognosis of DIP is favorable, with more than 90% 5-year rates, which corresponds approximately to the proportion 
of patients responding to steroid therapy [5]. Cases of spontaneous remission of DIP with smoking cessation or termination 
of contact with environmental factors have also been described [44].

Despite the generally favorable course of DIP and the possibility of complete discontinuation of steroids, a study by Kawabata 
et al. that followed up patients for 5 years reported that mild honeycombing developed in approximately 36% of the patients [26].
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Chapter 2.5

Respiratory bronchiolitis–associated interstitial  
lung disease
Respiratory bronchiolitis–associated interstitial lung disease (RB-ILD) is a form of idiopathic interstitial pneumonia 
characterized by the nodular accumulation of brown macrophages within and around respiratory bronchioles with si-
multaneous peribronchiolar inflammation and fibrosis [1,2]. RB-ILD must be differentiated from isolated respiratory 
bronchiolitis (RB), one of the histological markers of active smokers’ lungs that are asymptomatic and are in almost 
all individuals with a long smoking history [3]. The respiratory bronchioles of RB contain pigmented macrophages 
but without signs of fibrosis in the acini. RB is not considered an independent disease, and it undergoes regression 
after smoking cessation [3]. RB-ILD and desquamative interstitial pneumonia (DIP) both belong to the group of idio-
pathic interstitial pneumonia associated with smoking [4]. Individuals who have never smoked (or who have not been 
exposed to other forms of smoke) do not present RB-ILD [5]. Although the occurrence of the disease is usually asso-
ciated with a high smoking index (>30 packs/year), the smoking intensity is not directly associated with the severity 
of the pathological process in RB-ILD [3]. The spread of vaping has led to the appearance of RB-ILD induced by the 
use of electronic cigarettes [6], indicating the possible toxic effect of nicotine and not just of combustion products in 
the disease genesis.

Some researchers believe that RB-ILD is a milder version of DIP, but this form is considered independent in the modern 
classification of IIP because it has differences not only in the course and prognosis but also in its radiological and morpho-
logical patterns [1].

No accurate data on the epidemiology of RB-ILD exist, due to the significant amount of suspected asymptomatic 
cases. However, RB-ILD is found in 6% of interstitial lung diseases (ILD) according to surgical biopsies [2]. In the ILD 
register of a German clinic, the RB-ILD frequency is also approximately 6% [7]. Most patients with RB-ILD are men aged 
30–50 years [8].

Morphology
Histologically, RB-ILD is characterized by a combination of chronic bronchiolitis (Figs. 2.5.1 and 2.5.2) with moderate 
peribronchiolar lymphohistiocytic interstitial inflammation filling bronchiolar and alveoli lumens with dusty brown mac-
rophages [1]. In addition to cells, the respiratory bronchioles can be filled with mucus, and mild peribronchiolar fibrosis 
can also be present (Fig. 2.5.3). The bronchioles may contain patches of mucosal hyperplasia, squamous metaplasia, and 
dysplasia (Fig. 2.5.4).

FIG.  2.5.1 Respiratory bronchiolitis. Accumulation of polynuclear 
macrophages with brown pigment in the lumen of alveoli. Hematoxylin 
and eosin staining, 100×.

FIG.  2.5.2 Respiratory bronchiolitis. Single- and polynuclear macro-
phages with brown pigment in the lumen of the alveoli. Hematoxylin and 
eosin staining, 600×.
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RB-ILD is very similar to DIP, but its macrophage reaction is more pronounced in the center of bronchioles, and the 
uniform lesions in alveolar spaces that are typical of DIP are not present [9]. The brown cytoplasmic pigment that fills 
macrophages is a product of phagocytosis of tobacco smoke particles and is similar to hemosiderin; therefore RB-ILD 
needs to be differentiated from alveolar hemorrhages characterized by clusters of sideroblasts and siderophages in the areas 
of hemorrhage, the presence of vasculitis, and other vascular lesions [10]. Perls’ Prussian blue stains both the pigment of 
smokers and hemosiderin, so it cannot help differentiate them (Fig. 2.5.5) [11]. However, the smoker’s pigment is usually 
present as fine pale-stained granules, while hemosiderin is darker and present in coarse granules [12].

Clinical presentation
The clinical presentation of RB-ILD is nonspecific with a slow or subacute onset, although rare cases of acute onset have 
been described [13]. Common manifestations include cough with sputum, moderately progressive dyspnea during  physical 
exertion, and wheezing [8]. Less common symptoms include hemoptysis, weight loss, chest pain, or mild fever [2]. A signifi-
cant proportion of patients has no clinical symptoms or does not attach importance to them, and the disease is  accidentally 

FIG.  2.5.3 Respiratory bronchiolitis associated with interstitial lung 
disease. Macrophages accumulated in central bronchioles. Peribronchiolar 
interstitial fibrosis. Sclerosis and hyalinosis of the walls of small branches 
of the pulmonary artery. Hematoxylin and eosin staining, 400×.

FIG. 2.5.4 Respiratory bronchiolitis associated with interstitial lung dis-
ease. Severe sclerosis of the walls of the respiratory bronchiole and nodule 
of squamous metaplasia of the bronchiolar epithelium. Hematoxylin and 
eosin staining, 200×.

FIG. 2.5.5 Respiratory bronchiolitis associated with interstitial lung disease. Single- and polynuclear macrophages with smoker pigment in the lumen 
of the bronchiole. Perls reaction, 600×.
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detected during CT examinations. Auscultation of the lungs in approximately half of the patients reveals fine end-inspiratory 
crackles [14]. Concomitant chronic bronchitis can lead to dry expiratory rales. The appearance of the clubbing symptom in 
RB-ILD patients is not typical, although it may be present in patients with severe forms of the disease [15].

Diagnosis
Functional tests usually reflect the degree of involvement of the small airways in the process, and the changes range from 
normal to moderately pronounced obstructive and/or restrictive. In a study by Portnoy et al., 47% of patients showed mod-
erate obstructive patterns, 31% had restrictive patterns, 9% had mixed disorders, and 13% had normal pulmonary func-
tion [8]. The measurement of the diffusion capacity of the lungs is an important study assessing the degree of respiratory 
 disorders and monitoring the course of the disease; a diminished diffusion capacity is seen in the majority of patients with 
RB-ILD [14]. Patients with RB-ILD often have concomitant chronic obstructive pulmonary disease (COPD) and emphy-
sema; therefore the interpretation of functional parameters to assess the severity of the process, including DLCO, must 
consider the disorders unrelated to the interstitial involvement.

Bronchoalveolar lavage is not critical for RB-ILD diagnosis, given the disease's characteristic increase in the total num-
ber of macrophages, especially pigmented ones, which is typical for all smoker patients [16]. However, the absence of such 
a finding after a correctly performed BAL makes the diagnosis of RB-ILD unlikely [1].

Transbronchial lung biopsy (TBLB) usually does not result in samples of tissue of sufficient size for diagnosis of RB-
ILD, but may be useful to rule out other interstitial lung diseases (hypersensitivity pneumonitis and sarcoidosis) [17].

The benefits of transbronchial cryobiopsy have been demonstrated only in single patients, but this method may be an 
alternative to the surgical biopsy that is considered the most effective procedure for obtaining histological material [18]. 
Surgical biopsy should not be performed in patients with suspected RB-ILD, in the absence of a threat of rapid progression 
of the disease, or of severe pulmonary dysfunction, when the patient is motivated to stop smoking [1].

Radiological pattern
Radiography of the chest usually does not help in establishing the correct diagnosis. Most often, thickening of the walls of 
the central and peripheral bronchi is detected as a sign associated with smoking, and a slight increased attenuation of the 
lung parenchyma with diffuse distribution may be present. In 20% of patients, radiographs lack abnormal findings [19].

The high-resolution CT (HRCT) signs characteristic for RB-ILD include poorly differentiated centrilobular nodules and 
limited patches of ground-glass opacity (GGO) (Figs. 2.5.6 and 2.5.7). The intensity of GGO correlates with the degree of 
accumulation of macrophages in the alveolar spaces and alveolar ducts [20,21]. The distribution of GGO areas is usually 
bilateral and can be localized in both the upper and lower lung fields [22].

Centrilobular nodules, reflecting the macrophage response in the respiratory bronchioles, have a predominant pattern 
of localization in the upper lobes, with greater severity in the peripheral zones [19]. Moderately pronounced reticular 

(A) (B)
FIG. 2.5.6 Respiratory bronchiolitis associated with interstitial lung disease. Bilateral small patchy areas of GGO and poorly differentiated nodules. 
Thickened bronchial walls (A and B). Abnormalities are most pronounced in the upper lobes. Foci of interstitial emphysema (A) are also visible.
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 abnormalities are possible, but they do not dominate the common HRCT pattern [23]. The tree-in-bud sign, characteristic 
of infectious bronchiolitis, is rare in patients with RB-ILD [21]. The appearance of consolidation and honeycombing and 
traction bronchiectasis is atypical in patients with RB-ILD and helps differentiate them from patients with fibrosing types 
of interstitial pneumonia [23].

Additional frequent findings in patients with RB-ILD include thickening of the bronchial walls (in up to 90% of 
patients), centriacinar emphysema, and air traps that reflect an independent underlying disease, COPD or chronic 
bronchitis [24].

After smoking cessation the HRCT pattern improves, and abnormalities such as GGO and nodules decrease or disap-
pear within a few months, but the signs of hyperinflation may increase [24].

Differential diagnosis

If RB-ILD is suspected, the differential diagnosis should include such diseases as DIP, hypersensitivity pneumonitis (HP), 
onset forms of nonspecific interstitial pneumonia (NSIP), and Pneumocystis jirovecii pneumonia (Chapter 2.4, Table 2.4.1).

RB-ILD is difficult to differentiate from DIP be-
cause both diseases have similar clinical and radiological 
characteristics and due to the possibility of the parallel 
presence in one patient of the histological signs of both 
diseases in different parts of the lungs [25]. In approxi-
mately half of the cases of DIP on HRCT, no centrilobular 
nodules are found, but in patients with RB-ILD, this sign 
is almost essential [26]. The prevalence and intensity of 
GGO in patients with DIP is higher than those in patients 
with RB-ILD, in cases with a severe course; clinically 
milder variants of DIP, as well as of RB-ILD, may have 
a very close HRCT pattern (Fig. 2.5.8). The appearance 
of honeycombing practically rules out the diagnosis of 
RB-ILD but may occur in a small number of DIP patients 
[27]. Finally the upper lobe distribution of abnormalities 
is often present in patients with RB-ILD and can help dif-
ferentiate it from DIP, whereas in patients with DIP, most 
pathological changes occur in the lower zones [28]. The 
detection of histological RB signs (a frequent finding in 
TBLB) is not a differential sign of these diseases because 

(A) (B)
FIG.  2.5.7 Respiratory bronchiolitis associated with interstitial lung disease. Bilateral GGO foci, multiple centriacinar, and ill-defined nodules. 
Moderate reticular abnormalities (A and B). Predominant upper lobe distribution of pathological changes (A).

FIG. 2.5.8 Desquamative interstitial pneumonia. Patchy, merging areas 
of ground-glass opacity and mild reticular changes in the lower segments 
of both lungs.
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it reflects only a specific morphological sign in smokers 
or ex-smokers.

HP may have a HRCT pattern similar to that of RB-
ILD in the form of centrilobular nodules and patchy 
GGO areas (Fig.  2.5.9). However, HP usually devel-
ops in nonsmokers and results in a high level of BAL 
lymphocytosis. In addition, a history of professional or 
household inhalation contact with potentially dangerous 
allergens is usually traced.

The cell subtype of NSIP, especially during the on-
set of the disease or after treatment with steroids, may 
resemble that of RB-ILD in the radiological picture 
(Fig. 2.5.10). Never smokers (70%) and mainly women 
(2/3 of cases) predominate among NSIP patients [29]. 
The typical centrilobular nodules of RB-ILD are not 
usually present in NSIP, and GGOs are mostly present 
in the lower fields in NSIP. In addition, a specific, but 
not permanent, sign of NSIP is subpleural sparing; and as a rule, pronounced reticular changes occur. RB-ILD can be 
ruled out in cases with honeycombing traction bronchiectasis. NSIP often develops in patients with connective tissue 
diseases or as a manifestation of a drug-induced pulmonary disease.

Langerhans cell histiocytosis (LCH) and RB-ILD, being smoking-related diseases, may resemble each other on high-
resolution CT at early granulomatous stages (Fig. 2.5.11). However, the nodules in LCH are usually denser, well- defined, 
often associated with central cavitation and cysts, and lack spotty GGO like those in RB-ILD. TBLB usually produces 
specific granulomas containing CD1a+ Langerhans cells [30].

Pneumocystis pneumonia (PP), especially during the initial stages, may have a similar radiological pattern 
to that in RB-ILD with GGO foci and mild intralobular nodules (Fig. 2.5.12). The disease develops in immuno-
compromised patients and is manifested primarily by fever. Dyspnea is associated with large lesion in the lung 
parenchyma.

Blood tests in patients with PP usually have highly increased ESR and moderately increased CRP levels with normal 
or reduced leukocyte count, often with absolute and relative lymphopenia. PCR analysis of the BAL fluid for P. jirovecii 
can confirm the diagnosis of PP. Other opportunistic pulmonary infections can also sometimes mimic RB-ILD, but the 
lung involvement is often asymmetrical (Fig. 2.5.13). If an infectious lesion is suspected, microbiological and PCR studies 
of the BAL fluid should be performed. Atypical forms of pulmonary sarcoidosis manifested by areas of GGO and centri-
lobular nodules can resemble interstitial pneumonia on the HRCT pattern (Fig. 2.5.14). In such cases, TBLB confirms the 
presence of a granulomatous lesion.

FIG.  2.5.9 Hypersensitivity pneumonitis in a bird fancier. Multiple 
small poorly defined centriacinar nodules.

(A) (B)
FIG. 2.5.10 Nonspecific interstitial pneumonia, cellular subtype. Bilateral patchy areas of ground-glass opacity, primarily with basal and subpleural 
distributions (A and B). Moderately expressed reticular abnormalities mostly sparing the subpleural space (arrows).
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FIG. 2.5.13 Pulmonary mycosis in a man who pilots international airlines caused by Penicillium marneffei. Patchy foci of GGO in the upper lobe of 
the right lung.

(A) (B)

FIG. 2.5.12 Pneumocystis jirovecii pneumonia in an HIV-infected patient. Bilateral patchy areas of GGO with primary involvement of the upper lobes 
(A and B).

(A) (B)

FIG. 2.5.11 Early stage of Langerhans cell histiocytosis in a 20-year-old woman with a high smoking index. Multiple poorly differentiated and ran-
domly distributed nodules in the upper lobes of the lungs, one of them with cavitation (arrow) (A). The lower lobes contain fewer nodules, the elements 
of tree-in-bud can be seen, and the cardiodiaphragmatic angles are lesion-free (B).



 Idiopathic interstitial pneumonias  Chapter | 2 107

(A) (B)
FIG. 2.5.14 Pulmonary sarcoidosis. Bilateral patchy areas of GGO and multiple small ill-defined nodules with locally thickened interlobular septa 
(A and B). Enlarged intrathoracic lymphatic nodes are also visible (A).

Treatment and prognosis
Since smoking is a contributing factor for the disease, quitting is a prerequisite for patient management. The reversal of 
the disease and minimization of both clinical and radiological signs was thought to occur after smoking cessation, even in 
the absence of treatment measures [14,31]. But, a study performed by Portnoy et al. evaluating outcomes in patients with 
proved RB-ILD showed that 50% of patients experienced physical and functional deterioration during the follow-up, re-
gardless of their smoking habit termination or treatment with corticosteroids and cytostatics [8]. Over 7 years, three patients 
died, two of them from non-small-cell lung cancer and one from progression of the interstitial disease; thus the overall 
survival rate for the period was 75% [8].

Systemic steroids are considered a possible drug therapy for RB-ILD, but it is unclear whether they can affect the course 
of the disease. In the work of Ryu JH et al., fact-based improvement after the start of treatment with medium doses of 
prednisone (35–40 mg/day) was observed in 64% of patients, but after 9 months the improvement remained only in 25% of 
patients, and the rest returned to their initial functional condition level [14]. Few reports on the use of immunosuppressive 
drugs in steroid-resistant forms exist [8], primarily with azathioprine, but without significant improvements. The absence 
of large-scale studies on this issue makes the treatment of RB-ILD a daunting task without guidelines for the selection of 
the starting doses, the duration of the course, or the criteria for stepwise reductions of drug loads.
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Chapter 2.6

Acute interstitial pneumonia
Acute interstitial pneumonia (AIP) is the most aggressive of all the types of idiopathic interstitial pneumonias; it has mor-
phological signs of diffuse alveolar damage (DAD) [1]. AIP was first described in 1935 by L. Hamman and A. Rich as an 
acute diffuse interstitial pulmonary fibrosis resulting in lethal outcomes in all patients; the disease was called the Hamman-
Rich syndrome [2]. Since DAD can be caused by a number of diseases and exogenous factors (Table 2.6.1), the diagnosis 
of AIP can only be considered after ruling out secondary origin. The triggering event for the severe immunoinflammatory 
reaction cascade in AIP seems to be a viral infection [3], in particular, a rhinovirus infection [4], but a possible role for 
Pneumocystis jirovecii is discussed due to its detection in a significant number of immunocompetent patients with AIP [5].

Morphology
DAD is the histopathologic substrate of AIP, and it results in injury to the alveolar–capillary membrane [6]. However,  unlike 
DAD with known specific damaging events (Table 2.6.1), AIP’s damaging causes are unknown. At least two phases are 
distinguishable in the development of DAD with AIP: an acute phase with hyaline membranes (clusters of fibrin, proteins, 

TABLE 2.6.1 Causes of diffuse alveolar damage

General cause Example

Infections Influenza
Pneumocystis jirovecii
Fungi
Sepsis
Severe pneumonia

Connective tissue diseases and systemic 
vasculitis

Systemic lupus erythematosus
Anti-Jo-1 syndrome
Mixed connective tissue disease
Rheumatoid arthritis
Granulomatosis with polyangiitis

Idiopathic interstitial pneumonia Acute exacerbation of idiopathic pulmonary fibrosis
Acute exacerbation of nonspecific interstitial pneumonia
Acute exacerbation of idiopathic pleuroparenchymal fibroelastosis
Acute interstitial pneumonia

Drugs Amiodarone
Bleomycin
Busulfan
Gefitinib
Imatinib
Cocaine
Melphalan
Methotrexate
Mitomycin
Monoclonal antibodies
Gold salts
Cyclophosphamide
Cytosine arabinoside

Other causes Traumatic shock
Acute pancreatitis
Aspiration
Hematopoietic stem cell transplantation

Unknown Acute eosinophilic pneumonia
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and necrotic epithelial cells [7]) lining extended alveolar ducts (a key feature of DAD) (Figs. 2.6.1–2.6.5),  necrosis of the 
 alveolar epithelium, edema, hemorrhage in the interstitial tissue and alveolar lumen and neutrophil clusters in  capillaries 
and a subsequent phase with organization of fibrinous exudates, thickening of the alveolar septa caused by fibroblast 
proliferation and collagen accumulation, nodules of organizing pneumonia with marked diffuse lymphoplasmacytic and 
macrophage infiltration, proliferation of type II alveolocytes with reparation of the alveolar lining, and signs of destruction 
and macrophage infiltration in the remnants of hyaline membranes and fibrinous exudates (Figs. 2.6.6–2.6.8). In addition, 
thrombosis of small arteries [8] is often found, with the adjacent pleura thickened and infiltrated with lymphocytes, macro-
phages, and single neutrophils. Further development can be toward the resolution of pathological changes or transition to a 
third fibrous phase with the development of honeycombing [2,7].

Beasley et al. described a special variant of interstitial pneumonia called “acute fibrinous organizing pneumonia” with 
the development of severe respiratory failure and clinically similar to AIP but with a peculiar histological pattern presenting 
fibrin balls in alveolar lumens, along with organizing pneumonia and hyperplasia of type II alveolocytes [9]. However, in 
contrast to DAD, this variant does not present hyaline membranes [8].

FIG.  2.6.1 Early-phase AIP. Hyaline membranes, interstitial lym-
phohistiocytic infiltrate with leukocyte admixture, and dystelectasis. 
Hematoxylin and eosin staining, 100×.

FIG. 2.6.2 Early-phase AIP. Hyaline membranes, interstitial lymphohis-
tiocytic infiltrate with leukocyte admixture, and dystelectasis. Resorption 
of hyaline membranes. Hematoxylin and eosin staining, 600×.

FIG. 2.6.3 Early-phase AIP. Hyaline membranes and lymphohistiocytic 
elements in the lumens and walls of the alveoli. Hematoxylin and eosin 
staining, 600×.

FIG. 2.6.4 Early-phase AIP. Lymphohistiocytic infiltration in the walls 
of the alveoli. Hematoxylin and eosin staining, 400×.
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FIG.  2.6.5 Early-phase AIP. Hyaline membranes in the alveoli. 
Hematoxylin and eosin staining, 400×.

Clinical presentation
The disease can develop at any age (on average of 50 years) regardless of previous pathology, smoking history, or other 
exogenous factors [1].

At its onset the disease presents with clinical symptoms of a viral respiratory infection of the upper airways, arthral-
gia, myalgia, and dry cough [10]. At the time of hospitalization, fever above 38.3°C is noted in 75% of patients [4]. A 
progressive dyspnea develops quickly. From the onset of the prodromal stage to the development of severe respiratory 
failure, days to weeks can pass (usually 7–14 days) [11]. Vourlekis et al. described less active forms with a duration of 
up to 120 days from the first symptoms to invasive ventilation [4]. Respiratory hypoxemic failure often fails to respond 
to bronchodilators or corticosteroids. During advanced stages the disease acquires the clinical features of acute respira-
tory distress syndrome (ARDS) and requires invasive lung ventilation [12]. The auscultatory pattern is not specific and 
includes diffuse crackles (71%) or wheezing (30%) [4].

Diagnosis
Laboratory tests generally reflect the activity of the inflammatory process, namely, leukocytosis and accelerated erythrocyte 
sedimentation rate (ESR) with increased C-reactive protein (CRP) levels [4,10]. Given the importance of differentiating 

FIG. 2.6.6 Interstitial fibrosis and hyperplasia of two type of pneumo-
cytes. Hematoxylin and eosin staining, 400×.

FIG. 2.6.7 Late-phase AIP. Nodules of organization and interstitial fi-
brosis. Hematoxylin and eosin staining, 200×.

FIG.  2.6.8 Late-phase AIP. Resorption of hyaline membranes and fi-
brinous exudate by alveolar macrophages. Hematoxylin and eosin stain-
ing, 600×.
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AIP from DAD associated with other diseases and exogenous factors, the determination of the panel of immunologic mark-
ers of connective tissue diseases (CTD) and vasculitis, including rheumatoid factor, antinuclear antibodies, cyclic citrul-
linated peptide, and synthetase antibodies [13] upon hospital admission, is recommended. In our opinion, this list should be 
supplemented with antineutrophil cytoplasmic antibodies and serum procalcitonin. In addition, blood and sputum cultures, 
polymerase chain reaction (PCR) of sputum or tracheobronchial aspirate for opportunistic pathogens, Mycoplasma pneu-
moniae, and Legionella pneumophila should be studied.

Elevated neutrophil counts (up to 70%–80%) are often found in the bronchoalveolar lavage (BAL) fluid accompanied by 
erythrocytes and/or hemosiderin [14]. BAL is necessary to rule out respiratory infections and diseases with a specific cytologi-
cal pattern (acute eosinophilic pneumonia, drug-induced pneumonitis, hypersensitivity pneumonitis, and alveolar hemorrhage).

The feasibility of transbronchial lung biopsy in patients with AIP should be considered given the risk of pneumothorax 
and the likelihood of developing life-threatening respiratory failure [15]. In general the decision is made individually. Due 
to the large area of lung lesions, a transbronchial lung biopsy from unchanged parenchyma is rare [16]. The choice of the 
correct diagnostic test determines the prognosis in patients. The lowest mortality from AIP was observed in the studies by 
Suh (20%) and Quefatieh (13%) in which aggressive diagnostic tactics were applied including a minithoracotomy in the 
first case and open lung biopsy in the second case with an urgent histological study, despite severe respiratory failure and 
invasive lung ventilation [17,18].

A functional study of the lungs is often not feasible due to the severity of the condition, but whenever possible, severe 
restrictive disorders have been detected with decreases in the diffusion capacity of the lungs [14].

Computed tomography
AIP is characterized by a pattern of diffuse parenchymal lesions with ground-glass opacity (GGO) and consolidation areas, 
mostly in the posterior and basal fields, although cases of more pronounced consolidation in the upper lobes have been also 
described. Within GGOs, thickening of interlobular septa and irregular linear opacities are often found (Fig. 2.6.9) [19]. At 
the same time, lobules free from damage creating a mosaic pattern can also be seen. The costodiaphragmatic angles remain 
intact often. GGOs are present in 100% of reports, while consolidations affect 66%–92% of patients [20,21].

In patients with AIP, pulmonary fibrosis begins to develop rapidly and is manifested radiographically by reticular 
changes, the appearance of subpleural honeycombing, and architectural distortion of the lung parenchyma with traction 
bronchiectases (Fig. 2.6.10). The architectural distortion results from the displacement or deformity of the interlobar fis-
sures, interlobular septa, bronchi, or blood vessels [22].

Such changes appear from the second week after the onset of the symptoms and determine the prognosis. In a study by 
Ichikado et al. [22] comparing computed tomography signs between survivors and patients with AIP who died, significantly 
fewer patients with architectural distortion and traction bronchiectases were present in the group of survivors. The total 
parenchymal damage was also an outcome predictor.

(A) (B)
FIG. 2.6.9 AIP in a 51-year-old woman. Day 3 of invasive pulmonary ventilation. Extensive bilateral areas of GGO and subpleural consolidation  
(A and B), more pronounced in the lower lobes (B). The separated lobules (A) and the costodiaphragmatic angles (B) appear to be unaffected.
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Approximately half of the patients may have pleural effusions, and hydropericardium is also detected in some patients 
[16]. In general the high-resolution computed tomography (HRCT) characteristics of AIP do not differ from the DAD signs 
caused by known causes (infections, CTD, and drugs), although traction bronchiectasis and honeycombing during the fi-
brous stage of the disease are more typical for AIP [23].

Differential diagnosis
AIP must be differentiated from diseases that present radiological and morphological patterns of DAD (Table 2.6.1) and 
from cryptogenic organizing pneumonia, acute fibrinous organizing pneumonia, and diffuse alveolar hemorrhages that can 
resemble AIP clinically (Table 2.6.2).

The most common cause of acute bilateral consolidation in the lungs accompanied by severe respiratory failure is a 
pulmonary infection. Acute onset, the presence of catarrhal symptoms, and bilateral pulmonary infiltrates on a radiograph 
are signs that can occur both in patients with bacterial pneumonia (BP) and AIP. In AIP cases, as in BP, blood tests reveal 
an acute inflammatory reaction with increased leukocyte levels, ESR, and CRP [14]. Severe BP is characterized by an in-
crease in the level of blood urea nitrogen >7 mmol/L (one of the criteria for severity), which is not noted in AIP cases [24].

An important test to rule out bacterial infections is serum procalcitonin. Although the scientific literature does not describe 
the role of these tests in establishing the diagnosis of AIP, in our practice, the procalcitonin level was within normal limits in four 
patients with AIP. All available methods should be applied to verify a possible pathogen, including blood and bronchial aspirate 
cultures. HRCTs in patients with severe BP reveal mostly consolidation areas, which are often asymmetrical; GGO can occur, 
but it does not dominate, and most often, it represents an intermediate phase in the formation of new parenchymal consolida-
tions. However, the HRCT patterns of BP and AIP can be very similar (Fig. 2.6.11). According to Tomiyama et al. [25], the most 
beneficial HRCT sign for differentiating BP from AIP is the presence of centrilobular nodules in BP that are not typical for AIP.

Reticular abnormalities are not characteristic of BP unless they develop in patients with underlying interstitial lung 
disease. Finally, correct antibacterial therapy leads rather quickly to symptom reduction in patients with BP.

ARDS caused by an infectious process (influenza virus and pneumocystis) can mimic AIP. During the influenza epi-
demic caused by the H1N1 strain, fulminant forms with the ARDS development were seen, and their clinical, radiological, 
and morphological signs were indistinguishable from those of AIP (Fig. 2.6.12) [26]. During the influenza epidemic season, 
the emergence of ARDS in pregnant women or people with obesity presenting high fever since the first days of the disease 
should make the doctor suspect influenza.

Severe Pneumocystis jirovecii pneumonia variants with subtotal pulmonary lesions can also cause diffuse alveolar dam-
age and should be considered in the differential series of AIP (Fig. 2.6.13) [27].

Contemporary PCR diagnostic methods with pathogen identification in a few hours help in establishing a diagnosis. 
BAL is the most suitable material for PCR, especially since patients often have no sputum. However, the presence of 

(A) (B)

FIG. 2.6.10 AIP in a 68-year-old patient on day 19 from disease onset. Bilateral diffuse areas of GGO with a mosaic distribution. Reticular abnormali-
ties. In the subpleural areas of consolidation, small subpleural cysts and bronchiolectases are seen as a manifestation of the initial honeycombing stage 
(A and B).
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pneumocystis organisms in the BAL fluid does not always signal the presence of Pneumocystis pneumonia. In immuno-
competent patients, P. jirovecii may act as a trigger of the primary alveolar-capillary injury with subsequent development of 
DAD by AIP types [5]. The negative microbiological result of the BAL fluid analysis cannot completely rule out respiratory 
infections since the sensitivity of culture method for many infections does not exceed 70% [13].

Aggressive forms of cryptogenic organizing pneumonia (COP) or secondary organizing pneumonia can be very similar 
to AIP in their clinical and radiological characteristics (Fig. 2.6.14), although they have a morphological pattern different 
from that of DAD. COP is an inflammatory reaction of the terminal airways characterized by the organization of exudate 
and fibroblastic proliferation in the form of granulation tissue ingrowths into respiratory bronchioles, alveolar ducts, and 
alveoli [1]. The common course of COP is subacute, but dramatic cases of the disease with acute respiratory failure and 
manifestations of ARDS have been described [28,29]. Fulminant forms of COP may not fully correspond histologically to 
the classical histopathologic pattern of COP since the hyperplastic reaction of the bronchioles fails to develop in due time.

TABLE 2.6.2 Differential series of acute interstitial pneumonia

 AIP BP COP
Influenza 
pneumonia AE ILD

Anamnesis Onset of catarrhal 
phenomena in the 
upper respiratory 
airway

Preceding 
hypothermia, 
aspiration

Common with 
autoimmune 
diseases

During the 
influenza season, 
pregnancy, obesity

Dyspnea during 
preceding months 
(years)

Blood test Leukocytosis, ESR 
40–80 mm/h

Leukocytosis, shift 
of the formula 
toward immature 
forms. Accelerated 
ESR

Accelerated ESR Leukopenia, 
lymphopenia

Leukocytosis

Urea nitrogen level 
(mmol/L)

Normal >7.7 Normal Normal Normal

Procalcitonin (ng/
mL)

<0.5 >1.0 <0.5 <1.0 <0.5

Bronchoalveolar 
lavage

Neutrophils >40%
Erythrocytes

Neutrophils Foamy 
macrophages, 
eosinophilia 2%–
25%, lymphocytosis 
>25%, CD4/CD8 
<0.9

Erythrocytes
+ PCR for influenza 
virus

Neutrophils

Ground-glass 
opacity

+++ + +++ ++ +++

Consolidation +++ +++ +++ +++ ++

Thickening of the 
interlobular septa

+++ – ++ + +++

Centrilobular 
nodules

– ++ ++ + –

Architectural 
distortion, traction 
bronchiectasis

++ – – _ –

Response to 
antibiotics

– +++ – – –

Response to 
systemic steroids

+ – +++ – ++

AIP, acute interstitial pneumonia; AE ILD, acute exacerbation of chronic interstitial lung disease; BP, bacterial pneumonia; COP, cryptogenic organizing pneu-
monia; ESR, erythrocyte sedimentation rate.
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For COP, as well as for AIP, the lack of signs of respi-
ratory infection, the absence of reaction to antibiotics, the 
development of bilateral consolidation areas, and GGOs are 
typical. One of the methods useful for differentiating be-
tween these two interstitial diseases is the analysis of BAL 
fluid. AIP is characterized by a pronounced neutrophil reac-
tion (>40%), whereas in COP, a lymphocytosis greater than 
25% is common with decreases in the CD4+/CD8+ ratio 
(lower than 0.9) and moderate eosinophilia (up to 25%). In 
one of the clinical descriptions of BAL in the case of an 
acute form of COP, only a critical decrease in the lympho-
cytic ratio to 0.14 was described [30]. Such imbalance is not 
typical for AIP. When considering radiological features, one 
of the most frequent signs for COP, detected during HRCT 
and in BP, is the presence of intralobular nodules, reflecting 
lymphoid infiltration of respiratory bronchioles. A reversed 
halo CT sign is not common at AIP, but it is also charac-
teristic of COP (Fig.  2.6.14) [31]. COP tends to respond 
quickly to corticosteroid therapy, although steroid-resistant 
forms have also been reported. As mentioned, rare variants 
of interstitial lung disease with an acute course and severe 
respiratory failure, but without histological signs of DAD, 
exist and occupy an intermediate niche between COP and 
AIP; they respond quickly to corticosteroid therapy and are 
called acute fibrinous organizing pneumonia (Fig. 2.6.15) [9]. Similar clinical and radiological patterns with both COP 
and AIP characteristics mean the diseases can only be differentiated on the basis of their morphology.

Idiopathic acute eosinophilic pneumonia (AEP) is a rare disease of unknown origin, diagnosed based on prominent 
infiltration of alveoli and bronchioles with eosinophils causing diffuse alveolar damage, with a rapid development of acute 
hypoxemic respiratory failure, often requiring invasive lung ventilation [32]. Unlike the case in other eosinophilic pulmo-
nary lesions (eosinophilic granulomatosis with polyangiitis and chronic eosinophilic pneumonia), eosinophilia in the blood 
rarely occurs with AEP, which hinders early diagnosis. The HRCT pattern resembles that of AIP, with diffuse nodular 
infiltration of GGO with consolidation areas and thickening of interlobular septa (Fig. 2.6.16), but a mostly upper lobe 
distribution of the abnormalities is often present (rare in AIP cases). Minor (including interlobar) pleural effusions are often 

FIG. 2.6.11 Bilateral community-acquired pneumonia caused by S. 
pneumoniae. Bilateral subpleural heterogeneous areas of consolidation 
with adjacent areas of GGO (subpleural and peribronchovascular distri-
bution). Separate nodules (arrows) are visible outside of affected areas. 
Bilateral minor pleural effusion.

(A) (B)
FIG. 2.6.12 ARDS caused by the H1N1 influenza virus in a 38-year-old woman. Day 9 from the onset of respiratory symptoms. Bilateral subpleural 
and peribronchovascular areas of consolidation and GGOs (A and B). The GGO (with thickened interlobular septa) dominates over consolidation in the 
upper lobes (A). In the lower lobes, consolidation is more prominent than GGOs (B). Individual segments do not appear to be involved in the lesion.
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seen (up to 70%) [17,25]. However, AEP diagnoses based only on the HRCT pattern are difficult to suspect. In a study by 
Tomiyama et al. [25], the correct radiological diagnosis of AEP was made only in 30% of cases. The primary minimally 
invasive diagnostic tool for AEP is BAL fluid analysis. An increase in eosinophil counts greater than 30% in the BAL fluid 
in combination with bilateral opacities in the lungs on HRCT with acute respiratory failure in the absence of an infectious 
trigger provides the basis for the AEP diagnosis [33].

AIP is very difficult to differentiate from an acute exacerbation of underlying interstitial lung diseases like idiopathic 
pulmonary fibrosis or nonspecific interstitial pneumonia if the diagnosis has not been established previously. Since all 
signs of acute exacerbations of interstitial lung diseases (AE ILD) (clinical, radiological, and biochemical) may overlap 
with AIP, the patient’s history must be evaluated. Patients with AE ILD usually have respiratory symptoms long before the 
development of acute respiratory failure. At AE ILD, honeycombing and reticular abnormalities outside the areas of GGO 
and consolidation and the dominance of areas of GGO over consolidation are the frequent findings on HRCT (Fig. 2.6.17). 
The acute exacerbation of chronic interstitial lung disease generally responds to therapy with high doses of steroids and 
rarely requires invasive lung ventilation [34].

Diffuse alveolar hemorrhages can have an HRCT pattern similar to that of DAD (Fig. 2.6.18). However, the hemor-
rhages develop faster than AIP clinically, usually within a few hours; in addition to causing acute respiratory failure, usually 
(but not always), they are accompanied by hemoptysis, a drop in the level of hemoglobin, erythrocytes, and hematocrit and 
show a predominance of erythrocytes in the cellular spectrum of the BAL fluid.

(A) (B)
FIG. 2.6.13 Total pneumonia caused by P. jirovecii in a patient with AIDS, who had not received antiretroviral therapy. Diffuse areas of GGO, subpleu-
ral consolidation pronounced in the lower lobes. Single lobular air traps (A and B) are visible inside affected areas.

FIG. 2.6.14 COP of acute course. Massive bilateral consolidation areas surrounded by GGO with subpleural and peribronchovascular distribution. Atoll 
sign (arrow).
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Thus the differential diagnosis of AIP is complicated; it requires ruling out many acute diseases accompanied by severe 
respiratory failure. The morphological confirmation of DAD may support AIP only after negative results of tests for pulmo-
nary infections, connective tissue diseases and vasculitis, chronic interstitial lung diseases, eosinophilia, and hemorrhage of 
BAL fluid, as well as a lack of a history of taking potentially hazardous medicines. As a rule, a multidisciplinary approach 
is required for correct AIP diagnoses.

Treatment and prognosis
In general, AIP treatment approaches use high doses of steroids (2–4 mg/kg of prednisone with or without previous pulse 
therapy) [4,15]. The total duration of a course of corticosteroids in survivors lasts up to 4 months, and complete remission 
can be achieved with residual fibrotic changes in the lungs [17].

Immunosuppressants (cyclophosphamide) have been used in some patients [35]. Suzuka et al. used high doses of tacro-
limus maintaining the trough concentration within a range of 15–20 ng/mL for periods as long as 3 months in patients with 
acute/subacute interstitial pneumonia associated with dermatomyositis, and they reported the death of only one patient out 

(A) (B)
FIG. 2.6.15 Acute fibrinous and organizing pneumonia. Bilateral patchy areas of GGO and consolidation with random distribution (A). The perihilar 
pattern of distribution of the abnormalities can be seen on the coronal section (B).

FIG. 2.6.16 AEP in a 69-year-old patient, diagnosed by the presence of eosinophilia in BAL fluid (45%) and transbronchial lung biopsy. Converging 
areas of GGO and consolidation (diffuse on the right and patchy on the left sides); thickened interlobular septa are visible inside the affected areas.
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of 11 patients enrolled in the study [36]. Given the low incidence rate, no randomized studies evaluating the efficacy and 
safety of drug therapy in AIP exist. Extracorporeal membrane oxygenation (ECMO) can be a life-saving support in patients 
with potentially reversible acute respiratory failure. Gonzalves-Venade et al. reported the survival after ECMO of two of 
the three patients with AIP and refractory respiratory failure despite the use of high doses of corticosteroids, cyclophospha-
mide, lung protective ventilation, and prone position [35].

AIP is the most life-threatening idiopathic interstitial pneumonia with 60-day mortalities usually exceeding 70% 
[4,10,16]. Achievement of a survival rate of 80%–87% is associated with rapid diagnosis using surgical biopsy methods 
and treatment with high doses of steroids (which are probably more effective in the early phases of the disease than 
later) and with protective ventilation modes with a respiratory volume of 6–8 mL/kg and high PEEP [17,18].
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Chapter 2.7

Lymphoid interstitial pneumonia
Lymphoid (syn. lymphocytic) interstitial pneumonia (LIP) is a rare interstitial inflammatory disease characterized by poly-
morphic infiltration of the interstitial lung tissue by lymphocytes, histiocytes, and plasma cells. It was first described by 
Liebow and Carrington in 1966 [1].

Similar to other types of interstitial pneumonia, LIP is often a secondary pulmonary lesion in the Sjögren syndrome 
(25% of LIP cases), other connective tissue diseases (CTDs), and autoimmune thyroiditis. Moreover, LIP may present as a 
pulmonary reaction in allogeneic bone marrow transplantation and other autoimmune diseases; cytomegalovirus, herpetic, 
HIV, and hepatitis B infections; and in common variable immunodeficiency [2–5]. LIP is also a morphological substrate of 
interstitial pneumonia with autoimmune features [6].

Nevertheless, LIP can present as an independent nosological form based on its clinical, radiological, and histopathologic signs. 
However, in general, idiopathic LIP is much less common than secondary LIP and affects less than 20% of all LIP patients [7]. LIP, 
in addition to idiopathic pleuroparenchymal fibroelastosis, is one of the rarest variants of idiopathic interstitial pneumonia (IIP) [8].

LIP is considered a benign pulmonary lymphoid disorder, a classification that also includes follicular bronchiolitis, 
nodular lymphoid hyperplasia (pulmonary pseudolymphoma), inflammatory pseudotumor (plasma cell granuloma), im-
munoglobulin G4-related disease, Castleman disease, and posttransplantation lymphoproliferative disease [9].

In some cases, LIP may represent a transitional form of a malignant lymphoma [10]. However, in general, LIP is not 
considered a prelymphoma because less than 5% of LIP cases undergo lymphomatous transformation [11]. The association 
with many autoimmune disorders suggests an autoimmune pathogenesis of the disease, and the presence of familial cases 
of the disease indicates a genetic predisposition to the development of LIP [12]. Middle-aged women (40–50 years) are 
most commonly affected by LIP and develop the condition nearly three times more often than men [7]. Furthermore, LIP 
generally (up to 14% of cases) develops in children who were HIV-infected in utero [13].

In a study by Cha, 75% of patients with LIP never smoked, and the rest were former smokers [7].

Morphology
Morphology of LIP is characterized by the presence of polyclonal lymphoid infiltrates with an admixture of plasma cells 
and histiocytes in the pulmonary interstitium along the alveolar septa (Figs. 2.7.1 and 2.7.2) and in the peribronchiolar and 
perivascular tissues. These findings are often combined with hyperplasia of the bronchus-associated lymphoid tissue and 
lymphoid follicles [14]. The formation of germinal centers and the proliferation of both B-(CD19 and CD20) and CD8+ 
T-lymphocytes are noted in hyperplastic lymphoid tissue [15,16].

Typical signs also include the development of lesions on the branches of the medium-sized pulmonary artery in the form of 
arteritis with inflammatory infiltration of the walls, intimal fibrosis, fragmentation of elastic tissue, fibrosis, and calcification 

(A) (B)
FIG. 2.7.1 Lymphoid interstitial pneumonia. Diffuse interstitial infiltration with lymphocytes, plasma cells, and histiocytes along the alveolar septa  
(A and B). Hematoxylin and eosin staining, 200×.
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of the media. Possible findings in LIP include foci of organiz-
ing pneumonia and poorly formed nonnecrotizing granulomas. 
Over time, honeycombing areas can appear [17].

In addition to interstitial inflammatory and fibrotic 
changes, the formation of amyloid deposits is possible when 
combined with the Sjögren syndrome [18].

Differential histopathologic diagnosis of LIP should be 
performed with B-cell lymphoma based on immunohisto-
chemical findings [19]. LIP presents with polyclonal lym-
phoid infiltrates, whereas monoclonal B-cell proliferates are 
detected in lymphoma.

LIP can histologically resemble a cellular subtype of non-
specific interstitial pneumonia (NSIP), which also displays lym-
phohistiocytic infiltration of the interalveolar septa. However, 
in LIP, interstitial inflammation is more diffuse, whereas NSIP 
has unaffected lung parenchyma foci [3]. Multidisciplinary 
discussion often results in a change in the histopathologic di-
agnosis of LIP to the NSIP cellular subtype [8].

Clinical presentation
The disease has a slow onset. On average, there are more than 2 years from the appearance of the first symptoms to the 
established diagnosis [7]. Similar to other IIPs the most significant respiratory symptoms of LIP are dyspnea in physical 
exertion and cough. The most common general constitutional symptom is fatigue (88% of patients) [7]. Fever, weight loss, 
thoracalgia, and arthralgia syndrome can be observed [7,20]. The disease usually progresses gradually with a slow (over 
several months) increase in symptoms. Crackles can be auscultated in the lower fields. Clubbed fingers can sometimes be 
observed [3]. If LIP is a secondary disorder, the clinical manifestations of the underlying disease are usually identified.

Diagnosis
Mild anemia is often revealed in blood tests. Up to 75% of LIP cases are accompanied by polyclonal hypergammaglobu-
linemia or a monoclonal increase in IgG or IgM levels [3,21]. To rule out secondary LIP, laboratory study is required to 
evaluate a range of antinuclear antibodies, anticyclic citrullinated peptide antibodies, anti-SSA/Ro, anti-SSB/La antibod-
ies, EBV titers, HIV, human T-cell lymphotropic virus, quantitative immunoglobulins, rheumatoid factor, serum and urine 
protein electrophoresis, thyroid function tests, and IgG4 [12].

LIP patients are characterized by a decrease in forced vital capacity (FVC) and forced expiratory volume in one second 
(FEV1), an increase in the FEV1/FVC ratio, and a decrease in the total lung capacity and diffusing lung capacity for carbon 
monoxide (DLCO), which corresponds directly to the volume of the pulmonary parenchyma lesion [7].

Moderate lymphocytosis (~30%) is usually revealed in an analysis of bronchoalveolar lavage (BAL) fluid with a de-
crease in the CD4+/CD8+ ratio but with normal CD3+ and CD21+ levels [7].

The histopathologic diagnosis of lymphoproliferative lung diseases (which often includes an immunohistochemical analy-
sis) usually requires a sufficiently large amount of biopsy material. Therefore the diagnostic method of choice for lung biopsy is 
video-assisted thoracoscopy or video-assisted mediastinoscopy (transbronchial forceps biopsy has a lower diagnostic value) [9].

High-resolution computed tomography
The primary radiological findings of LIP detected by high-resolution computed tomography (HRCT) are as follows 
(Figs. 2.7.3–2.7.5) [22–24]:

– Bilateral diffuse areas of ground-glass opacity (GGO)
– Centrilobular nodules indicating the presence of lymphocytic bronchiolitis
– Formation of thin-walled cysts, mainly in the basal regions
– Well-defined nodules with perilymphatic distribution
– Thickening of the peribronchovascular interstitium
– Reticular abnormalities
– Intrathoracic lymphadenopathy

FIG. 2.7.2 Lymphoid interstitial pneumonia. Lymphohistiocytic infil-
trate of the interstitium. Hematoxylin and eosin staining, 600×.
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One of the most frequently cited studies included 22 LIP patients and revealed the presence of GGO and intralobular 
nodules in all patients. Subpleural nodules and thickening of the bronchovascular bundles were noted in 19 cases (86%), 
thickening of the interlobular septa was observed in 82% of patients, and cysts of different sizes were detected in 68% of 
cases [22]. The presence of cysts is a specific sign used to confidently differentiate LIP from other variants of IIP. Cysts vary 
in size from 1 to 30 mm in diameter, and they are often located within the lung parenchyma (as opposed to predominantly 
subpleural cysts in idiopathic pulmonary fibrosis (IPF)) [25].

The pathogenesis of cyst formation in LIP is associated with local obstruction of the terminal bronchioles due to bron-
chiolar and peribronchiolar lymphoid infiltration [24]. Infiltration of the walls of the respiratory bronchioles also explains 
the appearance of intralobular nodules (a sign of bronchiolitis) on the HRCT.

Mediastinal lymphadenopathy is a common finding in LIP (~70%); however, this sign accompanies other forms of IIP 
(IPF, NSIP, and respiratory bronchiolitis associated with interstitial lung disease) just as frequently [26].

(A) (B)
FIG. 2.7.3 Idiopathic lymphoid interstitial pneumonia. Bilateral diffuse areas of ground-glass opacity, with thin-walled cysts up to 25 mm in diameter, 
located both subpleurally and intraparenchymally (A and B). Numerous small centriacinar nodules are visualized in the upper lobes (A) (arrows).

(A) (B)
FIG. 2.7.4 Lymphoid interstitial pneumonia in a patient with the Sjögren syndrome. Bilateral patchy areas of ground-glass opacity, moderate reticular 
changes, and multiple cysts up to 40 mm in diameter (A and B). In the lower segments, subpleural poorly differentiated nodules (A) are visualized.
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During the long course of LIP, limited areas or foci of consolidation can be detected. Their occurrence may be due to 
the development of secondary amyloidosis, particularly if calcification is visualized inside. Small areas of honeycombing 
were also detected during the long-term follow-up of LIP patients in approximately 30% of cases (Fig. 2.7.6), although in 
general this feature is not typical for LIP [27].

Under the influence of therapy, the HRCT pattern usually changes; thus, in patients who respond to treatment, 
GGO areas are reduced or disappear, the number of intralobular nodules decreases, and the cysts remain in a stable 
condition. With disease progression, new cysts and areas of honeycombing are formed, and areas of consolidation 
appear [27].

However, it must be noted that there were less than 100 total patients in the studies that assessed how the radiological 
pattern of idiopathic LIP is formed; therefore it is possible that knowledge on this pathology will be further refined.

(A) (B)
FIG. 2.7.5 Idiopathic lymphoid interstitial pneumonia. The reticular pattern predominates. In addition, small poorly differentiated centrilobular nodules 
and well-defined nodules with a perilymphatic distribution (arrows) are observed, as is a single small cyst (A). Abnormalities are concentrated in the basal 
regions of the lungs (B).

(A) (B)
FIG. 2.7.6 Idiopathic lymphoid interstitial pneumonia. On the right the area of diffuse GGO is visualized; on the left, there are reticular abnormalities, 
large thin-walled cysts, and areas of subpleural and intraparenchymal honeycombing (A). The coronal section shows abnormalities, most pronounced in 
the lower areas, and multiple cysts of different sizes (B).
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Differential diagnosis
LIP must be differentiated from other IIPs, diseases characterized by the formation of cysts in the lungs, and nonneoplastic 
lymphoproliferative pulmonary diseases (Table 2.7.1). LIP should always be suspected in the presence of cystic changes 
in the lungs in combination with GGO. However, the absence of cysts (in 20%–30% of patients) makes the radiological 
diagnosis of LIP impossible without histological confirmation. Subacute hypersensitivity pneumonitis (HP), the cellular 
type of NSIP, and desquamate interstitial pneumonia (DIP) may have the same clinical and radiological features (GGO, 
intralobular nodules, and thickening of interlobular septa) as LIP (Fig. 2.7.7). Moreover, thin-walled cysts are also  common 
in HP and DIP (Fig. 2.7.8). However, unlike LIP, the cysts in these other diseases are usually single and small in size 
(Fig. 2.7.9). In addition, NSIP, like LIP, often develops in combination with autoimmune diseases, and their morphological 
signs significantly overlap.

In addition to small-cyst honeycombing, the formation of larger cysts may be observed in IPF patients, which may 
sometimes require differentiation from LIP. The presence of honeycombing cannot completely rule out the diagnosis of 

TABLE 2.7.1 Differential characteristics of DIP and similar diseases

 Histopathologic signs HRCT signs Additional characteristics

Lymphoid interstitial 
pneumonia

Diffuse infiltration of the 
interalveolar septa with 
lymphocytes, plasma cells, and 
histiocytes
Hyperplasia of lymphoid follicles 
with germinal centers
Lymphocytic infiltration of the walls 
of small vessels

Single or moderate number of 
thin-walled cysts 1–30 mm in 
diameter, mainly in the basal 
regions
Ground-glass opacity 
thickening of interlobular 
septa, consolidation areas, 
honeycombing in severe cases

Mostly nonsmoking women 
40–50 years old
Frequent association with 
autoimmune diseases or 
immunodeficiencies

Follicular bronchiolitis Hyperplasia of lymphoid 
follicles with germinal centers, 
peribronchiolar lymphocytic 
infiltration

Multiple poorly differentiated 
centrilobular nodules, spotted 
areas of ground-glass opacity, 
air traps, small cysts, mild 
reticular abnormalities

Frequent association with 
autoimmune diseases or 
immunodeficiencies

NSIP (cellular subtype) Uniform moderate interstitial 
lymphohistiocytic infiltration with 
alternating of affected and sparing 
fields
Hyperplasia of type II pneumocystis 
in areas of inflammation

Diffuse or patchy GGO in 
the posterior-basal segments, 
subpleural sparing, moderate 
reticular signs
Cysts are not characteristic

Mostly nonsmoking women 
over 40 years of age
Frequent association with 
CTDs and drug-induced 
interstitial lung disease

Subacute hypersensitivity 
pneumonitis

Bronchiolocentric lymphocytic 
infiltration, nonnecrotizing 
poorly shaped granulomas in the 
peribronchiolar interstitium

Diffuse or spotty areas of GGO 
with subpleural sparing, air 
traps, centrilobular, poorly 
differentiated nodules
Single thin-walled cysts up to 
15 mm in diameter

Regular contact with allergens 
(birds, fungi, wood, metal 
dust, and others)
Lymphocytosis of BAL >50%

Desquamative interstitial 
pneumonia

Accumulation of hyperpigmented 
macrophages in the lumens of 
alveoli and bronchioles
Moderate lymphohistiocytic 
infiltration of the interalveolar septa

Diffuse or spotty areas of GGO 
in the basal and subpleural 
segments
Moderate reticular 
abnormalities
Single thin-walled cysts up to 
1 cm in diameter

Active smoking or contact 
with pollutants

Pneumocystis pneumonia Foamy intra-alveolar exudate, 
lymphoplasmacytic interstitial 
infiltration
Pneumocystis are positive for 
Gomori methenamine silver, cresyl 
echt violet, toluidine blue O, or 
calcofluor white stain

Spotted or diffuse areas of 
ground-glass opacity, nodules, 
and air traps primarily in the 
upper and middle fields
Cysts of the same localization 
are thin- and thick-walled, 
closely adjacent to the pleura

HIV infection, 
immunodeficiency, fever, 
weight loss, oropharyngeal 
candidiasis, herpes zoster
The presence of P. jirovecii in 
BAL fluid and sputum
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LIP. However, a pronounced reticular pattern, the absence of signs of bronchiolitis, and minimal expression of GGO  usually 
help establish a  correct radiological diagnosis of IPF (Fig. 2.7.10). In addition, large cysts in IPF are usually located sub-
pleurally and in the areas of honeycombing, whereas in LIP, cysts are more often found inside the lung parenchyma within 
GGO areas [25].

Several infectious diseases (Pneumocystis jirovecii pneumonia (PP), tuberculosis, mycobacterioses, and fungal infec-
tions) that destroy lung tissue and form cysts may require a differential diagnosis with LIP. PP almost always occurs in 
patients with a severe immunodeficiency, often AIDS. PP is characterized by a pronounced febrile fever, the emergence 
of diffuse or nodular areas of GGO, and consolidation on HRCT. Cysts are usually formed in severe courses in areas of 
greatest attenuation. PP is characterized by primary lesions of the upper lobes, with further progression to the lower fields. 
Cysts are usually thick-walled in infectious diseases, which is uncharacteristic for LIP. Thin-walled cavities can also form, 
with prevailing upper lobe localization [28]. Since HIV can be an inducer of secondary LIP, it can sometimes be differenti-
ated from PP only by the presence of P. jirovecii in sputum or BAL fluid or by morphological characteristics (Fig. 2.7.11). 
Tuberculosis, mycobacterioses, and PP usually affect the upper lobes most significantly, and there are generally many 
bronchogenic disseminated nodules around the thick-walled cavities.

For cystic lung diseases such as lymphangioleiomyomatosis (LAM) or Birt-Hogg-Dubé syndrome, the main differential 
HRCT sign that enables ruling out the diagnosis of LIP is the absence of signs of damage to the parenchyma outside of the 
cysts (Fig. 2.7.12). Langerhans cell histiocytosis can reveal oneself with polymorphic cysts in the lungs that usually do not 
exceed 10 mm in size and is generally accompanied by the presence of multiple nodules with a predominant upper lobe dis-
tribution; GGO can also be noted at times (Fig. 2.7.13). Pulmonary amyloidosis and the light chain deposition disease are 
characterized by the formation of cysts in the lungs; however, as a rule, there are multiple areas of consolidation, indicating 
intra-alveolar lipid, protein, and amyloid deposits.

Cystic pulmonary metastases usually appear as separated, thin-walled cavities in the unaltered lung tissue. It is ex-
tremely difficult to establish the exact nature of such changes without obtaining cytological or histological confirmation.

Diffuse cystic degeneration, sometimes observed in the terminal stage of LIP, can be indistinguishable from other cystic 
diseases or pulmonary emphysema [24].

The differential diagnosis of cystic lung lesions is presented in greater detail in Chapter 9.4.
Nodular lymphoid hyperplasia as a lymphoproliferative disease has a different HRCT pattern that involves the presence 

of consolidated foci 2–3 cm in diameter and nodules with a perilymphatic distribution [29]. Moderate reticular changes and 
GGO may also occur (Fig. 2.7.14).

Follicular bronchiolitis (FB) displays a similar HRCT and histological pattern to that of LIP; moreover, it is associated 
with the same autoimmune and immunodeficiency conditions as LIP. However, FB is characterized by the appearance of 
multiple centrilobular peribronchiolar nodules of 1–3 mm in the lower segments and the frequent emergence of air traps 
(Fig. 2.7.15) [30]. GGO and mild reticular abnormalities may also be found, which makes FB visually indistinguishable 
from LIP.

FIG.  2.7.7 Nonspecific interstitial pneumonia, cellular subtype. Bilateral 
spotted areas of GGO in the lower segments, associated with moderate reticular 
changes, and subpleural sparing.

FIG. 2.7.8 Hypersensitivity pneumonitis in a bird fancier. Diffuse areas 
of GGO associated with air traps. On the left, a single thin-walled cyst is 
observed.



FIG.  2.7.9 Desquamative interstitial pneumonia in a 46-year-old 
woman. Bilateral subpleural areas of GGO and single small nodules. On 
the left, two small thin-walled cysts are observed.

FIG. 2.7.10 Idiopathic pulmonary fibrosis. Bilateral subpleural areas of 
honeycombing and reticular abnormalities. Transseptal linear attenuations 
are noted on the left. Two thin-walled subpleural cysts are visualized in the 
lingular lobes in the honeycombing region.

(A) (B)
FIG. 2.7.11 Atypical presentation of Pneumocystis jirovecii pneumonia in an AIDS patient. Bilateral subpleural areas of consolidation in the right middle 
and left upper lobes (A). Single small well-defined nodules (arrows), random thin- and thick-walled cavities, and a minimally prominent sign of GGO (A 
and B).

FIG. 2.7.13 Langerhans cell histiocytosis. Multiple bilateral thin- and thick-
walled cavities, polymorphic nodules, and patchy GGO areas with parachilar 
distribution are visible.

FIG. 2.7.12 Lymphangioleiomyomatosis. Bilateral multiple ran-
domly distributed thin-walled cysts, some of which reach a diam-
eter of 25 mm. There are no other signs of the lung tissue lesion.
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Treatment and prognosis
Treatment of secondary LIP should be focused primarily on the treatment and control of the underlying disease [9]. Because 
of the low prevalence of idiopathic LIP, there are no evidence-based studies evaluating the efficacy of certain drugs, dif-
ferent doses, and courses of treatment. Depending on the severity of the disease course, the starting dose of prednisone 
can vary from 0.75 to 1 mg/kg of body weight for 3 months, with a possible subsequent dose reduction by 0.25 mg/kg/day 
every 6–12 weeks [11]. With ineffectiveness or the lack of effectiveness, single successful attempts of treating LIP with 
cyclophosphamide, azathioprine, methotrexate, cyclosporine, mycophenolate mofetil, and rituximab have been described 
[31–34].

A total of 40%–65% of LIP patients who receive systemic steroids have a good or moderate treatment outcome; how-
ever, in some patients, the disease progresses. The 5-year survival rate is approximately 70% [19]. The average survival rate 
at 14-year follow-up, according to Cha et al., reached 11.5 years from the time of establishing the diagnosis [7].
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Chapter 2.8

Idiopathic pleuroparenchymal fibroelastosis
Idiopathic pleuroparenchymal fibroelastosis (IPPFE) is a rare form of idiopathic interstitial pneumonia included in this group 
in 2013 by the consensus of the American Thoracic Society and the European Respiratory Society [1]. Pleuroparenchymal 
fibroelastosis (PPFE) represents a specific pattern of pulmonary fibrosis localized mainly or exclusively in the upper lobes 
with the obligatory involvement of the pleura with subpleural and paraseptal intra-alveolar fibroelastosis [2]. The first pub-
lication on PPFE summarized 12 cases of upper lobe pulmonary fibrosis in 1992; and IPPFE is sometimes named Amitani 
disease after the name of the first Japanese author [3]. The term IPPFE, adopted by international experts, appeared only in 
2004 [4]. Some cases of isolated progressive upper lobe pulmonary fibrosis had been described earlier; however, they were 
regarded as lung response to provoking factors, such as radiation, intake of anticancer drugs, lungs and bone marrow trans-
plantations, and contact with asbestos and aluminum dust [5]. PPFE can also be associated with autoimmune diseases such 
as rheumatoid arthritis, ankylosing spondylitis, and ulcerative colitis [5]. In the absence of such associations, PPFE should 
be considered idiopathic. Thusen et al. reviewed all publications up to mid-2013 and showed that only 78 patients with 
proved PPFE aged from 13 to 85 years (mean age 49 years) had been described (without a gender preference and regard-
less of any smoking histories) [2]. The disease developed after lung transplantation in 47% of patients, after bone marrow 
transplantation in 6% of patients, and in 9% of patients with a history of pulmonary fibrosis, and about 10% of patients had 
taken immunosuppressants [2]. In a later study by Enomoto et al., 18% of 44 patients with IPPFE had a history of exposure 
to occupational dust, 16% had malignant neoplastic diseases, and 11% had a family history of interstitial lung disease [6].

IPPFE belongs to the group of rare interstitial pneumonias [1]; however, its prevalence seems higher than thought, and 
according to Nakatani et al. [7], 6% of patients with interstitial lung disease, who underwent surgical biopsy, were diag-
nosed as having IPPFE according to the results of a multidisciplinary discussion panel.

The pathogenesis of PPFE is unclear. Since a significant proportion of cases represent patients who have undergone lung or 
bone marrow transplantation, PPFE has been associated with a graft versus host disease [8,9]. In these cases the primary process 
is considered the occurrence of obliterating bronchiolitis with atelectasis of subpleural areas and a fibroproliferative reaction. 
Regarding idiopathic forms the possible triggers can be infections, allergens, or pneumotoxic drugs that cause alveolar damage 
or organizing pneumonia with simultaneous fibrinolytic and macrophage activity disorders and increased fibroblast activity [2].

Morphology
The current description of histopathologic abnormalities in PPFE, as in other fibrosing interstitial pneumonias, tends to 
include specific patterns. For a “definite pattern,” a set of the following findings are necessary [2,10,11] (Figs. 2.8.1–2.8.4):

– Fibrosis of the visceral pleura in the upper lobes
– Marked homogeneous subpleural intra-alveolar fibrosis with septal elastosis (>80% of elastic fibers)

FIG. 2.8.1 Idiopathic pleuroparenchymal fibroelastosis. Fibrosis of the visceral pleura in the upper lobes. Hematoxylin and eosin (H&E) staining, 200×.
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FIG. 2.8.3 Idiopathic pleuroparenchymal fibroelastosis. Subpleural intra-alveolar fibrosis. H&E stain, 100×.

FIG. 2.8.4 Idiopathic pleuroparenchymal fibroelastosis. Subpleural intra-alveolar and peribronchial fibrosis and fibroblastic foci. H&E stain, 200×.

FIG. 2.8.2 Idiopathic pleuroparenchymal fibroelastosis. Fibrosis of the visceral pleura in the upper lobes. H&E stain, 200×.
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– Preserved pulmonary parenchyma at a distance from the visceral pleura
– Moderate irregular lymphoplasmacytic infiltration
– The presence of some fibroblastic foci

The “consistent pattern” of PPFE [2,10,11] includes the following:

– Intra-alveolar fibrosis unassociated with marked subpleural fibrosis
– Not predominantly subpleural
– Not on upper lobe biopsy

Along with the signs of PPFE, some researchers have described features of other interstitial lung diseases beyond the areas 
of fibroelastosis, such as usual interstitial pneumonia (up to 43%), nonnecrotizing granulomas (up to 35%), inflammation in 
areas of fibrosis (up to 36%), and/or vascular fibrointimal thickening in veins and arteries (up to 14%) [10,12]. The presence 
of granulomas in histological material is associated with a reduced risk of death in IPPFE patients [12].

Hirota et al. described four patients with established chronic fibrosing interstitial pneumonia, organizing pneumonia, 
and acute lung injury diagnosed based on surgical lung biopsies that were repeated after 3–12 years and revealed replace-
ment of areas of inflammation and organization by subpleural fibroelastosis resulting in clinical diagnoses changes into 
PPFE [13].

Clinical presentation and course
As with other chronic idiopathic interstitial pneumonias (IIPs), most patients complain of unproductive cough and 
dyspnea on physical exertion, which increases with the progression of the disease. Chest pain is common and some-
times acute [14]. About 30% of patients have pneumothorax, and in some patients the pneumothorax becomes the 
first disease manifestation [5]. In 20% of patients, weight loss is noted [5]. Low body mass index (BMI) is generally 
typical for IPPFE patients; in the study by Enomoto et al., the BMI median was 17.2 kg/m2 [6]. Since secondary PPFE 
develops along with serious pathological conditions, the symptoms of the underlying disease, rather than respiratory 
complaints, may dominate in the clinical presentation. In patients with invasive pulmonary aspergillosis or nontuber-
culous mycobacterioses, cases of PPFE may develop [6]. In these patients, symptoms that are generally atypical for 
the fibrotic process, such as cough with purulent sputum and hemoptysis, may be prominent [10]. Japanese authors 
have noted the asthenic body type and the flattened chest of patients (reduced ratio of the anteroposterior to the 
transverse diameter), and this anatomical feature is not found together with a “cobbler’s chest” (pectus excavatum) 
[15,16]. In European and American studies, such constitutional symptoms have not been noted. The clubbing sign, 
characteristic of idiopathic pulmonary fibrosis, was described in a small number of patients with IPPFE (in up to 18% 
of them) [5,6]. Inspiratory crackles are auscultated in less than half of patients, and they appear only in advanced 
stages in the basal fields [4,5].

IPPFE usually has an unpredictable course; in asymptomatic patients, signs of progression may not be noted for many 
years; however, after the appearance of the first clinical symptoms, the disease often progresses rapidly [5]. A gradual 
course of the disease has also been described in which periods of prolonged slow decline in pulmonary function alternate 
with short periods of rapid functional decline [17]. There may be episodes of acute exacerbations triggered by surgical 
lung biopsy or pulmonary infection, which are also associated with concomitant histological patterns of usual interstitial 
pneumonia (UIP) [18,19].

Acute exacerbations occur in 11%–18% of patients and are accompanied by increased dyspnea, cough, and the appear-
ance of areas of ground-glass opacity (GGO) and consolidation on high-resolution computed tomography (HRCT) images 
that span the lower areas of the lungs [6,19].

When monitoring IPPFE patients the most frequent complications include respiratory infections, pneumothorax, and 
pneumomediastinum [6].

Diagnosis
Laboratory abnormalities are uncommon in IPPFE patients; however, increased levels of antinuclear antibodies and rheu-
matoid factor can be detected [10,20].

With stable IPPF, no significant abnormalities are found in the bronchoalveolar lavage (BAL) fluid; however, this 
analysis (including culture and polymerase chain reaction tests) may be useful to rule out hypersensitivity pneumonitis, 
infectious diseases (aspergillosis and mycobacteriosis), and pulmonary sarcoidosis. Although cases of histological IPPFE 
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diagnoses on transbronchial biopsy exist [21], surgical lung biopsy is considered the method of choice for obtaining his-
tological material. Transbronchial cryobiopsy appears to be less informative, since samples do not include the pleura [12].

Functional tests in most patients reveal a restrictive pattern and a decrease in the carbon monoxide diffusing capacity 
(DLCO), which is sometimes quite significant [6,22].

HRCT characteristics
The HRCT signs of PPFE include the following (Figs. 2.8.5 and 2.8.6) [5,10,23,24]:

– Pleural thickening
– Subpleural nodular or extended consolidation areas, often with “corroded” internal contours
– Interlobular septa thickening
– Upper lobe volume losses
– Bullae and cysts in fibrosis areas
– Traction bronchiectasis and subpleural honeycombing

These abnormalities are always localized in the upper lobes, often increasing toward the lung apex. As the disease 
progresses, the signs of interstitial fibrosis appear also in the lower fields of the lungs, but do not reach the same sever-
ity as those in the upper lobes. Pleural plaques and calcification have also been described in the upper lobe visceral 
pleura [24].

With IPPFE, signs of GGO, pleural effusion, intralobular nodules, or intraparenchymal consolidation are scarce; how-
ever, these are typical for many others IIPs.

(B)(A)

(C)

FIG. 2.8.5 Idiopathic pleuroparenchymal fibroelastosis. Thickening of the visceral pleura in the upper lobes, with subpleural fibrosis, honeycombing, 
and traction bronchiectasis (A). Moderate thickening of pleura with notched contours and irregular reticular abnormalities in the lower lobes (B). The 
coronal reconstruction reveals more damage to the upper lobes than lower lobes (C).
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(A) (B)

(C)
FIG. 2.8.6 Idiopathic pleuroparenchymal fibroelastosis. Thickening of the visceral pleura with decreased volume of the left upper lobe and honeycomb-
ing; pronounced reticular abnormalities, linear attenuation associated with the pleura with thin intersections on the right lobe (A). Moderate reticular 
abnormalities in the lower lobes (B). Upper lobe distribution of fibrous abnormalities on the coronal section (C).

Enomoto et al. [6] proposed the following criteria for IPPFE diagnosis without morphological confirmation:

(1) Radiological PPFE pattern on the HRCT (“definite PPFE”), based on the criteria of Reddy et al.: (a) bilateral subpleu-
ral consolidation with or without pleural thickening in the upper lobes and (b) absent or minimal involvement of the 
lower parts of the lungs.

(2) Radiologically confirmed progression of the disease (expansion of the areas of consolidation with or without pleural 
thickening and/or a decrease in the volume of the upper lobes).

(3) Other lung diseases capable of causing upper lobe fibrosis (IIP, connective tissue diseases, chronic hypersensitivity 
pneumonitis, pulmonary infections, pneumonoconiosis, and sarcoidosis) have been ruled out.

Differential diagnosis
IPPFE must be differentiated from idiopathic pulmonary fibrosis (IPF), fibrotic forms of hypersensitivity pneumonitis 
(HP), pulmonary sarcoidosis with upper lobe lesions, and infectious diseases of the lungs (such as tuberculosis, myco-
bacteriosis, and aspergillosis) (Table 2.8.1). IPPFE is most similar to IPF. In IPF, as in IPPFE, subpleural fibrosis and 
honeycombing are often detected, as well as reticular abnormalities, including thickening of interlobular and intralobular 
septa in the upper lobes. Most HRCT IPF features occur in the basal fields, and the disease progression results in the 
spread of the fibrosis from bottom to top. With IPPFE the situation is reversed, most fibrous manifestations occur in 



TABLE 2.8.1 Differential group of IPPF

 IPPFE IPF HP (chronic course) Sarcoidosis Mycobacterioses

Special aspects of 
patients

Any gender and age Most often men over 
50 years, smoking, 
GERD history

Most often women who 
never smoked, young 
and middle age, long 
contact with antigen

Most often young and middle 
age. Inhalation of pollutants is 
often revealed in history

Patients with bronchiectasis, 
immunodeficiency

Clinical presentation Low body mass index Clubbing and velcro 
crackles

Velcro crackles Usually no complaints or mild 
weakness

Purulent sputum, hemoptysis, 
fever, often bronchial 
obstruction

BAL No abnormalities Neutrophilia; 
eosinophilia is possible

Lymphocytosis >50%, 
foamy macrophages

Moderate lymphocytosis + PCR for mycobacteria

CT pattern Areas of consolidation 
of subpleural 
localization. Thickening 
of interlobular septa, 
traction bronchiectasis, 
cysts, loss volume of the 
upper lobes

Honeycombing with 
a minimum of GGO, 
pronounced reticular 
abnormalities, traction 
bronchiectasis

Lobular air traps, 
intralobular nodules, 
GGO, reticular 
abnormalities, and 
honeycombing

Dense well-defined nodules 
foci of consolidation, masses. 
Linear attenuation. Pleural 
pseudoplaques. Moderate 
reticular abnormalities. 
Intrathoracic and hilar 
lymphadenopathy

Bronchiectasis. Polymorphic 
nodules and areas of 
consolidation inside the 
parenchyma. The destruction 
cavities are often seen. 
Areas of GGO. Intrathoracic 
lymphadenopathy

Distribution of abnormal 
signs

Mostly or exclusively 
upper lobes

Subpleural, primarily 
lower lobes

Uniform distribution, 
maybe more pronounced 
in the upper lobes

Perilymphatic and 
peribronchovascular. It can tend 
toward the upper and middle 
areas

Predominantly upper lobes, 
peribronchovascular areas

IPPFE, idiopathic pleuroparenchymal fibroelastosis; IPF, idiopathic pulmonary fibrosis; HP, hypersensitivity pneumonitis; GERD, gastroesophageal reflux disease; PCR, polymerase chain reaction; BAL, bronchoal-
veolar lavage; CT, computed tomography.



 Idiopathic interstitial pneumonias  Chapter | 2 135

the upper lobes, and only severe cases show lower part involvement. However, with IPF, a more uniform distribution of 
abnormalities is possible in both the upper and lower fields (Fig. 2.8.7), and an atypical predominant upper lobe distri-
bution is possible too. In these cases, in the absence of previous radiological images, the diagnoses of IPF and IPPFE 
are extremely difficult to differentiate based only on HRCT features. In a study, Rosenbaum et al. revealed that signs 
of lesion in the lower lobes are no exception in IPPFE cases [25]. In their series of five IPPFE patients, they detected 
histological signs of the disease in both the upper and lower fields, suggesting that the disease is actually more diffuse 
than previously thought [25]. Moreover, radiological patterns of IPPFE and IPF often overlap in the same patients, as 
evidenced in a study by Kato et al. in which 15 of 36 patients with IPPFE had HRCT patterns of definite UIP and seven 
had possible UIP pattern in the lower lobes of the lungs [26]. In contrast to IPF, patients with HRCT patterns of IPPFE 
plus UIP are characterized by more pronounced apical abnormalities with loss of upper lobe volume rather than by fi-
brotic abnormalities in the lower lobes [26].

For IPPFE, only small-cyst honeycombing is infrequent; large and medium cysts are formed often in the areas of the 
most pronounced fibrosis. Areas of subpleural consolidation, reflecting the ingrowth of fibrous tissue from the pleura to 
the lung parenchyma (often observed in patients with IPPFE), are not only less typical for IPF but also possible. In some 
cases, chronic HP may resemble IPPFE, if reticular abnormalities are more pronounced in the upper lobes (Fig. 2.8.8). 
Regarding HRCT images, lobular air traps are specific signs of HP, especially in the upper lobes, and subpleural sparing. 
Intralobular ill-defined nodules, characteristic of subacute HP, are rarely detected during the chronic course. In cases of HP, 
BAL lymphocytosis is common, if the patients have not been treated by steroids. In 10% of ankylosing spondylitis (AS) 
cases, interstitial lung disease with damage to the upper lobes may develop in the form of secondary PPFE (Fig. 2.8.9) [27]. 

(A) (B)

(C)
FIG. 2.8.7 Idiopathic pulmonary fibrosis proved by surgical biopsy. Moderate thickening of the visceral pleura with subpleural fibrosis and limited 
honeycombing in the upper lobes. Irregular reticular abnormalities (A). Subpleural honeycombing, thickening of the intralobular septa in the subpleural 
areas, moderate pleural thickening, and traction bronchiectasis in the lower fields (B). The coronal reconstruction shows a relatively uniform lesion in 
both the upper and lower lobes (C).
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The formation of cavities that are often colonized by Aspergillus fungi, the detection rate of which reaches 50%–60%, is a 
common sign of pulmonary AS manifestations [28]. Interstitial lung disease in AS has a subclinical course; dyspnea and a 
decrease in DLCO are generally uncharacteristic [29]. However, the symptoms of the underlying disease such as back pain 
(mainly in the lumbosacral region), stiffness and deformity of the spine, and sacroiliitis are common, according to X-ray 
or MRI studies. Sometimes apical fibrosis precedes the clinical manifestations of a systemic disease, and then it is almost 
impossible to distinguish it from PPFE, especially if genetic diagnostics (HLA-B27 allele) are not used [30]. Pulmonary 
sarcoidosis often has a preferred distribution in the upper and middle lung fields with formation of areas of consolidation 
and masses. However, these abnormalities usually have not only subpleural but also peribronchovascular distributions and 
are accompanied by multiple dense nodules and intrathoracic lymphadenopathy (Fig. 2.8.10). Pulmonary infections may 
have HRCT patterns similar to those of IPPFE (Fig. 2.8.11); however, they are characterized by the presence of symptoms 
of active inflammation, purulent sputum, hemoptysis, abnormalities in blood tests, and detection of microflora in sputum 
and BAL fluid. Nontuberculous mycobacterioses and aspergillosis often develop in patients with structural defects of the 
bronchi such as bronchiectasis or cysts, and tuberculosis develops in patients with immunodeficiency or in cases of regular 
contact with infected people.

(A) (B)

(C)
FIG. 2.8.8 Chronic hypersensitivity pneumonitis in a mushroom farm worker (a woman). Thickened pleura from which fibrous bands extend into the 
parenchyma of the upper lobes. Moderate reticular abnormalities (A). Patchy GGO with a mosaic pattern of distribution, multiple lobular air traps, sub-
pleural honeycombing, and reticular abnormalities in the lower fields (B). On the coronal reconstruction, subpleural fibrosis predominates in the upper 
lobes with multiple small, poorly differentiated nodules (C).
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(A) (B)
FIG. 2.8.10 Sarcoidosis of the lungs and intrathoracic lymph nodes. Bilateral subpleural nodules and bands, sometimes merging with the pleura (A). 
The lesion is maximally represented in the upper and middle areas, along the interlobar pleura (B).

(A) (B)

(C)
FIG. 2.8.9 Ankylosing spondylitis in a 31-year-old nonsmoking patient. Massive consolidation area merging with the visceral pleura and multiple cavi-
ties on the left field. Bullous-cystic abnormalities and severe reticular signs on the right (A). Irregular thickening of the visceral and interlobar pleura and 
areas of GGO on the lower right area and mild reticular abnormalities on the lower left area (B). The coronal section reveals predominantly upper lobe 
abnormalities (C).
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Pleural thickening and subpleural fibrosis of the pulmonary parenchyma in some diseases (such as asbestosis and radia-
tion pneumonitis) (Fig. 2.8.12) may be similar to IPPFE; however, as a rule, these abnormalities are stable and are rarely 
manifested clinically.

Treatment and prognosis
An IPPFE therapy has not been developed. Reddy et al., who described the greatest number of cases, adhered to the same 
principles as for IPF treatment before the era of antifibrotic drugs, namely, monotherapy with corticosteroids or their 
combination with immunosuppressive drugs or N-acetylcysteine. However, they used doses of steroids lower than those 
commonly used in IPF [10]. In later publications the efficacy of a steroid and immunosuppressive therapy in these patients 
has been questioned [5], and reports on the use of antifibrotic drugs in IPPFE are controversial. Sato et al. demonstrated 
the efficacy of pirfenidone for slowing the decline in lung function in a patient with IPPFE who also had an UIP pattern in 
the lower lobes of the lungs [31]. However, in a study by Enomoto et al. [6], during the 2-year follow-up of eight patients 

(A) (B)
FIG. 2.8.11 Nontuberculous mycobacteriosis caused by M. abscessus. In the upper lobes the pleura are unevenly thick; subpleural areas of consolida-
tion and multiple randomly distributed nodules are visible. Multiple bronchiectasis on the right field (A). Bilateral upper lobe bronchiectasis is visible on 
the coronal slice; the abnormalities are most pronounced in the upper lobes (B).

(A) (B)
FIG. 2.8.12 Radiation fibrosis in a patient with mediastinal lymphoma. Thickened pleura, subpleural fibrosis, and honeycombing in the paramediastinal 
areas of the upper lobes (A). The rest fields of the lungs look intact (B).
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receiving pirfenidone, no clinical effects were noticed by the physicians. Watanabe et al. did not find a significant effect of 
this drug on patient survival [22]. Nasser et al. treated five patients with IPPFE using nintedanib (150 mg two times a day), 
including two patients who received pirfenidone before, and noted stabilization of the FVC in all the patients [32]. During 
the acute exacerbation, as with other types of fibrosing interstitial pneumonia, pulse therapy with methylprednisolone 
(1000 mg/day for 3 consecutive days) can be successfully applied, followed by oral prednisone (20 mg/day) and cyclospo-
rine A (100 mg/day) [19].

Early studies noted a slow progression of the disease with a median survival of about 11 years [5]. Later studies have 
presented less optimistic results, with an average survival rate of 24 months from the time of diagnosis [26] and survivals 
of 88.5%, 45.5%, and 28.9% for the 1-year, 3-year, and 5-year rates, respectively [6]. Cases with severe course and rapid 
lung function decline have also been reported [33]. According to Kato et al., the factor determining the lowest survival 
for patients with IPPFE was the presence of UIP signs in the lower lobes (according to the HRCT data) [26], while 
Enomoto et al. did not notice a difference in the prognosis of patients who had a “pure” PPFE pattern compared with the 
prognosis of those who additionally had a radiological pattern of definite or possible UIP [6]. A low muscle mass and 
muscle attenuation of erector-spinae muscles, detected by CT, are also predictors of low survival rates in patients with 
IPPFE [34].

According to different studies, other factors determining a negative prognosis include the male gender; low FVC rates; 
and a high gender, age, pulmonary function (GAP) index [12,35].

At an advanced stage, IPPFE progresses significantly faster than IPF, the annual decrease in FEV1 amounts to an aver-
age of 0.28 and 0.11 L, respectively [35].
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Hypersensitivity pneumonitis

Hypersensitivity pneumonitis (HP), also known as extrinsic allergic alveolitis, is a diffuse granulomatous inflammatory 
pulmonary disease, caused by the inhalation of antigen-containing organic particles or chemical compounds [1]. More than 
200 different substances capable of causing HP have been described. These substances can be divided into three groups: 
microorganisms (bacteria and fungi), animal proteins, and chemical products [2]. HP develops more often in workers in 
industries that use organic substances or are associated with the production of air pollutants (Table 3.1). Household cases 
of HP are often determined by unusual conditions of the living environments and hobbies of patients (Table 3.2). Annually 
the number of potential etiologic factors is increased. For example, in recent years, cases caused by the use of mosquito 
fumigators have been described; similarly, cases stemming from working with MDF panels, argan-derived products, and 
electronic cigarettes have been reported [7–10].

The exact prevalence of HP is unknown. The disease most often develops via repeated contact with an allergen. Thus 
agricultural workers, food production workers, and amateur poultry are most susceptible to HP. In recent years, there has 
been a significant increase in cases of HP due to the use of air-conditioning and ventilation systems, poorly ventilated wet 
rooms (baths and indoor swimming pools), and even shower caps contaminated with hydrophilic bacteria, fungi, and non-
tuberculous mycobacteria [2]. Epidemiological studies conducted in Sweden and Finland revealed that the frequency of HP 
was 23 cases per 100,000 individuals and 44 cases per 100,000 agricultural workers. In the United Kingdom, this indicator 
was significantly lower: 1:100,000 in the general population [11]. The average annual increase in the incidence rate of HP 
caused by production factors is approximately one case per 1 million workers [12]. HP is one of the most frequent intersti-
tial lung diseases; its frequency in this group is approximately 29% [13]. It is notable that smokers are much less likely to 
develop HP than nonsmokers with similar exposure to allergens. The protective role of smoking against the onset of HP is 
most likely associated with the stimulation of the macrophage response and a decrease in lymphocytic activity [14].

Pathogenesis
In acute HP, there is type 3 immune response (immune-complex mediated), while subacute and chronic HP are charac-
terized by type 4 immune reaction (T lymphocytes mediated) in the distal parts of the respiratory tract in response to the 
inhalation of small allergen particles capable to reach the terminal bronchioles [3,15].

The role of genetic factors in the pathogenesis of HP is discussed. Patients with chronic HP showed a significantly 
higher rate of MUC5B promoter polymorphism than healthy individuals [16]. Similarly to idiopathic pulmonary fibrosis 
(IPF), the presence of age-adjusted short telomere lengths has been revealed in HP patients [17]. Patients with pigeon-
breeder’s disease showed an increased TNF-2(−)(308) allele frequency versus the control group [18]. However, the role of 
genetics in the development of this disease has not been well studied.

Morphology
The morphological characteristics of HP depend largely on the nature of the course.
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TABLE 3.1 The most frequent occupational inducers of HP (extract from [3–6] with additions)

Profession Source Antigen

Agriculture Grain

Hay/silage/composite

Mushrooms

Vegetables, fruits, flowers

Tobacco
Sugarcane
Birds
Pituitary snuff

Aspergillus fumigatus
Sitophilus granarius
Thermophilic actinomycetes
Saccharopolyspora rectivirgula
Thermoactinomyces vulgaris
Lichtheimia corymbifera
Eurotium amstelodami
Wallemia sebi
Penicillium citrinum
Lycoperdon species
Aspergillus fumigatus, Aspergillus 
spp. Botrytis cinerea, Penicillium sp., 
Paecilomyces sp.
Aspergillus fumigatus
Thermoactinomyces sacchari
Excreta, feather
Pork and ox proteins

Food production Cheeses

Dry sausages
Wheat flour
Malt

Soybean

Grape mold
Fish meal
Coffee and tea
Veterinary feed

Penicillium roqueforti
Penicillium casei
Penicillium camemberti
Penicillium chrysogenum
Acarus siro
Penicillium camemberti
Sitophilus
Aspergillus fumigatus
Aspergillus clavatus
Aspergillus oryzae
Soybean hull antigens
Botrytis cinerea
Fish meal dust
Coffee and tea dust
Soybean hulls antigens

Dust manufacture Wood dust

Plaster
Metal dust
Pearl, mollusks shell

Penicillium chrysogenum
Cryptostroma corticale
Paecilomyces sp.
Rhizopus sp.
Trichoderma koningii
Alternaria
Mucor
Pullaria
Thermophilic or Aspergillus
Cobalt, beryllium
Dust from shellfish, shells, pearls

Chemical production Paints, plastics, rubber and other polymers, 
fiberglass,
insecticides, fungicides
Detergents

Isocyanates,
anhydrides, alginic acid

Dimethyl phthalate
Pyrethrum

Medicine, biology, pharmacy, veterinary 
medicine

Material of dentures
Antibiotics
Laboratory reagents

Methylmethacrylate
Penicillin
Pauly’s reagent
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Morphological changes in the lungs in a case of acute HP may be represented by a variety of processes: a combination 
of bronchiolitis and bronchocentric lymphocytic alveolitis; obliterating bronchiolitis; accumulation of edematous fluid and 
fibrinous exudate in the alveoli with an admixture of eosinophils, neutrophils, and erythrocytes; and leukocytoclastic capil-
laritis (Figs. 3.1–3.5) [19].

The detection of giant cells, clusters of histiocytes, and noncaseating granulomas is possible, although the latter finding 
is more characteristic of subacute forms of the disease [20].

The morphology of the subacute variant of HP is characterized by a combination of noncaseating granulomas located 
in the pulmonary interstitium and walls of bronchioles, lymphocytic alveolitis, and bronchiolitis (Figs. 3.6 and 3.7).

Granulomas with HP as a manifestation of type IV hypersensitivity are typical, although not absolutely a mandatory 
sign, and are found in approximately 66%–70% of cases [19]. Granulomas without clear boundaries consist of large his-
tiocytes, epithelioid cells, and giant multinucleate Langhans cells. There is no fibrosis on the periphery of the granulomas. 
Occasionally, crystals of cholesterol, Schaumann bodies, and asteroid corpuscles are observed in giant multinucleate cells. 
In patients with “hot tub lung”—associated with the colonization of the lower respiratory tract by Mycobacterium avium 
complex—granulomas are larger, with clear contours, without necrosis in the center, and may resemble sarcoid granulomas 
[21]. In general, Lymphocytic alveolitis is localized around the affected bronchioles. It is represented by lymphoplasmacytic 

TABLE 3.1 The most frequent occupational inducers of HP (extract from [3–6] with additions)—cont’d

Profession Source Antigen

Humid or aerosolized working 
environments and low-ventilation 
environments

Cold storage
Large closed tanks,
Basements, sewage
Poorly air-conditioned premises

Thermophilic actinomycetes
Saccharopolyspora rectivirgula
Thermoactinomyces vulgaris
Thermoactinomyces candidus
Micromycetes
Penicillium sp.
Cephalosporium
Aspergillus fumigatus
Mucor sp.
Candida albicans
Acremonium sp.
Saccharomyces sp.
Alternaria sp.
Fusarium
Aureobasidium pullulans
Debaryomyces hansenii
Paecilomyces nivea
Paecilomyces variotii
Bacteria
Pseudomonas sp.
Cytophaga sp.
Staphylococcus sp.
Bacillus sp.
Stenotrophomonas sp.
Acinetobacter sp.
Flavobacterium multivorum
Yersinia pseudotuberculosis
Aerobacterium liquefasciens
Klebsiella oxytoca
Sphingobacterium spiritivorum
Mycobacteria
Mycobacterium immunogenum
Mycobacterium chelonae

Other Wind musical instruments

Silk
Pelts hair and fur

Mycobacterium chelonae, Fusarium 
spp., Candida alb. Ulocladium botrytis, 
Cladosporium sp.
Silkworm larvae cocoon fluff
Animal proteins
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infiltrates with an admixture of neutrophils and eosinophils in the alveolar septa (Fig. 3.3) and the formation of Masson’s 
bodies in the organization of intra-alveolar exudates. Bronchiolitis is characterized by the presence of lymphoplasmacytic 
wall infiltration, foci of squamous metaplasia of the epithelium, ulceration foci, and hyperplasia of broncho-associated 
lymphoid tissue (i.e., lymphoid tissue associated with bronchioles mucosa). In addition, the organization of exudates in the 
lumens of bronchioles and bronchiolar passages is characterized by the development of granulation tissue. In some cases the 
histopathological picture may resemble cellular nonspecific interstitial pneumonia [22].

Chronic HP is characterized by pronounced interstitial centrilobular (airway-centered) fibrosis or branching pattern 
fibrosis, following the bronchovascular bundles with foci of the carnification and obliterating bronchiolitis up to the de-
velopment of the “honeycomb lung” (Figs. 3.8–3.11). Interstitial fibrosis resembles that observed in common interstitial 
pneumonia and nonspecific interstitial pneumonia. However, unlike the listed diseases, it has a bronchiolocentric nature 

TABLE 3.2 Possible household inducers of HP (extract from [3–6] with additions)

Living conditions Source Antigen

Contact with birds, animals Birds, tamed rodents, bats Avian, bat, handler’s animal droppings, 
feathers, serum proteins

Wet, poorly ventilated premises Saunas, indoor swimming pools, shower 
cabins, bathtubs, basements, attics, old 
houses, mold on the walls

Thermophilic actinomycetes
Mycobacterium sp.
Aureobasidium sp.
Epicoccum nigrum
Phoma violacea
Klebsiella oxytoca
Aspergillus sp.
Penicillium sp.
Trichosporon sp.

Hobbies associated with dust formation, 
working with earth

Wood or other organic dust, soil Penicillium sp.
Aspergillus sp.
Cryptostroma corticale
Chrysonilia sitophila
Paecilomyces sp.
Mycobacterium sp.

Other Feather bedding or down comforters
Smoking electronic cigarettes, hookahs

Avian feathers’ antigens
Chemical components of electronic 
cigarettes, bacterial colonization of 
hookah tanks and pipes

FIG. 3.1 Acute hypersensitive pneumonitis (HP). Foci of bronchiolocentric alveolitis with bronchiolitis in the center of the lesion and noncaseating 
granulomas and hyperplasia of the bronchus-associated lymphoid tissue. Hematoxylin and eosin staining, 1.25×.
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FIG. 3.2 (A) Acute HP. Bronchiolocentric lymphocytic alveolitis with lymphoid infiltration of the alveolar septa. Alveoli with exudates containing a 
large number of eosinophils and lymphohistiocytic elements. Alveolar septa with inflammatory lymphohistiocytic infiltrate and an admixture of eosino-
phils. Hematoxylin and eosin staining, 100×. (B) Acute HP. Interstitial component. Alveolar septa with an inflammatory lymphohistiocytic infiltrate and 
an admixture of eosinophils. Hematoxylin and eosin staining, 600×.

FIG. 3.3 Acute HP. Lymphocytic alveolitis with noncaseating granulomas in the walls of alveoli, bronchioles, and peribronchial tissue. Hematoxylin 
and eosin staining, 100×.

FIG. 3.4 Acute HP. Destructive bronchiolitis with noncaseating granulomas with giant multinucleate cells of Langhans cell type, large histiocytes, 
eosinophils, and lymphoid and fibroblastic elements. Hematoxylin and eosin staining, 400×.
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FIG. 3.7 Subacute HP. The focus of carnification is the alveoli, with organized exudate, and the alveolar septa, with an inflammatory lymphohistiocytic 
infiltrate and an admixture of eosinophils. Hematoxylin and eosin staining, 400×.

FIG. 3.5 Acute HP. Destructive bronchiolitis with a giant multinucleate cell of the Langhans type with cytoplasmic crystalloid inclusions. Hematoxylin 
and eosin staining, 600×.

FIG. 3.6 Subacute HP. Bronchiolitis obliterans with Masson’s bodies and noncaseating granulomas with epithelioid and giant multinucleate Langhans 
cells. Hematoxylin and eosin staining, 200×.
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FIG. 3.8 Chronic HP. Bronchiole-centric sclerosis with granulomatous inflammation in the interstitium. Hematoxylin and eosin staining, 100×.

FIG. 3.9 Chronic HP. Bronchiole-centric sclerosis and carnification with granulation tissue in the bronchiole lumen and Masson’s bodies in the lumens 
of the alveoli. Hematoxylin and eosin staining, 100×.

FIG. 3.10 (A) Chronic HP. Granulomas in the bronchiole wall with wall sclerosis. Hematoxylin and eosin staining, 100×. (B) Chronic HP. Noncaseating 
granulomas in the bronchiolar wall, constructed from epithelioid, giant multinucleate cells such as Langhans cells, macrophages, and lymphocytes. 
Hematoxylin and eosin staining, 400×.
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(i.e., it is represented by foci of fibrosis with the scleroid bronchiole in the center). Furthermore, areas with active manifes-
tations in the form of poorly formed noncaseating granulomas, obliterating bronchiolitis, and lymphocytic alveolitis with 
the presence of giant cells are possible findings. Secondary pulmonary hypertension and a pulmonary heart with typical 
restructuring of the branches of the pulmonary artery and microcirculation vessels may develop in patients [19,23].

Morphological material for the diagnostics of HP can be obtained by transbronchial forceps biopsy (TBB), lung cryo-
biopsy (LCB) during bronchoscopy, or surgical biopsy. Cryobiopsy is a minimally invasive method enabling the extraction 
of a sufficient amount of material for research. However, it is thought that the diagnosis of HP cannot be ruled out based on 
the absence of its symptoms in TBB or LCB [24]. There is additional complexity in diagnosis due to the mosaic histological 
pattern, especially in chronic HP, when in different fields of the lung, both typical HP manifestations and signs of common 
and nonspecific interstitial pneumonia are simultaneously observed [25]. Thus a definitive diagnosis may only be reached 
through surgical biopsy performed in different lobes of the lung [3,24].

Differential diagnosis of HP according to lung biopsy data

In the study of biopsy material, differential diagnosis should be considered for other granulomatous diseases and idiopathic 
interstitial pneumonia (Table 3.3). For this purpose a combination of clinical, laboratory, radiological, and morphological 
studies should be utilized. This multidisciplinary approach has become a mainstay for the diagnosis of HP, especially the 
chronic form.

TABLE 3.3 Differential diagnosis of HP based on lung biopsy data [19,22,26]

 HP Sarcoidosis UIP NSIP COP

Etiology Allergen Unknown Unknown Unknown Unknown

Noncaseating 
granuloma

+
CD4+

Lymphocytes

+
CD8+

Lymphocytes in the periphery of the granulomas; 
CD4+ in the center of the granulomas

− − −

Bronchiolitis obliterans + − − − +

Bronchiolocentric 
lymphocytic alveolitis

+ − − − _

Bronchiolocentric 
interstitial sclerosis

+ − − − _

Carnification + − − − +

UIP, usual interstitial pneumonia; NSIP, nonspecific interstitial pneumonia; COP, cryptogenic organizing pneumonia; HP, hypersensitivity pneumonitis.

FIG. 3.11 Chronic HP. Foci of carnification with arteriopathy of a small branch of the pulmonary artery. Hematoxylin and eosin staining, 400×.
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Using lung biopsy materials, Takemura et al. showed that in HP (unlike in usual interstitial pneumonia (UIP), the pres-
ence of signs such as bronchiolitis, centrilobular (bronchiolocentric) fibrosis, foci of carnification, granulomatosis, giant 
multinucleate cells, and lymphocytic alveolitis is significantly more frequent [26]. In addition, the presence of fibroblastic 
foci is a distinctive characteristic of UIP versus HP [19]. For nonspecific interstitial pneumonia (NSIP) and cryptogenic or-
ganizing pneumonia, granulomatous inflammation with the presence of noncaseating granulomas and centrilobular (bron-
chiolocentric) fibrosis is not a typical finding. For sarcoidosis, “stamped,” clearly delineated granulomas containing CD4+ 
and CD8+ lymphocytes, often surrounded by a zone of hyalinosis and sclerosis, are commonly observed.

Clinical presentation and course
Conventionally, three variants of the course of HP have been identified, namely, acute, subacute, and chronic [27]. 
Manifestations of the acute form of HP include dry cough, dyspnea, fever, and chills. These develop within a few hours after 
contact with a large dose of antigen and are often prone to spontaneous remission following the termination of the exposure 
to the allergen. Single episodes of acute HP may be similar to manifestations of respiratory viral infection and often remain 
unrecognized. In addition, especially in patients with an allergological anamnesis, symptoms of bronchial hyperresponsive-
ness can simultaneously occur, namely, wheezing and paroxysmal cough. In the absence of pathological changes observed 
on radiographs, a differential diagnosis of bronchial asthma may be considered [3].

The subacute form of HP develops more slowly, after repeated inhalations of moderate doses of the “malfactor” aller-
gen. This group of HP patients is the most numerous. At the onset of the subacute course of the disease, subfebrile fever 
and general fatigue may occur, followed by a gradual increase in dyspnea and unproductive (low-productive) cough. On 
HRCT, there is a characteristic pattern of the form of poorly differentiated centriacinar foci or ground-glass opacity with 
air trapping and mosaic attenuation.

Chronic forms typically develop with prolonged exposure to low doses of the allergen, and the onset of the disease is 
usually difficult to establish. In more than half of the cases, it is not possible to identify the allergen responsible for the 
development of the disease [28]. Persistent cough and dyspnea are initially mild and slowly increase. Hence the disease 
is often detected at the stage of fibrotic changes in the lungs (the main criterion of chronic HP). In addition to respiratory 
symptoms, clubbed fingers and weight loss may occur in the long course of the disease. At the late stages of the disease, 
when honeycombing develops, HP can be very difficult to differentiate from other forms of fibrotic interstitial pneumonia, 
primarily IPF and NSIP.

Currently, there are no clear criteria for the forms of HP, and the subacute variants of the disease have significant overlap 
in terms of clinical and radiological characteristics with the acute and chronic forms. Thus, in 2017, the experts of American 
Thoracic and European Respiratory Society proposed a revised approach to the classification to HP with the separation of 
only two clinical, radiological, and morphological variants. These forms are the acute (duration of symptoms <6 months 
and potentially completely reversible) and chronic (duration >6 months with the risk of progression, despite treatment and 
termination of contact with allergens) [24]. In addition, it was proposed that the term “cryptogenic” HP be used for patients 
with histologically confirmed HP but without a determined antigen trigger.

Some experts believe that HP is a syndrome rather than a separate nosological form, reflecting an immune response to 
various inhalation factors, with a heterogeneous clinical picture, course, and prognosis [2].

Similarly to IPF the course of chronic HP can be complicated by periods of exacerbation. These may involve acute 
respiratory deterioration, with the appearance of new areas of ground-glass opacity and consolidation on the HRCT and 
neutrophil shift in the BAL fluid [29]. Such events usually occur in patients with a similar pattern to UIP. In cases with 
fibrotic changes, there are histological signs of diffuse alveolar injury or organized pneumonia [30].

Diagnosis
Household and occupational history is of paramount importance for the diagnosis of HP. Working with products of bio-
logical and chemical origin, under conditions of dustiness, inadequate ventilation, air-conditioning, and rooms with high 
humidity, increases the likelihood of disease development. As for the household and social risk factors, treating physicians 
should consider the presence of birds, household humidifiers, the correct functioning of ventilation systems, the frequency 
of hot baths, visits to saunas, indoor swimming pools, public showers, signs of mold on the walls or in the water supply 
systems, the presence of flower pots with soil at home, the origin of composition of blankets and pillows, and bird feathers 
and fluff, which can induce the development of the disease.

To facilitate the identification of potential exogenous triggers of the disease, it is convenient to use special question-
naires, such as the Interstitial and Diffuse Lung Disease Patient Questionnaire [31].
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At the early stages of the disease, the disorders are usually undetectable. Although not present in all patients, the only 
possible symptom is expiratory rales in the lungs. As chronic respiratory failure progresses, more obvious symptoms may 
appear, such as cyanosis, clubbing, Velcro crackles, and “inspiratory squeaks,” which usually represent the development of 
the honeycomb lung.

Functional tests can be normal in the acute forms of HP [32]. In the subacute and chronic course, restrictive or obstruc-
tive disorders are usually detected. In general a reduction of the diffusion capacity of the lungs and FVC reflects the volume 
and severity of lesions in the interstitial tissue and can be used to monitor the course of the disease and evaluate the efficacy 
of the therapy [3].

Bronchoalveolar lavage (BAL) is an important method for the diagnosis of HP. An increase in the lymphocyte fraction 
of >40%–50%, with a general increase in cytosis, is an important diagnostic marker of the disease [33]. Nevertheless, 
it is necessary to correlate the BAL findings with the clinical and radiological picture, since high BAL fluid lympho-
cytosis can also occur in individuals without signs of an interstitial process in the lungs [34]. In addition, BAL fluid 
lymphocytosis is not a prerequisite of HP and may be absent in a certain number of patients [35]. In smoking patients 
with significant fibrotic changes in the lungs receiving treatment with corticosteroids, lymphocytosis of the BAL fluid 
may be less pronounced.

The role of immunophenotyping of T lymphocytes and the ratio of CD4+/CD8+ in the diagnosis and differential 
diagnosis of HP is discussed. In general, CD8+ levels usually increase in this disease [33]. However, Caillaud et al. 
showed that a low CD4+/CD8+ ratio was detected in only 34% of patients. Thus this ratio cannot be used as a cri-
terion for ruling out the diagnosis of HP [35]. In patients with acute HP, neutrophil BAL can be observed within the 
first week after the onset of the disease. However, subsequently, the level of the lymphocyte fraction increases to the 
typical level [3].

In the blood serum the presence of IgG antibodies specific to the antigen possibly responsible for triggering HP is 
evidence of sensitization. The presence of antibodies, in combination with other symptoms, confirms the diagnosis of this 
allergic disease. Nevertheless, it is not recommended to depend exclusively on the presence or absence of antibodies for 
the diagnosis of HP, especially the chronic course, since these tests are not characterized by high specificity or sensitivity 
[36]. In asymptomatic individuals constantly exposed to contact with birds, specific precipitating antibodies are detected in 
approximately half of the cases [37].

One of the directions for the diagnosis of HP is the ex vivo testing of the antigen-stimulated proliferation of lympho-
cytes. According to numerous studies the sensitivity and specificity of this method reaches 90%–100% and, unlike the 
definition of antibodies, is not observed in asymptomatic patients exposed to allergens [36,38].

In HP patients, inhalational challenge tests (i.e., specific inhalation challenge) with extracts of allergens serve as evi-
dence for the development of a pathological immune response. The sensitivity and specificity of these tests for avian and 
fungal sensitization are 73% and 84%, respectively, whereas for other kinds of allergens, they are significantly lower [39]. 
In general, these tests are not standardized, bear the risk of the disease recurrence, and are not recommended for use in in 
routine practice [3].

High-resolution computed tomography
Data of HRCT for the different variants of the HP course vary considerably. In acute/subacute HP, two main patterns are 
identified, such as foci or significant areas of ground-glass opacity with mosaic attenuation (≤80% of cases) (Figs. 3.12 and 
3.13), or poorly differentiated multiple centrilobular nodules (Fig. 3.14) [40]. Researchers identified zones of consolidation, 
although this sign is less typical [41]. Of note the acute forms of HP may not be detected using HRCT, especially if the 
study is conducted a few days after the termination of contact with the allergen.

HRCT findings usually tend to be localized in the upper and middle fields.
The ground-glass opacity reflects the morphological pattern of the lymphocytic alveolitis [42]. An important HRCT 

sign of subacute HP is the appearance of lobular zones of air trapping. This, in combination with areas of ground-glass 
opacity, creates a picture of mosaic attenuation. It is explained by the development of focal bronchiolitis with obstruc-
tion of the distal airways, air retention in the alveoli, and mosaic perfusion, with shunting of the blood bypassing 
areas of hyperinflation [43] (Fig. 3.13). Occasionally, mosaic attenuation may resemble a cut of cheese, the so-called 
headcheese sign.

In contrast to other radiological findings, the detection of lobular areas of hyperinflation (air trapping) is a specific sign 
of HP rarely found in other diffuse interstitial lung diseases. An exception is Pneumocystis jirovecii pneumonia (PP) in 
which similar changes can be detected. In general the number of such sites may be small, with improved detection through 
expiratory scanning [42].
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FIG. 3.12 Subacute HP, caused by household contact with parrots (A, B, and C). Diffuse zones of ground-glass opacity, inside of which numerous 
poorly defined nodules and air trapping are visualized. (D) Changes are mainly located in the upper and middle parts of the lungs. Costodiaphragmatic 
angles are minimally involved in the pathological process.

FIG. 3.13 Subacute HP, caused by A. fumigatus in a worker in a poorly ventilated cold store. Widespread areas of ground-glass opacity and areas of 
hyperinflation with hypoperfusion. Thin-walled cyst in the left lung.
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A frequent radiological sign of subacute HP is the formation of centrilobular ill-defined nodules, which may be combined 
with ground-glass opacity and represent a separate CT pattern. The size of the nodules varies from 1 to 5 mm with blurred out-
lines. These are diffusely distributed in the pulmonary parenchyma, with a slight increase from the tops to the bases of the lungs 
(Fig. 3.14).

At the core of this radiographic phenomenon, there is the infiltration of lymphocytes in the walls of bronchioles and the 
peribronchiolar space [41]. Innumerable centrilobular nodules may be the only CT finding of HP.

In subacute HP the appearance of consolidation sites of small dimensions with ragged contours surrounded by 
areas of ground-glass opacity (a halo sign) is possible. The presence of consolidation indicates the development of 
bronchiolitis obliterans with organizing pneumonia as a variant of immunologic fibroproliferative reaction of the lung 
tissue [42].

Finally, in a small proportion of patients (~13%), thin-walled cysts (with size ranging from 3 to 25 mm in diameter) are 
detected, which have a random distribution (Fig. 3.15). Their development is associated with local bronchiolar obstruction 
due to lymphocytic bronchiolitis, similar to that observed in idiopathic lymphocytic pneumonia [44].

The chronic course of HP is characterized by the same findings as those observed in the subacute forms. However, additional 
signs of interstitial fibrosis, such as thickening of the interlobular and intralobular septa, traction bronchiectasis, and honeycomb-

ing, are invariably present (Figs. 3.16–3.18). These changes are 
usually present in all lobes, with their intensity increasing from 
the top to the basal parts. In 20% of patients, fibrotic findings are 
distributed mainly in the upper lobes or evenly at all levels of the 
lungs, which rare occur in IPF [32].

In the advanced stages of HP, total replacement of the 
normal parenchyma with fibrous tissue can be observed. 
This process renders the differentiation of HP from other 
fibrotic interstitial pneumonia very difficult radiologically 
and morphologically [45]. An interesting feature of the dis-
tribution of fibrosis zones in chronic HP is often the rela-
tive sparing of costophrenic angles, which is not typical in 
IPF [46].

The increase in intrathoracic lymph nodes is observed in 
27%–53% of patients with subacute and chronic HP. Usually 
the number of such lymph nodes is small, and their size does 
not exceed 15 mm [47]. In chronic HP, there may be signs of 
emphysema not associated with smoking. In such cases, cen-
triacinar emphysema, less often paraseptal and bullous emphy-
sema, predominates mainly in the upper lobes of the lungs [48].

FIG. 3.15 Subacute HP in a poultry farm worker. Diffuse bilateral 
areas of ground-glass opacity, multiple small nodules are visible. 
Separate lobules seem lucent. A small, thin-walled cyst in the S2 of 
the left lung.

FIG. 3.14 Subacute HP in a bird-fancier. Multiple small, poorly defined centrilobular foci, diffusely distributed in the lung parenchyma, creating the 
“graininess” effect observed in the scan (A and B).
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FIG. 3.16 Chronic HP due to prolonged contact with birds. Bilateral subpleural areas of ground-glass opacity and thickened intralobular and interlobu-
lar septa. Thickening of the bronchial walls. The changes are distributed evenly in both the upper and lower fields (A and B).

FIG. 3.17 Chronic HP in a bird-fancier. Diffuse areas of ground-glass opacity with air trapping in the upper lobes (A). Uneven reticular changes (A and B).  
Honeycombing with predominant distribution in the lower lobes. Traction bronchiectasis in the both lungs (C).
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The contemporary diagnostic concept of HP identifies typical CT patterns of the acute/subacute course (upper- and 
middle-lobe predominant ground-glass opacities, poorly defined centrilobular nodules, mosaic attenuation, air trap-
ping, or, more rarely, consolidation) and chronic course (upper- and middle-lobe predominant fibrosis, peribronchovas-
cular fibrosis, honeycombing, mosaic attenuation, air trapping, centrilobular nodules, and relative sparing of the bases).  
These patterns, combined with the history of exposure to the allergen and/or the presence of specific IgG and BAL fluid 
lymphocytosis, are robust indicators for the clinical diagnosis of HP [24].

Probe-based confocal laser endomicroscopy (pCLE)
In two patients with HP examined by pCLE, 35 bronchopulmonary regions were analyzed, 174 informative images were 
obtained, and 1202 measurements were performed. In the visual fields with a normal structure of the alveoli, in 54.3% of 
the regions examined, there were alveolar macrophages in an amount from single cells to covering a half of the field of 
vision, and their giant forms are often noted endomicroscopically in 37.1% (Fig. 3.19A). In general the interalveolar septa 
are moderately thickened in 31.4% of the regions under study. However, there are individual fields of vision in 5.7% of 
regions, with interalveolar septa thickened by more than sixfold (Fig. 3.19E). Using alveoloscopy a significant increase 

FIG. 3.18 Chronic HP in a wood manufacturing worker. Thickening of interlobular and intralobular septa, thickening of the bronchial walls, zones of 
subpleural fibrosis, and consolidation are visible (A). In the lower lobes, there is patchy ground-glass opacity with lobular hyperinflation and separate 
sections of the subpleural honeycombing (B). Changes are more pronounced in the upper and lower fields, whereas the middle zones are affected to a 
lesser extent (C).



FIG. 3.19 PCLE of the distal airways in patients with subacute HP. (A) Normal pattern with the usual thickness of elastic fibers, moderate amount (1–2 
points) of alveolar macrophages (some of them larger than 40 μm). (B) Terminal bronchiole with brightly fluorescent small (3–4 μm) rounded structures 
are distinct. (C) Alveoli have a regular rounded shape, while the walls are thickened by 2.5- to 3-fold, and the diameter is significantly increased. (D) 
Moderately pronounced phenomena of dystelectasis at normal thickness of interalveolar septa. (E) Thickening of interalveolar septa to a maximum of 
61.7 μm with preserved alveolar structures. (F) The absence of differentiation of the acinus structures. The field of vision is completely filled with highly 
autofluorescent elements of connective tissue.



in the diameter of the alveolar structures with interalveolar septa thickened by two- to fourfold was observed in 5.7% of 
the regions (Fig. 3.19C). This observation may indicate the initial stage of “honeycombing lung” formation. In 33.3% of  
the examined zones, in the part of the fields of vision, the phenomenon of dystelectasis is noted (Fig. 3.19D). Out of 20% 
of the bronchopulmonary zones, where signs of replacement of normal alveoli with connective tissue elements are noted 
with the partly saved alveoli, in the fourth part of them, the differentiation of alveolar structures is completely absent 
(Fig. 3.19F). Small, round, bright fluorescent elements are revealed in 25.7% of bronchopulmonary zones in the distal parts 
of the terminal bronchioles (Fig. 3.19B).

Differential diagnosis
Acute forms of HP (AHP) must be differentiated with infectious lesions of the lungs (e.g., mycoplasma, PP, and viral dis-
eases) in which similar CT findings, such as scattered areas of ground-glass opacity and centrilobular nodules caused by 
respiratory bronchiolitis, may be present (Figs. 3.20–3.22).

In PP, even with a diffuse lesion, clearly demarcated intact secondary lobules are possible to detect that resembles mo-
saic attenuation in HP (Fig. 3.21).

The most important factor for differential diagnosis is the recent contact with a potential allergen, which is easily trace-
able in AHP. Opportunistic infections develop in patients with severe immunodeficiency (HIV, treatment with immunosup-
pressants or steroids, and exposure to radiation). Infections causing interstitial inflammation in the lung parenchyma are 
usually accompanied by acute-phase reactions in blood tests, a significant increase in the level of C-reactive protein (often 
>100 mg/L). Moreover, in the case of PP or cytomegalovirus pneumonia, infections are often accompanied by lympho-
penia. Detection of pneumocystis, cytomegalovirus, or mycoplasma pneumonia in the BAL fluid through PCR indicates 

FIG. 3.20 Pneumocystis jirovecii pneumonia. Patchy areas of ground-glass opacity are fused together. Single poorly differentiated small nodules.

FIG. 3.21 Pneumocystis jirovecii pneumonia. Mosaic attenuation is represented by diffuse ground-glass opacity with lobular areas of the parenchyma 
that is not damaged, resembling air trapping in HP. Subpleural sparing.
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the presence of acute infection. The rapid reverse improvement of clinical and radiological symptoms (if contact with the 
allergen) is discontinued—typical of AHP—but not for infectious interstitial pneumonias.

The differential diagnosis of subacute and chronic HP is more difficult, especially if it is not possible to identify an 
obvious association with an allergen. Such forms should be distinguished from NSIP, desquamative interstitial pneumonia 
(DIP), respiratory bronchiolitis associated with ILD (RB-ILD), and IPF (Table 3.4). According to Silva et al., it is possible 
to differentiate chronic HP from NSIP and IPF using CT findings in only 50% of patients [49]. These investigators proposed 
that subpleural honeycombing, the reticular pattern, centrilobular nodules, ground-glass opacity, and costodiaphragmatic 
“sparing” may be present in HP and NSIP (Fig. 3.23) [49].

FIG. 3.22 Community-acquired pneumonia in a 27-year-old patient, caused by M. pneumoniae. Bilateral multiple small foci of ground-glass opacity 
and consolidation with a halo sign (A and B).

TABLE 3.4 Differential signs of HP

 
HP (subacute and 
chronic course) NSIP IPF DIP/RB-ILD

History Contact with allergens
Nonsmokers
Middle-aged and young 
patients

Middle-aged and elderly 
patients, more often 
nonsmoking females
History of arthralgia

Age >50 years, smoking 
history

The majority are 
heavy smokers

Visual signs Clubbing in chronic course Rarely clubbing Clubbing Nonspecific

BAL Lymphocytosis >50%, 
“foamy macrophages”

Moderate lymphocytosis
Moderate neutrophilia

Neutrophilia, possible 
eosinophilia
Lymphocytosis is not 
typical

Eosinophilia 15%–
30%, macrophages 
contain brown 
pigmentation

Radiographic markers Lobular areas of decreased 
attenuation, mosaic 
attenuation, intralobular 
nodules, ground-glass 
opacity. Reticular changes 
and honeycomb lung in 
chronic forms. Uniform 
distribution of affected 
areas. Predominance of 
changes in the upper lobes 
is possible

Absence of strictly 
specific CT signs
Ground-glass opacity, 
traction bronchiectasis
Subpleural sparing

Subpleural reticular 
pattern, traction 
bronchiectasis, 
subpleural 
honeycombing with a 
minimum of ground-
glass opacity and 
consolidation

Ground-glass 
opacity with basal 
and subpleural 
distribution
Intralobular poorly 
defined nodules.
In RB-ILD the 
changes are more 
pronounced in the 
upper parts

HP, hypersensitivity pneumonitis; NSIP, nonspecific interstitial pneumonia; DIP, desquamative interstitial pneumonia; RB-ILD, respiratory bronchiolitis associated 
with interstitial lung disease.
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The most specific CT findings of chronic HP—rarely observed in other types with similar pathology—are air trap-
ping, mosaic attenuation, and a more even distribution of the lesion with capture of the upper lobes. In IPF, unlike HP, 
ground-glass opacity (except for cases of acute exacerbation), the appearance of intralobular nodules, and consolidation 
(Figs. 3.24–3.25) are not typical.

Reticular abnormalities are usually most pronounced in IPF and chronic HP, whereas they are characteristic of cellular 
subtype of NSIP to a lesser extent. Clinically and radiologically the subacute course of HP may be similar to DIP and RB-ILD. 
Nevertheless, DIP and RB-ILD develop almost exclusively in heavy smokers, whereas HP often develops in nonsmokers. In 
DIP and RB-ILD, brown macrophages and eosinophilia are usually found in the BAL fluid. In HP the presence of lympho-
cytosis is revealed. Ground-glass opacity with basal and subpleural distribution are the main CT findings of DIP (Fig. 3.26).

In DIP the emergence of consolidation, lobular hyperinflation, the halo sign, and honeycombing, often observed in HP, 
is not typical. Nevertheless, it has been suggested that it is not possible to reliably differentiate between DIP and HP merely 
through CT [50]. RB-ILD is another disease related to intensive smoking, which may require a differential diagnosis to HP. 
CT scans of such patients invariably reveal the presence of centrilobular nodules and foci of ground-glass opacity, localized 
primarily in the upper lobes (Fig. 3.27). Similarly to DIP a history of smoking, the characteristic BAL, and a lack of association 
with exogenous allergens enable physicians to establish the correct diagnosis without lung biopsy.

Finally, diffuse alveolar hemorrhages with centrilobular ill-defined nodules may resemble the granular pattern (Fig. 3.28) 
or mosaic attenuation (Fig. 3.29) of HP.

FIG. 3.24 Initial manifestations of idiopathic pulmonary fibrosis. Separate subpleural foci of ground-glass opacity, small thickening of interlobular 
septa, fibrous cords in the S6 on both sides, and traction bronchiectasis. Paraseptal emphysema in the cortical layer S3 of the left lung (arrow).

FIG. 3.23 Nonspecific interstitial pneumonia. Patchy areas of ground-glass opacity with a predominance of basal and subpleural distribution are visible. 
Subpleural sparing.



FIG. 3.25 Advanced idiopathic pulmonary fibrosis. Reticular abnormalities and honeycombing are maximal in the subpleural and basal zones and more 
pronounced the right lung. Traction bronchiectasis (A–C).

FIG. 3.26 Desquamative interstitial pneumonia. Bilateral patchy areas of ground-glass opacity with a predominance of lower-lobe distribution in which 
the moderately thickened interlobular septa and emphysema foci are visible. The alternation of ground-glass opacity with intact pulmonary parenchyma 
creates the effect of mosaic attenuation, especially in the lower lobes (A and B).



FIG. 3.28 Microscopic polyangiitis associated with diffuse alveolar hemorrhages. Multiple bilateral, poorly defined polymorphic intralobular nodules. 
Subpleural sparing (A and B).

FIG. 3.29 Systemic lupus erythematosus complicated by diffuse alveolar hemorrhages. Diffuse zones of ground-glass opacity with mosaic attenuation 
and thickened interlobular septa. Subpleural sparing.

FIG. 3.27 Respiratory bronchiolitis associated with interstitial lung disease. Multiple small poorly differentiated nodules. Foci of ground-glass opacity 
present mainly in the right lung. Thickening and deformity of bronchial walls (A and B).
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Treatment and prognosis
The main target in the treatment of HP is the elimination of the allergen. Removal of the antigenic source from housing 
accommodations does not immediately lead to the disappearance of allergens from the air. Craig et al. showed that bird 
antigens persisted in the atmosphere of housing accommodations in a significant concentration up to 6 months (in one case 
up to 18 months) [51]. An additional challenge is the persistent sensitization of lymphocytes and the production of antibod-
ies in the respiratory tract, which is persistent for ≤5 years after the termination of direct contact with the allergen. This can 
lead to progression and relapse of the disease, even after the interruption of exposure to the allergen [52].

Treatment of acute HP is usually limited to the administration of a short course of systemic steroids. In many patients, 
remission can occur spontaneously without any treatment after the termination of contact with the allergen.

The subacute and chronic forms of HP require the administration of systemic steroids. The standard regimen recom-
mended by the American Thoracic Society includes prednisone at a dose of 0.5 mg/kg/day for 6–8 weeks, followed by 
a gradual decrease to a dose of 10 mg/day. Treatment with steroids can be discontinued only in the absence of clinical 
symptoms and functional disorders [3]. In subacute HP the usual duration of steroid therapy is 3–6 months. In patients with 
chronic HP, the question of the possibility of withdrawal of systemic steroids is solved individually. It is recommended that 
physicians strive to reduce the dose to 20 mg per day during the first 3 months of treatment. Long-term treatment of a dose 
>20 mg requires the prevention of pneumocystis infection [53].

In cases of delayed treatment initiation for chronic HP, response to steroid therapy is observed in approximately 58% of 
patients [54]. Such patients should be treated with immunosuppressive agents, namely, azathioprine (1.5–2 mg/kg/day) or 
mycophenolate mofetil (1000–3000 mg/day), for 6–18 months. This treatment demonstrates a significant improvement in 
DLCO and a similar profile of side effects [55].

According to individual clinical reports, rituximab and leflunomide may be used as alternatives to azathioprine and 
mycophenolate mofetil [56].

The off-label administration of antifibrotic drugs (e.g., pirfenidone and nintedanib) prior to the results of the ongo-
ing studies is acceptable in patients with a progressive increase in honeycombing and reticular changes and a UIP-like 
pattern [24].

Treatment of HP with steroid inhalers is generally not justified by controlled studies, although it has been described in 
a few clinical cases [57].

In the absence of repeated contact with the allergen, the course of acute HP is usually favorable, with patients achiev-
ing complete remission. In the subacute and chronic courses, the prognosis is usually determined by the extent of fibrotic 
changes. Poor prognosis for survival is linked to patients with BAL fluid neutrophilia, development of honeycombing, and 
bronchiectasis [29,58]. The presence of histological signs of UIP, fibrotic nonspecific IP, and peribronchiolar fibrosis renders 
the prognosis less favorable. Thus, in UIP pattern, the average period to lung transplantation or death is 3.6 years [59]. In 
general the course of chronic HP is similar to that observed for IPF. An insufficient response to steroids, possible periods 
of exacerbation with increased clinical and radiological signs of the disease, and a similar morphological pattern align this 
variant of HP with IPF.

In the chronic course of HP, as in IPF, lung cancer develops in approximately 10% of patients, most often occurring in 
the areas of honeycombing [60].
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Chapter 4.1

Pulmonary alveolar proteinosis
Pulmonary alveolar proteinosis (PAP) is a rare lung disease characterized by the accumulation of a protein-lipid complex 
in the alveoli due to impaired utilization of surfactant by alveolar macrophages [1]. The condition was first described by 
Rosen et al. in 1958 [2]. Some experts consider PAP to be a syndrome that comprises various heterogeneous disorders 
manifested by the accumulation of surfactant components in the alveolar space for various reasons [3]. According to epide-
miological studies, PAP occurs with a frequency of two to four cases per 1 million adults. A higher prevalence of up to 6.2 
cases per million has been described in some populations [4]. An analysis of 410 patients with PAP showed that the patients 
were predominantly of middle age (mean age 39 years for men and 35 years for women), that the disease was 2.65 times 
more common in male smokers than in women smokers, and that among nonsmokers there were fewer men than women 
(in the ratio 0.69:1) [5].

There are three forms of PAP: congenital, secondary (pseudoproteinosis), and autoimmune (previously referred to as an 
idiopathic form). The congenital form is caused by mutations of the genes that encode the structure of α and β subunits of 
 granulocyte-macrophage colony-stimulating factor (GM-CSF) and is more common in children [1]. The secondary form develops 
due to alveolar clearance being damaged by macrophages resulting from an underlying disease (such as blood disorders, severe 
immunodeficiency, or tumors) or the inhalation of inorganic dust, toxic vapors, NO2, and other pollutants (see Table 4.1.1) [6].

In 90% of cases, PAP is considered to be an autoimmune disease, because patients have elevated titers of antibodies to 
GM-CSF [7]. An autoimmune attack downregulates the clearance activity of alveolar GM-CSF-dependent macrophages 
and disrupts surfactant homeostasis [1,6]. In addition, a so-called metabolic dysfunction of the pulmonary surfactant that 
results from genetically determined erroneous surfactant synthesis has recently been identified [3]. Thus PAP may develop 
not only as a result of clearance disruption but also due to abnormal surfactant production.

Morphology
Alveolar proteinosis is diagnosed by characteristic macroscopic and microscopic features. At macroscopic examination the 
lungs are heavy and dense, and sometimes foci of consolidation are observed. Cut surfaces drain viscous yellowish fluid. 
Microscopic examination shows areas of acellular intra-alveolar Schiff-positive lipoprotein deposits that are separated by 
broad areas of intact lung tissue (Figs. 4.1.1–4.1.4). Lipoprotein masses have a fine-granular structure and are stained with 
eosin. This amorphous material fills alveolar sacs, alveolar ducts, and respiratory bronchioles with minimal interstitial 
inflammation [8]. However, if the process is long term, interstitial fibrosis develops and giant cell reaction with clusters of 
multinucleated foreign-body giant cells (Fig. 4.1.5). The presence of surfactant and surfactant apoprotein can be confirmed 
by immunohistochemical study [9]. Electron microscopy shows concentrically multilaminated bodies containing surfac-
tant, which are produced by type 2 pneumocytes [10]. The condition may be complicated by a secondary infection with an 
inflammatory response in the lung tissue.

Chapter 4
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Clinical presentation
The clinical presentation of PAP is nonspecific. Most patients complain of a slowly progressing shortness of breath and 
an unproductive cough. The presence of sputum and fever is usually associated with the development of lower respira-
tory tract infections. Between 10% and 30% of patients are asymptomatic at the time of diagnosis. For the remainder, 
it typically takes between 7 and 11 months between the appearance of first symptoms and the establishment of a PAP 
diagnosis [7]. Although this disorder most often develops gradually, cases with an acute manifestation of symptoms 
and the rapid development of dyspnea have been described [11]. Physical examination and lung auscultation generally 
do not reveal any special features, except in severe cases, where there can be evidence of respiratory failure and basilar 
crackles.

TABLE 4.1.1 Causes of secondary alveolar proteinosis [1,3,6, supplemented]

Type of disorder Causes

Hematologic disorders Fanconi anemia
Myelodysplastic syndrome
Acute myeloid leukemia
Chronic lymphocytic leukemia
Chronic myelogenous leukemia
Lymphoma

Hereditary disorders Congenital lysinuria (aminoaciduria and lysinuric protein intolerance)
Niemann–Pick disease, type C2

Immune deficiency Thymic alymphoplasia
IgA deficiency
Immunosuppression after organ transplantation
Severe combined immunodeficiency

Autoimmune disorders Psoriasis
Amyloidosis
IgG monoclonal gammopathy
Connective tissue diseases
Transplanted lung
Ulcerative colitis

Neoplastic disorders Lung cancer
Mesothelioma
Melanoma
Glioblastoma metastases in the lungs

Inhalation of pollutants Coal dust
Cotton
Cement dust
Titanium dust
Aluminum dust
Indium oxide
Cellulose
NO2

Infections HIV
Nocardia
Cytomegalovirus
Pneumocystis jirovecii
Histoplasma capsulatum
Cryptococcus neoformans
Mycobacterium tuberculosis
Mycobacterium avium complex

Other lung disorders Hypersensitivity pneumonitis
Alveolar microlithiasis
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FIG.  4.1.1 PAP. Accumulation of homogeneous granular masses in alveolar space and the presence of interstitial inflammatory infiltration. H&E  
stain, 100×.

FIG. 4.1.2 PAP. Accumulation of homogeneous granular masses in alveolar sacs under the pleura and interstitial infiltration by granulocytes and 
eosinophils. H&E stain, 200×.

FIG. 4.1.3 PAP. Accumulation of homogeneous lipoprotein masses in alveolar space. H&E stain, 200×.
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Diagnosis
The chest radiograph can detect changes in the lungs even at a preclinical stage of PAP. In general, bilateral multifocal 
patchy ill-defined airspace opacities are observed; these are often interpreted as a manifestation of pulmonary infection 
(Fig. 4.1.6).

Characteristic features for PAP observed on high-resolution computer tomography (HRCT) are the presence of ground-
glass opacity (GGO) and thickening of the interlobular septa [3] (Fig. 4.1.7).

The GGO has the following characteristics:
● It is always bilateral.
● Areas of GGO are sharply demarcated from areas of intact parenchyma and have an irregular shape, which gives 

them the appearance of a “geographic map.”
● There is an absence of any preferences of distribution.
● The process may be patchy or diffuse.

FIG. 4.1.4 PAP. Granular Schiff-positive masses filling alveoli. PAS reaction, 200×.

FIG.  4.1.5 PAP. Patchy alveolar filling by homogeneous mass accompanied with inflammatory infiltration and mild interstitial fibrosis. H&E  
stain, 200×.
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FIG. 4.1.6 Chest radiograph of a patient with autoimmune pulmonary alveolar proteinosis. Numerous asymmetrical patchy areas of airspace opacities 
can be observed in both lungs.

FIG. 4.1.7 Autoimmune PAP. Bilateral areas of GGO demarcated from normal lung tissue. Interlobular septal thickening is visible mainly in the basal 
lung segments (A, B, and C).

(A) (B)

(C)
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Haruyuki Ishii et  al. compared GGO signs in 42 patients with autoimmune or secondary PAP. They found limited 
“geographic map” areas with a subpleural location in 71% of patients with autoimmune forms of PAP but only in 24% 
of patients with secondary PAP. A diffuse distribution of GGO was more typical for patients with secondary PAP; this 
was seen in 61% of these patients, compared with 19% of patients with autoimmune PAP [12]. A case of unilateral PAP 
with a limited subpleural area of GGO, originally interpreted as bronchioloalveolar adenocarcinoma, has also been 
described [13].

Thickening of interlobular septa has the following characteristics on HRCT:
● It is only observed in the GGO areas.
● It has the visual appearance of crazy paving sign (Fig. 4.1.8).

Thickening of the interlobular septa is due to the accumulation of lipoprotein complexes, septal edema, and macrophage 
infiltration. It has been shown that crazy paving is characteristic for autoimmune PAP, where it is present in 71% of cases 
[12]. However, only 14% of patients with secondary PAP exhibited this signs.
Although the crazy paving sign was first described in patients with PAP and was at the time considered a specific feature 
of this disorder, it was later established that this sign occurs in a number of other pathological conditions, which have to 
be differentiated from PAP. Among these are interstitial pneumonias, minimally invasive adenocarcinoma/lepidic invasive 
adenocarcinoma (formerly bronchioloalveolar adenocarcinoma), hypersensitivity pneumonitis, lipoid pneumonia, drug-
induced lung disease, and a number of other disorders (Table 4.1.2).

Because such a wide range of conditions can be accompanied by radiological sign of crazy paving and often by a similar 
clinical presentation to PAP, HRCT cannot be considered as the sole and decisive method for a PAP diagnosis. However, it 
may reveal additional features that are not characteristic for PAP. For example, the concurrent presence of honeycombing, 
lymphadenopathy, nodules, or pleural effusion practically allows PAP to be excluded as a diagnosis if the patient does not 
have a concomitant lung disease.

As surfactant detritus accumulates in the alveoli, thick interlobular septa merge with filled alveolar spaces and form foci 
of consolidation (Fig. 4.1.9).

The analysis of bronchoalveolar lavage (BAL) fluid should be considered an important diagnostic tool. Patients with 
PAP have opalescent, turbid, white or yellowish fluid that settles into a dense sediment (Fig. 4.1.10). The protein concen-
tration is 10–100 times higher than normal. The solid phase is Schick-positive. Antibodies to GM-CSF are present in the 
BAL fluid and blood serum of almost all patients with autoimmune PAP. A characteristic of PAP is the presence of foamy 
macrophages, which contain eosinophilic granules and extracellular hyaline bodies [1].

The regular comprehensive blood test panel does not usually show any significant abnormalities, although a patient 
in our practice with an aggressive course of PAP exhibited a low-grade fever and an increased level of C-reactive protein 

(A) (B)
FIG. 4.1.8 Autoimmune PAP. Thickening of the interlobular septa creates a pattern similar to crazy paving within the patchy areas of GGO. Abnormalities 
give the impression of a “geographic map” (A and B).
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TABLE 4.1.2 Conditions with a possible sign of crazy paving [14,15, supplemented]

Acute conditions Subacute/chronic conditions

Pulmonary edema Pulmonary alveolar proteinosis

Acute respiratory distress syndrome Idiopathic pulmonary fibrosis

Pulmonary infection (bacterial, viral, mycoplasma,  
and Pneumocystis jirovecii)

Nonspecific interstitial pneumonia

Alveolar hemorrhage Lung lesions in connective tissue diseases

Acute interstitial pneumonia Bronchiolitis obliterans with organizing pneumonia

Radiation pneumonitis Subacute and chronic hypersensitivity pneumonitis

Acute eosinophilic pneumonia Eosinophilic granulomatosis with poliangiitis

 Minimally invasive adenocarcinoma/lepidic invasive adenocarcinoma 
(formerly bronchioloalveolar adenocarcinoma)

 Lymphangitis carcinomatosa

 Chronic eosinophilic pneumonia

 Lipoid pneumonia

 Sarcoidosis

 Alveolar microlithiasis

 Aspiration of barium

 Drug-induced pneumonitis (amiodarone, methotrexate, and bleomycin)

 Diffuse pulmonary lymphangiomatosis

FIG. 4.1.9 PAP. Subpleural consolidation and the areas of GGO with thickened interlobular septa in the basal segments. There is a sharp border between 
most of affected and intact areas.
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(CRP) in the absence of infection. The metabolic panel often shows an elevated level of lactate dehydrogenase (LDH), 
proportional to the severity of the condition [5]. However, such an increase is not specific to PAP and is frequently ob-
served in other lung disorders, such as Pneumocystis jirovecii pneumonia and acute respiratory distress syndrome. If there 
is a reason to suspect PAP, an immunosorbent assay should be performed to determine the presence of serum antibodies 
to GM-CSF. A diagnostic threshold for autoimmune PAP is an antibody concentration >19 mg/mL [16].

Probe-based confocal laser endomicroscopy of distal airways
PAP is one of a limited group of lung disorders for which probe-based confocal laser endomicroscopy of the distal 
airways has a real value both at initial diagnosis and when monitoring its course. We examined six patients with 
autoimmune PAP, 121 bronchopulmonary regions were analyzed, 1017 informative images were obtained, and 4853 
measurements were performed. In all cases, we detected intra-alveolar floating fluorescent complexes that are not 
found in other conditions (Figs. 4.1.11 and 4.1.12A–E). These complexes were detected in 74.4% of the examined 
regions. The interalveolar septa were moderately thickened in 19% of the regions under study (Fig 4.1.12B). Some 
yellow fibers of interalveolar septum were disrupted in 4.1% of the regions examined (Fig 4.1.12F). In 2.5% of the 
regions, alveolus was not seen because of their replacement with the brightly fluorescent elements of connective 
tissue (Fig 4.1.12G).

The intra-alveolar inclusions decreased significantly after whole lung BAL treatment. Alveoscopy detected fluorescent 
masses even in areas of the parenchyma where there were no signs of pathology on HRCT, although to a lesser extent than 
in the areas that were radiographically visualized (Fig. 4.1.13). Based on these findings, we concluded that PAP is not a 
patchy process, but that it diffusely affects the lung parenchyma with varying severity of alveolar accumulation of amor-
phous complexes and that it may proceed subclinically and being radiologically indistinguishable. Another conclusion is 
that confocal laser endomicroscopy of distal airways is more sensitive than HRCT, at least for the diagnosis and evaluation 
of PAP, especially in the early stages [17].

In the past the gold standard of PAP diagnostics has been lung tissue biopsy, obtained either transbronchially or with 
video-assisted thoracoscopic surgery. However, the diagnosis PAP can now be established with a high degree of reliability 

FIG. 4.1.10 Bronchoalveolar lavage fluid of a PAP patient.
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without lung biopsy given the presence of three criteria: a characteristic HRCT pattern, protein material in BAL fluid, and 
a significant antibody titer to GM-CSF [1].

Differential diagnosis
It has been mentioned that it is necessary to differentiate PAP from a number of conditions with a subacute or chronic 
course and similar radiographic patterns, especially those that present the sign of “crazy paving.” The most common dis-
orders that disguise PAP are lepidic invasive adenocarcinoma (formerly bronchioloalveolar adenocarcinoma) (Fig. 4.1.14), 
hypersensitivity pneumonitis (Figs. 4.1.15 and 4.1.16), Pneumocystis jirovecii pneumonia (Fig. 4.1.17), and lipoid pneumo-
nia (Figs. 4.1.18 and 4.1.19).

Their distinctive features are presented in Table 4.1.3.
The disorder with clinical and radiological characteristics most similar to PAP is lipoid pneumonia, which may be 

either exogenous or endogenous. Exogenous forms are more frequent and are associated with the aspiration of vari-
ous fatty substances used for irrigation of the pharynx, administration into the nasal passages, or tracheostomy care. 
The inhalation of oil-based suspensions may also be a cause of lipoid pneumonia (LP). The highest prevalence of this 
condition is seen during early childhood and in the elderly, when there are problems with swallowing and the risk of 
aspiration [18]. Because there is an accumulation of lipids in the alveoli in LP, as in PAP, the clinical and radiological 
presentation may be very similar (Fig. 4.1.18). However, it is more common in LP for the process to be unilateral, or 
predominantly unilateral (more frequently in the right lower lobe), and consolidation areas may appear even in cases 
with smaller lesions, mostly in the basal and spinal segments (Fig. 4.1.19). In PAP, such problems develop at a later 
stage, when a large volume of lung parenchyma is involved in the process.

Sometimes it is necessary to differentiate PAP from diffuse alveolar hemorrhage (DAH), in which spots of GGO with 
thickened interalveolar septa also may be observed (Fig. 4.1.20). However, it is characteristic for DAH to take a more acute 

FIG. 4.1.11 PAP. Probe-based confocal laser endomicroscopy images (pCLE). (A) Normal alveoli. Different degrees of accumulation in the alveoli of 
floating fluorescent complexes, from single bodies (B) to complete filling (F). (C–E) Images demonstrate partial filling of the alveoli with intraluminal 
complexes.
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course, with hemoptysis, and, in most cases, anemia (see Chapter 4.3). It is difficult to differentiate pulmonary involvement 
in systemic diseases (e.g., connective tissue disorders) from secondary alveolar proteinosis, which may develop in patients 
with autoimmune disease (Fig. 4.1.21). In such cases a final diagnosis is possible only after morphological study of biopsy 
material.

It is essential to keep in mind that PAP does not necessarily present the specific CT sign of “crazy paving,” especially 
in the early stages. In such cases, it is difficult to establish the diagnosis without a lung biopsy. It is likely that the develop-
ment of confocal laser endomicroscopy of distal airways will provide a tool that helps toward making a diagnosis of PAP 
without invasive procedures.

FIG. 4.1.12 PAP. PCLE of distal airways. (A) Floating intra-alveolar complexes (more than 200 μm in diameter) on the background of normal alveoli. 
(B) Interalveolar septa are thickened by two to three times; all visible alveoli are filled with moderately fluorescent liquid. (C and D) Floating fluorescent 
complexes of different shape and size in alveoli. (E) Heterogeneous masses with the moderate level of fluorescence, alveoli are not visualized. (F) Normal 
alveoli with single alveolar macrophages, some yellow fibers of interalveolar septum are disrupted (ellipse). (G) Alveolus is not differentiated; brightly 
fluorescent elements of connective tissue are seen. Yellow arrows mark the interalveolar septa.



FIG. 4.1.13 PAP. The correspondence between HRCT and pCLE images. (A) The last scan of the RS4, where a miniprobe is still visible (arrow).  
(B) The next 1.0-mm step without the probe (arrow) demonstrates the focus of the unaffected lung parenchyma by HRCT. (C) The pCLE image displays 
fluorescent floating complexes at the point of the probe, whereas the HRCT image does not show pathology.

FIG. 4.1.14 Lepidic invasive adenocarcinoma. Bilateral mild areas of GGO (A). The crazy paving sign in the fourth and fifth segments of the right lung 
(B and C).

(A) (B)

(C)
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FIG. 4.1.16 Chronic hypersensitivity pneumonitis. Thickened intra- and interlobular septa are visible in the background of GGO areas; multiple air 
trappings, as a manifestation of lymphocytic bronchiolitis (A and B).

(A) (B)

(C)

FIG. 4.1.15 Subacute hypersensitivity pneumonitis. Large areas of GGO, lobular areas of hyperinflation with sharp borders, similar to the “geographic 
map” in PAP. Thickening of intralobular septa; in some areas, there is also mild thickening of interlobular septa.
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FIG. 4.1.17 Pneumocystis jirovecii pneumonia. Diffuse intensive GGO with thickened interlobular septa and consolidation areas in S2 of the right lung.

FIG. 4.1.18 Exogenous lipoid pneumonia in a 76-year-old male patient who used mineral oil for tracheostomy care. Large areas of GGO in the middle 
right lobe and the left lower lobe, with moderate thickening of the interlobular septa.

FIG. 4.1.19 Exogenous lipoid pneumonia. Unilateral subpleural areas of consolidation are surrounded by GGO in a 56-year-old female patient who 
used oil emulsion for oropharynx irrigation.
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TABLE 4.1.3 Pulmonary alveolar proteinosis differential diagnosis

 PAP LIA HP PP LP

Patient type Middle-aged 
patients, 
predominantly male 
smokers

Smokers over 
40 years

Predominantly 
nonsmoking 
women who 
have contact with 
organic pollutants 
(birds, fungi, etc.)

Young and middle-
aged patients with 
HIV or patients of 
any age who receive 
immunosuppressants

Elderly patients 
who use oil-based 
suspensions for 
inhalation or 
insufflation and 
to have impaired 
swallowing

Symptoms 
and course of 
development

Slowly increasing 
dyspnea

Cough, which may 
be with abundant 
sputum, hemoptysis, 
increasing shortness 
of breath, weight 
loss

Shortness of breath, 
dry cough, slight 
fever (not always)

Fever, weight 
loss, progressive 
shortness of breath

Chronic cough, 
slowly progressive 
shortness of breath

Blood test results Normal, possible 
increased LDH, 
increased GM-CSF 
antibody titer

Anemia, increased 
ESR, increased CRP

Slightly increased 
ESR, increased CRP 
and LDH

Moderately 
increased ESR, 
increased CRP and 
LDH

Normal or slightly 
increased ESR

BAL fluid Milky, opalescent 
fluid with a high 
protein content

Neutrophils and 
cancer cells

Lymphocytosis 
>40%–50%

Positive PCR for P. 
jirovecii

Milky fluid, 
the presence 
of lipid–laden 
macrophages, 
slight eosinophilia

CT results Bilateral, sharply 
demarcated GGOs 
with thickening 
of interlobular 
septa. Foci of 
consolidation are 
present in severe 
cases

Bilateral areas of 
consolidation, 
surrounded by 
GGO and crazy 
paving. Air 
bronchogram, 
pseudocysts, 
centrilobular 
nodules, 
lymphadenopathy

Lobular areas 
of air trapping, 
centrilobular ill-
defined nodules, 
patchy or diffuse 
GGO

Bilateral areas 
of GGO, 
predominantly 
in the upper and 
middle zones. 
Thickening of the 
interlobular septa. 
Possible areas of 
consolidation and 
cystic changes

Areas of 
consolidation, 
not infrequently 
unilateral, 
often in the 
basal segments, 
surrounded by 
GGO areas and 
crazy paving

PAP, pulmonary alveolar proteinosis; LIA, lepidic invasive adenocarcinoma (formerly bronchioloalveolar adenocarcinoma); HP, hypersensitivity pneumonitis; 
PP, Pneumocystis jirovechii pneumonia; LP, lipoid pneumonia; ESR, erythrocyte sedimentation rate; LDH, lactate dehydrogenase.

FIG. 4.1.20 Diffuse alveolar hemorrhage in ANCA-associated vasculitis. Patchy areas of GGO associated with thickening of the interlobular and 
intralobular septa. Subleural sparing is visible.
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Treatment and prognosis
An efficient, low-cost, albeit old, method for the treatment of patients with PAP is a whole lung lavage (WLL). The 
procedure is performed under general anesthesia in a supine or lateral position, with separate intubation for the right 
and left lungs. During the procedure, one lung is ventilated with O2 at a concentration sufficient to maintain normal 
gas exchange parameters, and the other lung is washed with a sterile isotonic solution of sodium chloride, warmed to 
37°C [19]. The total volume of liquid needed is between 5 and 40 L, depending on the size of the area that needs to be 
washed (a segment, lobe, or the whole lung); the average is 15.4 L per lung [19]. The procedure takes between 2 and 
6 h. Manual percussion or high-frequency airway clearance is used frequently during the procedure [20]. The result of 
effective therapeutic WLL is a collection of turbid liquid in which a precipitate forms after standing. After treatment, 
patients have reduced dyspnea and improved respiratory function and blood gas levels; the chest radiograph and HRCT 
show positive dynamics of changes in the lungs. Clinical, functional, and radiological improvement are observed in 
most patients, with the most rapid and significant improvement observed in PaO2 [5]. According to our data, HRCT 
within 5 days after the procedure do not show significant positive dynamics (Fig. 4.1.22), and so follow-up with HRCT 
should be conducted no sooner than one month after WLL. After the therapeutic WLL the protein-lipid complex begins 
to accumulate again in the lung at different rates. The therapeutic effect of properly performed WLL lasts, on average, 

FIG. 4.1.21 Secondary PAP in a patient with dermatomyositis/polymyositis and interstitial lung disease (nonspecific interstitial pneumonia). Clearly 
demarcated GGO area with thickened intralobular septa is on the right; reticular abnormalities with traction bronchiectasis in the left low lobe.

(A) (B)
FIG. 4.1.22 HRCT monitoring of the effectiveness of therapeutic BAL before (A) and 5 days after (B) the procedure in a 37-year-old patient. A mild 
decrease lung attenuation in the ground-glass areas.
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(A) (B)
FIG. 4.1.23 Autoimmune PAP follow-up in a 47-year-old patient: (A) Before WLL. Diffuse area of GGO and associated reticular opacities. (B) Twenty-
four months from WLL of only the right lung. Interlobular septal thickening with mild foci of GGO in both lungs.

(A) (B)

(C)
FIG. 4.1.24 Progressive course of PAP in a 37-year-old patient, who didn’t take any treatment. First CT scan. Moderate subpleural GGO areas and 
reticular abnormalities (A). Follow-up at 3 years. Areas of extensive GGO and associated interlobular septal thickening (B). Follow-up at 7 years. Diffuse 
subtotal areas of increased attenuation—GGO with interlobular thickening turning into consolidation (C).

for about 15 months [4]. We observed one patient whose HRCT signs of PAP were minimal in both lungs two years 
after a lavage of only right lung (Fig. 4.1.23). It is possible this was a case of the spontaneous remission of PAP, which 
has being described in some patients [5,21].

A relatively new direction in PAP treatment is the use of GM-CSF. As discussed earlier the presence of antibodies to 
GM-CSF inhibits its biological activity in patients with PAP. A meta-analysis of the efficacy of subcutaneous and inhalation 
forms of GM-CSF application has demonstrated a positive effect of this therapy in 43%–96% of cases, with a moderate 
effect observed in 56% of patients. Relapse after treatment was seen in 30% of patients. It should be noted that it takes on 
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average 8 weeks from the beginning of treatment to obtain a clinical effect, and different doses and duration of treatment 
are needed to achieve results [22]. Follow-up of 30 months from the end of therapy with patients who received inhaled GM-
CSF showed that the clinical and radiological effects persisted in 66% of cases [23].

The first pilot study of the efficacy of rituximab in 10 patients with PAP demonstrated a significant improvement in gas 
exchange and HRCT results, with minimal changes in functional parameters (diffusing lung capacity and 6-min walk dis-
tance); the study also showed a significant improvement in alveolar clearance in the patients treated with rituximab [24,25]. 
Veno-venous extracorporeal membrane oxygenation can be used in severe cases with progressive respiratory failure, in-
cluding for gas exchange support during WLL [26]. Lung transplantation is performed if all conservative measures have 
failed. However, the recurrence of the disease is often developed in the lung allograft [8]. A new promising direction in the 
treatment of PAP has recently been demonstrated using a humanized immunodeficiency mouse model of hereditary disease. 
Happle et al. showed that human-induced pluripotent stem cell-derived macrophages, transplanted intrapulmonarily and 
engrafted into the lung parenchyma, become similar to the primary host macrophages and could uptake surfactant, reducing 
lipoid accumulation in the respiratory tract [27].

The prognosis of PAP is generally favorable, especially if the diagnosis was established before the onset of severe re-
spiratory failure. However, the condition slowly progresses in the absence of treatment and/or the continuation of smoking 
(Fig. 4.1.24). In early studies the 5-year survival rate was estimated at 75% [5]. In the study by Inoue [4], no deaths were 
recorded among autoimmune PAP patients during a 5-year follow-up period. It is generally believed that patients with 
autoimmune PAP have phagocytosis deficiency and therefore are more prone to respiratory infections, which is the second 
leading cause of death in PAP patients after respiratory failure [3].
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Chapter 4.2

Alveolar microlithiasis
Alveolar microlithiasis (AML) is a rare autosomal-recessive disease characterized by widespread deposition of spherical 
calcium and phosphorus deposits in the intra-alveolar space [1]. By 2015, there were 1022 reported cases, predominantly in 
Asia (56.3%) and Europe (27.8%). AML is more common in males and clinically manifests in the second and third decades 
of life in most cases, although AML in newborns and elderly patients up to 84 years in age were also described [2].

AML results from a mutation in SLC34A2, which regulates the phosphorus transport in the alveoli [3]. Aberrant gene 
function leads to impaired capture of phosphorus, which is formed during the degradation of the surfactant phospholipids. 
The subsequent accumulation of excessive phosphorus in combination with calcium leads to the formation of intra-alveolar 
salt deposits called calciferites, calcospherites, or microliths [4]. The incidence of mutant SLC34A2 alleles in the general 
population is very low, less than 0.008 [4].

Despite the evident genetic cause, most of the known AML cases are considered sporadic (62.7%), with only 37.2% of 
all AM cases reported as familial [2].

Morphology
At macroscopic examination, both lungs are invariably affected, which exhibit dense consistency due to reduced alveolar 
space and are often with a granular parietal pleural surface. On palpation the tissue contains inclusions resembling sand 
grains. The total weight of the lungs is increased and can reach 5 kg in some cases [5].

Microscopic examination of the lung tissue reveals concentrically laminated calcifications with small-sized radial stria-
tions ranging from a few microns to several millimeters. These acid-Schiff-positive microcalcifications are localized in the 
alveolar lumen and the pulmonary interstitium, as well as in the walls of blood vessels, bronchi, and visceral pleural layers 
(Figs. 4.2.1–4.2.4) [6]. Calcium deposition can lead to the development of interstitial fibrosis and progression of pulmonary 
and heart failure. In some cases, foci of ossification may occur.

The differential diagnosis of AML includes other lung diseases accompanied by calcification and ossification, mainly 
dystrophic and metastatic lung calcification, as well as diffuse ossification of the lungs.

Dystrophic calcification results from healing of foci of necrosis, degenerations, and sclerosis, which occurs most com-
monly in tuberculosis (Ghon lesions and Aschoff-Puhl foci, Figs. 4.2.5 and 4.2.6) and histoplasmosis, as well as in viral and 
parasitic pneumonia. Separate foci of dystrophic calcification are accompanied by the formation of bone and bone marrow 
tissue, which differ from AML by their larger size and amorphous structure, as well as the presence of signs related to the 
main pulmonary pathology.

Metastatic calcification in the lungs (MCL) can develop in patients with hypercalcemia as a consequence of chronic 
diseases of the thyroid and parathyroid glands, intestines, and kidneys; sarcoidosis; and liver transplantation; this type 
is termed benign metastatic calcification. Conversely, hypercalcemia due to multiple bone metastases in patients with 

FIG. 4.2.1 Pulmonary alveolar microlithiasis. Laminated calcifications in the lumen of the alveoli. Hematoxylin and eosin (H&E) staining, 100×.
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FIG. 4.2.3 Pulmonary alveolar microlithiasis. Laminated calcifications in the alveolar lumen. Interstitial sclerosis in the adjacent lung tissue. H&E 
stain, 600×.

FIG. 4.2.4 Pulmonary alveolar microlithiasis. Laminated calcifications in the pulmonary interstitium of the perivascular tissue. H&E stain, 600×.

FIG. 4.2.2 Pulmonary alveolar microlithiasis. Laminated calcifications in the alveolar lumen. Interstitial sclerosis in the adjacent lung tissue. H&E 
stain, 100×.
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 multiple myeloma or lung cancer or breast cancer metastasis leads to the development of malignant metastatic calcification. 
Microscopic examination of amorphous deposits of small-sized calcium salts is found in the pulmonary interstitium and the 
walls of the alveoli and bronchi (Fig. 4.2.7). MCL differ from AML by their larger size and amorphous structure, the pres-
ence of signs of the underlying disease that are accompanied with calcification in other organs (i.e., the kidney, stomach, 
and myocardium), and hypercalcemia.

Diffuse ossification of the lungs (DOL) is a rare disease of unknown origin, which is characterized by unilateral or 
bilateral lesions in the lower lobes of the lungs, accompanied with the formation of bone-tissue foci with bone mar-
row in the pulmonary interstitium [7,8]. There are two forms of DOL: dendriform parenchymal osteodystrophy (DPOD) 
(Figs. 4.2.8 and 4.2.9) and nodular parenchymal pulmonary osteodystrophy (NPPO) [7,9]. NPPO is characterized by the 
formation of foci in the lung tissue; histological examination reveals round, ossified lesions inside the affected alveoli [9]. 
DPOD is characterized by the presence of dendriform or coral-like formations growing in a serpentine form along the 
alveolar septa with invasion into the alveolar space [9].

Clinical presentation
The clinical manifestations of AML depend on the extent of the lung parenchymal involvement. More than half of the 
AML cases reported were asymptomatic and diagnosed during routine evaluation [10]. The most common symptoms are 
dyspnea, dry cough, chest pain, hemoptysis, and fatigue [6]. In the advanced disease stage with respiratory failure, finger 
clubbing may be present [2]. During auscultation, crackles and rhonchi in the lower fields are often heard.

Extrapulmonary manifestations of AML were rarely reported, which are usually observed as extrapulmonary microliths 
in the seminal vesicles and epididymides, accompanied by azoospermia. Calcification in the kidneys, prostate, pericar-
dium, gall bladder, and other organs described in AML patients is already larger accumulations of calcium and cannot be 

FIG.  4.2.5 Dystrophic calcification in tuberculosis. Gross specimen. Petrification in the right lung apex is white with a stonelike density  
(Aschoff-Puhl foci).

FIG. 4.2.6 Dystrophic calcification in tuberculosis (Ghon lesion). Fragments of the fibrous capsule around the petrification with trabeculae of bone and 
bone marrow tissue, 200×.
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FIG. 4.2.8 Diffuse parenchymal lung osteodystrophy, dendritic form. Multiple petrification lesions in the pulmonary interstitium with bone marrow 
tissue. H&E staining, 100×.

FIG. 4.2.9 Diffuse parenchymal lung osteodystrophy, dendritic form. Foci of bone marrow tissue and trabeculae of bone in the pulmonary interstitium. 
H&E staining, 600×.

FIG. 4.2.7 Metastatic calcification in hyperplasia of the parathyroid glands. Petrification in the bronchus wall with tissue ossification. H&E staining, 200×.
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 unambiguously interpreted solely as a manifestation of AML [6]. The disease course of AML is usually benign; clinical 
and radiological symptoms may remain stable for many months and even years. According to Klikovits et al. the average 
disease duration from the detection of radiological changes to the onset of clinical symptoms was 25.2 years [11]. The 
maximum follow-up duration of an AML patient was 58 years [2]. However, rapidly progressive forms leading to the de-
velopment of respiratory failure within one year after diagnosis were also reported [12]. In one study the course of AML 
was determined to be more aggressive in smokers than in those who never smoked [5]. The average life expectancy of AML 
patients ranges between 10 and 15 years from the time of definitive diagnosis [13].

Diagnosis
Diagnosis is based on the analysis of chest X-ray and HRCT images and biopsy material. Bronchoscopy with transbron-
chial biopsy and bronchoalveolar lavage (BAL) are minimally invasive methods for AML diagnosis. Microliths are often 
found in the BAL fluid sediment [14], and the volume of histological material is usually sufficient to detect typical acid-
Schiff-positive calciospherocitis.

Radiography

The radiological diagnosis of AML is very difficult during the early disease stage, that is, precalcification. All patients 
are asymptomatic, and the number and the density of microliths are still insufficient for their definitive identification as 
calcifications; on radiographs and high-resolution computed tomography (HRCT) images, multiple focal reductions in 
transparency with ground-glass opacity are identified. These presentations, described exclusively in pediatric cases, can 
probably be revealed at the time of disease onset in adults [15]. At later stages the phosphorus and calcium salts accumulate 
in the alveolar space, a presentation described by many authors as sandstorm lung on chest radiographs, which includes bi-
lateral, diffuse scattered areas of micronodular calcifications, with increasing intensity toward the lower fields of the lungs 
(Fig. 4.2.10) [16]. Due to the high density, the contours of the lungs fuse with the shadow of the heart, diaphragm, and chest 
wall, and the pleural sinuses become impossible to visualize [6]. A distinctive feature of AML is the dissociation between 
the radiological and clinical data. Despite the massive involvement of the pulmonary parenchyma by radiography, patients 
may experience minimal clinical symptoms.

FIG. 4.2.10 Chest radiograph in a patient with alveolar microlithiasis (AML). Multiple bilateral dense foci, merging together, primarily in the middle 
and basal zones, to create the impression of a snow storm. (Case courtesy of Dr. M.V. Samsonova and Prof. A.L. Chernyaev, Pulmonology Scientific and 
Research Institute, Moscow, Russia.)
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Computed tomography
HRCT is the most important primary diagnostic tool for AML. The changes detected by HRCT are so specific that many 
authors deny the need for morphological verification of AML [17]. We propose that this provision relates only to the later 
disease stages. At earlier stages (Fig. 4.2.11), HRCT may not be the definitive diagnostic method. In three studies includ-
ing a total of 33 AML patients [17–19], the following features were identified: innumerous parenchymal calcified nodules 
about 1 mm in diameter (70%–100%), ground-glass opacity (90%–100%), innumerous small subpleural nodules (50%–
100%); subpleural cysts (50%–100%) as a reflection of concomitant interstitial fibrosis, pleural thickening, and subpleu-
ral linear calcification (69%–90%); consolidation areas, primarily in the lower posterior fields (46%–100%); and mosaic 
pattern (crazy paving, 40%–69%). Following close contact of the separately located nodules, a large-scale calcification 
of more than the typical size of 1–2 mm can be observed by HRCT. In the study by Sumikawa et al. [18], all 10 patients 
had thickening of the interlobular septa, which was not described as a separate finding in other studies, which however 
identified calcifications along the interlobular septa in 46%–50% of the cases. The perilobular or centrilobular arrange-
ment of the calcifications is typical, whereas the perilymphatic pattern is less common (Fig. 4.2.11), with a predominantly 
subpleural and peribronchovascular distribution [20]. Some studies noted the characteristic symptom of “black pleura”, 
which is the radiolucent line between the calcined lung parenchyma and the adjacent ribs, which is readily visible on 
X-ray; in HRCT images, it resembles a chain of subpleural cysts (Fig. 4.2.12) [17]. At the late stages of the disease, due to 

(A) (B)

(C) (D)
FIG. 4.2.11 AML. Innumerous bilateral centrilobular nodules, 1–2 mm in diameter, of different density ranging from ground-glass opacity to bone-tissue-
like attenuation. In comparable sections in the pulmonary (A) and mediastinal lymph nodes (B), maximum calcification is observed in the peribroncho-
vascular and subpleural regions. (A, C, D) Distinct perilymphatic distribution pattern. In some areas, larger calcifications are noted, which are arranged in 
chains along the visceral pleura and large bronchi. Mosaic thickening of interlobular septa. (A) The beginning of the formation of small subpleural cysts. 
(Case courtesy of Dr. M.V. Samsonova and Prof. A.L. Chernyaev, Pulmonology Scientific and Research Institute, Moscow, Russia.)
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(A) (B)

(C) (D)

(E)
FIG. 4.2.12 AML, advanced stage. (A–D) Diffuse filling of the lung parenchyma with small calcifications, sometimes merging into conglomerates. 
Multiple subpleural small cysts merging together. (E) Subtotal replacement of the lung parenchyma with calcined foci, in a presentation termed white 
lungs. Bullous changes in the upper lobes of the lungs. Traction bronchiectasis is also visible. The “black pleura” sign is presented. (Case courtesy of Prof. 
S.N. Avdeev, Sechenov First Moscow State Medical University, Moscow, Russia.)
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total calcification and fibrosis of the surrounding tissue, the so-called sign of white lungs appears; paraseptal and bullous 
emphysema in the upper lobes are also often detected, and pneumothorax is possible (Fig. 4.2.12) [21].

Additional imaging methods are magnetic resonance imaging (MRI) and chest ultrasonography. MRI in AML pa-
tients reveals increased signal intensity in the lower fields of the lungs on T1-weighted images [22]. This effect is due 
to the  accumulation of microliths and differs from the increased T-signal, which is observed in pulmonary fibrosis. 
Ultrasonography reveals the irregularity and thickening of the pleura, as well as innumerous small subpleural echoic foci 
without significant acoustic shadowing [23,24].

Functional diagnostic, which is not essential for the initial diagnosis, is nonetheless important for assessing the sever-
ity of respiratory failure and monitoring the disease course. Usually, either a normal or a restrictive functional pattern is 
detected. The diffusion capacity of the lungs decreases with the progressing of the disease. Among other diagnostic tools, 
an increase in serum levels of surfactant proteins A and D can be noted in AML patients; however, these changes can be 
observed in other alveolar lesions and are more likely to be utilized for monitoring the disease progression [25].

Differential diagnosis
The differential diagnosis is performed primarily to rule out diseases that can manifest with innumerous small calcified 
nodules by chest radiography or CT, including, most frequently, metastatic calcification in the lungs (MCL), followed by 
certain pulmonary infections, recurrent diffuse alveolar hemorrhage, occupational diseases, and diffuse pulmonary ossifica-
tion (Table 4.2.1).

MCL is a rare metabolic disorder usually caused by diseases accompanied by hypercalcemia and manifests with the 
deposition of calcium salts in the interstitium [26]. MCL is most commonly caused by chronic renal failure; however, other 
benign and malignant diseases with chronically increased serum calcium and phosphorus levels can lead to their deposi-
tion in the lungs. These conditions include primary and secondary hyperparathyroidism; overdose of calcium and vitamin 
D; sarcoidosis; milk-alkali syndrome; osteoporosis; osteitis deformans and complications of renal, liver, and heart trans-
plantation; cardiac surgery; multiple myeloma; parathyroid carcinoma; leukemia; lymphoma; breast carcinoma; synovial 
carcinoma; choriocarcinoma; malignant melanoma; and hypopharyngeal squamous carcinoma [26]. Similar to AML, MCL 
may be asymptomatic or present with clinical manifestations that are not different from those of AML.

However, the HRCT characteristics of MCL differ significantly from those of AML. First the distribution pattern pre-
dominantly involves the upper lobes of the lungs. Second the multiple calcified nodules are significantly larger in size 
compared with those in AML and range from 3 to 10 mm. Third the nodules often look fluffy, mimicking airspace nodules, 
rather than appearing completely calcified as that observed in AML. Finally, in MCL, simultaneously calcified nodules are 
often found in the vessels of the soft tissues of the chest and other organs including the heart, bronchial walls, small pulmo-
nary arteries, superior vena cava, and dura of the dorsal spine [27,28].

An additional differential test is the determination of calcium and phosphorus levels in serum, which are within the 
normal range in AML. Pulmonary hemosiderosis (idiopathic or secondary) may manifest with the accumulation of hemo-
siderin and calcium deposition, which creates a pattern of innumerous, high-level foci that is sometimes called endogenous 
pneumoconiosis [27]. As a rule, thickened interlobular septa are also present. However, a history of recurrent diffuse alveo-
lar hemorrhage in pulmonary hemosiderosis aids in establishing the correct diagnosis.

Postinfectious innumerous small calcifications in the lung parenchyma can be formed as a result of primary focal 
necrotic injury, such that may occur in disseminated tuberculosis, histoplasmosis, and varicella pneumonia [20]. In the 
first two instances, calcification occurs not only in the lungs but also in the hilar or mediastinal lymph nodes. These 
calcifications are usually larger in size (2–5 mm) [27], their total number is significantly less than that in AML, and the 
typical basal distribution pattern typical for AML is not observed (Fig. 4.2.13). If patients do not have a history of any of 
these diseases, circulating antibodies to pathogens (histoplasmosis and varicella) or the T-SPOT.TB test for suspicious 
history of tuberculosis should be determined.

One of the rare radiological patterns of silicosis and coal worker pneumoconiosis is diffuse innumerous calcined 
parenchymal nodules, which tend to distribute in the middle and upper fields of the lungs (Fig. 4.2.14) [27].

Patients exposed to the dust particles of iron oxide (siderosis), tin oxide (stannosis), and barium (baritosis) can manifest 
with a similar pattern. The size of the nodules is less than 5 mm, and their number is generally much lower than that ob-
served in AML [28,29]. In typical cases, lung metastases of osteogenic sarcoma or chondrosarcoma manifest as calcified 
lesions and nodes, with partial or total calcification (Fig. 4.2.15) [29].

Another similar to AML condition is diffuse ossification of the lungs (DOL). DOL is a very rare disease in which ecto-
pic formation of bone-tissue fragments with bone marrow occurs in alveolar spaces [30]. Over the 160 years since its first 



TABLE 4.2.1 Differential range of alveolar microlithiasis

 AML MCL Hemosiderosis Postinfectious Pneumonoconiosis DOL

Anamnesis Family history in 
30%

Renal failure, 
multiple myeloma, 
hyperparathyroidism, etc.

Recurrent alveolar 
hemorrhages

Miliary tuberculosis, 
severe histoplasmosis, 
varicella pneumonia, 
immunodeficiency

Work with coal dust 
and its derivatives, dust 
particles of iron oxide, tin 
or barium oxide

Mostly male over 
50 years of age, 
gastroesophageal reflux 
disease, congestive 
left ventricular failure, 
fibrous lung diseases

Focal size (mm) 1–2 3–10 2–5 2–5 <5 1–5

Distribution pattern Basal preference Upper zonal preference Perihilar Random or upper lobe 
distribution

Preferably in upper and 
middle lobes

Basal preference

Calcification of 
hilar lymph nodes

Not typical Frequent Not typical Frequent Frequent Not typical

Serum calcium 
level

Normal Increased Normal Normal Normal Normal

AML, alveolar microlithiasis; MCL, metastatic calcification in the lungs; DOL, diffuse ossification in the lungs.
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description by Luschka in 1856 [31], about 100 individual cases were reported, with most as autopsy  observations. The 
pathogenesis of DOL is unclear; we suggest that it might result from epithelial-mesenchymal transition with the  subsequent 
transformation of mesenchymal cells into bone tissue. This probable pathogenic mechanism is supported by the frequent 
detection of DOL in fibrous intestinal lung diseases, in which epithelial-mesenchymal transition plays a key role in disease 
pathogenesis [32]. DOL was found in biopsy specimens of 39% of patients with idiopathic pulmonary fibrosis, 12% of 
those with nonspecific interstitial pneumonia, and 19% of those with chronic hypersensitivity pneumonitis [33].

Two morphological and radiological patterns of DOL are described: dendriform, which is characterized by rare bone 
islets along the terminal vascular and bronchial bundles, and nodular, which depicts round bone particles deposited in the 
alveoli [30]. The nodular shape is associated exclusively with congestive heart failure and manifested by dense nodules 
that tend to confluence and the occasional presence of trabeculae [34]. HRCT findings of dendriform DOL, which are not 
associated with interstitial lung diseases, include reticular changes (thickening of the intralobular and interlobular septa, 
often with a chain of small nodules inside the interlobular septa) without traction bronchiectasis, and multiple nodules, a 
few millimeters in size, exhibiting the density of bone, with predominant posterior basal and subpleural distribution [35]. 
However, the number of the nodules is significantly lower than that in AML, and there are always zones free from patho-
logical changes, even with progressive respiratory failure [36].

(A) (B)

(C)
FIG. 4.2.13 Disseminated pulmonary tuberculosis. Multiple bilateral small nodules, sometimes merging together (A), some of which exhibit bone-tissue 
density (B). In coronal reconstruction, thin- and thick-walled cavitary formations are determined in the upper fields (C).
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At the early stages of AML when small parenchymal nodules without significant calcification prevail by HRCT, the 
differential diagnosis should include pulmonary tuberculosis, sarcoidosis, and Langerhans cell histiocytosis. In such cases 
the definitive diagnosis relies on morphological evaluation.

Treatment
To date, there are no treatments that can alter the disease progression [2]. Attempts at therapeutic BAL or steroid therapy 
were generally ineffective, although several studies reported positive results with various treatment approaches, including 
steroid inhalers [37,38].

Accumulating data suggest that AML patients might benefit from disodium etidronate, which can reduce the 
deposition of calcium and phosphorus salts in the alveoli and improve the functional and radiological parameters in 
patients [39].

(A) (B)

(C)
FIG. 4.2.14 Microcalcification in the lungs of a patient working with dispersed silica gel on chest X-ray (A) and HRCT (B and C). Separately located, 
small (1–2 mm), dense nodules with maximum distribution in the middle zones of the lungs.
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The only definitive treatment modality in AML patients at the terminal stage of the disease is lung transplantation. 
Many experts suggest that severe respiratory failure, need for oxygen therapy, and decompensated right ventricular fail-
ure are clear indications for transplantation in AML patients [11]. The accumulation experience in AML patients who 
underwent transplantation indicates a good postoperative survival with a maximum follow-up period of 15 years [2]. 
Despite the genetic origin of the disease, none of the published reports states the return of the disease to the transplanted 
lungs [2,11].
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Chapter 4.3

Diffuse alveolar hemorrhage
Diffuse alveolar hemorrhage (DAH) is a rare but potentially life-threatening condition that is characterized by diffuse 
blood leakage from the pulmonary microvessels into the alveolar spaces because of the disruption of the vascular wall [1]. 
Alveolar hemorrhage syndrome is a synonym of DAH.

There are several diverse causes of DAH (Table 4.3.1), with over 100 diseases and conditions being described, that 
lead to the development of alveolar hemorrhages. Most DAH cases are presented as clinical cases; however, several stud-
ies have also been published; the most extensive study was conducted by de Prost et al. who analyzed 112 DAH patients. 
They showed that DAH was caused by autoimmune diseases (35%), such as microscopic polyangiitis; granulomatosis 

TABLE 4.3.1 Possible causes of DAH (reproduced with permission of the © ERS 2019, with supplements[1])

Group Frequent variants Rare variants

Systemic vasculitis Granulomatosis with 
polyangiitis (Wegener’s 
granulomatosis); microscopic 
polyangiitis

Henoch-Schonlein purpura, eosinophilic granulomatosis with polyangiitis, 
Behcet’s disease, mixed cryoglobulinemia associated with the hepatitis C 
virus, pauci-immune pulmonary capillaritis (with or without antineutrophil 
antibodies), polyarteritis nodosa associated with hepatitis B, Takayasu disease

Connective tissue 
diseases

Systemic lupus erythematosus Rheumatoid arthritis, systemic sclerosis, inflammatory myopathies, mixed 
connective tissue disease

Other autoimmune 
diseases

Anti-glomerular basement 
membrane disease 
(Goodpasture syndrome)

Pauci-immune glomerulonephritis, immune complex glomerulonephritis, 
hemolytic uremic syndrome, IgA-associated nephropathy, coeliac disease, 
inflammatory bowel diseases, cows’ milk intolerance, IgG4-related lung disease

Infections Leptospirosis Invasive aspergillosis, systemic candidiasis, strongyloidiasis, staphylococcal 
infection, legionellosis, Mycoplasma pneumoniae, cytomegalovirus, influenza 
virus, herpes virus, Hantavirus, HIV, malaria, Strongyloides stercoralis, 
Stachybotrys chartarum

Medications Propylthiouracil, non-steroidal 
anti-inflammatory drugs

Alemtuzumab, abciximab, transretinoic acid, aminoglutethimide, 
amiodarone, amphotericin B, azathioprine, carbamazepine, carbimazole, 
cyclosporin, clomiphene, cytarabine, dextran, dihydralazine, d-penicillamine, 
dimethylsulfoxide, everolimus fludarabine, gemcitabine, glibenclamide, 
methotrexate, mitomycin, moxalactam, nitrofurantoin, nitric oxide, phenytoin, 
quinidine, rituximab, sirolimus, sunitinib, tirofiban

Toxins Cocaine Trimellitic anhydride, pyromellitic dianhydride isocyanates, hydrocarbon 
derivatives

Intravascular 
metastases

 Angiosarcoma, Kaposi sarcoma, choriocarcinoma, epithelioid 
hemangioendothelioma, multiple myeloma, renal cell carcinoma

Transplantation Bone marrow transplantation Solid organ transplantation

Hemostasis disorders Drug-induced (anticoagulants, 
thrombolytics, and 
antithrombocytic)

Disseminated intravascular blood coagulation, thrombocytopenia, 
antiphospholipid syndrome, thrombocytopenic purpura, hemophilia

Diseases of the 
pulmonary vessels

 Idiopathic and thromboembolic pulmonary hypertension, pulmonary veno-
occlusive disease, pulmonary capillary hemangiomatosis

Congestive heart 
failure

Ischemic heart disease with 
left ventricular failure

Cardiac failures, cardiomyopathy, myocarditis, myxoma of the left heart

Others  Idiopathic pulmonary hemosiderosis, acute respiratory distress syndrome, 
pulmonary amyloidosis, lymphangioleiomyomatosis, sarcoidosis, idiopathic 
pulmonary fibrosis, barotrauma, fat embolism of the pulmonary artery, 
myeloid leukemia, obstructive sleep apnea syndrome
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with polyangiitis (GPA); anti-glomerular basement membrane disease (Goodpasture syndrome); congestive heart failure 
(29%); mixed conditions (26%), including infections, barotrauma, thrombocytopenia; and drug and toxic damage. Finally,  
14 patients (12.5%) with no obvious causes of alveolar hemorrhage were regarded idiopathic and virtually analogous to id-
iopathic pulmonary hemosiderosis [2]. In a less representative and earlier study conducted by Travis et al., 11 patients with 
DAH had GPA, and four had Goodpasture syndrome, connective tissue diseases, and idiopathic pulmonary hemosiderosis 
[3]. Furthermore, Jennings reported pauci-immune capillaritis in 8 of the 29 DAH patients [4].

DAH is a rare clinical condition; therefore, to facilitate the differentiation of its causes and management tactics, some authors 
suggest the isolation of two variants of alveolar hemorrhages, namely, autoimmune and nonimmune, depending on the patho-
genesis. Autoimmune diseases include those in the first three groups (Table 4.3.1); all the others are nonimmune diseases [5].

Morphology
Common histopathologic signs of DAH include initial intra-alveolar presence of erythrocytes and fibrin; the subsequent 
appearance of hemosiderin-loaded macrophages that appear 48–72 h after the hemorrhage (Fig. 4.3.1) represents an obliga-
tory finding. The causes of DAH are very diverse; therefore a microscopic examination enables the detection of additional 
histological signs that most commonly include pulmonary capillaritis, diffuse alveolar damage, and bland pulmonary hem-
orrhage. Pulmonary capillaritis is characterized by neurophilic interstitial infiltration, edema, fibrinoid necrosis of the 
alveolar and capillary walls, and leukocyte fragmentation [6]. In recurrent DAH, interstitial fibrosis is formed in the zones 
with the most severe hemorrhages (Fig. 4.3.2).

FIG. 4.3.1 Idiopathic pulmonary hemosiderosis. Macrophages loaded with granules of brown pigment (hemosiderin) in the alveoli lumen. Hematoxylin 
and eosin (H&E) staining, 200×.

FIG. 4.3.2 Goodpasture syndrome. Hemosiderin-loaded macrophages (brown pigment granules) in the alveoli lumen and interstitial fibrosis. Perls’ 
reaction, 200×.
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In case of diffuse alveolar damage (DAD) during the acute period, in addition to signs of capillaritis and general mani-
festations of DAH, there are intra-alveolar hyaline membranes, fibrinocellular alveolar edema, denudation of the basement 
membrane, and microthrombosis (Fig.  4.3.3). Subsequently the formation of alveolar exudate and proliferation of the 
alveolar epithelium are observed [7].

Bland pulmonary hemorrhage is characterized by the presence of classical signs of DAH (erythrocytes, fibrin, and 
hemosiderin-laden macrophages in alveolar spaces) without any sign of capillaritis and DAD [6].

Clinical presentation
One of the common clinical symptoms of DAH is hemoptysis; it may be profuse and intense or minor and slow pro-
gressing. For autoimmune diseases, a more gradual development of symptoms is characteristic; however, nonimmune 
conditions that lead to DAHs proceed more aggressively [5]. Up to one-third of DAH cases occur without hemoptysis 
[8]. Other respiratory clinical manifestations that occur with varying severity are shortness of breath, chest pain, and 
a nonproductive cough. Respiratory failure can be severe enough to warrant invasive mechanical ventilation (in up to 
17% of patients). The severity of the condition in 77% of the cases requires admission to the intensive care unit [2]. 
The other common symptoms accompanying DAH include fever (usually subfebrile), fatigue, and other signs of blood 
loss. Some patients have arthralgias and myalgias [9]. Blood tests often reveal anemia and decreased hematocrit value 
that reflect the volume of blood released into the alveolar space.

DAH is generally a secondary process; therefore symptoms of the underlying disease also occur. However, the degree 
of their severity is often low and is masked by the dominant signs of alveolar hemorrhages. In addition, DAH may be the 
first clinical manifestation of systemic diseases that requires an in-depth diagnostic search [10].

A comparison of the autoimmune and nonimmune cases of DAH showed that patients with autoimmune mechanisms 
had slower symptom progression (i.e., the time from the onset of first symptoms to hospitalization was 19 days for the 
autoimmune cases and 4 days for the nonimmune cases) and a higher prevalence of anemia, proteinuria, and hematuria. 
These patients also had low hemoglobin indexes (the highest recorded patient value was 89 g/L), and 75% patients had 
microhematuria. By contrast, only 2 of the 34 patients with a nonimmune condition had microhematuria and a hemoglobin 
level <89 g/L [5].

Diagnosis
DAH diagnosis was made based on a clinical presentation with evidence of alveolar hemorrhages confirmed with charac-
teristic radiographic features and bronchoalveolar lavage (BAL) findings. As per R. Lazor, DAH should be considered for 
the differential diagnosis when at least two of the three main manifestations of DAH, including hemoptysis, anemia, and 
bilateral characteristic interstitial changes in the lungs, are present [1].

FIG. 4.3.3 H1N1 influenza (day 5 of the disease). Diffuse alveolar damage with DAH. Intra-alveolar edema, hyaline membranes, and erythrocytes in 
the alveoli lumen. H&E stain, 200×.
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Bronchoscopy and BAL are recommended to be performed for all patients with suspected DAH within the first 48 h of 
symptom onset. The BAL technique involves the administration of 4–5 physiological saline portions of 30–60 mL each 
to obtain 100–300 mL of lavage fluid when the bronchoscope is inserted into the “wedge position” [11]. The diagnosis of 
DAH is confirmed if the hemorrhagic character of the fluid is retained or increased in all the portions. If BAL is conducted 
during the subacute stage, the presence of a large number of siderophages is expected [8]. The second important task of 
bronchoscopy with suspected DAH is to rule out the infectious process and analyze the bronchial contents and the BAL 
fluid for bacterial and viral pathogens, fungi, and Pneumocystis jirovecii pneumonia. Most experts agree that transbronchial 
lung biopsy is not necessary for confirming DAH; however, it can be performed if the primary disease is undiagnosed [12]. 
Surgical lung biopsy may not always be necessary for diagnosing the primary disease because first, the histological picture 
is often nonspecific and, second, several processes that manifest in DAH have characteristic clinical and laboratory markers 
that are sufficient for diagnosis [13].

Spirometry is not significant for establishing the diagnosis. In the chronic course of DAH, a restrictive pattern may ap-
pear owing to the development of pulmonary fibrosis. Evaluation of a diffusion test wherein DLCO increase is commonly 
observed is more informative. This is attributable to the accumulation of erythrocytes in the alveoli and the increased 
absorption of CO by hemoglobin [14]. For the same reason (absorption by erythrocytes) an exhaled nitric oxide level is 
decreased. In contrast to the study of diffusion capacity, the test for exhaled NO can be performed in the intensive care units 
with portable devices that increase its diagnostic value [8].

High-resolution computed tomography
The HRCT picture in DAH is nonspecific and includes diffuse or patchy areas of reduced attenuation that can vary in in-
tensity from light ground-glass opacity to consolidation, depending on the degree to which the alveoli is filled with blood 
(Figs. 4.3.4 and 4.3.5) [15].

In some patients, the radiographic pattern of DAH is limited only by centrilobular nodules of decreased attenuation 
(Fig. 4.3.6); however, it can be combined with consolidation and ground-glass opacity (Fig. 4.3.5).

The prediction of the distribution of changes is difficult; however, most authors emphasize the presence of perihilar 
distribution, the subpleural sparing, and the unaffected apices of the lungs and costophrenic angles [16] (Figs. 4.3.5, 4.3.7, 
and 4.3.8).

However, these aspects cannot be prioritized while establishing a diagnosis because often diffuse lesion of the lungs 
with the capture of these zones is also observed. Pleural effusion is not typical of DAH and can occur in patients with heart 
failure or kidney failure (Fig. 4.3.8).

FIG. 4.3.4 DAH in a patient with systemic lupus erythematosus. Diffuse bilateral ground-glass opacity with thickening of the interlobular septa and 
subpleural sparing.
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(A) (B)

(C)
FIG. 4.3.5 Microscopic polyangiitis with DAH. (A, B, and C) Patchy areas of reduced attenuation and multiple polymorphic nodules. The changes only 
mildly affect the subpleural divisions.

(A) (B)
FIG. 4.3.6 Initial manifestations of diffuse alveolar hemorrhage in a patient with myeloid leukemia and blast crisis. Multiple ill-defined intralobular 
nodules with diffuse distribution.
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(A) (B)

(C) (D)
FIG. 4.3.7 DAH in a 30-year-old patient. Bilateral symmetrical patchy areas of ground-glass opacity with thickening of the interlobular septa and 
perihilar distribution (A–D).

FIG. 4.3.8 Diffuse alveolar hemorrhage in a patient with severe left ventricular failure. Bilateral diffuse increased lung attenuation from the degree of 
ground-glass opacity on the right to consolidation on the left. Perihilar distribution. Bilateral hydrothorax. Changes are indistinguishable from those of 
pulmonary edema.
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Few days after the DAH episode, there is accumulation of siderophages in the lung parenchyma and interstitium; this 
changes the radiological presentation in terms of the thickening of the interlobular septa and resorption of the consolidated 
areas, creating a picture of crazy paving. These changes persist till 10–14 days after the hemorrhage (Fig. 4.3.9). Repeated 
hemorrhages usually cause the deposition of hemosiderin in the interstitial space with the development of reticular changes 
and even sections of the honeycombing that may resemble idiopathic pulmonary fibrosis or nonspecific interstitial pneu-
monia [16] (Fig. 4.3.10).

Differential diagnosis
The first question that should be addressed while making a differential diagnosis is whether DAH is present. The acute or 
subacute bilateral, generalized process in the lungs with HRCT signs of interstitial and alveolar lesions should always be 
considered in terms of the possibility of DAH. The absence of hemoptysis makes this diagnosis less likely; however, it does 
not rule it out. Only the absence of red blood cells and/or siderophages in the BAL fluid can allow the exclusion of DAH 
diagnosis. However, if BAL is performed with 1–2 portions, rather than consistently with 4–5 portions from one segment, 
erythrocytosis of the lavage fluid may not necessarily be associated with DAH; it may be a consequence of blood aspiration 

(A) (B)
FIG. 4.3.9 DAH in a patient taking anticoagulants. (A) Day 2 of the disease. Bilateral symmetrical areas of increased lung attenuation. Subpleural spar-
ing. (B) Day 10 of the disease, separate flaps of ground-glass opacity with slight thickening of the intralobular septa persist.

FIG. 4.3.10 Patient with idiopathic pulmonary hypertension and recurrent alveolar hemorrhages. Pronounced thickening of the interlobular septa, 
mainly in the right lower lobe, as a manifestation of interlobular fibrosis.
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with local pulmonary hemorrhage. Another important aspect in the assessment of BAL composition is staining macro-
phages by Perls to identify hemosiderin. Rabe et al. showed that in 11% of DAH cases with severe respiratory failure and 
the microscopic absence of red blood cells in the BAL fluid, hemosiderin staining yielded positive results in a significant 
number of alveolar macrophages [17].

Primarily, DAH should be differentiated from other acute lung diseases that have a similar clinical and radiological pat-
tern, such as infections, especially pneumocystic pneumonia, hypersensitivity pneumonitis (HP), acute respiratory distress 
syndrome (ARDS), acute interstitial pneumonia, cardiogenic pulmonary edema, and diffuse pulmonary lymphangiomatosis.

For example, intralobular foci of opacification and unaffected subpleural zones, characteristic findings in DAH are 
also typically seen in HP (Fig. 4.3.11). The distribution pattern of cardiogenic pulmonary edema can also resemble DAHs, 
tending toward a symmetrical perihilar distribution (Fig. 4.3.12). However, as a rule, with cardiogenic pulmonary edema, 
there is previous history of heart failure; commonly there is pleural effusion and cardiomegaly, and the edema zones are 
subject to the law of gravitation and rapid dynamics during therapy. In Pneumocystis jirovecii pneumonia, diffuse zones 
of ground-glass opacity with subpleural sparing may be present (Fig. 4.3.13); however, the patient usually has a history of 
HIV or immunosuppressant therapy, fever, and the presence of Pneumocystis jirovecii in the BAL fluid. Diffuse pulmonary 
lymphangiomatosis (DPL) is an orphan disease that is based on the hereditary pathology of the lymphatic vessels of the 
lungs; it can be acute with rapidly progressive respiratory failure caused by pulmonary lymphedema [18] and have a CT 

FIG. 4.3.11 Development of subacute hypersensitivity pneumonitis because of contact with birds. Multiple poorly defined centrilobular nodules that 
sometime merge with each other.

(A) (B)
FIG. 4.3.12 Pulmonary edema in a 46-year-old patient with acute myocarditis. (A and B) Bilateral symmetrical zones of increased lung attenuation, 
thickening of the interlobular and interacinar septa, thickening of the vascular-bronchial bundles, and subpleural sparing. Bilateral minor hydrothorax. (B) 
The changes are more pronounced in the lower lobes owing to gravitational forces.
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scan that resembles that of a patient with DAH. Furthermore, chylothorax, usually considered an typical sign of DPL [19], 
may be absent (Fig. 4.3.14). However, in this case, there was a vivid clinical symptom of profuse lymphoptisis, with signs 
of plastic bronchitis that enabled immediate identification of this pathology [20].

In any such case, serial BAL enabled the exclusion or confirmation of DAH. Additional criteria for the diagnosis of 
DAH are normal or increased DLCO and decreased level of exhaled NO. It can be more difficult to differentiate DAH as an 
isolated morphological substrate from diseases that are accompanied by DAD. For example, acute interstitial pneumonia; 
lung damage in influenza, especially those caused by the H1N1 virus; and ARDS are often accompanied by alveolar hem-
orrhages, along with other signs of DAD (Fig. 4.3.15). In the study of BAL in influenza A/H1N1 and severe pneumonia 
patients, lavage fluid usually contains erythrocytes; however, in general, neutrophilia and lymphocytosis are predominantly 
present [11,21]. Nevertheless the dominance of DAH is possible, especially with influenza infection. In this case the BAL 
fluid acquires a pronounced hemorrhagic character [22].

The differential diagnosis of the cause of DAH can be more challenging. A detailed anamnesis can often provide in-
formation to the clinician about the likely underlying diagnosis. In most cases of systemic vasculitis and connective tissue 
diseases, the preceding extrapulmonary symptoms are characteristic, such as skin manifestations and lesions in the upper 

(A) (B)

(C)
FIG. 4.3.13 Pneumocystis jirovecii pneumonia, as the first manifestation of AIDS in a HIV patient. (A–C) Bilateral zones of diffuse ground-glass opac-
ity with thickened interlobular and intralobular septa, ill-defined centriacinar nodules, and subpleural sparing. (A) In the anterior regions, air traps that are 
not characteristic of DAH are visible. (C) Basal segments are predominantly free from damage.



(A) (B)

(C)
FIG. 4.3.14 Diffuse pulmonary lymphangiomatosis with pulmonary lymphedema in a 24-year-old patient. (A–C) Bilateral multiple patchy areas of 
ground-glass opacity (more expressed at the upper level) and consolidation (mainly in the lower segments). Thickened interlobular and intralobular septa. 
Maximum changes are expressed in the central and lower segments; the subpleural and upper zones are affected to a lesser degree.

(A) (B)
FIG. 4.3.15 H1N1 influenza with diffuse alveolar damage and DAH. Bilateral ground-glass opacity with thickened interlobular septa. (A) In the lower 
lobes, there is ground-glass opacity and consolidation with symptoms of bronchogram. (B) Changes present with predominance in the posterior and 
subpleural areas.
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respiratory tract, kidneys, nervous system, joints, and muscles. With coagulopathies, bleeding from other sources (e.g., 
uterine bleeding and nasal bleeding) or thrombosis and miscarriage with an antiphospholipid syndrome are traced based 
on patient recollection. The history of bone marrow transplantation and intake of any medications must necessarily be 
mentioned when collecting history from patients with suspected DAH. If at the stage of history taking and examination it 
is not possible to reach a target search for the cause of alveolar hemorrhages, it is necessary to prescribe several laboratory 
studies consistently or simultaneously (in critical condition) that can help identify the “guilty” diseases, including those of 
subclinical forms. In addition to the general tests that assess the functional state of the organs, hemostasis, and inflamma-
tory status, they include antinuclear and anti-DNA antibodies, anti-glomerular basal membrane antibodies, antibodies to the 
neutrophils cytoplasm (p-ANCA and c-ANCA), circulating immune complexes, anti-cyclic citrullinated peptide antibodies 
(ACCP), lupus anticoagulant, antibodies to cardiolipin, beta-2 glycoprotein 1, antibodies to gliadin and tissue transgluta-
minase, the level of complement and cryoglobulin, immunoelectrophoresis, total and specific IgE for cow milk, and IgG4 
(Table 4.3.2). The frequent association of leptospirosis with DAH requires the study of the antibodies for this pathogen. 
The BAL fluid not only should be subjected to cytological analysis with Perls’ staining but also must be examined for 
infectious agents, including opportunistic infections. In DAH patients with kidney damage who do not have a definite 
diagnosis, a kidney biopsy is recommended because it provides more diagnostic information than a lung biopsy. If all the 
possible causes of DAH have been ruled out, a diagnosis of idiopathic pulmonary hemosiderosis (IPHS) can be made. This 
is a rare pathology with an incidence of 0.2–1.2 cases per one million population every year [1]. Most IPHS patients are 
young children, and IPHS accounts for about 8% of all the interstitial lung diseases in children [23]. Adults are affected by 
IPHS less frequently, and most patients are men aged <30 years. Approximately 50% of the patients have increased IgA 
levels, and IPHS occurs along with coeliac disease [24]. Clinically, IPHS is manifested by repeated episodes of DAH with 
respiratory failure, anemia, and hemoptysis.

Treatment and prognosis
The treatment of DAH depends on the underlying disease. For DAH associated with autoimmune diseases, steroid pulse 
therapy, immunosuppressants, and plasmapheresis are usually administered. Thrombocytopenia and coagulopathy may re-
quire replacement therapy with platelets and fresh frozen plasma. Patients with acute life-threatening DAH usually require 
mechanical lung ventilation. Successful use of recombinant activated factor VII (RAF VII) in DAH has been reported. 
Mandal et al. were able to arrest massive pulmonary hemorrhage in a patient with microscopic polyangiitis and DAH with 
intravenous bolus administration of two doses of this drug at 90 μg/kg at 2-h intervals [25]. The administration of RAF 
VII to the lower respiratory tract of a patient with systemic lupus erythematosus also led to successful arrest of continued 
alveolar hemorrhages [26]. Successful treatment results have been reported for the intrabronchial administration of RAF 
VII in six children with DAH of different origins. The development of alveolar hemorrhages was halted in all the patients, 
with no significant adverse effects [27].

Although conventional hemostatics are used in most DAH cases, limited evidence exists in support of their efficiency.

TABLE 4.3.2 List of laboratory tests for diagnosing the cause of DAH

Disease Test

Systemic vasculitis Antiproteinase 3 antibodies, antimyeloperoxidase antibody, blood eosinophils, 
eosinophilic cationic protein, cryoglobulins

Connective tissue diseases ACCP, rheumatoid factor, antinuclear antibodies, lupus anticoagulant, anti-double-
stranded DNA antibodies

Other autoimmune diseases Circulating immune complexes, anti-GBM antibodies, antibodies to cardiolipin, beta-2 
glycoprotein 1, antibodies to gliadin and tissue transglutaminase, level of complement  
(C3 and C4), immunoglobulins, IgE common and specific to cow milk, IgG4

Infectious diseases Antibodies to leptospire, markers of hepatitis B and C, HIV PCR to the influenza virus, 
anti-H1N1, influenza A and B antibodies

Hemostasis disorders Platelets, coagulogram

ACCP, antibodies to cyclic citrullinated peptide; GMB, glomerular basement membrane.
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The prognosis in DAH patients depends on the underlying disease. Ioachimescu believes that patients with systemic 
lupus erythematosus and anti-glomerular basement membrane disease (about 80%) have the highest 5-year survival rate, 
while those with IPHS (5%–15%) have the lowest 5-year survival [6].
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Amyloidosis represents a group of heterogeneous diseases in which amyloid, consisting of improperly packed fibril-
lar proteins, is deposited in various organs [1]. It is a rare disease in Europe, with about 0.4 new cases per 100,000 
population detected annually [2]. The prevalence of the most common form, systemic immunoglobulin light-chain 
(AL) amyloidosis, is 3–5 cases per 1 million population [3]. Cases of pulmonary amyloidosis appear to be quite rare, 
accounting for only 1% of diffuse lung diseases, although the true frequency of amyloidosis in the lung remains un-
known [4].

Amyloidosis is classified according to the distribution (local or systemic) and type of amyloid precursor proteins in-
volved in the pathological process. Amyloid deposits in various types of amyloidosis are formed by 36 different fibrillar 
proteins, with 15 types found in systemic amyloidosis, 19 in local, and 2 in amyloidosis associated with deposition of light- 
or heavy (AL or АН)-chain immunoglobulins. According to the National Amyloidosis Centre of the United Kingdom, five 
forms of the disease were the most frequent among 5100 patients with systemic amyloidosis [5]:

1. Primary or AL amyloidosis accounts in 68% of cases.
2. Secondary or amyloid protein A (AA) disease in 12%.
3. Amyloidosis transthyretin (ATTR), which may be congenital (mutant, in 6.6%) or wild type (acquired, in 3.2%).
4. Dialysis-associated or β-2 microglobulin amyloidosis in 1.8%.
5. Fibrinogen A α-chain amyloidosis in 1.7%.

Lung lesions are most common in AL, AA, and ATTR types of systemic amyloidosis [6]. A local form of amyloidosis caused 
by the deposition of a surfactant lipoprotein in the lungs has also been described [4].

Amyloid deposits result from monoclonal hyperproduction of proteins prone to abnormal packaging and aggregation 
and from defective or incomplete proteolytic degradation of extracellular proteins. The majority of amyloid deposits are 
apparently formed from heterogeneous components of blood plasma, including both fibrillar proteins and nonfibrillar 
substances such as glycosaminoglycans and serum amyloid P component (SAP) [7]. AA amyloid is formed from the acute-
phase protein serum amyloid A protein (SAA) that is synthesized in the liver under the influence of pro-inflammatory 
cytokines and chemokines (TNF-α, IL-6, and IL-1) [8]. Thus any chronic inflammatory disease with increased SAA levels 
can theoretically lead to secondary AA amyloidosis. Localized amyloidosis is associated with in situ production of amy-
loidogenic light chains by clonal B cells [5]. Amyloid deposits exert pressure on the tissues, damaging them and disrupting 
the normal function of the organs.

Morphology
In the lungs, amyloid appears as dense, amorphous, eosinophilic masses that also contain lymphocytes and plasma cells. 
These deposits occur primarily along the reticular fibers in the walls of blood vessels, alveolar septa, walls of the bronchi and 
bronchioles, and alveolar lumens (Fig. 5.1) [9].

The gold standard for morphological identification of amyloid is the detection of a characteristic color with Congo red 
stain (Fig. 5.2) and red-green birefringence under cross polarized light (Fig. 5.3). Light-chain deposition disease (LCDD) 
may histologically resemble nodular pulmonary amyloidosis [10]. However, the deposits in LCDD are Congo red-negative 
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FIG. 5.1 Amyloidosis of the lungs seen in an open lung biopsy specimen with accumulation of amorphous masses in the alveolar lumens. Hematoxylin 
and eosin stain, 100×. (Case courtesy of Prof. A.L. Chernyaev, Pulmonology Scientific and Research Institute, Moscow, Russia.)

FIG. 5.2 Amyloidosis of the lungs in an open lung biopsy specimen showing deposition of amyloid in the interstitium and the alveolar lumens. Congo 
red stain, 100×. (Case courtesy of Prof. A. L. Chernyaev, Pulmonology Scientific and Research Institute, Moscow, Russia.)

FIG. 5.3 Amyloidosis of the lungs. Birefringence of amyloid masses is seen. Polarization microscopy, 100×. (Case courtesy of Prof. A. L. Chernyaev, 
Pulmonology Scientific and Research Institute, Moscow, Russia.)
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and appear on electron microscopy as granular rather than fibrillar material [9]. When stained with hematoxylin and eosin, 
amyloid fibrils may look like collagen, such that diffuse alveolar-septal amyloidosis is sometimes mistaken for fibrosing 
interstitial pneumonia [1].

Clinical presentation
Systemic amyloidosis usually manifests clinically in individuals over 50 years of age, while local forms may occur earlier 
[11]. Systemic amyloidosis may present with generalized symptoms (fatigue and weight loss) or, more commonly, with 
evidence of organ damage (nephrotic syndrome, restrictive cardiomyopathy, hepatomegaly with elevated liver enzymes, 
macroglossia, onychodystrophy, periorbital purpura, hemorrhagic diathesis, or neuropathy) [5,12].

Lung involvement occurs in approximately 50% of patients with amyloidosis, mainly in systemic forms of the disease 
[13]. The symptoms of pulmonary amyloidosis are nonspecific and depend on the volume and form of the amyloid le-
sions. The nodular pattern of amyloidosis usually presents at the age of 60–70 years and occurs more often in men than in 
women. Solitary nodes in the lungs are usually asymptomatic and are detected incidentally during radiological examina-
tion of the chest [1]. The primary symptom caused by significant deposits of amyloid in the lung parenchyma is dyspnea. 
In localized and tracheobronchial forms of amyloidosis, dyspnea may be associated with obstruction of large airways with 
amyloid masses and is usually accompanied by stridor or inspiratory rales on auscultation [1,13].

The tracheobronchial variant of amyloidosis is the rarest form, with reported cases presenting from age 48 to 57 years 
and with an equal frequency in both sexes. The symptoms depend on the degree of airway damage. Proximally located 
lesions mostly lead to airway obstruction manifested by dyspnea, cough, hoarseness, and airflow limitation on pulmonary 
function testing. Hemoptysis often occurs. In cases of distal lesions, symptoms are less pronounced, and spirometry find-
ings may be normal [14]. Local obstruction of a large bronchus can lead to atelectasis and recurrent pneumonia in that lung 
segment [13,15]. Since dyspnea in systemic amyloidosis is often a manifestation of cardiac involvement, the myocardium 
should always be assessed in patients with pulmonary amyloidosis.

Diagnosis

High-resolution computed tomography

As a rule, pulmonary amyloidosis is suspected because of abnormalities seen on chest high-resolution computed tomogra-
phy (HRCT). The most common HRCT findings in amyloidosis of the lungs include the following [16,17]:

– Multiple foci 2–15 mm in size (78%).
– Uneven thickening of interlobular septa and linear intralobular induration (28%).
– Mediastinal lymphadenopathy (28%–75%).
– Zones of consolidation (50%) and masses greater than 3 cm (38%).
– Ground-glass opacities (28%).
– Pleural thickening (31%).
– Calcified nodules or masses (44%).
– Cysts greater than 10 mm in diameter (38%).

More rarely seen, signs of pulmonary amyloidosis are pleural effusion (9%) and traction bronchiectasis [17]. Some authors 
describe honeycombing [16], but in our experience, only one patient had a single row of merging multiple cysts without a 
multilayered stratum, which is usually the case with classical honeycombing (Fig. 5.4).

There are four possible patterns of thoracic amyloidosis, depending on the characteristics and location of the protein 
deposits [18]:

1. The diffuse alveolar and septal pattern (Figs. 5.4 and 5.5) is characterized by nodular thickening along the interlobular 
and intralobular septa, subpleural deposition of amyloid in the form of consolidation zones, and ground-glass opacities. 
As a rule, the small (2–4 mm in diameter) nodules mimic sarcoidosis and miliary tuberculosis. The diffuse interstitial 
pattern is less common than other types and appears only in systemic amyloidosis [19].

2. In the tracheobronchial pattern, amyloid accumulates mainly in the walls of the trachea and bronchi, causing focal thick-
ening and calcification. Such changes are typical of local forms of amyloidosis and are usually not found in the diffuse 
variants. Bronchial stenosis may be accompanied by atelectasis and recurrent pneumonia [20].

3. The nodular pattern occurs in approximately 45% of cases of amyloidosis in the lung and is characterized by single 
or multiple clearly defined, round foci up to 15 mm in diameter in the parenchyma, although some can be as large 
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as 15 cm. Amyloid nodules are predominantly subpleural, and they usually slowly increase in size [21]. Solitary 
amyloid nodes are found only in localized forms and may cavitate [17].

4. Lymphadenopathy of the intrathoracic and hilar lymph nodes is observed in approximately 75% of patients with AL 
amyloidosis and is usually associated with nodules or alveolar and septal lesions. However, isolated involvement of 
mediastinal lymph nodes without signs of parenchymal disease, especially at disease onset, has been reported, though 
rarely [13]. A characteristic finding in amyloidosis is calcification in amyloid nodules and lymph nodes, which occurs 
in about 20%–50% of cases of pulmonary amyloidosis [19,22].

Approximately 20% of patients have a mixed pattern of distribution of pathological changes (Figs. 5.6 and 5.7) [17]. The 
tracheobronchial pattern rarely occurs in diffuse disease, and the nodular pattern is primarily found in local forms. By 
contrast, diffuse interstitial lesions and lymphadenopathy are most often found in patients with systemic amyloidosis [16].

Thin-walled cysts in the lungs can be caused by amyloidosis. However, they appear predominantly in patients whose 
amyloidosis is associated with chronic inflammatory diseases, particularly Sjögren syndrome. The cause of a cyst may not 
be amyloidosis itself but rather lymphocytic interstitial pneumonia- or mucosa-associated lymphoma [23,24].

FIG. 5.4 (A and B) Amyloidosis of the lungs in a diffuse alveolar-interstitial pattern. Features include diffuse; irregular thickening of the interlobar and 
visceral pleura with marginal calcification; thickening of the interlobular septa; multiple subpleural, single-row, merging cysts; nodules of various shapes 
located separately; and bronchopulmonary lymphadenopathy.

FIG. 5.5 Amyloidosis of the lungs in a patient with rheumatoid arthritis showing a diffuse interstitial pattern. Multiple small nodules are present in a 
perilymphatic distribution; the foci merge with each other in some places. There is subpleural consolidation. The radiological presentation is very similar 
to that of sarcoidosis.
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FIG. 5.6 Amyloidosis of the lungs, mixed pattern. (A) Confluent consolidation zones are located mainly subpleurally and in peribronchovascular areas. 
(B) Numerous calcifications are seen within amyloid deposits. There is intrathoracic lymphadenopathy.

FIG. 5.7 Amyloidosis AA, mixed pattern. Features include (A) small foci of ground-glass opacities and consolidation in the right lung, (B) calcification 
of bronchial walls (arrows), (C) multiple foci of consolidation with a halo sign and patchy areas of ground-glass opacity, and (D) nodular areas of con-
solidation in the lower zones of the lungs and calcification of the walls of large bronchi. (Case courtesy of Prof. A.L. Chernyaev and Dr. M.V. Samsonova, 
Pulmonology Scientific and Research Institute, Moscow, Russia.)
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The diagnosis of pulmonary amyloidosis can be strongly suspected based on a characteristic patterns on thoracic HRCT, 
but it requires histological and immunohistochemical verification. Due to an increased risk of bleeding during biopsy of 
parenchymal organs, tissue specimens can be obtained from the minor salivary glands, gastric mucosa, rectum, or ab-
dominal fat [25,26], eliminating the need for transbronchial or open lung biopsy. However, for localized tracheobronchial 
amyloidosis, direct forceps biopsy is fully justified [14]. On visual examination of the bronchial mucosa, waxy or yellowish 
erythematous nodules are noted that bleed easily on contact and biopsy [27].

In most cases, the diagnosis of amyloidosis is confirmed by histological examination of biopsy specimens stained with 
Congo red and examined with a Puchtler polarization microscope or with thioflavine fluorescence microscopy. Identification 
of the amyloid-forming proteins is fundamental for choosing appropriate treatment. Immunohistochemical analysis of 
amyloid deposits is the simplest and the most often available method to achieve this aim [28]. However, while it is highly 
effective for AA and most forms of ATTR, the results are often uncertain for AL amyloidosis, which most commonly af-
fects the lungs [5]. A new gold standard for typing amyloid fibrillae is mass spectrometric proteomic analysis [5,29]. After 
identifying the type of amyloid protein (most often AL or AA), a search should be made for other diseases possibly causing 
the amyloidosis. For secondary AA amyloidosis, the most frequent underlying conditions are rheumatoid arthritis, bronchi-
ectasis and other chronic infectious diseases, periodic fever syndromes, and Castleman disease [30]. AL amyloidosis may 
be caused by other diseases with abnormal light-chain production, such as multiple myeloma or monoclonal gammopathy 
of undetermined significance [5,27]. Therefore, immunoelectrophoresis of urine and serum proteins and determination of 
serum lambda and kappa light chains are important tests for determining monoclonal protein production [31].

Another study useful in the diagnosis of amyloidosis and for the assessment of its extent and the organs involved is 
scintigraphy with radiolabeled 123I antibodies to serum amyloid P (SAP), a component of both AA and AL [32]. A more 
advanced method is dual-modality 123I-labeled SAP single-photon emission CT that enables clearer localization of isotope-
captured amyloid foci. This study is also useful in monitoring response to therapy [5].

According to the recommendations of the Nomenclature Committee of the International Society of Amyloidosis, the 
diagnosis should include the name of the amyloid fibrillar protein (A), the precursor protein, and the specific clinical form 
of the disease [4]. If hereditary ATTR is suspected, genetic testing for TTR mutations is necessary, the majority of which 
are heterozygous. The Val30Met mutation is present in more than 90% of cases, while Aps38Tyr, Ile107Val, Val71Ala, and 
Val121Il are much less common [33].

Differential diagnosis
In patients with disorders such as multiple myeloma, uncontrolled chronic inflammatory diseases (especially Sjögren 
syndrome, rheumatoid arthritis, autoimmune intestinal diseases, or bronchiectasis), or Castleman disease, the develop-
ment of pulmonary nodular or interstitial changes can be a manifestation of amyloidosis. The tracheobronchial pattern 
of amyloidosis should be differentiated from diseases that affect the proximal portions of the lower respiratory tract 
and are associated with stenosis, namely, relapsing polychondritis, granulomatosis with polyangiitis, and bronchial 
sarcoidosis [34].

Tracheobronchopathia osteochondroplastica (TBOH) is a rare disease characterized by the formation of cartilage and 
bone tissue in the submucosal layer of the respiratory tract (Fig. 5.8). Not only does it resemble the CT and endobronchial 
picture of amyloidosis, but also it can itself be associated with amyloidosis [35]. In contrast to amyloidosis of the trachea 
and large bronchi, in relapsing polychondritis and TBOH, the posterior membranous part of the trachea is not affected [36].

Nodular forms of amyloidosis should be differentiated from bronchogenic carcinomas, neuroendocrine lung tumors, 
lymphogenous metastases to the lungs, and tumorlike sarcoidosis variants. The final judgment on the nature of lung nodules 
is often possible based only on histological and immunohistochemical studies. Amyloid also accumulates radioactive fluo-
rodeoxyglucose, although less intensively than tumors. Therefore the results of positron emission spectroscopy-CT should 
be interpreted with due diligence in favor of one or the other of those two diagnoses [37].

The differential diagnosis of diffuse alveolar and septal forms of amyloidosis with calcification is limited to the range 
of disseminated diseases having a perilymphatic distribution pattern, namely, sarcoidosis (Fig. 5.9), tuberculosis, pneu-
moconiosis, and lymphogenous metastases to the lungs [38]. Diffuse interstitial forms of pulmonary amyloidosis are the 
most difficult to distinguish from other interstitial lung diseases, as this type of amyloidosis is quite rare and also be-
cause the radiographic pattern closely resembles that of pulmonary sarcoidosis, which is the diagnosis in most such cases. 
Pneumoconioses (Fig. 5.10) also have a pattern similar to that of diffuse interstitial amyloidosis, so a careful occupational 
history is mandatory. The perilymphatic pattern of the distribution of small nodules in amyloidosis together with mediastinal 
lymphadenopathy may resemble lymphogenous metastases in the lungs.
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FIG. 5.8 Tracheobronchopathia osteochondroplastica. There is circular, uneven induration of the submucosal layer of the trachea (A) with calcification 
(B) and corrosion of the internal contours protruding into the lumen. The posterior tracheal wall remains intact.

FIG. 5.9 Pulmonary sarcoidosis. (A) On the right, there is a mass extending from the hilum to the pleura. There are multiple small nodules bilaterally. 
(B) Features include radiating peribronchovascular foci of consolidation, multiple 1–3-mm nodules, and separate thickened interlobular septa. (C) In the 
coronal reconstruction, a perilymphatic pattern of abnormalities is clearly visible.
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In patients with chronic renal failure who are hemodialysis-dependent, metastatic calcification in the lungs (MCL) can 
develop, characterized by the deposition of calcium and phosphorus salts in the small vessels and interstitium. Such changes 
are usually observed in the peripheral zones of the upper lobe parenchyma. The nodules have a predominantly centrilobular 
location, and not all have calcium densities. Sometimes, there is no visible calcification at all, and ground-glass opacities 
predominate [39]. Since pulmonary amyloidosis also often develops in patients with kidney lesions, differentiating it from 
MCL is necessary. In addition to the difference in the focal distribution pattern (acinar in MCL and perilymphatic in amy-
loidosis), radionuclide scintigraphy with technetium diphosphonate reveals isotope accumulation in zones of pulmonary 
calcification in MCL, even in the absence of obvious deposition of calcium salts on CT.

When there is the simultaneous presence of thin-walled cysts and nodules in the lungs, possible diagnoses include 
amyloidosis, LCDD, lymphocytic interstitial pneumonia, and Birt-Hogg-Dubé syndrome (see Chapter 9). LCDD is most 
similar to amyloidosis pathogenetically, as it involves conglomerates of immunoglobulin light chains deposited in the tis-
sues and is often associated with multiple myeloma. However, the protein accumulations in LCDD are granular rather than 
fibrillar and do not have the characteristic birefringence with Congo red staining under cross polarized light. The cysts in 
LCDD are round and are usually larger the lower in the lungs they appear. Nodules are dense and homogeneous and have 

FIG. 5.10 Hard metal pneumoconiosis caused by prolonged inhalation of iron oxide dust. (A) Zones of consolidation are present along the interlobar 
pleura bilaterally, and there is severe centriacinar and paraseptal emphysema. (B) There are several bullae on the right; multiple areas of centriacinar 
emphysema; and dense, thickened interlobular septa. On the left, there is a focus of consolidation around the bronchovascular bundle, along with uneven 
thickening of the interlobular septa and linear areas of fibrosis. (C) In the coronal reconstruction, the perilymphatic distribution of parenchymal consolida-
tion is clearly visible.
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clear contours that are often irregular in shape. They are caused by lymphocytic infiltration and can be as large as 20 mm in 
diameter. In general, however, the cysts are larger than focal infiltrates or nodules [40].

Treatment
Local forms of the disease may be monitored without treatment if the patient is asymptomatic. The tracheobronchial form 
of amyloidosis may require endobronchial cryodestruction or laser excision of masses that occlude the airway [41]. Newer 
treatments for this form of amyloidosis include external beam radiation therapy and endobronchial brachytherapy. The lat-
ter has demonstrated efficacy in early studies with minimal risk of complications or significant recurrence [42,43].

Treatment of diffuse forms of amyloidosis depends on the severity of the disease and the type of amyloid precursor 
protein. When treatment is effective, the amyloid deposits may decrease, leading to restoration of lung function [31].

Treatment for AL amyloidosis is the most well developed. The aim of chemotherapy is the inhibition of abnormal clonal 
secretion of protein by plasma cells, similar to the goal in treating multiple myeloma [44]. The combination of high-dose 
dexamethasone and immunosuppressant melphalan is currently regarded as the optimal chemotherapy regimen in patients 
who are not candidates for autologous stem cell transplantation (SCT) [45]. SCT is the treatment of choice for patients with 
good physical status, a cardiac ejection fraction of more than 50%, lung diffusion capacity greater than 50%, and no renal 
failure. Chemotherapy should be reserved for more severe cases [46]. In AL amyloidosis, other drugs used to treat multiple 
myeloma are also effective, such as bortezomib and lenalidomide, particularly for recurrent or refractory disease [47]. 
Several newer antiplasmacytic agents are also effective for refractory or recurrent AL amyloidosis, including pomalido-
mide, ixazomib, and daratumumab [48].

Treatment of secondary AA amyloidosis is aimed primarily at stabilizing the inflammatory manifestations of the under-
lying disease, suppressing SAA production to decrease the deposition of amyloid, and improving the function of affected 
organs [49]. There are as yet no drugs effective for AA amyloidosis. In a phase III trial, eprodisate (1,3-propanedisulfonate), 
which binds SAA sulfate, did not achieve the study targets for reducing mortality and disease progression, although it had 
positive effects in reducing amyloidogenesis in animals [50].

A promising approach is the use of anti-SAP antibodies, which have demonstrated improved clearance of amyloid 
deposits [51]. Therapy of hereditary amyloidosis is not sufficiently developed. Diflunisal and tafamidis are TTR stabiliz-
ers that can inhibit the development of neurological manifestations of the disease [52]. The new TTR gene silencing drugs 
inotersen and patisiran have completed phase III clinical trials, achieving the target end points for efficacy, and are now in 
the registration phase [52]. With rapidly progressing and refractory forms of ATTR amyloidosis in young patients with a 
Val30Met mutation, liver transplantation is recommended [53].

Prognosis depends on the degree of involvement of the lung parenchyma. The median survival rate of untreated patients 
with diffuse AL amyloidosis is about 13 months from the time of diagnosis [11]. Combined chemotherapy with melphalan 
and corticosteroids prolongs survival to 17 months [54]. The survival rate in tracheobronchial amyloidosis after endobron-
chial correction, particularly with cryodestruction and stenting, is about 9 years [14]. Lung damage in systemic amyloidosis 
is usually not critical for estimating prognosis, since survival primarily depends on damage to the heart and kidneys.
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Granulomatosis with polyangiitis (GPA), an autoimmune necrotizing granulomatous vasculitis, is a rare disease from the 
group of systemic vasculitides that is associated with the production of antineutrophil cytoplasmic antibodies (ANCAs), 
which also includes eosinophilic granulomatosis with polyangiitis (EGPA) and microscopic polyangiitis (MPA) [1–3]. The 
disease was first described as an independent nosological form in 1936 by the German pathologist F. Wegener, who was 
eponymous to the disease. In 2011 the American College of Rheumatologists, the European League Against Rheumatism, 
and the American Society of Nephrology decided to abandon the use of eponyms for systemic vasculitis and Wegener 
granulomatosis in particular, in favor of the term “granulomatosis with polyangiitis” to reflect the pathological features of 
the disease [4].

The nature of GPA is unknown, but it is believed that bacterial (especially Staphylococcus aureus) and viral infections 
of the respiratory tract, together with environmental factors (mercury and lead), in genetically predisposed individuals may 
trigger the disease [2,5]. In 60%–70% of patients with GPA, the nasopharyngeal mucosa was found to be chronically colo-
nized with S. aureus, which is associated with more frequent relapses of GPA [6].

The incidence of GPA varies from 3 per 1 million population to 3.3 per 100,000 population; the prevalence reaches 
42 per 100,000 population. The age of patients varies from 30 to 70 years old. Children and young people under the age 
of 25 years of age are rarely ill. Men and women are equally affected. The disease most often develops in Caucasian 
people [7–10].

ANCAs have the largest pathogenetic role in the development of GPA. The mechanisms of their production are still un-
known. ANCAs cause the activation of neutrophils and monocytes, which leads to necrosis of the vessel wall. Additionally, 
neutrophils are a target of autoimmune reactions and effector cells that cause damage to the vascular endothelium. The 
inferior T- and B-cell regulation contributes to the autoimmune response of ANCA. [2]. Vasculitis with GPA occurs more 
regularly (in 75%–80% of cases) due to the production of ANCAs against proteinase 3 and occurs less often (in 10%–25% 
of cases) from the production of antibodies to myeloperoxidase of neutrophils and monocytes [11]. A pool of inflamma-
tory cytokines released by these cells stimulates a cascade of immune reactions with predominantly small vascular lesions. 
Polyangiitis in GPA is characterized by a more systemic type of lesion and a greater predisposition to granuloma formation 
than other forms of ANCA-associated vasculitis [12,13]. Phenotypic differences of GPA are also determined depending on 
the type of ANCA antibodies; for example, antibodies to myeloperoxidase (p-ANCA)-positive vasculitis are more common 
in older patients, especially in female patients. Conversely, c-ANCA positive vasculitis is more common at a younger age, 
having a predominance of male patients [14].

The role of heredity in the development of GPA has not been proved. However, there is evidence of a link between the 
deficiency of alpha-1 antitrypsin and histocompatibility antigens HLA-DPB1, HLA-DR4, and HLA-DR13 and having a 
predisposition toward the development of this disease [15–17].

Morphology
GPA is a combination of necrotizing granulomatosis and systemic necrotizing vasculitis with the possibility of affecting 
blood vessels of different sizes, including capillaries, arterioles, arteries, and the aorta and veins [18].

The local form of GPA almost always affects the upper respiratory tract (rhinitis, sinusitis, and perforation of the nasal 
septum). Damage to the eyes (uveitis, iridocyclitis, episcleritis, scleritis, periorbital granuloma, and exophthalmos), ears 
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(otitis and eustachitis), skin (papules, purpura, and ulcers), and oral mucosa (ulcerative stomatitis with the systemic form of 
GPA) is also possible. In the systemic form of GPA, the lungs, in addition to the listed organs, are involved in 90% of cases, 
while the kidneys are involved in 80% of cases [19].

The heart (pericarditis, coronaritis, myocardial infarction, and mitral and aortic valve damage) and the nervous system 
(asymmetrical polyneuropathy) can also be involved. Isolated variants of GPA that occur only with lung damage are rare.

Macroscopic manifestations of GPA have their own special aspects in different organs. Multiple nodes; cavities; foci 
of dark red hemorrhages; and foci of pneumonia with signs of carnification, fibrinous pleurisy, and pleural adhesions 
are found in the lungs. Bronchopulmonary and peribronchial lymph nodes are usually not involved in the pathological 
process.

Microscopy is often critical in establishing the diagnosis of GPA. Histological examination reveals a variety of 
changes that occur at different frequencies. Based on the accumulation of related experience, morphological changes 
are divided into “major and minor diagnostic criteria of GPA” [18]. The triad of characteristic signs is related to “major 
diagnostic criteria,” namely, necrosis of the pulmonary parenchyma, which can involve all pulmonary structures and 
vessels; necrotic polymorphocellular granulomas; and vasculitis (Fig. 6.1). It was revealed that in the material of open 
lung biopsies, necrosis in combination with vasculitis in GPA is detected in 89% of the biopsy samples; granulomatosis 
and necrosis are seen in 90% of the biopsy samples; while necrosis, vasculitis, and granulomatosis are found in 91% 
of biopsy samples [20].

The “minor diagnostic criteria” include the following findings: microabscesses; acute bronchiolitis, bronchiolitis oblit-
erans with organizing pneumonia, focal interstitial fibrosis, lipoid pneumonia, xanthogranulomatosis, infiltration with an 
admixture of eosinophils, alveolar hemorrhages, bronchocentric granulomatosis, and sarcoid granulomas [18].

Necrotic granulomas in the lungs have an irregular shape and contain a variety of cells, such as neutrophilic leukocytes, 
lymphocytes, plasma cells, macrophages, giant multinucleated histiocytes, and eosinophils. Histiocytes can form charac-
teristic palisades around foci of necrosis (Fig. 6.2).

Vasculitis with GPA is destructive in nature and develops in vessels of various types, namely, in arteries, veins, and 
capillaries (Fig. 6.3). In the vessels, fibrinoid necrosis, polymorphocellular infiltration of their walls, and thrombosis can 
be detected.

Areas of necrosis are found both in granulomas and in lung tissue and sometimes resemble a geographic map 
(Fig. 6.4). Foci of necrosis probably arise as a result of heterolysis in the activation of neutrophilic leukocytes and resem-
ble  microabscesses. In addition to heterolysis in the formation of necrosis foci, ischemia may be of importance, with the 
development of foci of infarcts of the lung. This can be connected with the blocking of the blood supply through vascular 
shunts from branches of the bronchial artery due to widespread vasculitis in the system of the pulmonary arteries and also 
of the bronchial arteries.

According to the clinical and morphological characteristics, specific forms of GPA are distinguished, such as fulminant, 
bronchocentric, eosinophilic, and hemorrhagic.

FIG. 6.1 GPA. Zone of necrosis, permeated with nuclear dust with 
granulomatous tissue around the periphery. Hematoxylin and eosin 
(H&E) staining, 1.25×.

FIG. 6.2 GPA. The boundary of the zone of necrosis and granuloma-
tous tissue with large histiocytes. H&E staining, 200×.
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The differential diagnosis for GPA primarily includes systemic vasculitis from the ANCA-positive group, namely, 
microscopic polyangiitis, eosinophilic granulomatosis with polyangiitis, and giant-cell arteritis, as well as noninfectious 
and infectious pulmonary granulomatosis, sarcoidosis, and Henoch-Schonlein purpura. Diagnostics should be based on a 
combination of clinical, laboratory, and morphological data. In addition, it is necessary to consider the presence of ANCA 
in combination with the “major diagnostic morphological criteria for GPA” and exclusion of clinical and laboratory data 
of the aforementioned diseases.

For histological confirmation of the diagnosis, a biopsy of the nasal mucosa, skin, or kidney is usually performed. The 
diagnostic value of the material obtained by transbronchial biopsy does not exceed 7%, whereas by surgical biopsy, this 
figure approaches 90% [21]. However, the indications for surgical lung biopsy in GPA are confined to cases of ANCA-
negative vasculitis with minimal involvement of other organs.

Clinical presentation
The systemic nature of GPA determines the variety of symptoms in many organs. Nevertheless, there is a certain pattern of 
localization of changes.

Upper respiratory tract lesions very often dominate at the onset of the disease and are observed in 90% of GPA patients. 
Patients may complain of persistent blood-tinged discharge from the nose, nasal congestion, the formation of crusts in the 
nasal passages, and ulcers of the mucous membranes. The erosion or destruction of the bones of the nasal sinuses, perfora-
tion of the nasal septum, and saddle nose deformity are also possible [22].

The involvement of auditory system (otitis media, mastoiditis, and hearing loss) is observed in 30%–50% of cases. In 
60%–80% of patients, a nasopharyngeal lesion is noted [22].

Eye lesions are observed in 20%–50% of patients with GPA. A pseudotumor of the orbit develops in 25% of cases due 
to the formation of a periorbital granuloma. Proptosis as a result of retroorbital granulomatous inflammation can disrupt 
the blood supply to the optic nerve. Blindness due to uveitis, vasculitis, or compression of the optic nerve may develop in 
2%–9% of patients. Conjunctivitis and scleritis are rarely noted [22].

Granulomatous lesions of the mucous membranes of the trachea and the main bronchi are characterized by the forma-
tion of necrotizing plaques in GPA, which leads to the formation of hypopharyngeal stenoses in 10%–30% of cases. The 
length of tracheal stenosis below the glottis usually does not exceed 3–5 cm, but the distal part of the trachea and main bron-
chi also may be involved in the process [4,22,23]. Clinically, a trachea or main bronchus lesion is manifested by strident 
breathing and inspiratory dyspnea with heavy coughing and hemoptysis with scarlet blood.

A lung lesion in GPA is diagnosed in 90% of patients. Generally, it is combined with the involvement of other organs, 
but in 9% of patients, it may be the only manifestation of the disease [19]. In the lung parenchyma, infiltrates with cavi-
ties are usual. A frequent symptom is hemoptysis. Dyspnea appears with a significant decrease in the respiratory surface 
or lesions of the pulmonary artery. However, pulmonary symptoms may be absent, even with a large lesion (up to 34% of 
cases) [24]. Auscultatory findings are often absent. Pleural lesions are manifested by pain in the chest and exudation into 
the pleural cavity (usually unilateral).

FIG. 6.3 GPA. Destructive vasculitis (arrow) in the lung tissue af-
fected area. H&E staining, 400×.

FIG.  6.4 GPA. Geographic necrosis (arrow) with a granulomatous 
tissue around the periphery (double arrow). H&E staining, 1.25×.
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The third most frequent target organ is the kidney, where glomerulonephritis develops with microhematuria, proteinuria, 
and kidney failure [25].

Other organs are affected less frequently in GPA and have nonspecific manifestations, including skin rash, ar-
thritis, episcleritis, scleritis, uveitis, keratitis, thrombosis of veins and retinal arteries, and various disorders of the 
central nervous system. Common symptoms of vasculitis include persistent fever, weight loss, myalgia, arthralgia, 
and anorexia [25].

The course of GPA, as a rule, is progressive, even with adequate therapy. Members of the European Vasculitis Study 
Group [26] have proposed identifying five stages of the disease, depending on the degree of involvement of vital organs and 
response to treatment. They are limited, early generalized, active generalized, severe, and refractory. Modern approaches to 
GPA therapy are based on this classification.

Diagnosis
Diagnostic criteria for GPA were developed and proposed by the American College of Rheumatology in 1990 and still 
remain relevant currently, despite significant progress in the field of medicine [27]. They are as follows:

1. Inflammation of the nose and mouth (purulent, bloody discharge from the nose, crusting, and ulcers in the nasal cavity).
2. Changes in the lungs on a radiological examination (nodules, infiltrates, and cavities in the lungs).
3. Changes in the urine (hematuria of more than five erythrocytes in the field of vision and red blood cell casts in the urine 

sediment).
4. Biopsy data (granulomatous inflammation in the artery wall or in the perivascular and extravascular space).

The presence of two or more criteria allows diagnosis with a sensitivity of 88% and a specificity of 92% [27].
Later, for the diagnostics of ANCA-associated vasculitis, simplified, so-called surrogate criteria were proposed [28], 

which for GPA included signs of upper and lower respiratory tract lesions; a radiograph showing infiltrates, nodes, or 
cavitary lesions in the lungs, which last for at least 1 month; stenosis of the bronchi; bloody discharge from the nose and 
crusting for 1 month or the formation of ulcers in the nose; chronic sinusitis, otitis media, or mastoiditis for 3 months; 
retroorbital pseudotumor; hypopharyngeal laryngostenosis; saddle nose deformity; or destructive changes in the nose and 
paranasal sinuses.

For the diagnosis of GPA, one marker is sufficient, provided that other causes of the disease are excluded [28].
The most important diagnostic test for GPA is the detection of ANCAs by the indirect immunofluorescence and 

 enzyme-linked immunosorbent assay methods. An increased level of ANCA to proteinase 3 (c-ANCA) is revealed in 90% 
of patients with ANCA-associated GPA, and an increase in p-ANCA is revealed in only 5% of patients [29]. In cases of 
restricted forms, ANCA in the blood can be increased slightly or be absent. A normal level of c-ANCA is insufficient to 
rule out a diagnosis of GPA in the presence of other clinical and histological evidences [11]. In accordance with the latest 
international consensus on the clinical suspicion of ANCA-associated vasculitis, the first negative ANCA test (especially in 
the case of a screening test) must be rechecked in a reference laboratory [30].

Opinions on the significance of ANCA as a marker of disease activity are contradictory. A number of studies have in-
dicated a direct correlation between the ANCA level in the blood and the disease activity and the possibility of its use for 
monitoring the disease [11,31]. Conversely, in the study by Finkielman et al., an increase in the level of ANCA was associ-
ated with relapse of the GPA in only 40% of patients [32].

It should be noted that positive ANCA titers can be detected not only in ANCA-associated vasculitis but also in au-
toimmune bowel diseases, some tumors in the hematopoietic system, a number of infectious diseases, and drug-induced 
vasculopathy [33] (see section “Differential diagnosis”).

Among other laboratory changes, depending on the severity of the course of GPA, development of complications, 
and signs of kidney damage in the blood, there can be signs of anemia, increased erythrocyte sedimentation rate (ESR), 
and C-reactive protein (CRP), hypoproteinemia, decreased glomerular filtration, increased serum urea, and increased 
creatinine.

Analysis of bronchoalveolar lavage (BAL) fluid does not play a decisive role in the diagnostics of GPA. In most 
cases, an increase in the level of neutrophils to 61% and lymphocytosis (on average 40%) is observed during the 
relapse of the process, with an average ratio CD4+/CD8+ of 4.1 during the period of clinical and laboratory activity 
remission [34]. Nevertheless, BAL can play an important role in ruling out diseases with a similar clinical and radio-
logical presentation, such as pulmonary infections (including tuberculosis, mycobacterioses, and fungal lesions) and 
tumor infiltrates.
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Computed tomography
The characteristic changes seen with GPA, namely, destruction of the bones of the nasal sinuses and perforation of the na-
sal septum, can be detected on a radiograph or computed tomography of the nasal sinuses in 80% of cases (Fig. 6.5) [35].

At the initial stages of GPA, up to 45% of patients have changes on radiographs of the chest, primarily being in the ap-
pearance of single or multiple rounded infiltrative formations, sometimes with signs of inner decay.

The most common CT signs of GPA are [36] nodules and nodal zones of consolidation in the lung parenchyma with 
 irregular distribution, peribronchovascular location of these masses (Fig. 6.6), cavities in infiltration zones with thick or 
thin walls (Fig. 6.7), the phenomenon of ground-glass opacity around the consolidation (a halo sign), centrilobular nodules, 
and thickening of the bronchial walls.

Except for the presence of cavities in infiltration zones, CT features are nonspecific; however, as with any other pathol-
ogy, there are additional signs that can help in ascertaining the correct diagnosis.

Nodules and masses in the parenchyma are found in 90% of patients with lung lesions (Fig. 6.6) [37]. Their average 
size is usually from 2 to 4 cm, with a range from a few millimeters to 10 cm [38]. In 85% of cases, nodules and nodes in the 
lungs are multiple; in 67% of cases, they are bilateral; and in 89% of patients, they are subpleural [37]. The contours of these 
nodes are often even; the shape is round or oval but may be irregular (Fig. 6.6). Generally, several small nodules are detected; 
the presentation of many small centrilobular nodules resembling a CT scan of lung tuberculosis (Fig. 6.7), hypersensitivity 
pneumonitis, or mycoplasma pneumonia may occur [19]. Cavities are present in approximately half of patients with nodal 
infiltrates with a diameter of more than 2 cm (Figs. 6.7 and 6.8) [39]. The appearance of decay in the infiltrates is due to the 
development of necrotizing vasculitis involving the small and medium arteries [40]. The cavities can have different sizes, 
wall thicknesses, and internal contours; they can undergo changes when the process progresses or during immunosuppressive 
therapy (Fig. 6.9). In addition, they can be infected with bacterial or fungal flora, demonstrating features of lung abscesses 
(Fig. 6.10) [19]. The halo sign in patients with GPA, usually reflects the appearance of hemorrhagic filling of lung tissue [41]. 
The emergence of ground-glass opacity foci not related to the infiltrates is generally also associated with alveolar hemor-
rhages due to local lesions in small vessels (Figs. 6.7 and 6.11) [42]. Abundant alveolar hemorrhages can lead to the filling of 
alveolar spaces and the formation of zones of consolidation resembling pneumonic ones. Approximately, 10% of patients de-
velop diffuse alveolar hemorrhages, which can be displayed on the HRCT by a subtotal distribution of ground-glass opacity, 
while the subpleural zones usually remain intact (Fig. 6.12) [39]. In general, the ground-glass opacity is found in 30%–50% 
of patients with GPA and lung damage [43,44].

The involvement of lower airways (most often the trachea) is observed in 10%–55% of patients with GPA [45]. This 
usually occurs in patients with multisystemic lesions, but cases of an isolated process in the trachea have also been de-
scribed [46]. The affected place can be widespread, but more often, it is located in an area of 2–4 cm with a typical distribu-
tion in the subpharyngeal segment. The thickening of airways is usually circular with a smooth or tuberous inner surface. 

(A) (B)
FIG. 6.5 GPA. (A) Necrotic masses filling the nasal cavity and lumens of the maxillary sinuses (arrows). (B) Destruction of the bony elements of the 
nasal septum, the medial walls of the maxillary sinuses (short arrows), deformity and bony growths of the posteroexternal walls, and pterygoid processes 
of the main bone (long arrows).
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An important focus is the involvement of the posterior membranous trachea in the process, which is a specific sign of GPA, 
unlike recurrent polychondritis and tracheobronchopathia osteochondroplastica [47]. On the airway mucosa, there is often 
characteristic ulceration with bleeding. Up to 70% of patients with pulmonary manifestations of GPA have thickening of 
the walls of the segmental and subsegmental bronchi [37]. The consequent large bronchi stenosis may be the appearance 
of lobar and segmental atelectasis in the corresponding zones. Bronchiectasis is a possible, but rarer, finding with GPA 
(10%–20%) [38,48]. A higher incidence of bronchiectasis is associated with an increase in the level of p-ANCA and a more 
frequent lesion of the peripheral nerves [49].

Pleural effusion (usually unilateral) occurs in 10%–20% of patients, and it can be not only a consequence of granulo-
matous inflammation in the pleura (about 6%) but also a manifestation of renal failure [20].

Intrathoracic lymphadenopathy is not typical for GPA; its emergence indicates a secondary infection or an alternative 
diagnosis (lymphoma and sarcoidosis).

Under the influence of treatment, the CT manifestations of GPA change; in approximately 50% of cases, nodules 
disappear; in another 40% of cases, they decrease in size, and the diameter and wall thickness of the cavities are reduced 
(Fig. 6.9) [38,48].

(A)

(B) (C)

FIG. 6.6 GPA. Multiple nodules and masses with random distribution in the lungs. Some of them have a rounded shape, while others have an irregular 
shape with clear or blurred boundaries, mainly with subpleural or peribronchovascular location. Most nodes have a spicular sign (A, B, and C).
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Secondary radiological changes in the lungs can be associated with the development of infectious complications under 
immunosuppression. Infection of the cavities with Aspergillus spp. or bacterial pathogens forming abscesses is noted most 
commonly (Fig. 6.10) [39].

Differential diagnosis
The range of diseases to be differentiated from lung damage with GPA is quite extensive and includes diseases that have 
a similar clinical presentation and radiographic pattern (nodular infiltrates with cavities), such as tumors (Figs. 6.13 
and 6.14), septic metastases (Fig. 6.15), tuberculosis (Fig. 6.16), and pulmonary mycobacteriosis (Fig. 6.17); it also 
includes aspergillosis (Fig. 6.18), echinococcosis (Fig. 6.19), organizing pneumonia (Fig. 6.20), and ANCA-associated 
vasculitis.

The main differential diagnostic criteria of diseases with a similar radiographic pattern are presented in Table 6.1.
Given the infrequency of isolated lung lesions in GPA, the greatest difficulty in differential diagnosis is caused by cases 

of other diseases when there are symptoms in the upper respiratory tract resembling those of the GPA clinical  presentation. 

FIG. 6.7 GPA. A large cavity with thick walls in the lower lobe of the right lung, surrounded by shadow of ground-glass opacity (probably alveolar 
hemorrhages) and merging foci. In the middle lobe on the right, there is a subpleural consolidation layer and multiple small nodules of 1–2 mm in diameter.

(A) (B)

FIG. 6.8 GPA. (A) A thick-walled cavity in the middle lobe of the right lung. Around it, there is a shadow of ground-glass opacity and small nodules. 
(B) In the lower lobe of the left lung, there is a thin-walled cavity surrounded by multiple small cavities and spicular nodules in the upper lobe on the left; 
on the right, there is a heterogeneous zone of consolidation along the interlobar pleura.
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(A) (B)

(C) (D)

(E)
FIG. 6.9 GPA. Dynamics of a nodular lesion in the lower lobe of the left lung. (A) Oval focus of consolidation of 12 × 6 mm and two foci of 3–4 mm. 
The diagnosis is not established yet. (B) Three months after the observation, the cavity in the node thickness appeared. (C) Six months after the observa-
tion, the zone of consolidation expanded, and a new focus appeared. Combined therapy with corticosteroids and cyclophosphamide was started. (D) Four 
months after the onset of treatment, a residual cyst was retained in place of the thick-walled cavity. Remission of GPA was achieved. (E) Twelve months 
after the onset of treatment, there is a site of radiant fibrosis in place of the cyst. Remission continues.



(A) (B)
FIG. 6.10 Combination of GPA with pulmonary aspergillosis. (A) Extensive zones of consolidation in the right lung with the formation of giant cavi-
ties, within which the tuberous dense masses are visible, which is mycelium of Aspergillus niger (the air-crescent sign). (B) Around the cavities, there are 
multiple small nodules that can both manifest fungal invasion and vasculitis.

(A) (B)
FIG. 6.11 GPA. (A) Coronal reconstruction shows multiple nodules and thick-walled cavities with an irregular margins in both lungs. (B) On the axial 
section, foci of ground-glass opacity are visible, which probably represent alveolar hemorrhages.

(A) (B)
FIG. 6.12 ANCA-associated vasculitis. Diffuse alveolar hemorrhages. Bilateral, diffuse areas of ground glass opacity and consolidation with parahilar 
distribution. The lesion is maximally expressed in the upper lobes and central zones. (A and B) Coronal reconstruction shows two rounded nodules in the 
upper lobe of the left lung.
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FIG. 6.13 Multiple metastases of ovarian cancer in the lungs. Dense nodes with sharp contours, one of them with the cavity. Metastases are usually 
located below the carina level.

(A) (B)

FIG. 6.14 T-cell lymphoma. Several nodes in both lungs surrounded by ground-glass opacity. Unlike GPA, large masses do not have internal cavities 
(A and B).

(A) (B)
FIG. 6.15 Septic metastases (one of them with cavity) in a patient with a staphylococcal infection of soft tissues (A and B).
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FIG. 6.16 Infiltrative tuberculosis. Large masses in the upper lobes of the lungs with calcification inside; on the right, with the cavity, multiple poly-
morphic nodules are visualized in the adjacent pulmonary tissue.

(A) (B)
FIG. 6.17 Atypical presentation of Mycobacterium chelonae infection in immunocompetent patient. Thick-wall cavities and single nodules in the right 
low lobe (A and B).

(A) (B)
FIG. 6.18 Multiple pulmonary aspergillomas. Polymorphic nodes and cavities, inside which the round opacity (mycetoma) are seen, loosely adjacent to 
the inner wall (the air-crescent sign). In some cases, there is a junction between the cavity and the bronchus (arrows) (A and B).
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Most often, they are concomitant chronic diseases of the nasopharynx (chronic sinusitis, etc.), but sometimes the symptoms 
can be like GPA (formation of crusts in the nose and nosebleeds). In doubtful cases, it is necessary to perform a biopsy of 
the nasopharyngeal mucosa.

In countries with a high prevalence of tuberculosis, the differential diagnosis of pulmonary tuberculosis and GPA re-
mains an urgent problem, since pulmonary manifestations of GPA are often initially diagnosed as tuberculosis [50]. Major 
problems in the differential diagnosis between pulmonary tuberculosis and the refractory form of GPA may occur when a 
new infiltrate with cavitation appears in the lungs of patients with GPA receiving immunosuppressant therapy. Generally, 
a thorough search for a causative agent of tuberculosis is required, the effectiveness of which is significantly increased in 
such patients by the use of endobronchial methods of obtaining the material [34]. Another special aspect of pulmonary 
 tuberculosis that can hinder differential diagnosis of GPA cases is the possible appearance in the blood of ANCA in persons 
having tuberculosis [51].

Other diseases that include an increase in the ANCA titer and that may result in infiltrates in the lungs include Crohn’s 
disease, ulcerative colitis, rheumatoid arthritis, non-Hodgkin lymphoma, myelodysplasia, and infective endocarditis [33,52–
54]. It is especially difficult to differentiate ANCA-associated vasculitis from subacute bacterial endocarditis (SBE), in 
which ANCA is detected in 18%–24% of cases (anti-PR3-ANCA, rarely anti-MPO-ANCA, or a combination of these that 

(A) (B)
FIG. 6.19 Pulmonary echinococcosis. (A) Multiple nodes, with sharp contours and different sizes in diameter from 6 mm to 48 × 27 mm, filled inside 
with liquid. (B) In S7 on the right gas-liquid levels are visualized.

FIG. 6.20 Cryptogenic organizing pneumonia confirmed by surgical biopsy. Two irregular spiculated nodules, one of which contains air bronchogram 
are visible in the left upper lobe.
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is more frequent) [54,55]. The multiorgan lesions, including those in the kidneys and lungs, where septic metastases can be 
discovered that are indistinguishable in their characteristics from nodes with GPA, laboratory signs of systemic inflamma-
tion (increased CRP and ESR), and fever that is resistant to standard antibiotic therapy, are all signs that are similar for both 
diseases, so that a positive titer to ANCA can make the diagnosis of GPA more likely. However, for a patient with infective 
endocarditis, if the wrong diagnosis is made and the wrong treatment, such as a immunosuppressive therapy, is prescribed, 
this can become critical. Level of procalcitonin in a prolonged course of SBE can also be within the limits of reference 
values. If the diagnosis is not clear, repeated blood cultures and mandatory transesophageal echocardiography are necessary 
if transthoracic access does not reveal signs of endocarditis.

It is not difficult to differentiate GPA from EGPA; since the latter is characterized by high eosinophilia in the blood and 
BAL, it is not characterized by nodal consolidation with cavities in the lung parenchyma; there is severe bronchial asthma 
in almost all cases; and symptoms from the upper respiratory tract are allergic in nature (rhinosinusitis polyposa and allergic 
rhinitis).

Microscopic polyangiitis (MPA) is characterized by an aggressive course of glomerulonephritis, frequent epistaxis, and 
frequent development of alveolar hemorrhages. Unlike GPA, MPA is not a granulomatosis, and it does not form a nodal 

TABLE 6.1 Differential diagnosis of GPA

 GPA

Tumors of 
the lungs and 
metastases to the 
lungs Septic metastases Tuberculosis

Organizing 
pneumonia

Age Older than 
30 years

Any Any Any Any

Medical history Rhinitis, sinusitis, 
nasal bloody 
discharge

Malignant 
neoplasms

Trauma, previous 
episode of 
infection, surgical 
intervention

Contacts with 
tuberculosis 
patients, 
immunodeficiency

Onset usually 
after a respiratory 
infection

Clinical 
presentation

Cough, 
hemoptysis, 
shortness of breath, 
chest pain

Weight loss, 
nonproductive 
cough

Fever, cough with 
purulent sputum

Fever, weight 
loss, sweating, 
coughing, 
hemoptysis

Fever, shortness 
of breath, 
nonproductive 
cough

Procalcitonin  
(ng/mL)

<0.5 <0.5 >1 <1 <0.5

Elevated c-ANCA +++ − + + −

Bronchoalveolar 
lavage fluid

Lymphocytosis 
in the period 
of low activity 
CD4/CD8 > 3, 
neutrophilia in the 
high activity phase

Tumor cells Neutrophilia Moderate 
lymphocytosis, 
neutrophilia CD4/
CD8 < 2
+ PCR to  
M. tuberculosis

Foamy 
macrophages, 
eosinophilia 
2%–25%, 
lymphocytosis 
>25%

CT signs Nodules and 
masses of various 
sizes up to 10 cm 
in diameter, often 
with cavities in 
large nodes. The 
halo sign. Pleural 
effusion is possible. 
Thickening of the 
walls of the trachea 
and large bronchi

Multiple bilateral 
nodules of different 
sizes with usual 
localization 
below carina 
(for metastases). 
Cavities are 
generally not 
characteristic, signs 
of invasive growth 
are possible (halo 
and spiculation)
Lymphadenopathy

Several foci of 
consolidation up to 
10 mm in diameter
with or without 
cavities
Lymphadenopathy

Infiltrates with 
cavities, mainly 
of upper-lobe 
localization. Signs 
of bronchogenic 
seeding; there 
are small nodules 
around the 
infiltrate
Centrilobular 
nodules
Lymphadenopathy

Bilateral 
subpleural 
consolidation 
areas without 
cavities, changing 
the size and 
configuration, 
bordering with the 
areas of ground-
glass opacity. An 
atoll sign is very 
common, imitating 
cavities

–, Not typical; +, possible sign; ++, frequent sign; +++, typical sign.
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consolidation in the lungs with cavities (Fig. 6.21). In addition, in 50%–75% of cases of MPA, the level of p-ANCA is 
increased, while an increase in the ratio of c-ANCA to proteinase 3 is more common for GPA [56].

Some forms of small vessels vasculitis cannot always be clearly differentiated; in such cases the use of the term ANCA-
associated vasculitis is utilized.

The use of certain medications and narcotic agents (propylthiouracil, hydralazine, minocycline, and levamisole- 
adulterated cocaine) can induce the development of ANCA-associated vasculopathies mimicking vasculitis and causing 
alveolar hemorrhages [57,58]. Therefore careful history taking, including questions on prior drug therapy and drug addic-
tion, can help in differentiating true vasculitis from vasculopathy.

Treatment and prognosis
The main principle of GPA treatment and that of other ANCA-associated vasculitides is a two-phase approach, consisting 
of the first stage, which is remission induction therapy, and after its achievement a shift to long-term maintenance therapy 
[59,60]. To select a remission induction scheme, the severity and activity of the disease are first assessed using differ-
ent scales, the Birmingham Vasculitis Activity Score [61] and the European Vasculitis Study Group disease staging [26] 
(Table 6.2). Monotherapy with corticosteroids or immunosuppressants is acceptable for localized forms with low activity of 
microscopic polyangiitis and EGPA, while for GPA, even at an early stage, it is recommended to use combination therapy of 

(A) (B)
FIG. 6.21 Microscopic polyangiitis with diffuse pulmonary hemorrhages. Bilateral symmetrical zones of ground-glass opacity associated with thick-
ened interlobular and intralobular septa. Unlike GPA, there are no foci of consolidation with cavities (A and B).

TABLE 6.2 Schemes of remission induction, depending on GPA severity [62–69]

Limited Early generalized Active generalized Severe Refractory

Localization of the 
process only in the 
upper respiratory airway. 
No systemic symptoms 
or impaired function of 
organs

The appearance of 
general symptoms; there 
are no signs of severe 
organ dysfunction

General symptoms 
with severe functional 
impairment of target 
organs

Severe life-threatening 
kidney damage with 
creatinine >500 mmol/L

Progression of the 
disease, the lack of 
response to therapy

CS + CYC or CS + MT or 
CS + AZA

CS + CYC or CS + MT or 
CS + AZA

CS + CYC or CS + RTX CS + PE + CYC or 
CS + PE + RTX

No standard therapy
Alternative therapies 
are possible, such as 
immunoglobulin, stem 
cells

CS, systemic corticosteroids; AZA, azathioprine; MT, methotrexate; CYC, cyclophosphamide; RTX, rituximab; PE, plasma exchange.
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glucocorticosteroids with immunosuppressants. The same approach is used for early generalized forms in which remission 
can be effectively achieved with an oral combination of systemic steroids with one of the cytostatic agent (cyclophospha-
mide, methotrexate, and azathioprine) [62,63]. For remission induction treatment of the active generalized forms, a course of 
intravenous pulse therapy with corticosteroids in combination with cyclophosphamide or rituximab is usually utilized. The 
standard dose for prednosone in such cases is 1-mg/kg body weight per day or from 1 to 3 bolus injections of methylpredniso-
lone of 7.5–15 mg/kg body weight per day [64]. After 2–4 weeks of treatment, the dose is reduced by 10% every 1–2 weeks, 
reaching an average dose of 0.5 mg/kg/day by month 3, followed by a decrease and a possible withdrawal by month 6.  
However, there is no consensus on the duration of the remission induction period in patients with ANCA-associated 
 vasculitis [65]. Cyclophosphamide, which is the most commonly used immunosuppressant for GPA treatment, is adminis-
tered either intravenously with pulse doses (15 mg/kg every 14 days for 1 month and then every 3 weeks) or orally (2 mg/kg/
day with a maximum of 200 mg/day) considering the age and the glomerular filtration rate [66]. Rituximab is an alternative 
to traditional immunosuppressants, especially in patients with severe generalized forms of GPA who have already received 
a cumulative dose of cyclophosphamide. In combination with systemic corticosteroids, it is noninferior to cyclophospha-
mide with a similar incidence of side effects [67,68]. According to the European Medicines Agency and FDA recommenda-
tions, the remission induction dose of rituximab should be 375-mg/m2 body surface area infused once a week for 4 weeks.

In cases of severe life-threatening complications such as renal failure or diffuse alveolar hemorrhages, combined drug 
therapy is supplemented by plasma exchange [69]. For refractory forms of GPA, there are no generally accepted methods of 
treatment. It is generally agreed that such patients should be treated at specialty centers. Usually, the guidelines being stud-
ied are used for such patients, such as new immunobiologic drugs (Ofatumumab, Abatacept, Belimumab, and Avacopan), 
mesenchymal stem cells, and immunoglobulins [70–72].

In 70%–90% of cases, the first phase of GPA treatment is able to achieve remission of the disease within a period of 
6 months [62,73]. The second phase of treatment is maintenance therapy that is designed to prolong remission and prevent 
relapses. For patients in which remission induction was performed with cyclophosphamide, maintenance therapy with 
azathioprine (2 mg/kg/day) per os, or methotrexate (0.3 mg/kg/week), is preferred, possibly in combination with low doses 
of corticosteroids [74]. If they are not tolerated, or if serious side effects develop, maintenance therapy with mycopheno-
late mofetil is possible, although its effectiveness against relapse is lower than that of the previously listed agents [75]. 
Maintenance therapy should be conducted for at least 18–24 months [62].

If remission induction was achieved using rituximab, the maintenance therapy can be continued with its use at doses 
of either 1000 mg every 4–6 months or 500 mg every 6 months (in combination or without low doses of GCS), or it can be 
switched to a maintenance regimen as after cyclophosphamide therapy [76,77].

Due to the high risk of development of pneumocystosis infection in persons receiving immunosuppressive therapy with 
cyclophosphamide or rituximab, cotrimoxazole at a dose of 160 mg, trimethoprim, and 800 mg of sulfamethoxazole daily, 
3 days/week, is recommended for the prevention of infectious complications, during and several months after withdrawal 
of immunosuppressive drugs [64].

In patients receiving adequate therapy, a 5-year survival rate reaches 72.4%–79.9% [38,47]. Patients with refractory 
forms of GPA have an unfavorable prognosis.
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Chapter 7.1

Eosinophilic granulomatosis with polyangiitis (Churg-Strauss 
syndrome)
Eosinophilic granulomatosis with polyangiitis (EGPA) is a systemic necrotizing ANCA-associated vasculitis that affects 
the small- and medium-sized vessels and is manifested by severe asthma and eosinophilia [1].

The first description of EGPA was made in 1951 by J. Churg and L. Strauss as an allergic granulomatosis with 
periarteritis and angiitis [2]. Until 2012 the eponym “Churg-Strauss syndrome” [3] was the generally accepted term to 
designate EGPA.

EGPA is a rare disease, with a prevalence of only 10–13 cases per 1 million people [4–6], and the annual incidence rate 
does not exceed 6.8 cases per million [7]. The morbidity rate among men and women is equal, and the mean age of EGPA 
patients is 38–49 years [8, 9].

The etiology of EGPA is unknown. About a third of patients have a history of allergies, mainly to indoor allergens. 
It is theorized that disease triggers can be mold and yeast fungi, inhalations of cocaine, bird allergens, vaccination 
against influenza and hepatitis B, and certain medications [10, 11]. The relationship between the intake of leukotriene 
receptor inhibitors and development of EGPA has been previously discussed [12]. However, this statement remains 
in dispute [1, 12], and thus some authors recommend avoiding the prescription of leukotriene receptor inhibitors to 
EGPA patients [13].

The presence of eosinophilia and asthma in the majority of EGPA patients supports the theory of allergic genesis of 
systemic vasculitis. An increased level of antibodies to the cytoplasm of neutrophils in a significant proportion of patients 
strongly suggests an autoimmune component in disease pathogenesis.

Morphology
Microscopic manifestations of lung lesions in EGPA consist of a combination of necrotizing eosinophilic cell vasculitis, 
the presence of inflammatory infiltrates with an admixture of eosinophils in lung tissue, extravascular granulomas, and 
typical structural changes, which are characteristic of asthma [2, 14]. However, the full morphological symptom complex 
is observed in about 20% of cases. Eosinophilic vasculitis develops in the arteries and veins and affects the medium- and 
small-sized vessels down to the capillaries. In addition, fibrinoid necrosis and inflammatory infiltration with an admixture 
of eosinophils have been observed in the vessel walls (Figs. 7.1.1–7.1.2), which can lead to thrombosis and pulmonary 
tissue infarction. Pulmonary capillaritis may be accompanied by alveolar hemorrhages (Fig. 7.1.3). Interstitial fibrosis can 
develop in place of necrosis and hemorrhage.

Chapter 7
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Eosinophilic inflammatory infiltrates are also found in the alveoli and bronchial walls (Fig. 7.1.4). The bronchi contain 
viscous mucus, a thickened hyalinized basement membrane, hypertrophy of the bronchial glands, and smooth muscle fibers 
(Fig. 7.1.5).

Granulomas consist of histiocytes, multinucleated cells, and eosinophils and also contain a zone of necrosis in their 
center (Fig. 7.1.6). Granulomas are revealed rarely in patients treated with systemic corticosteroids [15].

In the early stages of the disease, eosinophilic infiltrates appear in the lungs with no signs of vasculitis. Then, eosino-
philic pneumonia, granulomatosis, and destructive thrombovasculitis develop. With an aggressive course of treatment, the 
process involves the skin, lungs, central and peripheral nervous systems, kidneys, and heart.

Differential diagnosis in histological examination should be performed with chronic eosinophilic pneumonia, granu-
lomatosis with polyangiitis (GPA), and pulmonary eosinophilia due to fungal and parasitic diseases and as medicinal 
vasculitis. Eosinophilic pneumonia differs from EGPA in the absence of necrotic vasculitis in biopsy samples. However, 
productive vasculitis can also be detected in eosinophilic pneumonia. Unlike GPA the granulomatous tissue comprises 
a large number of eosinophils, and also, there are no “geographic” foci of necrosis. In the case of fungal and parasitic 
diseases and drug-induced injury of the lungs (especially the intake of estrogen and carbamazepine), diagnosis should be 

FIG. 7.1.1 EGPA. Destructive and productive vasculitis of the pulmo-
nary small artery with the presence of eosinophils in the inflammatory 
infiltrate. Hematoxylin and eosin staining, 200×.

FIG. 7.1.2 EGPA. Destructive and productive vasculitis of the pulmo-
nary small artery with the presence of eosinophils in the composition of 
the inflammatory infiltrate. Hematoxylin and eosin staining, 400×.

FIG.  7.1.3 EGPA. Pulmonary hemorrhages, the alveolar lumens are 
filled with red blood cells due to capillaritis. Hematoxylin and eosin stain-
ing, 200×.

FIG. 7.1.4 EGPA. Eosinophilic inflammatory infiltrates in the walls and 
lumens of the alveoli. Hematoxylin and eosin staining, 250×.
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made based on a combination of clinical, anamnestic, and laboratory data, since these conditions may be accompanied by 
granulomatous vasculitis and eosinophilic cell infiltrates.

Clinical presentation
Generally, three consecutive phases are distinguished in the course of EGPA [16]:

1. Phase 1: The prodromal phase may last for many years and manifest itself as atopic asthma and/or allergic rhinitis. 
Asthma is usually severe and requires the administration of high doses of inhaled corticosteroids. However, asthma is 
not always controlled without systemic steroids. Chronic allergic rhinitis or rhinosinusitis occurs in 3/4 of patients and 
may be accompanied by nasal polyposis and significant nasal obstruction. Eosinophils are usually present in the nasal 
secretion.

2. Phase 2: The phase of blood eosinophilia and tissue eosinophilic infiltrates. Some changes in the lungs occur in almost 
all EGPA patients [17]. Clinically, they are difficult to differentiate as asthma symptoms dominate.

3. Phase 3: Full-scaled vasculitis when common symptoms appear, such as fever, weight loss, arthralgia, and myalgia. 
There are also nonrespiratory symptoms of the disease, namely, paresthesia, erythematous rash on the skin, and signs 
of glomerulonephritis [18]. Cardiac disease can range from asymptomatic to full-scale eosinophilic myocarditis with 
severe heart failure [19]. It usually takes 3–6 years from the first symptoms of asthma and rhinitis to the onset of sys-
temic vasculitis. A fulminant course is also possible with the rapid development of severe damage to multiple organs 
[20]. Some researchers have identified two phenotypes of the disease, determined by the presence or absence of ANCA 
(Table 7.1.1) [21].

FIG.  7.1.5 EGPA. The wall of the small bronchus with thickened 
hyalinized basement membrane, hyperplasia of mucus-producing cells, 
hypertrophy of the bronchial glands, smooth muscle fibers, and inflamma-
tory infiltrate in the wall. Hematoxylin and eosin staining, 200×.

FIG. 7.1.6 Focus of hyalinosis  with inflammatory infiltration. Hematoxylin 
and eosin staining, 100×.

TABLE 7.1.1 Phenotypes of EGPA

 Vasculitis phenotype Eosinophilic infiltrative phenotype

Incidence 40% 60%

p-ANCA + −

Differences in the clinical 
presentation

Glomerulonephritis
Neuropathy
Purpura
Histological signs of vasculitis

Eosinophilic myocarditis
Eosinophilic infiltrates in the lungs
Fever
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Diagnostic tests
Blood eosinophilia is an obligate sign of EGPA. The diagnostically significant level is 10% of the total number of leukocytes; 
however, as a rule, before starting treatment, the proportion of eosinophils in the blood is 30%–40% [22]. Generally, there are 
direct correlations between the severity of clinical symptoms and the number of eosinophils in the blood. In all patients with 
lung lesions, pronounced eosinophilia of the BAL fluid is detected and often exceeds 30% [23]. Total IgE is increased in most 
patients; however, the level does not correlate with disease activity [20]. The appearance in the blood of increased antibody titers 
to the cytoplasm of neutrophils, mainly to myeloperoxidase (p-ANCA), is a significant marker of the disease. This finding is 
observed in approximately 40% of patients with a full-scale presentation of the disease. It is interesting to note that the level of 
p-ANCA has no direct correlation with the severity of the EGPA course; however, it is a strong predictor of relapses [24, 25].

Computed tomography
Changes in HRCT scans of the thoracic organs in EGPA patients are noted in various studies in 76%–100% of patients [17, 18].

The CT semiotics of changes in the lungs in the case of EGPA is nonspecific and, thus, cannot be used as a basis of the 
diagnosis. The main findings are summarized as follows (Fig. 7.1.7 and 7.1.8):

● Ground-glass opacity areas
● Foci of consolidation
● Small nodules

(A) (B)

(C)

FIG. 7.1.7 EGPA. Bilateral round infiltrates of uneven attenuation and nodules in subpleural zones. Thickened bronchial walls and separated inter-
lobular septa (A). Foci of ground-glass opacity and consolidation with subpleural distribution. The tree-in-bud sign (B). Abnormalities are symmetrically 
distributed in both upper and lower lobes (C).
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● Thickening of interlobular septa
● Thickening of bronchial walls

Szczeklik et al. analyzed the data from six studies assessing CT semiotics in the case of EGPA and concluded that there 
is a rather large variation in the incidence of various radiological signs (Table 7.1.2) [17].

The most common CT finding of EGPA is the ground-glass opacity sign. The distribution of GGO and consolidation 
is usually subpleural (60%) or patchy (40%) [26, 27]. These changes are quickly reversed with proper treatment. Nodules 
with EGPA do not exceed 10 mm in diameter, and sometimes, zones of hyperlucency can be seen within them, such as 
areas of cavitation due to necrotizing vasculitis. However, in general, the formation of cavities in zones of infiltration are 
not typical for EGPA, unlike, for example, granulomatosis with polyangiitis (GPA) [18].

Pleural effusion occurs in about 20% of EGPA patients and may have an eosinophilic characteristic but may also be a 
manifestation of cardiac or renal failure indicating a lesion to the corresponding organs [28].

Although rare, another possible finding from HRCT in EGPA patients may be a tree-in-bud sign and the reversed halo 
sign [26].

Pericardial effusion is a rare but life-threatening condition in EGPA patients. Sometimes, pericardial effusion and heart 
failure become the dominant symptoms in clinical presentation of the disease [29].

The CT semiotics usually reflect certain histological characteristics of the lesion zone in the lungs. According to Kim et al. 
[26] and Silva et al. [30], the signs of ground-glass opacity and consolidation correspond to the histological pattern of eosino-
philic pneumonia, necrotizing granulomatosis, or necrotizing vasculitis. Nodules of up to 10 mm corresponded to eosinophilic 
lymphocytic bronchiolitis, while larger foci corresponded to areas of necrotizing granulomatosis with alveolar hemorrhages 

(A) (B)

(C)

FIG. 7.1.8 EGPA. Bilateral consolidation zones located mostly subpleural. Part of the interlobular septa (A and B) is thickened. Pathological lesions 
are mostly distributed in the upper lobes (C).
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and surrounding eosinophilic infiltration. Thickening of the bronchial walls corresponds to their eosinophilic and lymphocytic 
infiltration, and the thickening of interlobular septa corresponds to edema and infiltration with eosinophils [26, 30].

Bronchoscopy and bronchoalveolar lavage (BAL) are mandatory diagnostic tools in the case of eosinophilic lung 
lesions. Normally the content of eosinophils in BAL fluid should not exceed 1% [31]. In the study of Schnabel et al. 
[32], in EGPA patients, in the active phase of the disease, the median eosinophil level was 34% (interquartile range 
8%–71%), while in the partial remission phase, it was only 0.5%. This is generally lower than observed in idiopathic 
chronic eosinophilic pneumonia for which the conservative cutoff for inclusion in clinical trials is 40% of eosinophils 
[33]. Transbronchial lung biopsy in EGPA is rarely performed due to insufficient informational value of the material 
obtained.

Probe-based confocal laser endomicroscopy
Our experience in alveoloscopy in one patient with EGPA with lung lesion did not establish any signs specific to only this 
disease. The endomicroscopic pattern of the distal respiratory tract was characterized by thickening of the interalveolar 
septa up to 14–20 μm in 8 of the 15 areas examined (Fig. 7.1.9A). Distelectatic changes (Fig. 7.1.9C and E) were found in 4 
of the 15 areas. Cellular elements in the lumen of the alveoli, which fluoresce at a wavelength of 488 μm, were rarely regis-
tered, while moderate quantity was seen in 2 of 15 areas. There was a notable visualization of a large number of vessels with 
a pronounced fluorescence intensity of their walls (94 ± 19.5 relative units); at least 2–3 of these vessels were found within 
one region of interest in 80% of cases (Figs. 7.1.9C and 1.40). Such a phenomenon could reflect pulmonary vasculitis. In 7 
of the 15 areas, small rounded, brightly fluorescent elements 3–7.5 μm in diameter were found in the lumen of the respira-
tory bronchioles (Fig. 7.1.9D); these are most likely protein elements and markers of inflammation that reflect the activity 
of eosinophilic bronchiolitis. In 5 of the 15 areas, a viscous moderately fluorescent secretion (Fig. 7.1.9B) was present in 
the lumen of the alveoli in differing amounts, which represent either an eosinophilic exudate or bronchial secretion; this is 
likely due to hyperproduction that could partially enter the alveolar passages.

Diagnostic criteria
Since 1990 most researchers use the criteria of the American College of Rheumatology [14] to diagnose EGPA, which 
include six characteristics:

(1) Asthma
(2) Blood eosinophilia >10%
(3) Mono- or polyneuropathy
(4) Migrating infiltrates in the lungs
(5) Rhinosinusopathy
(6) Extravascular eosinophilic infiltrates in the study of biopsy samples

TABLE 7.1.2 The incidence of CT signs of EGPA in different studies (17 with additions)

 

Patients Signs on high-resolution computed tomography (%)

N
Mean age 
(years)

Ground-glass 
opacity Consolidation Nodules TIS TBW

Pleural 
effusion LAP

Worthy (1998) 17 47 59 – 23.5 ND 35.3 11.8 ND

Choi (2000) 9 35 100 55.5 89 22.2 77.8 22.2 44.4

Silva (2005) 7 49 71.4 57.1 85.7 57.1 57.1 57.1 28.6

Kim (2007) 25 45 40 32 48 32 40 ND ND

Furuiye (2010) 16 57 100 75 56 ND 37.5 18.7 50

Szczeklik (2010) 15 40.5 66.6 60 26.6 66.6 66.6 17.6 0.7

Li (2016) 43 53 79.1 ND ND ND 51.2 ND ND

LAP, lymphadenopathy; ND, no data; TIS, thickening of interlobular septa; TBW, thickening of the bronchial walls.
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FIG. 7.1.9 Endomicroscopic distal airway pattern in an EGPA patient. Alveoli are of regular round shape. The interalveolar septa are thickened in 
different degrees (A). Viscous secretion in the lumen of the alveoli complicates the visualization of the alveolar structures. Alveolar macrophages are 
determined against the background of the secretion (B). About half of the field of vision (FOV) is occupied by a vessel with a diameter of 231.4 μm. In the 
right half of the FOV, the free edge of the fragmented interalveolar septum (ellipse) (C) is clearly visible. Brightly fluorescent elements are observed in 
the lumen of the terminal bronchioles (D). The shape of the alveolar cavities is impaired due to their partial collapse (E). The elastic fibers of interalveolar 
septa are indicated with yellow arrows. Some measurement areas are marked with ellipses.
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The presence of at least four of these criteria makes the diagnosis of EGPA highly probable with a sensitivity of 85% 
and specificity of 99% [14].

Later, simpler criteria were proposed [22]:

(1) Asthma
(2) Blood eosinophilia
(3) Eosinophilic and granulomatous inflammation in the airways
(4) Necrotizing vasculitis of small and medium vessels

For a long time, it was believed that the diagnosis of EGPA does not always require histological verification and thus relied 
only on the presence of characteristic clinical and laboratory signs [13]. However, in 2017, the experts of the French group of 
orphan lung diseases and the European Respiratory Society published results of an assessment of systemic manifestations in 
157 patients with an established diagnosis of EGPA, according to the criteria earlier. The study determined that only 59% of 
patients had certain or strong surrogate signs of polyangiitis, mononeuritis, or positive ANCA. For the remaining patients, it 
was proposed to recategorize the term of EGPA in favor of a new nosological form, namely, hypereosinophilic asthma with 
(any) systemic (nonvasculitic) manifestations (Table 7.1.3) [34]. However, this topic is still under discussion.

Treatment and prognosis
Like other ANCA-associated vasculitis, the treatment plan for EGPA patients includes the induction of remission and 
further maintenance. As a basis for choosing induction therapy, it has been suggested to consider other factors of an 
 unfavorable prognosis on a Five-Factor Score (FFS), including age over 65 years; signs of cardiac lesions; renal failure 
(creatinine more than 1.70 mg/dL); involvement of gastrointestinal tract; and the absence of lesion of the ear, nose, or throat 
[35]. The presence of at least one of these factors (FFS ≥ 1) requires the prescription of combined induction therapy with 
glucocorticosteroids and cytotoxic agents (cyclophosphamide first) at a dose of 0.6–0.7 g/m2 intravenously on the day 1, 15, 
and 30 and then every 3 weeks [35]. In addition, the manifestations that are not included in the said scale, such as diffuse 
alveolar hemorrhages, eye lesion, and severe peripheral neuropathy, can also be an indication for administering cytostat-
ics [36]. In the absence of all these factors, the first-line drugs for the treatment of EGPA are glucocorticosteroids, and the 
recommended induction dose of prednisone is 1 mg/kg/day for 2–4 weeks [1, 3]. In the case of a more severe course but 

TABLE 7.1.3 The proposed nomenclature for EGPA, hypereosinophilic asthma, and hypereosinophilic asthma with 
systemic manifestation

Hypereosinophilic asthma EGPA
Hypereosinophilic asthma with systemic 
manifestations

Asthma + blood 
hypereosinophilia >1.5 × 109/L 
or >10% leukocytes

Definite vasculitis features
– Biopsy-proved necrotizing vasculitis of any organ
– Biopsy-proved necrotizing glomerulonephritis or 

crescentic glomerulonephritis
– Alveolar hemorrhage
– Palpable purpura
– Myocardial infarction due to proved coronaritis
Definite surrogates of vasculitis
– Hematuria associated with red casts or >10% 

dysmorphic erythrocytes or hematuria and 2+ 
proteinuria on urinalysis

– Leukocytoclastic capillaritis and/or eosinophilic 
infiltration of the arterial wall at biopsy

Mononeuritis or mononeuritis multiplex
ANCA with at least one extrathoracic non-ENT 
manifestation of disease

Hypereosinophilic asthma
Any systemic manifestation other than 
polyangiitis or surrogate of vasculitis or 
mononeuritis and the absence of ANCA

Non-ENT, other than ear, nose, and throat disease.
(Extract from Cottin V, Bel E, Bottero P, Dalhoff K, Humbert M, Lazor R, et al. Revisiting the systemic vasculitis in eosinophilic granulomatosis with polyangiitis 
(Churg-Strauss): a study of 157 patients by the Groupe d’Etudes et de Recherche sur les Maladies Orphelines Pulmonaires and the European Respiratory Society 
Taskforce on eosinophilic granulomatosis with polyangiitis (Churg-Strauss). Autoimmun Rev 2017;16(1):1–9.)
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without unfavorable prognosis factors, intravenous methylprednisolone pulse therapy at a dose of 7.5–15 mg/kg/day for 
1–3 days is recommended [36].

Remission is achievable in more than 90% of EGPA patients. However, relapses occur in 40%–50% of patients [15, 34].
Systemic glucocorticosteroids are used as maintenance therapy in EGPA patients without a life-threatening condition. 

In cases of recurrent disease and if it is not possible to reduce the dose of prednisone lower than 7.5 mg/day after 3 or 
4 months of treatment, a combination of glucocorticosteroids with azathioprine, methotrexate, mycophenolate mofetil, or 
leflunomide is used [1, 3]. The duration of maintenance therapy should be at least 18–24 months [36].

Rituximab represents chimerical monoclonal antibodies against CD-20 B lymphocytes and also reduces the production 
of interleukin-5 by T lymphocytes. It is prescribed to ANCA-positive patients refractory to other types of therapy of EGPA 
or with renal diseases, both for induction and for remission maintenance. The efficiency of the medication exceeds 80%  
[1, 37, 38]. To prevent severe bronchospasm, which can be caused by rituximab, before the drug intake, the pulse admin-
istration of glucocorticosteroids is performed [39]. Mepolizumab is a human anti-IL-5 monoclonal antibody, and the first 
pilot study in 10 patients with relapsing EGPA is currently under way. This study administered high doses of systemic ste-
roids in eight cases to achieve sustained remission and reduction of doses of prednisone down to 7.5 mg/day [40]. In a later 
study of 136 EGPA patients, mepolizumab allowed for protocol-defined remission in 53% of patients and reduction of the 
dose of prednisone to 4 mg/day or lower in 44% of patients [41].

In general, plasma exchange has not proved to be effective for EGPA patients but can be considered as a method of 
treatment in individual ANCA-positive patients with antiglomerular basement membrane disease or rapidly progressive 
glomerulonephritis [1].

Prescription of intravenous immunoglobulin may be considered in addition to corticosteroids and immunosuppressants 
in EGPA patients who are refractory to other types of therapy, or during pregnancy, or with drug-induced hypogamma-
globulinemia [1].

Omalizumab may have a sparing effect with systemic corticosteroids with refractory or recurrent EGPA; however, re-
ducing the dose of corticosteroids increases the risks of severe flares of the disease [42].

The prognosis of EGPA with adequate treatment is generally favorable as the 5-year survival rate has been observed to be 95% 
[43], and the 10-year survival rate reaches 79% [15]. Patients with the above five factors (5FFS) have the worst prognosis [35].

A prerequisite for successful management of EGPA patients is a multidisciplinary approach that is provided in special-
ized clinics [44].
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Chapter 7.2

Idiopathic chronic eosinophilic pneumonia
Idiopathic chronic eosinophilic pneumonia (ICEP) is a rare disease of unknown origin, characterized by general and re-
spiratory symptoms and eosinophilia of the blood and/or alveolar eosinophilic accumulation with a chronic or subacute 
course [1]. Carrington et al. were first to describe ICEP in nine females with fever, dyspnea, weight loss, and eosinophilic 
pulmonary infiltrates [2].

ICEP is a rare disease. In Iceland, its prevalence is 0.23 cases per 100,000 people [3]. ICEP accounts for <2.5% of 
all interstitial lung diseases [4]. The disease usually develops around ages 40–50 years, and it occurs in females twice as 
frequently as in males [1]. In 60.5%–94.7% of cases, ICEP develops in nonsmokers and those patients who have never 
smoked [5].

Eosinophilic pneumonia (EP) can be induced by heterogeneous factors, such as the intake of medications (nonste-
roidal antiinflammatory drugs and antibiotics) or helminths; moreover, it can be associated with mycoses, rheumatoid 
arthritis, T-cell lymphomas, and nontuberculous mycobacterial pulmonary disease. In these cases, EP is considered 
secondary, unlike ICEP that is treated as an independent disease of unknown etiology, after ruling out other causes of 
eosinophilia [6, 7].

Morphology
ICEP is characterized by the development of infiltrates located primarily in the peripheral subpleural regions of the lungs. 
They capture alveolar septa and lumens and consist of eosinophilic granulocytes, lymphocytes, macrophages, and plasma 
cells with possible signs of organized EP and eosinophilic microabscesses (Figs. 7.2.1–7.2.4) [2, 8].

Prolonged disease-related changes are often accompanied by mild interstitial fibrosis [8]. Aside from eosinophilia, there 
are frequently histological signs of bronchiolitis or nonnecrotizing vasculitis [9]. Because of its resemblance to other EPs, 
ICEP is diagnosed after ruling out such diseases as acute eosinophilic pneumonia; simple pulmonary eosinophilia (the 
Löffler syndrome); tropical eosinophilia; secondary eosinophilia with parasitic, fungal, and bacterial infections; allergic 
bronchopulmonary aspergillosis; drug-related diseases; and hypersensitivity pneumonitis.

Clinical presentation
Many patients present with a history of allergic diseases, namely, nasal polyposis, allergic rhinitis (up to 37%), 
atopic dermatitis (up to 15%), and drug allergies. In 33%–61% of cases, ICEP develops in patients with histories 
of asthma, although in 15% of cases, asthma onset coincides with the appearance of eosinophilic infiltrates in the 
lungs [5, 10].

Symptoms of the disease are not specific; their frequency varies significantly according to different studies; most 
cases include prolonged cough (65%–96%) with sputum discharge, dyspnea (21%–91%), fever (29%–77%), night 
sweats, general fatigue, asthenia (6%–88%), loss of appetite, and weight loss (2%–75%) [5]. The course is usually 
subacute or chronic, developing over a course of a few weeks, when symptoms first appear to a few months with peak 
disease activity. Some patients may have thoracalgia, arthralgia, skin rashes, and minor pericardial effusion, which 
make the clinical picture very similar to eosinophilic granulomatosis with polyangiitis (EGPA) [11]. During ausculta-
tion, wheezes and moist crackles are heard in about 1/3 of patients [1]. In contrast to acute eosinophilic pneumonia, 
ICEP, even at the height of clinical manifestations, is usually not accompanied by severe respiratory failure, which 
requires respiratory support.

Blood testing typically reveals inflammatory changes, namely, increased ESR and C-reactive protein. In 2/3 of the pa-
tients, there are increases in the level of total IgE [12]. Blood eosinophilia (if not treated with systemic glucocorticoids) is 
a very significant sign of ICEP. Usually the number of eosinophils varies from 5000 to 6000/mm3; the eosinophil fraction 
amounts to 20%–30% and even higher. If a small number of patients with ICEP (5%–12%) do not exhibit blood eosino-
philia [7], elaborating BAL eosinophilia will help [1, 9]. Active degranulation of eosinophils significantly increases urine 
concentrations of eosinophilic neurotoxins [13].

In 50%–70% of patients with a primary diagnosis of ICEP, impaired pulmonary ventilation and decreased diffu-
sion lung capacity are revealed [5]. Different patients may exhibit obstructive, restrictive, or mixed patterns of lung 
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 function damage. Despite the disappearance of pulmonary infiltrates, in 36% of patients, certain functional disorders, 
often  obstructive, persist [5]. In patients with ICEP, high initial levels of eosinophils in BAL predict the persistence of 
obstructive symptoms [14].

Radiological imaging
On chest radiographs, areas of peripheral consolidation are usually found, generally in the upper lobes of the lungs [15]. 
The following primary findings can be detected on the chest high-resolution computer tomography [15, 16]:

– Widespread bilateral areas of homogeneous consolidation, located along the periphery of the lung parenchyma and 
subpleurally (where the distribution is usually symmetrical); however, consolidation is more often localized in the upper 
and middle zones (Fig. 7.2.5). The sign of air bronchogram is often observed. Sometimes the foci of consolidation may 
have a rounded shape and radiant contours and resemble tumor nodes (Fig. 7.2.6).

– Ground-glass opacity, sometimes associated with thickening of the interlobular septa (crazy paving sign) (Fig. 7.2.7).
– Small airspace nodules (see Fig. 7.2.7).
– Linear opacities (often when patients are being treated with steroids during foci of consolidation resolution) (Fig. 7.2.7).

FIG.  7.2.1 ICEP. A large number of eosinophils in the inflammatory 
infiltrate. Hematoxylin and eosin staining, 400×.

FIG.  7.2.2 ICEP. The focus of pneumonia with eosinophils within 
inflammatory infiltrate and the onset of fibrosis of alveolar septa. 
Hematoxylin and eosin staining, 400×.

FIG. 7.2.3 ICEP. Focus of eosinophilic pneumonia with the organiza-
tion of fibrinous exudate. Hematoxylin and eosin staining, 400×.

FIG. 7.2.4 ICEP. Focus of eosinophilic pneumonia with a focus of ne-
crosis (arrow), fibrinous exudate in the lumens of alveoli, and foci of orga-
nization. Hematoxylin and eosin staining, 100×.
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(A) (B)

(C)
FIG. 7.2.5 ICEP. Subpleural zones of consolidation and ground-glass opacity, inside of which thickened interlobular septa are visible (A and B). 
Reversed halo sign is visible in the right lung (B). Changes are most pronounced in the upper and middle segments (C).

(A) (B)
FIG. 7.2.6 ICEP. Foci of consolidation of a homogeneous structure with irregular and spiculated contours, resemble a tumor lesion (A and B).
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Increases in intrathoracic lymph nodes and pleural effusion are less typical for ICEP [1, 15, 17]. An unusual (but pos-
sible) HRCT pattern of ICEP revealed dominance of the reversed halo sign, particularly when localized to the upper lobes 
of the lungs (Fig. 7.2.8) [18].

Typically, CT signs of ICEP rapidly diminish with systemic steroid treatment, but in the absence of adequate therapy, 
they can persist, changing their configuration [17].

Bronchoalveolar lavage (BAL)
BAL fluid eosinophilia is a key diagnostic sign of ICEP and can help the patient avoid lung biopsy. These levels can vary from 
37% to 58% among other cells [5] with increase in total cytosis and possible moderate neutrophilia and lymphocytosis [1]. 
Eosinophil degranulation increases eosinophilic cationic proteins and eosinophil-derived neurotoxins in BAL fluid [19].

Increased expression of some cytokines and chemokines in ICEP can potentially assist differential diagnosis of this dis-
ease. Walker et al. found that IL-2R expressed by CD4 cells and significantly elevated concentrations of IL-2 and IL-5 in BAL 
fluid in five patients with ICEP compared with healthy volunteers and patients with other eosinophilic lung diseases [20].

Other possible biomarkers of ICEP in BAL fluid include IL-18, IL-25, and elevated interleukin-18 levels [21, 22]. 
Kobayashi et al. revealed increased uric acid, adenosine triphosphate, and IL-33 in BAL fluid from patients with ICEP. 
These increases correlated with the number of eosinophils and IL-5 concentrations [23]. Recently a significant increase 
in the level of human intelectin-1 (hITLN-1), Ca2+-dependent lectin, was found in BAL fluid in patients with CEP and 
hypersensitive pneumonitis. In contrast, those with cryptogenic organized pneumonia or usual and nonspecific interstitial 
pneumonia remained within normal limits [24].

The criteria for diagnosing ICEP include [11]

(1) respiratory symptoms that persist for at least 2–4 weeks,
(2) eosinophilia in BAL fluid (>40%) and/or blood (>1000/mm3),
(3) the presence of zones of alveolar consolidation with air bronchograms located mainly in the peripheral fields of the lungs,
(4) ruling out of other known variants of pulmonary eosinophilia.

Treatment and prognosis
ICEP usually responds well to treatment with systemic corticosteroids with complete regression of clinical, laboratory, 
and radiological manifestations. Pathological findings on CT can disappear within a week after the onset of appropriate 
therapy [1]. The starting dose of 0.5 mg/kg of prednisone for 2 weeks is recommended most commonly, then 0.25 mg/kg 
for another 2 weeks, followed by a gradual decrease to complete withdrawal after 6 months from the onset of treatment, 
absent relapse [11].

(A) (B)
FIG. 7.2.7 ICEP. Subpleural spotted areas of consolidation and ground-glass opacities, separate nodules and linear seals are visible (A and B). Inside 
the ground-glass opacities, there are thickened interlobular septa.
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In cases of relapse, treatment is continued for up to 1 year. The initial dose of prednisone for relapse treatment is usually 
20 mg/day [1]. As long as the patient continues to exhibit asthma symptoms, medium and high doses of inhaled corticoste-
roids are required. Inhaled corticosteroids were also successfully used to prevent relapse of ICEP after the withdrawal of 
systemic corticosteroids [25]. There are reports of isolated cases of successful treatment of ICEP with omalizumab, which 
is monoclonal IgE antibody, and mepolizumab, which is monoclonal interleukin-5 antibody. These medications are consid-
ered alternatives to corticosteroids in patients with contraindications for such treatments [26, 27].

ICEP is characterized by a long course and relapses that develop in about half of the patients after corticosteroids are 
withdrawn or their dose is reduced [28]. Fatal outcomes are extremely rare.
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Chapter 7.3

Differential diagnosis of eosinophilic pulmonary diseases
Eosinophilic pulmonary disease (EPD) is a heterogeneous group of disorders including the accumulation of eosinophils in 
the lung parenchyma [1]. All have common characteristics, such as eosinophilia of the blood and/or bronchoalveolar lavage 
(BAL), the presence of areas of increased pulmonary attenuation on high-resolution computed tomography (HRCT), and 
eosinophilic infiltration of the lung tissue, which can be detected during biopsy [1, 2]. Idiopathic and secondary EPDs are 
usually identified [3] (Table 7.3.1). In addition, some lung diseases may be accompanied by moderate tissue or blood eo-
sinophilia (organizing pneumonia [OP], hypersensitivity pneumonitis, Langerhans cell histiocytosis, idiopathic interstitial 
pneumonia, and so forth) [4]. However, in such cases, eosinophils do not have a leading role in the pathogenesis and, except 
for OP, are not considered in the differential range of classic EPD.

In the first stage of the differential diagnosis of EPD, determining whether the disorder is secondary or idiopathic is neces-
sary. For this purpose a thorough history is required (history of taking medications and food supplements, eating raw meat and 
fish products, contact with animals, staying in epidemically unfavorable areas, the presence of other diseases, and so forth). It is 
necessary to conduct serological diagnostics of widespread toxocariasis, which can cause severe eosinophilia and, at the same 
time, can be asymptomatic [5]. Strongyloidiasis, which is prone to progression under treatment with glucocorticosteroids even 
several decades after infection, can cause eosinophilia [6]. Therefore antibodies to Strongyloides stercoralis are recommended 
for determination in patients with eosinophilia of unknown origin. The study of feces for helminth infections also should be 
included in the list of diagnostic tests for eosinophilia of unknown origin [7]. Fungal infections, especially Aspergillus spp., 
can induce blood eosinophilia and diseases, such as allergic bronchopulmonary aspergillosis (ABPA) and bronchocentric 
granulomatosis (BG). Therefore detection of their possible presence (IgE and IgG to Aspergillus spp. combined with the 
definition of Aspergillus spp. in sputum and/or BAL fluids) is usually required in the diagnostic search for possible causes of 
EPD. High blood levels of vitamin B12, alkaline phosphatase, and tryptase are very typical for the myeloproliferative variant 
of the hypereosinophilic syndrome (HES). Therefore these common tests and antineutrophil cytoplasmic antibodies (ANCA) 
are usually included in the list of primary laboratory tests in the case of tissue and peripheral eosinophilia [1, 7] (Table 7.3.2).

When examining an EPD patient, attention should be paid to the presence of lesions of other organs, systemic manifes-
tations that are typical for EGPA and HES. With parasitic invasions, damage to the liver, lymphadenopathy of the medias-
tinum, and abdominal lymph nodes may occur. The characteristics of EPD manifestations in HRCT also may be the key to 
a correct diagnosis (Table 7.3.3). In general, special aspects of clinical and radiological pattern of pulmonary eosinophilia 
generally enable to establish a correct diagnosis, avoiding lung biopsy in most cases [2]. Even in the absence of clinical data,  

TABLE 7.3.1 Eosinophilic pulmonary diseases

Idiopathic eosinophilic pulmonary diseases Secondary eosinophilic pulmonary diseases

Simple pulmonary eosinophilia
Eosinophilic granulomatosis with polyangiitis
Chronic eosinophilic pneumonia
Acute eosinophilic pneumonia
Hypereosinophilic syndrome
Idiopathic hypereosinophilic obliterating 
bronchiolitis

Infection-induced pulmonary eosinophilia
(A) Parasitic (ascariasis, strongyloidiasis, toxocariasis, paragonimiasis, opisthorchiasis, 

and so forth)
(B) Fungal (allergic bronchopulmonary aspergillosis and bronchiolocentric granulomatosis)
(C) Other infections
Drug-, toxic-, or radiation-induced pulmonary eosinophilia
– Antibiotics (nitrofurans, daptomycin, vancomycin, tetracyclines, sulfonamides, 

penicillins, linezolid, and so forth)
– Chemotherapeutic (methotrexate, dapsone, sulfasalazine, pyrimethamine, 

allopurinol, carbamazepine, nonsteroidal antiinflammatory, and so forth)
– Toxic (l-tryptophan, aniline derivatives, and so forth)
– Radiation pneumonitis (after treatment of breast cancer or lymphoma)
Associated with malignant diseases
– Leukemia
– Lymphoma
– Lung cancer

(Extract from Cottin V, Cordier JF. Eosinophilic lung diseases. In: Murray & Nadel’s textbook of respiratory medicine. 6th ed. Philadelphia: Elsevier Saunders; 
2016. p. 1221–42; Allen J, Wert M. Eosinophilic pneumonias. J Allergy Clin Immunol Pract 2018;6(5):1455–61.)
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TABLE 7.3.2 Differential signs of eosinophilic lung diseases

 EGPA ICEP ABPA BG SPE HES DIEP

Anemia, thrombocytopenia + – – – – + –

Increased tryptase and vitamin B12 levels – – – – – ++ –

Increased alkaline phosphatase, LDH, liver 
transaminases

– – – – – + +

Positive p-ANCA ++ – – – – – –

High IgE ++ + +++ + + + +

Asthma +++ ++ +++ + – + –

Lesion of the upper respiratory tract +++ ++ + – – + –

Other extrapulmonary lesions ++ – – – – +++ +

–, Not typical; +, possible symptom; ++, frequent symptom; +++, typical symptom.
EGPA, eosinophilic granulomatosis with polyangiitis; ICEP, idiopathic chronic eosinophilic pneumonia; ABPA, allergic bronchopulmonary aspergillosis; BG, 
bronchocentric granulomatosis; SPE, simple pulmonary eosinophilia; HES, hypereosinophilic syndrome; DIEP, drug-induced eosinophilic pneumonia.

TABLE 7.3.3 Differential HRCT and morphological signs of eosinophilic pulmonary disease

 EGPA ICEP ABPA BG SPE HES DIP

Ground-glass opacity +++ ++ + + +++ ++ ++

Consolidation ++ +++ + + + + ++

Nodules ++ + ++ + + ++
<10 mm

+

Bronchiectasis – – +++ ++ – – –

Halo sign + + – – ++ ++  

Atoll sign – + – – – – +

Migration of lesions + ++ – – ++ – +

Distribution Subpleural, 
random

Upper 
lobes

Central Unilateral, upper lobes Peripheral, 
upper lobes

Random Peripheral, more 
often upper and 
middle fields

Interstitial and alveolar 
eosinophil infiltration

++ +++ – – ++ + ++

Vasculitis with necrosis +++ – – – – – +

Granulomas ++
Extravascular

– + +++ Peribronchial and 
peribronchiolar location

++ – +

Organizing pneumonia + +++ – – – + ++

Interstitial fibrosis + + – – – – +

Eosinophil infiltration of 
the bronchial walls

+ + +++ ++ – + –

–, Not typical; +, possible sign; ++, frequent sign; +++, typical sign.
ABPA, allergic bronchopulmonary aspergillosis; BG, bronchocentric granulomatosis; DIP, drug-induced pneumonitis; EGPA, eosinophilic granulomatosis with 
polyangiitis; HES, hypereosinophilic syndrome; ICEP, idiopathic chronic eosinophilic pneumonia; SPE, simple pulmonary eosinophilia.
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the specificity of radiographic manifestations in some pulmonary eosinophilia is quite high. In a blind assessment of chest 
HRCT in patients with seven eosinophilic lung diseases, Johkoh et al. [8] reported that the correct diagnosis was made in 
61% of patients, with the highest number of adequate responses (78%) in cases of idiopathic chronic eosinophilic pneu-
monia (ICEP), ABPA (84%), and acute eosinophilic pneumonia (AEP, 81%), whereas the least (17%) were noted in the 
proportion of patients with a simple pulmonary eosinophilia (the Löffler syndrome).

Thus, for ICEP, rather common areas of consolidation, localized primarily in the upper lobes and subpleurally, are typi-
cal. Consolidation in untreated ICEP patients usually prevails over ground-glass opacity (Fig. 7.3.1), unlike eosinophilic 
granulomatosis with polyangiitis (EGPA), in which the opposite is noted (Fig. 7.3.2). Another CT difference between these 
diseases is considered to be the presence of nodules in EGPA, which are generally rarely seen in ICEP [9] (Fig. 7.3.2). Also, 
with ICEP, an “atoll sign” (the reversed halo sign), which is not typical for EGPA, can be detected (Fig. 7.3.3). However, 
in the presence of consolidation zones, it is not possible to distinguish ICEP from EGPA according to the HRCT data 
(Fig. 7.3.4). If at the same time the diagnostic titer has no p-ANCA and there are no clear signs of systemic involvement, it 
is possible to differentiate between EPGA and CEP only morphologically.

The greatest problem is the radiographic difference between ICEP (especially with minimal blood eosinophilia) and OP, 
the histological signs of which are found in 7%–10% of ICEP patients [10, 11]. The presence of such an overlap can lead 
to obtaining histological material by transbronchial biopsy from the OP sites and, accordingly, the direction of diagnostic 

(A) (B)
FIG. 7.3.1 ICEP. Bilateral symmetric subpleural consolidation zones with irregular, well-defined contours (A). Lesion areas are distributed mainly in 
the upper lobes (B).

(A) (B)
FIG. 7.3.2 EGPA. Multiple patches of ground-glass opacity and dense nodules, mainly with subpleural distribution in the upper (A) and lower (B) lung 
zones. A moderately pronounced symptom of tree-in-bud.
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thought toward this pathology. Since both eosinophilic pneumonia and OP often act as secondary inflammatory reactions 
of the lung tissue to damage (drugs, infections, and so forth), anamnestic data usually do not help to establish the diagnosis. 
Arakawa et al. [12], comparing CT findings of ICEP and OP, found that, according to the main characteristics, which are the 
typical consolidation zones and ground-glass opacity, these conditions are almost indistinguishable; however, OP has more 
typical peribronchial distribution of abnormalities and bronchodilation, as well as the presence of centrilobular nodules 
(Fig. 7.3.5). In a later study, significant differences in addition to the listed signs were found in relation to the upper-lobe 
localization of changes (observed in 51% of ICEP patients and 4.5% of OP patients), thickening of the bronchial walls 
(25.5% and 6.4%, respectively), and ground-glass opacity dominance over consolidation (76.6% and 38.3%,  respectively) 

FIG. 7.3.3 ICEP. Ground-glass opacity focus surrounded by a crown of consolidation (reversed halo sign).

(A) (B)
FIG. 7.3.4 EGPA. Bilateral subpleural consolidation areas of irregular shape. Thickened interlobular septa and thickened and indurated bronchial walls 
(A). The lesion is most pronounced in the upper lobes (B). The abnormalities are indistinguishable from the ICEP characteristics.
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[13]. Kim et al. [14] believed that the reversed halo sign may serve as a differential CT sign between bronchiolitis obliter-
ans OP and ICEP (according to them, at the latter, it is not detected). According to Mehrian et al. [13], this sign is, indeed, 
significantly less likely to occur with ICEP emerging in approximately 15% of cases (Fig. 7.3.3).

The decisive method of differential diagnosis of ICEP (with minimal blood eosinophilia) and OP, as well as with other 
diseases (pulmonary infections and hypersensitive pneumonitis) that may have a similar clinical and radiological pattern 
and an increase in the eosinophil fraction in the blood (often as a reaction to treatment), is a cytological analysis of BAL 
fluid, where it is possible to detect a high content of eosinophils. In this case, not only the absolute level >40% but also the 
excess of the eosinophil fraction over lymphocytes and neutrophils is significant [15].

HES is a rare disorder based on monoclonal proliferation with eosinophil bone marrow cell lines (myeloid variant) or 
T-lymphocytic germ producing eosinophilopoietic chemokines, especially IL-5 (lymphocytic variant) [16]. The criteria for 
HES diagnosis are (1) peripheral blood eosinophilia (>1.5 × 109 eosinophils/L) on two examinations at >1 month intervals 
and/or (2) tissue hypereosinophilia defined as >20% eosinophils in the bone marrow, a local marked increase in tissue eo-
sinophils, and/or marked deposition of eosinophil-derived proteins even in the absence of eosinophils [17].

As with EGPA, there are signs of a multiorgan eosinophilic lesion in HES; these are the diseases that should be differ-
entiated between each other first and foremost. The process most often involves the heart (up to 58%), skin (37%–69%), 
lungs (25%–67%), gastrointestinal tract (up to 38%), and central and peripheral nervous systems and the vascular bed with 
active thrombogenesis [18, 19].

It should be noted that asthma and damage to the mucous membranes of the ear, throat, and nose, in fact obligatory for 
EGPA, are revealed in HES not more often than in 27% of cases [20]. In addition, the overlap forms of HES and EGPA are 
described [7].

In a BAL fluid, in HES, eosinophilia is most pronounced among all EPDs and can reach 73%, whereas with EGPA, it 
rarely exceeds 40% [21, 22].

CT signs of a lung lesion in HES are nonspecific and include patchy areas of ground-glass opacity or (less commonly) 
consolidation, primarily with subpleural distribution, mediastinal lymphadenopathy (less often), small nodules, and pleural 
effusion [1, 20].

Analysis of the bone marrow with the identification of a monoclonal germ or genetic analysis for the most frequent 
mutations underlying the disease, namely, FIP1L1-PDGFRA gene rearrangement and JAK2 mutations [7], can be decisive 
in the diagnosis of HES.

ABPA develops in patients with central bronchiectasis in cystic fibrosis and with non-cystic fibrosis origin as a result 
of a hypersensitive reaction to their colonization with fungi Aspergillus spp. [23]. Criteria for ABPA diagnosis are shown 
in Table 7.3.4.

(A) (B)
FIG. 7.3.5 Cryptogenic organizing pneumonia. Bilateral consolidation areas surrounded by ground-glass opacity (halo sign) with subpleural and peri-
bronchovascular distribution (A). The lesion areas are most represented in the middle lung zones. The volume of consolidation is substantially greater 
than the volume of ground-glass opacity (B).
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Among the HRCT signs of ABPA, the presence of central bronchiectasis, which can be either free or filled with mucus 
plugging, is essential. Around bronchiectasis, foci of consolidation and atelectasis, formed because of obstruction of the 
bronchi, are often revealed. Centrilobular nodules in a tree-in-bud sign are usually observed as a manifestation of obstruc-
tive bronchiolitis (Fig. 7.3.6) [1]. However, there is a so-called serological ABPA, which has clinical and laboratory signs 
of disease, but without bronchiectasis on CT [23]. With the development of pneumonia caused by bacterial flora, consoli-
dation and ground-glass opacity areas may appear on HRCT with ABPA, which makes it very similar to EGPA and CEP.

BG is a rare eosinophilic disease based on necrotizing granulomatosis around the bronchioles and small bronchi. 
Approximately one-third of patients have symptoms of asthma, and half have eosinophilia of the blood [3]. Since BG is a 
tissue reaction to fungal invasion, including in ABPA patients, these diseases can be difficult to differentiate. On CT scan 
of the chest, unilateral (rarely bilateral) single or multiple foci of consolidation are usually revealed, and atelectases may 
occur. With a long course of BG, the peripheral bronchiectases are formed. Changes are localized mainly in the upper lung 
lobes and are often unilateral (Fig. 7.3.7) [1, 24]. BG in the presence of asthma and bronchiectasis cannot be differentiated 
from ABPA without morphological verification, since in both cases, hypersensitization to Aspergillus spp. is revealed.

AEP is often considered with other EPD. However, although this disease is based on diffuse alveolar damage by eosino-
phils, the absence of blood eosinophilia, an acute course with increasing respiratory failure, motivated us to describe this 
disease in the differential range of acute interstitial pneumonia (see Chapter 2.6).

TABLE 7.3.4 Criteria for the allergic bronchopulmonary aspergillosis diagnosis

Predisposing conditions
Asthma
Cystic fibrosis

Obligatory criteria (both should be present) Type I Aspergillus skin test positive (immediate cutaneous hypersensitivity to Aspergillus 
antigen) or elevated IgE levels against Aspergillus fumigatus
Elevated total IgE levels (>1000 IU/mL)a

Other criteria (at least two of three) Presence of precipitating or IgG antibodies against A. fumigatus in serum
Radiographic pulmonary opacities consistent with ABPA
Total eosinophil count >500 cells/L in steroid naive patients (may be historical)

aIn the case of all other criteria, the level of IgE may be <1000 IU/mL.
(Extract from Agarwal R, Chakrabarti A, Shah A, Gupta D, Meis JF, Guleria R, et al. Allergic bronchopulmonary aspergillosis: review of literature and proposal of 
new diagnostic and classification criteria. Clin Exp Allergy 2013;43(8):850–73.)

(A) (B)
FIG. 7.3.6 Allergic bronchopulmonary aspergillosis. Central bronchiectasis in the right middle lobe, filled with mucous contents, a tree-in-bud sign in 
the left lung (A). Multiple mucus-filled small bronchiectasis in the lower lobes, surrounded by multiple nodules (B). (Case courtesy of Prof. S.N. Avdeev, 
Sechenov First Moscow State Medical University, Moscow, Russia).
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Drug-induced eosinophilic pneumonia (DIEP), although it is EPD, is actually a very rare condition. Bartal et al. 
[25] counted in the system review only 228 cases described between 1990 and 2017. There are two main clinical and mor-
phological patterns of DIEP, acute and CEP, with the corresponding characteristics of the clinical course and radiological 
manifestations. Most often the first one developed in cases of daptomycin intake, whereas the second developed in cases 
of mesalamine administration [25]. Unlike idiopathic AEP and CEP, with drug-induced variants, a lower degree of BAL 
eosinophilia is noted, which is often <20% [1] (Fig. 7.3.8).

To facilitate the differential diagnosis of EPD, two important questions must be answered: (1) does the patient have 
asthma, and (2) are there signs of an extrapulmonary lesion (Fig. 7.3.9). The presence of asthma enables to rule out simple 
pulmonary eosinophilia (SPE), parasitic invasions (PI), and DIEP for which this disease is not typical. The remaining 
eosinophilic lung diseases may be accompanied by symptoms of asthma and require analysis of additional differential 
signs. The presence of polyorgan (non-ENT) involvement enables to rule out ICEP, ABPA, and BG for which systemicity 
is not typical, whereas for EGPA and HES, this feature is characteristic. In some patients with ICEP and ABPA, allergic 
inflammation of the upper respiratory airways, but not of parenchymal organs, may occur. The absence of multisystemic 

(A) (B)
FIG. 7.3.7 Bronchocentric granulomatosis. Predominantly right-sided small bronchiectasis, some of which are filled with bronchial secretions; thick-
ened bronchial walls, multiple small nodules, and thickened intralobular septa are visible (A and B).

(A) (B)
FIG. 7.3.8 Eosinophilic pneumonia caused by sulfasalazine. Bilateral patchy areas of consolidation and ground-glass opacity with subpleural and 
peribronchovascular distribution (A and B). The lesion is most pronounced in the upper lobes; there is the pattern of chronic eosinophilic pneumonia (B).
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pathology does not completely rule out EGPA for which onset can start from lung lesions. However, an isolated process in 
the lungs at HES is actually not possible. An important test confirming EGPA is an increased serum p-ANCA titer, which 
is not characteristic of other EPD. With a negative result of this analysis (in 60% of cases), it is necessary to consider a 
combination of other signs, and in the case of differentiation with HES, biopsy of bone marrow or lungs or genetic testing 
for key HES mutations is required.

It should always be remembered that eosinophilia of the blood and asthma can be an atopic background for a disease 
that has a different (noneosinophilic) genesis of lung lesions. For example, cryptogenic or secondary organized pneumonia, 
hypersensitivity pneumonitis, and infectious lung lesions can develop in patients with asthma and eosinophilia. In such 
cases, to clarify the genesis of lung changes, BAL should be performed, and if possible, histological material should be 
obtained. Elevated levels of eosinophils in BAL fluid will indicate EPD.
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Chapter 8.1

Respiratory involvement in rheumatoid arthritis
Rheumatoid arthritis (RA) is one of the most common connective tissue diseases (CTD) and affects approximately 1% of 
the adult population. Its prevalence is three times higher in females than in males [1] and usually begins between the ages 
of 20–50 years. RA is a progressive systemic autoimmune disorder usually manifesting as erosive synovitis characterized 
mainly by the involvement of the small joints and internal organs. Extraarticular manifestations are often noted and in-
clude subcutaneous nodules, vasculitis, mononeuritis, pericarditis, and episcleritis [2]. RA associated with interstitial lung 
disease (RA-ILD) and pleural abnormalities of varying severity are found in approximately 25% of patients with RA [3]. 
According to the National Center for Health Statistics (the United States), the signs of RA-ILD at autopsy are found in 6.6% 
of deceased patients with RA [4]. It is predicted that lungs are involved in up to 20% of lethal outcomes in patients with RA 
[5]. Airways’ abnormalities are even more common (40%–60%), albeit with less clinical significance [6].

The risk factors and pathogenesis of pulmonary manifestations of RA are not well understood. Older age, male (gen-
der), smoking, genetic predisposition associated with the DRB1 allele of human leukocyte antigen, and increased anticyclic 
citrullinated peptide antibody (ACPA) levels are the most widely recognized predisposing factors of RA-ILD [7]. ACPAs 
are formed in response to citrullination, which is the conversion of arginine to citrulline, a powerful trigger of immune 
response [8].

ACPA is not only one of the important pathogenic factors of synovial damage in RA but also a potential independent 
factor for the development of ILD. Patients with elevated ACPA titers might have interstitial and bronchial abnormalities 
in the absence of signs of RA or other CTDs [9]. During follow-up, only a small number of these patients develop articular 
inflammation. Strong correlations between ACPA levels and severity of interstitial lung lesions in patients with RA are well 
established [10].

Interstitial and pleural lesions result from a cascade of autoimmune responses to primary damage to epithelial cells. 
Paulin et al. [11] proposed a novel hypothesis, according to which, in patients with RA-ILD having a pattern of nonspecific 
interstitial pneumonia, the primary immune response to the production of citrullinated peptides occurs in the synovial mem-
branes of the joints and that the lungs are secondarily affected due to the presence of cross antigens. According to another 
proposed mechanism of RA-ILD, which is similar to that considered for idiopathic pulmonary fibrosis (IPF), the chronic 
primary microinjury to the respiratory epithelium, such as that occurring with tobacco smoke, leads to the aberrant activa-
tion of myofibroblasts and epithelial cells and citrullination, followed by the development of ACPAs and secondary joint 
damage. Concurrently, usual interstitial pneumonia becomes a morphological manifestation of RA-ILD [11].

The pathogenesis of bronchial abnormalities, especially bronchiectasis, is associated with persistent respiratory tract 
infections that cause citrullination in the bronchial tree and immune response in genetically predisposed patients [12].

Chapter 8
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Morphology
Lung lesions in RA can be divided into following four main groups: parenchymal, pleural, airways, and vascular. Some 
authors also distinguish infectious and drug-induced lesions and AA amyloidosis-associated with RA, albeit as a secondary 
disease [13, 14].

The parenchymal pattern includes ILD; nodules; and Caplan syndrome, a rare variant of rheumatoid pneumoconiosis. 
Rheumatoid nodules or granulomas are the tissue response to lung injury observed only in RA. The size of the nodules ranges 
from a few millimeters to 5–7 cm; they can be single or multiple and can be located in the subpleural or paraseptal areas [15].

Microscopic examination of the central section of the nodules reveals a necrotic zone surrounded by a layer of large 
histiocytes and epithelioid cells; multinucleated cells such as foreign bodies and Langhans cells can also be found 
(Figs. 8.1.1–8.1.3) [13]. Rheumatoid nodules can be observed as cavitary forms, inoculated with fungal flora, and be 
the background for the development of pulmonary adenocarcinoma. Differential diagnosis should include staining for 
mycobacteria and fungi.

Rheumatoid nodules may have deposits of coal and silica dust, which are observed in Caplan syndrome, which is found 
among workers in foundry, marble, asbestos, and other industries related to dust exposure [16].

ILD is the pulmonary manifestation with the most significant clinical presentation and prognosis in patients with 
RA. Most often, ILD represents as usual interstitial pneumonia (41%–61%) or nonspecific interstitial pneumonia (11%–
33%) (Fig. 8.1.4), with corresponding manifestations on chest high-resolution computed tomography (HRCT) [17, 18]. 
Organizing pneumonia (Fig. 8.1.5), acute interstitial pneumonia, and lymphoid interstitial pneumonia are less common. 
The rarest presentation of pulmonary disorders associated with RA is pulmonary amyloidosis. In approximately 6% of the 
patients, several histological forms of ILD (overlap syndrome) can be found simultaneously [19].

Pleural lesions in RA can be a consequence of autoimmune inflammation; however, they can also occur as infectious 
complications. Microscopic examination reveals nonspecific inflammatory abnormalities with lymphohistiocytic infiltra-
tion of the pleura (Figs. 8.1.6 and 8.1.7) with or without the formation of fibrinous exudate and the formation of lymphoid 
follicles. The airway pathologies in RA include bronchiectasis and nonspecific chronic, obliterating, and follicular bronchi-
olitis (Figs. 8.1.8 and 8.1.9). Vascular involvement can be diverse, including vasculitis, capillaritis (Fig. 8.1.10), pulmonary 
hypertension, and plexiform arteriopathy.

Clinical presentation
The clinical presentation of RA-ILD is not specific. The main manifestations are nonproductive cough and dyspnea, 
which, however, may not be obvious due to the limited mobility of patients with lower-limb arthritis [20]. Patients with RA-

FIG. 8.1.1 Rheumatoid arthritis. Rheumatoid nodule with central ne-
crosis with surrounding palisading epithelioid, histiocytic, and multinu-
cleated Langhans cells and lymphocytes. Hematoxylin and eosin (H&E) 
staining, 100×.

FIG.  8.1.2 Rheumatoid arthritis. The same preparation. Rheumatoid 
nodule with central necrosis surrounding palisading epithelioid, histio-
cytic, and multinucleate Langhans cells and lymphocytes. H&E stain, 
400×.
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ILD, contrary to those with idiopathic interstitial pneumonia, may not have obvious clinical symptoms for long time periods 
despite pronounced X-ray abnormalities. Nevertheless, Velcro crackles are auscultated in many patients [20], whereas club-
bing is a rarer finding than idiopathic fibrotic lung diseases [21].

Patients with RA-ILD and those with IPF can tolerate exacerbations, with a sharp deterioration in symptoms of respira-
tory failure and appearance of signs of diffuse alveolar damage on chest HRCT [22]. Patients with RA, with bronchiectasis, 
especially those treated with biological drugs, are at increased risk of lower respiratory tract infections and mucopurulent 
bronchitis [23]. Involvement of the pleura, especially fibrinous pleurisy, leads to pleural pain. Rheumatoid nodules in the 
lungs are usually asymptomatic.

Functional tests can usually detect moderate restrictive defects and serve to assess the severity of functional disorders 
and monitor the course of RA-ILD. In addition, low carbon monoxide diffusion capacity (DLCO) and forced vital capacity 
are predictors of increased mortality risk in these patients [24, 25].

FIG. 8.1.3 Rheumatoid arthritis. Rheumatoid nodule with a multinucle-
ated Langhans cell and lymphocytes. H&E stain, 600×.

FIG.  8.1.4 Rheumatoid arthritis. Interstitial fibrosis and in-
flammatory lymphohistiocytic infiltration with obliterating bron-
chiolitis. H&E stain, 100×.

FIG. 8.1.6 Rheumatoid arthritis. Chronic pleurisy with lymphoid fol-
licles, rheumatoid nodule located subpleurally, and fibrinous exudate on 
the surface. H&E stain, 2×.

FIG. 8.1.5 Rheumatoid arthritis. Interstitial fibrosis and inflammatory 
lymphohistiocytic infiltration with foci of carnification. H&E stain, 100×.
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High-resolution computed tomography

RA-ILD

The characteristics of HRCT of RA-ILD closely overlap with HRCT signs of corresponding histological variants of idio-
pathic forms (see the relevant chapters). In summary the following are the most common HRCT findings (Figs. 8.1.11–
8.1.17) [26]: reticular abnormalities (thickening of the interlobular and intralobular septa, traction bronchiectasis, and 
bronchiolectasis); honeycombing; ground-glass opacity (GGO); peripheral and subpleural distribution of GGO and fi-
brosis, mainly in the posterior basal fields; thickening of the visceral pleura or pleural effusion; bronchiectasis without 
interstitial fibrosis; large rheumatoid nodules; consolidation; and thin-walled cysts. The last two HRCT findings are rare, 
predominantly found in organizing and lymphocytic interstitial pneumonia.

Specific HRCT signs of the RA-ILD subtypes are summarized in Table 8.1.1.
As with other CTDs, interstitial lung lesions may precede the onset of the joint involvement in approximately 16% of 

the patients or can develop simultaneously [21, 27].
In general the usual interstitial pneumonia (UIP) variant, which is associated with worse prognosis than the nonspecific 

interstitial pneumonia variant [28], is nonetheless carries a more favorable prognosis compared with IPF in patients without 
RA [29, 30].

FIG. 8.1.7 Rheumatoid arthritis. Chronic pleurisy with lymphoid fol-
licles. H&E stain, 100×.

FIG. 8.1.8 Rheumatoid arthritis. Lymphocytic bronchiolitis. H&E stain, 
400×.

FIG. 8.1.9 Rheumatoid arthritis. Bronchiectasis with mucus in the lu-
men. H&E stain, 100×.

FIG. 8.1.10 Rheumatoid arthritis. Destructive vasculitis of small arter-
ies with lymphoid infiltrates. H&E stain, 400×.
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(A) (B)

(C)
FIG. 8.1.11 Rheumatoid arthritis-related interstitial lung disease. Bilateral symmetrical areas of ground-glass opacity, moderate reticular abnormalities 
(A, B). Multiple, small, ill-defined centriacinar nodules and single, small subpleural cysts (A). Traction bronchiectasis associated with the ground-glass 
opacity (B). Abnormalities are most pronounced in the lower lobes (C). Computed tomography pattern is consistent with nonspecific interstitial pneumonia.

(A) (B)
FIG.  8.1.12 Rheumatoid arthritis-related interstitial lung disease. Pronounced reticular abnormalities, foci of subpleural fibrosis, patchy areas of 
ground-glass opacity (A, B). Traction bronchiectasis in the lingular segment of the left lung (B). Computed tomography pattern corresponds to probable 
usual interstitial pneumonia.



(A) (B)
FIG. 8.1.14 Rheumatoid arthritis. Rheumatoid nodule in the upper left lobe with sharp contours (A). In coronal reconstruction, several dense, irregu-
larly shaped nodules associated with the visceral pleura are visualized in the upper lobes (B).

(A) (B)
FIG. 8.1.15 Rheumatoid arthritis. Pleural abnormalities. Local thickening of the visceral pleura in the left lung (arrow) (A). Thickening of the visceral 
pleura on the right with subpleural linear fibrosis in the lower right lobe (B).

(A) (B)
FIG. 8.1.13 Rheumatoid arthritis-related interstitial lung disease. Bilateral asymmetrical areas of ground-glass opacity and consolidation with subpleu-
ral and peribronchovascular distribution. Moderately pronounced reticular abnormalities (A, B) and poorly differentiated centriacinar nodules (A). Single 
bronchiectasis in the lower lobes (B).
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(A) (B)
FIG. 8.1.17 Rheumatoid arthritis. Rheumatoid nodule in the upper right lobe with irregular contours, spicularity (A, B), retraction of the visceral pleura (B).  
It is indistinguishable from tumor by computed tomography findings.

TABLE 8.1.1 High-resolution computed tomography findings of interstitial lung disease variants of rheumatoid arthritis

RA-ILD variant HRCT characteristics

Usual interstitial pneumonia Subpleural and basal honeycombing, reticular abnormalities, traction bronchiectasis

Nonspecific interstitial pneumonia Reticular abnormalities, areas of GGO, mild honeycombing, subpleural sparing

Organizing pneumonia Patchy areas of consolidation alternating with GGO, which exhibit subpleural and 
peribronchovascular distribution. Often, there is a direct and reversed halo sign

Lymphoid pneumonia GGO, thin-walled cysts, reticular abnormalities

Amyloidosis Nodular thickening of the interlobular and intralobular septa, subpleural areas of consolidation 
with calcification, intrathoracic lymphadenopathy

GGO, ground-glass opacity; HRCT, high-resolution computed tomography; ILD, interstitial lung disease; RA, rheumatoid arthritis.

(A) (B)
FIG. 8.1.16 Rheumatoid arthritis. Bronchial abnormalities. Bronhiectasis, mainly in the left upper lobe. Multiple small nodules, the tree-in-bud phe-
nomenon (A and B).
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Nodular lesions

Nodules in the lungs can be found in up to 20% of the patients with RA, and they are usually accompanied with periarticular 
rheumatoid nodules with a long-term RA seropositivity; the nodules develop in males more frequently [31]. The nodules, 
which range in size from several millimeters to several centimeters, are usually located subpleurally (Fig. 8.1.14) and may 
have necrotic cavities [32]. The number and size of nodules do not depend on the severity of RA and, as a rule, do not 
manifest clinically, except for patients with pneumothorax due to pleural rupture [15].

The nodules are very difficult to differentiate radiographically from metastatic or primary tumor lesions of the lungs, 
since they may have similar characteristics such as spicularity and retraction of the adjacent pleura.

Caplan syndrome

In a 1952 study of approximately 14,000 coal miners, Caplan found that those who suffered from RA had more frequent 
lung lesions with an atypical radiological characteristic that was distinct from simple silicosis [33]. Caplan syndrome, that 
is, rheumatoid pneumoconiosis, is characterized by single or multiple nodular or nodal formations, which are up to 5 cm in 
diameter. Smaller lesions may be surrounded by GGOs, while larger ones may have calcification and cavities [34].

The nodules in Caplan syndrome tend to localize in the upper lobes. Histologically the signs of pneumoconiosis and 
rheumatoid nodules are simultaneously present in Caplan syndrome and are observed as a zone of central necrosis sur-
rounded by an infiltrating layer of lymphocytes and macrophages with pigment inclusions. In contrast to silicosis a more 
rapid appearance and growth of nodules is observed in Caplan syndrome [26].

Pleural lesions

Some pleural abnormalities are found in 50% of patients with RA at the time of autopsy; however, the pleural involve-
ment often does not present clinically or is not clinically significant while the patient is alive [35]. The primary clinical 
and radiological pleural signs are pleural effusion and thickening of the visceral pleura, respectively (Fig. 8.1.15) [36]. 
Pleural involvement in RA is found more frequently in males than females. Pleural effusion, an infrequent finding, is 
observed in approximately 5% of the patients with active RA [37]. Pleurisy is usually unilateral, has a moderate or small 
volume, and is often concomitant with exudative pericarditis [38]. Approximately 40% of the patients with rheumatoid 
pleural effusion have signs of RA-ILD [26]. Effusion usually disappears within a few weeks by treatment with systemic 
or topical steroids [37].

Since pleural effusion in RA is not a typical complication, it is necessary to rule out other etiologies. Cytology of 
the pleural fluid in RA is not specific. However, biochemical analysis can be utilized for more specific findings of RA. 
Rheumatoid exudate is characterized by a low glucose level of less than 50 mg/dL, a high lactate dehydrogenase level (more 
than two times higher than the upper limit of the norm), and a low pH level of <7.30 [36]. A high rheumatoid factor (RF) 
titer (>1:320) in the pleural effusion fluid reflects serum values of RF, but this is not a proof of RA as the cause of effu-
sion [39]. With the recurrent nature of pleurisy, video-assisted thoracoscopic surgery with pleural biopsy may be required 
in patients with a controlled course of RA. Thickening of the visceral pleura can be present in RA-ILD or as a separate 
sign and indicates involvement of the pleura in granulomatous inflammatory response, identical to that seen in rheumatoid 
nodules [35].

Lower airway abnormalities

The primary pathological abnormalities of the lower airway in RA are bronchiectasis, obliterative bronchiolitis, and follicu-
lar bronchiolitis (Fig. 8.1.16). Bronchiectasis that is not associated with ILD occurs in approximately 20% of patients with 
RA. The cause of bronchiectasis is not quite clear, and its frequency is not associated with the severity of RA but depends 
on the level of autoantibodies [40].

A more frequent association with the heterozygosity of the cystic fibrosis transmembrane conductance regulator gene 
was found in patients with RA and bronchiectasis, compared with patients with bronchiectasis in the absence of RA [41]. 
Repeated lower airway infections and smoking are other risk factors for bronchiectasis. However, the specific mechanisms 
of bronchiectasis in adult patients with RA are not completely understood, although infectious factors probably play a sig-
nificant role in the pathogenesis inducing citrullination in the epithelium of the respiratory tract [12, 42].

The presence of bronchiectasis in RA increases the risk of death by approximately 7.3 times compared with the general 
population, by 5 times compared with patients with RA without lung lesion, and by 2.4% compared with patients with 
bronchiectasis without RA [43].
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Obliterative (constrictive) bronchiolitis (OB) is a rarer variant involving terminal lower airways, which manifests by 
progressive dyspnea and the presence of mosaic zones of hypoventilation and hyperperfusion on CT and air traps that are 
detectable more easily during expiration. OB is more commonly associated with penicillamine intake but can also occur 
without a history of its use. OB usually occurs in combination with bronchiectasis [26].

Follicular bronchiolitis (FB) is also a rare RA-associated pulmonary pathology. The underlying pathology is lymphoid 
follicular hyperplasia in the terminal bronchioles, which results in their narrowing or obliteration. On HRCT, FB is mani-
fested by disseminated centrilobular nodules and the tree-in-bud phenomenon. FB can occur concomitantly with lymphoid 
interstitial pneumonia [35].

Vascular lesions

Pulmonary hypertension occurs in approximately 20% of patients with rheumatoid lung and more often depends on the 
degree of involvement of the lung parenchyma in RA-ILD.

Pulmonary vasculitis in RA is a rare involvement of the small lung vessels during the systemic disease. However, rheu-
matoid pulmonary vasculitis can determine the prognosis in a patient and is sometimes the first manifestation of RA [44].

Differential diagnosis
Differential diagnosis of rheumatoid lung depends on the lesion pattern. Nodular manifestations must be differentiated from 
peripheral tumors, whereas the differential diagnosis of RA-ILD should include drug-induced pneumonitis,  hypersensitivity 
pneumonitis, and opportunistic infections; pleural effusion associated with RA always requires consideration of other pos-
sible causes.

Without histological verification, definitive diagnosis of a single rheumatoid nodule from a lung tumor is very difficult 
(Figs. 8.1.17 and 8.1.18). One of the reference signs that can be used in diagnosis is the nodule size. Nodules of up to 5 mm  
in diameter are benign in 99% of the cases. The probability of malignancy is 6%–28% for nodules with a diameter of 
5–10 mm and 64%–82% for those with a diameter above 2 cm [45]. The absence of significant growth and signs of inva-
sion into the surrounding parenchyma lends support for a benign process, only after an observation period. The duration 
of observation is subject to debate; however, the evaluation period has been determined based on the doubling in the size 
of a neoplasm since 1950s. If this interval is within the range of 1–18 months, the probability of lung carcinoma is deemed 
as high [46]. The lack of growth of dense formations within 2 years virtually rules out malignancy potential and the need 
for further control [47]. The precise recommendations for the management of patients with focal lung formations can be 
found in the Fleischner Society 2017 Guidelines for Management of Incidentally Detected Pulmonary Nodules in Adults 
(see Chapter 10.2) [48]. Positron emission tomography can help differentiate rheumatoid nodules from malignant tumors 
due to lower accumulation of 18F-fluorodeoxyglucose in benign lesions [49].

(A) (B)
FIG. 8.1.18 Adenocarcinoma in a 79-year-old patient with rheumatoid arthritis. Nodule with irregular, spicular contours, retraction of the visceral 
pleura, surrounded by ground-glass opacity, and multiple cysts (A, B). The air-bubble sign in the center of the nodule (A).
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In some cases with less pronounced articular involve-
ment, kidney lesions, and signs of necrotic nodules in 
the lung parenchyma, differential diagnosis from granu-
lomatosis with polyangiitis (GPA) might be necessary 
(Fig.  8.1.19). In such cases the focus should be on signs 
of hemorrhagic vasculitis of the upper respiratory tract 
and high serum antineutrophil cytoplasmic antibodies (c-
ANCA) titers. Normal ANCA levels render the diagnosis 
of GPA unlikely.

RA-ILD has to be differentiated from interstitial pulmo-
nary lesions of another origin (Table  8.1.2). Drug-induced 
pneumonitis, especially that resulting from methotrex-
ate treatment, a first-line drug for RA, develops usually 
1.5–2 years after the onset of therapy in 0.6%–11% of pa-
tients receiving the treatment [50]. Patients with initially 
lower DLCO have the greatest risk for the development of 
drug-induced pneumonitis, by approximately 10 times [51]. 
Some studies recommend that DLCO should be determined 
before initiating methotrexate treatment and other drugs 
should be considered in patients with a DLCO below 70% 
[52]. Histologically, methotrexate-mediated lung lesions can 
be categorized as methotrexate-induced pneumonitis (MIP), 

diffuse alveolar damage, and hypersensitivity pneumonitis (HP). Organizing pneumonia is also a rare variant of MIP 
(Fig. 8.1.20) [53].

HRCT findings of MIP are nonspecific and correspond to histological pattern. In patients with HP, patchy areas 
of GGO with lobular air trapping and centrilobular nodules predominate. Acute interstitial pneumonia is character-
ized by extensive GGO and consolidation areas. In patients with organizing pneumonia, multiple consolidation foci 
usually alternate with patches of GGO. Treatment with other immunosuppressants and biological drugs, such as leflu-
nomide, azathioprine, sulfasalazine, and tumor necrosis factor-alpha inhibitors, can also lead to the development of 
drug-induced interstitial lung disease (DILD) or exacerbation of the existing RA-ILD (Fig. 8.1.21) [54]. However, in 
general, the frequency of DILD in the patients treated with biologics is not significantly different than those receiving 
traditional therapy [55]. Many experts believe that lung biopsy is not necessary for the definitive diagnosis of DILD 

TABLE 8.1.2 Differential diagnosis of lung lesions in rheumatoid arthritis

 RA-ILD Drug-induced pneumonitis Pneumocystis jirovecii pneumonia

History RA Intake of cytostatic and 
biological drugs, especially 
methotrexate

Intake of immunosuppressants

Clinical presentation Slowly progressing dyspnea Progressive dyspnea; acute 
course with rapidly progressive 
respiratory failure is possible

Febrile fever, gradually worsening 
respiratory failure over several weeks

Laboratory analysis Moderately accelerated ESR, 
CRP correlated with RA activity

Increased ESR Leukopenia, lymphopenia, high ESR, 
moderately elevated CRP

BAL Moderate neutrophilia, 
moderate lymphocytosis

Lymphocytosis >30% Neutrophilia, PCR positive for P. 
jirovecii

CT findings Subpleural and basal 
honeycombing, GGO, reticular 
abnormalities, traction 
bronchiectasis

GGO opacity, lobular areas 
of air trapping, intralobular 
nodules, consolidation in cases 
of acute alveolar damage

Patchy areas of GGO and nodules 
in the upper lobes; in progressing 
cases, diffuse GGO with air trappings, 
consolidation, cysts in later stage

BAL, bronchoalveolar lavage; CPR, C-reactive protein; CT, computed tomography; ESR, erythrocyte sedimentation rate; GGO, ground-glass opacity;  
ILD, interstitial lung disease; PCR, polymerase chain reaction; RA, rheumatoid arthritis.

FIG. 8.1.19 Granulomatosis with polyangiitis. Dense nodule with ir-
regular contours in the right upper lobe. In the anterior segment a small 
thick-walled cavity is visualized, which is a result of destructive vasculitis.
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and that HRCT and bronchoalveolar lavage analysis are sufficient, which exclude lung infections and reveal significant 
lymphocytosis (>30%), respectively [56].

Secondary immunodeficiency, which increases the risk of opportunistic infections, often develops with RA treatment. 
The risk of reactivating latent tuberculosis in patients with RA receiving biological drugs is well known [57].

Pneumocystis jirovecii pneumonia (PP) is another life-threatening complication of cytostatic and steroid therapy that 
can be very aggressive similar to MIP and in cases is characterized by diffuse alveolar damage; PP can also be fatal [58]. 
In addition to the well-known increased risk for PP in patients treated with methotrexate and systemic steroids, new bio-
logical drugs, including rituximab, infliximab, etanercept, adalimumab, tocilizumab, and abatacept, can also result in the 
development of severe PP with a high mortality rate (10%–22%), although the incidence of this complication is not high 
(<0.5%) [59].

The combination of fever, progressive dyspnea, and extensive areas of GGO on HRCT that are more pronounced in the up-
per fields always requires consideration of PP in the differential diagnosis (Fig. 8.1.22). Visualization of Pneumocystis jirovecii 
in induced sputum or positive polymerase chain reaction of the bronchoalveolar lavage fluid is important in diagnostic tests that 
should always be used in patients with suspicious PP.

FIG. 8.1.20 Methotrexate-induced pneumonitis in a patient with rheumatoid arthritis. Bilateral areas of ground-glass opacity and consolidation with 
subpleural and peribronchovascular distribution. Pattern of organizing pneumonia.

(A) (B)
FIG. 8.1.21 Leflunomide-induced pneumonitis in a patient with rheumatoid arthritis. Diffuse ground-glass opacities with air trapping (hypersensitivity 
pneumonitis pattern) (A, B).
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Treatment
The treatment strategies for RA-ILD are based on the severity of lung lesions and the rate of disease progression. The 
 approaches depend on the three courses of disease progression that can occur in patients with RA-ILD as proposed by  
Chan et al. [19].

Group 1 includes patients with asymptomatic disease in which lung function remains stable. For these patients, no 
 additional treatment is required other than the baseline therapy for RA. However, methotrexate and antitumor necrosis 
factor-alpha drugs should be used with care.

Group 2 includes patients with clinical manifestations of interstitial pneumonia, who have a slow increase in symptoms 
and restrictive abnormalities. In addition to the first-line RA therapy, these patients should receive mycophenolate mofetil 
(2 g/day) with or without N-acetylcysteine (1800 mg/day). In the absence of an effect and in the presence of an HRCT pat-
tern of UIP, new antifibrotic drugs (pirfenidone and nintedanib), which are currently evaluated in clinical trials, might be 
recommended in this group of patients [23, 60].

Group 3 includes patients with RA with rapidly progressive RA-ILD. Six cycles of pulse therapy with methylpredniso-
lone (10 mg/kg) with cyclophosphamide (15 mg/kg) at intervals of 3–4 weeks are recommended in these patients. In case 
of improvement, these drugs can be replaced by mycophenolate mofetil with N-acetylcysteine.

All patients with clinically significant RA-ILD (groups 2 and 3) should avoid the use of methotrexate. Rituximab can 
be considered for treatment of RA-ILD in patients with severe articular involvement and severe inflammatory interstitial 
lung abnormalities [23].

For patients with exacerbation of RA-ILD, oral prednisone (1 mg/kg/day) with or without an immunosuppressant is 
recommended [60].

The prognosis of pulmonary disorders associated with RA is determined by the histological form: the prognosis is worst 
for UIP, with an average survival rate of 8.27 years for definite UIP in RA [28]. Other risk factors of mortality in RA-ILD 
are age above 64.7 years, history of smoking, low forced vital capacity (<58.7% of predicted), and DLCO (<38%) as well 
as a rapid reduction in forced viral capacity or DLCO [25].
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Chapter 8.2

Systemic sclerosis-related interstitial lung disease
Systemic sclerosis (SSC) is a connective tissue disease (CTD), characterized by three pathogenetic signs, namely, angi-
opathy of small vessels, the production of autoantibodies, and fibroblast dysfunction, leading to an increased deposition of 
extracellular matrix, primarily collagen [1].

Women tend to suffer more often than men, with the highest incidence occurring in the second half of life (45–65 years) [2].  
There are three subsets of SSC depending on the degree of skin involvement [3]:

● Diffuse cutaneous SSC is characterized by changes in the skin that spread to the extremities for a year, including above 
the elbow and knee joints, trunk, or face; early development of Raynaud’s phenomenon and visceral pathology (inter-
stitial lung disease (ILD); lesion of the gastrointestinal tract, myocardium, and kidneys; a decrease in the number of 
capillaries; and the development of avascular areas as detected by nail fold capillaroscopy); and detection of antibodies 
to topoisomerase-1 (Scl-70).

● Limited cutaneous SSC is characterized by skin fibrosis that is only limited to the distal parts of the extremities (arms 
below the elbow joints) and the face; quite often, Raynaud’s phenomenon precedes other manifestations of the disease 
for a long time; pulmonary damage, gastrointestinal tract, telangiectasia develop much later, and the dilatation of the 
nail fold capillaries without pronounced avascular areas as detected by nail fold capillaroscopy.

● Visceral SSC is characterized by the absence of skin lesions; the disease manifests itself with Raynaud’s phenomenon, 
ILD, sometimes the development of acute kidney injury, lesion of the heart and gastrointestinal tract, and detection of 
antinuclear antibodies (ANAs) (Scl-70, anticentromere antibodies).

In 1980 the American College of Rheumatology (ACR) proposed the “major” and “minor” criteria for the diagnosis of SSC. 
However, over the past 30 years, the knowledge of SSC has significantly increased, the nail fold capillaroscopy method was 
widely introduced, and the immunologic tests that have become one of the essential markers of the disease were developed. 
As a result, in 2013, ACR and the European League Against Rheumatism (EULAR) revised the diagnostic criteria, and a 
new approach to the diagnosis of SSC was proposed [4] (Table 8.2.1).

Pulmonary arterial hypertension (PAH) and ILD are the two main manifestations of respiratory system lesion in SSC, 
which largely determine the prognosis in patients. During autopsy, ILD is found in 90% of those who died of SSC, and in a 
lifetime, signs of interstitial lesions are manifested in approximately 65% of patients [5, 6]. SSC-associated ILD ( SSC-ILD) 

TABLE 8.2.1 Criteria for the diagnosis of SSC (extract from [4])

Criteria Addition Points

Skin thickening of fingers of both hands extending proximal to the 
metacarpophalangeal joints (sufficient criterion)

 9

Skin thickening of fingers (only count the highest score) Puffy fingers
Sclerodactyly of fingers (thickening extends 
proximal to the metacarpophalangeal joints)

2
4

Fingertip lesions (only count the highest score) Digital tip ulcers
Fingertip pitting scars

2
3

Telangiectasia  2

Abnormal nail fold capillaries in capillaroscopy  2

Pulmonary arterial hypertension (PAH) and/or interstitial lung disease 
(maximum score is 2)

PAH
ILD

2

Raynaud’s phenomenon  3

Scleroderma-related antibodies (maximum score is 3) Anticentromere
Antitopoisomerase l
Anti-RNA polymerase III

3

The diagnosis of SSC is recognized if the patient has a set of signs of 9 or more points.



280 Difficult to diagnose rare diffuse lung disease

most often develops in the first 5 years from the time the diagnosis of SSC was established; hence the patients’ respiratory 
system should be monitored especially carefully during this period [7].

It is hypothesized that the disease is caused by a recurrent microinjury of the alveolar epithelium and endothelium [8], 
as confirmed by an increase in serum alveolar damage markers (surfactant protein D and KL-6) [9]. The risks of further 
development of inflammation and fibrosis are determined by genetic and epigenetic factors. The epithelial cell apoptosis 
triggers a pathway of immune responses involving TGF-β, thrombin, and others, which activate lymphocyte and fibroblas-
tic reactions from hyperproduction and the deposition of collagen and other extracellular matrix proteins through signaling 
pathways and cause pulmonary fibrosis in these patients [8,10]. In recent years the phenomenon of epithelial-mesenchymal 
transition as a mechanism of fibroproliferation has also been actively discussed [11].

Morphology
Nonspecific interstitial pneumonia (NSIP) is the most frequent ILD variant in SSC (Fig. 8.2.1), accounting for approxi-
mately 76% of cases, while usual interstitial pneumonia (UIP) is the rarer variant (~11%) (Fig. 8.2.2) [12]. It should be 
noted that both histopathologic types of interstitial pneumonia can be found in biopsy samples of the same patient, even 
when studying several biopsies within the same anatomical unit of the lung [13]. Based on the result, honeycombing de-
velops in both UIP and NSIP (Fig. 8.2.3). Organizing pneumonia and desquamative interstitial pneumonia are possible but 
rare morphological patterns [14].

Fibrosing interstitial pneumonia with worsening SSC, that is, UIP and NSIP, is difficult to differentiate from idiopathic 
variants of this pulmonary pathology. In rare cases, lung cancer is possible (Fig. 8.2.4). In SSC, vascular involvement is 
manifested by the concentric narrowing of pulmonary arterioles due to the thickening of the intima by fibromyxoid tissue 
and hypertrophy of the media (Fig. 8.2.5). Most often, 50% of cases that have limited SSC phenotype (also known as the 
CREST syndrome: calcifications, Raynaud’s phenomenon, esophageal hypomotility, sclerodactyly, and telangiectasia) are 
more likely to develop PAH [15]. In other cases the incidence of PAH in SSC is lower (10%–33%), which generally corre-
lates with the degree of pulmonary interstitial fibrosis [16]. Chronic pleurisy is quite rare (approximately 7% of cases) and 
is characterized by fibroplastic thickening and patchy lymphoplasmacytic pleural infiltration (Fig. 8.2.6) [17].

Clinical presentation
The clinical presentation of SSC-ILD is nonspecific and is generally already noticeable at the full-scale stages of the disease. 
Patients often have physical restrictions due to muscle and joint lesions that lead to the development of dyspnea only with 
significant involvement of the lung parenchyma in the pulmonary damage. However, even at the beginning of the develop-
ment of the interstitial process, up to 50% of patients exhibited decreased lung volume and pulmonary diffusion capacity, 
with the absence of significant clinical symptoms [18]. The second most common symptom is dry cough. However, as the 
disease  progresses, the cough becomes productive (up to 46% of cases) [119]. Typical Velcro crackles are usually auscultated 
in the basal regions even before the onset of severe dyspnea. The development of pulmonary hypertension can lead to an  

FIG. 8.2.1 SSC. NSIP, a fibroplastic variant with pronounced sclerosis 
of the alveolar septa. Hematoxylin and eosin (H&E) staining, 100×.

FIG. 8.2.2 SSC. UIP. H&E stain, 100×.
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earlier appearance of dyspnea. Clubbing sign is extremely rare, 
unlike in patients with idiopathic pulmonary fibrosis (IPF) 
[20]. Upon the initial medical examination of patients, respi-
ratory symptoms are often assessed, while the characteristic 
skin manifestations of SSC are being overlooked. Often the 
disease is diagnosed only with the involvement of the lungs. 
Therefore, when treating patients with ILD, the specialist 
should always pay attention to obvious visual manifestations 
of SSC, such as changes in the skin of fingers (Fig. 8.2.7), tel-
angiectasia, and alterations in capillaroscopy (Fig. 8.2.8), and 
take into consideration the history of Raynaud’s phenomenon. 
The latter fact is especially important if SSC starts in the lungs 
and in case of the absence of skin alterations.

For quite some time, it has been believed that after the 
first few years of SSC-ILD active progression, it can stabilize 
and emerge on a functional plateau [21]. Recently published 
observations of 171 patients with SSC-ILD for the period 
1998–2016 demonstrated that there are several disease phe-
notypes, including rapidly progressing forms, which create 

FIG.  8.2.3 SSC. Honeycombing in the outcome of UIP. H&E stain, 
100×.

FIG.  8.2.4 SSC. Squamous cell lung cancer in the honeycombing. 
Kreyberg staining, 100×.

FIG. 8.2.5 SSC associated with pulmonary hypertension. Arteries with 
thickened wall and narrowed lumen. H&E stain, 100×.

FIG. 8.2.6 SSC. Fibroplastic chronic pleurisy with pronounced tissue 
sclerosis. H&E stain, 100×.

FIG. 8.2.7 Changes in the fingers that are critical manifestations of SSC, 
namely, swelling, induration, hyperpigmentation of the skin, and digital 
necrosis. (Case courtesy of Dr. P.I. Novikov, Sechenov First Moscow State 
Medical University, Moscow, Russia.)
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the illusion of stabilization in the total cohort of the remaining patients while quitting the general statistical population (due 
to death) [22]. The authors believe that the identification of disease phenotypes with different rates of progression, which do 
not change with time, will help personalize the approach to therapy, thus avoiding excessive immunosuppression, especially 
since the effect of therapy on the survival rate of patients with SSC-ILD has not been proved [22].

Functional tests, as with other ILDs, include the measurement of lung volumes and lung diffusion capacity in which 
indexes are reduced in proportion to the severity of lung parenchyma lesions. However, in patients with radiologically con-
firmed SSC-ILD, the forced volume vital capacity in 31% of cases is more than 80%, while in 43% of cases, the diffusing 
capacity of the lungs for carbon monoxide (DLCO) exceeds 60% of pred., which indicates the possibility of an interstitial 
process in the lungs without significant functional changes [23].

In SSC-ILD, there is a need to assess the pressure in the pulmonary artery as an important pathogenetic and a prognostic 
factor of the disease. The control of cardiorespiratory function in patients with SSC should be performed every 3–6 months 
for the timely detection of involvement in the pathological process of the lungs and pulmonary artery [7]. There is evidence 
that the prevalence of the interstitial process in the lungs directly correlates with the level of nitric oxide in exhaled air [24].

In regard to prognosis, not only the basic level of FVC and DLCO but also the rate of their decline is important, which 
has a great predictive value [25].

Laboratory diagnostics
The diagnosis of SSC should currently be confirmed by the presence of specific ANAs, which are revealed in 90%–100% of 
patients [20]. Without them, even in the presence of clinical signs, another disease is more likely, for example, scleroderma-
like syndromes, such as drug-induced disease or diseases caused by chemical and dusty environmental factors. It must be 
taken into account that up to 30% of healthy people have positive, although low, ANA titers (1:40). Antibodies (IgG) to 
centromere B and antibodies to topoisomerase I (Scl-70) are most commonly detected. Antibodies to RNA polymerases 
I, II, and III are much less common, as are the antibodies PM-Scl to TH-ribonucleoprotein and U1-ribonucleoprotein. The 
detection of Scl-70 antibodies is a high-risk factor for the development and progression of interstitial pulmonary lesions in 
patients with diffuse SSC [13], whereas anticentromere antibodies are rarely associated with pulmonary disease [26]. The 
fecal calprotectin level is significantly higher in patients with SSC-ILD than in the general SSC group, which, along with 
the severity and duration of the disease, older age, and skin score, determines the negative prognosis [27].

High-resolution computed tomography
Based on the chest X-ray of patients with SSC, diffuse interstitial changes are observed in 25%–40% of cases; however, 
radiography, even digital, cannot be recommended for the assessment of SSC-ILD due to its lack of sensitivity [19]. HRCT 
pattern usually corresponds to the histological variant of the interstitial lung lesion. Since SSC-ILD is most often based on 
NSIP, its characteristics dominate in the high-resolution computed tomography (HRCT) (Fig. 8.2.9) [19]. UIP is a more rare 

(A) (B)
FIG. 8.2.8 Skin manifestations of SSC in the form of telangiectasia on the facial skin (A), capillaroscopic picture—capillary dilatation with SSC (B). 
(Case courtesy of Dr. P.I. Novikov, Sechenov First Moscow State Medical University, Moscow, Russia.)
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form with a set of specific signs, such as honeycombing and 
reticular abnormalities (Fig. 8.2.10). Finally, HRCT detected 
other conditions associated with extrapulmonary manifesta-
tions of the disease, such as esophageal dilatation and the in-
volvement of the pulmonary artery as a result of pulmonary 
hypertension in patients with SSC (Fig. 8.2.11) [16].

In general, HRCT findings in SSC-ILD include the fol-
lowing [16, 19]:

– Ground-glass opacity (GGO)
– Reticular pattern (thickening of the inter- and intralobular septa)
– Subpleural and posterior basal distribution of the lesion
–  Bronchial abnormalities (thickening of the bronchial 

walls, traction bronchiectasis, and bronchiolectasis)
– Honeycombing
– Irregular pleural thickening
– Esophageal dilatation
– Pericardial changes
– Expansion of the pulmonary artery
GGO is the most common sign found in 66%–93% patients with SSC-ILD, and it may be the only manifestation of the 
disease in 7%–22% of patients [28, 29]. For quite some time a number of researchers associated the presence of GGO 
sign with the activity of the inflammatory process and its prevalence over fibrotic changes, which suggests the revers-
ibility of changes in the treatment process. Contrary to the assumption that the presence of GGO is a good prognostic 
factor for the response to treatment, Shah et al. showed that with long-term follow-up, only two of patients with SSC 
and GGO exhibited significant improvement, while none of the patients exhibited a positive HRCT dynamics, where 
disease manifested itself as GGO only. The authors concluded that this sign in patients with SSC-ILD is a marker of 
poor prognosis [28].

Based on own experience, in a study of 169 patients with limited and diffuse SSC forms, when 82% of patients exhib-
ited ILD signs, the GGO phenomenon was not an isolated symptom in any case and was always combined with linear and 
reticular abnormalities [30].

The studies conducted revealed that signs of pulmonary fibrosis in patients with SSC are less common than GGO, 
but nevertheless, they are found in more than half of patients with ILD [19, 31]. According to data from this study, 
linear and reticular changes in the lung parenchyma occur in all patients with SSC-ILD in which a third of them are 
the only manifestations of ILD. Thus the intralobular septal thickening is noted in 98%; this is the earliest sign of the 

FIG. 8.2.9 SSC. Pattern of NSIP. Bilateral diffuse areas of GGO with 
thickened intralobular septa, traction bronchiectasis, and bronchiolectasis.

(A) (B)
FIG. 8.2.10 SSC. Pattern of probable UIP. Honeycombing, thickened intralobular septa, traction bronchiolectasis, and dilated esophagus. Area of GGO 
in the right lung shrinkage areas (A). Basal and subpleural pattern of distribution of abnormalities (B).
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presence of interstitial fibrosis, which requires a careful analysis of HRCT (Fig. 8.2.12). Also the thickening of the 
interlobular septa is observed in 77% of cases, which is not an isolated sign and is usually combined with intralobular 
thickenings, GGO, and bronchiolectasis (Fig. 8.2.13). Changes in the bronchi are characteristic signs of lung involve-
ment in SSC, which occur in 51% of patients. Bronchiectasis has a traction mechanism and is not noted as the only 
sign of the disease. Bronchiolectasis is detected in the peripheral regions of the lungs with consistent and obvious 
interstitial alterations in the peribronchiolar parenchyma and is usually irreversible upon follow-up (Fig. 8.2.14). An 
additional sign is the inflammatory-fibrous thickening of bronchovascular bundles, which is found in one-third of pa-
tients (Fig. 8.2.15).

The most severe manifestation of pulmonary fibrosis is honeycombing, which can accompany both NSIP and UIP 
and occurs in 17%–59% of patients with SSC-ILD [19, 30, 31]. In addition, subpleural cysts are found in some patients 
(up to 17%) [32]. The development of honeycombing in one-third of cases was observed (Fig. 8.2.10). Honeycombing 
patches were detected five times more often in patients with diffuse involvement of the pulmonary parenchyma in the ILD. 

FIG.  8.2.11 SSC. Dilatation of the lower esophagus. Diffuse GGO, 
 reticular abnormalities, bronchiolectasis, and subpleural sparing are noted 
in the lower zones of the lungs.

FIG. 8.2.12 SSC. ILD initial manifestations in the form of a mild sub-
pleural GGO associated with irregular intralobular septal thickening.

FIG. 8.2.13 SSC. Areas of GGO in the lower lobes associated with ir-
regular septal thickening, traction bronchiectasis, and bronchiolectasis.

FIG. 8.2.14 SSC. Diffuse areas of GGO with the lumens of the dilated 
bronchi and bronchioles inside.
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Multiple small cysts are very often associated with traction bronchiectasis and bronchiolectasis and are located not only 
in subpleural but also in intraparenchymal areas (Fig. 8.2.16).

In our practice a unique case of unilateral pulmonary fibrosis was observed in a patient with SSC with a fully preserved 
parenchyma of another lung for several years (Fig. 8.2.17) [33].

The prevalence of pulmonary fibrosis has direct correlations with the development of PAH and negative prognosis [34]. 
In a study by Goh et al. [35], the involvement of more than 20% of lung parenchyma in the fibrotic process was found to 
be associated with rapid progression and poor prognosis, while the involvement of less than 20% was found to be more 
favorable, with the possibility of process stabilization.

Pleural lesions in the SSC included small nodules and pseudoplaques connected with the pleura, with focal or diffuse 
thickening of the visceral pleura. According to different authors, their frequency varies significantly. Remy-Jardin et al. 
found small subpleural nodules in 89% of patients and pleural thickening in one-third of patients [31]. In a study by Goldin 
et al. [19], certain pleural alterations are described only in 3.8% of patients with SSC. Our own data indicate the involve-
ment of pleura in the pulmonary lesion in more than half of cases. Changes in the visceral pleura are observed mainly in the 
lower lobes, which is manifested by its local thickening (Fig. 8.2.18). Pleural effusion is not typical for SSC, and we have 
never noted the presence of fluid in pleural cavities [30].

FIG.  8.2.15 SSC. Traction bronchiectasis with bronchovascular 
thickening

FIG. 8.2.16 SSC. Multiple cyst-like bronchiectasis and bronchiolecta-
sis forming a pattern of intraparenchymal honeycombing.

(A) (B)
FIG. 8.2.17 SSC. Unilateral ILD. Pronounced subpleural reticular abnormalities, GGO, and honeycombing in the right lung. Left lung has no signs of 
lesion (A and B).
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According to the analyzed literature, pericardial alterations in patients with SSC are found quite often. Thus these le-
sions were detected by Fisher et al. [36] in 59% of patients, in the form of pericardial effusion, thickening of pericardial 
layers, and anterior pericardial pocket. The authors believe that abnormalities in the pericardium in general indicate an 
increased level of pressure in the pulmonary artery and effusion may be due to direct diffusion of fluid from it or of veins 
entering into the right atrium.

Esophageal dilatation is a significant and specific sign of lesion in the mediastinum SSC, which is found in a large num-
ber of patients with SSC-ILD (40%–80%) [37, 38]. The criterion for esophageal dilatation includes dilatation by more than 
9 mm, although the average size is approximately 23 mm in diameter, while in severe cases the CT pattern may resemble 
achalasia (the lumen contains fluid or food debris) (Figs. 8.2.11 and 8.2.19). Esophageal dilatation is a significant differen-
tial sign of SSC that is rare found in other CTD [39].

Until recently, only esophageal dilatation was considered a specific HRCT sign that helped to differentiate SSC-ILD 
from IPF, idiopathic NSIP, and hypersensitivity pneumonitis. However, two publications in 2018 proposed additional cri-
teria specific to SSC-ILD. These include the so-called “four corners” sign (FCS) [40], “straight-edge” sign (SES), and 
the “exuberant honeycombing” sign (EHS) [41]. FCS suggests an isolated involvement in the fibrotic and inflammatory 
process of the upper anterolateral zones (at the level from the top of the aortic arch to the carina) and “posterior corners” 
(posterosuperior lower lobes areas between the carina and the inferior pulmonary veins) (Fig. 8.2.20). SES implies a clear 

FIG. 8.2.18 SSC. Bilateral areas of GGO associated with subpleural spar-
ing and mild reticular changes. Thickened visceral pleura on the left (arrow).

FIG. 8.2.19 SSC. Esophagus dilatation and subpleural reticular 
abnormalities.

(A) (B)
FIG. 8.2.20 SSC. Isolated reticular abnormalities and honeycombing in symmetrical anterolateral angles of upper lobes (A). GGO and traction bron-
chiolectasis in posterolateral zones of low lobes (B). “Four corners” sign.
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isolation of areas of interstitial damage from a healthy lung (Fig. 8.2.21). EHS is a cyst-like lesion that differs from a typical 
honeycombing by the abundance of cysts and their diffuse filling of the affected area (Fig. 8.2.22).

An expansion of the pulmonary artery trunk by more than 29 mm is a sign of pulmonary hypertension and is revealed in 
approximately 12% of patients with SSC [30]. However, pulmonary hypertension is the most important prognostic factor. 
Its presence determines 50% mortality over 3 years in patients with SSC [42]. The absence of a visible expansion of the 
pulmonary artery does not rule out pulmonary hypertension.

An enlarged lymph node of the mediastinum is a nonspecific sign that accompanies many ILDs. According to 
Bhalla et al. [37], it occurs in approximately 60% of cases in patients with SSC-ILD. Our research does not support 
this phenomenon, as out of 169 patients examined, intrathoracic lymphadenopathy was observed only in 8 (5%) 
cases [30].

Foci and areas of consolidation are not typical for SSC-ILD and appear in organizing pneumonia. Atypical mani-
festations can also include the appearance of small nodules that are either a consequence of lymphocytic bronchi-
olitis or the addition of a pulmonary infection. In our opinion the occurrence of focal changes in the lungs in SSC 
requires a bronchoalveolar lavage (BAL) with bacteriologic and polymerase chain reaction analysis for respiratory 
pathogens.

The emergence of a single nodule with fibrous alterations may indicate the development of a malignant neoplasm, the 
risk of which increases by more than six times in patients with SSC-ILD [43]. The combination of SSC-ILD and lung can-
cer was observed in our experience only in one case (Fig. 8.2.23) [30].

BAL can be useful both to rule out possible alternative diseases (respiratory infections) and to evaluate the activity 
of the inflammatory interstitial process in the lungs in SSC. In accordance with the criteria of the European Respiratory 
and American Thoracic Societies, BAL fluid of a healthy person should contain no more than 3% neutrophils, 2% eo-
sinophils, and 15% lymphocytes, with alveolar macrophages constituting the cell mass [44]. In SSC-ILD, alterations in 
BAL cytosis are found in 38%–100% of cases. Main abnormalities include the increase in the number of neutrophils and 
eosinophils [45]. An increase in the level of granulocytes in BAL is associated with a worse prognosis and a decrease 
in the survival rate in these patients [12]. There have been attempts to differentiate the histological forms of interstitial 
pneumonia in SSC through BAL fluid cellular analysis; however, no significant differences were found in most studies, 
with the exception of two studies where eosinophilia was more frequent with NSIP than with UIP pattern [12, 46]. A 
number of authors believe that both transbronchial and open lung biopsy in patients with SSC and ILD do not provide 
additional diagnostic information, except in cases of atypical manifestations or suspected concomitant process, for ex-
ample, tumor [20, 47].

FIG.  8.2.21 SSC. Coronal slice shows sharply demarcated diffuse  
GGO areas in the lower zones from unaffected upper zones. “Straightedge” 
sign.

FIG.  8.2.22 SSC. Coronal reconstruction shows multiple bilat-
eral cystic transformation of lung parenchyma. Upper lobes are not 
affected. “Exuberant honeycombing” sign.
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Probe-based confocal laser endomicroscopy (pCLE)
In our practice, pCLE was performed in two patients with SSC-ILD with the examination of 42 bronchopulmonary areas 
through the analysis of 207 informative images. The endomicroscopic image in SSC is close to that in IPF and is char-
acterized by the lack of visualization of normal alveolar structures in the affected pulmonary segments. Instead, brightly 
fluorescent elements of the connective tissue are determined, which “fuse” the alveolar lumens (Fig. 8.2.24A). Such areas 
alternate with parts of the preserved structure of the respiratory system distal compartment (Fig. 8.2.24B). In the lumen of 
the terminal bronchioles (Fig. 8.2.25A) and further in separate alveolar sacs, mobile, small, rounded structures with bright 
fluorescence were observed (Fig. 8.2.25B). The thickening of the interalveolar septa was observed in the areas of the most 
pronounced reticular alterations, according to the HRCT data (Fig. 8.2.26). Moreover, there were occasionally single giant 
cells with a pronounced autofluorescence (Fig. 8.2.27).

FIG. 8.2.24 pCLE pattern in a 42-year-old patient with unilateral pulmonary lesion in SSC. There is almost a total lesion of the basal parts of the right 
lung (A) that represents bright fluorescent randomly located connective tissue elements against which the alveoli are practically not differentiated, while 
the normal alveolar structure is preserved in the left lung (B). Yellow arrows indicate the elastic fibers of the alveolar walls, having a regular rounded shape.

(A) (B)
FIG. 8.2.23 SSC. Squamous cell carcinoma in the right upper lobe (A). Reticular changes and honeycombing in the lower zones (B).



 Lung disease related to connective tissue diseases   Chapter | 8 289

Differential diagnosis
The differential diagnosis of pulmonary manifestations of SSC includes those diseases that manifest similar clinical and 
radiological patterns but are either idiopathic or have an exogenous trigger. Certainly, vivid clinical manifestations of SSC 
with confirmation of the presence of specific autoantibodies leave no doubt in SSC-ILD; however, in establishing the di-
agnosis at the onset process or at the ANA terminal titers, a number of additional signs have to be analyzed in order to lean 
toward the true disease (Table 8.2.2).

FIG. 8.2.25 pCLE of distal airways in a patient with SSC. (A) The image of a distal bronchiole with typical pronounced cross striation in a patient with 
SSC. (B) Viscous secretions in the alveolar lumen in one of the bronchopulmonary segments. Both endomicroscopic images represent diffusely scattered 
luminous rounded formations sized 3–5 μm, the largest of which are encircled with yellow ellipses.

FIG.  8.2.26 Alveoloscopic image of a patient with SSC. The interalveolar 
septa are thickened by more than two times as compared with the normal pCLE 
pattern. A septum thickness of 26.9 μm (marked with an ellipse) was obtained 
upon measurement.

FIG. 8.2.27 Alveoloscopic image of a patient with SSC. There 
is a difficulty visualizing separately thinned, flabby, and partially 
destroyed interalveolar septa (arrows) due to the presence of vis-
cous secretion in the alveolar passages lumen. A single fluorescent 
structure of 39.4μm (marked with an ellipse) is determined in the 
center of the field of vision.
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In all patients with signs of interstitial inflammation and fibrosis in the lungs, CTDs should be ruled out, including 
SSC, as well as hypersensitivity pneumonitis and drug-induced pneumonitis; therefore history taking and filling out special 
questionnaires to identify possible exogenous factors are of paramount importance. The overwhelming majority of patients 
with SSC have Raynaud’s phenomenon manifestations for several years (sometimes decades), preceding the clinical and 
radiological symptoms.

The identification of this phenomenon in a patient with interstitial lung lesions indicates with a high probability of con-
nective tissue disease or interstitial pneumonia with autoimmune features.

Treatment
Immunosuppressants are the first-line drugs for the treatment of SSC-ILD. Cyclophosphamide (CF) has the great-
est evidence of efficacy in the treatment of this condition since 1993. Its efficacy in improving pulmonary function was 
demonstrated in 93% of patients in combination with low doses of systemic glucocorticosteroids (GCS) [48]. More re-
cent studies have demonstrated the effect of CF not only on pulmonary function but also on the survival rate of pa-
tients with SSC-ILD [49]. However, in randomized, placebo-controlled studies, CF demonstrated an effect only during 
the first year of treatment; in the longer term, its results did not differ from placebo [50]. CF is currently the drug of 
choice for the treatment of SSC-ILD, as recommended by EULAR. It is prescribed intravenously at doses of 500–
750 mg/m2 per month or orally at doses of 1–2 mg/kg/day, depending on the efficacy and tolerability of the drug [51, 52].  
According to the metaanalysis the method of administering CF (oral or intravenous) does not significantly affect the level 
of change in the indexes of functional pulmonary tests [52]. The duration of the CF course should be at least 6 months. 
Compared with azathioprine, CF exhibited advantages in influencing functional parameters [53]. Predictors of poor response 
to intravenous pulse therapy with CF include high serum CRP levels, KL-6, surfactant protein D (SP-D) (>2000 U/mL),  
and low baseline DLCO values. On the contrary the decrease in SP-D levels (>200 ng/mL) after the first intravenous ad-
ministration of CF argues for the efficiency of continued therapy [54].

EULAR experts recommend the use of cyclosporine in a dose of 1–2 mg/kg/day orally in case of rapidly progressive and 
initially severe forms of SSC-ILD [55].

Mycophenolate mofetil (MM) is a cytostatic drug that is actively used in a number of autoimmune diseases and post-
solid organ transplantation, and it has also proved to be highly effective in blocking SSC-ILD [56]. In the largest study 

TABLE 8.2.2 Differential signs of SSC-ILD with nonrheumatic interstitial lung lesions

 NSIP IPF HP SSC DILD

Anamnesis Arthralgic syndrome 
is common. The 
onset of the disease 
is at the age of 
40–50 years

Onset of the 
disease is at the age 
of over 50 years, 
prolonged smoking

Exposure with 
potential allergen

Raynaud’s 
phenomenon

The intake of 
bleomycin, 
amiodarone, 
cyclophosphamide, 
and methotrexate

Aspects of the 
clinical picture

More often 
nonsmoking 
women

More often men 
with a clubbing 
symptom

Intensification of 
dyspnea, coughing 
after contact with an 
allergen

More often women 
older than 40 years. 
Sclerodactyly, dry, 
thickened skin of 
fingers

The appearance 
of respiratory 
symptoms usually 
coincides in time 
with drug intake

CT signs GGO, moderate 
reticular changes, 
symmetrical 
subpleural areas 
of the preserved 
parenchyma.
Predominantly 
basal location

Honeycombing 
with predominant 
subpleural and 
basal location. 
Severe reticular 
changes

GGO, lobular 
areas of air traps. 
Intralobular nodules, 
subpleural sparing.
Uniform distribution 
with the capture of 
the upper lobes

Identical to NSIP. 
Esophageal dilatation, 
expansion of the 
pulmonary artery. 
Four-corners sign, 
straight-edge sign, 
and exuberant 
honeycombing

Identical to 
NSIP. Areas of 
consolidation as 
a manifestation 
of organizing 
pneumonia are 
often noted. Upper-
lobe localization 
may prevail

BOOP, bronchiolitis obliterans organizing pneumonia; DILD, drug-induced interstitial lung disease; HP, hypersensitivity pneumonitis; IPF, idiopathic pulmonary 
fibrosis; NSIP, nonspecific interstitial pneumonia; SSC, systemic scleroderma.
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of Tashkin et al. [57], MM demonstrated a better safety and tolerability profile than CF, although it did not exceed its 
 efficiency. MM can currently be recommended as an alternative to CF [58].

Systemic GCSs are not recommended as independent drugs for the treatment of SSC-ILD but only as a supplement in 
small doses (up to 15 mg/day) to CF in severe and progressive forms of the disease [59].

Rituximab has been the most studied among the new biological drugs for the treatment of systemic autoimmune diseases. 
In minor studies, it revealed good efficacy in improving pulmonary function, including the diffusion capacity of the lungs 
with a good safety profile [60]. This drug may be recommended in case of intolerance or contraindications to CF. With the 
ineffectiveness of MM, CF, and rituximab, tocilizumab as rescue therapy can be prescribed, which demonstrated a managing 
effect on the disease progression with a satisfactory safety profile in case series in most patients with refractory SSC-ILD [61].

In randomized studies, other antifibrotic agents, such as D-penicillamine and interferons alpha and gamma, have not 
proved their effectiveness in SSC-associated interstitial pulmonary fibrosis [62, 63].

Proton pump inhibitors are prescribed to patients who experienced frequent damage to the esophagus and severe gas-
troesophageal reflux [40].

Do all patients with SSC-ILD need the treatment? Experts of the European Respiratory Society believe that cyto-
static therapy is indicated only for patients who have an extensive interstitial process or the risks of its progression [64]. 
Prevalence is estimated by the volume of involvement in the interstitial lesion of more than 30% of lung tissue or if the 
patient has a FVC lower than 70% of predicted values. The risks of progression include high levels of antibodies to topoi-
somerase I, male gender, and lung damage at the beginning of the systemic process development. Such patients should take 
pulse therapy with CF at a dose of 0.5–2 g/m2 once a month for 6–18 months. In the future, upon reaching remission, it can 
be changed to MM (2 g/day) or azathioprine 1–2 mg/kg/day, and in case no effect is observed, the possibility of administer-
ing cyclosporine or rituximab should be considered [55, 64]. Hematopoietic stem-cell transplantation may be considered 
in individual patients with refractory and progressive SSC-ILD but with great care and only in specialized centers with 
experience in such treatment [55].

New antifibrotic drugs, such as pirfenidone and nintedanib, included in the recommendations for the treatment of IPF 
are certainly candidates for the treatment of at least patients exhibiting SSC with the pattern of UIP. The first pilot study 
that included five patients with SSC-ILD performed in Japan, demonstrated the efficiency of pirfenidone in improving lung 
function in all patients [65]. The first large randomized trial SENSCIS, in 576 patient with SSC-ILD have shown singnifi-
cant reduction in annual rate of FVC decline in the group took nintedanib 150 mg twice a day (52,4 ml per year) compared 
with placebo (93,3 ml per year) [66].

With the progression of SSC-ILD, patients may undergo lung transplantation. Earlier studies demonstrated a worse 
prognosis for survival rate after surgery, but recent reports indicated comparable results of transplantation in patients with 
SSC and nonassociated with SSC fibrotic lung disease [67]. Thus the presence of a SSC and its complications, such as 
esophageal dilatation, should not be considered a contraindication for transplantation [68].

The prognosis of the disease depends on the response to treatment and the development of such complications as pulmo-
nary hypertension and lung cancer. The average survival rate of patients with SSC-ILD in one of the latest studies amounted 
to 11.2 years from the time of diagnosis establishment [22].

Factors of poor prognosis for SSC-ILD included male gender; elderly age; more than 20% prevalence of interstitial le-
sions on HRCT; the X-ray pattern of UIP; low FVC and DLCO, as well as the rate of their decrease; and the presence of 
pulmonary hypertension [69–71].
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Chapter 8.3

Lung disease in polymyositis/dermatomyositis
Polymyositis and dermatomyositis (PM/DM) belong to the group of idiopathic autoimmune inflammatory myopathies with 
frequent involvement of the skin and lungs in the systemic inflammatory process [1]. They usually are considered together 
due to the common pathogenesis and clinical presentation, except for skin lesions that are more typical for dermatomyosi-
tis. The diseases are rare; their prevalence is approximately 10 cases in one million people [2]. The two peaks of incidence 
are in childhood (age 10–15 years) and at age 35–65 years. Women are affected more often than men [3]. Due to the low 
prevalence and a limited number of cases, data on the frequency of lung lesions in PM/DM vary significantly, from 20% to 
65% [4–6]. Lung involvement usually determines the severity of the course and prognosis.

The pathogenesis of interstitial lung disease (ILD) associated with idiopathic autoimmune myopathies (ILD-MP), 
as with other pulmonary manifestations of connective tissue diseases (CTD), has not been studied sufficiently. Possible 
triggers can be viruses and drugs (statins, immune checkpoint inhibitor, and malignant tumors) [7]. Several viruses 
(influenza virus, echovirus and coxsackievirus virus, human T-cell lymphotropic virus type 1, and parvovirus B19) 
have an affinity for muscle tissue and the endothelium and epithelium of lung structures, which makes them potential 
triggers [8].

A history of chronic inflammatory diseases of the upper and lower airways also is associated with the development 
of idiopathic inflammatory myopathies [9]. Apparently, primary damage to the endothelium and the emergence of cross 
antigens in the lung tissue lead to a primary inflammatory response, which can enter the fibroproliferative phase resulting 
in pulmonary fibrosis [8].

Morphology
The interstitial process in the lungs is represented histologically by nonspecific interstitial pneumonia (NSIP) in more 
than half of the cases, usual interstitial pneumonia (UIP), or bronchiolitis obliterans with organizing pneumonia (BOOP) 
(Fig. 8.3.1). Lymphoid interstitial pneumonia and diffuse alveolar damage (DAD) are much less common [10]. In addi-
tion, rare cases of acute fibrinous, aspiration, and organizing pneumonia have been described, as well as diffuse alveolar 
hemorrhages, pulmonary vasculitis and capillaritis, and plexogenic arteriopathy, as well as inflammatory pseudotumor 
development [11].

Mixed histopathologic findings often are revealed during biopsy from different parts of the lungs [12]. Morphological 
patterns of lung damage are indistinguishable from idiopathic ones. Morphological changes in the lungs may precede the 
expanded clinical presentation of PM/DM [13]. Thus histopathologic pulmonary abnormalities are not critical to the diag-
nosis of ILD associated with PM/DM (ILD-PM/DM) and usually require multidisciplinary discussion.

Clinical presentation and diagnosis
PM/DM usually is diagnosed on the basis of the following cri-
teria [14]: (1) weakness in the proximal muscles of the limbs 
with possible involvement of other striated muscles, mani-
fested by dysphagia and dyspnea; (2) characteristic changes 
in skeletal muscles in biopsy, including degeneration, re-
generation, necrosis, and interstitial mononuclear infiltrates;  
(3) increased levels of enzymes released in the inflammation 
of skeletal muscles (creatine phosphokinase, aspartate ami-
notransferase, alanine aminotransferase, and/or lactate dehy-
drogenase); (4) characteristic changes in electromyogram; 
and (5) dermatologic symptoms, including purple eyelids 
with periorbital edema; exfoliative erythematous dermatitis, 
especially on the opisthenars in the area of the metacarpo-
phalangeal and upper interphalangeal joints (Gottron sign) 
(Fig. 8.3.2); and erythematous rashes in the elbows, knees, 
medial ankles, face, neck, and upper torso (décolleté area). FIG. 8.3.1 Polymyositis. Hematoxylin and eosin staining, 400×.
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A definite diagnosis of PM/DM is valid in the presence 
of the first four criteria. Therefore a skeletal muscle biopsy 
and electromyography are required for the confirmation of 
PM/DM diagnosis.

Lungs are affected more often in PM/DM patients 
with anti-Jo1 syndrome, assuming positive titers of 
 anti- aminoacyl-tRNA synthetase (anti-ARS) antibodies 
(anti-Jo-1, anti-PL-7, anti-PL-12, anti-EJ, anti-OJ, anti-KS, 
anti-Zo, and anti-Ha) and ≥1 symptoms, such as myositis, 
arthritis, ILD, fever, Reynaud’s phenomenon or erythema, 
hyperkeratosis, and crunch in the interphalangeal joints 
(mechanic’s hands) [15, 16]. The highest incidence of 
ILD-PM/DM development occurs in patients with increased 
 anti-PL-12 autoantibody (up to 90%), anti-KS (up to 100%), 
and anti-OJ (up to 100%) levels [17, 18].

A few patients with PM/DM with lung damage may have 
no signs of myopathy [19]. In this case, such a common test 
as serum creatine phosphokinase (CPK) cannot be used as a 

basis for diagnosis, since CPK level is correlated strongly with the degree of skeletal muscle damage. This subtype of PM/
DM is called amyopathic dermatomyositis (AD) in which ILD often has a rapidly progressing course and is resistant to cor-
ticosteroids and immunosuppressive drugs [20]. The disease has typical dermatomyositis skin manifestations in the absence 
of skeletal muscle damage [21]. The 6-month mortality rate in these patients reaches 55% [22]. AD is strongly associated 
with the presence of serum antibodies to the melanoma differentiation-associated gene 5 (anti-MDA5) [23].

In approximately 20% of patients with pulmonary involvement, interstitial pneumonia develops earlier than the extra-
pulmonary symptoms of PM/DM, which complicates early diagnosis significantly [14]. In anti-Jo1 syndrome the onset of 
the disease with lung lesions reaches 50% of cases [24].

Symptoms of pulmonary involvement are the same as for other interstitial diseases and include cough, slowly progressive 
dyspnea in physical exertion, and general fatigue [14]. The clubbing sign can be noted rarely. Dyspnea in patients with PM/DM 
may be due to a simultaneous lesion of the diaphragm; therefore the severity of ILD does not always correlate with the degree 
of respiratory failure [25]. Because of the weakness of the pharyngeal muscles in patients with PM/DM, aspiration pneumonia 
often occurs, with the development of inflammation [3]. Pulmonary infections can occur not only due to aspiration but also due 
to immunosuppressive treatment. In addition, significant risks for urinary tract infections, catheter-related bloodstream infec-
tions, and sepsis, which often cause death, are described in patients with PM/DM who receive the treatment [26–28].

The causative agents of pulmonary infections are more often opportunistic pathogens such as P. jirovecii (especially in 
patients not receiving cotrimoxazole prophylaxis), Candida and Aspergillus spp., cytomegalovirus, and tuberculosis and 
nontuberculosis mycobacterium, whereas gram-negative enterobacteria predominate in aspiration pneumonia [26].

It should be noted that PM/DM can be a manifestation of paraneoplastic syndrome with a typical clinical presentation 
and the appearance of specific antibodies. In this case the radical treatment of a tumor leads to the elimination of antibodies 
and clinical symptoms, including the reverse of interstitial lung damage [29].

Functional pulmonary tests usually reveal a restrictive pattern and decreased diffusing capacity for carbon monoxide (DLco). 
Unlike other ILDs, due to the weakness of the respiratory muscles in patients with PM/DM, the maximal inspiratory pressure 
and maximal expiratory pressure are reduced, and residual volume is increased without decreased FEV1/FVC ratio [25].

Bronchoalveolar lavage (BAL) in ILD-PM/DM is not the main diagnostic tool. In a rapidly progressive disease, neutro-
philia and mild eosinophilia are detected in cytological counts [30]. In patients with anti-Jo1 syndrome, an increased level 
of lymphocytes (20%–50%) and eosinophils (up to 10%) is revealed [16]. BAL is an important method to rule out pulmo-
nary infections and lower airway malignancies. Transbronchial lung biopsy usually is not effective in diagnosing ILD; it 
should be performed in cases of suspected malignancy and granulomatosis [25].

High-resolution computed tomography
The high-resolution computer tomography (HRCT) characteristics of the pulmonary lesion in PM/DM most often corre-
spond to the NSIP, UIP, and BOOP radiological patterns and more rarely to DAD and bronchial and bronchiolar abnormali-
ties. On the basis of our own 78 patients with PM/DM, 46 of whom had changes in the lungs, we conducted the analysis of 
the primary radiological signs (Table 8.3.1) [31].

FIG. 8.3.2 Polymyositis/dermatomyositis. Gottron sign.
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The most common signs in PM/DM were reticular abnormalities, ground-glass opacity (GGO), thickening of the 
 bronchial walls, and subpleural linear attenuation, whereas consolidation was much less common, which corresponded to 
the pattern of organizing pneumonia (Figs. 8.3.3–8.3.5) [13].

Due to the small number of cases, the data in the studies on evaluation of HRCT signs of ILD associated with PM/
DM vary greatly. The frequency was 45%–100% for GGO, 20%–100% for consolidation, and 0%–27% for honeycombing 
[32–34].

Hypotension and dilatation of the upper and middle esophagus are considered specific signs of PM/DM and may be 
combined with parenchymal abnormalities or can be an independent sign (Fig. 8.3.6) [35].

In cases of anti-aminoacyl-tRNA synthetase antibody-positive interstitial pneumonia, the most frequent findings are 
GGO (100%), traction bronchiectasis (90%), consolidation (75%), and reticular signs (75%) with a 100% distribution of 
abnormalities in the lower areas, whereas the honeycombing and peribronchovascular distribution of changes were not 
found in any patient [16]. At that the prevailing HRCT pattern was NSIP (85%), whereas the remaining cases showed 
BOOP [16]. A frequent finding that accompanies the BOOP pattern in PM/DM is the reversed halo sign [35]. A minor 
 pleural effusion is a possible finding in PM/DM, which occurs in up to 10% of cases (Fig. 8.3.5) [16]. The presence of areas 
of consolidation and GGO in the lower lung lobes is associated with a worse 90 day survival rate compared with the pattern 
of only GGO or reticular abnormalities [36].

FIG. 8.3.3 Polymyositis/dermatomyositis. Bilateral subpleural areas of 
ground-glass opacity in the lower segments, associated with thickened in-
tralobular septa. Pattern of nonspecific interstitial pneumonia.

FIG. 8.3.4 Polymyositis/dermatomyositis. Diffuse bilat-
eral areas of ground-glass opacity associated with severe re-
ticular abnormalities and traction bronchiectasis. Subpleural 
sparing. Fibrous nonspecific interstitial pneumonia pattern.

TABLE 8.3.1 HRCT signs in patients with polymyositis/dermatomyositis (own data)

CT signs Incidence N = 46

Thickening of the intralobular septa 43 (93.5%)

Thickening of the bronchial walls 37 (80.4%)

Thickening of interlobular septa 33 (71.7%)

Nodules 2 (4.3%)

Ground-glass opacity 40 (87%)

Consolidation 8 (17.4%)

Traction bronchiectasis 19 (41.3%)

Honeycombing 1 (2.1%)

Cysts 1 (2.1%)

Subpleural linear bands 24 (52.1%)

Mediastinal lymphadenopathy 3 (6.5%)



 Lung disease related to connective tissue diseases   Chapter | 8 297

Under the influence of treatment, such phenomena as 
GGO and consolidation disappear or are minimized in re-
spondents to therapy or increase with the emergence of 
reticular abnormalities in refractory forms of the disease 
(Fig.  8.3.7). Massive areas of consolidation typical for 
DAD, in the case of patient survival, are transformed into 
interstitial fibrosis (Fig.  8.3.8) [33]. However, Ingegnoli 
et al. [37], with 12 months of follow-up of ILD-PM/DM 
patients treated with steroids and immunosuppressants, 
noted visual stabilization of the disease only in 26.6% of 
cases, and in other cases, the progression of radiological 
signs was registered.

Differential diagnosis
Because PM/DM can be a manifestation of malignant para-
neoplastic syndrome, patients should be examined care-
fully to rule out the primary tumor.

In case of an ILD, its primary or secondary origin always should be differentiated. Since both nonspecific and usual 
interstitial and organizing pneumonia can be idiopathic and associated with other diseases and conditions, including those 
that are drug-induced, a careful analysis of the circumstances preceding changes in the lungs is required, especially since 
the biopsy in this case most likely will not be able to answer the question about the origin of interstitial pneumonia. 
Questions about contact with potential aeroallergens (especially birds), the professional environment, drug intake, chronic 
diseases of other organs, and immunodeficiency must be asked when taking a history of a patient with interstitial changes 
in the lungs. It should be noted that idiopathic NSIP often is accompanied by moderate myalgia, which requires ruling out 
PM/DM. However, as already mentioned, since respiratory symptoms can occur earlier than muscle lesions, making a fi-
nal diagnosis is very difficult in this case, but certainly, in addition to CPK serum level, anti-aminoacyl-tRNA synthetase 
antibodies should be determined. Respiratory infections, aspiration-related and opportunistic, can change significantly the 
clinical and radiological pattern of the underlying disease (Fig. 8.3.9). Increase in dyspnea, the emergence of new areas of 
GGO, consolidation, nodules on HRCT, and inflammatory changes in the blood require a differential diagnosis between 
the exacerbation of interstitial pneumonia, drug-induced pneumonitis, and the pulmonary infection. BAL with PCR and 
cultural examination usually is required in such cases to detect a possible  pathogen. In the cytological formula of a BAL 

(A) (B)
FIG. 8.3.5 Polymyositis/dermatomyositis. Bilateral consolidation areas with an adjacent ground-glass opacity. The abnormalities have a peribroncho-
vascular and subpleural distribution (A, B). In the right lung, there is an atoll sign (arrow) (A). In the left lung, there is a small left-sided hydrothorax (B). 
Pattern of bronchiolitis obliterans with organizing pneumonia.

FIG. 8.3.6 Polymyositis/dermatomyositis. Dilatation of the middle third of 
the esophagus. There are no visible abnormalities of the pulmonary parenchyma.



(A) (B)

(C) (D)
FIG. 8.3.7 Changes in time of HRCT images in treatment of two patients with polymyositis/dermatomyositis. Bilateral patchy areas of ground-glass 
opacity, associated with thickening of interlobular septa (A), are initially visualized. After 3 months of treatment, significant reduction of signs is noted (B). 
The initially mild reticular abnormalities and ground-glass opacity in the lower areas (C). After 6 months, despite therapy with corticosteroids and cyclo-
phosphamide, there is a significant increase in reticular changes, the emergence of massive peribronchovascular areas of consolidation in the right lung (D).

FIG.  8.3.8 Amyopathic dermatomyositis. After diffuse alveolar dam-
age, diffuse interstitial fibrosis with traction bronchiectasis developed in 
the lower lobes.

FIG. 8.3.9 Right-sided community-acquired pneumonia in a pa-
tient with polymyositis/dermatomyositis. On the right, in the lower 
lobe, there is a massive area of heterogeneous consolidation, an 
air bronchogram sign. On the left, there are moderately expressed 
subpleural reticular abnormalities and traction bronchiectases.
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fluid, with exacerbation of interstitial pneumonia, neutrophilia usually is found, whereas with drug-induced pulmonary 
disease, lymphocytosis of more than 30% is revealed.

Treatment
Therapy of ILD-MP usually is started with high doses of systemic corticosteroids (0.75–1 mg/kg per day of prednisone per 
os) for at least 2–3 months and a long, slow reduction of the dose to the maintenance dose. In case of aggressive forms, 
especially those accompanied by severe lesions of the esophagus and lungs, intravenous pulse therapy with methylpred-
nisolone at 1000 mg/day is possible during the first 3 days [38]. Nawata et al. [39] showed that the effect of corticosteroids 
was higher in patients with a higher blood creatine phosphokinase level. In case of refractory disease, inability to achieve 
remission of PM/DM for 3 months with adequate doses of corticosteroids, second-line therapy with immunosuppressive 
drugs is indicated [40]. In small studies, positive results were obtained for cyclophosphamide, azathioprine, cyclosporine, 
mycophenolate mofetil, and tacrolimus [41–44]. Rituximab and intravenous immunoglobulin demonstrated the effect in 
clinical reports in case of aggressive forms [45, 46]. With rapidly progressive AD associated with ILD and severe respira-
tory failure, Huang et al. [47] also showed the efficiency of extracorporeal membrane oxygenation combined with double 
filtration plasmapheresis.

Hozumi et al. [48] reported that combined systemic glucocorticosteroids (GCS) with calcineurin inhibitors compared 
with GCS monotherapy improved the 2-year progression-free survival rate in patients with anti-aminoacyl-tRNA synthe-
tase antibody-positive PM/DM. According to Sugiyama et al. [28], such a combination when using prednisone at 0.5 mg/kg 
body weight compared with prednisone monotherapy at 1 mg/kg or intravenous cyclophosphamide was the most effective 
and safe. Some researchers believe that the presence of serum anti-MDA5 antibodies requires more active immunosuppres-
sive therapy from the onset of disease in patients with ILD-PM/DM [49].

In general, experts note that most cases of ILD-PM/DM, especially with early detection, respond to treatment or are at 
least stabilized, but usually, there is no clear association between the reduction of symptoms of myositis and dynamics of 
pulmonary abnormalities [14]. Yamasaki et al. [50], with 27 years of follow-up of 197 patients with idiopathic inflamma-
tory myopathies, found that their 1, 5, and 10 year survival rates were 85%, 75%, and 67%, respectively.

Factors of negative prognosis for ILD-PM/DM include male sex [51], old age [52], the presence of serum anti-
MDA5 antibodies [53], upper-lobe lesions, and hypocapnia [28]. In contrast, anti-aminoacyl-tRNA synthetase 
 antibody-positive patients with ILD have the best response to steroid and immunosuppressive therapy, as well as a 
good survival prognosis [54, 55]. Patients with AD and primary dermatomyositis with pulmonary lesion have the high-
est mortality rates in the first 6 months after diagnosis [50]. However, in general, the 5-year survival rate in ILD-MP 
amounts to 50%–87% [38].
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Chapter 8.4

Lung disease in systemic lupus erythematosus
Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by the production of a wide range of autoantibodies 
and inflammatory lesions of many organs and systems [1]. This indistinct definition is due to the diversity of morphological substrates 
and clinical manifestations of SLE. SLE affects mainly teenagers and women; the ratio of affected men and women is 1:13 [2]. In dif-
ferent regions the prevalence of SLE varies significantly; for Western Europe, this figure is less than 50 per 100,000 population, while 
in the United States, it exceeds 240 per 100,000 population [3]. The age of most patients at diagnosis ranges from 15 to 45 years [1].

The etiology and pathogenesis of SLE are unclear. A correlation with the polymorphism of a number of genes, such 
as 1q23, 2q35-37, 6p21-11, and 12q24, exists [4]. Excessive exposure to sunlight and Epstein-Barr virus carriage can be 
disease triggers. A number of drugs, such as procainamide, hydralazine, sulfanilamides, interferon-alpha, and antibodies 
to tumor necrosis factor-alpha, can induce a lupus-like syndrome that is reversible upon cessation of the drug load [5]. 
Apparently, apoptosis of skin cells and neutrophils result in a critical mass of nucleoproteins and nucleic acids that get 
presented to dendritic cells and trigger an interferon-I-dependent mechanism of autoantibody formation [6]. The autoanti-
bodies can be detected long before the clinical manifestations of the disease [7].

Morphology
Pulmonary involvement in SLE is most often manifested as serous, hemorrhagic, or fibrinous pleuritis, as lung parenchyma 
lesions in acute lupus pneumonitis, diffuse alveolar damage with hyaline membranes, pulmonary vasculitis with hemor-
rhages, nonspecific interstitial pneumonia, organizing pneumonia, usual interstitial pneumonia, follicular bronchiolitis, and 
lymphoid interstitial pneumonia [8] (Figs. 8.4.1–8.4.3). Vascular lesions manifest as antiphospholipid syndrome, pulmo-
nary embolism (PE), and pulmonary hypertension. In the presence of Libman-Sacks endocarditis, chronic venous conges-
tion occurs in the lungs, with the development of brown induration of the lungs. In addition, patients with SLE may develop 
shrinking lung syndrome caused by bilateral paralysis of the phrenic nerve or diaphragm dysfunction.

Clinical presentation
The clinical presentation of the disease depends on the lesions in affected organs and systems and can be very diverse. 
Table 8.4.1 shows the frequency of organ involvement in the autoimmune process and the symptoms of SLE [9].

In this table the respiratory manifestations of SLE are presented only as pleuritis and alveolar hemorrhages, but the 
pathological spectrum of respiratory lesions is actually wider and includes the following variants (Table 8.4.2):

According to the Spanish Rheumatology Society Lupus Registry, 996 (31%) of 3215 patients with SLE had pleuro-
pulmonary manifestations among which pleural diseases (21%), lupus pneumonitis (3.6%), pulmonary thromboembolism 

FIG. 8.4.1 Systemic lupus erythematosus. Productive vasculi-
tis of small arteries of the lung. Hematoxylin and eosin (H&E) 
staining, 400×.

FIG.  8.4.2 Systemic lupus erythematosus. Intra-alveolar hemorrhage. 
H&E staining, 400×.
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(2.9%), pulmonary hypertension (2.4%), diffuse interstitial 
lung disease (2%), alveolar hemorrhage (0.8%), and shrink-
ing lung syndrome (0.8%) were the most frequent [11].

The upper airways are affected by SLE less often than the 
lower respiratory tract; however, up to 48% of patients have 
certain manifestations of lupus inflammation, such as nasal 
and laryngeal ulceration, rhinitis, pruritus and dryness in the 
nose, laryngitis, ulceration of the laryngeal mucosa, edema 
and vocal cord paralysis, and cartilaginous lesions [12, 13]. 
Variants with life-threatening larynx stenosis due to necro-
tizing vasculitis have been described [14].

The lower airway changes in the form of thickening of the 
bronchial walls and bronchiectasis are not always clinically 
pronounced [15]. However, presentations include forms of 
constrictive bronchiolitis with a significant airflow limitation, 
signs of mosaic hyperinflation, and bronchiectasis (Fig. 8.4.4) 
that can determine the quality of life and prognosis of patients 
with SLE [16]. Fibrinous pleuritis or pleural effusion is the 

most common manifestation of lupus serositis and in 5% of cases may be the first sign of the disease (Fig.  8.4.5) [17]. 
Clinically significant pleural effusions occur in approximately half of SLE patients. However, pleural lesions are revealed in 
the vast majority of autopsies of affected individuals, and exudate in the pleural cavity is found in two-thirds of patients [18]. 
The predictors of pleural effusion for SLE are fever, Reynaud’s phenomenon, serum anti-DNA antibodies, and infarction or 
resection of the bowel [19]. The main symptoms of pleural diseases include chest pain, unproductive cough, and dyspnea on 
physical exertion. Pleural effusion in patients with SLE is not always associated with the disease activity and may be due to PE 
or other related diseases (viz., heart failure, tuberculosis, pneumonia, malignant diseases, or hypoalbuminemia) [20].

Chronic interstitial lung disease associated with SLE (ILD-SLE) develops in 2%–15% of patients [11, 21]. ILD-SLE is 
more often found in patients with increased titers of anti-Ro (SSA) antibodies [22]. Since this type of antibody is regarded 

FIG.  8.4.3 Systemic lupus erythematosus. Pulmonary hemosiderosis. 
H&E staining, 100×.

TABLE 8.4.1 Frequency of symptoms in SLE

Symptom Frequency (%)

Skin manifestations 88

Arthritis/arthralgia 76

Neuropsychic symptoms 66

Pleuritis/pericarditis 63

Anemia 57

Reynaud’s phenomenon 44

Vasculitis 43

Atherosclerosis 37

Nephritis 31

Thrombocytopenia 30

Sensory motor neuropathy 28

Valve lesion 18

Alveolar hemorrhages 12

Pancreatitis 10

Myositis 5

Myocarditis 5

(Extracted from Goldman’s Cecil medicine. 24th ed. Philadelphia, PA: Saunders Elsevier; 2011. 2704 p.)
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as a marker for Sjögren syndrome, the development of ILD is probably the result of the overlap of SLE with secondary 
Sjögren syndrome [23]. Nonspecific interstitial pneumonia (Fig. 8.4.6) is the most frequent histopathologic substrate of 
ILD-SLE [24]. The risk factors for ILD development are higher in patients with SLE who have higher activity and duration 
of the disease, hypocomplementemia, and high anti-dsDNA antibody levels [25, 26].

The clinical presentation and examination results are traditional for chronic interstitial pneumonia and include progres-
sive dyspnea, dry cough, Velcro crackles, a restrictive functional pattern, and a decrease in diffusion capacity for carbon 
monoxide (DLCO) [21].

Acute lupus pneumonia (pneumonitis) is rare, but one of the most dangerous pulmonary manifestations of SLE. Its 
course corresponds to the type of acute interstitial pneumonia with diffuse alveolar damage, sometimes with signs of 

(A) (B)
FIG. 8.4.4 Constrictive bronchiolitis in a nonsmoking 47-year-old woman, with a 29-year history of systemic lupus erythematosus. Diffuse reduced at-
tenuation, lobular areas of air trapping and emphysema, and multiple small bronchiectasis. Areas of linear fibrosis after pneumonia are also visible (A, B).

TABLE 8.4.2 Variants of respiratory system lesions in SLE

Pleura lesion Dry pleuritis
Exudative pleuritis

Parenchymal lesions Acute lupus pneumonitis
Acute respiratory distress syndrome
Diffuse alveolar hemorrhages
Chronic interstitial pneumonia
Diaphragmatic dysfunction/shrinking lung syndrome

Vascular lesions Acute reversible hypoxemia
Pulmonary artery thromboembolism
Pulmonary arterial hypertension

Airway lesions Small airway obstruction (constrictive bronchiolitis)
Lesions of the upper airways

Drug-induced lesions Nonspecific interstitial pneumonia, organizing pneumonia, usual interstitial pneumonia, acute 
interstitial pneumonia

Infectious lesions Pneumonia caused by opportunistic pathogens (pneumocystis, fungi, cytomegalovirus, and 
mycobacteria)

(Extract from Kamen DL, Strange C. Pulmonary manifestations of systemic lupus erythematosus. Clin Chest Med 2010;31(3):479–88 with supplements.)
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 capillaritis [18]. Clinically the most prominent syndrome is an acute respiratory failure with high fever and the presence of 
bilateral massive consolidation areas and diffuse or patchy ground-glass opacity (GGO) on chest high-resolution computed 
tomography (HRCT) images. The mortality in these cases reaches 50% [27].

Diffuse alveolar hemorrhage (DAH) is also a potentially life-threatening condition in patients with SLE; it usually 
develops in patients with a long history of disease and is often associated with lupus nephritis, hypocomplementemia, and 
the presence of antiphospholipid antibodies [28, 29]. DAH clinically manifests as progressive dyspnea correlating with the 
severity of the parenchymal hemorrhagic lesion, cough, and hemoptysis. However, the latter symptom is not obligate, and 
its absence does not rule out DAH. Usually a rapid fall of erythrocyte, hemoglobin, and hematocrit levels is found, and 
bilateral symmetrical diffuse or patchy areas of GGO associated with thickened interlobular septa with a perihilar distribu-
tion of abnormalities are usually detected on HRCT (Fig. 8.4.7). Inside the GGOs the emergence of foci of consolidation 
is possible. When the DAH diagnosis is unclear, bronchoalveolar lavage can reveal the presence of red blood cells and 
siderophages in the BAL fluid as evidence of alveolar hemorrhages. A biopsy is rarely required to confirm the diagnosis. 
Histologically, signs of capillaritis or bland hemorrhage are always found [30].

Shrinking lung syndrome is a consequence of the weakness of the diaphragm due to myopathy of the diaphragm or 
neuropathy of the phrenic nerve [31]. It is manifested by dyspnea during physical exertion and radiographically detected 

FIG. 8.4.5 Systemic lupus erythematosus. Bilateral small pleural ef-
fusion. Moderate reticular abnormalities and linear opacities.

FIG.  8.4.6 Systemic lupus erythematosus. Bilateral patchy areas of 
ground-glass opacity. Irregular reticular abnormalities.

(A) (B)
FIG. 8.4.7 Alveolar hemorrhages in a patient with systemic lupus erythematosus. Spotted areas of ground-glass opacity, predominantly in the right lung, 
associated with slight thickening of the interlobular and intralobular septa. Subpleural areas remain unaffected (A, B).
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by an elevated diaphragm (often bilateral). The restrictive pattern in the respiratory function study is not accompanied by a 
decrease in lung diffusion capacity (DLCO/VA) [31].

Patients with SLE and antiphospholipid syndrome (approximately 1/3 of patients) have a high risk of PE, peripheral 
thrombosis, pulmonary microthrombosis, alveolar hemorrhages, and hemolytic uremic syndrome. Dyspnea and hemoptysis 
usually are prominent in the clinical presentation of PE. CT angiography (in the absence of renal failure) is an important 
tool to confirm or exclude the presence of thrombotic masses in the pulmonary artery [10].

Finally a possible pulmonary complication of SLE, apparently due to leukocyte aggregation in the pulmonary capillar-
ies, is acute reversible hypoxemia, which manifests as acute onset respiratory failure in the absence of visible parenchymal 
changes in the lungs on HRCT and gets resolved as a result of steroid therapy and respiratory support for 72 h [32].

Apparently the age of SLE onset is important for the development of pulmonary pathology. In a study by Medlin et al., 
late-onset patients (over 50 years of age) had nearly threefold increased odds of developing ILD, compared with the odds 
of those with the early onset of SLE [33].

Diagnosis
The diagnosis of SLE is established in the presence of 4 of the 11 criteria [34]:

 1. Butterfly-shaped lupus erythema on the face without the involvement of the nasolabial triangle
 2. Discoid rash represented by elevated erythematous nodules with closely adherent keratosis squamosa and follicular 

clots (old nodules may have atrophic scars)
 3. Photosensitization (appearance of skin rashes after ultraviolet insolation)
 4. Ulcerous defects of the mouth or nasopharynx mucosa (usually painful)
 5. Nonerosive arthritis involving two or more joints
 6. Serositis (pleural effusion or pericarditis)
 7. Kidney lesion:

– proteinuria of more than 0.5 g/day or more than 3%
– increased cytosis of urine sediment-erythrocyturia (hemoglobinuria), casts

 8. Neurological disorders (with the exception of drug-induced or metabolically induced disorders):
– seizures
– psychosis

 9. Hematologic disorders:
– hemolytic anemia with reticulocytosis
– leukopenia (<4000 in 1 mm3), recorded at least two times
– lymphopenia (<1500 in 1 mm3), recorded at least two times
– thrombocytopenia (<100,000 in 1 mm3) in the absence of a drug-induced condition

 10. Immunologic disorders:
– antibodies to native DNA in elevated titer
– the presence of antibodies to the Sm nuclear antigen
– antiphospholipid antibodies (IgG or IgM antibodies to cardiolipin; positive test result for lupus anticoagulant and 

anti-beta-2 glycoprotein IgM or IgG or false-positive test result for syphilis)
 11. Increased titer of antinuclear antibodies (with the exception of drug-induced lupus syndrome)

The diagnosis of SLE-associated lung disease is established based on the clinical presentation and instrumental examina-
tion results, namely, HRCT, studies of pleural fluid, bronchoalveolar lavage, and functional tests.

The emergence of a pleural effusion in a patient with an established diagnosis of SLE in the absence of concomitant 
changes in the lung parenchyma usually does not require analysis of the pleural fluid. However, in the case of an unspeci-
fied underlying disease, suspected paraneoplastic lupus syndrome, or the presence of other possible causes of effusion, 
cytological and biochemical analysis of the pleural fluid should be performed. Lupus pleuritis is characterized by serous 
or serous-hemorrhagic effusion with exudate characteristics but with normal or slightly reduced glucose level and pH and 
normal lactate dehydrogenase (LDH) concentration, which distinguishes it from the exudate in rheumatoid arthritis, which 
is characterized by a decrease in glucose and pH, but with an increase in LDH [17, 35]. However, pleural effusion in the 
form of transudate is also possible. An increase in the level of antinuclear antibodies in the pleural fluid used is considered 
evidence of lupoid pleuritis. However, studies have shown that this immunologic marker is neither specific nor sensitive for 
diagnosing SLE [36]. BAL is indicated for the differential diagnosis of pulmonary infections with diffuse alveolar damage, 
namely, acute lupus pneumonia (ALP) or alveolar hemorrhages. The prevalence of neutrophils in the composition of the 
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BAL fluid in combination with erythrocytosis is typical for ALP, while DAH is manifested only in the hemorrhagic nature 
of the BAL [37].

The respiratory function and DLCO are important for evaluating and monitoring the restrictive pattern and limiting the 
gas exchange surface that accompanies many lung lesions.

Computed tomography
Since the variants of lung damage in SLE are diverse, the set of radiological signs is wide and depends on specific morpho-
logical patterns (Figs. 8.4.4–8.4.7 and Table 8.4.3).

In contrast to other connective tissue diseases in which interstitial pneumonias dominate as clinically significant respira-
tory manifestations, in SLE, pleural effusion, DAH, and PE occur most often.

Differential diagnosis
In this chapter, we will discuss the differential signs of acute lung parenchymal lesions in SLE that we consider to be the 
most challenging.

Table 8.4.4 presents the main criteria for diagnosis (without morphological findings).
In patients with SLE who receive steroid therapy, with the appearance of new infiltrates in the lungs, PE and pneumonia 

caused by opportunistic pathogens should always be considered in the differential range. Pulmonary infections are the most 
common infectious complications of SLE (approximately 38% of cases) and often become the cause of death [38].

Moreover, opportunistic infections can cover on the primary pathological substrate, for example, ILD, complicating 
the diagnosis (Fig. 8.4.8). We recommend all patients with SLE and primary identified abnormalities in the lungs to per-
form BAL not only for the purpose of cytological evaluation of the lavage fluid but also for PCR analysis for opportu-
nistic pathogens such as P. jirovecii, mold, and yeast infection (Aspergillus spp., Cryptococcus spp., and Mucor spp.)  
detected most frequently in these patients [39, 40].

TABLE 8.4.3 Dominant CT findings as a manifestation of noninfectious lung lesions in SLE

Radiological symptom Possible substrate

Ground-glass opacity Acute lupus pneumonia
Alveolar hemorrhages
Nonspecific interstitial pneumonia
Organizing pneumonia
Secondary Sjögren syndrome

Consolidation Acute lupus pneumonia
Alveolar hemorrhages
Organizing pneumonia
Pulmonary embolism

Signs of interstitial fibrosis (irregular thickening of the interlobular 
and intralobular septa, bronchiectases, and bronchiolectases)

Nonspecific interstitial pneumonia
Usual interstitial pneumonia
Secondary Sjögren syndrome

Honeycombing Usual interstitial pneumonia

Upper-lobe localization of abnormalities Alveolar hemorrhages

Cysts Secondary Sjögren syndrome

Predominantly basal localization Acute lupus pneumonia
Nonspecific and usual interstitial pneumonia

Subpleural localization of abnormalities Pulmonary embolism
Organizing pneumonia
Nonspecific and usual interstitial pneumonia

Perihilar distribution of abnormalities Diffuse alveolar hemorrhages

Pleural effusion Lupus exudative pleuritis
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Mycoplasma pneumoniae, Streptococcus pneumoniae, Acinetobacter baumannii, Mycobacterium tuberculosis, and nontu-
berculous mycobacteria are also described as causative agents of severe infectious lung lesions in patients with SLE [38, 41].

Since ALP can imitate bacterial or fungal pneumonia [42], the detection of pathogens and neutrophilia in BAL fluid 
should be considered critical.

Thus P. jirovecii can be a trigger for diffuse alveolar damage without the development of pneumocystis pneumonia [43].

Treatment
The choice of treatment for respiratory pathology in patients with SLE depends on the form of the lesion. Thus exudative 
pleuritis usually responds to treatment with nonsteroidal antiinflammatory drugs or with average doses of corticosteroids 
(20–40 mg/day) [10, 24].

In cases of ALP, high doses of oral prednisone (1–1.5 mg/kg) are indicated, and in the absence of an effect for 72 h, pulse 
therapy with methylprednisolone (1000 mg/day for 3 days) is prescribed [44].

In refractory cases the administration of cyclophosphamide (0.5–1 g/m2 for 6 months, 1–2 times per month) is recom-
mended, as well as mycophenolate mofetil, intravenous immunoglobulin, and plasma exchange [45, 46].

The diagnosis of DAH determines the combination therapy with high doses of glucocorticosteroids and cyclophospha-
mide in the earlier dosages since steroid monotherapy is associated with a high level of mortality [47]. Plasma exchange 
can also be effective in such patients [48]. Rituximab can also be considered as a reserve therapy for cases of recurrence of 
life-threatening DAH [49, 50].

Approaches to the treatment of ILD-SLE are not fully developed. Systemic glucocorticosteroids (0.5–1 mg/kg of body 
weight per day) are usually considered as the first line of treatment, but some authors, based on the similar morphological 
pattern with systemic sclerosis, have suggested the immediate start of a combined therapy with medium doses of predniso-
lone and cyclophosphamide or azathioprine [10].

The diaphragmatic dysfunction usually responds to steroid therapy, but immunosuppressive drugs are also considered 
in cases of inefficiency of the initial treatment, and the number of reports of the successful treatment with rituximab has 
increased [51–53].

TABLE 8.4.4 Differential signs of primary and infectious lung lesions of acute course in patients with SLE

 ALP DAH PE BP PP

Onset Acute, subacute Acute, subacute Acute Acute Subacute

Prevailing clinical 
symptoms

Dyspnea, high fever Dyspnea, hemoptysis, 
anemia

Dyspnea, 
hemoptysis, chest 
pain

Fever, cough High fever, dyspnea

Procalcitonin 
nanogram/milliliter

<0.5 <0.5 <0.5 >1 <1

D-dimer Normal or slightly 
increased

Moderately increased Significantly 
increased

Increased in 
severe course

Normal

BAL Neutrophils >40%, 
erythrocytes

Erythrocytosis, 
siderophages

Erythrocytosis Neutrophilia, 
bacteria

Neutrophilia + PCR 
for P. jirovecii

CT signs Bilateral extensive 
consolidation 
(more in the basal 
fields), ground-glass 
opacity, thickening 
of the interlobular 
septa

Areas of consolidation 
and ground-glass 
opacity, thickening 
of intralobular and 
interlobular septa, 
perihilar pattern of 
distribution of the 
abnormalities

Subpleural 
consolidation areas. 
In CT angiography, 
filling defects of 
contrast-enhanced 
vessels

More often 
unilateral 
areas of 
consolidation, 
turning into 
ground-glass 
opacity, nodules

Multiple patches 
of ground-glass 
opacity (more in the 
upper lobes). Air 
traps. Thickening 
of interlobular 
septa. Centrilobular 
nodules

Effect of steroids ++ – _ – +

Effect of antibiotics – – – +++ _

ALP, acute lupus pneumonia; BP, bacterial pneumonia; DAH, diffuse alveolar hemorrhages; PE, pulmonary embolism; PP, Pneumocystis jirovecii pneumonia.
–, Nontypical; +, possible; ++, frequent; +++, typical.
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Theophylline can be used as an additional drug that improves muscle function [54].
In patients with antiphospholipid syndrome and SLE, aspirin therapy is recommended for the prevention of thromboem-

bolic complications. In patients with PE a lifelong administration of anticoagulants is indicated [10].
Acute reversible hypoxemia is usually resolved within 3 days under the influence of monotherapy with steroids or their 

combination with aspirin [55].
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Chapter 8.5

Pulmonary disease in Sjögren syndrome
Sjögren syndrome (SS) is a chronic inflammatory autoimmune disease characterized by lymphocytic infiltration of exo-
crine glands, primarily lacrimal and salivary, resulting in their impaired function and ocular and oral dryness [1]. Primary 
SS is distinguished when it is an independent nosological form, also called Sjögren disease. Secondary SS occurs in other 
connective tissue diseases (CTDs), most often in rheumatoid arthritis, systemic sclerosis, and systemic lupus erythematosus 
[2]. SS is one of the most common CTDs, with a prevalence of 0.5% of the population, and women are affected approxi-
mately nine times more often than men [3].

The pathogenesis of SS is unclear, but the autoimmune mechanisms for the development of the disease are beyond 
discussion. Apparently, in the presence of a genetic predisposition, a primary lesion of the salivary gland epithelial cells by 
viruses (Epstein-Barr virus, cytomegalovirus, human herpes virus type 8, and human T-lymphotropic virus type 1) leads 
to recruitment of immune cells, such as dendritic cells, NK cells, and T cells, with release of cytokines and chemokines. 
These include IFN γ, which contributes to the IFN signature and acts as a link between innate and adaptive immunity. The 
IFN signature mediates lymphocytic infiltration and lymphocyte activation and stimulates the production of B-cell activat-
ing factor (BAFF). BAFF with IFN γ promotes autoantibody production by B cells, with the subsequent development of 
autoimmune glandular epithelitis with secretory dysfunction [4]. The formation of immune complexes usually determines 
the extraglandular areas of the lesion in SS, including the lungs and mediastinum [5].

The histopathologic pattern of the lungs in SS is diverse and is presented as a lesion of the airways (follicular lympho-
cytic bronchiolitis and constrictive bronchiolitis), various interstitial lung diseases (ILD), and the development of primary 
malignant lymphoma of the lungs [6]. The ILDs, namely, nonspecific interstitial pneumonia (NSIP) and lymphoid interstitial 
pneumonia (LIP), are the most common, and usual interstitial pneumonia (UIP), organizing pneumonia (OP), diffuse alveo-
lar damage, and amyloidosis are less common presentations (Figs. 8.5.1 and 8.5.2). NSIP and OP overlap is often found [7].

Clinical presentation
Approximately 80% of SS patients show signs of sicca syndrome, such as xerophthalmia (dry eye) and xerostomia (dry 
mouth), due to reduced production of saliva and conjunctival fluid [8].

As a result, dryness, a sandy-gritty sensation, itching in the eyelids, oral dryness, pain when swallowing, hoarseness, 
progressive caries, and rhagades also occur, as well as recurring parotitis or gingivitis [6]. The remaining 20% of patients 
present in the so-called atypical fashion in which sicca symptoms are minimal or absent [8]. Approximately a third of SS 
patients have a history of Raynaud’s phenomenon, and arthralgia, myalgia, and arthritis of the small joints of the hands 
are frequent symptoms but without erosive synovitis, which distinguishes these cases from rheumatoid arthritis [9]. One 

FIG. 8.5.1 SS. Lymphocytic interstitial pneumonia. Hematoxylin and 
eosin (H&E) staining, 600×.

FIG.  8.5.2 SS. Usual interstitial pneumonia with hyperplasia of the 
lymphoid tissue. H&E stain, 200×.
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frequent extraglandular symptom is chronic fatigue, which is detected in 80% of patients [10]. Rarer manifestations include 
demyelinating disease, neuropathy, depression, and constipation [8, 10]. Most patients demonstrate submandibular and 
cervical lymphadenopathy, without obvious soreness of lymph nodes or edema of salivary glands. In a small number of 
patients, hypergammaglobulinemic purpura and petechial rash are detected, usually on the shins, but found less often on the 
hips and abdomen, with hyperpigmentation after rash elimination. Involvement of the respiratory organs in the autoimmune 
process is a typical situation in SS, which is found in up to 75% of patients [11, 12]. The main clinical and radiological 
pulmonary patterns are bronchial (bronchiolar) lesions, interstitial lung disease (ILD), and lymphoproliferative disorders 
[13]. The greatest clinical significance that often determines SS prognosis is the development of ILD [13]. ILD patients are 
older and more often have Raynaud’s phenomenon and gastrointestinal tract involvement [14].

The common signs of ILD in SS (ILD-SS) are unproductive cough and dyspnea on physical exertion. Chronic unpro-
ductive cough is the most frequent pulmonary symptom in SS, is often troublesome, and reduces the quality of life. It is 
also associated with dryness in the trachea and frequent development of concomitant gastroesophageal reflux and is often 
found in patients without ILD [15]. In some patients, crackles may be heard in the posterior basal areas of the lungs, but in 
general, this phenomenon occurs in a smaller proportion of patients [16]. Clubbing is not typical for ILD-SS, as it is found 
in approximately 6% of cases [17].

In 25%–60% of patients, ILD precedes the full-scale presentation of SS; therefore the definition of anti-SSA and anti-
SSB antibodies, as well as other autoimmune markers, is an important diagnostic tool in patients with unclear interstitial 
pulmonary abnormalities [14, 18]. An asymptomatic onset of ILD-SS is noted in 24% of all cases [14].

Diagnosis
Diagnosis of SS is made on the basis of a characteristic clinical presentation supplemented with confirmation of a systemic 
autoimmune inflammatory process.

General laboratory changes often include hypergammaglobulinemia and high ESR. In addition, increased levels of 
rheumatoid factor, antinuclear antibodies, and circulating immune complexes are often determined. In some patients, ane-
mia and lymphopenia develop. The key autoimmune markers of SS are circulating antibodies against the ribonucleoprotein 
complexes Ro/SSA and La/SSB [6]. However, the presence of anti-SSB only in the serum without anti-SSA antibodies is 
not associated with SS and thus cannot confirm the diagnosis alone [19].

Since 2002, six criteria have been used to establish the diagnosis of SS [9]:

1. Symptoms in the eyes (at least one)
(A) Daily persistent dryness in the eyes for more than 3 months
(B) Recurrent sandy-gritty sensation or sensation of foreign body in the eyes
(C) The need for rewetting drops for eyes (at least three times a day)

2. Symptoms in the oral cavity (at least one)
(A) Daily sensation of dry mouth for more than 3 months
(B) Recurrent or persistent swelling of the salivary glands
(C) Frequent need for drinking to swallow dry food

3. Positive ocular tests
(A) Schirmer’s test—wetting less than 5 mm of a filter paper placed in the conjunctival sac under the lower eyelid for 5 min
(B) A score of 4 or more according to the Bijsterveld system

4. Histopathology
(A) Biopsy of the salivary glands demonstrates lymphocytic sialoadenitis

5. Symptoms in the salivary glands (at least one)
(A) Decreased salivation.
(B) Parotid sialography shows diffuse sialectasia.
(C) Pathological changes in salivary sialography.

6. Positive antibody titers to Ro/SSA and/or La/SSB

Diagnosis of SS is considered proved in the presence of at least four out of six criteria, and one must be related to histopa-
thology (No. 4) or antibodies (No. 6).

SS diagnosis is also valid in case of three of four objective criteria, namely, the ocular tests (No. 3), histopathology (No. 4),  
salivary symptoms (No. 5), and autoantibodies (No. 6) [9].

However, in 2016, the American College of Rheumatology and the European League Against Rheumatism reviewed 
these criteria and proposed a more simple approach to the diagnostics of primary SS based on the following symptoms [20]:
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1. Labial salivary gland with focal lymphocytic sialoadenitis and focus score of >1 foci/4 mm2 (3 points)
2. Anti-Ro positive (3 points)
3. Ocular staining score >5 in at least one eye (1 point)
4. Schirmer’s test <5 mm/5 min in at least one eye (1 point)
5. Unstimulated whole saliva flow rate <0.1 mL/min (1 point)

An individual with a score of ≥4 is classified as primary SS [20].

A comparative analysis of Billings and Hadavand revealed that the new criteria for 2016 are more sensitive but less spe-
cific than the previous criteria of 2002 [21]. Despite apparent clinical and serological signs, the diagnosis of SS is usually 
made a little less than 4 years after the onset of symptoms [8].

Assessment of lung damage in SS includes traditional lung functional tests with the obligatory study of lung diffusion 
capacity for carbon monoxide (DLCO). In cases of bronchiolitis an obstructive pattern is usually detected, and in ILD-SS, 
both a restrictive pattern and a decrease in DLCO and an obstructive and mixed pattern are usually noted [18].

Bronchoalveolar lavage (BAL) usually reveals a mild increase in lymphocytes (>20%), neutrophils (>4%), and eosino-
phils (>3%) in patients with signs of interstitial pneumonia [16, 22]. The value of the analysis of BAL fluid is primarily 
in the differential diagnosis of ILD from pulmonary infections and malignancies. A lung biopsy is usually not required in 
ILD-SS patients as it increases the risk of inducing an exacerbation or other complications and does not provide additional 
diagnostic information that could aid in the disease management of patients. The exception would be suspected amyloidosis 
or lymphoma, when the final diagnosis is not possible without histopathologic evidence.

Radiological signs
On normal chest radiographs, certain abnormalities in SS are detected in no more than 35% of cases and include a reticular 
or reticulonodular pattern with predominant involvement of the basal regions [23].

High-resolution computed tomography (HRCT) as a more sensitive method, reveals the features of a pulmonary 
lesion much more frequently and more diversely. In general the following variants are typical for chest pathology 
associated with SS [13]:

– Respiratory lesion in the form of follicular or constrictive bronchiolitis
– Interstitial lung disease
– Lymphoproliferative syndrome
– Cystic syndrome
– Mediastinal syndrome

A lesion of the large and small bronchi and bronchioles occurs in 48%–68% of SS patients [12, 24]. It is based on 
the lymphoplasmacytic infiltration of the respiratory tract and peribronchiolar space, detected on HRCT in the form of 

thickening of the bronchial and bronchiolar walls that are traced to the 
subpleural areas and centrilobular nodules. Bronchiolar obstruction 
can lead to the formation of hyperinflation areas (air traps) creating a 
pattern of mosaic attenuation, which better manifests during expira-
tion [25]. In the case of severe constrictive bronchiolitis, bronchiecta-
sis can be formed.

Interstitial lung disease develops much less frequently than 
bronchial abnormalities in SS patients (3.4%–17%) [14, 18, 26]. 
Most often, ILD-SS is represented by NSIP, which is the dominant 
variant (up to 61% of cases); UIP is found in up to 25% of cases, 
and OP is revealed in up to 20% of cases, with respective CT signs 
characteristic of each (Figs. 8.5.3 and 8.5.4) [14, 16, 18]. A study by 
Manfredi et al. showed HRCT abnormalities presenting as a definite 
or possible UIP pattern in 12 of 13 ILD-SS patients [26]. LIP, con-
sidered specific for SS and thus distinguishing it from ILD in other 
CTDs by the presence of cysts, is actually only detected in 0.9%–
17% of patients with ILD-SS (Fig. 8.5.5) [25, 27]. Interestingly the 
UIP and LIP patterns are associated with higher titers of antinuclear 
antibodies (>1:320), and NSIP and OP develop more often at lower 
titers (>1:40) [18].

FIG. 8.5.3 Interstitial lung disease associated with Sjögren 
syndrome. Bilateral patchy areas of ground-glass opacity, 
predominantly with subpleural distribution and reticular 
abnormalities. Pattern of nonspecific interstitial pneumonia.
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Summarizing the HRCT manifestations of interstitial pneumonia, a set of signs traditional for ILD can be considered, 
namely, ground-glass opacity (GGO), reticular pattern, subpleural linear fibrosis, traction bronchiectasis, and honeycomb-
ing [23, 28]. The abnormalities have a predominantly peripheral and basal distribution. The peribronchovascular or sub-
pleural areas of consolidation, alternating, ΟΡ surrounded by GGO as a manifestation of OP, are less common (up to 20%), 
and thin-walled cysts (a specific sign of LIP) are noted in 7%–17% of patients [23, 28, 29].

The largest study in the Chinese population revealed that the most frequent HRCT signs of ILD-SS were the reticular pat-
tern (92.7%), GGO (87.4%), vascular bundle thickening (82%), and pleural effusion (62.1%), whereas the remaining abnor-
malities, namely, consolidation (34.5%), nodules (31.2%), fibrotic band (31.1%), bronchiectasis (30.1%), cysts (25.2%), and 
honeycombing (20.4%), were much less common [17]. However, Roca et al. [14] determined that the most frequent HRCT 
signs of ILD-SS were linear opacities found in 75% of patients, but GGO was revealed only in 45% of cases.

GGO is a typical sign of NSIP, LIP, and OP and is found in most ILD-SS patients. The reticular pattern is a character-
istic of NSIP and UIP, and honeycombing is typical for UIP and fibrotic forms of NSIP. Consolidation areas represent a 
characteristic sign of OP but can also appear in bacterial pneumonia, which, however, have a more acute course than OP.

(A) (B)
FIG. 8.5.4 Interstitial lung disease associated with Sjögren syndrome. Subpleural honeycombing is more pronounced in the basal regions (A and B). In 
the lower lobes, severe reticular abnormalities, traction bronchiectasis, and linear attenuations are visualized. Pattern of probable usual interstitial pneu-
monia. (Case courtesy of Prof. V.I. Vasilyev, V.A. Nasonova Research Institute of Rheumatology, Moscow, Russia.)

(A) (B)
FIG. 8.5.5 Interstitial lung disease associated with Sjögren syndrome. Thin-walled cysts from 4 to 25 mm in diameter in the lower pulmonary lobes. 
Separate nodules and mild subpleural reticular changes are noted (A and B). Pattern of lymphoid interstitial pneumonia. (Case courtesy of Prof. V.I. 
Vasilyev, V.A. Nasonova Research Institute of Rheumatology, Moscow, Russia.)
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Lymphoproliferative syndrome includes tumor and nontumor lesions. Nontumor manifestations of lymphoprolifera-
tive processes include diffuse lymphoid hyperplasia (DLH), nodular lymphoid hyperplasia (NLH), and amyloidosis [13]. 
NLH and DLH are characterized by nodular changes due to lymphocyte infiltration of the lymphatic drainage pathways, 
namely, the interlobular septa, vascular bundles, or subpleural spaces [13]. In DLH, they can visually resemble granuloma-
tous perilymphatic dissemination in sarcoidosis and lymphogenous metastases. NLH and DLH are often combined with 
LIP but can also be independent manifestations of SS. Amyloid deposits in SS may accompany both the primary forms of 
the disease (amyloid A) and amyloid-producing lymphoma and plasmacytoma (amyloid AL). In primary SS, amyloidosis 
is represented by nodules and areas of consolidation distributed along the lymphatic vessels, namely, the interlobular septa 
and visceral pleura, often with calcification of amyloid masses and the formation of cysts (Fig. 8.5.6) [30]. Lymphomas, 
especially MALT lymphomas, are tumor manifestation of SS.

On HRCT, lymphomas are represented by solitary or several foci or extensive areas of consolidation with a sign of air 
bronchogram surrounded by GGO (halo sign) [31].

Such areas can be distinguished from organizing pneumonia with contrast enhancement as lymphomas usually actively 
accumulate a contrast agent [32] (Fig. 8.5.7).

(A) (B)
FIG. 8.5.6 Amyloidosis proved by surgical lung biopsy in a patient with Sjögren syndrome. An area of consolidation in the right lung, traction bronchi-
ectasis, and ground-glass opacity foci in the middle lobe can be seen. On the left, there is a single small cyst (arrow) (A). The coronal section shows that 
amyloid masses that propagate along the bronchial-vascular bundles contain calcification inside (B). (Case courtesy of Prof. V.I. Vasilyev, V.A. Nasonova 
Research Institute of Rheumatology, Moscow, Russia.)

(A) (B)
FIG. 8.5.7 Sjögren syndrome. Right lung lymphoma. Massive peribronchovascular infiltration in the right lung associated with a dense cord with the 
visceral pleura (A). Mass of lymphoma in the mediastinum (arrow) (B).
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Cystic syndrome is a specific pattern of lung damage in SS, although it is far from ubiquitous. LIP, lymphocytic bron-
chiolitis, amyloidosis, and DLH all contribute to the formation of cysts. Cystic abnormalities are less characteristic for other 
morphological variants of lung damage in SS. The formation of cysts is determined by two main mechanisms, namely, a 
valve mechanism, when air traps appear because of lymphoid infiltration of the bronchioles, and a destructive mechanism 
due to damage to the alveolar walls with lymphocytic proteases [13]. Cysts are usually thin walled and 5–30 mm in diameter 
and are located in the lower fields, either subpleurally or around the vascular-bronchial bundles (Fig. 8.5.5) [33].

Mediastinal syndrome manifests with lymphadenopathy, lymphoid hyperplasia of the thymus, and its cystic transfor-
mation. Systemic lymphoplasmacytic infiltration is a characteristic manifestation of SS and, among others, is observed in 
the mediastinal lymph nodes. In CT analysis of SS patients, attention should always be paid to the anterior mediastinum so 
as not to miss the changes in the thymus. The emergence of a solid component may indicate malignancy [13].

Differential diagnosis
Taking into account the diversity of variants for lung lesions in SS, the differential diagnosis is performed depending on 
the leading radiological pattern. Differential diagnosis of NSIP, OP, and LIP is described in detail in the relevant sections 
of Chapter 2.

ILD-SS most often has to be differentiated from opportunistic infections that can manifest during steroid intake and im-
munosuppressive therapy. Pneumocystis or cytomegalovirus pneumonia, fungal lesions, mycobacterioses, and tuberculosis 
are those latent infections that should be considered as possible causes of diffuse interstitial abnormalities in the lungs. It 
is especially difficult to differentiate the acute exacerbation of ILD-SS from an infectious disease, since both clinical and 
radiological manifestations can be very similar, namely, fever, dyspnea, and inflammatory changes in the blood. The emer-
gence of new areas of GGO and consolidation are a characteristic of both of these conditions.

Lymphoproliferative syndrome in the form of DLH requires a differential diagnosis with lung sarcoidosis and lymphog-
enous metastases. The overlap of pulmonary sarcoidosis and SS is described in 1%–2% of SS patients [34]. Primarily, such 
association is diagnosed simultaneously in 60% of cases [35]. Amyloidosis of the lungs in SS is found in approximately 
6% of cases, most often in the form of nodular (AL) amyloidosis [16, 35]. In addition, dense nodules, consolidation foci, 
and masses are usually found in tissues with a perilymphatic distribution, often with signs of calcification and intrathoracic 
lymphadenopathy. Such an HRCT pattern requires a differential diagnosis with sarcoidosis and pulmonary lymphoma; the 
final diagnosis can only be established histopathologically.

The cystic pattern is a hallmark of lymphoid interstitial pneumonia and requires a differential diagnosis with other con-
ditions that have cysts as a radiological sign, which is quite difficult with a diffuse cystic lesion (Fig. 8.5.8; see Chapters 2.7 
and 9.4).

(A) (B)
FIG. 8.5.8 Sjögren syndrome. Multiple bilateral thin-walled cysts, mainly of medium and large size (A). The coronal section shows the distribution of 
cysts predominantly in the lower and middle areas (B). (Case courtesy of Prof. V.I. Vasilyev, V.A. Nasonova Research Institute of Rheumatology, Moscow, 
Russia.)
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Treatment
Treatment of ILD-SS is started with oral systemic steroids (prednisone 0.5–1 mg/kg/day), with gradual dose reduction 
in 8–12 weeks to reach a maintenance therapy dose of 10 mg/day [28]. This is usually sufficient to at least stabilize the 
process, and more often, there is an obvious positive tendency toward functional disorder of the lungs. In the face of life-
threatening complications or insufficiency of steroid efficacy, azathioprine may be added or used as a monotherapy in a 
dose of 1–2 mg/kg/day [36]. Apparently the HRCT or morphological pattern of ILD determines the success of corticoste-
roid therapy. Roca et al. [14] reported on an improved response to systemic steroids of SS patients with the NSIP, OP, and 
LIP patterns in contrast to the steroid resistance observed in UIP. Cyclophosphamide and hydroxychloroquines also showed 
activity in limited studies [37]. Rituximab can be considered a rescue drug in case of inefficiency of steroids and immuno-
suppressants and progression of ILD-SS [8, 38]. Several reports have been published on the successful treatment of ILD-SS 
with tocilizumab, tacrolimus, and abatacept [39].

Yamano et al. studied patients with ILD associated with CTD, including four SS patients, and deployed a therapeutic 
regimen that included intravenous (i.v.) methylprednisolone (1000 mg i.v. 3 days a week for 2 weeks), followed by low-
dose prednisolone (10 mg/day) and tacrolimus. The researchers noted significantly improved forced vital capacity, DLCO, 
6-min walk distance, lowest oxygen saturation on pulse oximetry, MMRC, and SGRQ with satisfactory tolerability and the 
absence of significant side effects [40].

For patients with dry, severe cough that accompanies various lung diseases, regular inhalations of hypertonic (3% or 7%)  
saline solution or secretory stimulants such as pilocarpine and cevimeline are recommended [35].

In general the prognosis for ILD-SS patients is rather favorable, with the 5-year survival rate reaching 84% [8]. However, 
approximately 38% of ILD-SS patients have an impaired pulmonary function despite treatment [14]. According to Roca 
et al. [14] the factors associated with the progression of ILD-SS are older age, esophageal involvement, and UIP pattern on 
HRCT. The main factor affecting mortality is the development of non-Hodgkin lymphomas, which occurs in 5%–10% of 
SS patients [41].
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Diffuse cystic lung diseases are a group of heterogeneous diseases in which the leading HRCT and morphological feature 
are the formation of multiple cysts in the lungs. Cysts are cavities, usually filled with air, clearly delimited from the pulmo-
nary parenchyma by a thin (<2 mm) wall [1]. It is assumed that the leading mechanisms of cyst formation are the check-
valve obstruction of the distal airways (follicular bronchiolitis and metastases), ischemic injury of terminal bronchioles 
with their subsequent dilatation (amyloidosis and lymphocytic pneumonia), and local activation of endogenous proteolytic 
enzymes such as matrix metalloproteinase and podoplanin with the decrease in antiprotease protection (lymphangioleio-
myomatosis (LAM), Langerhans cell histiocytosis (LCH), and Birt-Hogg-Dubé syndrome (BHDS)) [2–4].

In 2015 the experts of American Thoracic Society proposed the following classification scheme for diffuse cystic lung 
diseases [5] (Table 9.1).

Most of the diseases listed according to this classification are rare or orphan. In many of them, cystic lung disease is not 
ubiquitous. In patients with LAM and in most cases of LCH and BHDS, the formation of cysts in lung tissue is an indis-
pensable HRCT morphological pattern that is often the basis for the diagnosis.

Chapter 9

TABLE 9.1 Classification of diffuse cystic lung diseases [5] (with the permission of American Thoracic Society)

Group Diseases

Neoplastic LAM, LCH, non–Langerhans cell histiocytoses, including Erdheim–Chester 
disease, other primary or metastatic lesions (adenocarcinomas, sarcomas, and 
leiomyomas)

Genetically determined Birt-Hogg-Dubé syndrome, Proteus syndrome, Ehlers-Danlos syndrome, 
Marfan syndrome, neurofibromatosis, congenital bronchopulmonary 
malformation

Associated with lymphoproliferative disorders Follicular bronchiolitis, lymphocytic interstitial pneumonia, Sjögren syndrome, 
amyloidosis, light-chains deposition disease

Infectious Pneumocystis jirovecii pneumonia, staphylococcal infection, recurrent 
respiratory papillomatosis, paragonimiasis, coccidioidomycosis

Associated with interstitial lung disease Hypersensitivity pneumonitis, desquamate interstitial pneumonia

Smoking-related LCH, desquamate interstitial pneumonia, respiratory bronchiolitis

Other/miscellaneous Posttraumatic pseudocysts, fire-eater’s lungs, hyper-IgE syndrome

Cyst mimicking diseases Pulmonary emphysema, honeycomb lung, bronchiectasis

LAM, lymphangioleiomyomatosis; LCH, Langerhans cell histiocytosis.
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Chapter 9.1

Pulmonary Langerhans cell histiocytosis

Langerhans cell histiocytosis (LCH) is a rare disease characterized by infiltration of specific dendritic cells (CD1a+) called 
Langerhans cells into the lung parenchyma [1]. LCH is a variety of histiocytosis, which are a group of diseases caused 
by the proliferation of monocyte-macrophage and dendritic cell lines. Histiocytoses combine a variety of pathological 
processes—from fatal neoplasms to single benign focal granulomas. In 1997 the International Society of Histiocytosis 
proposed a three-group classification scheme for these disorders [1]: Group I is LCH; group II is non-Langerhans cell 
monocyte-macrophage proliferating histiocytoses (Erdheim-Chester disease and Rozai-Dorfman disease); group III is ma-
lignant histiocytoses. Lung involvement is most common in LCH patients.

A disease characterized by local formation of granulomas from Langerhans cells in bones was first described in 
1913 by N.I. Taratynov. In 1921 A. Hand, based on the observations of A. Schuller and H.A. Christian and his own 
experience, described a disease that manifested as hepatosplenomegaly, lymphadenopathy, focal bone lesions, poly-
uria, and exophthalmos. In 1924 E. Letterer described a fatal disease in a child, manifested by a combination of fever, 
bilateral otitis media, hepatosplenomegaly, and generalized lymphadenopathy. In 1933 A. Siwe described a 16-month-
old girl who presented with fever, hepatosplenomegaly, peripheral blood neutrophilia, and a destructive fibula lesion. 
The term “histiocytosis” was first used in 1944 by M. Lichtenstein and N. L. Jaffe. In 1953 they suggested combining 
Hand-Schuller-Christian disease, Abt-Letterer-Siwe syndrome, and eosinophilic granuloma under the general name 
“histiocytosis X” [2].

The prevalence of LCH is not accurately established, but among patients with diffuse parenchymal lung diseases, it occurs 
in approximately 4%–5% of cases [3]. Young people (20–40 years old) are more commonly affected [4]. Epidemiological 
data on the gender distribution of patients are contradictory. Some reported a prevalence of males [5], while others sug-
gested a higher incidence among females [6]. Possible differences are explained by the different prevalence rates of smok-
ing during that time period among American and European females.

The etiology of LCH is not established, but rather is classified as a group of smoking-related interstitial lung diseases, 
along with desquamate interstitial pneumonia and respiratory bronchiolitis with interstitial lung disease. Some authors also 
include acute eosinophilic pneumonia in this classification [7]. Indeed, up to 95% of patients with a confirmed diagnosis of 
LCH are active or former smokers or otherwise have regular contact with tobacco smoke [6, 7]. In cases of multisystem le-
sions in children, smoking is unlikely to be the only risk factor for LCH; however, smoking certainly worsens existing lung 
damage. In some patients, smoking cessation reverses pathological changes in the lungs [8]. Nevertheless, high prevalence 
of smoking habit in contrast with the rarity of LCH gives the reason to suppose that smoking is rather a risk factor for LCH 
in genetically predisposed persons than the cause of the disease.

Langerhans cells are a subpopulation of CD1a+ dendritic cells that are formed from CD34+ bone marrow stem cells. 
Their role is to induce the initial antigen-specific immune response. Contact with cigarette smoke launches a chain of local 
inflammatory reactions and the release of cytokines that in turn recruit Langerhans cells, inducing their accumulation in 
lung tissue [9].

Langerhans cells are agents of inflammation and fibrosis through the expression of various factors including metallo-
proteinases and inflammatory mediators. Due to the production of chemoattractants such as IL-4, IL-5, and granulocyte-
macrophage colony-stimulating factor, Langerhans cells attract a large number of eosinophilic granulocytes into granulomas 
[4]. In most patients with systemic LCH and 28% of patients with isolated pulmonary LCH, a proto-oncogenic BRAFV600E 
mutation is found that is natural for many tumor diseases [10, 11]. The clinical significance of this mutation has not been 
sufficiently studied. In general, this is a younger group of patients, with a higher risk of disease recurrence. Oftentimes 
children with BRAFV600E mutation will not respond to first-line therapies (vinblastine and corticosteroids), although this 
does not affect overall survival [12, 13].

Morphology
LCH is characterized by hyperplasia of Langerhans cells and the development of granulomatosis, interstitial fibrosis, and 
multiple cavitations [14, 6] (Figs. 9.1.1–9.1.4).
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At an early granulomatous stage, clusters of large histiocytes and eosinophils are found in the lungs, resembling 
granulomas, and located in perivascular and peribronchiolar regions. These cells range in size from a few mm to 15 
mm [6]. In this case, bronchiole clearance is sharply narrowed, and in the surrounding lung tissue, there is a picture of 
microcystic cavities. Granulomatous infiltrates also spread to the small branches of the pulmonary artery located near 
the bronchioles, contributing to productive vasculitis with hemosiderosis foci in certain vessels [15]. A characteristic 
morphological sign of such histiocytes is the expression of surface markers of Langerhans cells, revealed either under 
electron microscopy (Birbeck granules) or during immunohistochemical studies (CD1A [Figs. 9.1.5–9.1.6], langerin, 
S-100, and HLA-DR) [16]. According to our data, eosinophils in histiocytic infiltrates are found only in approximately 
half of cases.

The late (fibrous) stage is characterized by the presence of large fibrous nodes located centrilobularly. Cavitation is 
often detected in the center of the nodes secondary to vasculitis causing ischemic tissue damage. In adjacent lung tissue, 
multiple cysts develop, as well as peribronchiolar fibrosis, up to the area of honeycombing [14].

FIG.  9.1.1 LCH. Focal lesion around the bronchioles. The beginning 
of the formation of cystic cavities. Hematoxylin and eosin (H&E) stain, 
×1.25.

FIG. 9.1.2 LCH. Focal lesion around the bronchioles. Perifocal and ob-
structive pulmonary emphysema. H&E stain, ×100.

FIG. 9.1.4 LCH. Langerhans cells in the composition of the pulmonary 
infiltrate into the walls of the bronchiole. H&E stain, ×600.

FIG. 9.1.3 LCH. Langerhans cells in the composition of the pulmonary 
infiltrate into the walls of the bronchiole. H&E stain, ×400.
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The development of bronchial obstruction in LCH can be explained by two groups of factors. First, airflow limitation 
may be related to the localization of granulomas and infiltrates in the walls of bronchioles. Second the overwhelming ma-
jority of LCH patients exhibit smokers’ chronic bronchitis, leading to generalized bronchial obstruction.

In patients with LCH, granulomas are localized in the walls of bronchioles. This specific localization occurs because 
Langerhans cells that form the basis of the granulomatous process in patients with LCH are predominantly located in the 
epithelial layer of bronchioles. The association of smoking and LCH is also not accidental. Nicotine may trigger autoim-
mune processes and induce the proliferation of Langerhans cells [17, 18].

Differential diagnosis is based on lung biopsy data of the monoorganic LCH form and should be performed in patients 
with chronic interstitial pneumonia and pulmonary eosinophilia. In difficult cases, diagnosis should be based on histologi-
cal and immunohistochemical data, such as positive expression of CD1a S-100 protein cells in LCH. LCH can develop 
simultaneously with lung carcinomas and Pneumocystis jirovecii pneumonia [19].

Differential diagnosis with non-Langerhans cellular and monocyte-macrophage proliferating histiocytoses (Erdheim-
Chester disease and Rosai-Dorfman disease) is based on the characteristics of clinical multisystemic manifestations. In rare 
lung lesions, histiocytic proliferates express markers of monocytic and macrophage cells, such as CD68+, and in some 
cases even S-100, but do not contain CD1A and langerin [20, 21].

In malignant histiocytoses such as Langerhans cell sarcoma and malignant histiocytosarcoma, expressions of S-100, 
CD1A, and langerin are preserved in tumor cells, but there are all signs of cellular atypism with high mitotic activity. These 
conditions are highly invasive and characterized by infiltrating growth and metastatic lesions [22].

Clinical presentation
Symptoms of LCH can be divided into general, respiratory, and extrapulmonary. General symptoms (malaise, sweating, 
fatigue subfebrile body temperature and weight loss) are observed in approximately 20% of patients. Respiratory symp-
toms include cough, shortness of breath, chest pain (infrequently), and occasional hemoptysis, whereas extrapulmonary 
symptoms  include pain, polyuria, and polydipsia due to lesions of the pituitary gland, flat bones, skin, soft tissues, pe-
ripheral lymph nodes, etc. Extrapulmonary lesions occur in 10%–15% of patients with LCH [23]. Approximately 15% 
of patients develop spontaneous pneumothorax [24], and in 25% of patients the disease is asymptomatic until the time of 
detection [4, 25]. Physical examination usually does not reveal significant changes. Skin cyanosis is observed in cases of 
severe respiratory failure. On auscultation, it is often not possible to discover specific symptoms, although some patients 
exhibit rales due to the concomitant occurrence of smoker bronchitis. LCH patients exhibit higher incidence of pulmonary 
hypertension than patients with other interstitial lung diseases due to arterial vessel damage [26].

Laboratory analysis. Changes in blood tests are nonspecific, or absent.
Pulmonary function testing usually reveals airflow limitation or mixed restrictive and obstructive changes in pul-

monary ventilation. In 60%–90% of patients, lung diffusion capacity is impaired [27]. In half of patients, obstructive 

FIG.  9.1.5 CD1a in Langerhans cells in the pulmonary infiltrate into 
the bronchiole wall and lymphoid follicle that does not contain a marker. 
Immunohistochemical reaction with diaminobenzidin, ×600.

FIG.  9.1.6 CD1a in Langerhans cells in the pulmonary infiltrate. 
Immunohistochemical reaction with diaminobenzidin, ×600.
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 disorders tend to progress. This progression is more dramatic than that observed in patients with COPD and can involve 
the small bronchi in the underlying pathological process, in contrast to smoker bronchitis. A 2-year follow-up of treated 
LCH patients showed that 60% of patients exhibited declines in pulmonary function and only 20% had improvement in 
FEV1 and DLCO [28].

Radiological imaging
Chest X-rays usually reveal bilateral disseminated changes in the form of small nodules and/or enhancement of the pulmonary 
pattern, mainly in the upper and middle lung sections (Fig. 9.1.7); small cavities and bullae of various sizes can be seen.

HRCT is the most important method for achieving accurate diagnosis.
The main HRCT signs of LCH (Fig. 9.1.8) include [29, 30]

– multiple small nodules that are 1–5 mm in diameter,
– thin-walled or thick-walled cysts,
– a predominant distribution of pathological changes in the upper and middle zones of the lungs,
– spared costophrenic angles,
– moderate reticular changes around nodules and cysts.

HRCT changes reflect the pathomorphological dynamics of LCH. The first findings are usually multiple small nodules, 
rarely exceeding 5 mm in size, located in centrilobular or peribronchiolar areas. At the beginning of the process, the nod-
ules are homogeneous, often with irregular and sharp contours (Figs. 9.1.9A and 9.1.10). As the disease develops, they 
can enlarge. In the center of nodules greater than 5 mm in diameter, lucent foci often appear. These reflect the formation 
of cysts or zones of dilated bronchioles when they are surrounded by granulomas (Fig. 9.1.9B) [31]. The nodules occur in 
80%–90% of patients with LCH and may be the only HRCT sign in those with disease durations of up to 6 months [31]. At 
this stage the onset of LCH can be very difficult to differentiate radiologically from sarcoidosis, disseminated tuberculosis, 
or lymphogenous metastases in the lungs. A study found that 47% of 51 LCH patients exhibited nodules with diameters that 
did not exceed 3 mm, and in 45% of patients the diameter ranged from 3 to 1 cm [32]. As the disease progresses the number 
of nodules decreases, first replaced by thick-walled small and then thin-walled larger cysts (Fig. 9.1.11) [33].

Cyst appearance is an important CT sign of LCH, occurring in 90%–100% of patients [30, 31]. Cysts with a wall 
thickness of 2 mm or less are classified as thin-walled and the remaining regarded as thick-walled [32]. Since there are 
few CT studies of patients with LCH and existing studies include patients with varying disease durations, the frequency 
of occurrence of thick-walled and thin-walled cysts differs accordingly. Brauner [31] found thick-walled cavities in 39% 
of patients; Grenier [32] found them in 53%, and Kim [30] observed them in 82%. Thin-walled cysts are a more frequent 
finding (>80% of cases, according to all authors). Often the 
cysts have irregular, bizarre forms and are grouped together 
(Fig.  9.1.12). At earlier stages, their size does not exceed 
10 mm in diameter, but over time, especially with the ad-
dition of mechanical factors (valve mechanisms), a bullous 
transformation can occur, and the cysts become difficult to 
distinguish from diffuse emphysema (Fig. 9.1.12) [34]. In 
some patients, if smoking cessation is successful, the cysts 
can completely disappear, with restoration of the normal 
structure of the parenchyma [30]. However, in general, the 
evolution of nodules into thick-walled and then thin-walled 
cysts with subsequent generalized cystic degeneration of 
lung tissue is quite typical and described by many authors. 
At the final stage of cystic lung disease, it is not easy to 
differentiate LCH from LAM and diffuse emphysema 
(Figs. 9.1.12 and 9.1.13).

Moderate reticular changes in the form of thickening of 
intralobular septa and linear fibrosis are observed in half of 
the advanced stage patients, but are not specific criteria for 
radiographic diagnosis. Ground-glass opacities are possible, 
but not obligatory, feature (Fig. 9.1.14) that usually manifest 
around the zones of greatest damage [33].

FIG. 9.1.7 Radiographic image in a patient with LCH. Diffuse reticular 
abnormalities in both lungs. Some small thin-walled cavities are visible.
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FIG. 9.1.8 Early manifestations of LCH. Multiple small centrilobular nodules, randomly distributed in the lung tissue. Single thin-walled cavities in 
the upper lobes (arrows). Mild thickening of intralobular septa (A–C). The pulmonary tissue of the costophrenic angles is typically not involved in the 
pathological processes (D).

FIG. 9.1.9 LCH. (A) Multiple interstitial nodules and small thin-walled cavities. (B) HRCT scan dynamics over six months: the cavity (arrows) is 
visualized at the site of the focus.
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FIG. 9.1.10 LCH. Axial scans at the level of the carina (A) and pulmonary arteries (B). Single small homogeneous nodules. Multiple thin-walled 
cavities sized from 3 to 15 mm. Nodules in the stage of cavity formation.

FIG. 9.1.11 The classical pattern in the full-scaled stage of LCH: multiple thin- and thick-walled cysts, mainly in the upper parts of the lungs (A, B). 
Their number decreases toward the basal segments (C). Minimal changes in the costophrenic zones (D). Single noncavitary nodules.
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It should be noted that the distinctive localization of pathological changes to the upper and middle parts of the lungs, 
with sparing of basal sections (especially in the costophrenic angles), affects only adult patients. In children the same pat-
tern is distributed evenly on CT, leaving no lesion-free areas [35].

Patients with LCH often develop pulmonary vascular lesions, leading to severe pulmonary hypertension (Fig. 9.1.15). 
The disease course is often very malignant, which determines the prognosis of the disease, and does not always correlate 
with the severity of pulmonary functional disorders. Patients with severe LCH, in addition to arterial involvement, are also 
predisposed to pulmonary vein occlusions [36].

To clarify extrapulmonary LCH lesions (in the presence of symptoms), bone radiography or MRI of the brain is per-
formed (with signs of diabetes insipidus). Positron emission tomography with 18F-fludeoxyglucose can reveal systemic 
lesion foci in addition in 50% of patients with LCH and can be used to monitor the efficacy of therapy for extrapulmonary 
manifestations of the disease, especially within the bones. However, for primary diagnosis of LCH, this method does not 
have sufficient specificity, although it has a high sensitivity. [37].

Bronchoalveolar lavage and lung biopsy
Bronchoscopy should be performed in patients with suspected LCH to analyze BAL fluid and for pulmonary biopsy. 
Cytological analysis of the BAL can reveal an increased neutrophils and eosinophils, with a normal level of lymphocytes. 
Also, with LCH, an increased number of alveolar macrophages are frequently detected, including hyperpigmented variet-
ies, which is believed to reflect a history of smoking [38]. Increases in CD1a+ cells within the BAL that are greater than 
5% are revealed in one-quarter of LCH patients [39]. Antibodies to langerin (CD207) are potentially useful markers for 
diagnosing LCH via BAL. Smetana indicated significantly greater amounts of these antibodies in patients with LCH, 
compared with those with sarcoidosis or idiopathic pulmonary fibrosis [40]. In our opinion, analysis of BAL fluid in 

FIG. 9.1.12 Late-stage LCH: Extensive cystic replacement of lung parenchyma. Large cavities form secondary to the confluence of smaller adjacent 
cavities. These cavities often exhibit an elongated, irregular shape and are indistinguishable from diffuse emphysema (A, B); some cavitary formations 
correspond to the borders of the pulmonary lobules (B); in the costophrenic angles, changes are minimal (C).



FIG. 9.1.14 LCH. Multiple, predominantly thick-walled small cavities; 
intralobular nodules; and diffuse areas of ground-glass opacity between 
nodular and cystic changes.

FIG. 9.1.15 X-ray image of the chest in a patient with LCH. 
Note the heart configuration changes, due to the development of 
severe pulmonary hypertension. Specifically, bulging of the arch 
of the right atrium, the vascular arch due to the superior vena cava, 
the pulmonary artery trunk, and the left ventricle arch due to its 
displacement by the right ventricle.

FIG. 9.1.13 The 25 years old patient with terminal-stage LCH. Diffuse cystic transformation of lung tissue (A–C).

(A)

(C) (B)
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 patients with  suspected LCH should also include a PCR study for tuberculosis and nontuberculosis mycobacteria, as well 
as Pneumocystis jirovecii pneumonia to exclude these diseases from the differential LCH series.

The diagnostic value of transbronchial lung biopsy for LCH is rather low (10%–40%), unlike LAM, where in most cases 
the morphological material is sufficient for diagnosis [41]. Biopsy with video-assisted thoracoscopy (VAT) is a potential 
alternative to transbronchial lung biopsy for patients with LCH. However, the recent introduction of cryobiopsy technology 
has proved highly efficacious, permitting diagnosticians to obtain a sufficient amount of diagnostic material. At the same 
time the incidence of pneumothorax (6.8%) was comparable with that observed with transbronchial forceps lung biopsy [42].

Probe-based confocal laser endomicroscopy
In two patients with LCH, 35 bronchopulmonary regions were studied, 175 informative images were obtained, and 1223 
measurements were performed. The elastic frame could be preserved (Fig. 9.1.16E), or pathological changes in the structure 
of the acinus (Fig. 9.1.16A–D and F) were observed. In 31 out of 35 regions, the presence of alveolar macrophages in the lu-
men of the alveoli (smoker's cells and activated macrophages), including gigantic ones, was established (Fig. 9.1.16E and F). 
The number of cells ranged from single (one point) to occupying the entire field of view (five points). The elastic fibers of 
the interalveolar septa in 16 out of 35 regions looked “flabby” and thinned (Fig. 9.1.16A). The presence of cystic changes 
was noted in 5 of the 35 regions (Fig. 9.1.16C). In addition, in 2 out of 35 surveyed regions, single large (up to 232.2 μm) 
structureless brightly fluorescent complexes were recorded, similar to those in alveolar proteinosis (Fig. 9.1.16D).

Diagnosis
The diagnosis of LCH is established on the basis of characteristic clinical manifestations such as slow progressive dyspnea, 
spontaneous pneumothorax, diabetes insipidus in young active smokers, changes in the lungs as evidenced on HRCT, or 
extrapulmonary manifestations of the disease such as flat bone defects. Diagnosis often requires confirmation by cryobi-
opsy or VAT and subsequent histological and immunohistochemical (for CD1a, langerin, and protein S100) biopsy studies. 
However, in cases with a classic clinical and radiological presentation, where there is no doubt about the diagnosis, mor-
phological verification is not obligatory [43]. LCH at the stage of isolated nodular changes must be differentiated from lung 
sarcoidosis, tuberculosis, silicosis and other pneumoconiosis, metastatic lesions, and sometimes HP. If cysts are observed in 
the lungs, a differential diagnosis should be made with other diffuse cystic and cystic-like lung diseases (LAM, Birt-Hogg-
Dubé syndrome, infectious lesions, etc.), as described in Chapter 9.4.

Treatment and prognosis
Smoking cessation is a primary treatment for patients with LCH. Despite the fact that not all patients will exhibit sponta-
neous remission, the obvious relationship between smoking and disease cannot be ignored. The decision to initiate drug 
therapy depends on symptom severity, signs of multisystemic lesions, and speed of disease progression. If respiratory 
failure is minimal, signs of systemicity are absent, no pulmonary function impairment is observed over 3–6 months, the 
patient quits smoking, and dynamic observation (the “wait and see” approach) is possible, given the hope for stability or 
regression of pathological manifestations. Predictors of favorable and unfavorable LCH courses (with the exception of 
pulmonary hypertension) have not been determined to date [43]. Systemic glucocorticosteroids were considered first-line 
drugs in patients with progressive LCH, at a starting dose of 0.5–1 mg/kg of body weight per day and followed by a slow 
dose reduction [44]. However, the indications for this approach should be carefully considered, since the effect is not ob-
served in all patients. For more severe cases of lung damage, a combination of corticosteroids and immunosuppressants 
(cyclophosphamide, vinblastine, and methotrexate) is used. There was renewed hope for helping patients with severe cystic 
lung lesions following dissemination of the first results from a study that used a purine nucleoside analogue of cladribine. 
In a report on the treatment of three patients with subcutaneous administration of the drug at a dose of 0.1 mg/kg/day for 
5 days of each month, Gwenael Lorillon et al. noted that, in all cases, there was a significant improvement in clinical status 
and pulmonary function, including diffusion capacity of the lungs, decreased zones of cystic abnormalities [45]. Another 
phase 2 study combined cladribine and cytarabine in patients with multisystemic life-threatening LCH who were refractory 
to glucocorticosteroids and vinblastine therapy. The authors showed a positive effect in 92% of cases and a 5-year survival 
of 85% but with a large number of toxic side effects [46].

In patients with the BRAF mutation, targeted therapy with a BRAF vemurafenib inhibitor appears promising. However, 
no randomized control trial data exist; rather we have only descriptions of individual cases of successful treatment, mainly 
in those with non-Langerhans histiocytosis or a combination thereof [47].
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Severe pulmonary hypertension usually requires the prescription of long time oxygen therapy and inhibitors of phos-
phodiesterase (sildenafil) and/or endothelin receptor blockers [43]. In cases of bronchial obstruction, bronchodilators 
are indicated. Patients with confirmed LCH, generalized changes in the lungs, and progressive respiratory failure are 
candidates for lung transplantation.

In general the LCH course is difficult to predict. A 6-year follow-up of 45 patients with LCH revealed that 27% of them 
died or required lung transplantation [5]. The average life expectancy after diagnosis was 13 years, according to the follow-
up of 102 patients, and a third of patients developed respiratory failure [23].

In adults, a relatively favorable LCH course is possible. Cases of long-term stabilization and spontaneous regression 
are described. The main causes of death in patients with LCH are respiratory failure, pulmonary hypertension, and tumor 
diseases (hemoblastoses, lymphomas, and lung cancer). The markers of unfavorable prognosis in LCH patients are pulmo-
nary hypertension, recurrent spontaneous pneumothorax, diabetes insipidus, childhood, and long-term use of steroid drugs, 
although these factors reflect the severity of clinical manifestations, rather than serve as reliable early predictors [7, 48].

FIG.  9.1.16 pCLE pattern in patients with LCH. (A) The elastic fibers of the alveolar walls (arrows) are thinned, and their tension is reduced. 
Consequently the rounded shape of the alveolar cavities is lost. (B) Complete filling of the lumen of the alveoli with cellular and noncellular fluorescent 
elements (five points) and the interalveolar septa (arrows) are thinned. Such an endomicroscopic picture may correspond to the granuloma. (С) Due to a 
significant increase in the size of the alveolar cavities, their structure is only partially visualized (arrows indicate the thickened wall of the bulla). The di-
ameter of the field of view is 600 × 500 μm or 0.28 mm2; it is impossible to establish the exact size of the cavity during alveoscopy, since it occupies several 
fields of vision. (D) In the lumen of the alveoli on the background of big amount of alveolar macrophages, structureless irregularly shaped conglomerates 
with high autofluorescence are visible. (E) Normal acini structure (interalveolar septa indicated by arrows) with high amount of alveolar macrophages. 
(F) Almost half of the field of view is occupied by alveolar macrophages, many of which are giant (shown by arrows). Due to the large number of cellular 
elements, the alveolar structures are nearly impossible to visualize. Measurement areas are marked with ellipses.
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Chapter 9.2

Lymphangioleiomyomatosis

Lymphangioleiomyomatosis (LAM) is a rare, systemic neoplastic disease that is associated with cystic lung transformation, 
chylous fluid accumulations, and abdominal tumors, including angiomyolipomas and lymphangioleiomyomas [1]. LAM is 
characterized by overgrowth of perivascular epithelioid cells (PEC) resembling smooth muscle cells. According to its WHO 
classification, LAM belongs to the group of PEC tumors [2]. In the vast majority of cases, LAM develops in women of child-
bearing age.

LAM occurs sporadically and in association with tuberous sclerosis complex (TSC) [1]. TSC is an autosomal domi-
nant disease characterized by angiofibromatosis of the face (Fig. 9.2.1), nontraumatic periungual fibroids, hypopigmented 
spots (more than three), “shagreen skin,” multiple retinal hamartomas, cortical tubers, subependymal nodes, giant cell 
astrocytomas, multiple or single rhabdomyomas of the heart, multiple renal angiomyolipomas, and directly LAM (“large” 
criteria) [3].

LAM occurs in approximately 26%–34% of patients with TSC, and cases of this pathology are described not only in 
women but also in men and male children with TSC [4, 5].

The mechanisms of LAM have not been adequately studied; however, it is known that various mutations of TSC 
suppressor genes (TSC-1 and TSC-2) are found in patients suffering from both TSC-associated and sporadic LAM 
[6]. The presence of such a genetic defect is associated with abnormal growth of PEC and their abnormal response 
to female sex hormones. Estrogens regulate gene transcription and also act as a stimulus for the proliferation and 
migration of smooth muscle cells to other organs and tissues. This is the second most important etiopathogenetic 
factor of LAM.

The cytokine activity of PEC plays an important role in LAM pathogenesis. The increased level of serum response 
factor induces the expression of types 2 and 14 matrix metalloproteinases (MMPs; usually overexpressed in LAM). 
LAM cells cleave to various components of the extracellular matrix and penetrate into organs and tissues because 
of overexpression of MMPs [7]. Thus LAM is a multicentric tumorlike process caused by a genetic defect, which 
determines the abnormal response of (predominantly) smooth muscle cells to female sex hormones. LAM cells can 
exhibit uncontrolled growth and expression of hormonal receptors and proteases and are prone to metastatic behavior 
[8]. The proliferation of LAM cells predominantly occurs in the lungs and 
lymphatic system, which determines the clinical manifestations of this dis-
ease. In 80% of cases, progesterone and estrogen receptors are found on 
the surface of LAM cells, confirming the disease’s hormonal dependence. 
Moreover the occurrence of LAM in women of predominantly childbear-
ing age, provocation of LAM manifestations due to estrogen treatment, 
onset during menstruation or pregnancy, and mostly favorable course after 
the onset of menopause are evidences supporting the hormone-dependent 
nature of this disease [9].

The origin of PEC has not yet been established, but is associated with 
migrating mesenchymal stem cells [3, 10–12]. PEC can be found in the 
blood, urine, and pleural effusion of patients with LAM. This is most 
likely due to the ability of the stem cells to invade blood vessels and spread 
through the bloodstream and lymph circulation. Like tumors, LAM can re-
cur after lung transplantation, while retaining the existing gene mutations 
of primary LAM.

Morphology
At macroscopic examination of the lungs with LAM, the following changes 
are observed [13]: bilateral lesions; significant density of the lungs; multiple 
small (approximately 0.5–1.5 cm in diameter), whitish, fluid-filled nodules lo-
cated in the subpleural space; the presence of large air cavities in some parts of  
the lungs; hyperplasia of the lymph nodes; often hemo- and chylothorax due to 

FIG.  9.2.1 Multiple small angiofibromas of the 
face including the forehead, eyelid, and nose in a pa-
tient with TSC.
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the  destruction of the walls of the blood and lymphatic vessels and rupture of the subpleural cysts; and the chylous effusion in 
the cavities of the pleura, pericardium, and peritoneum.

Microscopy reveals a number of pathological changes such as multifocal proliferation of immature smooth muscle and 
PEC of LAM cells along and around lymphatic and blood vessels and bronchioles [13, 14]; as a result of such prolifera-
tion, obstruction of lymph drainage and distal airways and venous occlusions develop. These in turn cause the formation of 
multiple small cysts, interstitial hemorrhages, and hemosiderosis [15, 16] (Figs. 9.2.2–9.2.4). MMP-1 is likely involved in 
cyst formation [2, 9], and it is intensively synthesized by epithelioid cells [17]. Bronchopulmonary, paratracheal, medias-
tinal, and retroperitoneal lymph nodes may be involved in the pathological process, where not only the hyperplasia of the 
lymphoid tissue is observed but also the accumulations of PEC, which in some cases precede lung damage.

At immunohistochemical examination the expression of smooth muscle actin is found in LAM cells (Fig. 9.2.5) and 
muscle myosin, melan-A, HMB-45, calponin, tyrosinase and microphthalmia of transcription factor, and the absence of 
vimentin expression (Fig. 9.2.6) [16, 18, 19]. In addition, a system of insulin-like growth factors and binding proteins has 
great significance in myoid proliferating tissues. Activation of factors indicative of an increase in the proliferative potential 
of myoid cells, for example, PCNA, bcl-2, c-myc, and a family of insulin-like growth factors, was noted [14, 20, 21]. In 
some cases, hormonal dependence of LAM is due to high expression of progesterone and estrogen receptors in myoid-like 
cells (Figs. 9.2.7–9.2.9) [18, 19].

FIG. 9.2.2 LAM. Focal solid round and microcystic structures of the 
honeycombing. Hematoxylin and eosin (H&E) stain, 1.25×.

FIG. 9.2.3 LAM. Cyst with polypoid formation from smooth mus-
cle cells. H&E stain, 400×.

FIG. 9.2.4 LAM. Hemosiderosis of the lung tissue. H&E stain, 600×.

FIG.  9.2.5 LAM. Cyst with polypoid formation from smooth muscle 
cells. Immunohistochemical study: smooth muscle actin (SMA)-positive 
leiomyocytes in polypoid structures, 400×.
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When examining the biopsy material of patients with LAM, great difficulties may arise in differential diagnosis with pro-
cesses in the lungs that are accompanied by smooth muscle and fibroblastic proliferation, as well as the formation of cysts. 
These include usual interstitial pneumonia (UIP), benign metastasizing leiomyoma, leiomyosarcoma, LCH, and obstructive 
pulmonary emphysema.

During differential diagnosis with UIP, the nature of myoid cell proliferation and localization requires attention. UIP is 
characterized by the formation of myofibroblastic foci that are localized in the bronchiole-alveolar junction zone, followed 
by the development of the honeycombing and adenomatosis.

In benign metastasizing leiomyoma, myoid proliferating tissues have the appearance of tumor nodes from smooth muscle 
cells, there are no cysts in the lung, and a female patient has leiomyoma in the uterus. During IHC testing, no HMB-45 
 expression is observed.

In lung leiomyosarcoma, myoid proliferating tissue of atypical cells forms a tumor node; there are no cysts in the lung. 
Immunohistochemically there is no expression of HMB-45.

Obstructive pulmonary emphysema have thin walls and do not have polypoid lesions of myoid cells. IHC reveals no 
expression of HMB-45.

FIG.  9.2.6 LAM. Cyst with polypoid formation from smooth muscle 
cells. Immunohistochemical study: Vimentin (VIM) negative leiomyo-
cytes in polypoid structures, 400×.

FIG. 9.2.7 LAM. Cyst with polypoid formation from smooth muscle 
cells. Immunohistochemical study: HMB45-positive leiomyocytes in pol-
ypoid structures, 400×.

FIG. 9.2.8 LAM. Hyperplasia of smooth muscle cells. Immunohistochemical 
study: progesterone receptors (PR)-positive leiomyocytes in polypoid struc-
tures, 200×.

FIG. 9.2.9 LAM. Hyperplasia of smooth muscle cells. Immunohistochemical 
study: estrogen receptors (ER)-positive leiomyocytes in polypoid structures, 
400×.
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Clinical presentation
LAM can be asymptomatic over a long time; the disease often starts with spontaneous pneumothorax, usually recurrent, or 
angiomyolipoma of the kidney.

The main characteristic of symptomatic LAM include the following [22]:

– Dyspnea (87% of cases).
– Recurrent spontaneous pneumothorax (65%).
– Cough (51%).
– Hemoptysis (22%).
– Chest pain (34%) of various genesis, intensifying with breathing.
– Recurrent chylothorax (28%). It is characteristic that the development of pneumo- and chylothorax often coincides with 

menstruation.
– Chylopericardium and chylous ascites.
– Pulmonary hypertension.

Biomarker
In 2016 the American Thoracic Society and the Japanese Respiratory Society issued a recommendation pertaining to 
patients with LAM HRCT pattern of lung lesions but without additional extrapulmonary manifestations of the disease. 
The recommendation was to use the vascular endothelial growth factor-D (VEGF-D) as a serum LAM biomarker. Its level 
equal to or above 800 pg/mL provides 100% specificity of the LAM diagnosis, almost excluding other cystic diseases. 
A lower level of VEGF-D (in the presence of cystic changes in the lungs) does not exclude the diagnosis of LAM and 
requires additional verification methods [23].

Radiological imaging
Standard X-ray examination is able to detect changes only in the late stages of the disease; in 26% of patients the radiological 
pattern may appear normal (Fig. 9.2.10) [24].

The typical HRCT LAM pattern includes multiple small cysts, usually 2–5 mm in diameter, some of which reach 
25–30 mm in size. Cysts are rounded, do not merge with one another, and are located in the unchanged parenchyma 
(Fig. 9.2.11).

The size of the cysts usually correlates with the degree 
of damage to the lung tissue [25]. Nevertheless, a total small 
cystic lesion is possible (Fig. 9.2.12). In advanced forms, al-
most all the lung is replaced by cysts to the point where it is 
impossible to evaluate the free parenchyma. In such cases, 
it is very difficult to differentiate LAM from the pulmonary 
emphysema and the terminal stage of LCH (Fig. 9.2.13).

The thickness of the cyst walls does not exceed 2 mm. 
In more than half the cases, the distribution of cysts is uni-
form; some authors describe a tendency for cysts to local-
ize in the upper zones in 10%–39% of patients (Fig. 9.2.14) 
[25, 26]. A subpleural distribution resembling a “honeycomb 
lung” is also possible (Fig. 9.2.15).

HRCT findings in patients with LAM typically include 
the presence of a limited number (from 2 to 10) of cysts, with 
the earlier described characteristics.

Despite the fact that LAM does not affect the pleura, 
many patients experience certain pleural symptoms associ-
ated with surgical aid in case of pneumo- or chylothorax. 
Calcification of pleura and local pleural thickening occurs in 
24% and 13% of LAM cases, respectively, after pleurodesis, 
sometimes mimicking pleural tumors [27]. FIG. 9.2.10 LAM. Chest radiograph appears normal.
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FIG. 9.2.11 LAM. Axial (A) and coronal (B) scans of the same patient with a normal chest X-ray image. Multiple diffusely distributed thin-walled cysts 
of small and medium sizes from 2 to 15 mm in diameter inside a normal lung parenchyma.

FIG. 9.2.12 LAM. Diffuse small cystic lung disease (A–C). Cysts do not exceed 5 mm in diameter.
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Hilar, retrocrural, and mediastinal lymph node enlargement is an infrequent finding on HRCT. Abbott et  al. found 
this sign in 1 of 18 patients with LAM [25]. Earlier studies found enlarged intrathoracic lymph nodes in up to 40% of 
patients [28]. Lymphadenopathy is detected more frequently in the retroperitoneal space, compared with the mediastinum. 
Sometimes, when combined with angiomyolipoma of the kidney, lymphadenopathy is mistaken for metastatic lesions 
(Fig. 9.2.16) [29].

In most patients, if LAM associated with TSC in addition to cysts, multiple small nodules are identified, usually a few 
millimeters in diameter. These nodules reflect micronodular pneumocytic hyperplasia as hamartoma-like proliferation of 
type II alveolocytes (Fig. 9.2.17). Some patients may have only nodules, without cystic changes [30].

Pulmonary function tests are not critical for the primary diagnosis of LAM, but are important for monitoring the disease 
course. The most common disorders detected in patients include decreased diffusion lung capacity (82%–97%) and an ob-
structive pattern (57%) [31, 32]. Hyperinflation is detected up to 6% of patients, and 25% exhibit positive bronchodilation 
tests. This is the basis for the prescription of bronchodilators [32].

FIG. 9.2.15 Both intraparenchymal and subpleural cyst distribution in 
a LAM patient, resembling honeycombing. In contrast to the true “honey-
combing” observed in fibrotic processes, the cyst walls are much thinner.

FIG. 9.2.16 LAM. A package of lymph nodes in the retroperitoneal 
space on the left. Angiolipoma in the right and left lobes of the liver.

FIG. 9.2.14 LAM: preferential upper-lobe cyst distribution.FIG. 9.2.13 Terminal stage of LAM. Diffuse cystic-bullous lung trans-
formation appears similar to diffuse pulmonary emphysema.
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Probe-based confocal laser endomicroscopy
In two female patients with LAM, 33 bronchopulmonary regions were studied, 165 informative images were obtained, and 
1152 measurements were performed. Among the characteristic pCLE features in 16 of 33 regions, most of the interalveo-
lar septa were thinned, and one of them was thickened (Fig. 9.2.18A). An increase in the diameter of individual alveolar 
structures (Fig. 9.2.18B) was observed in 12 (36.4%) regions. This likely corresponded to the cystic transformation of the 
pulmonary parenchyma. A viscous secret in the lumen with the small brightly fluorescent elements (Fig. 9.2.18C) was pres-
ent in 14 (42.4%) regions. The dystelectasis signs (Fig. 9.2.18D) were noticed in 17 (51.5%) regions. Cellular elements in 
the lumen of the alveoli were not met. Visualization during pCLE was the worst in comparison with all studied nosological 
forms, most likely due to the large amount of intraluminal contents of a specific composition.

A differential diagnosis for LAM should be performed in patients with pulmonary emphysema, when the thinning of the 
alveolar septa and an increase in the diameter of the alveolar structures are noted.

Diagnosis
In 2017 modified diagnostic criteria for LAM were proposed [33].

Diagnosis is accurate if there is a corresponding clinical history and radiological signs (according to HRCT) plus at least 
one of the following phenomena:

– Diagnosis of tuberous sclerosis complex
– Kidney angiomyolipoma
– Increased level of VEGF-D > 800 pg/mL
– Chylous effusion—pleural or ascite, confirmed by tap and biochemical analysis of the fluid
– Lymphangioleiomyoma
– Demonstration of LAM cells or LAM cell clusters on cytological examination of effusions or lymph nodes—histopathologic 

confirmation of LAM by lung biopsy or biopsy of retroperitoneal or pelvic masses

HRCT data should not be the only confirmation of the diagnosis; additional signs are required. If these signs are not present, 
transbronchial forceps lung biopsy (TBLB) should be carried out to obtain histological material. This is due to the rather 
high diagnostic value of TBLB that enables to verify the diagnosis in up to 60% of patients, with a total complication rate 
of approximately 14%, and 6% of them are pneumothoraces [34, 35].

Regarding differential diagnosis, there are a number of diseases manifested by the formation of cysts or bullae in the 
lungs. These include LCH, Birt-Hogg-Dubé syndrome (BHDS), lymphocytic interstitial pneumonia (LIP), cystic metasta-
ses in the lungs, bullous and centriacinar pulmonary emphysema, and several others (see Chapter 9.4).

FIG. 9.2.17 Tuberous sclerosis complex in a 52-year-old female. Numerous small cavities with wall thicknesses of up to 1.5 mm and multiple polymor-
phic nodules up to 5 mm in diameter (A). Multiple small angiolipomas of the liver and kidney cysts (B).
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Treatment and prognosis
Attempts of antiestrogen therapy for LAM, with tamoxifen, progesterone, and bilateral ovariectomy, performed no bet-
ter than placebo during well-organized clinical studies, although they led to separate positive effects [36]. Effective and 
conservative LAM treatments have recently become available [22]. A new and promising LAM therapy includes the use of 
m-TOR inhibitors with antiproliferative properties, previously used as immunosuppressants.

Based on the results of the first clinical studies, sirolimus stabilized FEV1 and forced volume vital capacity, improved 
quality of life, reduced the chylous effusion, and reduced the size of renal angiomyolipomas in patients with LAM, both 
sporadic and TSC-associated [37–39]. More recent studies using reduced doses of sirolimus (1 mg/day) on a fairly large 
population of patients with LAM showed significant superiority over placebo in patients with FEV1 <70% for functional 
parameters, quality of life, and VEGF-D levels. At the same time, there was no increase in serious adverse events in fe-
male patients taking sirolimus [40]. In 2015 the FDA approved sirolimus for LAM treatment in the United States, and 
in 2016 ATS/JRS included it in the LAM management guidelines [23]. The main indication for prescribed sirolimus is 
a confirmed diagnosis of LAM with a decrease in FEV1 <70% of predicted. In addition, in patients with higher FEV1, 
but with a rapid decline (>90 mL/year), sirolimus therapy may also be prescribed, despite the lack of appropriate studies. 
In cases of chylous pleural effusion or ascites, it is also necessary to consider the possibility of treatment with sirolimus 

FIG. 9.2.18 pCLE pattern in patients with LAM. The wave length is 488 nm, the field of vision is 600 × 500 μm or 0.28 mm2. (A) Most of the 
elastic fibers are thinned to varying degrees; one of them is thickened. Measurement zones are shown in ellipses. (B) Alveolar structures are visual-
ized, some of which have abnormally large diameters. (C) On the background of individual alveolar cavities with dystelectasis phenomena, almost 
the entire field of vision is occupied by a viscous secret with small particles (3–4 μm), which have high autofluorescent activity. (D) Dystelectasis 
signs are noted with a decrease in the airiness of the alveolar structures and the loss of the correct round shape of the alveolar sacs. Elastic fibers 
are indicated by arrows.
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before initiating drainage procedures. Drug therapy effects usually emerge a few months following initiation and disap-
pear after drug withdrawal [23].

The second agent from the group of m-TOR inhibitors is the rapamycin analogue, everolimus [41]. Patients with 
LAM who are treated with everolimus exhibit decreased size of angiolipoma and DLCO stabilization, compared with 
placebo [42].

From 2008 to 2015, at least six randomized, multicenter, placebo-controlled clinical trials of the efficacy and safety of 
m-TOR inhibitors were conducted on approximately 300 patients with sporadic and TSC-associated LAM [41].

The choice of the dose is determined by the nature of the disease. In patients with TSC-associated LAM, extrapul-
monary tumor manifestations predominate. These tumors increase the chance of severe complications and can be treated 
with higher doses of m-TOR inhibitors. Intake of 2 mg of sirolimus produces its plasma concentrations of 5–15 ng/mL [37]. 
The effective dose of everolimus TSC-LAM is 10 mg [42]. In patients with sporadic LAM, there is a possibility of effective 
use of m-TOR inhibitors at significantly lower doses [43].

m-TOR inhibitors have a wide range of adverse effects, including infections (viral, bacterial, and fungal), compli-
cations from immunosuppression, cytopenia due to hematopoietic suppression, gastrointestinal disorders, hepato- and 
nephrotoxicity, dyslipidemia, drug-induced pneumonitis, and slow wound healing. Careful monitoring for intolerance is 
necessary, and depending on their severity, corrective therapy may be indicated. Corrective therapy involves reducing or 
temporarily withdrawing drug dosage. The fetotoxicity of m-TOR inhibitors justifies strict adherence to contraception 
during the treatment period [37].

Currently the use of m-TOR inhibitors is a therapy of choice for patients with LAM, both sporadic and TSC-associated.
There are other potential conservative treatments for LAM including doxycycline inhibiting the activity of matrix 

metalloproteinases, antiestrogen preparations, progesterone, tyrosine kinase inhibitors (imatinib and nintedanib), and anti-
VEGF-D antibodies [30, 44]. Although positive effects were observed in individual studies and clinical cases, none of these 
drugs have proved superior to placebo and consequently are not recommended for use in patients with LAM.

Patients with LAM can exhibit resting oxygen saturation levels of 90%. Symptomatic treatment includes the prescription 
of bronchodilators that relieve dyspnea and home oxygen therapy.

The last stage of treatment of LAM is lung transplantation; however, in this case, recurrence of the disease in the 
transplanted lung is not excluded [45].

In patients with LAM, prognosis depends on the disease course. Although there are rapidly progressing forms, the 10-
year survival rate is generally 80%–90%, and the average life expectancy from the onset of symptoms is approximately 
30 years [30]. The disease usually has a slowly progressive nature, but after the onset of menopause the rate of disease 
development often decreases [46].
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Chapter 9.3

Birt-Hogg-Dubé syndrome
Birt-Hogg-Dubé syndrome (BHDS) is a rare autosomal dominant disease characterized by the development of fibrofollicu-
lomas, renal tumors, and the formation of pulmonary cysts. BHDS is often accompanied by recurrent pneumothorax [1]. 
BHDS is caused by mutation of the gene located in the XVII chromosome that codes for the synthesis of folliculin (FLCN). 
Folliculin is a tumor suppressor that implements its effects through m-TOR pathways [2, 3].

Clinical manifestations of BHDS include cutaneous, pulmonary, and renal symptoms. Skin lesion occurs in 90% of 
patients in European and American populations; however, studies in East Asia show a significantly lower prevalence (ap-
proximately 20% of cases) [4, 5]. Typical cutaneous manifestations include fibrofolliculomas, trichodiscomas, and peri-
follicular fibromas (cutaneous hamartomas) that are mainly localized to the face, neck, and upper body. Fibrofolliculomas 
are benign tumors of the hair follicles that look like multiple whitish papules, usually appearing in patients older than 
age 20 [1]. Fibrofolliculomas should be differentiated from angiofibromas in TSC. The latter are smaller and contain 
telangiectasias [6]. Some researchers believe that angiofibroma is clinically and histologically indistinguishable from 
fibrofolliculoma [7].

Kidney damage in BHDS includes the development of cancer and cysts. The incidence of renal cancer in these pa-
tients is 29%–34%, exceeding the frequency in the general population by 6.9 times [8, 9]. The most common histological 
variants of renal cancer are hybrid oncocytic tumors composed of features of chromophobe renal cell carcinoma. Renal 
oncocytoma (50%) and chromophobic (34%) and clear cell (9%) cancers [10, 11] are less common. Cystic changes in the 
kidneys are not uncommon in patients with BHDS, but the frequency of their development in this pathology has not been 
studied [1].

The lungs are involved in 80%–85% of patients [1, 12].
Bilateral asymmetrical thin-walled cysts of different shapes and sizes are typical. Small cysts are usually round, 

while larger cysts often have lenticular, oval, or irregular shape, sometimes with internal septa. Most cysts are located 
in the lower and middle sections of the lung, and approximately 40% are subpleural [13]. The total number of cysts 
is usually small. Toro et al. estimated an average of approximately 16 in one patient. However, multicystic variants of 
the lesion (up to 166 cysts) are also possible [14]. Proximal pulmonary veins or arteries may abut or be located inside 
the cysts [15]. A characteristic feature of BHDS-related cysts is their stable size over many years. This is different 
than most other cystic lung diseases, where increases in the number and volume of cystic lesions are usually noted 
(Fig. 9.3.1) [16].

Cyst formation in BHDS likely results from a violation of intercellular adhesion, which damages epithelial cells 
and may mechanically expand the alveolar space [17]. This, the so-called stretch hypothesis, suggests that cysts 
appear in areas that experience the greatest changes in the alveolar volume during breathing or ventilation (i.e., in 
the lower lobes and subpleural areas, with weakness of the supporting pleural “anchor points”) [18]. Spontaneous 
pneumothorax is most often the first clinical manifestation of lung damage with BHDS, and its development often 
outstrips the emergence of cutaneous signs of the disease [19]. In general the risk of pneumothorax in these patients 
is increased 50 times, and it is higher at a younger age (up to 40 years) [20]. According to Gupta et al., 76% of 104 
patients with BHDS experienced at least one spontaneous pneumothorax, and the average number of cases of pneu-
mothorax was 3.6 [12].

The diagnosis of BHDS is usually based on the major and minor criteria proposed in 2009 (Table 9.3.1) [1].
Later, Schmidt and Linehan modified the criteria that allow for definitive disease diagnosis if there is a mutation in the 

folliculin gene (Table 9.3.2) [21].
However, 7%–9% of patients with no known FLCN gene mutations exhibit a complete set of major and minor BHDS 

diagnosis criteria. This is apparently explained by the incompleteness of the known spectrum of possible genetic disorders 
related to this disease [6].

Patients with BHDS are primarily managed by follow-up and control of the development of possible neoplasms, primar-
ily of the kidneys. In the absence of lung symptoms, control of the cysts is not required, since the likelihood of growth is 
low [22]. Patients should be warned about an increased risk of pneumothorax, especially during activities associated with 
sharp differences in atmospheric pressure (diving and high altitude climbing). When recurrent pneumothorax develops, 
pleurodesis, bullectomy, or pleural covering is usually performed [23].
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FIG. 9.3.1 Birt-Hogg-Dubé syndrome in 43-year-old woman. Small round and oval thin-walled cysts in the left upper lobe (A). A few subpleural cysts with ir-
regular shapes are in the right middle lobe (B). Several cysts with oval and irregular shapes with subpleural predominance are visible in the basal segments. Fibrotic 
band in the left lower lobe is a consequence of surgery (C). (Case courtesy of Prof. S.N. Avdeev, Sechenov First Moscow State Medical University, Moscow, Russia.)

TABLE 9.3.2 Modified BHDS criteria [21]

Major criteria (high 
likelihood of BHDS)

• Two cutaneous papules clinically compatible with fibrofolliculoma/trichodiscoma with at least one 
histologically confirmed fibrofolliculoma; adult onset

Minor criteria (suspicious 
for BHDS)

• Multiple bilateral basilar lung cysts with or without spontaneous pneumothorax (<40 years of age) 
especially with family history of these lung manifestations

• Bilateral multifocal chromophobe or hybrid oncocytic renal tumors especially if there is a family 
history of such manifestations

• Combinations of cutaneous, lung, or renal manifestations known to be associated with BHDS in an 
individual or his family

Definitive diagnosis • Positive germline FLCN mutation test

TABLE 9.3.1 Diagnostic criteria for BHDS [1]

Major criteria ≥Five fibrofolliculomas/trichodiscomas, at least one is confirmed histologically
Pathogenic FLCN germline mutation

Minor criteria Multiple cysts in the lungs: bilateral basally located cysts with no other cause with or without pneumothorax
Renal cancer: at age 50 or younger, multifocal or bilateral cancers or renal cancer with mixed chromophobic and 
oncocytic histological pattern

The diagnosis is accurate in the presence of one major or two minor criteria.
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Chapter 9.4

Differential diagnosis of cystic diseases
The diagnosis of diffuse cystic lung diseases does not cause significant difficulties, but in practice, there are many more 
cases requiring a systemic approach and application of differential diagnosis algorithms:

– The first question that should answered when meeting a patient with multiple cysts in the lungs is “are they really cysts, 
or we dealing with mimicking cysts lesions?”

The cyst is traditionally defined as an air-filled lucency or low-attenuating area bordered by a thin wall (usually <2 mm) 
with a well-defined interface with normal lung tissue [1]. Cysts must be distinguished from pulmonary emphysema (cen-
triacinar, bullous, and paraseptal), cavitary lesions in the lungs due to destruction of the parenchyma, cystic bronchiectasis, 
or honeycombing (Table 9.4.1) (Figs. 9.4.1–9.4.5).

Bullous pulmonary emphysema has characteristic features that distinguish it from true cysts. Bullae (areas of emphysema 
greater than 1 cm in diameter, surrounded by a thin wall) are usually asymmetrical, subpleural, and limited in number and may 
have internal septa (Fig. 9.4.1). Bullous pulmonary emphysema can be accompanied by paraseptal, centriacinar, or panacinar 
emphysema and other signs of COPD such as thickening of the walls of the bronchi, peribronchial fibrosis, and air traps [2].

In contrast to cysts, for centriacinar emphysema, there is a lack of a clear wall with preservation inside or around the 
periphery areas of intralobular artery (Fig. 9.4.2). In patients with congenital connective tissue dysplasia (Marfan syndrome 
and Ehlers-Danlos syndrome), the round foci of centriacinar emphysema that resemble cysts are not accompanied by a 
change in the bronchial tree and air trapping (Fig. 9.4.3). The cavities of destruction are usually formed in the thickness 
of the inflammatory or tumor infiltration and have a much thicker walls than the cysts (>4 mm) (Fig. 9.4.4) [3]. Diseases 
that lead to the formation of cavitary lesions in the lungs are usually associated with pronounced clinical and laboratory 
symptoms such as fever, hemoptysis, and increases in inflammatory markers in the blood analyses.

Honeycombing is a manifestation of alveolar disruption that features dilatation and fibrous thickening of alveolar walls 
and respiratory bronchioles. Honeycombing looks like several overlapping rows of small subpleural cysts with a thickness 
of 1–3 mm and a size of several millimeters to 1 centimeter. Honeycombing is predominantly subpleural and frequently 

TABLE 9.4.1 Cystiform lung lesions

 Characteristics Diseases/conditions

Bullae Rounded, more than 1 cm in diameter air cavities with 
a thin (<1 mm) wall, often combined with centriacinar 
or paraseptal emphysema

COPD, Ehlers-Danlos syndrome, Marfan 
syndrome, alpha-1-antitrypsin deficiency

Centriacinar emphysema Enlarged airspace distal to terminal bronchioles. Has 
no visible wall. Often with the preserved intralobular 
artery in the form of a central point on the HRCT

Paraseptal emphysema Small (up to 1 cm) cavities abut to or surrounded by the 
visceral pleura. Primarily in the upper lobes

Smoking, COPD, young tall lean people. 
The most common cause of spontaneous 
pneumothorax

Cavitary destruction of lung 
parenchyma

Nodal or focal formations inside the zones of 
consolidation. Thick-walled (>4 mm) and can contain 
fluid

Destructive pneumonia (bacterial, 
pneumocystic, fungal, and parasitic), septic 
metastases, lung tumors, granulomatosis with 
polyangiitis, rheumatoid nodes

Honeycombing Subpleural small-sized cysts clustered in several rows 
(3–10 mm in diameter)

Idiopathic pulmonary fibrosis, NSIP chronic 
HP, lung lesions in systemic connective 
tissue diseases

Cystic bronchiectases Sacciform dilations of the proximal bronchi with an 
artery abut to the wall, with a wall thickness of more 
than 1 mm

Cystic fibrosis, tracheobronchomegaly, 
Williams-Campbell syndrome
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FIG. 9.4.1 Bullous emphysema in COPD patient. Multiple 
bullae of the left lung. Internal septa can be seen inside sev-
eral bullae.

FIG. 9.4.2 Centrilobular emphysema in a smoking patient. There are 
no visible walls in the areas of lucency. In some of them, preserved intra-
lobular vessels (gray arrow) are seen.

FIG. 9.4.4 Granulomatosis with polyangiitis. Nodal infiltrates with de-
struction in the tissue of right lung and formation of thick-walled cavities.

FIG.  9.4.5 Honeycombing in a patient with idiopathic 
 pulmonary fibrosis. Unlike the typical honeycomb pattern, 
there are multiple large cysts with relatively thin walls.

FIG. 9.4.3 Centriacinar and bullous emphysema in a patient with Ehlers-Danlos syndrome. In the thickness of the parenchyma, rounded areas of hy-
perlucency are revealed; most of them are adjacent to the branches of the pulmonary artery. Some of the cavities do not have a clearly differentiated wall. 
The surrounding parenchyma of the lungs is normal (A and B).
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affects the basal parts of the lungs and is usually surrounded by pronounced reticular changes. In addition, the cyst sizes 
never change depending on the phase of breathing [4]. Difficulties of the differential diagnosis can arise when confronted 
with atypical forms of honeycombing with large cystic transformation (Fig. 9.4.5).

It can be difficult to estimate the true thickness of the cyst wall because the compression of the surrounding parenchyma 
makes it appear thicker. At the same time the cavities of destruction can have thin walls, lending to an appearance that is 
practically indistinguishable from true cysts (Fig. 9.4.6).

Interlobular interstitium with the vasculature surrounding centrilobular emphysema with impaired collateral ventilation 
sometimes creates the impression of a thin wall, like in a cyst (Fig. 9.4.3A). Infection of the cyst can also thicken its wall. 
In any case, cavitary lesions with wall thicknesses of 2–3 mm should be considered as possible cysts. Cystic bronchiectasis 

FIG. 9.4.6 Mycobacteriosis of the lungs caused by Mycobacterium avium complex. Multiple rounded cavities with a wall thickness of 1–2 mm. Around 
some of cavities, infiltration of the parenchyma (A) is visible. Single, randomly scattered, and dense nodules are revealed. Within one nodule a central 
lucency (B) is traced. Most of cystic lesions are distributed in the upper lobes (C).
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usually exhibits this wall thickness, a concomitant branch of the bronchial artery is always proximal, and there are signs of 
a prolonged inflammatory process in the bronchial tree and peribronchial fibrosis (Fig. 9.4.7).

The next question to be considered for a differential diagnosis is the characteristics of observable cysts. Cysts may 
be monomorphic rounded or polymorphic, polygonal, diffusely distributed, or concentrated in certain zones (Table 9.4.2). 
It is also necessary to take into account the size of cystic formations.

Patients with cysts plus other HRCT phenomena should be carefully considered during differential diagnosis. The 
most common findings observed in combination with cystic changes are centrilobular nodules, ground-glass opacities, 
consolidation, and enlargement of the intrathoracic lymph nodes (Table 9.4.3).

FIG. 9.4.7 Cystic bronchiectasis in a patient with cystic fibrosis. Multiple pockets with a relatively thick wall (up to 3 mm) and peribronchial fibrosis (A); 
mosaic perfusion and separate nodules, probably of infectious origin are visible (B, C).
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When analyzing cases with a combination of small nodular and cystic lung lesions, most typical for LCH, the following 
questions should be answered:

1. What type of nodules does the patient exhibit—interstitial or acinar (localized in airspace)? Interstitial nodules have 
well-defined margins and a high density. In contrast, acinar nodules can exhibit ill-defined contours and attenuation 
close to GGO and less than peripheral vessels [5]. For LCH, amyloidosis, and the light-chain deposition disease 
(LCDD), interstitial nodules are typical. Acinar nodules exhibiting filling of alveoli and bronchioles by the cell exuda-
tive substrate (Fig. 9.4.8) and are revealed in patients with pneumonia, including viral and pneumocystic; HP; bron-
chiolitis; organizing pneumonia; and vasculitis.

2. What is the predominant distribution of nodular changes—perilymphatic, centrilobular, or random?

The perilymphatic pattern presupposes a peribronchovascular layout of nodules. Around the interlobular septa and 
visceral pleura, this distribution is typical of sarcoidosis, pneumonoconiosis, lymphogenous metastases, amyloidosis 
of the lungs, and LCDD. Usually there is a blotching of the distribution including concentration in some segments and 
sparse distribution in other segments.

Random distribution is usually associated with diffuse, hematogenically disseminated processes, such as miliary pul-
monary tuberculosis and hematogenous metastases, but occasionally can occur in patients with sarcoidosis. These changes 
are usually bilateral and symmetrical and are found in most parts of the lungs [6].

TABLE 9.4.2 Special aspects of cysts in various diffuse cystic lung diseases

 Monomorphic Polymorphic Diffuse/casual
Mostly upper 
lobes

Mostly lower 
lobes

Diameter 
>10 mm

LAM + – + – – ±

LCH – + + + – –

BHDS – + + – + ++

LP/FB + ± ± – + +

CM +  + – + ±

Infectious – + + +a – ±

АМ, LCDD _ + + – + ++

a Characteristic of pneumocystis jirovecii pneumonia.
LAM, lymphangioleiomyomatosis; LCH, Langerhans cellular histiocytosis; BHDS, Birt-Hogg-Dubé syndrome; LP, lymphocytic pneumonia; FB, follicular bron-
chiolitis; CM, cystic metastases; AM, amyloidosis; LCDD, light-chain deposition disease; ++, typical sign; +, often present; ±, possible sign, –, noncharacteristic 
sign.

TABLE 9.4.3 HRCT findings in diffuse cystic lung diseases

 
Intralobular 
nodules GGO Consolidation

Mediastinal 
lymphadenopathy Reticular signs

LAM – – – ± –

LCH ++ + – – +

BHDS – – – – –

LP + ++ – ± ++

CM + + + + –

Infectious + ++ ++ + +

АМ, LCDD ++ + + ++ +

GGO, ground-glass opacity; LAM, lymphangioleiomyomatosis; LCH, Langerhans cell histiocytosis; BHDS, Birt-Hogg-Dubé syndrome; LP, lymphocytic pneu-
monia; FB, follicular bronchiolitis; CM, cystic metastases; AM, amyloidosis; LCDD, light-chain deposition disease; ++, typical sign; +, often present; ±, possible 
sign; –, noncharacteristic sign.
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Intralobular nodules may occur in a variety of diseases, accompanied by damage to acinus and interstitial tissue (idio-
pathic and secondary interstitial pneumonia; HP; bronchiolitis; infectious diseases, including HIV infection; etc.). However, 
almost all of these diseases are manifested by centrilobular nodules with ill-defined margins and ground-glass attenuation 
(either they are mixed—interstitial and centrilobular). In LCH the nodules often but not always have sharp contours and 
a high attenuation. Similar characteristics of nodules are seen in sarcoidosis but usually in association with perilymphatic 
distribution, which is an important sign that differentiates sarcoidosis from LCH.

The next question is there intrathoracic lymphadenopathy?
Enlargement of intrathoracic lymph nodes is an important feature of diseases with a cystic pattern such as amyloidosis, 
LCDD, and (occasionally) LAM, but is not among the diagnostic features of LCH and BHDS.

Another question—does the patient have a “tree in bud” phenomenon?
This radiological sign reflects the presence of dilated bronchioles filled with exudate and usually accompanies heteroge-
neous bronchiolitis [5]. In most cases, this phenomenon indicates an endobronchial generalization of the infectious process. 
This is seen in cases of tuberculosis, nontuberculous mycobacteriosis of the lungs, fungal invasions, bronchiectasis, etc. 
The “tree in bud” sign suggests the exclusion of LCH as a 
diagnosis.

Clinical and laboratory manifestations are always taken 
into account when analyzing a patient with a combination 
of small focal and cystic lung lesions. These include acute 
or subacute onset, signs of active inflammation, and immu-
nodeficiency and suggest infectious lung damage. Young 
and middle age, active smoking, polydipsia, and polyuria 
are clinical markers of LCH. A history of mieloma, chronic 
inflammatory disease and renal failure suggests possible 
amyloidosis or LCDD.

Using only HRCT, it is difficult to differentiate LCH 
from TSC. Both conditions exhibit multiple small nodules, 
cysts, and moderate reticular changes (Fig.  9.4.9). TSC 
is characterized by thin-walled cysts without deformity 
and a tendency to fuse. Here extrapulmonary manifesta-
tions such as facial angiofibromatosis; retinal hamartomas;  
tumor lesions of the brain, kidneys, and liver; and family 
history are decisive factors for the diagnosis. Diagnosis 
confirmation requires genetic testing for mutations of the 
TSC-1 and TSC-2 genes.

FIG. 9.4.8 Interstitial nodules in a patient with LCH (A). Dense, with well-defined margins, some with lucent centers (B). Multiple intralobular acinar 
nodules in a patient with pneumocystic pneumonia. The nodules have ill-defined margins and a ground-glass attenuation.

FIG.  9.4.9 Lesion of lungs with TSC. Multiple small nodules, thin-
walled cysts of small and medium size, thickening of interlobular septa.
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The GGO occurs in a variety of lung diseases, is completely uncharacteristic of LAM and BHDS, and is noted in most 
patients with LIP and infectious cysts. In some diseases, accompanied by a pronounced GGO (HP and desquamative inter-
stitial pneumonia), single cysts can develop, but they never predominate on general CT. Cystic metastases in the lungs may 
initially look like small GGO foci.

The combination of cystic formations within sites of consolidation most often indicates an infectious process in the 
lungs (pneumocystis jirovecii pneumonia, mycobacteriosis, and tuberculosis) or deposition lung diseases (amyloidosis and 
LCDD) (Figs. 9.4.10 and 9.4.11).

Reticular changes in combination with multiple cysts usually occur with LIP, amyloidosis of the lungs, and infections 
and in the late stages of LCH, but are not characteristic of LAM and BHDS.

FIG. 9.4.10 Pneumocystis jirovecii pneumonia in a patient with HIV not receiving antiretroviral therapy. Multiple thick-walled small cavities in the 
upper lobes; the space between them is filled with high attenuation and GGO (A). In the lower lobes, there are single cavities and foci of GGO (B). 
On the coronal reconstruction upper lobe-predominant abnormalities are visible (C).
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While performing a differential diagnosis of diffuse cys-
tic lung diseases, a number of other conditions are consid-
ered, usually in addition to the big three (LAM, LCH, and 
BHDS). Differential diagnoses are conditions where cysts 
can be the only HRCT manifestation of the disease or domi-
nate the general CT presentation. These can include cystic 
metastases in the lungs, LIP, lung damage with amyloidosis, 
and LCDD (Table 9.4.4).

Lymphocytic interstitial pneumonia (LIP) may ac-
company some autoimmune diseases, such as Sjögren 
syndrome, systemic lupus erythematosus, primary bili-
ary cirrhosis, autoimmune thyroiditis, and HIV infection, 
but sometimes occurs as an idiopathic form. In contrast to 
LAM, cysts with LIP are typically larger than 10 mm in 
diameter and limited in number, exhibit a lower lobe distri-
bution, and are accompanied by HRCT signs of interstitial 
inflammation such as a GGO, thickening of interlobular 
septa, and intralobular nodules [7] (Fig. 9.4.12).

A number of malignant tumors such as leiomyosarcoma, 
epithelioid-cell sarcoma, and endometrial stromal sarcoma 
can metastasize to the lungs and exhibit cyst group similar 
to that observed with LAM (Fig. 9.4.13). The cysts are thin-
walled and of different sizes. If limited in number, they are usually located in the basal regions of the lungs [7]. We found 
a casuistic case of a primary multiple cystic pulmonary adenocarcinoma that originally presented with thin-walled cysts 
(Fig. 9.4.14).

Cyst formation is a form of lung damage seen in patients with amyloidosis. In addition to cystic transformation, 
there are usually other HRCT findings of the disease such as multiple nodules up to 15 mm in diameter, sometimes with 

FIG. 9.4.11 LCDD. Multiple cysts with a wall thickness of 1–2 mm 
are in the right lung. Peribronchovascular consolidation with associated 
thick-wall cysts and separate thin-walled cysts are visible in the left lung.

TABLE 9.4.4 Differential signs of diffuse cystic lung lesions

 CT signs Additional characteristics

Lymphangioleiomyomatosis Multiple symmetrical thin-walled cysts of 2–5 mm in 
diameter in unchanged parenchyma. Additional multiple 
small nodules in TSC

Women of childbearing age
Chylothorax
Renal angiomyolipoma
Lymphangioleiomyoma of the uterus
Retroperitoneal lymphadenopathy
VEGF-D in serum > 800 pg/mL

Pulmonary Langerhans cell 
histiocytosis

Small thin- and thick-walled deformed cysts up to 
10 mm, mainly in the upper lobes, interstitial nodules of 
1–5 mm, costophrenic angles spared

Heavy smokers, young and middle age

Birt-Hogg-Dubé syndrome A limited number of thin-walled cysts located in the middle 
basal areas. No progression with dynamic observation

Family history of pneumothorax, multiple 
papular eruptions on the face, renal cancer

Lymphocytic interstitial 
pneumonia

Large single cysts, mainly in the basal parts. GGO, 
thickening of interlobular septa, centriacinar nodules

Frequent association with autoimmune, 
lymphoproliferative diseases

Cystic metastases in the 
lungs

Single cysts of different sizes in the middle and basal 
parts of the lungs. Foci of GGO or nodules are possible

Malignant abdominal and pelvic tumors. 
High level of CA-125
Symptoms of cancer

Amyloidosis Cysts of various sizes in combination with nodules, 
consolidation and intrathoracic lymphadenopathy, 
calcification within the zones of parenchymal infiltration, 
changes lean toward the basal divisions

Sjögren syndrome, MALT lymphoma, renal 
failure

Light-chain deposition 
disease

Cysts of medium and large size, contain vessels in the 
wall of the cyst, dense nodules with perilymphatic 
distribution, intrathoracic lymphadenopathy

Macroglobulinemia, myeloma disease, 
increased level of gamma globulins in the 
blood, renal failure



 Diffuse cystic lung disease  Chapter | 9 357

cavitation. Additionally foci of consolidation are observed, 
inside of which dense calcification and intrathoracic 
lymphadenopathy are often found [8]. However, the forms 
of the disease in which the cystic pattern predominates are 
also described [9]. Cysts in cases of amyloidosis are thin-
walled, rounded, and tend to accumulate in lower regions 
of the lungs. Their size can vary from 6 to 20 mm in diam-
eter [10]. Most often, cysts are formed with amyloidosis 
associated with Sjögren syndrome and with lymphocytic 
interstitial pneumonia. A confirmation of amyloidosis of 
the lungs is the detection of amyloid masses stained with 
Congo red via polarization microscope or fluorescence 
microscopy.

The distinguishing feature of amyloid masses in the 
lungs is their low accumulation of (18) F-2-deoxyglucose 
on PET-CT scanning. This helps differentiate them from tu-
mors and sarcoidosis [10].

FIG. 9.4.13 Hematogenic cystic metastases of ovarian leiomyosarcoma in the lungs. Single thin-walled cysts; inside a preserved lobular artery is 
 visible. (A, B). Single nodules with irregular contours are in the upper lobes (A)

FIG. 9.4.14 Cystic pulmonary adenocarcinoma. Randomly distributed cavities with wall thicknesses of 1–2 mm. In the right lung the focal area of GGO 
(arrow) (A) is detected. After nine months the number of cavities increased and their walls thickened and deformed, with the emergence of perifocal zones 
of consolidation and calcification (B).

FIG.  9.4.12 HRCT of a patient with lymphoid interstitial pneumonia. 
Diffuse zones of GGO associated with thin-walled large cysts, reticular abnor-
malities, honeycombing, and traction bronchiectasis are in the lower regions.
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Light-chain deposition disease (LCDD) is a systemic disease in which hyperproduction and the deposition of light-
chain immunoglobulin occurs in various tissues and organs. Two-thirds of patients with multiple myeloma exhibit LCDD. 
LCDD is also associated with Waldenstrom macroglobulinemia and lymphoma [11].

Despite a pathogenesis similar to pulmonary amyloidosis, LCDD is associated with granular, and not fibrillary, deposi-
tion of amorphous eosinophilic material in the walls of the alveoli, vessels, and respiratory tract. Unlike amyloids, it does 
not have a characteristic apple-green birefringence luminescence in the polarization light during Congo red staining [12].

In LCDD the kidneys are affected more often than the lungs. Patients can exhibit nephrotic syndrome and kidney failure, 
as well as heart and liver failure. Isolated forms of lung disease are also described.

Typical manifestations of the pulmonary process include focal lesions in the lungs and multiple cysts. According to 
S. Sheard et al. the cysts vary in size from 3 to 35 mm, averaging 10 mm. The cysts themselves usually have a regular and 
round shape [13]. Cysts are usually bilateral, randomly distributed throughout the pulmonary parenchyma, and larger in the 
lower lobes [12]. The peculiarity of the cysts is the presence of their wall or the circumflexion of the cysts with pulmonary 
vessels (Fig. 9.4.15) [13].

FIG. 9.4.16 Proteus syndrome in 14-year-old girl. Giant bulla with irregular contour in the upper left lobe (A). Coronal reconstruction shows diffuse 
emphysema and fibritic masses in the right lung (B).

FIG. 9.4.15 Light-chain deposition disease of the 51-year-old woman. Multiple cysts, in the lower lobes of predominantly large size, contain vessels in 
the wall (A, B). Several dense nodules are in the upper left lobe; area of consolidation is in the left low lobe.
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Nodules in LCDD are usually multiple, ranging in size from a few millimeters to 2 cm, and have a perilymphatic 
pattern of distribution [13]. The appearance of zones of consolidation in individual patients is described [12]. Intrathoracic 
lymphadenopathy is possible, but not necessary finding in the LCDD. Primary diagnostics of LCDD includes the study of 
gamma globulins in serum. At their increased level, further diagnosis is made by serum and urine protein electrophoresis 
(PEL) with immunofixation (IFE), to demonstrate the presence of monoclonal protein [14]. A number of rare diseases, such 
as Proteus syndrome, Ehlers-Danlos syndrome, neurofibromatosis, and Marfan syndrome, may manifest with pulmonary 
emphysema or intraparenchymal bullae, which are difficult to distinguish from true cysts (see Figs. 9.4.3 and 9.4.16).

Despite the fact that CT scans of diffuse cystic lung diseases are well-studied, even experienced specialists cannot 
always identify the disease. M. Koyama et al. reported that the correct diagnosis was made by two independent qualified 
radiologists in only 72% of patients with LCH and LAM and in 81% of patients with LIP. In contrast, interstitial pneumonia 
was accurately diagnosed in 100% of patients [15].
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Chapter 10.1

Primary malignant lung tumors

Chapter 10.1.1

Pulmonary adenocarcinoma
Lung cancer is one of the most common malignant tumors, and in most countries of the world, it is the oncological disease 
with the highest mortality [1, 2]. The main method for detecting and staging lung cancer is through X-ray diagnostics. 
Lung cancers are divided into two main groups: small-cell lung cancer and non-small cell lung cancer (NSCLC). NSCLC is 
characterized by various radiographic and clinical manifestations and is most often associated with smoking [3]. Pulmonary 
adenocarcinoma, a subtype of NSCLC, is observed especially in women and nonsmokers, and its incidence rate has shown 
a substantial increase during the last 70 years [4]. This is the histological subtype of lung cancer that causes the greatest 
difficulties in diagnosis, especially in differentiating it from diffuse nontumor lung diseases. On high-resolution computed 
tomography (HRCT), adenocarcinoma can appear as a solid mass, a consolidation focus, or ground-glass opacity in one 
lung, but it can often be bilateral, taking the form of multiple infiltration zones of varying opacities or interstitial changes; 
this can cause difficulties in differential diagnosis with inflammatory lung diseases, and it is often referred to as “masquer-
ader” [5] (Fig. 10.1.1.1).

These radiological changes in lung tissue are most frequently observed in a specific subtype of pulmonary adenocar-
cinoma previously called bronchioloalveolar carcinoma (BAC). The changes characteristic of BAC were first described 
more than 130 years ago, although the first detailed characterization of BAC as a special subtype of high-grade pulmonary 
adenocarcinoma was presented by Leibow in 1960 [6]. Recently, views about the pathomorphology of pulmonary adeno-
carcinoma have undergone significant changes, as reflected in the new classification of the European Respiratory Society, 
the American Thoracic Society, the International Association for the Study of Lung Cancer in 2011, and the World Health 
Organization in 2015 (Table 10.1.1.1) [7, 8].

Almost all the histological variants of pulmonary adenocarcinoma in computed tomography can be represented by dif-
fuse or interstitial abnormalities in lung tissue. This can hinder differential diagnostics with conditions such as infectious 
lung lesions, organizing pneumonia, granulomatosis with polyangiitis, and chronic eosinophilic pneumonia.

Chapter 10
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Morphology
The main feature of adenocarcinomas that mimic diffuse nontumor lung diseases is their characteristic growth along the 
anatomical structures, preserving the alveolar structure. Tumor cells grow as a monolayer on the alveolar septum, which 
serves as a platform for them; this phenomenon has been described as “lepidic growth,” because the tumor cells resemble 
butterflies sitting on the septum. Atypical adenomatous hyperplasia (AAH), adenocarcinoma in situ, and minimally inva-
sive adenocarcinoma are characterized by preservation of the lung alveolar structure and the absence of stromal invasion 
with desmoplasia, unlike the other adenocarcinomas (Fig. 10.1.1.7–10.1.1.10). Apparently, it is this feature of adenocar-
cinoma from among those of the former BAC that is associated with the CT phenomena also observed in interstitial lung 
diseases, namely, widespread areas of ground-glass opacity, thickening of the intralobular and interlobular septa, and 
“crazy paving.”

(A) (B)

(C) (D)
FIG. 10.1.1.1 Diversity of CT of semiotics of pulmonary adenocarcinoma: (A) Bilateral thick- and thin-walled lung сysts of different sizes, ran-
domly distributed foci of consolidation, ground-glass opacity, and solid nodules. (B) Bilateral, extensive ground-glass opacity (GGO) zones, sharply 
demarcated by the interlobar pleura, associated thickened interlobular septa are visible (“crazy paving”). It resembles a picture of alveolar proteinosis.  
(C) Multisegmental areas of light GGO in the left lung; there is a small cavity formation inside one such area in the lower lobe—the air-bubble sign.  
(D) Multiple scattered nodules with a perilymphatic distribution, sometimes coalescing into larger foci. Patchy areas of GGO in the left lung. A similar 
pattern can be observed with pulmonary sarcoidosis.



(A) (B)

(C)
FIG. 10.1.1.2 Atypical adenomatous hyperplasia. (A) Two 3-mm foci of ground-glass opacity in the upper right lobe. (B) This nodular lesion consists of atypi-
cal pneumocytes proliferating along preexisting alveolar walls without features of invasive growth; hematoxylin and eosin staining, 100×. (C) Focus of slightly 
atypical proliferating pneumocytes with enlarged hyperchromatic and pleomorphic nuclear; few cells show multinucleation; hematoxylin and eosin staining, 400×.

TABLE 10.1.1.1 IASLC/ATS/ERS classification of lung adenocarcinoma in resection specimens [7]

Preinvasive lesions

 Atypical adenomatous hyperplasia (Fig. 10.1.1.2)

 Adenocarcinoma in situ (≤3 cm formerly BAC) (Fig. 10.1.1.3)

 Nonmucinous

 Mucinous (Fig. 10.1.1.4)

 Mixed mucinous/nonmucinous

Minimally invasive adenocarcinoma (≤3-cm lepidic predominant tumor with ≤5-mm invasion)

 Nonmucinous

 Mucinous (Fig. 10.1.1.4)

 Mixed mucinous/nonmucinous

Invasive adenocarcinoma

 Lepidic predominant (formerly nonmucinous BAC pattern, with >5-mm invasion) (Fig. 10.1.1.5)

 Acinar predominant

 Papillary predominant

 Micropapillary predominant

 Solid predominant with mucin production

Variants of invasive adenocarcinoma

 Invasive mucinous adenocarcinoma (formerly mucinous BAC) (Fig. 10.1.1.6)

 Colloid

 Fetal (low and high grade)

 Enteric



(A) (B)

(C)
FIG. 10.1.1.3 Nonmucinous adenocarcinoma in situ. (A) 20-mm focus of GGO with a small solid component in the lower lobe of the right lung. (B) This 
circumscribed nonmucinous tumor grows purely with a lepidic pattern. No foci of invasion or scarring are observed; hematoxylin and eosin staining, 100×. 
(C) The tumor shows atypical pneumocytes proliferating along the slightly thickened but preserved alveolar walls; hematoxylin and eosin staining, 400×.

(A) (B)

(C)
FIG. 10.1.1.4 Minimally invasive mucinous adenocarcinoma. (A) A 20-mm node in the left upper lower surrounded by GGO. (B) This mucinous MIA 
consists of a tumor showing lepidic growth and a small (0.5-cm) area of invasion; hematoxylin and eosin staining, ×100. (C) The tumor cells consist of 
mucinous columnar cells growing mostly in a lepidic pattern along the surface of the alveolar walls; hematoxylin and eosin staining, ×400.
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Immunohistochemically nonmucinous variants of adenocarcinomas express cytokeratin CK-7 and thyroid transcription 
factor (TTF-1), but they do not express cytokeratin CK-20 [9].

Mucinous variants of adenocarcinoma in situ and minimally invasive adenocarcinoma usually express cytokeratins 
CK-7 and CK-20 but not the thyroid transcription factor TTF-1 [7, 10].

Both mucinous and nonmucinous tumors can cause concomitant changes in alveolar septa, such as pronounced lympho-
plasmacytic infiltration, amyloid deposits, osteocartilaginous metaplasia, and fibrosis [7, 8].

Clinical presentation
If the localized form of a pulmonary adenocarcinoma that belongs to the former BAC category is virtually asymptomatic 
or manifests only as a cough, then the diffuse version often resembles bacterial pneumonia, with the only difference being 
that the symptoms do not appear acutely but increase over weeks; the leading complaints are progressive dyspnea and a 
productive cough, sometimes sufficient to be classed as bronchorrhea. However, the significance of this symptom for the 
diagnosis of mucinous adenocarcinomas is obviously exaggerated [11], although, with extensive bilateral and lobar lung 
lesions, a patient can discharge up to a liter of viscous mucilaginous sputum per day. Some patients have hemoptysis. 
Elevated body temperature may be present. Most patients exhibit general symptoms, such as weakness, weight loss, and 
loss of appetite [12].

(A) (B)

(C)
FIG. 10.1.1.5 Invasive adenocarcinoma with lepidic growth. (A) Diffuse area of GGO with thickened intra- and interlobular septa in the right middle 
lobe. (B) This area of invasive mucinous adenocarcinoma demonstrates a pure lepidic growth. The tumor consists of columnar cells filled with abundant 
mucin in the apical cytoplasm and shows small basal-oriented nuclei; alcian blue staining, 100×. (C) Nevertheless, elsewhere this tumor demonstrated 
invasion associated with desmoplastic stroma and an acinar pattern; alcian blue staining, 400×.
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(A)

(C)

(B)

FIG. 10.1.1.6 CT and histological patterns of invasive mucinous adenocarcinoma. (A) An extensive zone of consolidation in the right upper lobe. A 
GGO area with thickened interlobular septa reflects a tumor invasion. (B) Lepidic predominant pattern with mostly lepidic growth. The lepidic pattern 
consists of a proliferation of type II pneumocytes and Clara cells along the surface of the alveolar walls; hematoxylin and eosin staining, 200×. (C) The 
lepidic pattern consists of a proliferation of type II pneumocytes along the surface of the alveolar walls; hematoxylin and eosin staining, 600×.

FIG. 10.1.1.7 Lepidic predominant adenocarcinoma consisting of atypical cuboidal and cylindrical cells proliferating along the surface of the alveolar 
walls; hematoxylin and eosin staining, 400×.



Radiological findings
The forms of adenocarcinoma previously classified as BAC present a diverse radiological picture, but three main variants of 
symptomatology can be distinguished [13]:

1. Ground-glass opacity or a nonsolid type of lesion
2. A mixed type, with the simultaneous presence of zones of lesion of different opacities
3. A solid variant, represented only by the consolidation site or sites

Characteristic radiographic signs of the solitary nodal form of adenocarcinoma are streaking toward the lung root and the 
parietal pleura, as well as the cellular structure of the tumor node, against which background small bronchial lumens can be 
seen. On HRCT, contrast enhancement reveals the vessels inside the infiltration zone, known as the “angiogram sign” [14].

Each histological variant of the tumor manifests differently on HRCT. So, in the study of Lee et al. [15], all patients with 
solitary nonmucinous minimally invasive adenocarcinoma showed only ground-glass opacity zones, whereas the mucinous 
variant exhibited both isolated areas of consolidation and these combined with ground-glass opacity. If, in the peripheral 

FIG. 10.1.1.9 Invasive mucinous adenocarcinoma with background 
fibrosis (“cancer in the scar”). Mucin in the lumens of glandular struc-
tures; alcian blue staining, 2.5×.

FIG. 10.1.1.10 Invasive mucinous adenocarcinoma with background fi-
brosis (“cancer in the scar”). Mucin in the lumens of glandular structures; 
alcian blue staining, 400×.
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FIG. 10.1.1.8 Electron microscopy of cancer cells with lamellar granules in the cytoplasm (surfactant containing).
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zone around the central consolidation, there is increased attenuation of the pulmonary tissue with ground-glass opacity 
(the halo sign) (Fig. 10.1.1.11), this indicates the presence of an invasive tumor component [12]. The traditional concept 
of a malignant lung tumor as a steadily progressing process is not always true for adenocarcinomas in situ. Monitoring 
patients with areas of ground-glass opacity in the lung tissue, subsequently identified as BAC, for more than 10 years has 
demonstrated that a CT image can remain stable for several years and can even show a reduction in the lesion area, albeit 
with simultaneous opacification of the central zone [16]. Unlike other forms of lung cancer that manifest as a solitary focus, 
invasive adenocarcinomas can appear as multiple sites of lung parenchyma opacities with different radiographic character-
istics (Fig. 10.1.1.12), with primary multiple forms accounting for 22% of all adenocarcinomas [17].

The radiographic pattern of adenocarcinomas is not limited to ground-glass opacity and consolidation. Patsios et al. 
[14] identified the following additional signs: “air bubbles,” appearing as small rounded radiolucent areas with sharp 
margins within the solid mass lesion (Fig. 10.1.1.13); the appearance of pseudocavities (sometimes multiple) in the con-
solidation zones (Fig. 10.1.1.14); and “crazy paving,” revealing the accumulation of glycoprotein secretion in the alveoli 
and thickening of the interlobular septa (Fig. 10.1.1.15). These signs, along with traditional characteristics (ground-glass 
opacity consolidation and a combination of these), can present as single findings or in combination with other signs; this 
makes the HRCT diagnosis of adenocarcinoma rather unspecific, because it assumes a wide differential range of diseases 
that manifest with similar radiological findings. An atypical radiological variant of multifocal adenocarcinoma is a cystic 
form that shows infiltrative growth only in the late stages of the disease (Fig. 10.1.1.16).

FIG. 10.1.1.13 Mucinous adenocarcinoma. Air-bubble sign 
(arrows).

FIG. 10.1.1.14 Invasive mucinous adenocarcinoma. Multiple pseudo-
cavities inside the consolidation zone, which are a consequence of the 
tumor growth.

FIG. 10.1.1.12 A variety of CT signs of the multiple adenocarcinoma. 
There are bilateral zones of consolidation and ground-glass opacity, which 
are clearly delimited by the interlobar pleura in the left lung. Separately 
located solid nodules are visible.

FIG. 10.1.1.11 Adenocarcinoma. Tumor node surrounded by a 
zone of ground-glass opacity (a halo sign). The air-bubble sign 
and spiculation are visible.



 Tumors that mimic diffuse parenchymal lung disease  Chapter | 10 369

Differential diagnosis
Areas of ground-glass opacity less than 10 mm in diameter are most often signs of AAH, a localized moderately atypical 
zone with the proliferation of type II alveolocytes or Clara cells that cover the alveolar walls, possibly spreading to the 
respiratory bronchioles (Fig. 10.1.1.2).

In the past, AAH was considered to be a premalignancy disease; in the modern classification, it refers to the early 
noninvasive form, which may precede or appear concomitantly with primary and metastatic pulmonary adenocarcinoma 
(Fig. 10.1.1.17) [18].

It is extremely difficult to differentiate adenocarcinomas in the former BAC or AAH by HRCT alone without an evalu-
ation of the dynamics. Large adenocarcinomas prove malignant, as do adenocarcinomas where the lesion area increases in 
size during the follow-up period or where there is an air bronchogram in the ground-glass opacity zone or the presence of 

(A) (B)
FIG. 10.1.1.16 Invasive adenocarcinoma with nonusual cystic HRCT pattern. (A) Separately located thin-walled cysts connected to the vessels. In the 
left lower lobe, small ill-defined nodules with a lucent center are also visible. (B) The same patient after 18 months. Bilateral zones of GGO and consolida-
tion with cavities in the left lung. There are several rounded thick walled cavities from 3 to 20 mm in diameter.

FIG. 10.1.1.15 Invasive nonmucinous adenocarcinoma. Bilateral areas of ground-glass opacity with thickened interlobular septa (crazy paving), mainly 
in the left lower lobe.
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consolidation sites. In a comparative study of the CT imaging of patients with AAH and BAC, Oda et al. [19] demonstrated 
highly significant differences in two main criteria: sphericity of the opacity zone, which was characteristic of AAH; and 
 visualization of an air bubble in the ground-glass opacity that was observed seven times more often in BAC. It is believed 
that air bronchograms are caused by alveolar collapse or fibrosis in the area of the tumor, resulting in stretching of the bron-
chial walls. In the same study, it was found that the diameter was more than 10 mm in 47% of patients with AAH, whereas 
the diameter was less than 10 mm in only 14% of patients with BAC.

In clinical practice, the differential diagnosis of adenocarcinomas with unresolved bacterial pneumonia is important, 
but in most cases the X-ray and CT semiotics are nonspecific. The most specific signs of pulmonary adenocarcinoma 
are vacuole-like air bubbles; those of pneumonia show local thickening of the pleura and thickening of the bronchial 
wall [20].

Table 10.1.1.2 presents the frequency of various CT signs in patients with adenocarcinoma and pneumonia. In patients 
with pulmonary emphysema, these signs may appear together with pneumonic infiltration (Fig. 10.1.1.18).

Ground-glass opacity air bronchograms and CT angiograms are not pathognomonic for adenocarcinoma because they 
are equally common in unresolved pneumonia. Inflammatory signs such as the presence of minor pleural effusion and local 
hypertrophy of extrapleural adipose tissue are observed in pneumonia, and local pleural retraction is often noted in patients 
with adenocarcinoma, but these differences are not reliable (Fig. 10.1.1.19) [20–22].

TABLE 10.1.1.2 Differential and diagnostic CT criteria for pulmonary adenocarcinoma and unresolved pneumonia

CT sign Adenocarcinoma Pneumonia

Ground-glass opacity ++ ++

Air bronchogram ++ ++

Air bubble +++ +

Thickening of the pleura + +++

Pleural retraction +++ +

Pleural effusion ++ +

Thickening of the bronchus wall + +++

Local hypertrophy of extrapleural fat tissue – +

CT angiography ++ ++

–, not observed; +, occurs rarely; ++, occurs with similar frequency; +++, occurs often.

(A) (B)
FIG. 10.1.1.17 (A) Atypical adenomatous hyperplasia. The rounded focus of ground-glass opacity of 15 mm in diameter (arrow) in the upper right lobe. 
(B) Adenocarcinoma. The same patient. Thick-walled small cavity surrounded by GGO in the left lower lobe.
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(A) (B)

(C)
FIG. 10.1.1.19 Additional CT signs of lung adenocarcinoma: (A) visceral pleural retraction (arrow). (B) Pleural effusion. (C) CT angiography sign (arrow).

(A) (B)
FIG. 10.1.1.18 (A) Mucinous invasive adenocarcinoma. Ground-glass opacity, area of consolidation, and an air-bubble sign are in the right upper lobe. 
(B) Bacterial pneumonia caused by Pseudomonas aeruginosa in a COPD patient. In the consolidation zone, small air cavities free from infiltration are 
visible—these are areas of emphysema. The visceral pleura in the adjacent area is thickened.
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In addition to the radiographic findings, it is necessary in the differential diagnostic series to take into account both the 
clinical manifestations of the disease and the anamnestic data (Table 10.1.1.3). Bacterial pneumonia is evidenced by its 
acute onset, more pronounced fatigue and febrile syndromes, purulent sputum, pronounced inflammatory changes in the 
blood test, and high levels of CRP and procalcitonin.

The algorithm for the differential diagnosis of pulmonary adenocarcinoma and unresolved pneumonia is presented in 
Fig. 10.1.1.20.

HRCT findings similar to that of pulmonary adenocarcinoma can be observed with an organizing pneumonia, mani-
festing as an inflammatory response of the lung tissue in systemic connective tissue diseases, organ transplantation, drug- 
induced and other lesions, or an idiopathic disease (a cryptogenic organizing pneumonia). The typical CT signs of organizing 
pneumonia are unilateral or (more often) bilateral patchy zones of inhomogeneous consolidation, located subpleurally or 
peribronchially, with bronchial wall thickening and dilatation in abnormal areas (Fig. 10.1.1.21) [23].

FIG. 10.1.1.20 Algorithm for the differential diagnosis of adenocarcinoma and unresolved pneumonia.

TABLE 10.1.1.3 Clinical criteria for pulmonary adenocarcinoma and unresolved pneumonia

Clinical characteristics Adenocarcinoma (lepidic growth) Unresolved pneumonia

Acute onset No Yes

Mucous, foamy sputum in large volume Yes (in 5%–10% of patients with the 
mucinous form)

No

Changes in laboratory indicators No or increased ESR Increased level of leukocytes, CRP, and 
procalcitonin

Stable X-ray presentation Yes (for months and sometimes years) Usually, there is a tendency for the form of 
infiltration to change, with signs of fibrosis 
around the consolidation zone over the 
long term

Clinical response to antibiotic therapy No Yes

Presence of tumor cells in sputum or 
bronchial lavage

Yes No

Conformation of diagnosis with 
transthoracic biopsy

Yes (in about 80% of cases) No
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It is typical to find a high density of infiltrates, close 
to that found in the liver. In addition to zones of con-
solidation, there may be zones of ground-glass opacity. 
Unlike pulmonary adenocarcinoma, which is character-
ized by the halo sign, organizing pneumonia can present 
with a sickle-shaped zone of consolidation around the 
area of ground-glass opacity or unchanged lung tissue 
(reversed halo sign) (Fig.  10.1.1.21). Organizing pneu-
monia is characterized by changes in the size, configu-
ration, and density of infiltrates, either spontaneously or 
influenced by the treatment [24]. The greatest difficul-
ties arise in the differential diagnosis of a solitary type of 
organizing pneumonia and a lung tumor; the pneumonia 
can occur asymptomatically, and it can have radiographic 
characteristics resembling those of a malignant neoplasm 
(Fig.  10.1.1.22). The most common localization of soli-
tary forms of organizing pneumonia is in the upper lobes 
of the lungs [23]. In the absence or technical impossibility 
of biopsy, the pathognomonic sign of the inflammatory 
nature of the changes is their positive dynamics under the influence of steroid therapy. Sometimes, pulmonary adeno-
carcinomas have to be differentiated not only from organizing  pneumonia but also from other interstitial pneumonias 
(such as nonspecific, desquamative interstitial pneumonia and idiopathic pulmonary fibrosis), as well as rheumatoid 
nodules and granulomatosis [25]. For nonspecific interstitial pneumonia, reticular changes are typical, as well as the 
presence of  generalized areas of ground-glass opacity and traction bronchiectasis (Fig. 10.1.1.23). Foci of consolida-
tion may be present, but they are of limited size and are combined with interstitial fibrosis and bronchiectasis [26]. 
Desquamative interstitial pneumonia is characterized by symmetrical bilateral zones of ground-glass opacity in the 
lower regions and moderate reticular changes, but not by the presence of consolidation or other features natural for 
adenocarcinoma. Nevertheless, adenocarcinomas can exhibit histological findings such as tumor cells desquamated 
into alveoli, simulating macrophages; this can result in an erroneous morphological diagnosis of desquamative pneu-
monia, especially when there is only a limited volume of histological material [27]. Very rarely, lepidic growth with 
thickening of the alveolar walls can appear as honeycomb-like changes in the lung parenchyma, which can incorrectly 
be interpreted as pulmonary fibrosis [5].

In some cases, granulomatosis with polyangiitis (GP) can also present CT findings similar to those of pulmonary 
adenocarcinoma (Fig. 10.1.1.24).

(A) (B)
FIG. 10.1.1.22 The solitary form of cryptogenic organizing pneumonia. The focus of consolidation surrounded by GGO with visceral pleura retraction 
is visible. The pattern resembles peripheral lung cancer.

FIG. 10.1.1.21 Cryptogenic organizing pneumonia. Bilateral areas of 
GGO, consolidation with an air-bronchogram and atoll sign in the right 
lung.
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These may be areas of consolidation, which can be limited or large (>10 cm in diameter). The larger the size 
of the high-density zone, the more likely it is to have the appearance of cavities [28]. Very often, the consolidated 
areas are  surrounded by a shadow of ground-glass opacity (the halo sign); however, unlike with adenocarcinoma, 
the opposite finding is also possible, with the ground-glass opacity surrounded by a band of consolidated tissue, the 
so-called reversed halo or atoll sign. This is generally infrequent, and it can require an additional differential diag-
nosis, such as in cases of organizing pneumonia, eosinophilic pneumonia, and drug-induced pneumonitis [29, 30]. 
Alveolar hemorrhages often occur in cases of GP; these manifest on CT as areas of ground-glass opacity with clear 
outlines, usually not affecting the subpleural zones, and they can be limited areas or involve subtotal spreading. In 
the differential diagnosis, additional clinical and laboratory characteristics of GP are more helpful. As a rule, lung 
damage is preceded by sinusitis resistant to the usual treatment, with ulceration of the nasal mucosa; up to 80% of 
patients have renal vessels lesions, manifested by hematuria [28]. An important diagnostic marker of GP is the pres-
ence of antibodies specific to proteinase-3 neutrophil cytoplasm (c-ANCA) in blood serum, which are detected in 
approximately 90% of cases [31].

It is sometimes necessary to differentiate adenocarcinoma of the lung, characterized by radiological “crazy paving,” 
from other diseases that exhibit the same pattern, including alveolar proteinosis and lipoid pneumonia. The characteristic 
radiographic signs of alveolar proteinosis are “geographic” zones that are clearly distinguished from healthy lung tissue, 
with the characteristic “crazy paving.” Importantly, areas of consolidation are rarely observed in alveolar proteinosis, and 
lymphadenopathy, the halo sign, and “air bubbles” are virtually never seen [32] (Fig. 10.1.1.25). Exogenous lipoid pneu-
monia usually develops in patients who have chronically aspirated or inhaled oil substances, so a careful history enables 
suspicion of this disease.

The differential diagnostic range of pulmonary adenocarcinoma with diffuse and interstitial lung diseases is presented 
in the Table 10.1.1.4.

The detection of tumor cells in sputum or bronchoalveolar lavage fluid or histological confirmation is decisive in the 
diagnosis of pulmonary adenocarcinoma. In diffuse forms, the diagnosis can almost always be verified with bronchoscopy, 
but limited and localized forms are much more difficult to diagnose.

When a malignant tumor this confirmed, surgical treatment is indicated for a patient functionally fit for surgery. 
Currently, the optimal volume of surgery is considered to be lobectomy with mediastinal lymphadenectomy. The prognosis 
following treatment depends mainly on the histological subtype of pulmonary adenocarcinoma (Table 10.1.1.5).

If surgery is contraindicated, radiation therapy or stereotactic ablative radiation therapy is usually performed; their 
effectiveness approaches that of surgery at the first stage of the disease [33, 34]. For multiple lung lesions, drug treat-
ment is administered. It is essential to undertake morphological verification of the diagnosis by determining the mo-
lecular and genetic characteristics of the tumor. Mutations of EGFR, ALK, ROS-1, KRAS, TTF-1, and PDL-1 are of 
clinical importance: their presence or absence predetermines the sensitivity of the tumor to the targeted therapy and 
immunotherapy [35–37].

FIG.  10.1.1.23 Nonspecific interstitial pneumonia 
(NSIP). Bilateral areas of GGO with traction bronchiec-
tasis and reticular abnormalities are visible.

FIG. 10.1.1.24 Granulomatosis with polyangiitis. Focus of consolida-
tion with irregular shape, spicularity contours, and internal cavity in the 
left lower lobe. Findings are very similar to adenocarcinoma pattern.
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TABLE 10.1.1.4 Differential diagnostic criteria of pulmonary adenocarcinoma and interstitial diseases

 HRCT signs Additional symptoms

Adenocarcinoma Bilateral consolidation zones surrounded 
by ground-glass opacity, “air bubbles,” 
pseudocavities, and intrathoracic 
lymphadenopathy

Bronchorrhea can be observed with the mucinous 
form. Symptoms of fatigue and hemoptysis

Atypical adenomatous 
hyperplasia

Local spherical focus of ground-glass opacity 
up to 10 mm in diameter. There can be 
multiple foci

Absence of clinical symptoms. It can present 
concomitantly with a tumor lesion

Organizing pneumonia As a rule, bilateral subpleural areas of 
consolidation, which can change the 
configuration and size, areas of ground-glass 
opacity. Subpleural and peribronchovascular 
distribution of abnormalities. The reversed 
halo sign

Subacute onset, fever, and fatigue, resembling bacterial 
pneumonia. Good response to corticosteroid therapy. 
It can develop together with chronic autoimmune 
diseases, or it can be drug-induced

Nonspecific interstitial 
pneumonia

Reticular changes, ground-glass opacity 
interstitial fibrosis, and bronchiectasis. Zones 
of consolidation are limited. Honeycombing 
in long-term cases

It often develops in patients with systemic diseases and 
is accompanied by arthralgia

Granulomatosis with 
polyangiitis

Subpleural zones of consolidation of various 
sizes, often with cavitation in large nodes. 
Halo or reversed halo sign (the atoll sign). 
Linear scars. Pleural effusion is possible

As a rule, it is combined with lesions of the upper 
respiratory tract (such as sinusitis) and kidneys

Chronic eosinophilic 
pneumonia

Extensive zones of subpleural consolidation, 
mainly in the upper lobes. Ground-glass 
opacity is usually present. Migration of 
infiltrates

Eosinophilia of peripheral blood and bronchoalveolar 
lavage. A fast response to systemic steroids. Asthma 
symptoms

Alveolar proteinosis Clearly demarcated “geographic” areas 
of ground-glass opacity with thickened 
interlobular septa, creating a crazy paving 
pattern

Often found in middle-aged male smokers. 
Bronchoalveolar lavage shows a cloudy liquid 
containing a large amount of protein, which produces 
a white precipitate upon sedimentation

(A) (B)
FIG. 10.1.1.25 Pulmonary alveolar proteinosis. Bilateral patchy areas of GGO sharply bordered from normal lung parenchyma (A, B). In the lower 
lobes GGO associated with a thickening of interlobular and intralobular septa—crazy-paving sign (B).
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Chapter 10.1.2

Primary lung lymphoma
Primary lung lymphoma is a rare disease that manifests as local or diffuse lesions of lung tissue. It is extremely difficult to diag-
nose. Lymphomas account for less than 1% of all primary malignant lung tumors, and among patients with lymphomas, a primary 
lesion of the lung is diagnosed in only 0.34% of cases [1, 2]. According to the accepted criteria, the diagnosis of primary lung 
lymphoma is confirmed when there are no signs of extrathoracic disease within 3 months after the diagnosis is established [3].

Lymphoma of the lung presents as a clonal lymphoid proliferation characterized by a lesion in one or both lungs (in the 
parenchyma or bronchus or both). A primary lung lymphoma is most likely to be a high-grade small-cell B-cell lymphoma 
or a lymphoma with mucosa-associated lymphoid tissue (MALT lymphoma) or bronchial-associated lymphoid tissue 
(BALT lymphoma). Less frequently it is low-grade large-cell B-cell lymphoma and lymphomatoid granulomatosis. MALT 
lymphomas account for about 58%–87% of primary lung lymphomas, whereas high-grade B-cell lymphomas account for 
11%–19%; most often, this lymphoma histotype is diagnosed in immunocompromised patients with HIV infection or after 
organ transplantation, and it is often concomitant with the Epstein-Barr virus [4]. Lymphomatoid granulomatosis is ex-
tremely rare, with fewer than 1000 observations reported in the literature; it presents a variable clinical picture and course, 
from spontaneous regression to a fatal outcome [5].

The clinical presentation in patients with primary lung lymphoma includes symptoms such as cough (50%–53%), dys-
pnea (21%–39%), chest pain (17%–21%), hemoptysis (6%–10%), fever (about 16%), and weakness (11%), with 22%–32% 
of patients asymptomatic [6, 7]. According to Dong [8], clinical symptoms in primary and secondary lymphomas are virtu-
ally the same. Laboratory tests often show anemia and increased ESR and LDG levels [9]. Up to 30% of patients exhibit 
increased monoclonal secretion of IgG or IgM [10].

Diagnosis and differential diagnosis

Computed tomography

CT findings for primary lung lymphoma are nonspecific. Usually, there are bilateral, multiple lesions of the lung tissue; 
this is observed in about 60%–79% of cases. Other findings include pulmonary tissue consolidation masses more than 3 
cm in diameter (in 33%–88% of cases), consolidation areas less than 3 cm (39%–62%), bronchiectasis in the  consolidation 
zone (up to 58%), and intrathoracic lymphadenopathy (28%–29%) [6, 11] (Fig. 10.1.2.1). Air bronchograms are often 

(A) (B)
FIG. 10.1.2.1 Primary pulmonary lymphoma. Focal area of consolidation containing air bronchogram with sharp (A) and flame-shaped (B) contours.
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detected (in up to 88% of cases) because the tumor develops peribronchially without destroying the bronchial tree [11] 
(Fig. 10.1.2.2). Approximately one-fifth of patients have pleural effusions, and a few patients exhibit cavities in the con-
solidation areas [7]. Some researchers consider the halo sign (a shadow of ground-glass opacity around the consolida-
tion zone) in combination with the air bronchogram to be the most characteristic finding for primary lymphomas, along 
with pathological changes that remains stable for several weeks and even months, and the predominant localization of 
the pathological process in the right middle lobe [7, 10] (Fig. 10.1.2.2). Involvement of the peripheral parts of the lungs, 
extensive consolidation zones (larger than 3 cm) and cavities are more common in primary lymphomas than in secondary 
lymphomas, whereas intrathoracic lymphadenopathy is less frequently observed [8].

Bronchoalveolar lavage has limited benefit for the diagnosis of lymphomas, although it is required to rule out other dis-
eases, primarily pulmonary infections. Nevertheless, studies have suggested analysis of the bronchoalveolar lavage fluid to 
determine the immunoglobulin heavy chain (IgH) and MALT1 gene rearrangements as genetic markers of the disease [12, 13]. 
Morphological verification of the diagnosis usually requires invasive diagnostic methods. Material for histological examina-
tion can be obtained through thick-needle biopsy under the supervision of ultrasound or CT. However, this is informative in 
only 10.0% of cases; in the remaining 90.0% of cases, it is 
insufficient to provide a clear morphological diagnosis, re-
sulting in the need to use surgical diagnostic methods, such 
as thoracoscopy or thoracotomy with the lung resection. The 
majority of authors have reported that the material obtained 
with transbronchial biopsy is insufficient to establish a cor-
rect diagnosis [2, 5, 14]. In a study of 17 patients with pri-
mary lung lymphoma, Eynden et al. [2] reported that none 
of the patients were accurately diagnosed before surgery. 
Thoracotomy was performed for 16 of the patients and tho-
racoscopy for one. In a planned morphological study, B-cell 
lymphoma of low-grade malignancy was diagnosed in 14 
patients (83%), B-cell lymphoma of high-grade malignancy 
was diagnosed in two patients (12%), and lymphoid granu-
lomatosis was registered in one patient (6%) [2].

The cornerstone for the diagnosis of primary lung lym-
phoma is a morphological study in which diffuse prolif-
eration of small or large atypical lymphoid cells is detected 
(Fig. 10.1.2.3). The lymphoma histotype is usually  confirmed 

(A) (B)
FIG. 10.1.2.2 Primary pulmonary lymphoma. Consolidated mass with air bronchogram in the right middle lobe.

FIG.  10.1.2.3 Pulmonary lymphoma from the cells of the marginal 
zone; small cells with irregularly shaped nuclei. Hematoxylin and eosin 
staining, 400×.
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by immunohistochemical examination showing positive expression of the markers CD-20 and CD-79, which are characteristic 
for B-cell lymphoma (Fig. 10.1.2.4).

Primary lung lymphoma usually has to be differentiated from organizing pneumonia, lung tumors, sarcoidosis, Kaposi 
sarcoma, and with granulomatosis with poliangiitis, it should also be differentiated from infiltrative pulmonary tuberculosis 
and invasive aspergillosis (Fig. 10.1.2.5–10.1.2.7) [5].

The differential diagnostic range for lung lymphomas, adenocarcinoma, and infiltrative lung diseases is presented in 
Table 10.1.2.1.

In summary, if the clinical picture of the disease does not correspond to the findings of the X-ray study, thoracoscopic 
or open lung biopsy is indicated to obtain material for a complete histological and immunohistochemical study.

FIG.  10.1.2.5 Infiltrative tuberculosis of the low left lobe. 
Large mass containing cavities surrounded by ground-glass 
opacity and ill-defined nodules is visible.

FIG. 10.1.2.4 Pulmonary lymphoma from cells in the marginal zone. 
Immunohistochemical study: CD-20 positive lymphoid cells 400×.

FIG.  10.1.2.6 Cryptogenic organizing pneumonia is proven by 
surgical biopsy. Subpleural consolidation area surrounded by light 
shadow of ground-glass opacity.

FIG. 10.1.2.7 Kaposi sarcoma in AIDS patient. HRCT shows bilat-
eral tuberous masses with peribronchovascular distribution and multiple 
nodules. (Case courtesy of Prof. S.N. Avdeev, Sechenov First Moscow 
State Medical University, Moscow, Russia).



 Tumors that mimic diffuse parenchymal lung disease  Chapter | 10 381

References
 [1] Tao  H, Nakata  M, Saeki  H, Kurita  A, Takashima  S. Unsuspected primary pulmonary malignant lymphoma. Jpn J Thorac Cardiovasc Surg 

2002;50(12):533–6.
 [2] Vanden Eynden F, Fadel E, de Perrot M, de Montpreville V, Mussot S, Dartevelle P. Role of surgery in the treatment of primary pulmonary B-cell 

lymphoma. Ann Thorac Surg 2007;83(1):236–40.
 [3] Cardenas-Garcia J, Talwar A, Shah R, Fein A. Update in primary pulmonary lymphomas. Curr Opin Pulm Med 2015;21(4):333–7.
 [4] Cadranel J, Wislez M, Antoine M. Primary pulmonary lymphoma. Eur Respir J 2002;20(3):750–62.
 [5] Matsumoto T, Otsuka K, Funayma Y, Imai Y, Tomii K. Primary pulmonary lymphoma mimicking a refractory lung abscess: A case report. Oncol Lett 

2015;9(4):1575–8.
 [6] Graham BB, Mathisen DJ, Mark EJ, Takvorian RW. Primary pulmonary lymphoma. Ann Thorac Surg 2005;80(4):1248–53.
 [7] Yao D, Zhang L, Wu PL, Gu XL, Chen YF, Wang LX, et al. Clinical and misdiagnosed analysis of primary pulmonary lymphoma: a retrospective 

study. BMC Cancer 2018;18(1):281.
 [8] Dong Y, Zeng M, Zhang B, Han L, Liu E, Lian Z, et al. Significance of imaging and clinical features in the differentiation between primary and 

secondary pulmonary lymphoma. Oncol Lett 2017;14(5):6224–30.
 [9] Yu H, Chen G, Zhang R, Jin X. Primary intravascular large B-cell lymphoma of lung: a report of one case and review. Diagn Pathol 2012;7:70.

TABLE 10.1.2.1 Differential diagnostic range for primary lymphoma of the lung

Sign
Primary lung 
lymphoma Adenocarcinoma

Granulomatosis 
with polyangiitis

Organizing 
pneumonia

Pulmonary 
tuberculosis

History Gradual onset; 
associated with 
immunodeficiency 
and organ 
transplantation

Indication of 
the presence of 
malignant tumors in 
relatives

Rhinitis, sinusitis, 
blood-tinged 
discharge from the 
nose

Onset usually after a 
respiratory infection

Contacts with 
patients with 
tuberculosis; 
immunodeficiency

Clinical 
presentation

Shortness 
of breath, 
nonproductive 
cough, prolonged 
fever

Weight loss, 
nonproductive 
cough, dyspnea, 
possible foamy 
sputum

Cough, hemoptysis, 
dyspnea, chest pain

Fever, dyspnea with 
physical exertion, 
nonproductive cough

Fever, weight loss, 
sweating, cough, 
hemoptysis

c-ANCA – – + – –

BAL Most often not 
informative

Tumor cells Lymphocytosis in 
the period of low 
activity,
CD4/CD8 >3,
neutrophilia in the 
high-activity phase

Foamy macrophages, 
eosinophilia in 
2%–25%, cases, 
lymphocytosis >25%

Moderate 
lymphocytosis, 
neutrophilia CD4/
CD8
<2; BK+

CT signs Multiple 
lesions, areas of 
consolidation, air 
bronchogram

Solitary or multiple 
poorly defined foci; 
a combination of 
a solid component 
and ground-glass 
opacity air-
bubble sign, air 
bronchogram

Nodal infiltrates of 
various sizes up to 
10 cm in diameter, 
often with cavities 
inside large nodes; 
the halo sign; 
pleural effusion is 
possible; thickening 
of the walls of the 
trachea and large 
bronchi

Areas of bilateral 
subpleural 
consolidation without 
cavities, changes in 
size and configuration, 
bordering areas of 
ground-glass opacity; a 
reversed halo sign that 
mimics the cavities in 
the consolidation zone

Infiltrates with 
cavities, mainly 
localized in the 
upper lobe; signs 
of bronchogenic 
seeding, such as 
small nodules 
around the 
consolidation 
zones; 
lymphadenopathy

Diagnostic value 
of transthoracic 
biopsy

Informative in no 
more than 10% of 
cases

Informative in 
approximately 80% 
of cases (identifying 
tumor cells)

Necrotic 
polymorphocellular 
granulomas; 
vasculitis; foci 
of “geographic” 
necrosis

Limited value Granulomas with 
the presence of 
caseous necrosis
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Chapter 10.2

Metastatic lung disease
Metastases in the lungs are detected in 6%–30% of patients with tumors of any site, either during a primary examination 
or at follow-up after the treatment of malignant neoplasms. According to autopsy data, the most common lung metastases 
are associated with chorion carcinoma, melanoma, osteogenic sarcoma, kidney cancer, and testicular tumors. 65%–93% of 
patients with pulmonary metastases have also extrathoracic metastases [1–3].

Often, single metastases have to be differentiated from metachronous peripheral primary malignant tumors, benign 
tumors, and focal lesions with a nontumor lung genesis, such as a rheumatoid node, solitary organizing pneumonia, tuber-
culosis, or a fungal infection [4]. In general, multiple metastases detected at follow-up in a patient with a history of tumor 
do not present any difficulties for diagnosis, especially when there are extrathoracic manifestations of the disease. In typi-
cal cases, metastases are rounded or less often oval in shape, sharply marginated with a random peripheral distribution. 
Usually, they are localized in the middle and lower parts of the lungs (Fig. 10.2.1). Less often, they are lobulated, irregular 
with spicular, tuberous, or ill-defined contours (Fig. 10.2.2) [5].

Friedmann et al. [6] noted that metastases up to 2 cm in diameter usually have a rounded shape with clear borders, 
whereas large nodes are often polymorphic and irregular. The structure of metastases is usually homogeneous. They often 
have uniform density, but they can be partially calcified, as is the case, for example, for metastases of osteogenic sarcoma 
and chondrosarcoma; breast cancer; and cancers of thyroid gland, ovaries, and colon [5]. Nodules of up to 5 mm are usu-
ally benign, but the likelihood of malignancy increases significantly with enlarged size [7, 8]. Minor metastases are usu-
ally located between the centrilobular pulmonary arteries and the interlobular septum, whereas the larger metastases often 
constrict the branches of the pulmonary vessels [9]. The number of metastases can vary from a single focus to massive 
dissemination, and it does not help in differentiating benign and malignant processes [5].

An increase in intrapulmonary lymph nodes may resemble a metastatic lung disease. In an analysis of focal lesions 
of the lungs of up to 1 cm in diameter, Yokomise et al. [10] found in increased intrapulmonary lymph nodes in 46.2% of 
cases but metastases in only 7.7%. In a comparison of CT signs of intrapulmonary lymph nodes and pulmonary metastases, 
Hyodo et al. [11] observed that the lymph nodes were characterized by a significantly smaller distance from the pleura  
(a mean distance of 4.6 vs. 16 mm) and by the presence of a series of linear densities extending from the nodules (Fig. 10.2.3), 
which were demonstrated histologically to be ectatic lymphoid or blood vessels. Unlike primary lung tumors, lymph nodes 
are almost always visualized below the level of the carina. Finally, the borders of the lymph nodes are always sharp, 
whereas tumors often have ill-defined borders [12]. Most lymph nodes are characterized by a round or oval shape; more 

(A) (B)
FIG. 10.2.1 Multiple metastases of chorion carcinoma in the lungs. Bilateral nodules mainly round in shape, some of them with sharp contours; others 
are surrounded by a ground-glass opacity shadow (A). Nodules localized subpleurally in the lower parts (B).
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rarely it is angular, as is the case for tumor lesions [13]. A nontumor increase in intrapulmonary lymph nodes is usually 
associated with blockage of the lymphatic outflow associated with the dust factor [14].

Patients with focal lung lesions are managed according to an assessment of the risk factors for malignancy and the size 
and density characteristics of the identified lesions. The latest (2017) recommendations of the Fleischner Society are pre-
sented in Table 10.2.1 [15].

FIG. 10.2.2 Metastases of colon cancer in the lungs. Bilateral nodular opac-
ities with spiculated contours. Nodules are distributed under visceral pleura 
in the low lobes.

FIG.  10.2.3 Intrapulmonary lymph node. The subpleural 
polygon-shaped focus with sharp contours and adjacent linear 
attenuation (arrow).

TABLE 10.2.1 Fleischner Society 2017 guidelines for management of incidentally detected pulmonary nodules in 
adults [15] (with permission of Fleischner Society)

A: Solid nodulesa

Size

Nodule 
Type <6 mm (<100 mm3)

6–8 mm (100–
250 mm3) >8 mm (>250 mm3) Comments

Single

Low 
riskb

No routine follow-up CT at 6–12 months, 
then consider CT at 
18–24 months

Consider CT at 
3 months, PET/CT, or 
tissue sampling

Nodules <6 mm do not require 
routine follow-up in low-risk patients 
(recommendation 1A)

High 
riskb

Optional CT at 
12 months

CT at 6–12 months, then 
CT at 18–24 months

Consider CT at 
3 months, PET/CT, or 
tissue sampling

Certain patients at high risk with suspicious 
nodule morphology, upper-lobe location, 
or both may warrant 12-month follow-up 
(recommendation 1A)

Multiple

Low 
riskb

No routine follow-up CT at 3–6 months, 
then consider CT at 
18–24 months

CT at 3–6 months, 
then consider CT at 
18–24 months

Use most suspicious nodule as guide to 
management. Follow-up intervals may vary 
according to size and risk (recommendation 
2A)

High 
riskb

Optional CT at 
12 months

CT at 3–6 months, then 
at 18–24 months

CT at 3–6 months, 
then at 18–24 months

Use most suspicious nodule as guide to 
management. Follow-up intervals may vary 
according to size and risk (recommendation 
2A)
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To assess the risk of malignancy of foci in the lungs, it is proposed to use the logarithmic formula from the clinical 
recommendations of the American College of Chest Physicians of 2013, which provides an assessment based on six factors 
of estimated risk of malignancy [16]:

– Elderly age (with the risk increasing by 4% for each year of life)
– Smoking (current or past)
– A history of cancer of extrapulmonary localization, >5 years before nodules detection
– The size of the nodule
– Spiculation
– Upper-lobe localization

where e is the irrational constant of the natural logarithm, equal to approximately 2.718, and x is derived from the set of risk 
factors corrected by the following coefficients:

Age and diameter have values equal to their values in years and millimeters, respectively, and smoker, radiance, and 
upper-lobe localization are estimated in a qualitative way, using the value 1 if there is a sign and 0 if this factor is 
absent [16].

The probability of malignancy <5%, calculated according to the formula, corresponds to a low risk; if it is more than 
65%, it corresponds to high risk; in cases where it is 5%–65%, this corresponds to intermediate risk [16].

Probability of malignancy e 1 ,= +( )x x/ e

x = − + ×( ) + ×( ) + ×6.8272 0.0391 age in years 0.7917 smoker 1.3388 canceer

0.1274 diameter in mm 1.0407 radiance 0.7838 uppe

( )
+ ×( ) + ×( ) + × rr-lobe localization .( )

TABLE 10.2.1 Fleischner Society 2017 guidelines for management of incidentally detected pulmonary nodules in 
adults [15] (with permission of Fleischner Society)—cont’d

B: Subsolid nodulesa

Size

Nodule Type <6 mm (<100 mm3) >6 mm (>100 mm3) Comments

Single

Ground glass No routine follow-up CT at 6–12 months to 
confirm persistence, 
then CT every 2 years 
until 5 years

In certain suspicious nodules <6 mm, consider follow-up 
at 2 and 4 years. If solid component(s) or growth develops, 
consider resection (recommendations 3A and 4A)

Part solid No routine follow-up CT at 3–6 months to 
confirm persistence. If 
unchanged and solid 
component remains, 6 
mm, annual CT should 
be performed for 5 years

In practice, part-solid nodules cannot be defined as 
such until >6 mm, and nodules < 6 mm do not usually 
require follow-up. Persistent part-solid nodules with 
solid components >6 mm should be considered highly 
suspicious (recommendations 4A-4C)

Multiple CT at 3–6 months. If 
stable, consider CT at 2 
and 4 years

CT at 3–6 months. 
Subsequent management 
based on the most 
suspicious nodule (s)

Multiple <6 mm pure ground-glass nodules are usually 
benign, but consider follow-up in selected patients at high 
risk at 2 and 4 years (recommendation 5A)

a Dimensions are average of long and short axes, rounded to the nearest millimeter.
b Consider all relevant risk factors.
These recommendations do not apply to lung cancer screening, patients with immunosuppression, or patients with known primary cancer.
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In about 8% of patients with lung metastasis, the CT scan of the lung metastatic lesion is atypical, hindering diagnosis 
and resulting in errors [17]. The cases most difficult to diagnose are those with cyst-shaped metastases accompanied by CT 
scans of interstitial lesions, and those that are embologenic. Most primary cystic lung tumors (up to 82%) are squamous cell 
carcinoma, with adenocarcinoma and large-cell carcinoma accounting for most of the remaining malignant cystic lesions 
(11%) (Fig. 10.2.4) [18].

The primary tumor in cystic lung metastases is most often a squamous carcinoma of the colon, ovaries, uterus, stomach, 
pancreas, or other organs [19]. Various types of sarcomas, especially angiosarcoma and leiomyosarcoma, can be accompa-
nied by metastatic spreading to the lungs, with the formation of cysts and often the development of spontaneous pneumo-
thorax [20]. Benign metastatic leiomyoma can manifest as multiple nodular and cystic metastases in the lungs several years 
after the removal of the uterine leiomyoma; it is more often observed in premenopausal women [21].

Honda et al. [19] analyzed the characteristics of cysts in malignant and benign (primarily infectious) processes in the 
lungs and concluded that irregularity of the external and internal borders was characteristic of tumor cavities, as was more 
frequent identification of notches and spiculation (Fig. 10.2.5).

FIG. 10.2.4 Multiple cystic metastases of kidney cancer in the lungs. Bilateral cavitary nodules containing irregular opacities are visible.

FIG. 10.2.5 Metastases of cervical cancer. Multiple nodes and cavities of various sizes. The cavities have walls from 1 mm to 1 cm of thickness, sharp 
external and notched internal contours.
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Sometimes the so-called “Cheerio” sign, first described in adenocarcinomas, is identified; this includes multiple small 
nodules a few millimeters in diameter, with cavities inside so that they resemble the ring-shaped breakfast cereal. This sign 
can also be observed with Langerhans cell histiocytosis [20]. Single thin-walled metastases are the most difficult to differ-
entiate because they can be indistinguishable from pulmonary cysts; additional signs are only observed with progression, 
such as consolidation, focal shadows, and lymphadenopathy (Fig. 10.2.6).

Tumor metastasis in the lungs that have masks of interstitial nonneoplastic diseases mainly present with adenocarci-
noma (in variants related to the former BAC), which can generally be differentiated with by multiple foci of organizing 
pneumonia, pulmonary infections, pulmonary sarcoidosis, and GP (see Chapter 10.1.1) [22–24].

A rarer variant of lung metastases that mimics diffuse nonneoplastic parenchymal processes is lymphangitic carcino-
matosis (LCM), which accounts for 6%–8% of all metastatic lung lesions. The most common primary tumors are cancers 
of the breast (33%), stomach (29%), and pancreas (17%) [25]. In a study by Prakash [26], 83% of cases of LCM were a 
consequence of lung cancer. In most cases, LCM is based on the hematogenous microembolization of pulmonary vessels 
with tumor cells, followed by their spread to the lymphatic vessels; however, it is also possible for there to be a primar-
ily lymphogenous pathway of retrograde dissemination 
through the axillary lymph nodes [27].

A review of 20 publications [28] showed that LCM 
was more common in women (accounting for 81% of 
cases) and that the mean age of patients was 53 years. The 
dominant symptom was progressive dyspnea that lasted 
for several weeks (in 69% of cases), and 12.5% of patients 
reported the acute onset of respiratory failure [28]. Rare 
but possible symptoms of the disease include hemoptysis, 
fever, and weight loss. In more than half of cases, blood 
tests showed an increase in ESR [29]. In 58% of patients, 
the primary chest X-ray or CT revealed minimal deviations 
or the absence of pathological changes [28]. The 21-day 
survival after diagnosis was less than 50% [28]. The main 
CT signs of LCM are reticular changes, sometimes associ-
ated with a nodular lesion [30]. An early description of CT 
signs of the disease reported thickening of bronchovascu-
lar bundles (in 95% of cases) and interlobular septa (85%). 
There were nodules in 20% of cases and pleural effusion 
in 40% [31] (Fig. 10.2.7). About 31% of patients exhibited 
ground-glass opacity [29], usually located in the areas with 

FIG.  10.2.7 Lymphangitic carcinomatosis in gastric cancer. Bilateral 
thickening of bronchovascular bundles, multiple small nodules, and sub-
pleural zones of ground-glass opacity. Right-sided pleural effusion bordering 
with a site of heterogeneous consolidation in the lower lobe of the right lung.

(A) (B)
FIG. 10.2.6 Metastases of gastric cancer in the lungs. (A) A single, subpleurally located thin-walled cyst in the right lower lobe. (B) There is also a 
nodular metastasis of 8 mm on the coronal section.
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the most severe reticular changes, which can manifest as the “crazy paving” pattern (Fig. 10.2.8). The findings were diffuse 
and unilateral in about half the cases, unilateral and focal in another 37% of cases, and bilateral in 14% of patients; however, 
in this study, most of the patients had lung cancer as the primary tumor [27]. Despite quite substantial reticular changes, the 
architecture of the lung tissue is generally not distorted; the pulmonary lobules retain their structure and are not subjected 
to fibrotic changes, as observed in interstitial lung diseases [31]. Lymphadenopathy of the axillary and intrathoracic lymph 
nodes is observed in 38%–94% of patients [27, 29].

The differential diagnosis of metastatic lung disease includes disorders that manifest similar findings, including thicken-
ing of the peribronchovascular interstitium and interlobular septa, such as congestive heart failure, pulmonary infections 
including pneumocystis pneumonia, interstitial pneumonia, and also diseases manifested by perilymphatic nodular pattern 
combined with intrathoracic lymphadenopathy (sarcoidosis, pneumoconiosis, or amyloidosis). In patients with a progres-
sive oncological disease exhibiting characteristic CT signs, the diagnosis of LCM does not usually require verification. 
A more balanced approach should be used for patients with a history of treated tumor and new nodules in the lungs. The 
enticement to consider new symptoms in the context of a known disease can lead to the wrong diagnosis. As an example, 
multiple small nodules in the lungs of a patient who underwent an operation for spindle cell carcinoma of the stomach were 
identified as metastases, but a morphological study of biopsy material obtained during video-assisted thoracoscopy resulted 
in a diagnosis of sarcoidosis (Fig. 10.2.9).

(A) (B)
FIG. 10.2.8 Lymphogenous carcinomatosis in breast cancer. Thickened interlobular septa and vascular structures in the right lung. Separate small 
nodules are also visualized (A and B).

(A) (B)
FIG. 10.2.9 Sarcoidosis in a patient who underwent resection of the stomach for spindle cell carcinoma. Multiple small nodules with a perilymphatic 
pattern and intrathoracic lymphadenopathy. The abnormalities were primarily treated as metastases (A). The diagnosis was established with video-assisted 
thoracoscopy biopsy. A histological picture of the lung tissue of the same patient. Hematoxylin-eosin staining, ×400 magnification (B).
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Drug-induced pneumonitis from tumor chemotherapy should also be considered in a differential range in such patients. 
In most cases, bronchoscopy with cytological and PCR analysis of the bronchoalveolar lavage fluid allows tumor cells to 
be detected and infections to be ruled out, but when there is doubt, a transbronchial biopsy of the lungs is required, which 
is usually highly informative for LCM. PET-CT is also possible where the diagnosis is in doubt or there are difficulties with 
histological confirmation. The regions affected by LCM are characterized by a significantly higher uptake of 18F-FDG, 
which has a sensitivity for LCM of 86% and a specificity of 100% [27].

Tumor embolism of the pulmonary artery is a rare condition that can mimic thromboembolism and some diffuse paren-
chymal lung diseases. Microscopic pulmonary tumor embolism is the most difficult to diagnose. This pathology develops 
in patients with various forms of cancer (most often of the mammary gland, stomach, lung, or liver) and manifests as 
rapidly progressing hypoxemic respiratory failure, often with no visible changes in radiographs and CT scans (both native 
and with contrast enhancement) [32, 33]. This explains why a diagnosis is often only made on autopsy. In general, tumor 
microembolisms of pulmonary vessels are found in 2%–4% of autopsies of cancer patients, but only half of these patients 
demonstrated symptoms of increasing pulmonary hypertension while alive [34]. Another problem of accurate diagnosis is 
the long period after the so-called successful treatment of the primary tumor and the absence of signs of recurrence [35].

Typically, it takes several days to several weeks from the onset of dyspnea to the death of the patient [33]. The disease 
involves the multiple embolism of small pulmonary vessels by tumor cells without penetrating the parenchyma, often 
with microthrombosis in situ. This is concomitant with pulmonary hypertension in up to half of cases and with acute right 
ventricular failure in 15%–20% of cases [36, 37]. The most effective method for diagnosing microscopic pulmonary tu-
mor embolism is a pulmonary biopsy; however, because of the absence of visible signs of the parenchymal process, it is 
rarely performed. Ventilation-perfusion lung scanning should be considered as a diagnostic method. This often reveals a 
characteristic “segmental contour” pattern, a break in the zones of perfusion distal to the segmental level, which creates a 
segmental map pattern [36]. However, a similar finding can be observed in other diffuse microvascular lesions.

Intravascular metastases of chorion carcinoma can mimic thromboembolism of the pulmonary artery and diffuse infiltra-
tive lung diseases. Chorion carcinoma is one of the variants of gestational trophoblastic disease, which is most often detected 
in women during their reproductive period, usually after delivery or abortion. In 80% the cases, chorion carcinoma metasta-
sizes to the lungs, sometimes with the rapid development of respiratory failure [38]. Because of its high degree of malignancy, 
when the chorion carcinoma enters the pulmonary artery, it rapidly invades the vessels and spreads to the lung tissue, with 
the formation of large infiltrates and masses, of which some tend to cavitate (Fig. 10.2.10). Similar CT findings can lead to 
erroneous primary diagnoses of bacterial pneumonia, organizing pneumonia, or pulmonary thromboembolism. Cases of spon-
taneous regression of trophoblastic masses have been described; this can further hinder the correct interpretation of pulmonary 
symptoms [39]. The first clinical symptoms of chorion carcinoma metastasis are usually dyspnea and hemoptysis [40, 41]. An 
inherent extrapulmonary symptom is amenorrhea, and the laboratory confirmation is a high level of chorionic gonadotropin.

The differential signs for several metastatic lung tumors are presented in the Table 10.2.2.
In summary, the differential diagnosis of a suspected metastatic lung disease is not always simple, both because of the 

tumor history and because of the atypical forms of the secondary pulmonary lesions.

(A) (B)
FIG. 10.2.10 Embologenic metastases of chorion carcinoma in the lungs. A variety of CT signs—nodules, thick- and thin-walled cavities with irregular 
shape, right-sided pleural effusion (A, B). The picture was initially diagnosed as a septic lung injury.
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TABLE 10.2.2 Differential signs for various metastatic lung lesions

 Nodular metastases
Lymphangitic 
carcinomatosis Chorion carcinoma

Microscopic tumor 
cell embolism of the 
pulmonary artery

Localization 
of the primary 
tumor

Breast, kidney, testis, osteoblastic 
sarcoma, melanoma

Breast, stomach, 
prostate, pancreas, lung, 
sarcoma

Uterus, ovaries; a 
primary pulmonary form 
is possible

Breast, stomach, lung, 
liver

Symptoms Often absent; with multiple 
metastases, there is weight loss 
and weakness

Increasing dyspnea Increasing dyspnea, 
hemoptysis

Rapidly increasing 
dyspnea

CT signs A spherical or oval nodules with 
sharp borders; large metastases 
often have spicularity and rough 
contours; cavities within large 
nodes are possible

Thickening of the 
interlobular septa and 
vascular-bronchial 
bundles; pleural effusion 
is common; a normal CT 
image is possible

Nodules and masses; the 
emergence of cavities 
is possible; contrasting 
filling defects in the 
pulmonary artery

Most often absent, 
although there may be 
mosaic perfusion

Diagnostic 
methods

Surgical biopsy Transbronchial biopsy, 
bronchoalveolar lavage, 
PET-CT

Chorionic gonadotropin 
in blood serum

Biopsy, ventilation-
perfusion scan

Differential 
range

Pulmonary infections, including 
septic metastases, organizing 
pneumonia, sarcoidosis, 
enlarged intrapulmonary lymph 
nodes, rheumatoid nodes

Congestive heart failure, 
pulmonary infections, 
sarcoidosis, interstitial 
pneumonia, drug-
induced pneumonitis

Pulmonary 
thromboembolism, 
organizing pneumonia; 
pulmonary infections

Pulmonary 
thromboembolism, 
pulmonary 
hypertension; heart 
failure
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The lungs, like other organs, can be targets for direct or indirect lesions of drug-related diseases. Toxic reactions to drugs oc-
cur in 2%–5% of hospitalized patients [1], and pulmonary pathology in drug-induced disorders accounts for less than 5% of 
all registered adverse events [2]. Therefore the relatively low rate of drug-related lesions of the lungs contributes to the insuf-
ficient knowledge on drug-induced pulmonary disease (DIPD) among specialists. According to www.pneumotox.com, among 
the more than 1400 drugs, procedures, and substances that can cause respiratory problems, there are more than 350 drugs that 
can cause drug-induced interstitial lung disease (ILD), with the list constantly updated [3]. For example, sarcoid reaction to 
pirfenidone, which is a relative new drug for the treatment of idiopathic pulmonary fibrosis (IPF), was described for the first 
time in a recent report [4].

There are four primary mechanisms of drug-induced damage to the lung tissue [5]:

1. Oxidative stress: Certain drugs lead to the formation of a large number of free radicals and singlet oxygen, which can 
damage the epithelium and endothelium. An example is nitrofurans.

2. Direct cytotoxic damage to the lung parenchyma: Immunosuppressants exert direct cytotoxic parenchymal injury. 
Destructive effects on the DNA of epithelial cells are also possible, such as that seen with bleomycin.

3. Accumulation of phospholipids in macrophages and alveolocytes, leading to their accumulation in the distal respiratory 
tract. This mechanism underlies lung lesion observed in amiodarone lung injury and exogenous lipoid pneumonia.

4. Immune-mediated reactions: This mechanism can involve a wide range of drugs, such as sulfanilamides, hydralazine, 
monoclonal antibodies to tumor necrosis factor alpha, and other biological drugs.

Main morphological presentations of drug-induced lesions of the lungs are the following [6]: diffuse alveolar damage 
(DAD) and acute respiratory distress syndrome; bronchiolitis obliterans organizing pneumonia (BOOP); constrictive bron-
chiolitis; eosinophilic pneumonia; hypersensitivity pneumonitis (HP); nonspecific interstitial pneumonia (NSIP); diffuse 
alveolar hemorrhage; pulmonary vasculitis; and granulomatous reactions, including sarcoid-like reactions.

Each of these morphological forms has specific clinical and radiological presentations, which are already described in 
respective chapters. Awareness of the specific aspects of drug-induced lesions facilitates the establishment of diagnosis 
significantly (Table 11.1). Among the most common causes of DIPD identified in the large studies to date, anticancer 
agents (23%–51%), antirheumatic medications (6%–72%), antibiotics (6%–26%), nonsteroidal anti-inflammatory drugs 
(0%–23%), psychiatric drugs (0%–9%), and antiarrhythmic drugs (0%–9%) are the most prominent [3].

The succeeding texts are the detailed descriptions of the best-known drug-induced lesions of the lungs.

Amiodarone-induced lung disease (AILD)
Despite more than 40-year history of use, amiodarone remains one of the most effective and widely prescribed drugs for treat-
ment of heart rhythm disorders, especially atrial fibrillation and ventricular arrhythmias. However, due to its cumulative proper-
ties, amiodarone often has adverse effects, approximately 15% during the first year of treatment and up to 50% with longer use 
[7]. The most common target organs for amiodarone accumulation and development of drug-induced lesion are the eyes (corneal 
deposits and photophobia), thyroid gland (hypo- and hyperthyroidism), liver (drug-induced hepatitis and dyspeptic disorders), 
skin (photosensitization), and nervous system (peripheral neuropathy) [8]. The lungs are affected less frequently, comprising 
4%–6% of all complications; however, they are associated with clinically the most significant adverse, even lethal, outcomes [5].

Chapter 11
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TABLE 11.1 The most common morphological and radiological manifestations of drug-induced lung lesions

Morphological form Drug Computed tomography findings

Diffuse alveolar damage, ARDS Amiodarone
Bleomycin
Busulfan
Gefitinib
Imatinib
Cocaine
Melphalan
Mitomycin
Monoclonal antibodies
Gold salts
Cyclophosphamide
Cytosine arabinoside

Bilateral massive consolidation areas, mainly in 
subpleural and basal fields. Ground-glass opacity can 
surround these areas or can exhibit a patchy distribution

BOOP Amiodarone
Bleomycin
Busulfan
Gefitinib
Interferon
Methotrexate
Nitrofurans
Penicillamine
Gold salts
Sulfasalazine
Cyclophosphamide

Subpleural and peribronchovascular consolidation areas 
surrounded by or alternating with ground-glass opacities

Constrictive bronchiolitis Lomustine
Penicillamine
Gold salts
Sulfasalazine

Thickening of the bronchial walls, tree-in-bud 
appearance, mosaic perfusion, air traps

Hypersensitivity pneumonitis Amitriptyline
Leflunomide
Methotrexate
Paclitaxel
Fluoxetine
Cyclophosphamide

Diffuse, ill-defined intralobular nodules; ground-glass 
opacities; lobulated hyperinflation

Nonspecific interstitial pneumonia Amiodarone
Bleomycin
Methotrexate
Carmustine
Penicillamine
Sulfasalazine
Chlorambucil

Ground-glass opacities, reticular abnormalities, traction 
bronchiectasis, honeycombing

Eosinophilic pneumonia Imatinib
Daptomycin
Mesalamine
Minocycline
Methotrexate
Nitrofurans
Penicillamine
Sulfasalazine
NSAIDs

Areas of consolidation and ground-glass opacities, 
primarily subpleural and in upper lobes; configuration 
and localization vary

Alveolar hemorrhage, pulmonary 
vasculitisa

Anticoagulants
Amphotericin В
Cocaine
Cyclosporine
Penicillamine
Propylthiouracil
Rituximab

Bilateral patchy areas of ground-glass opacity with 
parahilar distribution; multiple, often confluent 
centrilobular nodules; no damage in subpleural and 
apical sites
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The proposed leading mechanism for the development of amiodarone-associated pulmonary lesions includes the accu-
mulation of amiodarone-containing phospholipid complexes in alveolar macrophages and type II alveolocytes [9]. In turn, 
suppression of phospholipase by amiodarone leads to the accumulation of phospholipids [10]. One study showed that the 
risk factors for amiodarone lung were duration of the intake and age over 60 years [11].

Earlier work also revealed a link between the cumulative dose and the underlying amiodarone-associated lung disease 
[12]. However, cases with acute amiodarone-induced lung injury following intravenous or oral administration during the 
first weeks of treatment are well known [13–15]. In general, amiodarone-induced lung disease manifests during the first 
2 years of administration, and the daily dose is at least 400 mg in majority of the patients [16]. However, there are numerous 
cases where AILD develops in patients administered 200-mg or less amiodarone daily [17]. Thus there is no clear relation-
ship between the dose and frequency of drug treatment and the severity of amiodarone-induced lung disease.

Generally the morphological variants of amiodarone-induced lung lesions are organizing pneumonia (Fig. 11.1) and 
NSIP (Fig. 11.2), and the proportion of DAD accounts for no more than 10% of all pulmonary manifestations of drug- 
induced pneumonitis (Fig. 11.3). Other variants including lymphocytic pneumonia, follicular bronchiolitis, diffuse lym-
phoid hyperplasia, and eosinophilic pneumonia are also described as manifestations of amiodarone toxicity [18].

The presence of type II pneumocytes and alveolar macrophages with finely vacuolated cytoplasm in biopsy samples 
reflects a history of amiodarone administration but does not indicate pulmonary toxicity [19].

FIG. 11.1 Amiodarone-induced pneumonitis. Diffuse alveolar damage, 
organization stage. Diffuse sclerosis, edema, and lymphohistiocytic infil-
tration of alveolar septa with hyaline membranes. Hematoxylin and eosin 
(H&E) staining, 200×.

FIG.  11.2 Amiodarone-induced pneumonitis. Organizing pneumonia. 
Granulation tissue fills the lumen of the alveoli and bronchioles. Sclerosis, 
edema, and lymphohistiocytic infiltration of alveolar septa. H&E staining, 
100×.

TABLE 11.1 The most common morphological and radiological manifestations of drug-induced lung lesions—cont’d

Morphological form Drug Computed tomography findings

Sarcoid-like and other granulomatous 
reactions

Nivolumab
Pembrolizumab
Vemurafenib
Etanercept
Infliximab
Interferon alpha
Methotrexate
Seasonal Influenza Vaccine

Increased intrathoracic lymph nodes, well-defined 
nodules with peribronchovascular distribution

a An extended list of drugs that cause alveolar hemorrhage is presented in the chapter 4.3.
ARDS, acute respiratory distress syndrome; BOOP, bronchiolitis obliterans organizing pneumonia; NSAID, nonsteroidal antiinflammatory drug.
(Modified from Roden AC, Camus P. Iatrogenic pulmonary lesions. Semin Diagn Pathol 2018;35(4):260-71; Webb RW, Higgins CB Thoracic imaging: pulmonary 
and cardiovascular radiology. 2nd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2011.)
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Clinical presentation

Clinically the majority of patients with AILD exhibit sub-
acute or a gradually progressing dyspnea, dry cough, and 
fever. A small number of patients may have pleural pain. 
Auscultation usually fails to detect any distinctive sounds, 
although it is sometimes possible to reveal Velcro crackles 
in posterior basal fields in some patients with nonspecific 
interstitial pneumonia pattern [5]. In cases of diffuse al-
veolar damage, the symptoms of acute respiratory failure 
with the development of respiratory distress syndrome are 
dominant. In the case of amiodarone- induced BOOP, clin-
ical symptoms may resemble bacterial pneumonia (BP); 
however, this variant of AILD follows a subacute course.

Diagnosis

In patients with a chronic course, functional tests usually 
reveal a moderate restrictive pattern. In one study of pa-
tients with a newly diagnosed amiodarone-induced lung 

injury, the average FVC was 74%, and carbon monoxide diffusing capacity (DLCO) was 45% of the normal value [20]. 
Moderate leukocytosis and increased erythrocyte sedimentation rate (ESR) and C-reactive protein can be detected in pa-
tients with amiodarone lung [5]. However, these changes are nonspecific and generally reflect severity of the interstitial 
inflammation.

Bronchoalveolar lavage (BAL) is critical for the definite diagnosis of amiodarone lung. First, BAL aids in ruling out 
several diseases with similar clinical and radiological patterns, such as eosinophilic pneumonia, hypersensitivity pneumo-
nitis, and pneumonia due to bacteria and opportunistic pathogens. Second a decrease in the total number of macrophages 
in BAL fluid is a sensitive, albeit not very specific, sign of toxic amiodarone alveolitis [21]. However, macrophage number, 
which comprises approximately 66% of all BAL fluid cells, is significantly lower in patients compared with healthy indi-
viduals and those who are taking amiodarone but do not exhibit pulmonary symptoms who have approximately 85% macro-
phages in the BAL fluid [21]. Foamy macrophages in the BAL fluid are also found frequently in patients with drug-induced 
disease and those receiving amiodarone without complications [22]. Nevertheless, the absence of foamy macrophages aids 
in ruling out the diagnosis of amiodarone pneumonitis [5].

High resolution computed tomography

Characteristic high-resolution computer tomography (HRCT) findings of the amiodarone lung depend on the morphologi-
cal pattern. In BOOP due to amiodarone, the presence of bilateral areas of consolidation, located more often subpleurally 
and peribronchovascularly, with patchy areas of ground-glass opacity (GGO) (Fig. 11.4) is typical [23].

With treatment or spontaneously the configuration and localization of these sites can change, which makes them similar 
to eosinophilic infiltrates. Density of the consolidated areas is usually higher than that of the soft tissues, accounting for 
82–174 Hounsfield units (HU), which is considered a specific sign of amiodarone infiltrates due to the presence of the 
iodide component [23, 24].

In the NSIP-type amiodarone lung, HRCT scans usually reveal areas of GGO, reticular abnormalities, and sites of linear 
fibrosis; subpleural areas of honeycombing and traction bronchiectasis may also be found (Fig. 11.5). Changes are similar 
to those that occur in idiopathic nonspecific interstitial pneumonia (Fig. 11.6).

Finally, DAD manifests as bilateral massive consolidation zones involving the lower parts, which captures more 
of the overlying parenchyma as it progresses [23]. Pleural effusion, which is often observed in patients, is not typi-
cal for amiodarone toxicity itself but due to concomitant heart failure that occurs in most patients with severe ar-
rhythmias [25].

Usually, in patients with suspicious AILD, density assessment of the liver and spleen parenchyma is recommended, as 
they are almost always higher than normal. However, this sign is often observed in amiodarone-treated patients without 
pulmonary manifestations (Fig. 11.7) [25].

FIG.  11.3 Amiodarone-induced pneumonitis, nonspecific interstitial 
pneumonia. Diffuse sclerosis, edema, and lymphohistiocytic infiltration of 
alveolar septa and small vessels. H&E stain, ×400.
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FIG.  11.4 Amiodarone-induced pneumonitis. Bilateral patchy areas of ground-glass opacity, with unevenly thickened interlobular septa (A). Foci of 
ground-glass opacity, fragmented reticular opacities, and subpleural linear fibrosis (B). Abnormalities are present in both the upper and lower lung fields.

FIG.  11.5 Amiodarone-induced pneumonitis. Randomly distributed patchy areas of ground-glass opacity and reticular abnormalities are  
visible (A–C).
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Morphological evaluation was a widely used approach to verify the diagnosis of AILD; however, after the development 
of acute respiratory distress syndrome (ARDS) in a significant number of patients in the postoperative period (up to 50%) 
[26], surgical approaches to obtain biopsy material are recommended only in cases of emergency. The association of ARDS 
with thoracic interventions in patients currently taking amiodarone or with a history of amiodarone treatment is attributed 
to the additional damaging effect of high oxygen concentration on the respiratory tract during intraoperative invasive lung 
ventilation [5].

Differential diagnosis

The differential diagnosis of amiodarone-induced lung lesions should include infectious diseases, ILD of other origins, and 
pulmonary manifestations of cardiac rhythm disorders and heart failure.

Elderly people suffering from chronic diseases who are treated with amiodarone are at high risk for bacterial pneumo-
nia (BP). Comorbidities such as diabetes mellitus and history of stroke render them even more susceptible to pulmonary 
infections. Moreover the course of pneumonia in these patients can be obscure in the absence of overt fever or pronounced 
cough. In such cases, it is very difficult to differentiate BP from BOOP, as the clinical and radiological presentations can 
be very similar. However, a more acute onset, purulent sputum, frequently unilateral presentation, and a limited number of 
consolidation areas are characteristics of BP. Peripheral blood leukocytosis is usually not present and can also be observed 
in BOOP. In the first days of disease, procalcitonin level may help in diagnosis, as it increases with bacterial infections but 
remains normal in BOOP. BP can be detected by auscultation more frequently than BOOP for which bronchial obstruction 
(a frequent finding concomitant with BP) is generally not a characteristic, and pneumonic crackles are absent in more than 
half of the patients. High degree of virulent microorganisms from sputum also indicates the infectious nature of the pul-
monary lesion. Finally, response to adequate antibiotic therapy in BP is obvious. Conversely, whereas there may be some 
improvement due to inexplicable reasons in BOOP, the disease is not completely resolved.

ILDs, such as hypersensitivity pneumonitis and IPF, as well as eosinophilic lesions, may be considered in the differential diag-
nosis of AILD. Their differential characteristics are detailed in the relevant sections. It is especially difficult to differentiate atypi-
cal or initial forms of IPF, which develop in older individuals with cardiac problems and those who take amiodarone (Fig. 11.8). 
The lack of improvement with steroids and pronounced subpleural zones of honeycombing may indicate IPF. As for cryptogenic 
OP and NSIP, that can be diagnostic alternatives to their drug-induced analogue, in our opinion, it is unlikely that their presence 
in patients receiving amiodarone can be considered to indicate independent disease. It is possible that OP and NSIP may only be 
due to a secondary reaction of the lung tissue to exogenous factors or endogenous processes, and the idiopathic nature is explained 
only by the inability to establish these relationships with existing diagnostic tools.

FIG. 11.6 Idiopathic nonspecific interstitial pneumonia. Diffuse areas 
of ground-glass opacity and fine reticular abnormalities in the lower lobes. 
Subpleural sparing (arrows).

FIG.  11.7 Abnormality of the abdominal parenchymal organs 
with prolonged intake of amiodarone. Density of the liver paren-
chyma is evenly increased and reaches 85 HU, the spleen tissue 
density is approximately 75 HU. The density of these tissues is 
visibly higher than that of the spinal muscles.
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Heart failure and pulmonary thromboembolism (PTE), which can occur in these patients, should always be in the differ-
ential range of AILD. The greatest difficulties arise if a patient taking amiodarone has both interstitial changes in the lungs 
and thromboembolism (Fig. 11.9). Repeated thromboembolism of small pulmonary artery branches may not have a vivid 
clinical pattern of acute respiratory failure and may manifest as either recurrent hemoptysis or slowly increasing dyspnea 
during the development of pulmonary hypertension. Additionally, subpleural consolidation due to pulmonary infarction, 
sometimes resembling BOOP, can occur in the lungs. In patients with new PTE, there is usually an increase in D-dimer 
levels in the blood, which is however not sensitive in long-term infarction. Furthermore, pulmonary hypertension is not an 
evidence of PTE, as it often occurs in patients with congestive heart failure. In that case, CT angiography of the pulmonary 
artery is necessary, which clarifies the diagnosis in most patients.

Pulmonary edema can be observed in patients with prolonged congestive heart failure or stenosis of the pulmonary 
veins, which can sometimes complicate radio-frequency ablation. Signs of interstitial pulmonary edema on chest ra-
diographs include the appearance of Kerley lines, indicating thickening of the interlobar fissures, peribronchial edema, 
and blurring of pulmonary vessels. CT of the chest reveals 
thickening of the interlobular septa, thickening of the 
peribronchovascular interstitium, and GGO with perihi-
lar distribution [24]. It is the last characteristic that can 
be confusing for specialists, as it can be observed in in-
terstitial inflammatory processes. GGO with interstitial 
pulmonary edema is usually bilateral, diffuse, and some-
what symmetrical and tends to occur in the central zones, 
whereas subpleural spaces remain spared, which reflect 
the  preserved lymphatic outflow in the periphery of the 
lungs (Fig. 11.10). However, patchy and subpleural areas 
of GGO can also occur in interstitial pulmonary edema 
[24]. In cases where the origin of the changes in the lungs 
is unclear, clinical presentation should be taken in con-
sideration as well. A patient with interstitial edema will 
have upright position, due to the dramatically worsening 
breathlessness in the horizontal position, whereas a patient 
with interstitial pneumonia does not deteriorate as quickly 
when lying down, although they tend to occupy a semis-
itting position. A significantly elevated plasma level of a 
brain natriuretic peptide in patients with left ventricular 
failure is also helpful in the diagnosis, so are the findings 

FIG. 11.8 Initial manifestations of idiopathic pulmonary fibrosis, confirmed by video-assisted thoracoscopy, in a patient treated with amiodarone. Mild 
subpleural reticular abnormalities, bronchioloectases, and single small cysts located below the visceral pleura (A and B).

FIG. 11.9 Thromboembolism of the right inferior pulmonary artery (ar-
row) in a patient with idiopathic pulmonary fibrosis who was treated with 
amiodarone due to concomitant arrhythmia.
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of echo and doppler cardiography to determine cardiac ejection fraction, although the latter approach cannot be used to 
rule out heart failure, because many conditions including bradyarrhythmias and tachycardias may be accompanied by a 
normal ejection fraction.

The diagnosis of pulmonary vein stenosis is more complicated. Radio-frequency catheter ablation of the pulmonary 
veins should precede pulmonary vein stenosis, which occurs in 1%–3% of patients undergoing the procedure. Clinically, 
pulmonary vein stenosis manifests as progressive dyspnea and cough, often with mucous sputum and hemoptysis in one-
third of the patients. Computed tomography (CT) angiography, magnetic resonance imaging, and endocardial ultrasound 
are used for diagnosis [27].

Treatment and prognosis

There are no clear clinical guidelines for the management of patients with AILD. One unambiguous approach is discontinua-
tion of the drug. Further steps should be determined based on the specific clinical situation. In patients who are asymptomatic 
or with mild symptoms and limited lesions, a waiting period with regularly scheduled functional and CT studies is possible; 
however, there are no defined timelines or frequencies. We perform the first control evaluation at 1 month after the diagnosis. 
In improving or stable patients, further examination is performed 3 months later, and the interval is extended to 6 months. In 
patients with severe respiratory failure or massive pulmonary tissue involvement, systemic corticosteroids are administered at 
a prednisolone dose of 40–60 mg/day [6]. Due to the long elimination half-life of amiodarone, the treatment course must be a 
minimum of 2 months, followed by a dose reduction, and the total treatment duration is 6 months or more [5]. If it is not pos-
sible to discontinue amiodarone due to the absence of alternative drugs, supportive treatment with systemic steroids can be 
considered, as reported in numerous cases [28]. Although a clear clinical improvement is observed with steroid treatment and 
amiodarone discontinuation in most cases, structural changes in the lungs are not complete reversible. In a study of 15 patients 
with amiodarone-induced lung disease who were followed for 8–36 months, Mankikian et al. reported that none of the patients 
achieved complete recovery by pulmonary CT scan and DLCO, although the FVC reached reference values [20].

Methotrexate-induced pneumonitis
Methotrexate is an antagonist of folic acid that is used as immunosuppressant for the treatment of a wide range of cancers 
and inflammatory diseases such as rheumatoid arthritis, the Crohn disease, ulcerative colitis, and  psoriasis. According to 
the Japanese registry of adverse drug reactions including 3341 drugs, methotrexate is the leading drug causing ILD [29]. 
Between 60% and 93% of patients receiving methotrexate are believed to have at least one adverse drug reaction dur-
ing treatment [30]. The skin, the gastrointestinal tract, and the central nervous system are the more frequently affected 
sites, whereas the lungs are less frequently involved in methotrexate-induced adverse events (2%–11.6% of all treated 
cases), but the course of pulmonary involvement can be life-threatening [31, 32]. In a study published 20  years ago,  

FIG. 11.10 Pulmonary edema in a patient treated with amiodarone. Extensive areas of ground-glass opacities of varying severity with perihilar distribu-
tion. Thickening of interlobular septa and peribronchial interstitium (A and B). Bilateral hydrothorax (B).
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the mortality rate of methotrexate-induced lung injury 
reached 15%–20% [33]. Nevertheless, one of the most re-
cent metaanalyses based on 22 studies with more than 
8500 participants did find an increased risk of death from 
methotrexate- induced lung disease (MILD) in patients with 
rheumatoid arthritis, although the moderate risk of pulmo-
nary lesions due to both MILD and infectious complications 
was confirmed [34].

Most cases of MILD occur in the first 6 months of treat-
ment; however, early forms of drug-induced pneumonitis 
3  days after treatment initiation and late reactions a few 
weeks after withdrawal were described [33]. Therefore the 
frequency and severity of pulmonary involvement are not di-
rectly dose-dependent [35, 36].

Risk factors for methotrexate-associated lung damage 
are the following [37]: age over 60  years; hypoalbumin-
emia; diabetes mellitus; administration of high doses of 
methotrexate; the presence of an underlying pulmonary 
disease; reduced lung function prior to the initiation of methotrexate therapy; and intake of drugs that prevent binding 
of methotrexate to plasma proteins, such as aspirin, sulfonamides, penicillin, barbiturates, and nonsteroidal antiinflam-
matory drugs.

Histological changes in methotrexate-mediated lung damage include lymphocytic alveolitis (71%), organizing pneu-
monia (10%), hyaline membranes (8%), and the formation of granulomas without signs of necrosis (35%) (Fig. 11.11) 
[35]. In general the disease course can be categorized into acute, with diffuse alveolar damage, and subacute, with hyper-
sensitivity pneumonitis or organizing pneumonia patterns [35]. Accordingly the clinical presentation is characterized by 
the rate of increase and the level of severity of dyspnea, which is present in all patients with methotrexate-induced lung 
injury. Additionally the acute presentation is usually accompanied by fever, chills, and severe dry cough. The progression of 
respiratory failure often requires introduction of invasive lung ventilation. Conversely the subacute presentation is less ag-
gressive. In most cases subtle crackles in the posterior basal zone can be auscultated in addition to the traditional symptoms 
of dyspnea and unproductive cough.

Diagnosis

In general, blood tests reveal eosinophilia and moderate leukocytosis in half of the cases [5]. Lymphopenia should suggest 
the possibility of opportunistic infections that may be developing, which should be differentiated from MILD in all cases.

BAL is a useful tool to both rule out infections and diagnose subacute forms of drug-induced pneumonitis that is 
characterized by high lymphocytosis of more than 30% in the BAL fluid [38]. The absence of BAL lymphocytosis im-
mediately puts the diagnosis of MILD in doubt, except for acute forms and in patients who have received corticosteroids 
previously. However, patients with neutrophilia in the BAL fluid were described, although this phenomenon is likely an 
exception [39]. An increase in the CD4+/CD8+ T lymphocyte ratio is also typical, but the wide variations in this marker 
hinders its utility as an ideal marker to differentiate MILD from other conditions such as ILD associated with rheumatoid 
arthritis [38, 40].

High-resolution computed tomography

HRCT characteristics are nonspecific and are determined by the histological variants [23]. The most common sign is 
GGO, reflecting interstitial lymphocytic infiltration. GGO is found in all patients, but consolidation zones with DAD ap-
pear very quickly. Organizing pneumonia, a form of MILD, usually manifests as bilateral subpleural areas of consolida-
tion, surrounded by or alternating with patches of GGOs (Fig. 11.12) [41]. In general the posterior basal distribution of 
consolidation is prevalent. In patients with the hypersensitivity pneumonitis pattern, GGO, areas of lobular hyperinflation, 
and ill-defined intralobular nodules or linear opacities can often be identified (Fig. 11.13). In some cases an increase in 
intrathoracic lymph nodes and nodular changes in the lungs may mimic sarcoidosis [5]. After withdrawal of methotrex-
ate, radiological abnormalities usually regress; however, in approximately 10% of the patients, traces of fibrosis and even 
honeycombing may be observed [24].

FIG. 11.11 Sarcoid-like reaction with the formation of granulomas in a 
patient treated with methotrexate. H&E stain, ×200.
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In 1987 Searles and McKendry developed the diagnostic criteria for MILD (Table 11.2). The definitive diagnosis of 
MILD requires fulfillment of a combination of first or second major criteria with third major criteria and at least with three 
minor ones [42].

Differential diagnosis

Differentiation of new infiltrative changes in the lungs of patients treated with methotrexate is not an easy task. The diag-
nostic range should encompass the spectrum from pneumonia caused by opportunistic or traditional pathogens to primary 
lung lesions in autoimmune diseases such as rheumatoid arthritis and inflammatory bowel disease. The most important 
signs for the differential diagnosis of MILD are presented in Table 11.3.

Differentiation of MILD from ILD caused by an underlying disease, such as rheumatoid arthritis and the Crohn disease, is 
not possible based on CT and histological data (Fig. 11.14). An important differential diagnostic sign is lymphocytosis in the 

FIG. 11.12 Methotrexate-induced pneumonitis. Pattern of organizing pneumonia. Bilateral subpleural and peribronchovascular zones of consolidation 
and ground-glass opacities (A, B).

FIG. 11.13 Methotrexate-induced pneumonitis. Pattern of hypersensitivity pneumonitis. Diffuse areas of ground-glass opacities, distributed throughout 
the lung parenchyma, inside which lobular areas of the hyperinflation are visible. Subpleural sparing (A, B).
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BAL fluid, which exceeds 30% (average 57.7% ± 24.4%) in most patients with MILD [38]. Pneumocystis jirovecii pneumonia 
(PP) has many clinical and radiological signs common with MILD (Fig. 11.15). Tokuda et al. [43] comparing the clinical and 
laboratory characteristics of patients with MILD and PP with rheumatoid arthritis (PP-RA) in patients treated with methotrex-
ate found that the levels of C-reactive protein and the sialo-carbohydrate glycoprotein KL-6, a constituent of alveolar mucin, 
were significantly different between the two groups, with average C-reactive protein levels of 116 and 86 mg/l and average 
KL-6 levels of 814 and 1204 units/ml in the MILD and PP-RA groups, respectively. In addition, total IgG levels were higher 
in the MILD group (1551 vs. 1056 mg/dL in the PP-RA group). Additionally, half of the patients with rheumatoid arthritis had 
a history of interstitial lung lesions. All other clinical and laboratory signs, including the rate of symptom development that 
occurred over several days, frequency and intensity of fever, leukocyte and lymphocyte counts, lactate dehydrogenase level, 
and albumin, did not differ significantly between the two groups [43].

Although that study by Tokuda et al. did not compare the cytological findings of BAL, other studies indicate that 
severe lymphocytosis is a characteristic of methotrexate-associated lung lesions, whereas moderate lymphocytosis and 
neutrophilia are usually observed in PP. In addition, in cases where it was possible to analyze lymphocyte subpopula-
tions, a decrease in the CD4+/CD8+ T lymphocyte ratio is typical for PP, as opposed to an increase observed frequently 
in MILD [40, 44].

The HRCT characteristics of MILD and PP-RA are also very similar, and Tokuda et al. comment that definitive dif-
ferentiation of MILD and PP-RA by HRCT is impossible (Fig. 11.15). The definitive diagnosis should be based on the 
presence of P. jirovecii in BAL fluid. In cases with negative results for Pneumocystis, MILD should be considered as the 
diagnosis [43]. Lung biopsy is not considered mandatory study for the definitive diagnosis and is required only if there is 
no improvement with treatment and sometimes in cases of life-threatening conditions [37].

Treatment and prognosis

As with other drug-induced lesions of the lungs, discontinuation of methotrexate usually leads to clinical improvement and 
a decrease in BAL lymphocytosis within a few days, whereas radiological changes persist for up to several weeks [38, 45]. 
In severe cases with acute respiratory failure and need for respiratory support, high doses of systemic steroids may be re-
quired. Usually a starting dose of prednisone at 1 mg/kg body weight with subsequent reduction is reported to be effective. 
As a rule the duration of steroid therapy should not be too long. The disappearance of the signs of interstitial disease, such 
as GGO and consolidation, is a criterion for steroid discontinuation. The presence of irreversible local fibrosis that persists 
in approximately 10% of the patients after the completion of drug-induced disease is not an indication for continued steroid 
therapy. Long-term monitoring after MILD is not recommended [46]. Subsequent prescription of methotrexate should be 
avoided, as this may cause a new, more severe reemergence of MILD [47].

Lung damage by anticancer drugs
Anticancer drugs are the most common causes of DIPD according to several studies [48, 49]. This large group includes both 
traditional chemotherapeutic drugs (bleomycin, gemcitabine, and docetaxel) and newer ones including mammalian target 
of rapamycin inhibitors (sirolimus, temsirolimus, and everolimus), epidermal growth factor receptor-tyrosine kinase inhibi-
tors (gefitinib and erlotinib), and immune checkpoint inhibitors (nivolumab, pembrolizumab, avelumab, and durvalumab). 
In general the frequencies of pulmonary toxicity due to these drugs vary, ranging from 1% to 3.6% [3] with a maximum 
prevalence in everolimus (up to 10.4%) and bleomycin (up to 46%) [50, 51].

TABLE 11.2 Criteria for the diagnosis of methotrexate-induced pneumonitis

Major criteria 1. Histologically confirmed hypersensitivity pneumonitis without signs of infectious lesion
2. Radiologically confirmed alveolar or interstitial infiltration
3. Negative bacteriological blood and sputum culture

Minor criteria 1. Dyspnea up to 8 weeks
2. Unproductive cough
3. О2 saturation < 90% in atmospheric air
4. DLCO < 70% of predicted value
5. Blood leukocytes < 15 × 109/L

DLCO, carbon monoxide diffusing capacity.



TABLE 11.3 Differential diagnosis of methotrexate-induced pneumonitis

 MILD
ILD associated with underlying 
disease Bacterial pneumonia

Pneumocystis jirovecii 
pneumonia

Clinical presentation Progressive dyspnea when prolonged use 
of methotrexate

Slowly increasing dyspnea Acute onset, cough with 
purulent sputum, fever

Fever, rapidly progressive respiratory 
failure

Laboratory data Increased ESR, leukocytosis < 15 × 109/L, 
procalcitonin < 0.5 ng/mL

Moderately accelerated ESR, 
correlated with activity of the 
underlying disease, procalcitonin 
< 0.5 ng/ml

Leukocytosis, accelerated ESR, 
CRP usually >100 mg/L,
procalcitonin > 1 ng/mL

Normal or moderately increased 
leukocyte count, lymphopenia, 
procalcitonin < 1 ng/mL, CRP before 
onset of invasive lung ventilation 
usually below 100 mg/L

BAL Significant lymphocytosis > 30% Moderate neutrophilia, moderate 
lymphocytosis, increase in CD4+/
CD8+ in the Crohn disease

Severe neutrophilia, the 
presence of microorganisms 
microscopically

Moderate neutrophilia, 
lymphocytosis, reduced 
CD4+/CD8+, PCR positive for 
Pneumocystis jirovecii

CT signs GGO, intralobular nodules, lobular air 
trapping, bilateral subpleural foci of 
consolidation (with BOOP), extensive 
bilateral consolidation with diffuse 
alveolar damage

GGO with basal and 
subpleural distribution, 
reticular abnormalities, traction 
bronchiectasis, subpleural and 
basal honeycombing

Consolidation, frequently 
one site, the lack of reticular 
changes or fibrosis

Diffuse or patchy GGO, air trapping, 
consolidation in later stage, cysts. 
The changes start and are most 
pronounced in upper lobes

BAL, bronchoalveolar lavage; CRP, C-reactive protein; CT, computed tomography; ESR, erythrocyte sedimentation rate; GGO, ground-glass opacity; ILD, interstitial lung disease; BOOP, bronchiolitis obliterans

organizing pneumonia; PCR, polymerase chain reaction.
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Bleomycin-induced interstitial lung disease (BIILD) is 
the best studied of this type of complication. Bleomycin 
is directly toxic to epithelial and endothelial cells in the 
lungs, especially on type II pneumocytes, causing apopto-
sis and subsequent activation of alveolar macrophages and 
fibroblasts [52]. Bleomycin injury to the respiratory tract 
also leads to the activation of T lymphocytes with increased 
expression of proinflammatory cytokines and impaired sur-
factant function, which altogether leads to the development 
of interstitial inflammation and pulmonary fibrosis [53]. 
Risk factors of BIILD are age of over 70  years; high cu-
mulative dose (usually higher than 400 IU); impaired renal 
function; and, to a lesser extent, smoking, intake of granu-
locyte colony-stimulating factor, and inhalation of high 
oxygen concentrations during anesthesia [51]. Despite the 
dose-dependent incidence of bleomycin-induced lung dam-
age, severe cases with exposure to bleomycin doses of less 
than 100 IU were also described [54]. The average time from 
the onset of administration to the development of pulmonary 
symptoms is 4.2 months [55].

The clinical and morphological presentation of BIILD includes DAD, NSIP, and organizing pneumonia [23]. The rarer 
variants are hypersensitivity pneumonitis and usual interstitial pneumonia [6, 56].

Symptoms of BIILD are nonspecific and depend on the morphological variant of the lung lesion. In DAD, progressive 
respiratory failure rapidly develops with bilateral massive zones of GGO with or without consolidation. This critical pre-
sentation requires differential diagnosis from other similar conditions, namely, infections, acute eosinophilic pneumonia, 
and acute interstitial pneumonia. To rule out the first two causes as the etiology, BAL fluid examination with cell counts and 
polymerase chain reaction for P. jirovecii, cytomegalovirus, and Haemophilus influenzae are necessary. Lung biopsy does 
not always reveal the cause of DAD. The morphological signs are frequently nonspecific and include hyaline membranes 
and organizing pneumonia, although it is possible to detect intranuclear tubular structures in type II pneumocytes typical 
for bleomycin- or busulfan-induced damage by ultrastructural analysis in some cases [19]. Thus only a history of bleomycin 
use with the exclusion of other causes of DAD is necessary for the definitive diagnosis of BBD.

In other variants the disease course of BIILD course often includes a gradually advancing dyspnea. Up to 39% of the 
patients are asymptomatic and can only be detected by CT evaluation (Figs. 11.16 and 11.17) [3].

The diagnosis of BIILD and drug-induced pneumonitis caused by other immunosuppressive agents is based on identifi-
cation of the chronological relationship between drug treatment and appearance of interstitial changes in the lungs together 

FIG.  11.14 Nonspecific interstitial pneumonia, confirmed histologi-
cally, in a patient with rheumatoid arthritis, who was treated with metho-
trexate. Subpleural areas of ground-glass opacity in the lower lobes, more 
pronounced on the right, with slightly thickened intralobular septa and 
onset of traction bronchiectasis. Bronchoalveolar lavage fluid contained 
7% lymphocytes.

FIG. 11.15 Pneumocystis jirovecii pneumonia in a patient with rheumatoid arthritis, who was treated with methotrexate. Diffuse ground-glass opacities 
associated with thickened intralobular and interlobular septa, lobular air trapping, and subpleural sparing (A, B). Findings closely resemble the hypersen-
sitivity pneumonitis pattern.
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with the exclusion of other possible causes of diffuse parenchymal disease, which include primarily opportunistic infec-
tions, most often Pneumocystis spp. For example, in a study by Solazzo et al. [57], in 12 of the 26 patients who received 
everolimus and developed HRCT signs of interstitial lung disease, the cause was pulmonary infection. In 5 (43%) of the 12 
patients, the etiology was P. jirovecii despite the prophylactic administration of trimethoprim-sulfamethoxazole, and drug-
induced pneumonitis was noted in the remaining 14 patients.

Thus BAL is an important diagnostic tool that should be used to rule out diseases similar to DIPD. Due to nonspecific morpho-
logical patterns [58], the value of lung biopsy appears to be lower in DIPD than in other interstitial diseases. Similar to BAL analy-
sis, lung biopsy should be necessary in patients with doubtful diagnosis of DIPD after a thorough assessment of the benefits and 
risks. Absence of specific disease symptoms generally makes the diagnosis of DIPD only more or less likely, based on the history of 
drug treatment and data related to the pulmonary toxicity of the specific drug on www.pneumotox.com or other validated sources.

Treatment options are available only for the most frequent forms of DIPD: AILD and MILD. Nonetheless, in most 
cases, suspicious DIPD requires the withdrawal of the candidate drug, while improvement of the disease confirms the 
diagnosis. However, in the absence of alternative drugs and the presence of progression risk of the underlying disease, 
continuation of the drug treatment is permissible in combination with additional systemic corticosteroids [3]. In cases of 
life-threatening conditions due to DIPD, such as diffuse alveolar damage, we suggest that the culpable drug should always 
be withdrawn. Systemic steroids are the primary option for the treatment of DIPD; however, common approaches regarding 
the dose, duration, and rules for dose reduction remain unclear [3, 6]. An acute onset and severe lung lesions, especially 
DAD, are indicators of unfavorable DIPD outcomes [3].
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AA amyloid protein A
AAH atypical adenomatous hyperplasia
ABPA allergic bronchopulmonary aspergillosis
ACCP antibodies to cyclic citrullinated peptide
ACPA anticyclic citrullinated peptide antibody
ACR American College of Rheumatology
AE ILD  acute exacerbations of interstitial lung diseases
AE acute exacerbation
AEP acute eosinophilic pneumonia
AFOP acute fibrinous organizing pneumonia
AH alveolar hemorrhage
AHP acute forms of HP
AIDS acquired immunodeficiency syndrome
AILD amiodarone-induced lung disease
AIP acute interstitial pneumonia
AL light-chain amyloidosis
ALP acute lupus pneumonia
ALT alanine aminotransferase
AM amyloidosis
AML alveolar microlithiasis
ANA antinuclear antibodies
ANCA antineutrophil cytoplasmic antibodies
anti-MDA5 anti-melanoma differentiation-associated gene 5
AP alveolar proteinosis
ARDS acute respiratory distress syndrome
AST aspartate aminotransferase
ATS American Thoracic Society
ATTR amyloidosis transthyretin
AVM arteriovenous malformation
AZA azathioprine
BAC bronchioloalveolar carcinoma
BAL bronchoalveolar lavage
BG bronchocentric granulomatosis
BHDS Birt-Hogg-Dubé syndrome
BIILD  bleomycin-induced interstitial lung disease
BO bronchiolitis obliterans
BOOP  bronchiolitis obliterans organizing pneumonia
BP bacterial pneumonia
CEP chronic eosinophilic pneumonia
CF cyclophosphamide
CK cytokeratin
CM cystic metastases
COP cryptogenic organizing pneumonia
COPD chronic obstructive pulmonary disease
CPAM  congenital pulmonary airway malformation
CPK creatine phosphokinase
CRP C-reactive protein

CS corticosteroids
CT computed tomography
CTD connective tissue disease
CYC cyclophosphamide
DAD diffuse alveolar damage
DAH diffuse alveolar hemorrhage
DIEP drug-induced eosinophilic pneumonia
DIILD drug-induced interstitial lung disease
DIP desquamative interstitial pneumonia
DIP drug-induced pneumonitis
DIPD drug-induced pulmonary diseases
DKC1 dyskerin pseudouridine synthase 1
DLCO diffusing capacity for carbon monoxide
DLH diffuse lymphoid hyperplasia
DNA deoxyribonucleic acid
DOL diffuse ossification of the lungs
DPDs diffuse pulmonary diseases
DPL diffuse pulmonary lymphangiomatosis
DPOD dendriform parenchymal osteodystrophy
ECMO extracorporeal membrane oxygenation
EGPA  eosinophilic granulomatosis with polyangiitis
EHS exuberant honeycombing sign
ELD eosinophilic lung disease
EP eosinophilic pneumonia
EPD eosinophilic pulmonary disease
ERS European Respiratory Society
ESR erythrocyte sedimentation rate
EULAR European League Against Rheumatism
FB follicular bronchiolitis
FCS “four corners” sign
FDA Food and Drug Administration
FDG fluorodeoxyglucose
FEV1 forced expiratory volume in one second
FFS five-factor score
FLCN folliculin
FVC forced vital capacity
GBM glomerular basement membrane
GCS glucocorticosteroids
GER gastroesophageal reflux
GERD gastroesophageal reflux disease
GGO ground-glass opacity
GM-CSF  granulocyte-macrophage colony- stimulating factor
GPA granulomatosis with polyangiitis
H&E hematoxylin and eosin
HC honeycombing
HES hypereosinophilic syndrome
hITLN-1 human intelectin-1

Abbreviations



xvi  Abbreviations

HP hypersensitivity pneumonitis
HRCT high-resolution computed tomography
HU Hounsfield units
ICEP idiopathic chronic eosinophilic pneumonia
ID ill-defined
IGCS inhaled glucocorticosteroids
IIP idiopathic interstitial pneumonia
IL interleukin
ILD interstitial lung disease
ILD-MP  interstitial lung disease associated with idiopathic 

autoimmune myopathies
ILD-PM/DM interstitial lung disease associated with polymyositis/ 

dermatomyositis
ILD-SLE interstitial lung disease associated with systemic 

lupus erythematosus
ILD-SS  interstitial lung disease associated with systemic 

scleroderma
IPA invasive pulmonary aspergillosis
IPAF  interstitial pneumonia with autoimmune features
IPF idiopathic pulmonary fibrosis
IPHS idiopathic pulmonary hemosiderosis
IPPFE  idiopathic pleuroparenchymal fibroelastosis
LAM lymphangioleiomyomatosis
LAP lymphadenopathy
LC lymphangitic carcinomatosis
LCB lung cryobiopsy
LCDD light-chain deposition disease
LCH Langerhans cell histiocytosis
LCM lymphangitic carcinomatosis
LDH lactate dehydrogenase
LIA lepidic invasive adenocarcinoma
LIP  lymphoid (lymphocytic) interstitial pneumonia
LP lipoid pneumonia
LTOT long-term oxygen therapy
MALT mucosa-associated lymphoid tissue
MC metastatic calcification
MCL metastatic calcification in the lungs
MCLD multiple cystic lung disease
MDD multidisciplinary discussion
MILD methotrexate-induced lung disease
MIP methotrexate-induced pneumonitis
MM mycophenolate mofetil
MMP matrix metalloproteinase
MPA microscopic polyangiitis
MPC metastatic pulmonary calcification
MRI magnetic resonance imaging
MT methotrexate
MTOR mammalian target of rapamycin
ND no data
NLH nodular lymphoid hyperplasia
Non-ENT other than ear, nose, and throat disease
NPPO  nodular parenchymal pulmonary osteodystrophy
NSAID nonsteroidal antiinflammatory drugs
NSCLC non-small-cell lung cancer
NSIP nonspecific interstitial pneumonia
OB obliterative (constrictive) bronchiolitis
OP organizing pneumonia
PAC pulmonary adenocarcinoma
PAH pulmonary arterial hypertension

PAP pulmonary alveolar proteinosis
PC pneumoconiosis
pCLE  probe-based confocal laser endomicroscopy
PCR polymerase chain reaction
PE, PEX plasma exchange
PE pulmonary edema
PE pulmonary embolism
PEC perivascular epithelioid cells
PET positron emission tomography
PH pulmonary hypertension
PI pulmonary infections
PM pulmonary metastases
PM/DM polymyositis/dermatomyositis
PP pneumocystis jirovecii pneumonia
PPFE pleuroparenchymal fibroelastosis
RA rheumatoid arthritis
RAF VII recombinant activated factor VII
RA-ILD  rheumatoid arthritis associated with interstitial lung 

disease
RB respiratory bronchiolitis
RB-ILD respiratory bronchiolitis–associated interstitial lung 

disease
RTEL1 regulator of telomere elongation helicase 1
RTX rituximab
SAA serum amyloid A protein
SAP serum amyloid P component
SBE subacute bacterial endocarditis
Scl-70 antibody to topoisomerase I
SCT stem cell transplantation
SES straight-edge sign
SLE systemic lupus erythematosus
SP-A surfactant protein A
SP-D surfactant protein D
SPE simple pulmonary eosinophilia
SR sarcoidosis
SS Sjögren syndrome
SSC systemic sclerosis
SSC-ILD  systemic sclerosis associated with interstitial lung disease
ST septal thickening
TB tuberculosis
TBB transbronchial biopsy
TBLB transbronchial forceps lung biopsy
TBLC transbronchial lung cryobiopsy
TBOH tracheobronchopathia osteochondroplastica
TBW thickening of the bronchial walls
TERT telomerase reverse transcriptase
TGF-β transforming growth factor beta
TILS  thickening of the intralobular interstitium or intra-

lobular septa
TIS thickening of interlobular septa
TS tuberous sclerosis
TSC tuberous sclerosis complex
TTF thyroid transcription factor
UIP usual interstitial pneumonia
VAT video-assisted thoracoscopy
VATS video-assisted thoracoscopic surgery
VEGF vascular endothelial growth factor
WD well defined
WLL whole lung lavage
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A
Acinetobacter baumannii, 308
Acquired immunodeficiency 

syndrome (AIDS), 4f, 83f, 
97f, 116f, 125, 126f

Acute eosinophilic pneumonia (AEP), 260
Acute fibrinous organizing pneumonia (AFOP), 

88–89, 89f
Acute interstitial pneumonia (AIP), 29

clinical presentation, 111
computed tomography, 112–113
diagnosis, 111–112
differential diagnosis, 113–117
morphology, 109–110
treatment and prognosis, 117–118

Acute lupus pneumonia (ALP), 304–307
differential diagnosis, 308, 308t
treatment, 308

Acute reversible hypoxemia, 309
Adenocarcinoma in situ, 364f
Adenocarcinoma of the lung. See Pulmonary 

adenocarcinoma
Air bronchogram sign, 2–6, 6f
Air-bubble sign, 273f, 362f, 368f, 371f
Air-crescent sign, 229f, 231f
Air traps, 9f, 12f, 13–15, 14f
Allergic bronchopulmonary aspergillosis 

(ABPA), 255, 259
Alveolar hemorrhage. See Diffuse alveolar 

hemorrhage (DAH)
Alveolar microlithiasis (AML)

clinical presentation, 185–187
computed tomography, 188–190
diagnosis, 187
differential diagnosis, 190–193, 191t
morphology, 183–185
treatment, 193–194

Alveolar proteinosis. See Pulmonary alveolar 
proteinosis (PAP)

Alveoloscopy. See Probe-based confocal laser 
endomicroscopy (pCLE)

Amiodarone-induced lung disease (AILD), 393, 
395f

abdominal parenchymal organs with 
prolonged intake, 398f

bronchoalveolar lavage, 396
clinical presentation, 396
diagnosis, 396
differential diagnosis, 398–400
high-resolution computed tomography, 

396–398
treatment and prognosis, 400

Amitani disease. See Idiopathic 
pleuroparenchymal fibroelastosis (IPPFE)

AML. See Alveolar microlithiasis (AML)
Amyloidosis, 209, 316f

clinical presentation, 211
computed tomography, 211–214
differential diagnosis, 214–217
diffuse alveolar-interstitial pattern, 211, 212f
mixed pattern of distribution, 212, 213f
morphology, 209–211, 210f
nodular pattern, 211–212
thin-walled cysts in lungs, 212
tracheobronchial pattern, 211
treatment, 217

Amyopathic dermatomyositis (AD), 295, 298f, 299
ANCA-associated vasculitis, 221, 229f, 234

diagnosis, 224
eosinophilic granulomatosis with 

polyangiitis, 239, 246–247
laboratory analysis, 224

Angiogram sign, 367
Angiosarcoma, 386
Anticancer drug, drug-induced pulmonary 

diseases, 403–406
Anticyclic citrullinated peptide antibody 

(ACPA), 265
Antifibrotic therapy, 56
Antineutrophil cytoplasmic antibodies 

(ANCAs), 255
eosinophilic granulomatosis with 

polyangiitis, 221, 223, 239, 241–242, 
241t, 246–247

granulomatosis with polyangiitis, 84–88, 
221, 224, 232–233

idiopathic pulmonary fibrosis, 39
Antinuclear antibodies (ANAs), 279, 282, 289
Antiphospholipid syndrome, 306, 309
Aspergillus sp.

A. fumigatus, 151f
A. niger, 23f, 229f

Atoll sign (reversed halo sign), 374
Atypical adenomatous hyperplasia (AAH), 362, 

363f, 369–370, 370f, 375t
Autoimmune disorders, 166t
Azithromycin, 57

B
Bacterial infections, 34
Bacterial pneumonia (BP), 370, 372, 396

characteristics, 398
differential diagnosis, 308t

high-resolution computed tomography, 5f
Pseudomonas aeruginosa, 371f

B-cell lymphoma, 87f
Benign metastasizing leiomyoma, 337, 386
Birmingham Vasculitis Activity Score, 234–235
Birt-Hogg-Dubé syndrome (BHDS), 321, 346, 

347f
diagnostic criteria, 347t

Bleomycin-induced interstitial lung disease 
(BIILD), 71f, 405–406, 406f

Breast cancer, 183–185, 388f
Bronchiectasis, 226. See also Traction 

bronchiectasis
cystic fibrosis, 351–352, 352f
rheumatoid arthritis, 272

Bronchiolectasis, 283–284, 285f
Bronchiolitis, 16f, 143–144. See also 

Constrictive bronchiolitis, Follicular 
bronchiolitis (FB), Obliterative 
bronchiolitis (OB)

Bronchiolitis obliterans organizing pneumonia 
(BOOP), 76–77, 394–395t, 395f

clinical presentation, 396
differential diagnosis, 398–399
high-resolution computed tomography, 396

Bronchioloalveolar carcinoma (BAC), 361, 365
Bronchoalveolar lavage (BAL)

amiodarone-induced lung disease, 396
drug-induced pneumonitis, 274t
eosinophilic granulomatosis with 

polyangiitis, 244
granulomatosis with polyangiitis, 224
hypersensitivity pneumonitis, 150
idiopathic chronic eosinophilic pneumonia, 

249–250, 252
idiopathic pulmonary fibrosis, 44
Langerhans cell histiocytosis, 329–331
methotrexate-induced pneumonitis, 401
nonspecific interstitial pneumonia, 66–67
Pneumocystis jirovecii pneumonia, 274t
polymyositis and dermatomyositis, 295
primary lung lymphoma, 379
pulmonary alveolar proteinosis, 170, 172f, 179f
RA-ILD, 274t
RB-ILD, 103
Sjögren syndrome, 314
systemic lupus erythematosus, 305–307
systemic sclerosis, 287

Bronchocentric granulomatosis (BG), 255, 260, 
261f

differential signs, 256t
HRCT and morphological signs, 256t
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Bronchoscopy, 17
alveolar microlithiasis, 187
diffuse alveolar hemorrhage, 200
eosinophilic granulomatosis with 

polyangiitis, 244
Langerhans cell histiocytosis, 329–331
lung cryobiopsy during, 148
metastatic lung disease, 389
nonspecific interstitial pneumonia, 66–67
pulmonary adenocarcinoma, 374

Bullous emphysema, 14f, 349, 350f

C
Cavitation, 55, 83, 232, 323–324
Cellvizio diagnostic system, 17, 19
Centrilobular emphysema, 14f, 349, 350f
Centrilobular nodules, 15, 158
Cervical cancer, 386f
Cheerio sign, 387
Chorion carcinoma, 383f

clinical symptoms, 389
differential signs, 390t
embologenic metastases, 389f

Chronic bronchitis, 22f, 26f, 325
Chronic eosinophilic pneumonia, 87f, 375t. 

See also Idiopathic chronic eosinophilic 
pneumonia (ICEP)

Chronic hypersensitivity pneumonitis (CHP), 
9f, 12f, 152. See also Hypersensitivity 
pneumonitis (HP)

bird-fancier, 153f
differential diagnosis, 157–158
due to prolonged contact with bird, 153f
morphological changes, 144–148, 147–148f
treatment, 161
wood manufacturing worker, 154f

Chronic obstructive pulmonary disease 
(COPD), 14f

bacterial pneumonia, 371f
idiopathic pulmonary fibrosis, 32, 34
Langerhans cell histiocytosis, 325–326
probe-based confocal laser endomicroscopy, 

22f
RB-ILD, 103

Chronic pulmonary sarcoidosis, 10f
Churg-Strauss syndrome. See Eosinophilic 

granulomatosis with polyangiitis 
(EGPA)

Clubbing, 38, 65, 266–267, 313
Community-acquired pneumonia, 8f, 115f, 157f, 

298f
Computed tomography (CT). See also High-

resolution computed tomography 
(HRCT)

acute interstitial pneumonia, 112–113
alveolar microlithiasis, 188–190
amiodarone-induced lung disease, 400
amyloidosis, 211–214
diffuse alveolar hemorrhage, 200–203
diffuse cystic lung disease, 359
drug-induced pneumonitis, 274t
eosinophilic granulomatosis with 

polyangiitis, 242–244, 242–243f, 244t

hypersensitivity pneumonitis, 150–154
intrapulmonary lymph nodes and pulmonary 

metastases, 383–384
invasive mucinous adenocarcinoma, 366f, 

368f
Langerhans cell histiocytosis, 326, 327f, 329
lung adenocarcinoma, 371f
lymphoid interstitial pneumonia, 121–123
methotrexate-induced pneumonitis, 401–402
Pneumocystis jirovecii pneumonia, 274t
pulmonary adenocarcinoma, 362f, 367–368, 

370t, 371f
RA-ILD, 274t
Sjögren syndrome, 314, 316
systemic sclerosis-associated ILD, 282–287

Confocal laser endomicroscopy. See Probe-
based confocal laser endomicroscopy 
(pCLE)

Connective tissue disease (CTD), 39, 64, 265, 
279, 290, 312. See also Rheumatoid 
arthritis with interstitial lung disease 
(RA-ILD); Sjögren syndrome (SS); 
Systemic lupus erythematosus (SLE); 
Systemic sclerosis-associated ILD 
(SSC-ILD)

Connective tissue dysplasia, 349
Consolidation, 2t

acute eosinophilic pneumonia, 117f
acute interstitial pneumonia, 112, 112–113f
amyloidosis, 212–213f, 316f
associated with ground-glass opacity, 2, 6f, 

7, 82f
chronic eosinopnilic pneumonia, 8f, 87f
cryptogenic orginizing pneumonia, 7f, 78, 

79f, 80, 81f, 84, 116f, 259f, 373f, 380f
diffuse alveolar damage, 38, 206f
diffuse alveolar hemorrhage, 118f, 202f
eosinophilic granulomatosis with 

polyangiitis, 242–243f, 258f
granulomatosis with polyangiitis, 88f, 

227–228f, 374f
hypersensitivity pneumonitis, 83, 86f, 152, 

154f
lipoid pneumonia, 177f

Constrictive bronchiolitis, 6f, 303, 304f, 
394–395t

COP. See Cryptogenic organizing pneumonia 
(COP)

Crazy paving sign, 170
C-reactive protein (CRP), 170–172, 224
CREST syndrome, 280
Cryptogenic organizing pneumonia (COP), 7f, 

232f, 373f, 380f. See also Organizing 
pneumonia

clinical presentation, 77–78
diagnosis, 78
differential diagnosis, 80–89, 85t
high-resolution computed tomography, 78–80
morphology, 76–77
solitary form, 373f
treatment and prognosis, 89–90

Cyclophosphamide, 117–118
granulomatosis with polyangiitis, 234–235
systemic sclerosis-associated ILD, 290–291

Cystic metastases, 341, 356, 356t, 357f, 386, 
386f

Cytomegalovirus pneumonia, 83f, 156–157

D
DAD. See Diffuse alveolar damage (DAD)
DAH. See Diffuse alveolar hemorrhage (DAH)
Dendriform parenchymal osteodystrophy 

(DPOD), 185, 186f
Dermatomyositis (DM), 70, 294, 299

amyopathic, 295, 298f, 299
bronchoalveolar lavage, 295
clinical presentation and diagnosis, 294–297
differential diagnosis, 297–299
functional pulmonary tests, 295
Gottron sign, 294, 295f
ground-glass opacity, 296–297, 296–297f
high-resolution computed tomography, 295, 

296t, 298f
morphology, 294
treatment, 299

Desquamative interstitial pneumonia (DIP), 29, 
71, 92, 124t, 159f

clinical presentation, 93
diagnosis, 93–94
differential diagnosis, 95–97, 96t, 157t, 158
high-resolution computed tomography, 94–95
morphology, 92–93
treatment and prognosis, 97–98

Diaphragmatic dysfunction, 308
Diffuse alveolar damage (DAD), 198–199, 

199f, 394–395t, 395f
causes, 109, 109t
clinical presentation, 396
high-resolution computed tomography, 396
morphology, 109–110

Diffuse alveolar hemorrhage (DAH), 173–174, 
190, 225, 235

causes, 197–198, 197t, 207t
clinical presentation, 199
computed tomography, 200–203
diagnostics, 199–200
differential diagnosis, 203–207
systemic lupus erythematosus, 160f, 

305–308, 305f, 308t
Diffuse cystic lung disease, 321

aspects of cysts in, 353t
classification, 321t
computed tomography, 359
diagnosis, 349, 349t, 351–354
differential signs, 356t
HRCT findings in, 353t, 354, 356–357

Diffuse ossification of the lungs (DOL), 185, 
190–192

Diffuse pulmonary diseases (DPDs), 1
abnormalities, 4t
HRCT patterns in, 2–3t

Diffuse pulmonary lymphangiomatosis, 
204–205, 206f

Diffusion capacity for carbon monoxide 
(DLCO), 274, 276, 290, 314

DIP. See Desquamative interstitial pneumonia 
(DIP)
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DIPD. See Drug-induced pulmonary diseases 
(DIPD)

Drug-induced eosinophilic pneumonia (DIEP), 
261–262

differential signs, 256t
HRCT and morphological signs, 256t

Drug-induced interstitial lung disease (DI-ILD), 
53, 274–275

Drug-induced pulmonary diseases (DIPD)
amiodarone, 393–400
anticancer drug causes, 403–406
bleomycin, 405
mechanisms, 393
methotrexate, 400–403
morphological forms, 393, 394–395t
radiological manifestations, 394–395t

Drug-induced pulmonary fibrosis, 9–13
Dyspnea, 223, 396, 399, 401, 405
Dystrophic calcification, 183, 185f

E
Ehlers-Danlos syndrome, 350f
Electron microscopy, 165
Emphysema

bullous, 14f, 349, 350f
centrilobular, 14f, 349, 350f
paraseptal, 12f

Enzyme-linked immunosorbent assay method, 224
Eosinophilic granulomatosis with polyangiitis 

(Churg-Strauss syndrome) (EGPA), 
221, 239

alveoloscopy, 25f
differential diagnosis, 256t, 257
etiology and pathogenesis, 239
HRCT and morphological signs, 256t

Eosinophilic pneumonia (EP), 249, 261f, 
394–395t. See also Idiopathic chronic 
eosinophilic pneumonia (ICEP)

Eosinophilic pulmonary disease (EPD)
diagnostic algorithm, 262f
differential diagnosis, 255t, 257–262
high-resolution computed tomography, 256t
morphological sign, 256t

Esophageal dilatation, 286, 286f
Exogenous lipoid pneumonia, 26f
Exuberant honeycombing sign (EHS), 286–287, 

287f

F
Fibrinous pleuritis, 303
Fibroplastic chronic pleurisy, 281f
Fibrosing interstitial pneumonia, 32, 129, 131, 

138–139, 280
Follicular bronchiolitis (FB), 124t, 273
Forced expiratory volume in one second 

(FEV1), 40
Four corners sign, 48, 51, 286–287, 286f

G
Gastric cancer, 387f
Gastric sarcoma, with lymphogenic metastases, 

15f

Gastroesophageal reflux (GER), 33–34
Gender, age, and physiology (GAP-index), 40
GGO. See Ground-glass opacity (GGO)
Goodpasture syndrome, 197–198, 198f
Gottron sign, 294, 295f
Granulomatosis with polyangiitis (GPA), 

84–88, 221, 222–223f, 231f, 240–241, 
350f, 374f

clinical presentation, 223–224
computed tomography, 225–227
diagnosis, 224
differential diagnosis, 227–234, 233t, 274f
major and minor diagnostic criteria, 222
morphology, 221–223
with pulmonary aspergillosis, 229f
schemes of remission induction, 234t
surrogate criteria, 224
thick-walled cavity, 227f
treatment and prognosis, 234–235

Granulomatous reactions, 394–395t
Ground-glass opacity (GGO), 1–2, 168

adenocarcinoma of the lung (see Pulmonary 
adenocarcinoma)

amiodarone-induced lung disease, 396, 
397–398f, 399–400

ANCA-associated vasculitis, 229f
causes, 5t
characteristics, 168
chronic hypersensitivity pneumonitis, 176f
community-acquired pneumonia, 157f
crazy paving with, 170f
cryptogenic organizing pneumonia, 232f
desquamative interstitial pneumonia, 159f
diffuse alveolar hemorrhage, 178f
exogenous lipoid pneumonia, 177f
granulomatosis with polyangiitis, 

225, 229f
halo sign with, 7, 225
hypersensitivity pneumonitis, 150, 152–153f, 

274–275
idiopathic pulmonary fibrosis, 158f
interlobular septal thickening with, 180f
methotrexate-induced lung disease, 401, 

402f
morphological substrate, 2
nonspecific interstitial pneumonia, 158f, 

283f, 315
Pneumocystis jirovecii pneumonia, 177f
polymyositis and dermatomyositis, 296–297, 

296–297f
pulmonary alveolar proteinosis, 375f
respiratory bronchiolitis associated with 

interstitial lung disease, 160f
Sjögren syndrome, 315
subpleural consolidation with, 171f
systemic sclerosis-associated ILD, 283–284, 

284f, 286f
T-cell lymphoma, 230f

H
Halo sign, 7, 7f, 157f, 225, 367–368, 368f, 

373–374, 378–379
Hamman-Rich syndrome, 29, 109

Headcheese sign, 150
Hemoptysis, 223, 365

diffuse alveolar hemorrhage, 199
granulomatosis with polyangiitis, 223
pulmonary embolism, 306
systemic lupus erythematosus, 306

Hereditary disorders, 166t
HES. See Hypereosinophilic syndrome (HES)
High-resolution computed tomography 

(HRCT), 1, 40–44, 53, 168, 172, 175f. 
See also Computed tomography (CT)

adenocarcinoma, 361
allergic bronchopulmonary aspergillosis, 

256t, 260
alveolar proteinosis, 375t
amiodarone-induced lung disease, 396–398
atypical adenomatous hyperplasia, 375t
bronchiolitis obliterans organizing 

pneumonia, 396
Caplan syndrome, 272
chronic eosinophilic pneumonia, 375t
cryptogenic organizing pneumonia, 78–80
desquamative interstitial pneumonia, 94–95
diffuse cystic lung disease, 353t, 354, 

356–357
eosinophilic pulmonary disease, 256t
granulomatosis with polyangiitis, 375t
hypersensitivity pneumonitis, 149–150
idiopathic chronic eosinophilic pneumonia, 

250, 251–253f, 252
Langerhans cell histiocytosis, 326–329
lower airway abnormalities, 272–273
lymphangioleiomyomatosis, 338
lymphocytic interstitial pneumonia, 356–357, 

357f
nonspecific interstitial pneumonia, 65–66, 

296, 375t
organizing pneumonia, 375t
pleural lesions, 272
polymyositis/dermatomyositis, 295, 296t, 

298f
pulmonary adenocarcinoma, 367–368, 372
RA-ILD, 268, 269–271f, 271t
Sjögren syndrome, 314–315, 318
systemic sclerosis-associated ILD, 

283–284
vascular lesions, 273

H1N1 influenza, 6f, 199f, 206f
Honeycombing, 9–13, 11–12f, 349–351

hypersensitivity pneumonitis, 9f, 51f, 149, 
152, 153f, 154–156, 158

idiopathic pulmonary fibrosis, 350f, 351
nonspecific interstitial pneumonia, 48, 50f, 

65–66, 67f, 280
polymyositis/dermatomyositis, 296, 309f
systemic sclerosis, 284–285, 285–286f, 

288f
usual interstitial pneumonia, 280, 281f

Hyaline membranes, 109–110, 110–111f
Hypereosinophilic asthma, 246t
Hypereosinophilic syndrome (HES), 255

computed tomography, 259
differential signs, 256t
morphological signs, 256t
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Hypergammaglobulinemic purpura, 312–313
Hypersensitivity pneumonitis (HP), 48, 51f, 86f, 

141, 393, 401, 405f
acute, 143, 144–146f
diagnosis, 149–150
bronchoalveolar lavage, 150
chronic, 147–148f, 153–154f
clinical presentation, 149
high-resolution computed tomography, 

150–154
confocal laser endomicroscopy, 154–156, 

155f
differential diagnosis, 148–149, 148t, 

156–158, 157t, 290t
morphology, 141–149, 144–146f
occupational inducers, 142–143t
pathogenesis, 141
subacute, 146f, 151–152f
treatment and prognosis, 161

I
Idiopathic chronic eosinophilic pneumonia 

(ICEP), 249
bronchoalveolar lavage, 252
clinical presentation, 249–250
differential diagnosis, 255–256t, 257–259
morphology, 249, 250f
prognosis, 252–253
radiological imaging, 250–252, 251–253f
treatment, 252–253

Idiopathic interstitial pneumonia (IIP), 29, 
297–299

classification, 29
clinical and radiological characteristics, 30t
history, 29

Idiopathic pleuroparenchymal fibroelastosis 
(IPPFE), 29

clinical presentation and course, 131
diagnosis, 131–132
differential diagnosis, 133–138
HRCT characteristics, 132–133
morphology, 129–131
treatment and prognosis, 138–139

Idiopathic pulmonary fibrosis (IPF), 158f, 393
acute exacerbation, 38
biomarkers, 39–40
bronchoalveolar lavage, 44
clinical presentation, 37–38, 149
complications, 53–55
diagnosis, 45–47
differential diagnosis, 47–53, 157t, 290t
functional diagnostics, 40
high-resolution computed tomography, 40–44
honeycombing, 9–13, 11f, 350f, 351
laboratory tests, 39–40
morphology, 34–37
nonpharmacological treatment, 57
pathogenesis, 34, 141
probe-based confocal laser endomicroscopy, 

45
prognosis, 57–58
risk factors, 32–34

air pollutants, 33

gastroesophageal reflux, 33–34
genetic risk factors, 32
infections, 34
old age, 33
smoking, 32–33

treatment, 56
usual interstitial pneumonia, 37

Idiopathic pulmonary hemosiderosis, 190, 198f, 
205–207

Immune deficiency, 166t
Immunoglobulin light-chain (AL) amyloidosis, 

209, 212, 214, 217. See also 
Amyloidosis

Infections, 166t
Infectious lesions, 304t
Infiltrative tuberculosis, 380f
Interstitial and Diffuse Lung Disease Patient 

Questionnaire, 149
Interstitial lung disease (ILD), 1, 10f, 20–21t, 

314
differential diagnostic criteria, 375t
drug-induced (see Drug-induced pulmonary 

diseases (DIPD))
with idiopathic autoimmune myopathies, 

294, 299
ILD-SLE (see Systemic lupus erythematosus 

(SLE))
pathogenesis, 294
polymyositis/dermatomyositis (see 

Polymyositis/dermatomyositis (PM/
DM))

rheumatoid arthritis (see Rheumatoid arthritis 
with interstitial lung disease (RA-ILD))

signs of, 279–280, 403
Sjögren syndrome (see Sjögren syndrome 

(SS))
systemic sclerosis (see Systemic sclerosis-

associated ILD (SSC-ILD))
Intrapulmonary lymph node, 383–384, 384f
Invasive adenocarcinoma

with lepidic growth, 365–366f
with nonusual cystic HRCT pattern, 369f

Invasive aspergillosis, 84f
Invasive mucinous adenocarcinoma, 88f

with background fibrosis, 367f
CT and histological patterns, 366f
minimally, 364f
radiological findings, 368f

Invasive nonmucinous adenocarcinoma, 369f
Invasive pulmonary aspergillosis (IPA), 23f, 26, 

55, 131, 229f, 231f
IPF. See Idiopathic pulmonary fibrosis (IPF)
IPPFE. See Idiopathic pleuroparenchymal 

fibroelastosis (IPPFE)

K
Kaposi sarcoma, 380, 380f
Kidney cancer, 386f

L
Lactate dehydrogenase (LDH), 170–172, 306–307
Langerhans cell histiocytosis (LCH), 13, 25f, 

321, 323

bronchoalveolar lavage and lung biopsy, 
329–331

clinical presentation, 325–326
differential diagnosis, 331
etiology, 323
interstitial nodules, 353, 354f
late-stage, 329f
morphology, 323–325, 324–325f
probe-based confocal laser endomicroscopy, 

331, 332f
radiological imaging, 326–329, 326–328f, 

330f
symptoms, 325
treatment and prognosis, 331–332

Leflunomide-induced pneumonitis, 275f
Legionella pneumophila, 111–112
Leiomyosarcoma, 337, 357f, 386
Lepidic growth

invasive adenocarcinoma with, 365–366f
pulmonary adenocarcinoma with, 380f

Light-chain deposition disease (LCDD), 
353–354, 356f, 358–359, 358f

LIP. See Lymphocytic interstitial pneumonia 
(LIP)

Lipoid pneumonia (LP), 173
Long-term oxygen therapy (LTOT), 57
Lower airway abnormalities, 272–273
Lung cancer, 55
Lung cryobiopsy (LCB), 148. See also 

Transbronchial lung cryobiopsy 
(TBLC)

Lung transplantation, 57
Lupus pleuritis, 306–307
Lymphangioleiomyomatosis (LAM), 13f, 321, 

335, 335f, 339f
biomarker, 338
clinical presentation, 338
diagnosis, 341
morphology, 335–337, 336–337f
probe-based confocal laser endomicroscopy, 

341, 342f
pulmonary function tests, 340
radiological imaging, 338–340, 338–339f
terminal stage of, 340f
treatment and prognosis, 342–343

Lymphangiomatosis. See Diffuse pulmonary 
lymphangiomatosis

Lymphangitic carcinomatosis (LCM), 387–389
breast cancer, 388f
differential signs, 390t
stomach cancer, 387f

Lymphocytic (Lymphoid) interstitial pneumonia 
(LIP), 29, 51, 52f, 65, 356

clinical presentation, 121
computed tomography, 121–123
diagnosis, 121
differential diagnosis, 124–127
high-resolution computed tomography, 

356–357, 357f
histopathologic pattern, 312f
morphology, 120
Sjögren syndrome in, 120, 122f, 356
treatment and prognosis, 127

Lymphoproliferative syndrome, 316–317
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M
MDD. See Multidisciplinary discussion (MDD)
Mepolizumab, 247
Metastatic calcification (MC). See Metastatic 

calcification in the lungs (MCL)
Metastatic calcification in the lungs (MCL), 

183–185, 186f, 190, 216
Metastatic lung disease, 383–384

cervical cancer, 386f
chorion carcinoma, 383f
colon cancer, 384f
computed tomography, 386–388
differential diagnosis, 388, 390t
gastric cancer, 387f
intrapulmonary lymph node, 384f
kidney cancer, 386f

Methotrexate-induced lung disease (MILD), 
400–401, 402f

bronchoalveolar lavage, 401
computed tomography, 401–403
diagnosis, 401, 403t
differential diagnosis, 402–403, 404t
rheumatoid arthritis, 275f
treatment and prognosis, 403

Microscopic polyangiitis (MPA), 160f, 221, 
233–234, 234f

Microscopic pulmonary tumor embolism, 389, 
390t

Mucinous adenocarcinoma, 7f
air-bubble sign, 368f
ground-glass opacity, 371f
minimally invasive, 364f

Mucosa-associated lymphoid tissue (MALT), 
378

Multidisciplinary discussion (MDD), 1, 45–47, 
47f

Multifocal bacterial pneumonia, 82f
Mycobacteriosis, 84f, 351f, 354
Mycobacterium sp.

M. avium, 143–144, 231f, 351f
M. chelonae, 231f
M. pneumoniae, 157f
M. tuberculosis, 308

Mycophenolate mofetil (MM), 290–291
Mycoplasma pneumoniae, 111–112, 308

N
Necrotizing vasculitis, 303
Nintedanib, 56
NSIP. See Nonspecific interstitial pneumonia 

(NSIP)
Nodular lesions, rheumatoid arthritis, 272
Nodular parenchymal pulmonary 

osteodystrophy (NPPO), 185
Nodules, 15

centrilobular, 15, 158
guidelines for management, 214
ill-defined, 3t, 15, 104f, 107f, 127f, 135–136, 

152, 158, 201f, 205f, 269f, 369f, 380f, 
401

well-defined, 3t, 15, 16f, 123f, 126f, 257f
Nonmucinous adenocarcinoma in situ, 364f
Non-small cell lung cancer (NSCLC), 361

Nonspecific interstitial pneumonia (NSIP), 
158f, 294, 373, 374f, 396

bronchoalveolar lavage, 66–67
bronchoscopy, 66–67
clinical presentation, 65
diagnosis, 69–72, 69t
differential diagnosis, 65, 69–72, 69t, 157t, 

290t, 398
ground-glass opacity, 66–67f, 315
high-resolution computed tomography, 

65–66, 296, 375t, 396
histological/radiological patterns, 69
lung biopsy, 50–51f
morphological and radiological 

manifestations, 394–395t
morphology, 64–65
probe-based confocal laser endomicroscopy, 

67–69
systemic lupus erythematosus in, 303–304
systemic sclerosis in, 280, 280f, 283f
treatment and prognosis, 72–73
video-assisted thoracoscopic biopsy, 67f

O
Obliterative bronchiolitis (OB), 273
Omalizumab, 247
Opportunistic infections, 156–157, 307
Organizing pneumonia

computed tomography, 372
differential diagnostic range, 381t
HRCT signs, 375t

Osteogenic sarcoma, 190, 194f
Ovarian cancer, multiple metastases, 230f
Oxidative stress, 33

P
PAP. See Pulmonary alveolar proteinosis (PAP)
Parahilar distribution, 229f
Paraneoplastic syndrome, 295, 297
Paraseptal emphysema, 12f
pCLE. See probe-based confocal laser 

endomicroscopy (pCLE)
Penicillium marneffei, 106f
Perilymphatic distribution, 15
Pirfenidone, 56
Pleural effusion, 226, 285

polymyositis/dermatomyositis, 296
rheumatoid arthritis, 272
systemic lupus erythematosus, 303, 305f, 

306–307
Pleural lesions, 265, 304t

rheumatoid arthritis, 266, 272
systemic lupus erythematosus, 303
systemic sclerosis, 285

Pneumoconiosis, 214, 216f
Pneumocystis jirovecii, 109, 170–172, 275
Pneumocystis jirovecii pneumonia (PP), 275, 

355f
acquired immunodeficiency syndrome, 4f, 

83f
differential diagnosis, 156, 156f, 274t
methotrexate, 276f
RB-ILD, 105, 106f

systemic lupus erythematosus, 308t, 309f
Pneumomediastinum, 55
Pneumothorax, 55
Polymyositis/dermatomyositis (PM/DM), 70, 

294
bronchoalveolar lavage, 295
clinical presentation and diagnosis, 294–297
differential diagnosis, 297–299
functional pulmonary tests, 295
Gottron sign, 294, 295f
ground-glass opacity, 296–297, 296–297f
high-resolution computed tomography, 295, 

296t, 298f
morphology, 294
treatment, 299

Primary lung lymphoma, 378, 378–379f
bronchoalveolar lavage, 379
computed tomography, 378–380
differential diagnostic range, 381t
morphological study, 379–380f

Probe-based confocal laser endomicroscopy 
(pCLE), 1, 172–173, 174f

chronic bronchitis, 26f
chronic obstructive pulmonary disease, 22f
hypersensitivity pneumonitis, 154–156, 155f
idiopathic pulmonary fibrosis, 45
in interstitial lung diseases, 20–21t
Langerhans cell histiocytosis, 331, 332f
lung parenchyma, 24f
lymphangioleiomyomatosis, 342f
nonspecific interstitial pneumonia, 67–69
peripheral lung adenocarcinoma, 25f
systemic sclerosis-associated ILD, 288, 

288–289f
Proteus syndrome, 358f
Proton pump inhibitors, 291
Pseudomonas aeruginosa, 371f
Puchtler polarization microscope, 214
Pulmonary adenocarcinoma, 361

clinical characteristics, 372t
clinical signs, 365
computed tomography, 362f, 367–368, 370t, 

371f
differential diagnosis, 369–374, 372f, 381t
histological variants, 361
IASLC/ATS/ERS classification, 363t
morphology, 362–365, 364–365f
with predominant lepidic growth, 380f
prognostic criteria, 376t

Pulmonary alveolar microlithiasis, 183–184f
Pulmonary alveolar proteinosis (PAP), 375f

autoimmune, 169–170f, 170
bronchoalveolar lavage, 170, 172f
causes, 166t
chest radiograph, 168
classification, 165
clinical presentation, 166
diagnosis, 168–173
differential diagnosis, 173–174, 178t
morphology, 165
probe-based confocal laser endomicroscopy, 

172–173
treatment and prognosis, 179–181

Pulmonary amyloidosis. See Amyloidosis
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Pulmonary arterial hypertension (PAH), 
279–280

Pulmonary aspergillosis. See Invasive 
pulmonary aspergillosis (IPA)

Pulmonary cysts, 13
Pulmonary echinococcosis, 232f
Pulmonary edema, 399–400, 400f
Pulmonary embolism (PE), 54, 55f, 86f, 308t
Pulmonary hypertension (PH), 73, 203f, 281f, 

287
Langerhans cell histiocytosis, 325, 329, 330f, 

332
rheumatoid arthritis, 273
systemic sclerosis, 280–283, 287, 291

Pulmonary sarcoidosis, 105, 107f, 214, 215f
Pulmonary thromboembolism (PTE), 399
Pulmonary tuberculosis, 55, 232, 381t
Pulmonary vasculitis, 394–395t

R
Recombinant activated factor VII (RAF VII), 

207
Remission induction therapy, 234–235
Respiratory bronchiolitis associated with 

interstitial lung disease (RB-ILD), 97, 
101

bronchoalveolar lavage, 103
clinical presentation, 102–103
diagnostics, 103
functional tests, 103
morphology, 101–102
radiological pattern, 103–104
treatment and prognosis, 107

Reticular abnormalities (signs), 49t, 52f, 70f, 
72f, 79f, 83f, 97f, 104f, 113, 113f, 
132–133f, 158, 180f, 268, 269–270f, 
282–283, 284–286f, 296–297, 296f, 
298f, 305f, 309f, 314–315f, 326f

hypersensitivity pneumonitis, 86f
idiopatic pulmonary fibrosis, 11f, 44f, 72f, 

126f, 135–136f, 159f
nonspesific interstitial pneumonia, 66–67f, 

96f, 105f, 396, 398f
usual interstitial pneumonia, 40

Reversed halo sign, 252, 253f, 374. See also 
Atoll sign

Rheumatoid arthritis (RA), 306–307, 312–313
adenocarcinoma with, 273f
amyloidosis, 212f
leflunomide-induced pneumonitis, 275f
methotrexate-induced pneumonitis, 275f

Rheumatoid arthritis with interstitial lung 
disease (RA-ILD), 265

clinical presentation, 266–267, 266–268f
differential diagnosis, 273–275, 274t
functional tests, 267
high-resolution computed tomography, 

268–273, 269–271f, 271t
treatment, 276

Rituximab, 90
eosinophilic granulomatosis with 

polyangiitis, 247
granulomatosis with polyangiitis, 234–235
systemic sclerosis-associated ILD, 291

S
Sarcoid-like reactions, 394–395t, 401f
Sarcoidosis. See Pulmonary sarcoidosis
Sarcomas, 386
Secondary eosinophilic pulmonary diseases, 

255–256t
Secondary immunodeficiency, 275
Shrinking lung syndrome, 305–306
Sicca symptoms, 312–313
Sjögren syndrome (SS), 212, 303–304, 312, 

314, 314–317f, 356–357
clinical presentation, 312–313
diagnosis, 313–314
differential diagnosis, 317
high-resolution computed tomography, 

314–315, 318
histopathologic pattern, 312
pathogenesis, 312
treatment, 318

Smoking cessation, 326, 331
Staphylococcus aureus, 221
Stem cell transplantation (SCT), 217
Stereotactic ablative radiation therapy, 374
Straight-edge sign (SES), 65–66, 286–287, 287f
Streptococcus pneumoniae, 308
Subacute bacterial endocarditis (SBE), 

232–233
Subacute hypersensitivity pneumonitis (HP), 

14f, 16f, 71f, 96f, 124, 124t. See also 
Hypersensitivity pneumonitis (HP)

Aspergillus fumigatus, 151f
bird-fancier, 152f
differential diagnosis, 157
household contact with parrots, 151f
morphology, 143, 146f
poultry farm worker, 152f
treatment, 161

Sulfasalazine, 261f
Systemic lupus erythematosus (SLE), 302

clinical presentation, 302
computed tomography, 307, 307t
diagnosis, 306–307
differential diagnosis, 307–308, 308t
and diffuse alveolar hemorrhages, 160f
etiology and pathogenesis, 302
morphology, 302, 302–303f, 305f
treatment, 308–309
variants of respiratory system lesion, 304t

Systemic sclerosis-associated ILD (SSC-ILD), 
10f, 52f, 279–280

bronchoalveolar lavage, 287
clinical presentation, 280–282
computed tomography, 282–287

diagnosis of, 279, 279t
differential diagnosis, 289–290
exuberant honeycombing sign, 286–287, 287f
four-corner sign, 48, 51, 286–287, 286f
functional tests, 282
laboratory diagnostics, 282
morphology, 280
probe-based confocal laser endomicroscopy, 

288, 288–289f
skin manifestations, 282f
straight-edge sign, 286–287, 287f
treatment, 290–291

T
T-cell lymphoma, 230f
Tracheobronchopathia osteochondroplastica, 

214, 215f
Traction bronchiectasis, 159f

idiopathic pulmonary fibrosis, 41f, 43f, 50f
nonspecific interstitial pneumonia, 374f
sarcoidosis, 53f

Transbronchial cryobiopsy, 103. See also Lung 
cryobiopsy (LCB)

Transbronchial forceps biopsy (TBB), 148
Transbronchial lung biopsy (TBLB), 45, 103
Transbronchial lung cryobiopsy (TBLC), 94
Tuberculosis, 231f. See also Pulmonary 

tuberculosis
Tuberous sclerosis complex (TSC), 335, 340, 

341f, 354f

U
Unilateral pulmonary fibrosis, 285
Unresolved pneumonia, 370

algorithm for differential diagnosis, 372f
clinical criteria for, 372t

Usual interstitial pneumonia (UIP), 29, 337
diagnosis, 34
early-stage, 35
histopathologic pattern, 34, 312f
honeycomb lung, 34, 35–36f
myofibroblastic foci, 35f
radiological diagnosis, 44
systemic sclerosis, 280, 280f, 283f

V
Valsartan, 4f
Vascular endothelial growth factor-D 

(VEGF-D), 338
Ventilation-perfusion lung scanning, 389
Video-assisted thoracoscopic surgery (VATS), 

45, 399f

W
Wegener granulomatosis. See Granulomatosis 

with polyangiitis (GPA)
Whole lung lavage (WLL), 179–180, 180f
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