
123

Venerino Poletti
Editor 

Transbronchial 
cryobiopsy in diffuse 
parenchymal lung 
disease



Transbronchial cryobiopsy in diffuse 
parenchymal lung disease



Venerino Poletti
Editor

Transbronchial 
cryobiopsy in diffuse 
parenchymal lung 
disease



ISBN 978-3-030-14890-4        ISBN 978-3-030-14891-1  (eBook)
https://doi.org/10.1007/978-3-030-14891-1

© Springer Nature Switzerland AG 2019
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or 
part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, 
and transmission or information storage and retrieval, electronic adaptation, computer software, 
or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specific statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, express or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made. The publisher remains 
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG.
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editor
Venerino Poletti
Department of Diseases of the Thorax
Ospedale Morgagni-Pierantoni
Forlì
Italy

https://doi.org/10.1007/978-3-030-14891-1


v

This book originates from postgraduate meetings on transbronchial lung cryo-
biopsy annually held in Ravenna (Italy) since 2014 (endorsed by the Italian 
Association of Hospital Pulmonologists (Associazione Italiana Pneumologi 
Ospedalieri, AIPO)), during which collaborations with experts around the 
world on this specific topic were started or consolidated. It is also the fruit of 
the experience acquired in the GB Morgagni Hospital in Forlì (Italy) in which 
transbronchial cryobiopsy was introduced in clinical activities since 2010. In 
this center, more than 1000 transbronchial lung biopsy procedures were car-
ried out so far. Finally during this period, I had the opportunity to be invited in 
different centers around the world to present and discuss data on this new 
technique and also to be appointed as Full Professor of Pulmonary Medicine 
in the Aarhus University Hospital, Aarhus (Denmark). In this period, this pro-
cedure was introduced in the clinical practice also in that institute. Therefore, 
suggestions provided by people I met during these meetings and the experi-
ence accumulated in Denmark contributed to build up the Forlì approach to 
transbronchial cryobiopsy and are condensed in this book.

The objective of this book—after a concise clinical and radiologic over-
view of diffuse parenchymal lung diseases—is to provide technical informa-
tion on this new technique, illustrate the modalities by which lung samples 
may be obtained using the machinery, and discuss the advantages and limits 
of transbronchial cryobiopsy compared to surgical lung biopsy (performed in 
intubated patients or in the “awaked” modality). The last part of the book is 
dedicated to specific disorders approached also using information obtained 
using this new bioptic method.

The book is meant to be practical, clinically oriented, and up-to-date. 
Also, despite being it a multiauthored work, it was my intention to have a 
uniform style, and at the end, it wasn’t a great effort to reach it since a large 
part of the authors have been collaborating, sharing ideas and projects for a 
long time, and the younger are or have been students of the older ones.

I hope that the positive feedbacks will far outweigh any negative ones. 
However, if the objectives were not reached, the responsibility is only mine.

The book is dedicated to the memory of my parents Elisabetta and 
Francesco, as well as to all students and pupils who gave and are giving me 
enthusiasm and always new ideas.

Forlì, Italy� Venerino Poletti 
23 January 2019

Preface
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Diffuse Parenchymal Lung Disease: 
A Clinical Overview

Venerino Poletti

1.1	 �Introduction

Diffuse parenchymal lung disease (DPLD) is a 
generic term for a large group of disorders. A 
definition based on precise criteria to identify 
these disorders is not yet universally accepted. A 
“morphologic definition” includes in this group 
all the disorders that are characterized by a patho-
logic accumulation/infiltration of extracellular 
substances, fluids, or cells in the structures of 
the secondary pulmonary lobule [1]. Secondary 
pulmonary lobule is an anatomic and functional 
unit supplied by a cluster of three to five terminal 
bronchioles, and it is usually separated from other 
secondary pulmonary lobules by connective tis-
sue septa. It is irregularly polyhedral in shape and 
approximately 1–2.5 on each side [2]. This accu-
mulation/infiltration is, by definition, not limited 
to one single lobe. This definition is quite inclu-
sive because almost all lung disorders may pres-
ent with this morphologic background. However 
in this huge group are included systemic disor-
ders in which the lung is one of the main organs 
involved, idiopathic diseases limited to the lungs, 
and diffuse parenchymal disorders of known 
cause or well-known pathogenesis (Table  1.1). 

The clinical profiles with which these diseases 
manifest are variegated from very acute onset 
with respiratory failure needing invasive respira-
tory supports to mild chronic symptoms lasting 
for more than 6 months (dry cough, dyspnea on 
effort) (Table 1.2). Diagnosis is a complex pro-
cess beset with pitfalls—often representing the 
balancing of different uncertainties—that starts 
having in mind a model based on pathophysi-
ologic elements and other scientific knowledges. 
Thereafter it requires acquisition of data deriving 
from a comprehensive clinical history, a careful 
physical examination, as well as clues provided 
by laboratory and pulmonary function tests. 
Imaging, mainly high-resolution CT has a piv-
otal role in the detection of these disorders and 
in the diagnostic workup providing information 
robust enough to draw up a differential diagnosis 
list and sometimes identifying pathognomonic 
features. More invasive procedures are deemed 
necessary only when these steps are inconclusive 
or do not allow a confident clinical-radiological 
hypothesis.

1.2	 �Pathophysiology of DPLD

Due to the variety of entities included under the 
DPLD umbrella term, it is virtually impossible to 
have a common pathogenetic scheme. The struc-
tures injured are heterogeneous including bron-
chioles (terminal and respiratory), alveolar septa, 
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interlobular septa, small pulmonary and bronchio-
lar arteries, capillaries and veins, and lymphatics. 
These structures have also a different embryogenic 
origin and different regenerative machineries. The 
pathogenetic events in DPLD may be divided into 
five patterns. The neoplastic and infectious pro-
cesses have pathogenetic events that are in com-
mon with all the other organs or systems. However 
in the lungs some events taking place in the alveo-
lar spaces (production of degradating enzymes in 
lymphangioleiomyomatosis) may lead to charac-
teristic cystic changes. Recently lymphangioleio-
myomatosis has been reclassified as a low-grade 
sarcoma (belonging to the so-called PEComas) 
and Langerhans cell histiocytosis and Erdheim-
Chester disease as inflammatory myeloid neo-
plasms with specific drug-targetable mutations 
along the RAS-RAF mitogen-activated protein 
kinase (MEK) and extracellular signal-regulated 
kinase (ERK) signaling cascade [3–5].

The other three pathophysiologic patterns left 
are granulomatous inflammation/fibrosis, inflam-
mation/fibrosis, and, finally, alveolar stem cell 

Table 1.1  Classification of diffuse parenchymal lung disorders

Systemic disorders Unknown cause Known cause/pathogenesis
Sarcoidosis IPF Drugs/radiation

Infections
CVDs NSIP Organic exposure (hypersensitivity 

pneumonitis)
Neoplastic (metastases, lymphoproliferative disorders, 
LAM, LCH, myeloid disorders)

COP Inorganic exposure (silicosis, 
asbestosis)

Immunodeficiencies AIP Smoking related (RB-ILD, DIP, SRIF)
Telomeropathies (Dyskeratosis congenita, ...) LIP Pulmonary alveolar proteinosis
Inborn errors of metabolism (Niemann-Pick, Gaucher, 
Hermansky-Pudlak, Fabry, Mucopolysaccharidoses)

PPFE Pulmonary alveolar microlithiasis

Neurofibromatosis Chronic 
eosinophilic 
pneumonia

Mutations in genes coding for 
surfactant proteins or in ABCA3 
transporter gene

Tuberous sclerosis
Hypereosinophilic syndrome Acute eosinophilic 

pneumonia
IgG4-related disease
Infections

CVD collagen vascular disease, LAM lymphangioleiomyomatosis, LCH Langerhans cell histiocytosis, IPF idiopathic 
pulmonary fibrosis, NSIP nonspecific interstitial pneumonia, COP cryptogenic organizing pneumonia, AIP acute inter-
stitial pneumonia, LIP lymphocytic interstitial pneumonia, PPFE pleuroparenchymal fibroelastosis, RB respiratory 
bronchiolitis, DIP desquamative interstitial pneumonia, SRIF smoking-related interstitial fibrosis, ABCA3 ATP-binding 
cassette subfamily A member 3

Table 1.2  Time course of disease onset

Acute (in days to 
few weeks)

Subacute 
(<3 months)

Chronic 
(>3 months)

AIP HP IPF
Smoking-related 
ILDs
HP

AEP COP LCH
DAH/capillaritis NSIP LAM
Drug-induced 
ILDs

Drug-induced 
ILDs

Drug-induced 
ILDs

Antisynthetase 
syndrome

Sarcoidosis Sarcoidosis

AFOP Chronic 
eosinophilic 
pneumonia

Infections Infections Infections
Acute 
exacerbation of 
IPF

AIP acute interstitial pneumonia, AEP acute eosinophilic 
pneumonia, DAH diffuse alveolar hemorrhage, AFOP 
acute fibrinous organizing pneumonia, IPF idiopathic pul-
monary fibrosis, HP hypersensitivity pneumonitis, COP 
cryptogenic organizing pneumonia, NSIP nonspecific 
interstitial pneumonia, LCH Langerhans cell histiocyto-
sis, LAM lymphangioleiomyomatosis

V. Poletti
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senescence-bronchiolar dysplastic proliferation/
fibrosis. Genetic predispositions have been clearly 
documented in some disorders and are suspected 
to have a role in the large majority of the others.

Granulomatous inflammation/fibrosis is usu-
ally the morphologic background of sarcoidosis, 
hypersensitivity pneumonitis, and berylliosis. 
The inflammatory process is, at least in the florid 
phases, driven by Th1 cells (with release of 
interferon-gamma, IL-2, and IL-12) and macro-
phages. Granuloma formation is the key marker 
of these disorders [6]. When the disorders evolve 
to fibrosis, a switch to a Th2-like response seems 
to represent an important pathogenetic step. 
B-cell dysregulation and B-T cell interconnec-
tions may also have a role in granulomatous dis-
orders as suggested by the association between 
granulomatous-lymphocytic interstitial lung dis-
ease (GLILD) and common variable immunode-
ficiency or 22q11.2 deletion syndrome [7] .

In nongranulomatous inflammatory/fibrotic 
DPLDs, the exact composition of inflamma-
tion and the distribution of inflammatory cells 
in the secondary pulmonary lobule vary depend-
ing on the individual disorders. Neutrophils are 
predominant in vasculitis, lymphocytes in non-
specific interstitial pneumonia (NSIP), eosino-
phils in chronic eosinophilic pneumonia, and 
macrophages in smoking-related diseases. Typical 
giant cells are a hallmark of hard metal lung dis-
ease. Necrosis (ischemic or apoptotic) is usually 
observed when the inflammatory cells are pre-
dominantly neutrophils. In the majority of these 
disorders, autoimmunity has a significant role. 
Accumulation of type I collagen and fibroblasts/
myofibroblasts represents a progression toward 
the irreversible stage. These complex events are 
driven by activation of a variety of pathways that 
are very similar regardless the cause or the clini-
cal settings in which these disorders appear [8].

The prototype of alveolar stem cell senescence-
bronchiolar dysplastic proliferation/fibrosis is 
idiopathic pulmonary fibrosis (IPF). The patho-
genetic mechanisms leading to lung parenchymal 
derangement typically observed in this disorder 
are only partly elucidated. The cross talk between 

different cell components is provided by an 
extremely complex exchange of molecular sig-
nals, depending on a discrete number of pathways, 
signaling molecules, receptors, and transcription 
factors, including among others TGF-beta, Wnt, 
Notch, BMP, SOX2, and Hedgehog signaling 
pathways that are also involved in lung develop-
ment and cancer. Their aberrant expression has 
been proposed as relevant in the pathogenesis of 
IPF [9, 10]. In this pathogenic scheme, alveolar 
stem cell failure is the crucial event. When precur-
sor cell exhaustion is reached for the concurrent 
action of intrinsic defects (genetic predisposi-
tion such as TERT/TERC mutations, mutations 
of genes coding for surfactant proteins, etc.) and 
extrinsic agents (smoke, air pollution), the dam-
age caused to alveolar epithelial cells by endo-
plasmic reticulum and oxidative stress at sites of 
maximal mechanical stress in lower lobes cannot 
be properly repaired. Frustrated attempts of epi-
thelial regeneration trigger an exaggerated activa-
tion of proliferative and/or antiapoptotic signals. 
Senescent aspects and oncogene-induced senes-
cence features have been identified in this con-
text. In IPF senescent alveolar stem cells behave 
as robust secretors that interfere [“senescence-
associated secretory phenotype” (SASP) or 
“senescence-messaging secretome” (SMS)] with 
the correct tissue renewal. When this wave of 
damage reach the bronchiolar epithelial basal 
cells, these cells start to proliferate, and bronchio-
lar proliferative lesions (these lesions are unprop-
erly called “honeycomb changes”) represent the 
irreversible phase in IPF remodeling as also sug-
gested by the recent demonstration of abnormal 
production of mucins in bronchiolar cysts. There 
are evidences that a common polymorphism in 
the promoter of MUC5B gene is a predisposing 
factor for IPF development [11–13].

1.3	 �Clinical History

Patients should be divided in different subsets 
mainly considering two elements: how the dis-
ease manifests (Table 1.2) and if accompanying 

1  Diffuse Parenchymal Lung Disease: A Clinical Overview
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signs/symptoms are limited to the respiratory 
system or are also systemic and/or extrathoracic. 
Patients with acute lung injury (having usually 
as histological background diffuse alveolar dam-
age without or with eosinophils, capillaritis, and 
alveolar hemorrhage or organizing pneumonia 
with accumulation of fibrin) tend to seek medi-
cal attention for rapidly progressive dyspnea. In 
this group the more characteristic disorders are 
acute eosinophilic pneumonia (AEP), rapidly 
progressive cryptogenic organizing pneumonia 
(COP), acute interstitial pneumonia, subacute 
hypersensitivity pneumonitis (HP) and a not 
yet clear entity or group of entities called acute 
fibrinous and organizing pneumonia (AFOP), 
and collagen vascular disorders (mainly anti-
synthetase syndrome and systemic lupus ery-
thematosus) or ANCA-associated vasculitis. 
Rarely idiopathic pulmonary fibrosis may mani-
fest with acute respiratory failure being acute 
exacerbation the first clinical overt event. The 
prototype of chronic DPLD is IPF, manifest-
ing with long-lasting dry cough and exertional 
dyspnea. Fever, asthenia, and weight loss are 
frequently present when a diffuse parenchymal 
lung disease has an acute/subacute presentation 
or when it has a manifestation of a systemic dis-
order. Extrathoracic manifestations may draw 
attention addressing toward a diagnosis of a sys-
temic disorder: skin and/or articular lesions or 
alterations in other organs in collagen vascular 
diseases; vasculitis, oculocutaneous albinism, 
and colitis in Hermansky-Pudlak disease; dys-
keratosis, early hair graying, in telomeropa-
thies; and fibrofolliculomas in Birt-Hogg-Dubè 
syndrome. Some forms present with short and 
episodic events (mainly dyspnea or dry cough 
with or without fever). In this group HP and 
COP are most frequently represented. The age 
is an important diagnostic clue. Sarcoidosis, 
lymphangioleiomyomatosis (LAM), and heredi-
tary forms such as Hermansky-Pudlak syn-
drome, telomeropathies, and Langerhans cell 
histiocytosis (LCH) present usually in the first 
40–50 years of age. IPF is a disorder of elderly 
(mean age at diagnosis 64). Some disorders are 
strictly related to gender. LAM is almost always 
limited to women. Also lung injury associated 

to collagen vascular diseases is, except rheu-
matoid arthritis, more frequently observed in 
females. Pneumoconioses is, because of profes-
sional exposure, more frequently observed in 
males. Familial history is fundamental to iden-
tify subjects affected by neurofibromatosis and 
tuberous sclerosis. Early gray hair, the presence 
of cryptogenic liver cirrhosis, or myelodysplas-
tic syndrome in the family suggest a diagnosis 
of telomeropathy. Hermansky-Pudlak, Gaucher 
and Niemann-Pick diseases have an autosomal 
recessive pattern of inheritance. Finally smoking 
habit (IPF is mainly observed in smokers or for-
mer smokers, and other disorders—LGH, pul-
monary alveolar proteinosis, lung hemorrhage 
due to Goodpasture syndrome and the so-called 
smoking-related DPLDs—are almost always 
detected in current or former smokers), profes-
sional exposure, assumption of licit and illicit 
drugs [cocaine is the cause of a variety of lung 
injuries; a long list of drugs have been associated 
to a variety of diffuse lung injury patterns (www.
pneumotox.com)], and the immunologic sta-
tus [common variable immunodeficiency, HIV 
infection) should be elicited from all patients 
with known or suspected DPLD.

1.4	 �Physical Examination

Teleinspiratory, bibasilar, and dry crackles are 
typically auscultated in patients with IPF or 
fibrosing interstitial pneumonias and very rarely 
in granulomatous disorders. Scattered late inspi-
ratory high-pitched rhonchi, called squeaks, are 
heard in patients with bronchiolitis. Hemoptysis 
may be observed in patients with vasculitis but 
also in sarcoidosis (mainly when it is associ-
ated to lung aspergillomas). Digital clubbing 
is a marker of fibrotic DPLD and may precede 
the appearance of the lung disease for years. 
Extrathoracic signs are present in patients with 
collagen vascular disease, and some of them are 
quite specific [Gottron nodules, mechanic’s hands 
and heliotrope rash in dermatomyositis, cutane-
ous and oral ulcerations, panniculitis and alope-
cia in anti-melanoma differentiation-associated 
gene 5 (MDA5) dermatomyositis]. Tattoo or scar 
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granulomatous reaction is a specific sign of sar-
coidosis. Pneumothorax may be a manifestation 
of LAM or LCG.

1.5	 �Laboratory Testing

Some laboratory tests are quite specific enabling 
a definite diagnosis. Identification of obliga-
tory pathogens on body fluids (Mycobacterium 
tuberculosis), autoantibodies against GM-CSF 
in autoimmune alveolar proteinosis, D-VEGF in 
lymphangioleiomyomatosis, and blood or bron-
choalveolar lavage (BAL) beryllium lymphocyte 
proliferation test (BeLPT) is used to confirm the 
beryllium as cause of DPLD.  Other tests may 
strongly support the diagnosis already hypoth-
esized on the basis of clinical and radiological 
features: autoantibodies seen in association with 
antisynthetase syndrome (anti-Jo-1, anti-PL-7, 
anti-PL-12, anti-EJ, anti-OJ, etc.), anti-MDA5 
antibodies, ANCA autoantibodies, serum mono-
clonal heavy chains, or Bence Jones proteins in 
urine. However the presence of autoantibodies 
does not automatically address to a diagnosis 
of an “autoimmune” disorder as autoantibodies 
may merely be considered an epiphenomenon 
of senescence. Finally some laboratory find-
ings may simply represent a clue to hypothesize 
specific disorders. Precipitins indicate specific 
exposures; a huge increase of LDH is typically 
present when intravascular lymphoma is the 
cause of the interstitial infiltrates. Eosinophils 
in peripheral blood are significantly increased 
in chronic eosinophilic pneumonia or in hype-
reosinophilic syndrome. Lymphopenia is a 
marker of advanced HIV infection, but it may be 
observed also in cases of lymphomatoid granu-
lomatosis. Decreased levels of immunoglobulins 
suggest a diagnosis of common variable immu-
nodeficiency. Hemophagocytic syndrome (fever, 
hepatosplenomegaly, blood cytopenia, increased 
liver enzymes, hypofibrinogenemia, high triglyc-
eride levels, and hemophagocytic features in the 
bone marrow) may be associated to NK nasal 
type lymphoma appearing first in the lungs.

In well-known genetic disorders manifest-
ing with lung infiltrates, specific mutations 

are already clearly identified (i.e., Birt-Hogg-
Dubè syndrome, Hermansky-Pudlak syndrome, 
neurofibromatosis, tuberous sclerosis, etc.). 
Furthermore genetic tests are increasingly 
becoming an important piece of information for 
identification of some forms of familial or spo-
radic DPLD. Telomere-related mutations account 
for up to 10% of sporadic IPF, 25% of familial 
IPF, and 10% of connective tissue disease-
associated interstitial lung disease. Furthermore, 
single-nucleotide polymorphisms (SNPs) in 
TERT, TERC, OBFC1, and RTEL1, as well as 
short telomere length, have been associated with 
several DPLDs. Additionally, it was found that 
also SNPs in telomere-related genes are risk fac-
tors for the development of pulmonary disease. 
Mutations in gene coding for surfactant proteins 
A1, A2, and C and for ABCA3 are associated to 
peculiar forms of interstitial lung disease. The 
MUC5B promoter variant rs35705950 accounts 
for a substantial risk of developing IPF.

1.6	 �Pulmonary Function Tests

Most forms of diffuse parenchymal lung disease 
produce a restrictive defect with reduced total 
lung capacity, functional residual capacity, and 
residual volume. A minority of disorders are asso-
ciated to an obstructive defect (lymphangioleio-
myomatosis, bronchiolitis, rarely in sarcoidosis, 
and hypersensitivity pneumonitis). Pulmonary 
function studies have been proved to have prog-
nostic value in patients with IPF. The resting arte-
rial blood gases may be normal, but hypoxemia 
is detected in the majority of cases even during 
the first visit. Usually hypocapnia precedes the 
appearance of hypoxemia at rest. A 6-min walk-
ing test or, more precisely, a cardiopulmonary 
test may reveal the disease in the early stage.

1.7	 �Chest Imaging

The radiograph in patients with suspected DPLD 
has substantial limitations due to the intrinsic 
defects of the technique. However a correct diag-
nostic hypothesis (based on the distribution of 
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the shadows and the prevalence of nodules, lines, 
or honeycombing) may be done in around 30% 
of cases. High-resolution CT scan is superior 
to the plain chest X-ray for higher definition of 
the images (elementary lesions) and the capacity 
to identify the distribution of the lesions in the 
structures of the secondary pulmonary lobules. 
The combination of these elements defines dif-
ferent reproducible patterns [14, 15]:

	1.	 Septal pattern (linear pattern with preserved 
architecture)

	2.	 Fibrotic pattern (linear pattern with distorted 
architecture)

	3.	 Nodular pattern
	4.	 Alveolar pattern
	5.	 Tree in bud pattern
	6.	 Cystic pattern
	7.	 Dark lung pattern

A septal pattern is present when a network of 
white lines representing thickened perilobular 
septa is appreciable. Thickening of the sleeves 
wrapping the bronchovascular bundles may be 
identifiable as well. The white lines or the thick-
ened sleeves around bronchovascular bundles 
may be regular, smooth, or irregular, and beaded, 
but the intralobular architecture is preserved. 
Hilar and mediastinal lymph node enlargement is 
frequently observed as an ancillary finding. An 
important diagnostic clue is represented by the 
preferential distribution of the lesions. This pat-
tern may be observed in a variety of disorders: 
pulmonary edema due to heart failure, veno-
occlusive disease, carcinomatous lymphangi-
tis, sarcoidosis, lymphoproliferative disorders, 
Erdheim-Chester disease, and amyloidosis.

Fibrotic pattern is defined by the loss of vol-
ume, presence of irregular linear opacities in 
the intralobular zones, traction bronchiectasis 
and bronchiolectasis, and honeycomb changes. 
At the pulmonary interface, a pleural line with 
shaggy margins and connections with parenchy-
mal irregular lines (the so-called interface sign) 
may be evident. When the honeycomb changes 
are predominant in the subpleural zones and 
mainly in the lower lobes, the descriptive term 
usual interstitial pneumonia (UIP) pattern is 

used. This pattern is observed mainly in IPF, col-
lagen vascular disorders with lung involvement, 
idiopathic fibrosing nonspecific interstitial pneu-
monia (NSIP), chronic hypersensitivity pneumo-
nitis, asbestosis, and chronic drug-induced lung 
disease. A subset of fibrotic pattern (called also 
“tug-of-war” pattern) is defined by the presence 
of irregular linear opacities stretching between 
the mediastinum and the thoracic boundaries, 
bridging over variably involved bronchi, fissures, 
and more generally anatomic structures and even 
pathologic elements found on their way. This pat-
tern may be found in chronic sarcoidosis, beryl-
liosis, and pleuroparenchymal fibroelastosis.

The nodular pattern is defined by the pres-
ence of multiple roundish opacities ranging from 
2 to 10 mm. These nodules may be solid or may 
have a ground-glass density; they may be dis-
tributed along the lymphatic routes, in a random 
way, or may be centrilobular. Disorders that may 
have this pattern are subacute hypersensitivity 
pneumonitis, respiratory bronchiolitis, follicular 
bronchiolitis, Langerhans cell histiocytosis, sar-
coidosis, silicosis, miliary tuberculosis, viral or 
fungal infections, and hematogenous metastases. 
Mainly infections, Langerhans cell histiocytosis 
and metastases may present cavitation (so-called 
“cheerios in the lung” pattern).

The alveolar pattern is characterized by an 
increase in pulmonary attenuation that obscures 
the vessels and the airway walls (alveolar con-
solidation). The bronchial lumen may remain vis-
ible inside the consolidation (air bronchogram). 
When the increase of lung attenuation does not 
cancel the vascular margins, the term ground-
glass attenuation is used. Subsets included in 
this group are the so-called “crazy paving pat-
tern” (a smooth, regular network of white lines 
superimposed on a background of ground-glass 
attenuation), the halo sign (a central area of con-
solidation surrounded by a halo of ground-glass 
attenuation), the reverse halo sign (a ring or 
crescent of dense consolidation that surrounds a 
core of ground-glass attenuation), and the peri-
lobular pattern (poorly defined band-like opaci-
ties with an arcade-like or polygonal appearance 
with a pleural base). In this group are included 
all the disorders characterized by filling of distal 
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airways by cells, exudates, or proteins or, more 
rarely, diseases with a significant thickening of 
alveolar septa. The list is quite long: infectious 
pneumonia, organizing pneumonia (cryptogenic 
or secondary), alveolar proteinosis, lymphomas, 
mucinous adenocarcinoma, alveolar hemorrhage, 
pneumocystosis, acute and chronic eosinophilic 
pneumonia, acute interstitial pneumonia, acute 
respiratory distress syndrome, desquamative 
interstitial pneumonia, lipoid pneumonia, and 
nonspecific interstitial pneumonia.

The tree in bud pattern is characterized by 
centrilobular dense branching linear structures 
originating from a single stalk and often ending 
in a nodular form (thus resembling a budding 
tree). This pattern is typical of cellular bronchi-
olitis (the most frequent being infectious bron-
chiolitis). Rarely a similar pattern may be due to 
thrombotic neoplastic microangiopathy.

Cystic pattern is present when multiple round-
ish, well-defined air-containing spaces are vari-
ably scattered throughout the lung parenchyma. 
Distribution of the cysts, their shape, association 
with nodules, or content (usually it is air but in 
infections mainly they may contain fluid) are 
useful information for discriminating between 
different disorders. Disorders that typically 
have this pattern are Langerhans cell histiocy-
tosis, lymphangioleiomyomatosis, Birt-Hogg-
Dubè syndrome, cystic metastases, lymphocytic 
interstitial pneumonia (LIP), and pneumocys-
tosis. Rarely hypersensitivity pneumonitis and 
bronchiolitis (constrictive or proliferative) may 
appear with cysts in the lung.

When variable portions of lung parenchyma 
present a reduced attenuation to the X-rays, the 
descriptive term dark lung is used. When patchy 
the aspect is called mosaic perfusion. This 
aspect is due to lower perfusion, and lower per-
fusion recognizes two causes: vascular obstruc-
tion or bronchiolar obstruction. In patients with 
“dark lung” secondary to bronchiolar disease, 
hyperlucent areas of lobule size are common, 
usually with well-defined margins. When the 
disorder is characterized by vascular obstruc-
tion, the areas of low attenuation are often 
larger and poorly defined. The differentiation 
between vascular versus bronchiolar origin of 

the decreased attenuation may be done also 
using the dynamic CT (CT expiratory scan com-
pared to inspiratory CT scan). In the dark lung 
of vascular origin, a homogenous increase in 
density occurs everywhere. On the other hand, 
when the dark lung is due to constrictive bron-
chiolitis, the contrast increases (expiratory air 
trapping). The list of diseases presenting with 
dark lung includes chronic thromboembolism, 
primary pulmonary hypertension, constrictive 
bronchiolitis, and diffuse idiopathic pulmonary 
neuroendocrine cell hyperplasia. In the last dis-
order small, well-defined, randomly distributed 
nodules may also be identified. These nodules 
represent histologically tumorlets or even small 
carcinoids.

A significant number of diseases may mani-
fest with combined patterns, or they may pres-
ent different patterns during the course. The 
so-called headcheese pattern is characterized 
by areas of mosaic oligemia along with ground-
glass attenuation or alveolar consolidation. 
It may be mainly observed in subacute hyper-
sensitivity pneumonitis or mycoplasma pneu-
moniae pneumonia. Acute exacerbation of IPF 
presents with areas of ground-glass attenuation 
or even alveolar consolidation superimposed on 
a fibrotic pattern. Langerhans cell histiocytosis 
has a nodular pattern in the active phase and 
appears cystic or even with features of “dark” 
lung in the fibrotic stage.

1.8	 �The Invasive Diagnostic 
Procedures

Bronchoalveolar lavage (BAL) is a safe pro-
cedure that may even been carried out in ven-
tilated patients [16]. The fluid recovered by 
the maneuver may be subjected to a variety of 
investigations: microbiological tests, cytological 
analysis and cell count, flow cytometry analysis, 
and assessment of various biochemical media-
tors. In the daily clinical practice, microbiologi-
cal tests, cytological analysis, cell count, and 
flow cytometry are routinely done. BAL may 
be diagnostic in a minority of cases when spe-
cific “signatures” may be recognized: alveolar 
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proteinosis, Langerhans cell histiocytosis (when 
>3.5% of macrophages express CD1a protein 
or Langerhin), epithelial neoplasms, low-grade 
B-cell lymphomas, infections (pneumocystosis, 
etc.), atypical type II pneumocytes in diffuse alve-
olar damage, hemosiderin laden macrophages in 
alveolar hemorrhage, macro-vacuolated, oil red 
positive histiocytes in lipoid pneumonia, and 
asbestos bodies in exposed subjects. Cytological 
and immunophenotypical profiles may represent 
a clue for the final diagnosis: lymphocytosis in 
granulomatous disorders, in drug-induced lung 
disorders, or in viral infections, mixed pattern 
(increase of lymphocytes and, in a lesser degree, 
of eosinophils and neutrophils associated to 
scattered mast cells) in organizing pneumonia, 
eosinophilia in chronic and acute eosinophilic 
pneumonia or in desquamative interstitial pneu-
monitis, neutrophilia (+/− scattered eosinophils) 
in fibrosing processes or in bacterial infections, 
foamy macrophages in amiodarone lung-induced 
injury or in Niemann-Pick disease, and “wrinkled 
paper” macrophages in Gaucher disease.

Bronchial biopsy may be diagnostic in carci-
nomatous lymphangitis, sarcoidosis, and even in 
low-grade B-cell lymphomas.

Transbronchial lung biopsy with flexible for-
ceps is also a safe procedure (the more frequent 
complication being pneumothorax, observed 
in around 5% of cases; the most life-threaten-
ing complication being bleeding observed in 
less than 1% of cases). With this approach the 
sampling is mainly in the centrilobular paren-
chyma. However samples so obtained are tiny 
and usually with crush artifacts. Therefore it is 
diagnostic mainly in sarcoidosis, carcinomatous 
lymphangitis, organizing pneumonia, chronic 
eosinophilic pneumonia, diffuse alveolar dam-
age, subacute hypersensitivity pneumonitis, 
low-grade B-cell lymphomas. Very rarely the 
morphological pattern UIP (with patchy fibro-
sis and fibroblastic foci with or without hon-
eycomb changes) may be identified in these 
smaller samples. However recently it has been 
suggested that with the use of a genomic-based 
machine trained to identify a specific molecu-
lar signature identified from RNA sequencing 
on tiny transbronchial lung biopsy samples, 

the sensitivity of the procedure increases sig-
nificantly. In this study the classifier identified 
UIP pattern in TBLB with an 88% specificity 
and 70% sensitivity. Considering all the DPLDs 
as a group, transbronchial lung biopsy appears 
to have a diagnostic yield varying from 30 to 
70%, being it higher in disorders with simple 
morphology and in those located mainly in the 
centrilobular zones.

Surgical lung biopsy and nowadays video-
assisted thoracoscopy was and is considered 
the gold standard for obtaining decent lung tis-
sue samples to reach a specific morphological 
diagnosis. This approach is suggested when a 
morphological diagnosis of interstitial pneumo-
nia (UIIP, NSIP, DIP, etc.) need to be validated, 
or when HRCT scan documents scattered nod-
ules in the subpleural zones. However compli-
cations related to this approach are no longer 
negligible. Mortality is around 2% in 1 month, 
and it increases significantly when there is a 
clinical suspicion of IPF or collagen vascular 
disease, in elderly (patients >67 years) or with 
a reduced lung function (DLCO <45% of the 
predicted value). Mortality rate is significantly 
higher (around 16%) for not elective admis-
sions, i.e., when the procedure is carried out in 
patients with rapidly decline of lung function. 
Morbidities are represented by subcutaneous 
emphysema, prolonged air leakage, empyema, 
chronic thoracic pain, and wound paraesthesia. 
These complications seem to be significantly 
reduced when a uniportal tubeless video-
assisted thoracoscopy is applied. The limitation 
of this approach is, however, that areas easy to 
sample are mainly located on the lingula, the 
middle lobe, or on the anterior basal segment of 
the lower lobes.

Transbronchial cryobiopsy is a recently devel-
oped technique to obtain larger portions of lung 
tissue in an attempt to improve the yield of diag-
nostic tissue in lieu of an open surgical lung 
biopsy [17–19]. The main histologic benefits 
of cryobiopsy compared to transbronchial lung 
biopsy are the capacity to obtain larger and well-
preserved samples. Complex morphological pat-
terns such as usual interstitial pneumonia (UIP) 
may be recognizable.

V. Poletti
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Radiologic-Pathologic Correlations 
in Diffuse Parenchymal  
Lung Diseases

Sara Piciucchi

2.1	 �Introduction

The diagnosis of interstitial lung diseases is 
mostly the result of integration of clinical, radio-
logic, and pathologic data.

In the recent years, several updates and classi-
fications have been published trying to focus the 
different features of idiopathic forms compared 
with secondary entities.

The 2013 ATS/ERS statement subdivided the 
idiopathic interstitial pneumonias into major and 
rare [1].

The major IIPs were again subgrouped into 
three groups.

The first group was represented by the chronic 
fibrosing IIPs: idiopathic pulmonary fibrosis (IPF) 
and nonspecific interstitial pneumonia (NSIP).

The second group was represented by 
smoking-related IIPs: respiratory bronchiolitis/
interstitial lung disease (RB ILD) and desquama-
tive interstitial pneumonia (DIP).

The third one included acute/subacute IIP 
including cryptogenic organizing pneumonia 
(COP) and acute interstitial pneumonia (AIP) 
(Table 2.1).

The rare IIPs included the idiopathic lympho-
cytic pneumonia (LIP) and the idiopathic pleuro-
parenchymal fibroelastosis (IPPFE).

Finally, a subgroup of unclassifiable IIPs was 
recognized.

Beside the idiopathic forms, some inter-
stitial pneumonia can be in association with 
known etiologies such as hypersensitivity 
pneumonitis (HP) and collagen vascular dis-
eases (CVDs) [2].

2.2	 �UIP Pattern in Idiopathic 
Pulmonary Fibrosis

In the diagnostic workup, a valid approach to 
interstitial lung diseases is analyzing whether CT 
findings are suggestive of a UIP in IPF with high 
confidence or not [3].

Idiopathic pulmonary fibrosis (IPF) is a spe-
cific form of chronic, progressive fibrosing inter-
stitial pneumonia occurring primarily in adults 
and allegedly limited to the lungs.

S. Piciucchi (*) 
U.O. Radiologia, Ospedale G.B. Morgagni, Azienda 
USL Romagna-Sede di Forlì, Forlì, Italy
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Table 2.1  Major idiopathic interstitial pneumonias

Major idiopathic interstitial 
pneumonias

Clinical-radiologic-
pathologic entities

Chronic fibrosing IPs IPF and i-NSIP
Smoking-related IPs RB-ILD and DIP
Acute/subacute IPs COP and AIP

Adapted from Travis WD, Costabel U, Hansell DM, et al. 
An Official American Thoracic Society/European 
Respiratory Society Statement: Update of the International 
Multidisciplinary Classification of the Idiopathic 
Interstitial Pneumonias. Am J Respir Crit Care Med Vol 
2013; 188: 733–748

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-14891-1_2&domain=pdf
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It is characterized by progressive worsening 
of dyspnea and lung function and is associated 
with a poor prognosis [4].

Pulmonary function test results may be nor-
mal in patients with mild disease, but usually 
they show some degree of restriction at diagnosis. 
Diffusion capacity is also commonly decreased.

Usual interstitial pneumonia represents the 
pattern at the basis of radiologic and histologic 
diagnosis of IPF.

Guidelines published in 2011 [4] have 
defined the role of CT in the diagnosis of IPF, 
listing the main CT features of UIP that account 
a reticular pattern with honeycombing, often 
associated with traction bronchiectasis; ground-
glass opacity may be depicted, but it should be 
less extensive than the reticular abnormalities. 
These abnormalities show a peripheral and basal 
predominance.

Honeycombing, defined as clustered cystic 
spaces, measuring between 3 and 5 mm, has been 
recognized as a key feature of the UIP pattern. 
Traction bronchiectasis and bronchiolectasis are 
the hallmark of lung fibrosis on chest imaging 
and have been described as important prognos-
tic marker [5]. More recently Lynch et  al. [6] 
have published a white paper that clarified and 
updated the approach to diagnosis of IPF.  The 
authors emphasized the role of CT features in 
diagnostic process. The typical CT findings of a 
UIP pattern still include honeycombing and trac-
tion bronchiectasis with a basal and peripheral 
predominance. However, the authors assert that 
the absence of honeycombing should not exclude 
the diagnosis of UIP pattern if the remaining fea-

tures are already present. So, CT findings previ-
ously considered as “possible” now can define a 
“probable UIP pattern.” Cases without a typical 
or probable UIP pattern previously described 
as “inconsistent” should be named as “indeter-
minate” (Table 2.2). Furthermore, the histology 
of UIP in IPF is characterized by a regionally 
and temporally variegated pattern of peripheral 
accentuated fibrosis, typically with numerous sub 
epithelial foci of ongoing fibroblastic prolifera-
tion [7] (Fig. 2.1).

2.3	 �Early IPF: UIP Pattern 
and Ancillary Findings

In the recent years, cryobiopsy has allowed sig-
nificant advance in knowledge in the tissue char-
acterization of the early forms of IPF.

On the other hand, another revolutionary tool 
in the identification of subtle changes is repre-
sented by micro-CT [8]. These two important 
applications of interventional pulmonology and 
imaging have widened the spectrum of findings 
traditionally described in the UIP-IPF.

2.3.1	 �Ground Glass

Interpretation of ground-glass attenuation is still 
challenging in UIP pattern.

In the advanced stage of IPF, Rabeyrin et al. 
[9] identified that GG correlated with focal exac-
erbation and with focal areas of coexisting NSIP 
(Fig. 2.2).

Table 2.2  Summary of the features of new nomenclature of UIP pattern

Sagittal 
distribution Axial distribution Honeycombing Reticulation

Traction 
bronchiectasis

Typical UIP Basal Subpleural and 
heterogeneous

Yes Yes Yes

Probable Basal Subpleural and 
heterogeneous

No Yes Yes

Indeterminate Variable or 
diffuse

Variable or 
diffuse

Not highly evocative 
for a non-UIP pattern

Not highly 
evocative for a 
non-UIP pattern

Not highly evocative 
for a non-UIP 
pattern

Adapted from Lynch DA, Sverzellati N, Travis WD, Brown KK, Colby TV, Galvin JR, Goldin JG, Hansell DM, Inove 
Y, Johkoh T, Nicholson AG, Knight SL, Raoof S, Richeldi L, Ryerson CJ, Ryu JH, Wells A. Diagnostic criteria for 
idiopathic pulmonary fibrosis a Fleischner Society White Paper. Lancer Respir Med 2017
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However, ground glass can be seen also in 
the early stages of IPF.  Micro-CT studies [8] 
have identified that it may correspond to some 
micro areas of hypoventilation in the dependent 
zones and minimal fibrotic changes. Moreover, 

these minimal changes have been identified in 
cases studied with cryobiopsy and actually can 
be related to areas of “young fibrosis” associated 
with fibrin remnant and with subclinical exacer-
bation (Fig. 2.3).

a b

c d

e f

Fig. 2.1  CT scan of a 65-year-old, male, never smoked, 
with history of GERD.  CT findings are suggestive of a 
probable UIP pattern (a–d): bilateral, peripheral reticula-
tion with basal predominance (blue arrow); traction bron-
chiectasis in both lower lobes, mainly on the right side 

(blue circle). Cryobiopsy (e, f) shows patchy fibrosis (e) 
and some fibroblastic foci (f, yellow arrow). Histology 
meets the criteria for UIP pattern. The final diagnosis is 
UIP-IPF

2  Radiologic-Pathologic Correlations in Diffuse Parenchymal Lung Diseases
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a b

c d

e f

Fig. 2.2  CT scan of a 73-year-old male, former smoker, 
with 3  years history of chronic cough and dyspnea on 
exertion. Peripheral reticulation (a; red arrow) and lobular 
distortion are present in both hemithoraces (a–d), associ-
ated with traction bronchiectasis mainly in lower lobes (d; 
blue arrow). Some areas of patchy ground-glass attenua-
tion are present bilaterally (c, d; circles). No honeycomb-

ing is visible. Cryobiopsy shows a context of alveolar 
stem cells proliferation associated with foci of young 
fibrosis and fibrin remnants. CT findings are suggestive of 
probable UIP likely associated with areas of acute dam-
age. Histology confirms the acute/subacute damage, and 
radiologic-pathologic integration defines IPF with sub-
clinical exacerbation
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a b

e f

g h

c d

Fig. 2.3  CT scan shows mild ground-glass attenuation in 
mid to lower zones of both the lungs, mainly in the right 
side (a–d). The distribution is peripheral. Rare traction 
bronchiectasis are present, mainly in the periphery (c, 
blue arrow). Cryobiopsy showed a dense scarring (e), 
alveolar septal fibrosis (f) with mucus stasis (blue circle), 

some fibroblastic foci (g, yellow arrow), and areas of peri-
bronchiolar metaplasia (h, blue arrow). Histology is con-
sistent with UIP pattern. Axial and sagittal distributions of 
CT findings correlate with a probable UIP. Ground-glass 
attenuation in this case is likely an expression of young 
and active fibrotic process

2  Radiologic-Pathologic Correlations in Diffuse Parenchymal Lung Diseases



18

2.3.2	 �Minimal Reticular Changes 
and ILA

Mai et  al. [8] have correlated the presence of 
minimal changes, resembling interstitial lung 
abnormalities (ILA), with native collagen adja-
cent to the interlobular septum and in the alveolar 
walls, seen on the histology.

ILA have already been described by Jin and 
coworkers [10] as collateral findings present in the 
CT scans of the lung cancer screening program. 
In a cohort of 884 patients, 9.7% showed ILA 
(n = 86). Among these patients, 5.9% had a non-
fibrotic pattern; 2.1% had a fibrotic pattern, and 
finally, 1.7% had a mixed pattern. Interestingly, 
37% of the fibrotic ILA showed progression.

Furthermore, Putman RK et al. [11] recently 
have pointed the attention on the association 
between ILA and occurring of distress respira-
tory syndromes, concluding that the cohorts of 
patients with sepsis and respiratory distress may 
have some undiagnosed cases of ILA [11].

As consequence, a unique link may be traced 
among these articles: the possibility of acute 
and subacute exacerbations in subclinical early 

IPF [12, 13]. Screening for ILA might eventu-
ally provide a mean for the early identification 
of IPF, and a further crucial step is differentiating 
ILAs representing early UIP-IPF from smoking-
related changes (that sometimes can overlap with 
the first) and others, like foci of organizing pneu-
monia (Fig. 2.4).

2.3.3	 �Bony Metaplasia

Bony metaplasia in the lung is represented by a 
localized or diffuse ossification [14]. Localized 
form is common in injured lung tissue such as 
abscess, old TB, and tumors ‑(Fig. 2.5).

The diffuse form can be nodular (usually 
associated with the various causes of pulmonary 
venous hypertension) or dendriform (also called 
racemose or branching).

The dendriform ossification is usually associ-
ated with chronic fibrosing lung disease, espe-
cially IPF.

Egashira and coworkers [15] conducted a 
retrospective analysis on 892 patients (452 with 
diagnosis of IPF, 244 with NSIP, and 192 with 

Fig. 2.4  CT scan of a 68-year-old, male, former smoker, 
who worked for about 40  years as floor layer. He pre-
sented with dyspnea on exertion. CT scan shows subtle 
findings with centrilobular nodules in the middle lobe and 
a mild reticulation in both costophrenic angles, mainly on 
the right side. Cryobiopsy showed some smoking-related 
changes with hyalinized collagen deposition and thicken-
ing of the alveolar septa (f, yellow circle) associated with 

a peribronchial accumulation of pigmented macrophages 
(g, yellow arrow). However, in the sample of lower lobe, 
some fibroblastic foci and patchy fibrosis are present (h, 
blue circle). Even though CT findings are in a context of 
the indeterminate pattern, histologic findings are consis-
tent with smoking-related ILD associated with UIP pat-
tern. Integration of these data delineates a context of early 
IPF

a b
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HP), classifying pulmonary ossification into two 
definitions.

The ossification definition 1 consisted in ten 
or more, bilateral, was significantly higher in the 
group of IPF patients with a prevalence of 28.5%. 
Moreover, the multivariate analysis showed 

that definition 1 was an independent predictor 
of IPF diagnosis (P  <  0.011) and for male sex 
(P = 0.003).

Coarseness of fibrosing ILD (P = 0.011) and 
IPF diagnosis (P  =  0.016) was independently 
associated to pulmonary ossification. In IPF 

Fig.  2.4  (continued)

c d

e f

g h

2  Radiologic-Pathologic Correlations in Diffuse Parenchymal Lung Diseases



20

patients, bony metaplasia could be interpreted as 
consequence of the aberrant activation of the Wnt 
pathway [16].

Tsai APY et al. [17] described a case of relaps-
ing pneumothoraces in a patient with DPO. The 
etiology of pneumothorax was postulated as con-
sequence of bony spicules that induce punctures 
on the pleura (Fig. 2.6).

2.3.4	 �Fatty Metaplasia

The significance of fatty metaplasia is still to 
determine. In 2000, Travis et  al. [18] evaluated 
the main pathologic features, on lung biopsies, 
from patients with idiopathic pneumonias.

These features included changes related to 
the different structures of the chest (alveolar and 

c

a b

Fig. 2.5  CT scan with lung (a) and bone (b) window 
shows dendriform ossification that are confirmed by the 
corresponding sample (c), in which dense fibrosis, spatial, 

and temporal heterogeneity are associated with a focal 
bony metaplasia
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interstitial cellularity, findings related to fibrosis 
like fibroblastic foci, stromal changes, airways 
changes, vascular changes), including pleural 
changes, investigating presence of pleuritis, pres-
ence of pleural plaques, blebs, and finally fat. In 
the analysis of IPF (n cases, 54), the subpleural 
fat was the only feature to have a prognostic sig-
nificance in the multivariate analysis.

2.3.5	 �PPFE and UIP Pattern

Pleuroparenchymal fibroelastosis (PPFE) is a rare 
entity first described in 2004 [19] characterized 
by pleural and subpleural fibrosis mainly in the 
apical regions (Fig. 2.7).

In the recent years, PPFE has been described 
in association with UIP (Fig. 2.8) by Oda et al. 

a b

c d

e f

Fig. 2.6  CT scan shows a diffuse, severe interstitial 
thickening associated with lobular distortion (a–d). No 
peripheral and basal predominance is present. The patient 
underwent surgical biopsy that showed an UIP pattern 
characterized by dense fibrosis and honeycombing with 

mucus stasis (e; yellow circle). On the edge of the sample, 
in low power, a fatty metaplasia of the pleura is visible (f), 
likely related to the focal thickening on the CT scan  
(b, c, blue arrow)
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a b c

d e f

Fig. 2.7  CT (a–c) and histology (d–f) suggestive of pleu-
roparenchymal fibroelastosis CT scan shows a severe 
thickening of the pleura (a, red arrow) associated with sub-

pleural consolidation and traction bronchiectasis (c, blue 
circle). Histology confirms the dense pleural and subpleu-
ral fibrosis and the presence of elastic fibers (f)

a b

c d

Fig. 2.8  CT findings suggestive of a combination of UIP 
pattern in the lower lobes and PPFE in the upper lobes. 
Dense subpleural and pleural fibrosis in both upper lobes 

suggestive of pleuroparenchymal fibroelastosis (a, b) asso-
ciated with reticulation in the lower lobes and peripheral 
traction bronchiectasis (c, d)
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[20]. The authors retrospectively reviewed 291 
consecutive patients with IPF who underwent 
surgical lung biopsy and identified 9 cases that 
met criteria both radiologically and pathologi-
cally of PPFE in upper lobes and UIP pattern 
in lower lobes. The PPFE with UIP showed 
a significantly higher PaCO2 (44.6  mmHg vs 
41.7 mmHg, P = 0.04) and higher complication 
rate of pneumothorax and pneumomediastinum 
compared with the group of UIP-IPF. Moreover, 
survival time tended to be shorter in patients with 
PPFE and UIP.

2.4	 �Non-idiopathic UIP Patterns

2.4.1	 �UIP and Connective Tissue 
Diseases

Pulmonary fibrosis is a well-recognized com-
plication of systemic CTD, most commonly in 
rheumatoid arthritis, progressive systemic sclero-
sis, systemic lupus erythematosus, polymyositis/
dermatomyositis, and Sjogren syndrome [21]. 
Due to the exaggerated immune response to auto-
antigens, the response can progressively destroy 
the parenchyma. UIP pattern on CT scan can 
overlap the UIP in IPF, with criteria of a definite 
UIP: basal and peripheral predominance, reticu-
lar abnormalities, honeycombing, and absence of 
all the features listed as inconsistent. Recently 
Chung et  al. [21] described features that could 
be helpful in differential diagnosis of CTD-UIP 
vs UIP in IPF, particularly, anterior upper lobe, 
exuberant honeycombing, and straightedge signs. 
Histopathology shows distinctive features. First, 
at low magnification, RA-associated ILD often 
shows a mixed pattern of fibrosis NSIP and 
UIP. Second, the boundary between fibrotic areas 
and preserved parenchyma in RA-associated 
ILDs tends to be indistinct compared with UIP 
in IPF where the boundary between fibrosis and 
normal parenchyma is sharp and well-defined. 
Finally, a prominent lymphoid hyperplasia is 
more common in CTD-ILD.  Lymphoid aggre-
gates are more prominent around the airways, in 
the areas of fibrosis, and adjacent to the pleura 
(Fig. 2.9).

2.4.2	 �Chronic Hypersensitivity 
Pneumonitis with UIP-Like 
Pattern

Chronic hypersensitivity pneumonitis (CHP) 
represents a fibrotic interstitial pneumonia sec-
ondary to environmental exposure. Separating 
UIP-IPF from CHP with an UIP-like pattern 
is by far the most challenging issue in diag-
nosis of CHP.  CT findings that CHP and UIP 
in IPF have in common include fibrosis with 
reticulation, architectural distortion, and trac-
tion bronchiectasis. Honeycombing, even if a 
requirement for UIP in IPF, has been reported 
in 16–69% of CHP [22–24]. The most typi-
cal features of CHP, compared with UIP-IPF, 
are that fibrosis tends to be predominantly 
mid and upper zonal with basal sparing, sub-
pleural fibrosis is less marked, the subacute 
HP findings may superimpose, and lobular 
areas of decreased attenuation and vascularity 
are present in approximately 80% of patients 
(Fig.  2.10). Poorly defined centrilobular nod-
ules are also present in 50% of cases. In con-
trast, in UIP-IPF, reticulation is mainly in the 
lower zones, and honeycombing has a basal and 
peripheral predominance. Organizing pneu-
monia can be an ancillary sign of CHP [25]. 
Moreover, Yousem et al. [26] reported ten cases 
under the name bronchiolocentric interstitial 
pneumonia. All the cases showed a bronchio-
lar scarring with interstitial fibrosis following 
the alveolar walls and covered by metaplastic 
bronchiolar epithelium radiating away from the 
bronchioles. This fibrosis sometimes reached 
the pleura. Again Churg et  al. [27] described 
12 cases with a process termed airway-centered 
interstitial fibrosis that was like the cohort 
described by Yousem: fine interstitial fibrosis 
covered by metaplastic bronchiolar epithelium.

2.5	 �Nonspecific Interstitial 
Pneumonia

2.5.1	 �Idiopathic NSIP

In 2013 the ATS/ERS classification accepted 
NSIP as a distinct clinicopathologic entity that 
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was no more provisional. Moreover, it was subdi-
vided into cellular and fibrotic. CT scan of NSIP 
typically shows ground-glass density associated 
with reticulation and traction bronchiectasis. The 
histopathology of idiopathic NSIP is character-

ized by varying degrees of interstitial inflamma-
tion and fibrosis, with uniform appearance. The 
fibrosis develops in the original alveolar walls 
and does not cause significant distortion. Two dis-
tinct histologic patterns are recognized: cellular 

a b

c d

e f

Fig. 2.9  Radiologic-pathologic findings suggestive of a 
UIP pattern secondary to Rheumathoid Arthritis. CT scan 
(a–d) of a 70-year-old, male, non-smoker, with recent his-
tory of xerostomia and positive serology for rheumatoid 
arthritis. Fibrotic findings characterized by reticulation 

and traction bronchiectasis are associated with ground 
glass. Cryobiopsy samples show a UIP pattern with a hon-
eycomb chanes (e; yellow circle), lymphoid follicle (e) 
and a nonspecific interstitial pattern (f) diffuse inflamma-
tory infiltrate (yellow circle) 

S. Piciucchi



25

and fibrotic. Cellular NSIP shows a predominant 
mononuclear interstitial inflammation. Fibrous 
NSIP has a predominately uniform interstitial 
fibrosis. Although the extent of changes can vary 
along a spectrum ranging from cellular to fibrous, 
the pulmonary architecture is overall preserved. 

The most challenging distinction between UIP 
and NSIP is represented by the most advanced 
fibrosis. However, in these cases the distinction 
can be based on the diffusely abnormal alveolar 
septa, UIP pattern.

a b

c d

e f

Fig. 2.10  CT scan of a 69-year-old, male, non-smoker, 
with progressive shortness of breath. CT findings are 
characterized by extensive fibrotic distortion of the sec-
ondary lobule (a–d), associated with traction bronchiecta-
sis (b, yellow arrow) and ground glass. The distribution is 

mainly in mid to upper lobes. In both costophrenic angles, 
some areas of lobular air trapping are present (d; yellow 
circle). Pattern is indeterminate for UIP.  Cryobiopsy 
shows some important ancillary findings: lymphoid 
aggregates (e) and giant cells (f, red arrow)
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2.5.2	 �NSIP in Connective Tissue 
Diseases

NSIP represents the most common histologic 
pattern in interstitial pneumonia associated 
with CDV [28]. It has been estimated that up to 
15–20% of patients with chronic IP have occult 
CVD [29]. Kono M et  al. [30] and Romagnoli 
et al. [31] demonstrated the association between 
NSIP and subsequent onset of CVD. Kono also 
observed that no significant difference was pres-
ent in clinical characteristics and survival among 
patients with NSIP preceding CVD with those 
with NSIP-CVD [29].

2.6	 �Organizing Pneumonia

Organizing pneumonia (OP) is a common pattern 
of lung injury of a variable etiology. It can be a 
common manifestation of drug reaction, connec-
tive tissue diseases, transplant rejection, GVHD, 
and radiation therapy. It begins as an alveolar epi-
thelial injury consisting of predominantly type 1 
pneumocytes. The integrity of the basal lamina is 
breached, allowing coagulative proteins into the 
alveolar airspaces. Fibrin is deposited in the alve-
oli as result of coagulative cascade. On histology, 
OP is characterized by fibrous plugs composed of 

fibroblasts and myofibroblasts within airspaces 
admixed with inflammatory cells. AFOP can be 
a component of or be the predominant pattern in 
diffuse alveolar disease, represented by patchy 
intra-alveolar fibrin balls. Radiologically, OP can 
be characterized by focal or multiple consolida-
tions, nodular pattern, and reversed halo sign.

OP can present with a single focus of con-
solidation or multifocal migratory consolida-
tions with or without air bronchograms [32]. 
The typical distribution is in the peripheral and 
lower lungs. Peripheral consolidations also occur 
in chronic eosinophilic pneumonia, pulmonary 
hemorrhage, and vasculitis. The bronchocentric 
form of OP can occur in up to one-third of patients 
and is associated with peribronchovascular con-
solidation. This pattern is frequently seen in asso-
ciation with polymyositis and dermatomyositis. 
Unusual patterns include an upper zone involve-
ment, crazy paving, nodular pattern, perilobular 
thickening, and reverse halo. The upper lobe pre-
dominance that can mimic CEP have mixed his-
tological features of CEP and OP. Crazy paving is 
characterized by patchy ground glass with inter-
lobular septal thickening, particularly frequent 
as nitrofurantoin drug-related interstitial lung 
disease. Smaller nodules can have well-defined 
or poorly defined margins, measuring from 3 to 
10 mm. When nodules are associated with centri-

a b

Fig. 2.11  Serial CT scans of a 63-year-old lady, affected 
by dermatomyositis. CT scan from 2007 (a) shows 
ground-glass attenuation associated with consolidation in 
a peribronchovascular fashion, suggesting a mixed pattern 

NSIP-OP. CT scan 2 years later (b), 3 years later (c, d) 
show a wax and wane behavior of the ground-glass attenu-
ation expression of the partial relapse of OP component
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lobular nodules with tree-in-bud, they are expres-
sion of OP coexisting with infection. Perilobular 
thickening has an arcade-like opacity correlated 
with accumulation of organizing exudate in the 
peripheral lobules. Finally, the reverse halo, or 
atoll sign, has been described as possible expres-
sion of OP. It is characterized by a focal area of 
ground glass surrounded by a crescent or ring 
of consolidation [32]. Differential diagnosis of 
reversed halo includes lymphomatous granulo-
matosis, granulomatosis with polyangiitis, lipoid 
pneumonia, and sarcoid (Fig. 2.11).

2.7	 �Smoking-Related Interstitial 
Lung Diseases

Respiratory bronchiolitis is an asymptomatic 
lesion of small airways of cigarette smokers. 
When RB becomes more extensive, typically 
in heavy smokers, RB-ILD may develop. CT 
scan depicts ill-defined centrilobular nodules. 
Emphysema and bronchial wall thickening can 
be ancillary signs. In a small percentage reticu-
lar pattern can coexist. Histologically, two are 
the key features: accumulation of smoker macro-
phages inside the respiratory bronchiole lumen. 
Inflammation around the terminal airways is 
minimal. Recently Katzenstein [33] described 

features of smoking-related interstitial fibrosis 
(SRIF) as a distinct type of hyalinized intersti-
tial fibrosis associated with emphysema and RB 
[34]. In SRIF, the affected alveolar septa are 
thickened by deposition of dense eosinophilic 
ropey-appearing collagen often with admixed 
hyperplastic smooth muscle bundles. Occasional 
foci of mild chronic inflammation are admixed 
with the interstitial collagen, but inflammation is 
never prominent. Differential diagnosis between 
SRIF and UIP is based on enlarged airspaces, 
lined by bronchiolar epithelium of honeycomb-
ing. Distinction between SRIF and fibrosing 
NSIP is based on the deeply eosinophilic and 
hyalinized collagen of SRIF compared with the 
loose collagen fibrosis typical of NSIP. Scars in 
Langerhans cell histiocytosis (LCH) can be also 
differentiated due to the presence of their peri-
bronchiolar and stellate-shaped scars.

2.8	 �Summary

Cryobiopsy has opened a new frontier in the 
radiologic diagnosis of ILD.  In fact the corre-
lation of imaging and pathology, particularly in 
cases of subtle CT findings, offers the opportu-
nity of the identification of signs for the early 
stages of disease [35].

c d

Fig.  2.11  (continued)
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Multidisciplinary Discussion 
in Diffuse Parenchymal  
Lung Disease

Silvia Puglisi, Jay H. Ryu, Sara Tomassetti, 
and Venerino Poletti

3.1	 �Introduction

Interstitial lung disease (ILD) is a heteroge-
neous group of disorders with varying clinical-
radiological presentation and evolution. The 
most common idiopathic ILD is IPF which has 
an unpredictable clinical course, including cases 
with slowly progressive decline and cases with 
rapid deterioration. Prognosis is poor, with a 
median survival of 3–5 years. In the last decade, 
many advances have been made in the under-
standing of IPF pathogenesis, and two antifi-
brotic drugs, pirfenidone [1] and nintedanib [2], 
have become available for IPF treatment. In this 
context, an accurate IPF diagnosis is of particu-
lar importance to optimize the care of patients 
with ILDs, discriminating those who may benefit 
from steroid and immunosuppressive treatments 
from IPF patients for whom the immunosuppres-
sive therapy may be detrimental. The ATS/ERS/

JRS/ALAT guidelines emphasize the importance 
of the multidisciplinary team (MDT) diagnosis 
to correctly identify IPF patients [3]. The MDT 
should be composed of specialists of relevant dis-
ciplines, to integrate all available clinical, radio-
logical, and pathological data.

3.2	 �The Past: The Role 
of Histology and Radiology

Before the recognition of the multidisciplinary 
diagnosis as the gold standard for ILD diagnosis, 
pathology was considered the reference standard 
for many years. The preeminent role of pathology 
was based on two historical developments. Firstly, 
Averill Liebow, the founding father of modern lung 
pathology, was the first to classify the interstitial 
lung diseases in 1965, and the current classifica-
tion of ILDs still takes its root from this classifica-
tion scheme [4]. Secondly, several studies proved 
that pathology carries important prognostic infor-
mation, particularly distinguishing usual intersti-
tial pneumonia (UIP) form other patterns [5].

However pathology in the diagnosis of ILDs 
has several limitations and alone is patently 
insufficient. It has been shown that the interob-
server agreement between pathologists in ILD 
diagnosis is poor, with an overall kappa value 
of only 0.38 for the first-choice diagnosis, and 
a high confidence diagnosis could be achieved 
by expert pathologists in only 39% of cases [6]. 
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Other limitation of histopathology is related to 
the observation that two or more biopsies taken 
from the same patient can manifest divergent his-
topathological patterns as described by Flaherty 
et al. [7]. With regard to the histological distinc-
tion between UIP and nonspecific interstitial 
pneumonia (NSIP), 26% of patients presented 
different histopathological patterns in differ-
ent lobes, proving that the UIP diagnosis based 
on a single lung specimen from one lobe can be 
misleading.

As for radiology, the level of interobserver 
agreement among practising thoracic radiolo-
gists in the diagnosis of idiopathic interstitial 
pneumonias (IIPs) has been estimated by Aziz 
et  al. as moderate or very good on the basis of 
HRCT features, especially for IPF [8]. Several 
other studies have reported on the interobserver 
agreement for a CT diagnosis of IPF/UIP with 
conflicting results. All of these studies involved 
thoracic radiologists with high expertise in the 
interpretation of diffuse parenchymal lung dis-
eases on CT [9].

Walsh et  al. showed that interobserver agree-
ment for the ATS/ERS/JRS/ALAT CT criteria for 
UIP among an international group of thoracic radi-
ologists of varying levels of experience is at best 
moderate and is not significantly increased among 
thoracic radiologists with greater levels of expe-
rience. The most frequent diagnostic difficulty in 
the interpretation of CT scan was the separation 
of patients with IPF/UIP, fibrotic NSIP, and CHP 
which can only be achieved based on CT appear-
ances alone in approximately 50% of cases [10].

Several studies have shown that radiology 
alone is patently insufficient to discriminate IPF 
form other fibrotic ILDs, when IPF doesn’t have 
the typical UIP pattern appearance. Sverzellati 
et  al. showed that three expert radiologists, 
blinded to any clinical information, when asked 
to make an IPF diagnosis on the basis of CT 
scan, missed it in 62% of cases. Among 123 
patients with various chronic ILDs, including 
a core group of 55 biopsy-proved cases of IPF, 
34 (62%) of 55 biopsy-proved IPF cases were 
regarded as alternative diagnoses, and the first-
choice diagnoses, expressed with high probabil-
ity, were NSIP (53%), chronic hypersensitivity 

pneumonitis (HP, 12%), sarcoidosis (9%), and 
organizing pneumonia (3%). This study clearly 
demonstrates that CT scan findings when non-
diagnostic for UIP may overlap with other ILDs 
[11]. Similarly Flaherty et  al. showed that 26 
(35%) of 73 patients with UIP at biopsy had a 
thin-section CT appearance more akin to that of 
NSIP [12].

The recognition of the limitations in using 
pathology, clinical evaluation, and radiology 
data in isolation led to the creation and imple-
mentation of multidisciplinary discussion of ILD 
cases. Several other studies have reported on 
the interobserver agreement for a CT diagnosis 
of IPF/UIP with conflicting results. All of these 
studies involved thoracic radiologists with high 
expertise in the interpretation of diffuse lung dis-
eases on CT [9].

3.3	 �The MDT

The multidisciplinary diagnosis is a dynamic 
process that requires the integration of clinical, 
radiologic, and pathologic data. The benefits of 
integrating radiological, histopathological, and 
clinical data in IIPs diagnosis have been reported 
in several studies. Flaherty et al. demonstrated that 
a consensus diagnosis, reached after exchange of 
clinical, radiological, and histopathologic infor-
mation, often differs from the initial diagnosis 
reached by the individual clinician, radiologist, 
or pathologist working in isolation, leading to the 
idea of a multidisciplinary approach to the IIP 
diagnosis might be more accurate. Radiologists, 
pathologists, and chest physicians took part in 
this study and were allowed to change their ini-
tial diagnosis as more information were added. 
Physicians changed more often their initial diag-
nosis when patients had a clinical and radio-
graphic scenario suggestive of non-IPF IIP, while 
in patients with a presentation considered typi-
cal for IPF, the diagnosis was accurate in more 
than 95% of cases emphasizing the central role 
for HRCT in the cases presenting with the UIP 
radiologic pattern.

When clinical and radiological information 
were added, pathologists changed their diagno-

S. Puglisi et al.



33

sis in 19% of cases. This result empathizes the 
importance of combining histological, radio-
logical, and clinical data and that neither radi-
ology nor histology alone can provide a secure 
diagnosis of ILD.  The level of agreement was 
particularly high between radiologists, even if 
they changed more frequently their diagnosis 
compared to clinicians after revision of histo-
logical data. The level of agreement between all 
participants improved with discussion and with 
the addition of subsequent clinical, radiological 
and particularly pathological information, thus 
confirming the importance of integrating those 
information in the dynamic scenario of multidis-
ciplinary team discussion [13].

Similarly Thomeer et al. showed that although 
the level of agreement between radiologists for IPF 
diagnosis was only moderate (κw = 0.40) and the 
level of agreement between pathologists was fair 
(κw = 0.30), the overall accuracy of the multidis-
ciplinary team diagnosis of IPF was good (87.2%). 
The IPF diagnosis proposed by chest physician 
was rejected in 12.8% of cases after the revision of 
CT scan and pathological data by groups of radi-
ologist expert committee, underlining the impor-
tance of MDT in the correct diagnosis [14].

The 2002 ATS/ERS classification of IIIPs 
[15], the 2013 update, and the 2011 guidelines [3] 
for the diagnosis of IPF strongly recommend the 
interaction and information exchange between 
radiologists, pathologists, and clinicians to reach 
the final diagnosis. Thus, the MDT is proposed 
as the gold standard for ILD diagnosis. Despite 
ERS/ATS recommendations, no guideline state-
ment regulating MDT has been published, and 
there are some unresolved issues regarding the 
composition of the MDT, its governance, its vali-
dation, the selection of cases to be discussed, its 
purpose, and the optimal frequency of the MDT 
meetings (MDTM).

The first study evaluating the level of agree-
ment between international multidisciplinary 
teams (MDTs) of experts in IIPs since the 2013 
ATS/ERS update was conducted by Walsh et al. 
[16]. In this study each MDT, consisting of at 
least 1 clinician, radiologist, and pathologist, 
from 7 countries (Denmark, France, Italy, Japan, 
the Netherlands, Portugal, and the UK), evaluated 

70 cases of interstitial lung disease in a two-stage 
process: (1) the radiologist, pathologist, and cli-
nician independently evaluated each case and 
selected up to five differential diagnoses from 
a group of ILDs. Clinicians had only access to 
clinical information and high-resolution CT scan 
without report or pathology results. Radiologists 
and pathologists just knew age, sex, and smoking 
status for the patient with high-resolution CT (for 
radiologist) and digitalized surgical lung biopsy 
slides (pathologist). (2) These specialists partici-
pated in MDT reviewing all data and selecting 
up to five differential diagnoses. The inter-MDT 
agreement on diagnostic likelihoods was good 
for IPF (weighted kappa coefficient (κw) of 0.71, 
interquartile range (IQR) 0.64–0.77) and connec-
tive tissue disease (CTD)-related ILD (κw = 0.73, 
IQR 0.68–0.78), moderate for NSIP (κw = 0.42, 
IQR 0.37–0.49), and fair for HP (κw = 0.29, IQR 
0.24–0.40). High-confidence diagnoses of IPF 
were given in 77% of cases by MDT, in 65% 
of cases by clinicians, and in 66% of cases by 
radiologists showing that inter-MDT agreement 
for the diagnosis of IPF is good, with clinicians 
having only marginally lower levels of agree-
ment than MDTs for this diagnosis. Compared to 
clinicians or radiologists, MDT made diagnosis 
of IPF with high confidence more frequently. In 
patients without surgical lung biopsy, inter-MDT 
agreement and interobserver agreement between 
clinicians for the diagnosis of IPF were similar 
(κw = 0.71 [IQR 0.64–0.77]), thus implying that 
in cases in which the clinical-radiological sce-
nario of IPF is sound and clear, the MD discus-
sion of cases has a marginal role and probably 
can be neglected.

By contrast, MDT agreement for the diagno-
sis of HP and NSIP was low (κ value, respec-
tively, κw = 0.29 [0.24–0.40], NSIP κw = 0.42 
[0.37–0.49]) (in both cases with or without lung 
biopsy), reflecting the urgent need for clarity and 
standardized diagnostic international criteria.

Diagnostic agreement between MDTs was 
higher compared to agreement between clini-
cians, radiologists, and pathologists in the set-
ting of ILDs, especially assessing IPF diagnosis. 
Moreover, the good diagnostic accuracy of MDT 
diagnosis was validated by the nonsignificant 
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greater prognostic separation of an IPF diagnosis 
made by MDTs than by individual specialists; in 
particular a significant prognostic separation was 
observed in seven of seven MDTs (HR 2.61–5.30 
p < 0.05), in five of seven clinician teams, and in 
four of seven radiologist teams. The same analy-
sis for pathologist team was not significant prob-
ably due to the small number of cases.

3.4	 �Composition of MDT

Despite the clear utility and importance of ILD-
MDTs, the constitution and governance of these 
meetings have not been explicitly addressed. Based 
on the original studies by Flaherty et  al. [13], it 
might be suggested that MDT should at a mini-
mum be composed by a clinician, a radiologist, 
and a pathologist. In recent times, more expansive 
models including rheumatologists, thoracic sur-
geons, and ILD nurses have been suggested. The 
role of the rheumatologists in the MDTs has been 
investigated in a recent study showing that among 
seven international expert multidisciplinary 
groups evaluating ILD cases, new diagnoses of 
CTD-ILD were constructed in approximately 10% 
of patients [16]. The authors of this study suggest 
that rheumatologists should take part in MDT 
because some patients present with subtle clinical 
features or serological abnormalities that imply an 
autoimmune process without meeting established 
criteria for a specific CTD. Recently, an ERS/ATS 
task force was formed in order to establish con-
sensus on how to classify these patients, and spe-
cific diagnostic criteria were established to define 
cases of interstitial pneumonia with autoimmune 
features (IPAF) lacking the criteria for a specific 
rheumatologic disease [17].

Determining whether a patient has a diag-
nosis of CTD-ILD rather than IIP may impact 
treatment decisions and influence prognosis, 
especially in cases presenting with UIP pattern 
on CT scan that may be difficult to differentiate 
from IPF.  Despite the fact that IPF antifibrotic 
drugs have been recently tested in clinical tri-
als for CTD-ILD treatment, the treatment of 
IPF and CTD-ILD remains strikingly divergent, 
and the use of antifibrotic is still not approved 

in CTD-ILDs. Currently CTD-ILDs are treated 
with immunosuppression [18] in contrast to IPF, 
in which immunosuppression is ineffective or 
potentially harmful [19]. CTD-ILDs occur most 
commonly in the context of an established CTD, 
but can be the first and/or only manifestation of 
an occult CTD or occur in patients who have fea-
tures suggestive of an autoimmune process, but 
not meeting diagnostic criteria for a defined CTD 
(IPAF) [17]. The identification of IPAF or of some 
complex CTD-ILDs cases requires the combina-
tion of specific clinical, serologic, and morpho-
logic features. The identification of IPAF patients 
and the difficulties related to clinical diagnosis 
of some CTD cases may require the rheumatolo-
gist evaluation; this implies that rheumatologist 
should participate in MDT discussions only after 
a careful clinical evaluation of the patient.

3.5	 �MDT Diagnosis Is Influenced 
by Components

Although MDTM diagnoses are more confident 
and they reach higher levels of agreement com-
pared to individual participants, the performance 
of the MDT is dependent on the experience of its 
components, as demonstrated by Flaherty et  al. 
who evaluated the diagnostic agreement between 
academic and community-based physicians in 
ILD diagnosis in an interactive approach involving 
radiologists, clinicians, and pathologists and found 
a significant disagreement between academic-
based clinicians and community-based physicians. 
The most evident discordance was for the evalu-
ation of cases of HP, NSIP, and IPF. Final diag-
nostic agreement was higher between academic 
physicians (κ 0.55–0.71) and community physi-
cians (κ 0.11–0.56). Interestingly, community 
pathologists were more influenced in their final 
diagnosis by interaction with clinicians and radi-
ologists compared to academic pathologists. This 
study also showed that academic physicians in a 
multidisciplinary setting display better diagnostic 
agreement and consider a greater range of diagno-
ses, compared to community physicians [20].

Walsh et al. have recently conducted an inter-
national study aimed to evaluate the importance of 
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expertise in the MDT diagnosis of IPF made by 
nonacademic clinicians, university-affiliated cli-
nicians, and an international panel of IPF experts 
using three surrogates of diagnostic accuracy: 
diagnostic confidence, diagnostic agreement, and 
prognostic accuracy. No randomized trials have 
ever been conducted to demonstrate MDT diag-
nosis results in improved patient survival. In the 
absence of a reference standard, separations in 
mortality between patients diagnosed with IPF and 
those diagnosed with other ILDs have been used to 
evaluate the diagnostic skills of clinicians. A total 
of 1141 respiratory physicians and 34 IPF experts 
participated to the study, evaluating 60 cases of 
ILDs without interdisciplinary consultation.

Accuracy of IPF diagnosis made by university 
hospital-based practitioners with greater than 
20 years of experience was equivalent to that of 
international IPF experts, proving that academic 
status and experience level of physicians are 
independently associated with greater prognos-
tic discrimination between diagnoses of IPF and 
other ILDs. Participating in weekly MDT meet-
ings by nonacademic physicians increased prog-
nostic accuracy of IPF diagnosis to that achieved 
by IPF experts [21].

MDT diagnosis is defined as a “consensus” 
among participants and may be influenced by indi-
vidual personalities in the dynamics of MDT so 
that the final diagnosis may ultimately be more 
reflective of the strongest voice in the room. Jo et al. 
conducted a study among 12 expert centres based 
on an internet questionnaire regarding the consti-
tution and governance of their MDT. Interestingly, 
chest physicians adopted a dominant role in MDT 
diagnosis in 90% of meetings, and for 70% of 
cases, the referring physician was also responsible 
for documenting the diagnosis. Just in 30% of 
cases, the final diagnosis was left to the clinician 
following multidisciplinary discussion [22].

3.6	 �Final Scope of MTD

A great debate is ongoing regarding the role of 
MDT meetings in the evaluation of patients with 
ILDs. In oncology, multidisciplinary boards are 
widely applied and have demonstrated a sig-

nificant impact on treatment decisions through 
collaboration between specialists, including 
palliative care. In contrast, the role of MDT in 
ILDs is limited to the diagnostic evaluation even 
though there is an increasing range of therapeutic 
choices for ILDs, including antifibrotic therapy 
for IPF, antigen avoidance for chronic hyper-
sensitivity pneumonitis, immune suppression 
for inflammatory and connective tissue disease-
related ILD, and lung transplantation and pallia-
tive care in case of end-stage lung disease [23].

Therapeutic choices available, including the 
availability of active clinical trials, patient’s own 
wishes, and clinical context including frailty, 
have a great impact on the MDTM decision. In 
addition to evaluating new cases, revising diagno-
ses based upon disease behaviour and response to 
therapy is an important role of MDTM discussion 
especially for patients whose disease behaviour 
is unexpected and could not have been predicted 
on initial assessment. Revisiting existing diagno-
ses on the basis of clinical behaviour and evolu-
tion may lead to change the initial diagnosis and 
to change therapeutic approach.

3.6.1	 �Comparison Between 
Cryobiopsy and Surgical 
Biopsy in MDT Discussion

Surgical lung biopsy (SLB) is still considered 
an important diagnostic step in the diagnosis of 
ILDs when the clinical-radiological features are 
not specific even though SLB has never been val-
idated as a gold standard test. However surgical 
lung biopsy is associated with significant mortal-
ity (2–4%) and adverse effects such as chronic 
chest pain observed in more than 50% of the 
cases lasting for months, prolonged air leakage, 
infections, and prolonged hospitalization [24]. In 
addition, many patients with suspected ILD may 
be unable to undergo SLB because of their comor-
bidities, even if histopathological confirmation 
may be helpful to reach the correct diagnosis. For 
all those reasons, SLB is obtained in <15% of 
ILD cases, and the indication to biopsy has to be 
carefully considered by the MDT. Regarding the 
interobserver agreement in SLBs, some studies 
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have shown that it is higher (κ = 0.42) when UIP 
pattern is identified; but is low when NSIP pat-
tern (κ = 0.29) or chronic HP patterns (κ = 0.36) 
are evaluated [6].

Transbronchial cryobiopsy is a new diagnostic 
approach recently introduced into clinical prac-
tice as a promising and less invasive alternative to 
SLB to diagnose ILDs. Cryobiopsy allows attain-
ment of larger, higher quality lung tissue samples 
without the crush artefacts seen with conventional 
transbronchial lung biopsy using flexible forceps 
[25]. It has been shown that the specimen size 
is directly related to the diagnostic yield and the 
sampling of different segments of the same lobe 
appears to increase the diagnostic confidence or 
at least to reduce the number of samples needed 
to identify the UIP pattern [26].

A recent study by Casoni et al. has also dem-
onstrated that pathologists can detect UIP pattern 
with high confidence in about half of the cases with 
a very good overall interobserver agreement [27]. 
Our group reported a sensitivity for UIP detected 
by transbronchial forceps biopsy of only 30% for 
expert pathologists, and these data have recently 
been confirmed in a study that found transbron-
chial forceps biopsy useful to reach a confident 
and accurate multidisciplinary diagnosis in only 
20–30% of patients with ILDs, with the majority 
of cases requiring SLB to reach a definite diag-
nosis. In suspected cases of non-IPF, particularly 
HP and NSIP, the diagnosis is much more difficult, 
and in this setting, transbronchial forceps biopsy 
has little role, with a negative predictive value for 
a UIP diagnosis ranging between 46 and 55% [28].

In a recent study, we evaluated the impact of 
the addition of transbronchial cryobiopsy/SLB 
information to the multidisciplinary diagnosis 
of ILDs. Transbronchial cryobiopsy increased 
diagnostic confidence in the multidisciplinary 
diagnosis of IPF and also increased self-reported 
confidence levels, to a similar extent compared 
to SLB. Specifically, the proportion of IPF cases 
diagnosed with a high degree of confidence 
increased from 16 to 63% after adding cryobi-
opsy [29]. Moreover, cryobiopsy changed the 
initial clinical-radiological impression in 26% 
of cases, reclassifying 73% of those as IPF.  In 
line with previously published studies, these data 

show that in cases in which the initial clinical-
radiological scenario is inconclusive, pathology 
adds the most important piece of information, 
regardless if it is obtained by surgery or trans-
bronchial cryobiopsy.

3.7	 �Conclusion

According to the current ATS/ERS/JRS/ALAT 
guidelines, the MDT consensus has replaced 
histopathology alone as the gold standard for 
the diagnosis of ILDs. MDT discussion of cases 
improves diagnostic confidence and agreement 
compared to individual observers. However, no 
guidelines exist in literature to describe in detail 
how the MDTs should be conducted and many of 
the specifics remain unclear. There are no pub-
lished guidelines concerning the composition, 
frequency of MDTs, or the kind of ILD cases 
that really need to be discussed. There is a need 
for evidence-based clinical guidelines regarding 
the constitution and governance to reach the best 
clinical outcomes [30, 31].
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Cryobiopsy: Physics

Sara Colella

4.1	 �Introduction: Cold 
Temperatures in Lung 
Diseases

Cold temperatures have been used in medi-
cine for several decades, mainly for therapeu-
tic purposes in several fields [1]; in the airway, 
cold temperatures were initially used to restore 
airway patency from endobronchial tumours 
[2] and further on were used in other diseases 
such as benign central airway obstructions or 
for the treatment of low-grade endobronchial 
malignancy [3]. Compared to other debulking 
techniques, cryotherapy does not show an imme-
diate result since it needs a second procedure to 
remove the treated tissue. Cryoextraction, that 
is, the use of cold temperature to remove tissues, 
was subsequently developed to remove an endo-
bronchial lesion immediately, without the need 
of a clean-up bronchoscopy: this procedure is 
useful for therapeutic purposes in endoluminal 
obstructions and also in foreign body removal. 
It has become a diagnostic tool in the place of 
conventional endobronchial biopsy with for-
ceps since samples obtained with cryoextraction 
were found in selected cases more suitable for 
histological and molecular analyses [4]. Thus, 
the use of cold temperatures led to observe 
larger and better-quality specimens with no 

or few morphologic crush artefacts, and this 
opened the way to transbronchial lung cryobi-
opsy (TBLC) in the diagnostic algorithm of dif-
fuse parenchymal lung diseases [5].

4.2	 �Physic Principle of TBLC

The operating principle of TBLC differs from 
other endoscopic lung biopsy techniques such as 
transbronchial biopsy (TBB) with conventional 
forceps or with jumbo forceps: cryoprobes use 
very low temperatures, below the freezing point, 
to obtain lung specimens.

The underlining physic principle is the 
“Joule-Thomson” effect: it is a phenomenon in 
which the temperature of a real gas increases or 
decreases following, respectively, its compres-
sion or its expansion—as a result from a pressure 
difference—that is carried out without extracting 
a work.

4.3	 �“Joule-Thomson” Effect 
in TBLC

The “Joule-Thomson” effect works through a 
cryoequipment consisting of a tank that contains 
the cooling agents—liquefied gas, a footswitch 
that allows the release of the gas, and a cryoprobe 
where the gas is finally released, with a conse-
quent freeze of the lung tissue around the probe. S. Colella (*) 
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In comparison to TBB with forceps, the obtained 
specimens are significantly larger and contain 
more alveolated tissue and with fewer morpho-
logical artefacts, and this entails a better interpre-
tation of the biopsy [6].

The physics of the biopsy process is influ-
enced by several factors such as the type of the 
cryogenic gas used, the tissue cryosentitivity, 
which probe is used and its activation time, and 
the thawing phase.

4.3.1	 �Cryogenic Gases

The cooling agents used in TBLC are the carbon 
dioxide (CO2) or the nitric oxide (N2O): both are 
liquefied under high pressure in a tank, and no 
differences in the working mechanism of the two 
gases are found, but there are differences in terms 
of temperatures reached, costs, and occupational 
exposure.

The cryogenic effect of CO2 is less pronounced 
than the one of N2O, since a drop of temperature 
to minus 75 °C is reached with CO2 and to minus 
89 °C with the N2O [7].

A list of the cooling gases used in some stud-
ies with the corresponding freezing times is 
shown in Table 4.1.

CO2 is less costly than N2O [14] and its use 
appears to be safer for the operators. Indeed, the 
use of N2O could raise some concerns regarding 
the occupational exposure because an exhausting 
system is needed, and thus CO2 has been pro-
posed as a valid alternative [15].

Moreover, another property of CO2 is that 
when it cools, a mixture of its gaseous and solid 
form is created, the so-called CO2 snow [16].

4.3.2	 �Tissue Cryosensitivity

Different tissues have different sensitivities to 
cold temperatures: this characteristic, also called 
cryosensitivity, depends mainly on the tissue 
water content and the microcirculation—tissues 
composed of a higher water content are more 
prone to be frozen [5]. For example, because of 
their higher water content and vascularization, the 
skin, granulation tissue, or tumour tissue is more 
cryosensitive than fat, cartilage, or collagen.

About the lung, structures located in the cen-
tral airways have a different composition from 
peripheral lung parenchyma because the latter 
has lower connective tissue content, and there-
fore it is easier to freeze whilst the bronchial wall 
is less susceptible to cold due to the higher rate of 
connective tissue. This different tissue composi-
tion may also explain the bleeding that is a com-
mon complication of TBLC: because of the lack 
of complete cartilaginous structures in the middle 
third part of the lung, taking a biopsy from those 
zones may result in a higher bleeding risk since 
the vasculature could be damaged [17].

4.3.3	 �Probes

Cryoprobes are available in two diameters, 1.9 
and 2.4  mm: obviously, because the 2.4  mm 
probe is larger, it provides larger samples than the 
1.9 mm, and in order for the sample dimension to 
be equal with different probes, a longer freezing 
time is needed with the smaller one (1.9 mm) [5].

Moreover, since the cold has a concentric 
expansion, the optimal position of the probe is 
perpendicular to the biopsy site; however this is 
not always possible to ensure.

Lastly, the biopsy size may be increased when 
the probe was pressed on the tissue during cool-
ing [18].

4.3.4	 �Activation of the Probe

Once the probe is activated, the cooling gas goes 
from the tank to the tip of the probe where it is 
released at atmospheric pressure and is propagated 

Table 4.1  Cryogenic gases and temperatures reached

Author
Cooling 
gas

Temperature 
(°C)

Almeida, 2017 [8] N2O −85
Echevarria-Uraga, 2016 
[9]

N2O −89

Ravaglia, 2016 [10] CO2 −75
Gershman, 2015 [11] N2O −89
Griff, 2014 [12] CO2 −77
Casoni, 2014 [13] CO2 −75
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within the surrounding lung tissue, with a concen-
tric propagation of the frozen zone that radiates 
from the probe. The lung tissue is then quickly 
frozen, within few seconds, and this frozen lung 
tissue is called “iceball” (Fig. 4.1).

The longer activation time, the larger the 
specimen will be: indeed, there is a positive 
correlation between freezing time and cross-
sectional biopsy area [4], since a prolonged 
activation time will result in an increased weight 
and diameter of the cryobiopsies; thus, by 
increasing freezing times, a larger surface area 
and subsequently larger biopsies can be gener-
ated [19].

4.3.5	 �Thawing Phase

Once the probe is taken away from the airway, 
the “iceball” could be removed from the tip of 
the probe: now starts the thawing phase that 
occurs relatively slowly in a hand-warmed water 
bath with a gentle removal of the tissue from the 
probe—with the aid of a needle, for example—in 
order to minimize damages.

4.4	 �The “Joule-Thomson”  
Effect on Living Tissues: 
Mechanism of  
Tissue Damage

Despite the mechanism of cell damage of cryo-
therapy is well known, the tissue damages cre-
ated in TBLC were poorly investigated.

Cell destruction during cryotherapy occurs 
with two different mechanisms: an immediate 
and a delayed injury. The immediate damages are 
due to the formation of extra- and intracellular ice 
crystals that damage the organelles and the cell 
membrane with consequent transcellular fluid 
shift (mechanical damage). The delayed injury 
is due to a local vasoconstriction and thrombosis 
with consequent ischaemia (vascular damage): 
when the circulation is restored in the thawing 
phase, a hyperaemic response with consequent 
oedema, increasing capillary permeability, plate-
let aggregation, and micro-thrombi formation are 
observed, and those lead to the apoptosis, pro-
moted by DNA fragmentation, cytokine release, 
inflammation, and ischemic injury (immunologi-
cal mechanism) [1].

As already said, the cell survivability depends 
also on the thawing phase: a greater number of 
cells is observed to survive when higher thaw-
ing temperatures are employed because there is 
a lower probability of recrystallization, and if the 
freezing takes place again, like in cryotherapy, 
the size of crystals is smaller [20]. Finally, the 
more freezing-thawing cycles are performed, the 
more destructive effects on living tissue will be.

However, the above-mentioned mechanisms 
lead to irreversible tissue damage, useful to treat 
endobronchial lesions, whilst the aim of TBLC is 
not to destroy tissue but to collect and preserve it. 
The optimal temperature and time in the freezing 
process that has to be correlated to the biological 
damage rather than to the tissue preservation is 
not known [20].

Evidences to explain cell survivability could 
be extrapolated from studies conducted in cryo-
surgery, but some differences have to be under-
lined in comparison to TBLC: in TBLC higher 
temperatures—but below zero in both cases—are 
employed, only one freeze-thaw cycle is per-
formed, and the thawing phase is passive and 
slow.

Some studies have investigated the relation 
between cooling rate and direct cell damage [21]. 
The extracellular and intracellular ice forma-
tion occurs, respectively, during slow and rapid 
freezing rate: so, a characteristic shape of sur-
vival curve has been hypothesized (Fig. 4.2), in 

Fig. 4.1  The “iceball” with a 2.4 mm probe, activation 
time: 10 s
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which there are two domains of tissue damage at 
the extreme part of the curve and an intermedi-
ate domain in which the range of cooling rates 
for cells survival is optimal. Which is the exact 
rate of cooling that creates the extracellular ice 
formation rather than the intracellular ice or the 
cell survival is unknown.

Moreover, the cells closer to the probe are 
more susceptible to cold temperatures, whilst fur-
ther away near the edge of the ice front, cooling 
rates are lower and fewer cells are killed because 
little ice crystallization takes place [20].

To sum up, the exact mechanism of tissue 
damage in TBLC is not known: some hypotheses 
could be done starting from studies about cryo-
therapy, but further research is needed to better 
elucidate this point.

References

	 1.	Colella S, Ravaglia C, Tomassett S, Gurioli CH, 
Gurioli C, Poletti V. Cryotherapy: application in the 
airways. In: Diaz-Jimenez JP, Rodriguez AN, edi-
tors. Interventions in pulmonary medicine. Cham: 
Springer; 2018.

	 2.	Maiwand MO. Cryotherapy for advanced carcinoma 
of the trachea and bronchi. Br Med J (Clin Res Ed). 
1986;293(6540):181–2.

	 3.	DiBardino DM, Lanfranco AR, Haas 
AR. Bronchoscopic cryotherapy. Clinical applications 
of the cryoprobe, cryospray, and cryoadhesion. Ann 
Am Thorac Soc. 2016;13(8):1405–15.

	 4.	Hetzel J, Eberhardt R, Herth FJ, Petermann C, Reichle 
G, Freitag L, Dobbertin I, Franke KJ, Stanzel F, Beyer 
T, Möller P, Fritz P, Ott G, Schnabel PA, Kastendieck 

H, Lang W, Morresi-Hauf AT, Szyrach MN, Muche 
R, Shah PL, Babiak A, Hetzel M.  Cryobiopsy 
increases the diagnostic yield of endobronchial 
biopsy: a multicentre trial. Eur Respir J. 2012;39(3): 
685–90.

	 5.	Poletti V, Casoni GL, Gurioli C, Ryu JH, Tomassetti 
S. Lung cryobiopsies: a paradigm shift in diagnostic 
bronchoscopy? Respirology. 2014;19(5):645–54.

	 6.	Griff S, Ammenwerth W, Schönfeld N, Bauer 
TT, Mairinger T, Blum TG, Kollmeier J, Grüning 
W.  Morphometrical analysis of transbronchial cryo-
biopsies. Diagn Pathol. 2011;6:53.

	 7.	Poletti V, Hetzel J. Transbronchial cryobiopsy in dif-
fuse parenchymal lung disease: need for procedural 
standardization. Respiration. 2015;90(4):275–8.

	 8.	Almeida LM, Lima B, Mota PC, Melo N, Magalhães 
A, Pereira JM, Moura CS, Guimarães S, Morais A. 
Learning curve for transbronchial lung cryobiopsy 
in diffuse lung disease. Rev Port Pneumol (2006). 
2017. pii: S2173-5115(17)30148-3. https://doi.
org/10.1016/j.rppnen.2017.09.005.

	 9.	Echevarria-Uraga JJ, Pérez-Izquierdo J, García-Garai 
N, Gómez-Jiménez E, Aramburu-Ojembarrena A, 
Tena-Tudanca L, Miguélez-Vidales JL, Capelastegui-
Saiz A. Usefulness of an angioplasty balloon as selec-
tive bronchial blockade device after transbronchial 
cryobiopsy. Respirology. 2016;21(6):1094–9.

	10.	Ravaglia C, Bonifazi M, Wells AU, Tomassetti S, 
Gurioli C, Piciucchi S, Dubini A, Tantalocco P, 
Sanna S, Negri E, Tramacere I, Ventura VA, Cavazza 
A, Rossi A, Chilosi M, La Vecchia C, Gasparini S, 
Poletti V.  Safety and diagnostic yield of transbron-
chial lung cryobiopsy in diffuse parenchymal lung 
diseases: a comparative study versus video-assisted 
thoracoscopic lung biopsy and a systematic review of 
the literature. Respiration. 2016;91(3):215–27.

	11.	Gershman E, Fruchter O, Benjamin F, Nader AR, 
Rosengarten D, Rusanov V, Fridel L, Kramer 
MR.  Safety of cryo-transbronchial biopsy in dif-
fuse lung diseases: analysis of three hundred cases. 
Respiration. 2015;90(1):40–6.

	12.	Griff S, Schönfeld N, Ammenwerth W, Blum TG, 
Grah C, Bauer TT, Grüning W, Mairinger T, Wurps 
H.  Diagnostic yield of transbronchial cryobiopsy in 
non-neoplastic lung disease: a retrospective case 
series. BMC Pulm Med. 2014;14:171.

	13.	Casoni GL, Tomassetti S, Cavazza A, Colby TV, 
Dubini A, Ryu JH, Carretta E, Tantalocco P, Piciucchi 
S, Ravaglia C, Gurioli C, Romagnoli M, Gurioli C, 
Chilosi M, Poletti V. Transbronchial lung cryobiopsy 
in the diagnosis of fibrotic interstitial lung diseases. 
PLoS One. 2014;9(2):e86716.

	14.	Seamans Y, et al. Effect of cough technique and cryo-
gen gas on temperatures achieved during simulated 
cryotherapy. BMC Womens Health. 2007;7:16.

	15.	Maiti H, Cheyne MF, Hobbs G, Jeraj HA. Cryotherapy 
gas—to use nitrous oxide or carbon dioxide? Int J 
STD AIDS. 1999;10(2):118–20.

	16.	Mariategui J, Santos C, Taxa L, Jeronimo J, Castle 
PE.  Comparison of depth of necrosis achieved by 

Cooling rate °C/min

Cell survival
Intracellular

ice formation
Extracellular
ice formation

C
el

l s
ur

vi
va

l %

Fig. 4.2  The survival curve of cells depending on the 
cooling rate

S. Colella

https://doi.org/10.1016/j.rppnen.2017.09.005
https://doi.org/10.1016/j.rppnen.2017.09.005


45

CO2- and N2O-cryotherapy. Int J Gynaecol Obstet. 
2008;100(1):24–6.

	17.	Hetzel J, Maldonado F, Ravaglia C, Wells AU, Colby 
TV, Tomassetti S, Ryu JH, Fruchter O, Piciucchi 
S, Dubini A, Cavazza A, Chilosi M, Sverzellati 
N, Valeyre D, Leduc D, Walsh SLF, Gasparini S, 
Hetzel M, Hagmeyer L, Haentschel M, Eberhardt R, 
Darwiche K, Yarmus LB, Torrego A, Krishna G, Shah 
PL, Annema JT, Herth FJF, Poletti V. Transbronchial 
cryobiopsies for the diagnosis of diffuse parenchy-
mal lung diseases: expert statement from the cryobi-
opsy working group on safety and utility and a call 
for standardization of the procedure. Respiration. 
2018;95(3):188–200.

	18.	Franke KJ, Szyrach M, Nilius G, Hetzel J, Hetzel 
M, Ruehle KH, Enderle MD. Experimental study on 
biopsy sampling using new flexible cryoprobes: influ-

ence of activation time, probe size, tissue consistency, 
and contact pressure of the probe on the size of the 
biopsy specimen. Lung. 2009;187(4):253–9.

	19.	 Ing M, Oliver RA, Oliver BG, Walsh WR, Williamson 
JP.  Evaluation of transbronchial lung cryobiopsy 
size and freezing time: a prognostic animal study. 
Respiration. 2016;92(1):34–9.

	20.	Chua KJ, Chou SK, Ho JC.  An analytical study on 
the thermal effects of cryosurgery on selective cell 
destruction. J Biomech. 2007;40(1):100–16.

	21.	Mazur P, Leibo SP, Farrant J, Chu EHY, Hanna MG 
Jr, Smith LH.  Interactions of cooling rate, warming 
rate and protective additive on the survival of frozen 
mammalian cells. In: Wolstenholme GEW, O’Connor 
M, editors. Ciba foundation symposium on the fro-
zen cell. London: J&A Churchill Publication; 1970. 
p. 69–88.

4  Cryobiopsy: Physics



47© Springer Nature Switzerland AG 2019 
V. Poletti (ed.), Transbronchial cryobiopsy in diffuse parenchymal lung disease, 
https://doi.org/10.1007/978-3-030-14891-1_5

Technique and Equipment 
in Transbronchial Cryobiopsy

Sara Colella

5.1	 �Introduction

There is a large amount of evidence that under-
lines the importance of technical aspects in trans-
bronchial lung cryobiopsy (TBLC) since, as in 
many other medical procedures, optimizing the 
technique means consequently optimizing its 
safety and its utility (diagnostic yield).

In the published studies, a variability in the 
technique and in the equipment used is found; 
therefore a call for standardization was proposed 
in a recent document by Hetzel et al. [1], in which 
technical recommendations to enhance safety 
and optimize the diagnostic yield were proposed.

In the following chapter, the potential vari-
ability of the technical aspects of TBLC will be 
analysed, pointing out advantages and disadvan-
tages in the various techniques and equipment 
proposed.

5.2	 �A Summary of What TBLC 
Needs to Be Carried Out

As general rule, TBLC needs to be carried out 
in a centre with experience in interstitial lung 
diseases (ILDs); in an endoscopic room with 
standard monitoring that includes oxygen satura-
tion, electrocardiography and non-invasive blood 

pressure; by trained interventional pulmonolo-
gists; and where a prompt management of poten-
tial complications is possible.

The list below illustrates the technical points 
one has to consider in performing TBLC:

–– Sedation/anaesthesia
–– Airway management
–– Patient ventilation
–– Bronchial blockers
–– Fluoroscopic guidance
–– Cryogenic gas
–– Cryoprobes and freezing times
–– Where to take a TBLC and how many samples 

should be taken
–– How to manage the TBLC samples

For each point, a variability in the technique 
and in the equipment used could be found, but it 
has to be underlined that for many of these points, 
a head-to-head comparison has not been done, so 
there is no or little evidence regarding clear ben-
efits of an operating method over another one.

5.3	 �Sedation/Anaesthesia

Deep sedation or general anaesthesia is manda-
tory in order to improve the tolerance of the pro-
cedure, to better manage the patient oxygenation, 
to reduce potential harmful complications and to 
improve the working conditions [2].S. Colella (*) 
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Different drugs are used, commonly propofol, 
midazolam and remifentanil [3]: the use of some 
of these agents is regulated in different ways 
since some of them could be used only by anaes-
thesiologists in some countries whilst in others 
could be used also by other physicians or even 
nurses in some protocols [4, 5]. A different ter-
minology is also used across the studies: agents 
considered for deep sedation by some authors [6, 
7] are considered for general anaesthesia by oth-
ers [8–10]; therefore it is a matter of what agent is 
used rather than of the name used to indicate the 
anaesthesiologist support. In Table 5.1 an over-
view of the agents used in some studies is shown.

Muscle relaxation could be added, but in this 
case, the patient has to be ventilated, with either 
mechanical, manual or jet ventilation [9].

The addition of local anaesthesia is important 
as well, and it is used with the same modalities as 
in other bronchoscopic procedures [19].

Conscious sedation with the use of mid-
azolam and fentanyl without the need to intubate 
the patient is described by some authors [11, 
15] without reporting a higher complication rate 
compared to other studies, but apparently there 
are no clear benefits to prefer conscious sedation 
over deep sedation or general anaesthesia.

5.4	 �Airway Management

The majority of the reports in the literature 
describe the TBLC technique with intubated 
patient, with either a rigid tracheo-bronchoscope 

or an endotracheal tube [3]. The choice of a rigid 
bronchoscope or an endotracheal tube is mainly 
related to the operator skills.

Supraglottic devices (such as laryngeal 
mask) were also described and were proven to 
have also an acceptable safety [8, 20] but may 
raise some concerns in the management of 
severe bleeding.

TBLC can be performed also without the 
need to intubate the patient, with a trans-oral 
approach: in this case two bronchoscopes are 
used, one for taking the biopsy and the second 
one immediately after to manage the bleeding 
with suction or wedge the bronchoscope in the 
selected segmental bronchus [8, 16]. Among 
the studies that used the trans-oral approach, no 
bleeding complications were reported by some 
authors [11, 21, 22], whilst a percentage that 
ranges between 2% [15] and 5.2% was reported 
by others [16].

Ravaglia et  al. [6] analysed the impact of 
airway management and sedation on the diag-
nostic yield and on the pneumothorax rate: in 
comparison with patients non-intubated in con-
scious sedation, the diagnostic yield was slightly 
lower in intubated patients in deep sedation (83% 
versus 81%, respectively), and in this group, the 
proportion of pneumothorax was higher (1% ver-
sus 7%, respectively).

Thus, intubation, with either a rigid broncho-
scope or an endotracheal tube, is recommended 
in TBLC [1], since there are advantages over the 
trans-oral approach in terms of patient’s safety 
and operator’s comfort. Moreover, a better  

Table 5.1  A summary of the type of sedation/anaesthesia commonly used

Author, year
Type of 
study

Number of 
patients

GA/DS/CS (name 
used in the article) Agent

Bango-Alvarez, 2017 [11] Prosp 106 DS Midazolam + fentanyl
Kronborg-White, 2017 [12] Retro 38 DS Propofol + remifentanil
Ravaglia, 2017 [13] Prosp 46 DS Propofol + remifentanil
Ravaglia, 2016 [6] Retro 297 GS Propofol + remifentanil
Tomassetti, 2016 [14] Prosp 58 DS Propofol + remifentanil
Ramasway, 2016 [15] Retro 56 CS Midazolam + fentanyl
Hernandez-Gonzalez, 2015 [7] Retro 33 GA Propofol + remifentanil
Gershman, 2015 [16] Retro 300 CS Midazolam + afentanyl ± Diprivan
Casoni, 2014 [10] Prosp 69 GA Propofol + remifentanil
Griff, 2014 [17] Retro 52 DS Disoprivan + midazolam
Frutcher, 2014 [18] Retro 75 DS Midazolam + alfentanyl
Yarmus, 2013 [9] Prosp 21 GA/DS Propofol ± paralytics
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stability of the bronchial blocker is ensured 
with the intubated patient, since the bronchial 
blocker can be fixed at the proximal part of the 
airway device. However, the trans-oral approach 
could be also possible, apparently without an 
increased rate of complications.

5.5	 �Patient Ventilation

A consequent aspect of the choice of sedation 
rather than anaesthesia is the ventilation of the 
patient. Whereas in case of conscious sedation a 
spontaneous breathing is maintained, in case of 
general anaesthesia or deep sedation, a support in 
ventilation could be needed.

Three modalities have been described, spon-
taneous, manual, mechanical and jet ventilation. 
During spontaneous ventilation, only oxygen 

supply via nasal or endotracheal cannula is given, 
and this is the most common ventilation modal-
ity reported. Manual and mechanical ventilation 
is also used, in which the patient is connected, 
respectively, to a balloon or to a ventilator. Jet 
ventilation consists in sending small air vol-
umes, manually or mechanically, enriched with 
O2 at high speed, and to do so, the induction of a 
respiratory muscle paralysis is needed: the main 
advantage is to reduce the possibility of lung baro-
trauma, but the efficacy decreases when several 
instruments are introduced into the rigid broncho-
scope like forceps or suction catheters [23].

Data from surgical lung biopsy indicates that 
a higher risk of barotrauma could be observed 
in case of single lung ventilation [1], but similar 
data regarding TBLC has never been reported. A 
summary of ventilation support across the studies 
is provided in Table 5.2.

Table 5.2  An overview of the sedation/anaesthesia used and the ventilation support across the studies

Author, year
Type of 
study

Number 
of patients

GA/DS/CS 
(name used in 
the article) Agent

ETT/RB/
SGD/NI Ventilation

Almeida, 2017 [24] Retro 100 GA – RB Manual jet 
2 bar

Schmutz, 2017 [25] Retro 132 GA – SGD –
Bango-Alvarez, 2017 
[11]

Prosp 106 DS Midazolam + fentanyl NI Spontaneous

Kronborg-White, 2017 
[12]

Retro 38 DS Propofol + remifentanil ETT Spontaneous

Siprasart, 2017 [8] Retro 74 GA – ETT Spontaneous
Ravaglia, 2017 [13] Prosp 46 DS Propofol + remifentanil RB Spontaneous
Ussavarungsi, 2017 
[26]

Retro 74 DS – ETT Spontaneous

DiBardino, 2017 [20] Retro 25 CS – SGD/ETT –
Berim, 2017 [27] Retro 10 GA – ETT –
Marcoa, 2017 [28] Prosp 90 GA – ETT Jet
Sousa-Neves, 2017 
[29]

Retro 3 GA – RT –

Echevarria-Uraga, 
2016 [30]

Retro 100 GA – ETT Mechanical

Ravaglia,2016  [6] Retro 297 GS Propofol + remifentanil ETT Spontaneous
Hagmeyer, 2016 [31] Retro 23 DS/GA – ETT/RB −/jet
Tomassetti, 2016 [14] Prosp 58 DS Propofol + remifentanil ETT Spontaneous
Hagmeyer, 2016 [31] Prosp 32 DS – ETT –
Ramasway, 2016 [15] Retro 56 CS Midazolam + fentanyl NI Spontaneous
Pourabdollah, 2016 
[32]

Prosp 41 DS – – –

Hernandez-Gonzalez, 
2015 [7]

Retro 33 GA Propofol + remifentanil ETT –

(continued)
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5.6	 �Bronchial Blockers

Bronchial blockers are positioned in segmental 
bronchi immediately before the biopsy proce-
dure, and its use is mainly justified to reduce the 
bleeding. Once in the target place, the blocker 
has to be fixed to avoid depositioning (e.g. to the 
endotracheal tube or to the rigid bronchoscope 
with a sticking plaster).

Two types of bronchial blockers are com-
monly used in TBLC: the Fogarty catheter (most 
used, Fig. 5.1) and the Arndt catheter.

The Fogarty balloon (dimensions: 4F, 5F, 6F) 
consists of a hollow tube with an inflatable bal-

loon attached to its tip. It is available in various 
dimensions. In its proximal portion, there are two 
branches, one to inflate balloon with air and the 
other one for the instillation of fluids, like saline, 
if necessary.

The Arndt catheter (dimensions: 7F or 9F) has 
a guide loop in its distal part that has to be tied 
to the bronchoscope, enabling a more precise 
placement.

The mechanism of functioning is the same for 
both devices: they have to be inserted deflated 
and inflated after the biopsy, immediately after 
the removal of the cryoprobe, and they have to 
remain inflated in the biopsy area for 3–5 min. A 

Author, year
Type of 
study

Number 
of patients

GA/DS/CS 
(name used in 
the article) Agent

ETT/RB/
SGD/NI Ventilation

Gershman, 2015 [16] Retro 300 CS Midazolam + afentanyl 
± Diprivan

NI Spontaneous

Pajares, 2014 [33] RCT 77 DS – ETT Spontaneous
Casoni, 2014 [10] Prosp 69 GA Propofol + remifentanil ETT Spontaneous
Griff, 2014 [17] Retro 52 DS Disoprivan + midazolam – –
Frutcher, 2014 [18] Retro 75 DS Midazolam + alfentanyl NI Spontaneous
Kropski, 2013 [5] Retro 25 CS – ETT Spontaneous
Fruchter, 2013 [18] Retro 11 CS – ETT Spontaneous
Fruchter, 2013 [18] Retro 40 CS – NI Spontaneous
Yarmus, 2013 [9] Prosp 21 GA/DS Propofol ± paralytics RB/LMA Jet/

spontaneous
Griff, 2011 [34] Prosp 15 Sedation (?) – – –
Babiak, 2009 [35] Prosp 41 DS – ETT Spontaneous

Table 5.2  (continued)

Fig. 5.1  Fogarty catheters
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check of the bleeding before removing the bal-
loon is suggested.

The majority of the studies reported the use of 
a bronchial blocker with an expected reduction in 
moderate-to-severe bleeding [36].

However, in some studies, no bronchial block-
ers are used, and a second bronchoscope was used 
in place of them: the biopsy is taken with the first 
bronchoscope, and subsequently a second one 
is inserted and wedged to stop the bleeding. For 
example, Sriprasart et al. [8] reported their expe-
rience with two scopes and no bronchial blocker: 
they reported a diagnostic yield of 87.84%, a 7% 
of pneumothoraces, 1% severe bleeding and a 4% 
of death.

5.7	 �Fluoroscopic Guidance

Once the biopsy area is chosen in the computed 
tomography (CT) scan, the use of the fluoroscope 
is a further guidance in the biopsy since its use 
allows to better evaluate the position of the probe 
and its distance from the pleura.

Indeed, it is suggested that the probe should be 
placed in the distal part of the lung parenchyma: 
if too close to the pleura, the risk of pneumo-
thorax is increased, and on the other side, if too 
proximal, there is a risk of bleeding since the 
airways are not entirely protected with cartilage 
plates and vessels could be damaged whilst tak-
ing the biopsy.

Some studies reported a distance from the 
visceral pleura that varies between 1 and 2 cm, 
and a distance of around 1 cm has been recently 
suggested [1]. However, biopsy within 1  cm 
from the pleura could be necessary in the sus-
picion of idiopathic pulmonary fibrosis/usual 
interstitial pneumonia (IPF/UIP), and in those 
cases, a higher rate of pneumothorax has been 
reported, also due to the more pronounced 
fibrotic changes [3]. Dhooria et  al. [36] found 
a lower percentage of pneumothorax in case of 
fluoroscopic use.

Moreover, the fluoroscopic use allows also a 
prompt evaluation in case of pneumothorax.

In some other studies, the fluoroscope was 
not used: in the study of Bango-Álvarez et  al. 

[11], for example, the probe was moved for-
ward until it could not be advanced further and 
then retracted 1–2  cm following the marks on 
the probe. They obtained a diagnosis in 86% of 
patients, and they experienced pneumothorax 
in 4.7%, no acute exacerbation of IPF and no 
haemorrhage.

5.8	 �Cryogenic Gases

Cryogenic gases are the cooling agents that allow 
the lung tissue to be frozen. They are compressed 
under high pressure in a tank, and they are 
released once the probe is activated with the foot-
switch (Fig. 5.2). The release of the gases gener-
ates a rapid temperature drop with a consequent 
freeze of the surrounding tissue.

Two cooling gases are used, the carbon diox-
ide (CO2) and nitric oxide (N2O): no difference 
in the mechanism is observed, but the N2O 
reaches lower temperatures, could require an 
aspiration system in the room to be used and is 
more expensive than CO2 (see Chap. 4); there-
fore, CO2 is the cooling agent core commonly 
used.

5.9	 �Cryoprobes

TBLC is performed by the mean of cryoprobes: 
they are inserted in the operating channel of the 
flexible bronchoscope and are pushed forward 
until the biopsy site, in close contact to the lung 
tissue.

Cryoprobes are flexible probes, 90  cm in 
length, available in 2 diameters, 1.9 and 2.4 mm 
(Fig. 5.3). The 2.4 mm probe provides the larg-
est samples with a fewer activation time since 
there is a positive correlation between the freez-
ing time, the probe’s dimension and the cross-
sectional area of the biopsy [37].

A freezing time of 5–6 s has to be used with 
the 2.4 mm probe, whilst 7–8 s is necessary with 
the 1.9 mm [13], but when the N2O is used, this 
freezing time could be reduced [30].

So far, in terms of complications, no clear data 
are available proving that a larger dimension of 
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the probe means a higher complication rate; how-
ever, a trend towards the rate of pneumothorax 
was observed in the meta-analysis of Iftikhar and 
colleagues [38] with the 2.4 mm probe.

5.10	 �Where to Take a TBLC 
and How Many Samples 
Should Be Taken

The choice of the biopsy site is up to the 
operator, where the most representative radio-
logical abnormalities are present, avoiding the 

a

b c

Fig. 5.2  Part of the cryoequipment. (a) The console; (b) the footswitch; (c) the “iceball”

Fig. 5.3  The available cryoprobes
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most fibrotic areas. In case where there is a 
diffuse heterogeneous lung disease, biopsies 
from different lobes or different segments are 
preferred.

A significant variability is observed among 
the studies about this point: some are performed 
in a single segment, some in more than one seg-
ment and in others in different lobes [5, 26], but 
in most of the cases, no subgroup analyses were 
performed.

To better evaluate the potential advantages of 
taking biopsies in different segments rather than 
in a single segment, Ravaglia et  al. [13] con-
ducted a randomized trial in which a significant 
increase in the diagnostic yield from 69 to 96% 
was demonstrated when biopsies from a differ-
ent segment of the same lobe were added. A part 
from this randomized study, no other data are 
available that elucidates whether taking biopsy 
from multiple segments or multiple lobes results 
in an increase of diagnostic yield; moreover, 
the impact of this approach on complications is 
poorly understood.

About the number of biopsies that needs to 
be taken, in the literature, it ranges from 1 to 7 
samples [3]; however, three to five biopsies are 
the optimal number suggested [1].

5.11	 �How to Manage the TBLC 
Samples

Once the tissue is collected, it has to be processed 
for pathological evaluation.

Comparable to other lung biopsy techniques, 
TBLC specimens have to be (1) fixed in forma-
lin, (2) embedded in paraffin, (3) orientated in 
the way to maximize the surface area and finally 
(4) stained with haematoxylin-eosin (or other 
stains) or prepared for immunohistochemical 
analysis.

Attention should be paid in all these phases of 
tissue manipulation, starting from the removing 
of the tissue from the probe to the formation of 
slides in order to minimize tissue damages and 

artefacts. For example, thawing in hand-warm 
water may render the tissue removing easier.

Moreover, the TBLC specimens are suitable 
for investigations such as immunohistochemical 
and molecular studies [39].

5.12	 �Learning Curve

The need of standardization is not only expected 
for technical issues but also for establishing the 
learning process for TBLC. Nowadays, there is 
no validated learning protocol for TBLC, and 
very few studies addressed this point. A rela-
tive high complication rate is described with the 
starting experience of TBLC [20] by unexperi-
enced pulmonologists: out of 25 patients, seri-
ous haemorrhage was reported in 3 patients (1 
of them life-threatening), pneumothorax in 2 
cases and hypercapnic respiratory failure in 1. 
These results suggest that a high caution should 
be done with the introduction of TBLC in clini-
cal practice.

Also in the report of Kronborg-White and 
colleagues [12], the first experience with TBLC 
was described, and interestingly they speci-
fied the learning process of the operator: one of 
them attended a large experienced centre, and on 
return, the other two pulmonologists were trained 
to perform the procedure. Out of 38 patients, 
complications were seen in 18 cases: 1 has hae-
moptysis, 6 have moderate bleeding, 10 have 
pneumothoraces and two has signs of infections 
on blood tests with fever.

Finally, Almeida et al. performed a retrospec-
tive study investigating the diagnostic yield and 
the complications related to the experience of the 
operator [24]. Mastering of the procedure was 
achieved after 70 procedures, in terms of better 
diagnostic yield, bigger specimens and fewer 
complications.

Thus, further studies are needed to establish 
that the learning procedure of TBLC could be 
with a positive impact on the success and safety 
of the procedure.
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5.13	 �What Happens After 
the Biopsy: Writing 
the Report, Post-procedural 
Monitoring 
and Management 
of Complications

Once the TBLC is performed, there are few more 
aspects that have to be managed.

First of all, a report of the procedure has to be 
done, in which the procedure is described.

The description of the technical aspects of 
TBLC is the responsibility of the operator that 
has to specify the following details in the report: 
airway management device (if any), bronchial 
blocker used (if any), fluoroscopic guidance 
(if so), probe’s size, number of biopsies taken 
and biopsy site (single/multiple segment(s) or 
lobe(s)).

Also the pathologist has to write a report to 
propose the final diagnosis, specifying the speci-
mens’ dimension, the percentage of alveolated 
tissue, the pattern recognition, the immunohisto-
chemical or molecular analyses (if any) and the 
level of confidence in the proposed diagnosis.

As a second point, after the TBLC, the 
patient has to be monitored for some hours. 
The procedure could be performed in both out- 
[6, 8] and in-patient setting [40]: patients have 
to be monitored to work off the anaesthesia 
and to better manage potential complications. 

In the literature, a minimum of 2 h of monitor-
ing [8] is suggested to evaluate the possibility 
of escalation of care or to evaluate if further 
examinations are needed, such as chest X-ray 
in the suspicion of pneumothorax. Viglietta 
et  al. [41] found a percentage of pneumotho-
rax of 23% (11/43) diagnosed by concordance 
of chest X-ray and chest ultrasound in the 
first 3 h: in 10 cases a diagnosis was made by 
chest X-ray and in 11 cases with chest ultra-
sound, thus suggesting a potential role of 
ultrasound in the detection of pneumothorax 
after TBLC. Moreover, in one patient, a mas-
sive pneumothorax occurred immediately after 
the TBLC, and in only one case, a pneumotho-
rax was detected after 5 h. Kropski et  al. [5] 
found that among the 33 patients that under-
went TBLC in an out-patient setting, only one 
was readmitted for a mild haemoptysis, and no 
fatal complications occurred.

Finally, it has to be remembered that TBLC 
needs to be performed in an endoscopic suite, 
fully accessorized for the management of the 
potential complications such as the treatment of 
bleeding or pneumothorax and even where there 
is a rapid access to the intensive care unit.

In Table 5.3 a suggestion is provided on how 
to perform TBLC and which equipment should 
be used.

In Fig.  5.4 a summary of the procedure is 
shown.

Table 5.3  Performing TBLC: which technique and which equipment should be used

Topic Technique Equipment
Sedation/anaesthesia Deep sedation or general anaesthesia Intravenous administration
Airway management Intubated patient Rigid trachea—bronchoscope or 

endotracheal tube
Ventilation Spontaneous Oxygen supply
Bronchial blocker Suggested Fogarty or Arndt catheter
Fluoroscopic guidance Distance from the visceral pleura: = or <1 cm; 

early detection of pneumothorax
Suggested

Cryoprobes and freezing 
times

2.4 mm → 5–6 s
1.9 mm → 7–8 s

Where to take TBLC In the “most affected area”
How many samples 3–5
Procedural and post-
procedural monitoring

Suggested SpO2, heart rate, blood pressure
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Complications of Transbronchial 
Cryobiopsy

Claudia Ravaglia

Safety profile of transbronchial lung cryobiopsy 
has been recently compared to that of the conven-
tional forceps or surgical lung biopsy; however, 
literature shows a variable incidence of com-
plications, mostly bleeding and pneumothorax 
(Table 6.1). The significant variability of compli-
cations is related to the rapid spread of the tech-
nique around the world with variable competency 
and safety standards in different centers and the 
consequent variability of the procedure itself, in 
terms of airway access, ventilation, sedation, use 
of balloon/endobronchial blockers, probe size 
and freezing time, distance from the pleura, or 
sampling strategy.

Unlike conventional transbronchial biopsy, 
which is more rarely complicated by pneumo-
thorax [39], pneumothorax seems to be the most 
common complication occurring after trans-
bronchial lung cryobiopsy (TLCB), with a rate 
that varies considerably between different stud-
ies: from less than 1% to almost 30% [2, 3, 5, 
6, 9, 11, 12, 15, 40–43]. In a meta-analysis that 
included 15 studies comprising 994 patients, the 
average rate was 10% [15], and similar results 
were confirmed by a more recent meta-analysis 
of 13 studies with an incidence of post-proce-
dural pneumothorax of 9.5% (5.9–14.9%) [41]. 
There are very few data regarding chest drain-

age; however Ravaglia et  al. showed that out 
of the pneumothoraces reported, 70% required 
chest tube drainage, with an overall probability 
of developing a pneumothorax requiring chest 
tube drainage of 0.03 (95% CI 0.01–0.08); 
furthermore, when chest drainage is neces-
sary, time of drainage is usually similar to that 
of drainage after video-assisted thoracoscopy 
(VATS) [15]. The risk of pneumothorax can be 
influenced by patient-related factors (radiologi-
cal fibrotic score and UIP pattern) or procedure-
related factors (type of sedation/airway control, 
distance from the pleura, size of the probe and 
freezing time, sampling strategy, skill level of 
operator) (Table 6.2). Ravaglia et al. showed a 
higher proportion of events among intubated 
patients undergoing the procedure under deep 
sedation compared to those under conscious 
sedation [15]; this difference could be mainly 
due to the type of ventilation used, as patients 
undergoing the procedure under general anes-
thesia with invasive jet ventilation may develop 
pneumothorax much more frequently than under 
conditions of sedation and spontaneous breath-
ing over a bronchoscopy tube [11]. In a large 
cohort of 699 patients who underwent trans-
bronchial lung cryobiopsy for suspected diffuse 
parenchymal lung diseases at the Pulmonology 
Unit of Morgagni Hospital in Forlì (Italy), the 
risk of pneumothorax appears to be signifi-
cantly reduced when a 1.9  mm probe is used 
compared to the 2.4 mm probe (2.7% vs 21.1%, 

C. Ravaglia (*) 
Department of Diseases of the Thorax, Pulmonology 
Unit, GB Morgagni – L Pierantoni Hospital,  
Forlì, Italy

6

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-14891-1_6&domain=pdf


60

respectively, p 0.00010). Furthermore, the risk 
of pneumothorax increases when samples are 
taken from different sites instead of a unique 
site (p 0.0005) [21] and if they are taken close to 
the pleura [15, 25]. Finally, the risk of pneumo-

thorax seems to correlate significantly with the 
presence of histological UIP pattern on biopsy, 
high-resolution computed tomography (HRCT) 
fibrosis score of the lower lung zones, and the 
bronchoscopist’s learning curve [15, 25]. Chest 

Table 6.1  Comparison between transbronchial forceps biopsy, transbronchial cryobiopsy, and surgical lung biopsy 
(Modified by Hetzel J et al. [1])

Reference, year Pneumothorax Serious bleeding
Mortality due to AE (in 
30 days)

Cryobiopsy Babiak [2], 2009 2 (4.8%) 0 –
Kropski [3], 2013 0 0 –
Fruchter [4], 2013 0 0 –
Yarmus [5], 2013 1 (4.8%) 0 0
Pajares [6], 2014 3 (8%) 0 –
Fruchter [7], 2014 2 (2.6%) 3 (4%) 0
Pourabdollah [8], 2016 – – –
Griff [9], 2014 0 0 0
Hernández-Gonzáles [10], 2015 4 (12%) 0 0
Hagmeyer [11], 2016 6 (19%) 2 (6%) –
Gershman [12], 2015 15 (5%) 16 (5%) –
Ramaswamy [13], 2016 11 (20%) 1 (2%) 0
Echevarria-Uraga [14], 2016 3 (3%) 10 (10%) –
Ravaglia [15], 2016 60 (20%) 0 1 (0.3%)
Ussavarungsi [16], 2017 1 (1.4%) 9 (12%) –
DiBardino [17], 2017 2 (8%) 3 (12%) –
Bango-Alvarez [18], 2017 5 (4.7%) 0 0
Kronborg-White [19], 2017 10 (26%) 3 (8%) 0
Sriprasart [20], 2017 5 (7%) 1 (1%) –
Ravaglia [21], 2017 7 (16%) 0 –

Forceps biopsy Wall [22], 1981 2/52 (3.8%) 0 0
O’Brien [23], 1997 10/83 (14.3%) 5/83 (6.0%) 0
Berbescu [24], 2006 – – –
Casoni [25], 2008 0 0 0
Facciolongo [26], 2009 22/1660 (1.3%) 21/1660 (1.3%) 0
Tomassetti [27], 2012 5/64 (8%) – 0
Yarmus [5], 2013 1/21 (4.76%) 0 0
Pajares [6], 2014 2/38 (5.3%) 0 0
Pourabdollah [8], 2016 – – –
Gershman [12], 2015 9/286 (3.15%) 13/288 (4.4%) 0
Ramaswamy [13], 2016 – – –
Sheth [28], 2017 – – –

Surgical biopsy Rena [29], 1999 NA 0 0
Kreider [30], 2007 NA 0 3/68 (4.4%)
Zhang [31], 2010 NA 0 3/418 (0.7%)
Fibla [32], 2012 NA 0 –
Blackhall [33], 2013 NA 0 4/103 (3.9%)
Morris [34], 2014 NA 0 1/66 (1.5%)
Rotolo [35], 2015 NA 0 4/161 (2.5%)
Fibla [32], 2015 NA 0 28 (9%)
Hutchinson [36], 2016 NA – 2051/32,022 (6.4%)
Hutchinson [37], 2016 NA – 68/2820 (2.4%)
Ravaglia [15], 2016 NA 0 4/150 (2.7%)
Sheth [28], 2017 NA 0 –
Lieberman [38], 2017 NA 0 1 (2.1%)
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computed tomography (CT) represents currently 
the gold standard for the diagnosis of pneumo-
thorax; however it is not routinely used, to avoid 
excess of radiation [37], and it is applicable only 
to uncertain cases; chest X-ray is used routinely 
for pneumothorax diagnosis, but with a sensitiv-
ity of 46% [44]. In recent years, the use of chest 
ultrasonography (US) has spread for the diag-
nosis of pneumothorax as it can reach a pooled 
sensitivity of 87% (95% CI 81–92%) and a spec-
ificity of 99% (95% CI 98–99%) [45] according 
to a standardized method searching for specific 
pathognomonic signs [46]. Accuracy of US for 
the detection of pneumothorax is higher than 
that of chest X-ray with reference to CT scan 
as a gold standard, and its use would have some 
advantages, avoiding exposure to radiation 
and reducing costs of health care and hospital 
stay. Chest US in pneumothorax diagnosis after 
transbronchial lung cryobiopsy has been evalu-
ated for the first time by Viglietta et al. [47]: the 
analysis showed a sensitivity and a specificity 
of 90% and 94%, respectively. This approach 
exploits the ready availability of US that allows 
the pulmonologist who perform cryobiopsy to 
detect post-procedural pneumothorax within 
a short time and optimizes the use of ionizing 
radiation. A post-procedural chest X-ray or 
ultrasound examination should be performed to 
assess for the occurrence of pneumothorax either 
immediately (if desaturation, persistent cough, 
and/or thoracic pain are present) or 2–3 h after 
the end of the procedure if the patient is asymp-
tomatic [47]; this is particularly relevant in the 
outpatient setting. Patients should be observed 
in the recovery area as per local institutional 
guidelines.

Another common complication of cryobi-
opsy is bleeding [2, 3, 5, 6, 9, 11, 14, 43, 48–51], 
although is generally readily controlled endo-
scopically, e.g., by the use of bronchial blockers 
(Fogarty balloon or other tools) and/or use of 
rigid bronchoscopy [5, 14, 15, 25, 51, 52]. There 
is no generally accepted bleeding severity scale, 
and therefore comparability of different papers is 
difficult. However, most papers grade on a scale 
of four steps: no bleeding, mild bleeding (e.g., 
requiring suction to clear but no other endoscopic 
procedures), moderate bleeding (e.g., requiring 
endoscopic procedures like bronchial occlusion-
collapse and/or instillation of ice-cold saline), 
and severe bleeding (e.g., causing hemodynamic 
or respiratory instability, requiring tamponade 
or other surgical interventions, transfusions, or 
admission to the intensive care unit) [53]. In a 
previous meta-analysis, moderate bleeding after 
cryobiopsy was observed in 65 cases among 383 
patients from 12 studies (16.9%), with an over-
all pooled probability of developing a moderate 
bleeding of about 0.12 (CI 0.02–0.25) [15]. No 
episodes of severe bleeding, as defined above, are 
reported in literature (in some papers bleeding 
has been reported as severe, but it was controlled 
by placement of bronchial blocker or catheter) 
[49], and no bleeding-related deaths have been 
reported after cryobiopsy. A recently published 
report highlights the risk of potentially life-
threatening complications when these precau-
tions are not taken [17]. Abnormal coagulation 
parameters and the use of clopidogrel or other 
new antiplatelet drugs are considered contraindi-
cations; treatment with aspirin is regarded as a 
relative contraindication. In the absence of more 
definitive data and given the increased bleeding 
risk compared to conventional forceps biopsies, a 
conservative approach would be to hold all medi-
cations potentially associated with increased 
bleeding risk. Thrombocytopenia (<50  ×  10/L) 
is suggested to be a contraindication for biopsies 
during flexible bronchoscopy [51]. These values 
may be accepted also for TLCB until data on this 
topic will become available. Patients with clinical 
or radiological signs of pulmonary hypertension 
should have a pre-procedural evaluation of pul-
monary artery pressure by echocardiography or 
right heart catheterization. An estimated systolic 

Table 6.2  Factors that can influence the risk of 
pneumothorax

Procedure-related factors
1. Type of sedation/airway control
2. Distance from the pleura
3. Size of the probe and freezing time
4. Sampling strategy
5. Skill level of operator
Patient-related factors
(a) HRCT fibrotic score
(b) UIP pattern

HRCT high-resolution computed tomography, UIP usual 
interstitial pneumonia
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pulmonary artery pressure >50 mmHg on echo-
cardiography indicates an increased likelihood 
of pulmonary hypertension and, in the absence 
of more definitive data, is considered a relative 
contraindication to TLCB [51].

Other complications are anecdotal and can 
comprise transient respiratory failure, neurologi-
cal manifestations (e.g., seizures), pneumome-
diastinum, prolonged air leak, and pulmonary 
abscess [52].

Regarding mortality, current data are show-
ing that TLCB appears to be safer than surgical 
lung biopsy; a recent meta-analysis has revealed 
an overall mortality rate with this procedure of 
about 0.1% among approximately 1000 patients 
[15]. A more recent analysis of data published 
in the literature on cryobiopsy documents seven 
deaths within a month after the procedure: one 
patient died from respiratory failure due to carci-
nomatous lymphangitis, one from acute myocar-
dial infarction manifesting weeks later, one from 
pulmonary edema from newly diagnosed severe 
aortic stenosis, one with organizing pneumonia 
and who was on palliative care, one from pul-
monary embolism, and two patients from acute 
exacerbation of idiopathic pulmonary fibrosis 
(IPF) [14, 20, 25, 49] (in both cases of death from 
acute exacerbation of IPF, diffuse alveolar dam-
age was the histological background on autopsy 
and the death developed after significant proce-
dural complications: tension pneumothorax with 
subsequent ventilation with high positive airway 
pressures and severe bleeding). A more recent 
case of acute exacerbation of interstitial lung dis-
ease (ILD) as a complication of TLCB has been 
reported in a patient with nonspecific interstitial 
pneumonitis (although this case report does not 
describe the TLCB technique specifically analy-
sis of histology, description of HRCT features, 
and clinical information documenting the pres-
ence of a stable disease or rapid progressive dete-
rioration before the TLCB) [53]. The risk of acute 
exacerbation needs to be assessed before the pro-
cedure, particularly in case of recent worsening 
[37, 54, 55]: recent onset of patchy ground-glass 
areas on HRCT scan, functional deterioration 
and/or increased dyspnea on exertion in the last 
month,  and/or high levels of inflammatory or 

more specific markers (KL-6) could be predictors 
of high acute exacerbation risk [56, 57]. Acute 
deterioration in respiratory status should be con-
sidered a relative contraindication, although the 
decision needs to be individualized based on 
assessment of benefits and risks [1].

Anecdotal data suggest that complications 
are more frequent when pulmonary function is 
severely impaired. Forced expiratory volume in 
the first second (FEV1) <0.8 L or <50% predicted, 
forced vital capacity (FVC) <50% predicted, and 
diffusing capacity of the lungs for carbon monox-
ide (DLCO) <35% or <50% predicted have been 
used to exclude biopsy candidates in some series, 
though not in all [2, 15, 25]; however, these limi-
tations are drawn from data reported in studies 
dealing with SLB; additionally, in the subset 
of patients with severe fibrosing ILD, the risk-
benefit analysis is less advantageous, because in 
these patients it seems that the prognostic sig-
nificance of an exact histological diagnosis is 
reduced [58] and data on the efficacy of a spe-
cific “anti-fibrotic” drug on patients with severe 
IPF are still scanty [58–63]. Our large cohort of 
699 patients who underwent transbronchial lung 
cryobiopsy for suspected diffuse parenchymal 
lung diseases, pneumothorax incidence, was sig-
nificantly higher when FVC was <50% (p 0.008), 
but it was not influenced by DLCO (p 0.7842), 
while bleeding appeared independent by the lung 
function tests (both FVC and DLCO). We suggest 
that FVC < 50% should be considered as a relative 
contraindication to transbronchial lung biopsy 
on safety grounds while baseline DLCO should 
be evaluated together with other clinical, radio-
logical, and laboratory features [1]. Significant 
hypoxemia, defined as PaO2 < 55–60 mmHg on 
room air or while receiving 2 L/min of nasal oxy-
gen, has also been considered a contraindication 
by some but not others [3, 6, 25]. A high body 
mass index (BMI  >  35) can result in failure of 
the procedure [1, 25], mainly because of desatu-
ration in intubated and spontaneously breathing 
patients. Additionally, a study evaluated TBCB 
in mechanically ventilated patients in the inten-
sive care unit, though the experience remains 
anecdotal at this time [1, 64]. No age limit has 
been suggested at this time, as TBCB has been 
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performed safely in a wide age range of patients, 
which need to be carefully evaluated in terms of 
comorbidities and fitness for anesthesia [1].
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Histology for Transbronchial Lung 
Cryobiopsy Samples

Tamiko Takemura, Tomohisa Baba, Takashi Niwa, 
and Takashi Ogura

7.1	 �Introduction

Transbronchial lung cryobiopsy (TBLC) is now 
recognized as a useful tool for the diagnosis of 
diffuse interstitial lung diseases [1–5], although 
surgical lung biopsy (SLB) still remains the stan-
dard diagnostic procedure [6, 7].

The lung tissue specimens obtained by TBLC 
are usually smaller than those obtained by SLB 
[8]. It is important for pathological diagnosis to 
recognize the anatomical location of structures in 
the obtained lung tissue specimens. In this chap-
ter, we present a comparison of normal lung tissue 
samples and representative specimens obtained by 
cryobiopsy, in the viewpoint of lung architecture.

7.1.1	 �Processing of Cryobiopsy 
Specimens

The frozen lung tissue samples are immersed in 
saline, and the thawed lung specimens are trans-

ferred into a 20-mL syringe containing a small 
amount of saline and inflated by slow applica-
tion of negative pressure for 30–60 s. After this 
process, the alveoli are well inflated and eligible 
for histopathological examination. Figure  7.1 
shows well-inflated lung tissue specimens 
measuring up to about 7  mm in diameter, as 
compared with the specimens containing non-
inflated alveoli.

As for the staining, we recommend elastic van 
Gieson (EVG) staining and Alcian blue staining 
in addition to hematoxylin-eosin staining. EVG 
staining is necessary to recognize the normal 
and remodeled pulmonary architecture. Alcian 
blue staining is also useful to detect immature 
fibrosis such as fibroblastic foci containing much 
glycoprotein.

7.1.2	 �Normal Structure 
of the Lobules and Acini 
in TBLC Specimens

What are the structures that can be obtained by 
TBLC? Figure 7.2 shows a Softex image of the 
peripheral lung tissue, indicating the area from 
which TBLC specimens are obtained. Usually 
the cryoprobe is inserted into a membranous 
bronchiole through the bronchus and pulled 1 cm 
from the chest wall. The area sampled by the 
cryoprobe includes the membranous and respira-
tory bronchioles and peribronchiolar alveoli and 
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pulmonary arteries and veins. Figure 7.3 reveals 
a more detailed three-dimensional scheme of a 
pulmonary lobule [9]. A pulmonary lobule mea-
sures 8–10 mm in diameter and is encircled by 
interlobular veins. One lobule contains about 3–5 
acini, and a terminal bronchiole is located at the 
entrance to the acinus; respiratory bronchioles 
are located in the subacinar level. Red circle area 
may be sampled by TBLC.

The area encircled in green in the paraffin-
embedded tissue is sampled by TBLC; it contains 
the terminal bronchiole, respiratory bronchi-
oles, interlobular (interacinar) septa, and alveoli 
(Fig. 7.4). Pathological diagnosis is based on a 
clear understanding of the normal lung architec-
ture, especially in view of the patchy distribution 

of some diseases, e.g., usual interstitial pneumo-
nia (UIP)/idiopathic pulmonary fibrosis (IPF).

7.1.3	 �Pathological Diagnosis of UIP 
Based on the Pulmonary 
Architecture

7.1.3.1	 �UIP Diagnosed in SLB 
Specimens

Pathology of UIP is characterized by dense fibro-
sis with architectural distortion, predominant 
subpleural and/or paraseptal distribution of fibro-
sis, patchy involvement of the lung parenchyma 
by fibrosis, fibroblastic foci, and absence of fea-
tures to suggest an alternate diagnosis [7, 10].

1000 µm

2 mm

a c

b

Fig. 7.1  Expansion of the thawed lung specimens. (a) 
Expansion of a thawed specimen in a 20-mL syringe by 
negative pressure before fixation with buffered formalin. 

(b) Poorly aerated alveoli in an uninflated specimen (HE, 
×1). (c) Inflated alveoli obtained by application of nega-
tive pressure before fixation (HE, ×1)
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Interlobular bronchus

Intralobular bronchioles

acinus

5 mm

Lung tissue obtained by TBLC

Fig. 7.2  Peripheral lung 
tissue. Softex image of 
normal peripheral lung 
tissue containing several 
lobules. The area 
encircled in green 
reveals the area possibly 
sampled by cryobiopsy 
and includes a 
membranous bronchiole, 
interlobular septa, veins, 
and arteries (Courtesy of 
Dr. H. Itoh, Fukui 
University)

PV

PA

Bronchus

PV

PA

Acinus
(5~7mm)

RB
Acinus

Subacinus

Subacinus
(3~4mm)

TB

TB~RB

Br

1 mm

Fig. 7.3  Scheme of a pulmonary lobule. Scheme of a pul-
monary lobule measuring 8–10 mm in diameter encircled 
by interlobular veins. Each lobule contains 3–5 acini 

(Permission from Iwanami Publisher, Tokyo, Japan). Area 
encircled in red may be sampled by cryobiopsy. TB termi-
nal bronchiole, RB respiratory bronchiole
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Figure 7.5 reveals subpleural and parasep-
tal fibrosis with normal alveoli, consistent with 
the typical UIP pattern, in an SLB specimen. If 
TBLC were performed, structures in the area 
encircled in green can be obtained. The encir-
cled area in Fig. 7.6, if obtained by TBLC, shows 
paraseptal fibrosis and peribronchiolar fibrosis 
with fibroblastic foci and alternating normal 
alveoli, consistent with UIP, even without pleu-
ral or subpleural fibrosis.

In TBLC specimens, honeycomb lesions can-
not be easily observed, as seen in SLB specimens. 
The square area in Fig. 7.5 reveals microscopic 
honeycombing. Figure 7.7 reveals the structures 
shown in the square of Fig. 7.5 in greater detail; 
the area stained by EVG shows perilobular 
alveolar collapse, bronchiolar epithelialization 
of dilated alveoli, and traction bronchiolectasis. 
The area encircled may be sampled by TBLC is 
corresponding to microscopic honeycombing.

MB

2.3mm
ILS

ILS

RB

Br Br

Lobule 
2000 µm

10 mm

v MBMBMBMBMMBMBMBMBMBBBBBBMBMBBMBMBMBMBBBBMBBMBBMBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

ILS

Fig. 7.4  Paraffin-
embedded normal 
pulmonary lobule. Area 
encircled in green 
indicates the area 
sampled by cryobiopsy 
(EVG, ×1)

MBMMMB

Area can be sampled by TBLC

5000 µm

Fig. 7.5  Surgical lung 
biopsy specimen of UIP/
IPF. Surgical lung 
biopsy specimen from 
the lower lobe with UIP/
IPF, showing subpleural 
and paraseptal fibrosis 
alternating with normal 
alveoli. A square area 
shows microscopic 
honeycombing (HE, ×1)
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7.1.3.2	 �UIP Diagnosed in TBLC 
Specimens

Figure 7.8a shows dense patchy fibrosis alternat-
ing with normal alveoli, containing two subacini, 
which are more clearly demonstrated by EVG 
staining, because of interlobular septum in the cen-
ter (Fig. 7.8b) and fibroblastic foci (Fig. 7.8b, c).

Thus, pathological diagnosis of UIP by TBLC 
can be made with some degree of confidence 

[3, 5]. However, the histologic features in a small 
area of the lung cannot represent the entire path-
ological events. Thus, care must be ensured to 
avoid overdiagnosis. Patchy fibrosis in the pul-
monary lobule can be observed in many clinical 
settings. Fibrosis apposed to the bronchovascu-
lar sheath or in the periacinar region is diagnos-
tic of UIP.  Microscopic honeycombing can be 
detected  by TBLC.  However, peribronchiolar 

MB

500 µm

A

ILS

Fig. 7.6  A part of 
lobule of UIP. Paraseptal 
and peribronchiolar 
fibrosis with fibroblastic 
foci (arrows) are the 
hallmarks of UIP. This 
area is a part of Fig. 7.5 
(EVG ×2.5). The circled 
area may be sampled by 
cryobiopsy, even in the 
absence of pleural and 
subpleural fibrosis

MB

TB

ILS

1000 µmFig. 7.7  Microscopic 
honeycombing. 
Microscopic 
honeycombing shows 
perilobular collapsed 
alveoli, bronchiolar 
epithelization, and 
traction bronchiolectasis. 
The encircled area, i.e., 
a part of microscopic 
honeycombing, may be 
sampled by cryobiopsy 
(EVG, ×2.5). MB 
membranous bronchiole, 
TB terminal bronchiole, 
ILS interlobular septum
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metaplasia, which is usually observed around 
bronchioles, must be differentiated from micro-
scopic honeycombing.

7.2	 �Conclusion

TBLC can be safely performed for the diagno-
sis of diffuse interstitial lung disease (ILD) and 
provides reliable pathological diagnosis, poten-
tially enabling prompt decision on the appropri-
ate therapy.

However, there are still limitations of TBLC, as 
compared to SLB, for the pathological diagnosis 
of ILD, because of the limitation of the area from 
which samples can be obtained (more central 

area) and a high frequency of discordance with 
the radiological diagnosis. Further studies of cor-
relations between diagnoses by TBLC and SLB 
are needed to determine the degree of diagnostic 
confidence that can be obtained with TBLC.
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Pathologic Considerations 
in Transbronchial Cryobiopsy

Alberto Cavazza, Maria Cecilia Mengoli, 
Alessandra Dubini, Giulio Rossi, Rita Bianchi, 
and Thomas V. Colby

Technical recommendations. Cryobiopsy speci-
mens should be processed in the same way as 
other pathology specimens [1, 2], with minimal 
manipulation both in the bronchoscopy suite and 
in the laboratory to minimize artifacts. The tissue 
should be embedded in paraffin along the long 
axis to maximize the cut surface area, and histo-
logic sections should be obtained at different lev-
els and stained with hematoxylin-eosin. Leaving 
about 40% of residual tissue in the block allows 
one to obtain additional slides, if they are needed 
for further study, special stains, immunohisto-
chemistry, etc.

Optimum size of the specimens. Cryobiopsy 
specimens should be at least 5 mm in diameter; if 
smaller they provide little more information than 
traditional transbronchial forceps biopsies. The 

technique of cryobiopsy is operator-dependent, 
and good samples require a skilled and experi-
ence operator.

Artifacts and tissues other than lung encoun-
tered in cryobiopsies. Cryobiopsies are easier to 
interpret than traditional transbronchial forceps 
biopsies because they are generally bigger and 
without appreciable crush artifact, a typical find-
ing in the latter. The main artifacts and non-
pulmonary tissues that can be found with 
cryobiopsies are shown in Figs. 8.1 and 8.2.

Pathologist’s interpretation. Cryobiopsies 
should be interpreted like any other biopsy per-
formed for diffuse parenchymal lung diseases [1, 
3]: the pathologist should try to identify histo-
logic pattern, anatomic distribution, and any his-
tologic findings which may be specific for a 
single disease (i.e., neoplastic cells, microorgan-
isms) or nonspecific but useful to narrow the dif-
ferential diagnosis (i.e., granulomas). Although 
cryobiopsies are significantly smaller than surgi-
cal lung biopsies and the histologic diagnosis rate 
is lower (75–80% vs >95%), in many cases cryo-
biopsies are “large enough” to reach a specific 
diagnosis including a pattern diagnosis such as 
usual interstitial pneumonia. We have found it 
useful to give a level of confidence (high vs low) 
for the pathologic interpretation that is then dis-
cussed in the context of the multidisciplinary 
team [4]. In this setting cryobiopsy histologic 
diagnosis both informs and is informed by the 
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multidisciplinary discussion, and it becomes an 
integral part of patient management. In diffuse 
parenchymal lung diseases, interobserver agree-
ment between expert pathologists in cryobiopsies 

appears similar to that of surgical lung biopsies. 
Some examples of cryobiopsies are illustrated in 
Figs. 8.3, 8.4, 8.5, 8.6, 8.7, 8.8, 8.9, 8.10, 8.11, 
8.12, and 8.13.

a

b

Fig. 8.1  Artifacts in cryobiopsies. (a) Airspace fluid 
resembling acute lung injury secondary to trauma of the 
procedure, consisting in intra-alveolar accumulation of 
blood and fibrin/proteinaceous material. Note the normal 
alveolar walls. This finding appears to be more common 
when multiple specimens from the same region are taken. 
(b) Intraparenchymal displacement of bronchiolar epithe-
lium by the cryoprobe

a

c

b

Fig. 8.2  The main non-pulmonary tissues that can be 
found in cryobiopsies include visceral pleura (a), frag-
ments of parietal pleura/thoracic wall (b), and medium-
sized vessels (c). Visceral/parietal pleura was present in 
about 30% of the cases in the large series from Forlì 
(Italy)

A. Cavazza et al.
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Fig. 8.3  An inadequate cryobiopsy, mainly consisting in 
bronchial wall with only a minimal amount of peribron-
chial parenchyma, showing mild nonspecific changes. 
Specimens comprising primarily airway wall are the 
result of inadequate penetration of the probe into alveolar 
tissue and are relatively common when the operator is 
inexperienced

a

b

Fig. 8.4  Two different cryobiopsies (a, b), both showing 
UIP in IPF consisting in the combination of patchy fibro-
sis and fibroblastic foci. In (a) microscopic honeycomb-
ing is present. Note the absence of ancillary findings 
suggestive of secondary UIP (significant cellularity, bron-
chiolocentricity, granulomas, pleuritis, etc.). In these 
cases the level of diagnostic confidence is high, similar to 
surgical lung biopsies

Fig. 8.5  Fibrotic NSIP consisting of uniform interstitial 
fibrosis without fibroblastic foci

Fig. 8.6  Cellular NSIP with mild diffuse lymphocytic 
interstitial infiltrate

8  Pathologic Considerations in Transbronchial Cryobiopsy
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a b

Fig. 8.7  Cellular bronchiolocentric process with mild fibrosis (a) and inconspicuous granulomas (b), consistent with 
hypersensitivity pneumonitis

a b

Fig. 8.8  Intra-alveolar buds of granulation tissue of organizing pneumonia (a) and airspace fibrin balls in acute fibrin-
ous and organizing pneumonia (AFOP, b)

Fig. 8.9  Smoking-related changes with respiratory bron-
chiolitis and mild fibrosis. This sort of histologic finding 
can be incidental or clinically significant (smoking-related 
interstitial lung disease), depending on the clinical 
context

Fig. 8.10  Cellular stellate bronchiolocentric nodule 
diagnostic of Langerhans cell histiocytosis (immunohisto-
chemically confirmed)

A. Cavazza et al.
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Fig. 8.11  Non-necrotizing granulomas embedded in 
dense fibrosis along lymphatic routes, characteristic of 
sarcoidosis

Fig. 8.12  Fibro-inflammatory expansion along lym-
phatic routes, suggestive of Erdheim-Chester disease 
(clinically/radiologically confirmed)

Fig. 8.13  Dense mature lymphoid aggregate in a case of 
MALT lymphoma (immunohistochemically confirmed)
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Immunohistochemistry 
and Molecular Biology 
in Transbronchial Cryobiopsies

Marco Chilosi, Lisa Marcolini, Anna Caliò, 
and Venerino Poletti

9.1	 �Introduction

Invasive procedures are frequently needed in the 
diagnostic workflow of pulmonary pathology, in 
both neoplastic and nonneoplastic cases. Precise 
diagnoses, complete of all molecular and immu-
nophenotypic data, are requested by updated 
WHO tumor classifications and precision-
medicine criteria, but this need has to be recon-
ciled with the emerging requests of minimally 
invasive methods for obtaining tissue samples 
aimed to minimize patients’ risks and discomfort 
[1]. In this scenario, pathologists are faced by the 

contradictory demands for maximal data and 
minimal tissue availability. The morphological 
(histological) analysis of a tissue sample still 
remains the most informative and economic diag-
nostic tool, usually performed on hematoxylin- 
and eosin-stained slides (H&E), and this approach 
still represents the first step in pulmonary pathol-
ogy. Nevertheless, morphology alone is not suf-
ficient to provide all the diagnostic, prognostic, 
and predictive information needed by updated 
protocols in pulmonary oncology.

Immunohistochemistry represents a widely 
utilized method to provide relevant information 
on the antigenic/proteomic profile of atypical 
cells, allowing the precise definition of the “cell 
of origin” of a tumor (e.g., squamous cell carci-
noma versus adenocarcinoma, poorly differenti-
ated lung carcinoma versus epithelioid 
mesothelioma, etc.), and also details on the 
expression of molecules with prognostic and/or 
predictive significance, such as ALK, ROS, PDL1, 
p53, and others [2–7] (Table 9.1). Molecular tests 
(EGFR mutation status and others) are also neces-
sary in the managing of oncologic patients, and 
the availability of these tests is nowadays a major 
issue when either cytological samples or small 
biopsies are only accessible [1, 8–12].

Diffuse parenchymal lung diseases (DPLD) 
are a wide group of disorders with heterogeneous 
clinical presentation, prognosis, and pathogene-
sis. The diagnosis of these diseases is generally 
obtained by the coordinated evaluation of labora-
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tory, imaging, and clinical data, but frequently a 
histological evaluation on lung biopsies is needed 
to substantiate the diagnosis. Large surgical 
biopsies (SLB, generally obtained by VATS—
video-assisted thoracic surgery) are usually con-
sidered the gold standard for histological 
examination, but the risks related to this proce-
dure have suggested that alternative, less inva-
sive, techniques should be performed [13, 14].

Transbronchial lung biopsies, especially 
transbronchial cryobiopsies (TCB), have been 
recently described as an alternative to SLB, since 
they allow a good sensitivity with minor risks and 
costs [15–17]. The clinical applications of TCB 
are increasing, with experiences available in the 
diagnosis and characterization of endobronchial 
tumor lesions [18–20], pleural lesions [21, 22], 

infections [20], and DPLD [15, 17, 23, 24]. 
Nevertheless, since TCB provide less tissue for 
morphological analysis than SLB and about 20% 
TCB are nondiagnostic [24], some concerns have 
been recently raised on the opportunity to change 
[25]. In a series of previous publications, we have 
suggested that the diagnostic sensitivity and 
specificity on transbronchial biopsies can be sig-
nificantly increased by utilizing a limited number 
of immunohistochemical markers related to the 
different pathogenesis of DPLD [26–28]. This 
approach, which can be also applied to TCB, may 
potentially increase the yield of morphologic 
analysis, thus reconciling the need of both more 
safe procedures and high sensitivity [29].

According to different studies, immunohisto-
chemical markers can be successfully demon-
strated on TCB, as can be molecular tests carried 
out on nucleic acids extracted from cryobiopsies 
[16, 29], without any specific problem related to 
this new procedure (Fig. 9.1). The minimal arti-
facts that can at times be observed on TCB [30] 
do not affect the staining quality of all tested 
nuclear-, cytoplasmic-, and membrane-located 
antigens [29].

9.2	 �Immunohistochemistry 
in Neoplastic Pulmonary 
Pathology

Immunohistochemistry is a non-expensive meth-
odology that is widely available in most histologi-
cal laboratories and is broadly applied in the 
characterization and diagnosis of tumors according 
to WHO guidelines. Specific immunophenotypic 
profiles are available for different types of human 
malignancies (e.g., lymphomas and leukemias, 
lung carcinoma, breast carcinoma, renal cell carci-
noma, etc.). In lung carcinoma, well-established 
sets of immunohistochemical markers have been 
introduced in clinical practice that allow the precise 
characterization of tumor cell differentiation (e.g., 
adenocarcinoma versus squamous cell carcinoma, 
versus small-cell carcinoma), as well as markers 
helping in the differential diagnosis between pri-
mary lung carcinomas and either mesothelioma or 
metastatic spread from other sites [2, 31, 32].

Table 9.1  Suggested immunohistochemical markers in 
lung pathology

Pathology Suggested immunostains
Lung carcinoma (general) CK7, CK5/6, ΔN-p63, 

MUC5AC, TTF1, 
Napsin-A, CDX2, CD56, 
Synaptophysin, ALK, 
p53, others

 � Squamous CK5/6, ΔN-p63, p53
 � Adenocarcinoma CK7, TTF1, Napsin-A, 

MUC5AC, CDX2, p53
 � Small cell CD56, Synaptophysin, 

Chromogranin, p53, CK7
Mesothelioma Calretinin, WT1, 

Podoplanin, CK5/6, 
BerEP4, BAP1

Lymphoma CD20, CD3, EBV/
EBER, CD30, kappa, 
lambda, granzyme, p53, 
others

Langerhans’ cell 
hystiocytosis

CD1a, S100, CD68, 
Langerin, BRAF

Lymphangioleyomiomatosis HMB45, α-SMA, 
Cathepsin-K

Erdheim-Chester disease CD68, S100, BRAF
Infections EBV/EBER, HHV8, 

Pneumocystis J, CMV, 
others

Hypersensitivity 
pneumonitis

Cathepsin-K

PPFE Elastin, Podoplanin
IPF and other ILD CK8/18, CK5/6, 

Tenascin, α-SMA, hsp27, 
Laminin-5-γ-2, 
β-catenin, p16, p21
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9.2.1	 �Immunohistochemical 
Markers in the Diagnosis 
of Lung Carcinomas

9.2.1.1	 �Markers of Pulmonary 
Epithelial Differentiation 
(Fig. 9.2)

Cytokeratins (CK) are a large family of pro-
teins, mainly present in intermediate filaments, 
that are expressed in all epithelial tissues [33]. 
The biochemical properties of cytokeratins 
allow their subdivision into two major groups: 
acidic (n. CK9–CK28) and basic (CK1–CK8) 
[33]. Within the lung, pneumocytes mainly 
express low-molecular-weight (LMW) cytoker-
atins (e.g., CK7, CK8, CK18), whereas airway 
basal cells express high-molecular-weight 
(HMW) cytokeratins (e.g., CK5, CK6). 
Interestingly, during their differentiation into 
goblet cells and ciliated columnar cells, the air-
way epithelial precursors loose the HMW cyto-

keratins that can be re-expressed in “squamous” 
metaplasia.

Pneumocytes type II (AECII that represent 
precursors of alveolar epithelium) express a 
range of proteins that can be successfully demon-
strated by immunohistochemistry, including the 
transcription factor TTF1, the serine protease 
Napsin A [31, 34], surfactant proteins (especially 
SP-A), DC-LAMP/CD208, and others [35–38].

TTF-1 belongs to the family of mammalian 
NKx2 homeobox genes and encodes for a nuclear 
transcription factor required for normal develop-
ment of the thyroid gland and lung epithelial 
cells, regulating early morphogenesis and branch-
ing, as well as inducing later surfactant protein 
expression by type II pneumocytes. In alveolar 
pneumocytes, TTF1 is expressed at higher levels 
when compared to bronchiolar cells, paralleling 
the expression of several products of TTF1-
responsive genes including surfactant proteins A, 
B, C, ABCA3, and DC-LAMP/CD208 [35–38].

a b c

d e f

Fig. 9.1  Good quality immunohistochemical stains can 
be obtained on transbronchial cryobiopsies fixed and par-
affin embedded following standard histology protocols: 
(a) cytokeratin 8/18 in alveolar and bronchiolar epithelia; 

(b) CD34 in interstitial vessels; (c) CD68 in alveolar mac-
rophages; (d) ABCA3  in type II pneumocytes; (e) cal-
retinin in mesothelial cells; (f) WT1 in mesothelial cells
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Fig. 9.2  Immunohistochemical characterization of lung 
carcinomas: (a) high-molecular-weight CK5/6 expression 
in a poorly differentiated squamous cell lung carcinoma; 
(b) p53 overexpression in the same case; (c) TTF1 expres-

sion in a case of lung adenocarcinoma; (d) Napsin A 
expression in the same case; (e) CK7 expression in a case 
of TTF1-negative (f), CDX2 positive (g), adenocarcinoma 
with enteric differentiation
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All these markers have been described as use-
ful to positively characterize lung epithelial 
tumors [34–40]. Lack of expression of these 
proteins in a proportion of lung carcinomas has 
been generally considered as a negative feature 
which decreases markers’ sensitivity or specific-
ity. Nevertheless, these molecules can be of value 
as differentiation markers, since invasive muci-
nous adenocarcinomas mostly lack their expres-
sion, but express the goblet cell-related mucin 
MUC5AC, and sometimes markers of enteric dif-
ferentiation (MUC2, CK20, CDX2) [41–45]. This 
observation can be considered as evidence of a 
divergent histogenetic derivation (bronchiolar/
goblet versus alveolar). The availability of a grow-
ing array of “pulmonary,” “alveolar,” and “bron-
chiolar” markers can highly improve our 
understanding of tumor diversity and can be used 
to better diagnose and classify lung adenocarcino-
mas [46]. In addition, the decrease or loss of 
pneumocyte markers is related to the grade of dif-
ferentiation of conventional adenocarcinomas and 
can have diagnostic and prognostic value [45, 47].

9.2.1.2	 �MUC5AC a Marker of Airway 
Goblet Cells

Goblet cells are increased in the airways as conse-
quence of chronic stimulation (e.g., in smokers). 
MUC5AC is a secretory mucin typically expressed 
in bronchial and bronchiolar goblet cells. This 
mucin is expressed in invasive mucinous adeno-
carcinoma and is an optimal marker to distinguish 
this tumor from non-mucinous histotypes [46, 
48]. The expression of this mucin in an adenocar-
cinoma can be considered as an evidence of its 
“bronchiolar” derivation. MUC5AC is also 
expressed in adenocarcinomas showing enteric/
intestinal differentiation. Interestingly, this entity 
is highly overrepresented in patients with IPF and 
carcinoma, and this finding can be considered as 
evidence of a derivation of these tumors from 
bronchiolar honeycomb lesions [49].

9.2.1.3	 �p63 Truncated Isoforms: 
A Marker of Squamous 
Metaplasia

The p63 gene is a member of the p53 tumor sup-
pressor gene family playing an important role in 

the physiological maintenance of different spe-
cialized epithelia [50, 51]. Its gene functions are 
heterogeneous and complex since it undergoes 
splicing by alternative transcription from two dif-
ferent promoters, producing as many as six dis-
tinct isoforms which exert potentially contrasting 
effects on the same molecular and cellular targets 
[51]. Transactivating isoforms (the TA-p63 class) 
maintain a sequence corresponding to the transac-
tivating domain of p53 and have in fact functions 
similar to p53  in inducing cell cycle arrest and 
apoptosis. The second class, on the other hand, 
includes forms lacking the NH2-terminal domain 
(ΔN-p63), produced when the p63 gene is tran-
scribed from the cryptic promoter in intron 3. 
ΔN-p63 forms act as dominant-negative agents 
toward transactivation by p53 and p63 itself, 
inhibiting the activity of p53 [52]. When over-
expressed, these molecular p63 variants can thus 
behave as oncogenic molecules. Accordingly, p63 
gene amplification and overexpression of ΔN-p63 
have been demonstrated in primary lung squa-
mous cell carcinomas [53]. ΔN-p63 (also known 
as p40) is considered one of the best markers for 
distinguishing adenocarcinomas from squamous 
cell carcinomas, together with high-molecular-
weight cytokeratins (CK5/6) [10, 54, 55]. ΔN-p63 
is also expressed in all cases of thymoma, but not 
in mesotheliomas [56]. The use of antibodies rec-
ognizing all isoforms of p63 (e.g., 4A4) should be 
used cautiously since the TA-p63 isoform is also 
expressed by mediastinal B-cell lymphomas [57].

Other IHC tests that should be available for 
lung cancer diagnosis and characterization 
include markers of “endocrine” differentiation 
and proliferation (CD56, chromogranin, synapto-
physin, Ki67). These markers are useful for the 
diagnosis of neuroendocrine lung tumors and 
also for rare conditions such as endocrine cell 
hyperplasia [58, 59].

9.2.1.4	 �Predictive Markers
Intense investigation is currently devoted to find 
molecular targets for updated therapies in lung car-
cinoma that need a predictive evaluation of their 
efficacy, based on the presence of genetic abnor-
malities and/or the intensity of specific gene prod-
uct expression. ALK, ROS1, HER2, and others are 
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the best known among the predictive tests validated 
for immunohistochemical analysis [60–65]. FISH 
(fluorescence in situ hybridization) analyses, 
detecting gene amplifications, deletions, or translo-
cations can be also applied to better define the 
molecular abnormalities of the neoplastic clones 
[60, 66–68]. Immunohistochemical analysis has 
also recently investigated as a predictive tool to 
maximize the efficacy of immunotherapies [6, 69].

9.2.2	 �Pleural Pathology (Fig. 9.3)

The differential diagnosis of mesothelial malig-
nancies has been the object of intense investiga-

tion, and the use of immunohistochemistry has 
become a fundamental tool in clinical practice. 
All international and national guidelines include 
a panel of immunohistochemical markers that 
can allow consistent distinction between meso-
theliomas and metastatic tumors (mainly lung 
carcinomas) in order to validate the diagnosis for 
both clinical and legal issues [70–73].

Immunohistochemical markers can be roughly 
divided into (1) those confirming the mesothelial 
origin of a pleural malignancy (e.g., calretinin, 
WT1, podoplanin/D2–40, and others) [74–76], 
(2) molecules expressed by pulmonary epithelial 
carcinomas (BER-EP4, TTF1, CEA, CD15, and 
others) [77–79], and (3) markers specific for 

a b

c d

Fig. 9.3  Immunohistochemical characterization of mesothelioma: (a) BER-EP4 negative; (b) calretinin positive; (c) 
podoplanin positive; (d) BAP1 negative (positive internal control is evident)
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extrapulmonary metastases of carcinomas (e.g., 
GATA3, PAX8, CDX2, and others) [32].

In some cases, the distinction between malig-
nant mesothelioma and reactive mesothelial pro-
liferation can be problematic. Advances on the 
pathogenic mechanisms occurring in mesotheli-
oma development have provided reliable tests for 
this crucial differential diagnosis, such as the 
detection of abnormalities affecting p16 and 
BAP1 genes [73, 80–82]. Loss of the BAP1 
nuclear immunoreactivity in mesothelial cells 
can be considered a robust evidence of malig-
nancy [80–82].

9.2.3	 �Immunohistochemical 
Markers in the Diagnosis 
of Pulmonary Lymphomas

Immunohistochemical analysis is strongly rec-
ommended for the characterization of lymphop-
roliferative disorders occurring in the lung. 
Among the rare pulmonary lymphomas, the most 
common subtype is represented by low-grade 
mucosa-associated lymphoid tissue (MALT) 
lymphoma, whose immune profile includes the 
demonstration of the B-cell-specific antigen 
CD20, the lack of markers specific for other 
B-cell lymphomas (CD5, cyclin-D1, CD23, etc.), 
and also the loss of TCL1 expression [83, 84]. A 
plasma cell differentiation is frequent in MALT 
lymphoma, and the restricted expression of Ig 
light chains can represent a reliable diagnostic 
feature. Lymphomatoid granulomatosis (LYG) is 
an angiocentric and angiodestructive extranodal 
lymphoproliferative disease. The histologic pre-
sentation of LYG is heterogenous, with variable 
proportions of large and atypical EBV-infected B 
cells admixed with reactive T lymphocytes. T-/
NK-cell lymphomas can rarely occur in the lungs, 
and the differential diagnosis between nasal-type 
T/NK lymphomas and LYG can be difficult, 
since they share many morphological and immu-
nophenotypic features as angioinvasion, expres-
sion of markers of EBV infection, necrosis, and a 
rich T-cell infiltrate exhibiting cytotoxic immun-
ophenotype, (positivity for CD8, TIA-1, gran-
zyme-B) [83]. Cryobiopsy can be successfully 

utilized for the diagnosis of pulmonary lympho-
mas, including the rare endovascular large B-cell 
lymphomas [85–87].

9.3	 �Immunohistochemistry 
in Nonneoplastic Pulmonary 
Pathology

9.3.1	 �Immunohistochemical 
Markers in the Diagnosis 
of Lung Infections (Fig. 9.4)

A limited number of immunohistochemical 
markers recognizing infectious organisms 
(mainly viral) can be applied to paraffin-
embedded routine histological samples and can 
have a diagnostic role in pulmonary pathology. 
The reagents’ panel includes antibodies recog-
nizing polyomavirus, adenovirus, various herpes 
viruses (herpes simplex virus, cytomegalovirus, 
human herpesvirus 8, and Epstein-Barr virus). 
Pneumocystis jirovecii can be demonstrated 
either by Grocott stain or specific antibody [88, 
89]. High analytical specificity and sensitivity for 
mycobacterial detection can be obtained by 
molecular analysis [90].

9.3.2	 �Immunohistochemical 
Markers in the Diagnosis 
of Interstitial Lung Diseases

The pulmonary microenvironment. When morpho-
logical details cannot be easily recognized by H&E 
staining, some immunohistochemical markers can 
be useful to precisely define the nature of cells, 
including epithelial, mesenchymal, and inflamma-
tory cells, as well as extracellular matrix proteins. 
The epithelial component of the lung tissue can be 
precisely characterized using cytokeratin subsets, 
allowing a better evaluation of minimal interstitial 
changes, pneumocyte hyperplasia, and cell damage 
or loss (Fig. 9.1). Focal foci of squamous metapla-
sia can be demonstrated either by ΔN-p63 or high-
molecular-weight cytokeratins [91–95]. 
Surprisingly, CK14 is expressed on type II pneu-
mocytes in focal or diffuse alveolar damage, and 
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this may be considered a sign of abnormal activa-
tion [96]. Different mesenchymal cells can be char-
acterized by markers such as alpha-smooth-muscle 
actin for smooth muscle and myofibroblasts, tenas-
cin and tubulin beta-3 for myofibroblasts, CD34 
for endothelial cells, podoplanin/D2–40 for lym-
phatic vessels, and others [92, 97, 98].

Increasing information is available regarding 
the complexity of the immune system. A large 
number of markers can be applied by immuno-
histochemical on lung tissue that can precisely 
detect biologically relevant subsets of lymphoid 
and inflammatory cells. The classical T-cell lym-
phoid heterogeneity, based on the expression of 
membrane antigens such as CD4 and CD8, can 
now be analyzed in more detail using markers 
such as GATA3, T-BET, FOXP3, and others, 
associated to relevant T-cell functional profiles 
(TH1, TH2, TH17, Treg, etc.), in experimental 

and clinical studies [99, 100]. Although little evi-
dence has been so far provided on the possible 
clinical relevance of in situ analyses of these 
markers, cryobiopsies can provide the samples to 
better investigate their potential (Fig. 9.5).

9.3.3	 �Macrophage Markers 
and Pathology

Macrophages represent a major cell component 
within the pulmonary microenvironment and 
exert fundamental roles in maintaining respiratory 
functions by regulating the surfactant turnover 
and eliminating infective agents, foreign particles, 
mucus, dead cell remnants, etc. The majority of 
macrophages in the normal lung home the alveo-
lar spaces (then they are named alveolar macro-
phages) and changes of their number, morphology, 

a b
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Fig. 9.4  Immunohistochemical characterization of infec-
tious organisms: (a) pneumocystis J. (Grocott stain); (b) 
anti-pneumocystis J. immunostaining; (c) Cytomegalovirus; 

(d) EBV (EBER in situ hybridization) in a case of pulmo-
nary nasal-type T cell lymphoma
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and/or distribution can provide useful diagnostic 
information in different pulmonary diseases.

Several markers of alveolar macrophages are 
available, including CD68, CD11c, and others. 
Calgranulins (recognized by the antibody 
MAC387) are expressed by “young” macro-
phages, being also expressed by neutrophils 
[101]. Some antigenic proteins that can be dem-
onstrated by IHC within the cytoplasm of alveo-
lar macrophages are in fact derived by other cell 
types that are ingested by macrophages, such as 
the epithelial aspartic peptidase Napsin A and 
surfactant protein A (Fig. 9.5).

Diseases characterized by abnormalities of 
alveolar macrophages. Focal or diffuse accumu-
lations of alveolar macrophages characterize 
smoking-related interstitial lung diseases such as 

respiratory bronchiolitis-ILD and desquamative 
interstitial pneumonia. Clusters of foamy macro-
phages (engulfing surfactant proteins and lipids) 
can be related to diseases of disturbed surfactant 
turnover (e.g., diffuse panbronchiolitis or in ami-
odarone lung disease).

Diseases characterized by accumulation of 
extrapulmonary macrophages. In some pulmo-
nary lesions, the accumulation of macrophages is 
due to the recruitment of circulating monocytes 
that eventually differentiate in the lung interstitial 
spaces. These include a variety of inflammatory 
diseases and can be divided in granulomatous 
and non-granulomatous.

Granulomatous diseases. A particular type of 
macrophage activation leads to the formation of 
epithelioid granulomas. This reaction is triggered 

a b
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Fig. 9.5  Immunohistochemical characterization of 
immune-response in situ: (a) TH1 T-Bet positive T cells 
within a sarcoid granuloma; (b) sarcoid granuloma mac-
rophages are negative for surfactant-A protein, whereas 
positive alveolar macrophages show the ingested antigen; 

(c) a small interstitial granuloma evidenced by cathepsin-
K immunoreactivity in hypersensitivity pneumonitis; (d) 
clusters of CD68-positive macrophages in Desquamative 
Interstitial Pneumonia
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by TH1 lymphocytes and characterizes different 
pulmonary granulomatous diseases including 
immunological (sarcoidosis, berylliosis, hypersen-
sitivity pneumonitis) and infective diseases (myco-
bacteriosis, etc.). Epithelioid and giant cells in 
granulomas are not modified alveolar macro-
phages but directly derive from circulating mono-
cytes. The phenotype of epithelioid cells is 
different from that exerted by alveolar macro-
phages (negative for ZAP 70, Napsin A), and these 
markers can occasionally be used to help in diffi-
cult cases. Epithelioid macrophages are activated 
cells and express molecules that are up-modulated 
during activation. Cathepsin K, a protease 
expressed at high levels in bone marrow osteo-
clasts and in granuloma macrophages, can be use-
ful in detecting small granulomas as in most cases 
of hypersensitivity pneumonitis [102] (Fig. 9.5).

9.3.3.1	 �BRAF-Related Histiocytoses
Recently, it has been demonstrated that Langerhans 
cell histiocytosis (both non-pulmonary and pul-
monary—PLCH) and Erdheim-Chester disease 
are pathogenetically related to a mutation affecting 
the BRAF oncogene [103, 104]. This finding is 
relevant since it can be considered as evidence of 
the “clonal/neoplastic” nature of these histiocyto-
ses (previously considered as “inflammatory”) and 
also provides a robust diagnostic tool, either utiliz-
ing immunohistochemistry or molecular analysis 
[105, 106]. Interestingly, in both these diseases, 
oncogene-induced cell senescence (OIS) has been 
suggested as a pathogenic feature, this explaining 
the SASP (senescence-associated secretory 
phenotype)-related secondary inflammatory fea-
tures of the diseases [106, 107]. Demonstration of 
senescence-related markers such as p21waf1 and 
p16 can provide in this context prognostic infor-
mation [106]. Pulmonary Langerhans cell histio-
cytosis is characterized by accumulation of 
CD1a-positive and CD68-negative cells, whereas 
Erdheim-Chester histiocytes are typically CD68 
positive and CD1a negative.

9.4	 �Lymphangioleiomyomatosis

Lymphangioleiomyomatosis (LAM) is a rare dis-
ease that affects the lungs of women, usually in 

premenopausal age. The disease is progressive 
and potentially fatal. The LAM cells, which har-
bor mutations in tuberous sclerosis genes, pro-
gressively infiltrate the perilymphatic spaces of 
the lung parenchyma. The phenotype of LAM 
cells is peculiar, since they express alpha-smooth 
muscle actin and desmin, together with melano-
cytic markers such as HMB45, HMSA-1, 
MelanA/Mart1, microphthalmia transcription 
factor (MITF), and cathepsin k [28, 108]. This 
distinctive phenotypic profile can be useful to 
precisely characterize the disease on small trans-
bronchial biopsies [109] (Fig. 9.6).

9.4.1	 �Immunohistochemistry 
in the Diagnosis of Idiopathic 
Pulmonary Fibrosis and DPLD

The diagnosis of idiopathic pulmonary fibrosis 
(IPF) is classically based on algorithms that 
include a multidisciplinary evaluation of clinical, 
radiological, and histological data. When the 
radiological pattern is definite for usual interstitial 
pneumonia (UIP), an invasive approach is dis-
couraged in the consensus protocols. The intro-
duction of TCB can help in providing a definite 
diagnosis of UIP in those cases where the data are 
dubious or not consistent for UIP, thus avoiding 
either SLB or renounce to a certain diagnosis. The 
use of some markers related to the pathogenesis 
of IPF can help in some difficult cases. To date, 
there is a wide consensus on the assumption that 
IPF is not an inflammatory disease, but its patho-
genesis is related to an accelerated senescence 
affecting pneumocytes that progressively reach a 
status of stem cell insufficiency at particular sites 
[110–113]. The causes of this intrinsic and irre-
versible defect are multifactorial, including age-
related telomere attrition, a genetic predisposition 
(that is predominant in familiar cases), together 
with the chronic exposure to toxic substances 
(e.g., cigarette smoke), and also an anatomic com-
ponent related to mechanical stress [114]. 
Immunohistochemistry can be useful in detecting 
early evidence of pneumocyte senescence. The 
expression of cell senescence-related markers 
such as p16, p21, and beta-galactosidase [111, 
115–117] in hyperplastic type II pneumocytes 
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represents the evidence of focal alveolar damage 
in IPF and also on small TCB (Fig. 9.7).

The use of other markers can help to better 
visualize small fibrotic lesions that can be missed 
on H&E morphology, together with details dem-
onstrating abnormalities, including epithelial-
mesenchymal transition (EMT) and abnormal 
angiogenesis, occurring in microenvironmental 
organization of the normal parenchyma [118]. 
Several myofibroblastic markers have been 
described, including the extracellular matrix pro-
tein tenascin, and its immunohistochemical eval-
uation can have prognostic significance in 
pulmonary fibrosis [98, 119]. Tubulin beta-3 has 
been recently proposed as a reliable immunohis-
tochemical marker of myofibroblast foci in IPF 
[120]. This marker in fact is expressed in both 
myofibroblasts and epithelial cells exhibiting 

EMT in fibroblast foci, together with a variety of 
molecules aberrantly expressed within the 
fibrotic lung tissue (ZEB1, TWIST, beta-catenin, 
and others) [118, 120–124]. A useful immunohis-
tochemical finding is observed within honey-
comb lesions that we named “sandwich foci” 
because of the peculiar three-layer structure 
formed by myofibroblasts, basal cells expressing 
laminin-5 γ-2 chain, and heat shock protein 
hsp27 [122] (Fig.  9.7). Although these findings 
appear useful diagnostic features in the differen-
tial diagnosis of IPF and other DPLD, they need 
to be validated on large case series.

9.4.1.1	 �Microscopic Honeycomb Lesions
Micro-honeycombing is a major morphological 
feature of IPF, although it is not requested by 
consensus statements for its histological diagno-

a b
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Fig. 9.6  Immunohistochemical characterization of lymphangioleyomiomatosis (LAM) cells: (a) cathepsin-K positive; 
(b) alpha-smooth muscle actin positive; (c) HMB45 positive; (d) cytokeratin 8/18 negative
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sis when imaging is consistent with the diagnosis 
of UIP pattern. In honeycomb lesions the bron-
chiolar structures that are close to parenchymal 
fibrotic area are progressively changed showing 
distortion, enlargement, mucous accumulation, 
and abnormal proliferation. Fibroblast foci are 
frequently observed within these lesions, showing 
a three-layered sandwich structure (see above). 
The mucous accumulation within these lesions 
always contains the mucin MUC5B, regardless of 
the occurrence of the MUC5B polymorphism (a 
well-known predisposing genetic feature of IPF) 
[125–127]. This finding is typical of IPF micro-
honeycombing. In addition, micro-honeycomb 
lesions in IPF show several abnormalities that can 
be demonstrated by immunohistochemistry, 
including increased expression of WNT/beta-
catenin targets such as MMP7, cyclin-D1, and 
MYC, as well increased expression of senescence-
related markers p16 and p21 [111, 117, 121]. 
These abnormal features are likely related to the 
development of epithelial malignancies with 
bronchiolar phenotypes in IPF [49].

9.4.1.2	 �Molecular Analysis in IPF
The demonstration of an increasing number of 
gene abnormalities (affecting genes involved in 
surfactant synthesis, telomerase functions, 
MUC5B polymorphisms, telomere length, etc.) 
in familiar and sporadic IPF is crucial for the 
understanding of the pathogenesis of these devas-
tating diseases and may provide a new perspec-
tive for their classification, diagnosis, and 
prognostication [128–131].

9.5	 �Diffuse Alveolar Damage 
(DAD)

In diffuse alveolar damage (DAD), the morpho-
logical pattern characterizing acute respiratory 
distress syndrome, the pneumocyte type II hyper-
plasia is generalized and diffuse, and markers of 
EMT are easily demonstrated, including nuclear 
beta-catenin, slug, tubulin beta-3, CK14, and oth-
ers (Fig. 9.8) [96, 120–123].

a b c
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Fig. 9.7  Immunohistochemical features in IPF: (a) 
strong tenascin expression in fibroblast foci; (b) abnormal 
distribution of ΔN-p63 basal cells in bronchiolar honey-
combing; (c) focal expression of the cell senescence-asso-

ciated marker p16 in type II pneumocytes; (d) laminin-5 
γ-2 chain expression in “sandwich” fibroblast foci; (e) 
heat shock protein 27 in sandwich foci; (f) strong tubulin 
beta-3 in both luminal epithelium and fibroblast foci
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9.6	 �Pleuroparenchymal 
Fibroelastosis (PPFE)

PPFE is a severe interstitial disease characterized 
by progressive effacement of the pulmonary 
parenchyma with pleural/subpleural fibroelasto-
sis often accompanied by interstitial thickening 
and remodeling. Although PPFE has been 
included within the idiopathic interstitial pneu-
monias [132], its identity is still matter of debate 
[133, 134]. Relevant to diagnosis is the demon-
stration of abnormal interstitial accumulation of 
elastic fibers that can be evidenced either using 
elastic Van Gieson’s stain or, more precisely, with 

elastin-specific monoclonal antibodies. Recently, 
the occurrence of podoplanin-reactive myofibro-
blasts has been proposed as a specific immuno-
histochemical staining to distinguish between 
PPFE and IPF abnormal remodeling of the lung 
parenchyma [135].
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Transbronchial lung cryobiopsy (TLCB) has 
recently been proposed as a new approach in the 
diagnosis of diffuse parenchymal lung diseases 
(DPLDs). The diagnostic workup of diffuse lung 
disease includes medical history, physical exam-
ination, lung function tests, high-resolution 
computed tomography, and bronchoalveolar 
lavage; however, often these elements can be 
insufficient. When the clinical-radiological pic-
ture is nondiagnostic, the histology becomes a 
key element for the multidisciplinary diagnosis 
(MDD). Since 2014, with the licensing of the 
new anti-fibrotic drugs (pirfenidone and ninte-
danib) as important medication for IPF, to secure 
an accurate diagnosis has become of critical 
importance [1, 2]. In the half of patients in which 
UIP pattern (usual interstitial pneumonia) is not 

detected radiologically, diagnosis rests on histol-
ogy obtained by lung biopsy [3]. Recently, 
TLCB has proven to be a safe alternative to sur-
gery in a large group of DPLDs, and the use of 
TLCB is rapidly changing the approach to DPLD 
diagnosis in many expert centers.

10.1	 �Surgical Lung Biopsy 
and TBB in DPLDs

When tissue sampling is needed, surgical lung 
biopsy (SLB) is still considered by guidelines the 
gold standard to obtain sufficient histological 
information to distinguish UIP pattern from other 
fibrotic DPLDs [4]. However, two important 
points need to be considered. Firstly, SLB repre-
sents only a small sample of the whole lung, and 
the minimal quantity of the lung necessary to 
guarantee the maximum morphological informa-
tion compared with the whole lung or lungs 
remains unknown [5]. Secondly, SLB is charac-
terized by appreciable risks and costs. Adverse 
events related to surgery include chronic chest 
pain, prolonged air leakage, and infections. Most 
notably, mortality rate can be 1.7% for elective 
procedures and 16% for nonelective procedures 
[5]; mortality can be even higher when the patient 
conditions are worsening, and there is evidence 
of significant and rapid decline in pulmonary 
function [6]. An increase in in-hospital mortality 
has also been linked to male gender, open rather 
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than video-assisted thoracoscopic surgery, and a 
suspected diagnosis of IPF or connective tissue 
related—DPLD [6]. Balancing the risk/benefit 
ratio, SLB is often not performed in elderly sub-
jects, in patients with a significant burden of 
comorbidities and with severe respiratory impair-
ment [7–10]. Furthermore, in common clinical 
practice, SLB is also not offered to asymptomatic 
patients with minimal HRCT changes, because 
the risks and costs of SLB do not appear to be 
sufficiently counterbalanced by the advantage of 
an early diagnosis of DPLDs. For these reasons, 
SLB is usually performed in less than 50% of the 
cases in which, according to guidelines, histol-
ogy is necessary [11, 12]. Another practical issue 
that should be considered is the waiting list for 
planned admissions for thoracic surgery and the 
relatively limited number of cases that thoracic 
surgeons are able to take in charge.

To overcome all the obstacles related to tho-
racic surgery in the diagnosis of DPLDs, some 
expert centers have started to search for a less 
invasive method to collect lung tissue samples. It 
has been shown that the conventional transbron-
chial lung biopsy (TBB) captures tissue that is 
representative mainly of the centrilobular zone 
[13–15] and that crush artifacts can be an impor-
tant limiting factor [16]. The disorders that are 
centered around terminal and respiratory bron-
chioles or significantly involve these structures or 
are distributed along the lymphatic routes may be 
easily sampled by the conventional forceps (e.g., 
organizing pneumonia, sarcoidosis, carcinoma-
tous lymphangitis). TBB lung specimens may 
contain specific and informative lesions that are 
diagnostic by themselves (e.g., carcinomatous 
lymphangitis and other neoplasms, alveolar pro-
teinosis, Langerhans cell histiocytosis) or can 
show characteristic features that are diagnostic if 
combined with the clinical and radiological con-
text (e.g., organizing pneumonia, sarcoidosis, 
hypersensitivity pneumonitis); however TBB 
may not be informative when morphologic find-
ings are completely incongruous with the clinical 
and radiological context and can be more chal-
lenging and complex in idiopathic fibrotic inter-
stitial pneumonias such as idiopathic pulmonary 
fibrosis (IPF), nonspecific interstitial pneumonia 

(NSIP), and desquamative interstitial pneumonia 
(DIP) [13, 14, 17–21]. In fact, negative predictive 
value of TBB for UIP diagnosis is described 
between 46 and 55% [20, 21], and in a retrospec-
tive analysis, Tomassetti et al. reported that TBB 
specimens interpreted by expert pathologists can 
show features of UIP pattern in 30% of cases, 
with a high specificity (above 80%) for UIP pat-
tern but a very low specificity and sensitivity for 
other pathological diagnoses (NSIP, CHP, DIP) 
[20]. In a more recent study, Sheth and coworkers 
evaluated the diagnostic utility of TBB combined 
with clinical and HRCT data, and the results 
were similar, with TBB leading to a diagnosis in 
approximately 20–30% of patients suspected for 
DPLDs with a better diagnostic value in identify-
ing the UIP pattern. To obtain a final multidisci-
plinary diagnosis, 64% of patients underwent a 
SLB after a nondiagnostic TBB [9].

The gap existing between SLB and TBB is 
wide and underlines the need for a new minimal 
invasive approach to provide a specific and confi-
dent diagnosis. The search for a minimally inva-
sive alternative to SLB is motivated by the need 
to reduce not only the complications related to 
SLB but also to reduce the prevalence of “unclas-
sifiable interstitial lung diseases” [22].

10.2	 �Clinical Considerations 
About the Role of TLCB 
in the Diagnosis of DPLDs

In recent years, transbronchial lung cryobiopsy, 
used initially for therapeutic purposes, has 
achieved a relevant role in the diagnostic 
approach of DPLDs. As any innovative diagnos-
tic method, patient’s safety was the main con-
cern, and a correct patient selection process has 
emerged to be of crucial importance [22]. In fact, 
anecdotal data suggest that complications (which 
are described in detail in the specific chapter on 
this book) are more frequent when pulmonary 
function is severely impaired. Forced expiratory 
volume in the first second (FEV1) <0.8  L or 
<50% predicted, forced vital capacity (FVC) 
<50% predicted, and diffusing capacity of the 
lungs for carbon monoxide (DLCO) <35% pre-
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dicted have been used to exclude biopsy candi-
dates in some series, though not in all [17, 22, 
23]; however, these limitations are drawn from 
data reported in studies dealing with 
SLB. Additionally, in the subset of patients with 
severe fibrosing ILDs, the risk-benefit analysis is 
less advantageous, because in these patients it 
seems that the prognostic significance of an exact 
histological diagnosis is reduced, and data on the 
efficacy of a specific “anti-fibrotic” drug on 
patients with severe IPF are still scanty [24]. 
Another important issue is the risk of acute exac-
erbation which needs to be assessed: recent onset 
of ground glass areas on HRCT scan, functional 
impairment and worsening of symptoms and 
high levels of inflammatory markers could pre-
dict the risk of acute exacerbation [22, 25, 26].

Indications for transbronchial lung cryobiopsy 
in the diagnosis of diffuse parenchymal lung dis-
eases within the context of a multidisciplinary 
discussion are currently under evaluation, as well 
as the comparison of its risk/benefit ratio with that 
of surgical lung biopsy. However, reported diag-
nostic yields (50–100%) and observed complica-
tions of the procedure (e.g., rate of pneumothorax 
0–30%) vary widely in different centers [27–29], 
and the TLCB technique has not yet been stan-
dardized. After the rapid spread of the technique 
in the absence of verified competency and safety 
standards, in 2018 a statement by experts in the 
field has been published, proposing some recom-
mendations (requisite equipment, personnel, indi-
cations/contraindications, risks and training 
requirements) with the aim of facilitating uniform 
practice and providing a guide for those wishing 
to introduce this technique [22]. Series reporting 
experience of cryobiopsy in the diagnosis of dif-
fuse parenchymal lung diseases (DPLDs) include 
a limited number of patients, and it is difficult to 
compare different series in terms of sampling 
strategies, procedural technical details, diagnostic 
yield, and complications. Compared to conven-
tional TBB, cryobiopsy has demonstrated a supe-
rior diagnostic yield in interstitial lung diseases, 
as samples obtained through cryoprobes are many 
times greater than that obtained by regular forceps 
(usually 40–50 mm2 in size) [16, 20, 30–33], have 
usually better quality, and contain peripheral 

structures of the secondary pulmonary lobules 
[34]. Improved results are seen in “intubated 
patients” and when biopsies are taken within 1 cm 
of the pleura [23, 30, 32, 35, 36].

Our experience involves currently a large 
cohort of 699 patients who underwent transbron-
chial lung cryobiopsy for suspected diffuse 
parenchymal lung diseases; in 630 cases (90.1%) 
lung tissue obtained from cryobiopsy, combined 
with clinical and radiographic information, was 
sufficient to establish a final multidisciplinary 
diagnosis for patient management (unpublished 
data) (Table 10.1) [36].

Recognition of the UIP pattern on these large 
specimens has a good inter-observer variability 
index and may be recognized by pathologists 
with high confidence. In a prospective study of 
69 cases of TLCB, pathologists identified histo-
pathologic criteria sufficient to define a charac-
teristic pattern in 63 patients (93%), including 47 
UIP (36 with high confidence and 11 with low 
confidence); therefore, TLCB in patients with 
f-DPLD could identify UIP with high confidence 
level in 52% of cases and with low confidence 
level in 16% of cases. Inter-observer agreement 
between the two pathologists for the recognition 
of UIP was very good, with a kappa coefficient of 
0.83 (95% CI 0.69–0.97); weighted kappa coef-
ficient of agreement for the identification of UIP 

Table 10.1  Clinical characteristics, diagnostic yield, and 
complications in a cohort of 699 patients submitted to 
transbronchial lung cryobiopsy (TLCB)

Patient characteristic (n = 699) No. (% or SD)
Median age (SD), years 61 (11)
Male, No. (%) 413 (59.1%)
Mean FVC percent predicted (SD) 85.4 (19.7)
Mean DLCO percent predicted (SD) 61.2 (17.5)
Pathological diagnosis, No. (%) 614 (87.8)
Multidisciplinary diagnosis, No. (%) 630 (90.1)
Pneumothorax, No. (%) 134 (19.2)
Drained pneumothorax (among those 
with pneumothorax), No. (%)

94 (70.1)

Mild bleeding, No. (%) 29 (4.1)
Moderate bleeding, No. (%) 53 (7.6)
Severe bleeding, No. (%) 5 (0.7%)

FVC forced vital capacity, DLCO diffusing capacity of the 
lungs for carbon monoxide
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with high or low confidence was good at 0.70 
(95% CI 0.57–0.83) [23].

Moreover, the value of TLCB, in combination 
with other clinical findings in the context of a 
multidisciplinary discussion, was found to be 
similar to that reported for SLB [37]; both the 
procedures had similar impact on the MDD pro-
cess, showing similar changes in diagnostic 
impression, diagnostic confidence, and inter-
observer agreement after integration into the 
MDD discussion, resulting also in a similar dis-
tribution of final MDD diagnosis. For ethical 
reasons, there are no trials describing patients 
undergoing consecutive TLCB and SLB, and for 
the high diagnostic yield and low complication 
rate of TLCB compared to SLB, they seem 
unlikely to be proposed in the future [21]. 
Finally, immunohistochemical analysis also may 
be carried out easily in samples obtained by 
cryobiopsy [5].

The strategies used to collect samples are 
not yet standardized [34], with the majority of 
studies to date having retrieved lung tissue from 
one segment and only a minority having col-
lected lung samples from different segments of 
the same lobe [38]. Multiple biopsies are usu-
ally taken to reduce sampling error, as we know 
that diagnosis can be influenced by the hetero-
geneity of the disease and by the distribution of 
the parenchymal pathology. The optimal num-
ber of biopsies has not been established for 
cryobiopsy, and different strategies adopted to 
sample lung tissue are still missing in literature. 
In our large series (699 patients), diagnostic 
yield was significantly influenced by the num-
ber of samples and the sampling strategy, 
improving dramatically when ≥2 samples were 
performed (instead of only one) and when 
biopsy was obtained in two different sites 
(instead of only one site), either from the same 
lobe or from different lobes. This is particularly 
important for fibrotic lung diseases, in which 
pathological variability is more challenging, 
and differential diagnosis could be more diffi-
cult; we observed discordant samples between 
different sites in almost 30% of cases, with a 
significant increase in diagnostic yield between 
one site and two sites. Our findings confirm and 

quantify the frequency of interlobar and intra-
lobar histologic variability in fibrotic ILDs and 
confirm the adequacy of cryobiopsy in identify-
ing this histologic heterogeneity. Prior data on 
interlobar heterogeneity of DPLDs support the 
practice to obtain tissue from two different 
sites; however, histologic heterogeneity has 
been evaluated in the literature until now only 
in surgical lung biopsy (SLB) and not in cryo-
biopsy [39–42]. It is very important to obtain 
tissue from two different sites, either from the 
same lobe or from different lobes when HRCT 
scan does not show a clear gradient profusion 
of the pattern or when different patterns are 
present in different lobes. Significant sampling 
errors may result from strategies that obtain 
only one biopsy specimen for ILD.

10.3	 �The Paradigm Shift

The data published on TLCB in DPLDs lead the 
clinics to a paradigm shift as a new intriguing 
mini-invasive method to obtain lung samples is 
now available, in which peripheral structures of 
the secondary pulmonary lobule are identifiable 
(visceral pleura, interlobular septa) and allow to 
diagnose with high confidence complex morpho-
logic patterns (UIP, pleuroparenchymal fibroelas-
tosis, NSIP, DIP, smoking-related ILDs), with an 
inter-observer variability value similar to that 
observed in SLB. The good clinical impact asso-
ciated with less side effects and lower economic 
charges is also all elements in favor of this tech-
nique [12].

In the last years, it has been observed an 
increased number of cryobiopsy procedures as 
compared to a similar number of surgical biop-
sies. In our clinical experience, the number of 
SLB performed in the last decades hasn’t 
changed, whereas there has been a stinking grow-
ing trend in the number of TLCB that in 2017 has 
reached a number 20 times higher compared to 
SLB (Fig.  10.1). This trend suggests that the 
cryobiopsy is helping in the final multidisci-
plinary diagnosis in a higher number of patients 
with DPLDs, leading to an early diagnosis and 
patient’s specific treatment. In this context, 
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TLCB and SLB could be integrated in a comple-
mentary diagnostic algorithm, with a first 
diagnostic approach for obtaining tissue with 
cryobiopsy, reserving the surgical approach for 
only the minority of cases in which TLCB is not 
adequate or not diagnostic [27, 35]; TLCB will 
increase the number of diagnoses in DPLDs with 
atypical features, avoiding surgical approach in 
many patients (especially in old people and in 
those with comorbidity) [43]. The availability of 
cryobiopsy and its lower morbidity could poten-
tially broaden the indication for lung biopsy such 
as in DPLD patients with equivocal exposures or 
suspicion of an occult collagen vascular disease 
who may exhibit histopathological clues to alter-
native diagnoses (e.g., small granulomas, foci of 
organizing pneumonia, lymphoid follicles, pul-
monary and pleural chronic inflammation) on 
cryobiopsy that might add weight to other diag-
nosis [22]. TLCB could sometimes be proposed 
in patients with a typical radiological UIP pat-
tern, with the aim of collecting more definite data 
suggesting occult exposure or collagen vascular 
diseases; the detection of areas of organizing 
pneumonia or diffuse alveolar damage in a con-
text of UIP pattern could be a marker of rapid 
progression of the disease [12] and in some sub-
sets it could suggest a combination of anti-fibrotic 
and anti-inflammatory drugs [44] or it may 
implement research on molecular markers in 
order to reach a target therapy [12].
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Idiopathic Pulmonary Fibrosis

Venerino Poletti, Antonella Arcadu, 
Sissel Kronborg-White, and Marco Chilosi

11.1	 �Introduction

Idiopathic pulmonary fibrosis (IPF) is a disorder 
mainly affecting the lungs [1, 2]. It affects more 
frequently males, smokers, or former smokers, in 
their 60s (average age at diagnosis 64–65). The 
epidemiology of IPF is difficult to determine, and 
the available data are still imprecise. However it 
seems to have an incidence, in Caucasians, of 4–8 
new cases/100,000 inhabitants per year. It appears 
less frequent in Africans or Afro-Americans. This 
disorder has no known cause identified so far 
(except the cigarette smoke); therefore, all causes 
known to be involved in ILD need to be excluded 

(organic and inorganic exposure, drug/radiation). 
Symptoms are insidious: dry cough and exertional 
dyspnea. These symptoms usually are present for 
longer than 6  months. In about 60–70% of 
patients, physical examination reveals fine, bibas-
ilar inspiratory crackles (“velcro sounds”). 
Clubbing is found up to 50% of patients. Familial 
clinical history is important because up to 20% of 
cases has a familial form. Presence of idiopathic 
liver cirrhosis, Fanconi anemia, or myelodysplas-
tic syndromes, or of cases of pulmonary fibrosis 
in parents, in closer ancestors, or relatives, is a 
strong clue. Routine laboratory evaluation is not 
helpful for the diagnosis. In around 30% of 
patients, autoantibodies (antinuclear antibodies 
and rarely antineutrophil antibodies—mainly 
pANCA) may be detected, but these findings have 
no diagnostic role. The matrix metalloproteinases 
(MMPs) are proteases involved in the remodelling 
of extracellular matrix components. MMP-7 
appears to be one of the most interesting candi-
dates with regard to a single diagnostic biomarker. 
Circulating levels of MMP-7 are consistently ele-
vated in the blood of patients with IPF compared 
to healthy controls and to patients affected by 
other ILDs. Elevated circulating levels of both 
SP-D and KL-6 are also detectable. The presence 
of autoantibodies (anti-heat shock protein 70, 
anti-periplakin, antiparietal cells, antineutrophils 
antibodies (ANCA)) and CD28+ lymphocytes 
and the level of CCL-18 in peripheral blood have 
been shown to represent valid prognostic 
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biomarkers. The MUC5B promoter single-nucle-
otide polymorphism (SNP) has been identified as 
a strong risk factor for the development of both 
familial and sporadic IPF [2, 3].

Pulmonary function tests document a restric-
tive impairment with mainly reduction of 
DLCO in the early phases. It is now not infre-
quent (mainly thanks to the contribution of lung 
biopsies carried out with cryoprobes) to have a 
diagnosis of IPF in patients with pulmonary 
function tests in the so-called normal range. 
Bronchoalveolar lavage (BAL) is an important 
ancillary test showing usually a slight increase 
of neutrophils and eosinophils and a normal 
lymphocyte count. Rarely neutrophils or even 
eosinophils may be significantly increased. A 
lymphocytosis (>30%) militates against a diag-
nosis of IPF.

The pathogenesis of the disorder may be sche-
matized into three steps [4]. The first step recog-
nizes in the alveolar stem cells failure the primum 
movens. Type II pneumocytes are unable to 
rebuild lung parenchyma after a variety of insults 
because of intrinsic defects mainly clearly defined 
in familial cases [1, 2] [mutations involving telo-
mere-related genes (TERT, TERC, DKC1, TINF2, 
RTEL1, and PARN), mutations involving genes 
coding for the surfactant proteins, etc.] or because 
of exogenous chronic damage (cigarette smoke) 
or mechanical stress more evident at the periphery 
of the secondary pulmonary lobules sited at the 
lung bases. These senescent cells acquire a secre-
tory phenotype with activation of a variety of 
pathways (Wnt pathway is one of the most impor-
tant) with attraction of fibroblasts and induction 
of myofibroblast transformation, activation of the 
epithelial-mesenchymal transition, and thereafter 
deposition of collagen. A profibrotic microenvi-
ronment is the final results. During this second 
step are activated or induced genes and gene net-
works that are normally associated with lung 
development and carcinogenesis.

When this damage wave reaches the centri-
lobular region, the bronchiolar stem cells (that 
are normal and not prone to apoptosis) are incited 
to proliferate and migrate (third step). These cells 
acquire a dysplastic phenotype, and for this rea-
son patients with IPF are more prone to develop 

peripheral lung cancers with a bronchiolar phe-
notype [5]. Proliferation of bronchiolar cells and 
the accompanying fibrosis and smooth muscle 
cell hyperplasia are the component of the so-
called honeycomb areas. This scheme considers 
the possibility to have two types of fibroblastic 
foci [6]: one alveolar in which the myofibroblasts 
and the extracellular matrix reach in tenascin are 
covered by hyperplastic type II pneumocytes 
exhibiting epithelial-mesenchymal transition 
markers and one bronchiolar in which the cover-
ing epithelial cells have a bronchiolar phenotype. 
This last one is present in areas of “honeycomb-
ing.” The histological background of IPF is 
named Usual Interstitial Pneumonitis (UIP). In 
hematoxylin-eosin preps the hallmarks of the 
UIP pattern are patchy fibrosis (areas of normal 
lung sharply abutting on areas of fibrosis with 
deposition of collagen) and fibroblastic foci 
(ellipsoidal structures having pale extracellular 
matrix in which myofibroblasts are embedded 
and covered by hyperplastic type II pneumocytes 
or by hyperplastic-metaplastic bronchiolar cells). 
These fibrotic lesions are subpleural and with a 
periacinar distribution. Honeycomb areas are not 
formally required to have a diagnosis of UIP pat-
tern. However they are detectable in the majority 
of cases, mainly when a large sample is analyzed. 
Inflammation is not an important component in 
UIP pattern in IPF subjects. Deposition of mucus 
is evident in the areas of honeycomb changes. 
UIP pattern is not pathognomonic for IPF because 
it may be the histological background of other 
disorders: collagen vascular diseases (mainly 
rheumatoid arthritis), chronic hypersensitivity 
pneumonitis, etc. Some clues (presence of 
inflammation and lymphoid nodules, centrilobu-
lar scars and inflammation, poorly formed granu-
lomas, pleural inflammation) may suggest a UIP 
pattern not related to IPF. Most patients with IPF 
have a previous or current history of smoking 
cigarettes, and smoking-related changes may 
coexist with and complicate the histopathology 
of UIP in IPF.  These changes include emphy-
sema, sometimes associated with scarring; air-
space enlargement with fibrosis; respiratory 
bronchiolitis without or with fibrosis; subpleural 
hyaline alveolar septal scarring, sometimes 
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stellate and centrilobular scars; desquamative 
interstitial pneumonia (DIP) with fibrosis; and a 
pattern that can be described as fibrotic nonspe-
cific interstitial pneumonia (NSIP) in a smoker, 
resembling DIP but without airspace “smoker” 
macrophages. Sophisticated immunohistochemi-
cal analyses or a “molecular UIP” signature iden-
tified from RNA sequencing could in the near 
future detect a specific tissue pattern related only 
to IPF [6].

CT scan has a pivotal role in the diagnosis of 
IPF. A confident diagnosis of IPF may be made in 
the correct clinical context when the CT shows a 
pattern of definite (presence of honeycombing in 
the bibasilar subpleural regions) or probable UIP 
(reticular pattern with peripheral bronchiectasis 
in the bibasilar subpleural regions). If the clinical 
context is indeterminate for IPF or the CT pattern 
is not definite or probable UIP, biopsy should be 
considered to confirm the presence of a UIP his-
tologic pattern, and a confident diagnosis of IPF 
may be made based on multidisciplinary evalua-
tion. If diagnostic tissue is not available, a work-
ing diagnosis of IPF may be made after careful 
multidisciplinary evaluation [7].

The clinical behavior may be—and in the 
majority of cases is—chronic with constant pro-
gressive deterioration of lung function or rapidly 
progressive, or it may have a chronic course with 
episodes of acute deterioration with new pulmo-
nary infiltrates and rapidly progressive respira-
tory failure. These episodes may be determined 
by infections (bacterial or viral) in the majority of 
cases. When no cause is identified or identifiable, 
they are labelled as episodes of “acute exacerba-
tion.” In this context the histological background 
is diffuse alveolar damage or more rarely capil-
laritis or organizing pneumonia and eosinophilic 
pneumonia, all superimposed to UIP. The possi-
bility, offered by cryobiopsy, to obtain lung tissue 
in a larger proportion of patients has shown that 
features of diffuse alveolar damage or organizing 
pneumonia, in discrete areas, may be detected 
also in stable patients that have only some small 
areas of ground glass attenuation in CT scan sug-
gesting therefore that the clinical entity called 
“acute exacerbation of IPF” might be the tip of an 
iceberg with a larger group of patients with mini-

mal and localized features of alveolar damage or 
organizing pneumonia without any overt clinical 
manifestation. An attracting hypothesis still to be 
tested is that the last ones could be the group of 
rapid progressors. Very rarely the first manifesta-
tion of IPF is a rapidly progressive respiratory 
failure being the “acute exacerbation” the first 
overt clinical episode. Peripheral lung cancer in 
most cases originating from areas of honeycomb-
ing with peculiar phenotypes occurs in 6–8% of 
patients. Pulmonary hypertension usually devel-
ops in the advanced stages. The familial forms 
appear more enriched for females and nonsmok-
ers, and we found a statistically significant lower 
age at onset (mean age 57.8 years versus 
74.2 years, p 0.001). Furthermore, in our study, 
acute exacerbations, IPF progression, and lung 
cancer were more frequent in the familial IPF 
group as a cause of death [8]. The differential 
diagnosis is mainly with chronic hypersensitivity 
pneumonitis or fibrosing idiopathic NSIP.

Recently, two therapies that slow disease pro-
gression, nintedanib and pirfenidone, have been 
approved for the treatment of IPF, yet the clinical 
unmet need is still high for IPF patients given their 
failure to stop disease progression and their poten-
tial side effect profiles [9]. New clinical trials [9] 
are exploring the potential therapeutic role of new 
drugs: FG-3019 (Fibrogen, Birmingham, AL, 
USA, NCT 01890265) is a humanized monoclo-
nal antibody (MAB) directed against CTGF; STX-
100 (Biogen, Weston, MA, USA, NCT01371305) 
is a humanized MAB against integrin αvβ6 being 
investigated in escalating subcutaneous doses; 
GSK3008348 (GlaxoSmithKline, London, UK, 
NCT02612051) is being developed as the first 
inhaled inhibitor of αvβ6 integrin; GLPG1690 
(Galapagos, Mechelen, Belgium, NCT02738801) 
is a novel, selective autotaxin inhibitor; PRM-
151 (Promedior, Lexington, MA, USA, 
NCT02550873) is a recombinant form of PTX-
2; TD139 (Galecto Biotech AB, Copenhagen, 
Denmark, NCT02257177) has been developed as 
a specific inhibitor of the galactoside-binding 
pocket of galectin-3, and it is administered via 
inhalation; and IWOO1 (Immuneworks, 
Indianapolis, IN, USA, NCT01199887) is an oral 
treatment designed to induce immune tolerance to 
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the Collagen V protein in antibody-positive IPF 
patients. Stem cells are a new attractive field of 
research for IPF treatment. Patients fitted for lung 
transplant (preferably double lung transplant) 
should be referred early to transplant centers. 
Finally there are no evidence-based data on treat-
ment of acute exacerbation, and in the daily clini-
cal practice, antibiotics and high-dose steroids are 
almost always used in combination.

11.2	 �Case Series

Case 1
A 77-year-old man, former smoker (20 PY, quit-
ted 19 years ago), was referred for dry cough last-
ing for 1  year. He did not experience dyspnea, 
and he had no extrapulmonary symptoms. He 
kept hens and rabbits at his country house, but no 
daily contact with other animals was elicited. He 
had no occupational exposures and was on treat-
ment for prostate hyperplasia. Physical examina-
tion was normal apart from bibasilar inspiratory 
crackles. Pulmonary function tests (PFT) were in 
the normal range except for reduction of DLCO 
(64% of predicted).

Laboratory tests including autoimmunity 
work-up and precipitins were not relevant.

HRCT showed mild upper lobe centrilobular 
emphysema, bibasilar reticulation, and sparse 
peripheral traction bronchiectasis (probable UIP 
pattern) (Fig. 11.1a, b). Bronchoscopy with BAL 
and cryobiopsies (in two segments of the right 
lower lobe) was carried out.

Differential cell count on BAL fluid was nor-
mal, and microbiology tests were negative.

Cryobiopsy samples showed patchy fibrosis 
and fibroblast foci covered by alveolar epithe-
lium; a few intra-alveolar loose fibrotic buds 
were also identified (Fig. 11.1c–e).

The diagnosis after multidisciplinary discus-
sion was idiopathic pulmonary fibrosis, and the 
patient received treatment with specific drugs.

Case 2
A 66-year-old nonsmoker female was referred to 
the hospital because of 1 year history of shortness 
of breath (worsened in the last 2 months) and dry 

cough. She was working in a laundry. No specific 
professional exposure. In her family one brother 
died for pneumoconiosis (silicosis). She was on 
treatment with ramipril and simvastatin. On aus-
cultation inspiratory bibasilar crackles were 
detected. Digital clubbing was also present. 
Pulmonary function tests were FVC 108% of 
predicted, Tiffeneau index = 92%; DLCO 58% of 
predicted; and 6 MWT 310 m with O2 saturation 
from 96 to 90%. Routine blood tests were unre-
markable. Autoimmunity work-up was negative.

CT scan showed bibasilar subpleural reticula-
tion (undeterminate UIP pattern) (Fig. 11.2a–c).

A bronchoscopy with BAL in the middle lobe 
and cryobiopsies from two segments of the lower 
right lobe were carried out. Bleeding was con-
trolled using two Fogarty balloons.

Total cell count in BAL fluid was in the nor-
mal range (110 × 106 cells/L). BAL fluid cyto-
gram: macrophages 79%; lymphocytes 15%; 
neutrophils 5%; and eosinophils 1%.

Transbronchial cryobiopsy samples docu-
mented patchy fibrosis, fibroblastic foci, and 
honeycomb changes (Fig. 11.2d–f). The definite 
diagnosis was idiopathic pulmonary fibrosis, and 
specific treatment was started.

11.3	 �Discussion

The identification of UIP pattern in samples 
obtained by transbronchial cryobiopsy is feasible 
in a significant number of patients with probable 
or even indeterminate UIP in CT scan. The best 
strategy to optimize the diagnostic yield captur-
ing the spatial and “temporal” heterogeneity of 
this morphological pattern is to retrieve samples 
from at least two different segments [10].

This diagnostic approach may be used in a 
larger proportion of patients compared to surgical 
lung biopsy (patients with more advanced dis-
ease but also older subjects and patients with 
comorbidities). The possibility to have lung tis-
sue samples large enough for identification of 
complex morphological patterns opens new hori-
zons. It might be possible to subclassify IPF 
patients (assessing the clinical significance of 
focal superimposed acute lung damage patterns 
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Fig. 11.1  (a) CT showing subpleural bibasilar reticula-
tion with some peripheral “traction bronchiectasis”. (b) 
CT, sagittal projection showing mild reticulation in the 
subpleural regions mainly in the lower lobe and mild upper 
lobe emphysema. (c) Transbronchial cryobiopsy. Sample 
from the lateral segment of the right lower lobe. At low 
power: fibrotic areas with a periacinar distribution are evi-
dent (arrowheads). These areas are sharply demarcated 

from areas of normal lung (patchy fibrosis) (hematoxylin-
eosin). (d) Normal lung abutting sharply on a fibrotic area 
consisting of collagen and foci of “pale fibrosis” (hema-
toxylin-eosin; low power). (e) Transbronchial cryobiopsy. 
At higher power one fibroblastic focus covered by alveolar, 
flat epithelium is evident (arrow). One focus of intra-alve-
olar organizing pneumonia is also present (arrowhead) 
(hematoxylin-eosin)
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Fig. 11.2  (a) CT in the upper lobes: mild subpleural, 
mainly dorsal reticulation in both lungs. (b) CT scan in 
the lower lobes showing subpleural reticulation in both 
lungs reticulation. (c) CT Reticulation appears more evi-
dent in the basilar regions. (d) Transbronchial cryobiopsy 
samples showing significant architectural alterations and 
fibrosis. Only one small portion consists of normal paren-
chyma. In one sample a large artery is evident (arrow) 

(hematoxylin-eosin, low power). (e) Visceral pleura on 
the right border. Just beneath the pleura, dilated bronchio-
lar dysmorphic structures are identifiable. The epithelium 
shows focal squamous metaplasia (so-called honeycomb 
changes) (hematoxylin-eosin, mid power). (f) At higher 
magnification a typical fibroblastic focus (the ellipsoid 
structure is covered by bronchiolar epithelium) is evident 
(arrow) (hematoxylin-eosin, high power)
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such as organizing pneumonia) and to investigate 
the morphological background using more 
sophisticated tools (immunohistochemistry, 
molecular biology) [11] or even to turn into the 
possibility to culture cells.

References

	 1.	Barratt SL, Creamer A, Hayton C, Chaudhuri 
N. Idiopathic pulmonary fibrosis (IPF): an overview. J 
Clin Med. 2018;7.

	 2.	Martinez FJ, Collard HR, Pardo A, Raghu G, 
Richeldi L, Selman M, Swigris JJ, Taniguchi H, 
Wells AU. Idiopathic pulmonary fibrosis. Nat Rev Dis 
Primers. 2017;3:17074.

	 3.	Chiba H, Otsuka M, Takahashi H.  Significance of 
molecular biomarkers in idiopathic pulmonary fibro-
sis: a mini review. Respir Investig. 2018;56:384–91.

	 4.	Chilosi M, Carloni A, Rossi A, Poletti V. Premature 
lung aging and cellular senescence in the pathogen-
esis of idiopathic pulmonary fibrosis and COPD/
emphysema. Transl Res. 2013;162:156–73.

	 5.	Caliò A, Lever V, Rossi A, et al. Increased frequency of 
bronchiolar histotypes in lung carcinomas associated 

with idiopathic pulmonary fibrosis. Histopathology. 
2017;71:725–35.

	 6.	Raghu G, Flaherty KR, Lederer DJ, Lynch DA, Colby 
TV, et al. Use of molecular classifier to identify usual 
interstitial pneumonia in conventional transbronchial 
lung biopsy samples: a prospective validation study. 
Lancet Respir Med. 2019. In press.

	 7.	Lynch DA, Sverzellati N, Travis WD, et  al. 
Diagnostic criteria for idiopathic pulmonary fibrosis: 
a Fleischner Society White Paper. Lancet Respir Med. 
2018;6:138–53.

	 8.	Ravaglia C, Tomassetti S, Gurioli C, et  al. Features 
and outcome of familial idiopathic pulmonary fibrosis. 
Sarcoidosis Vasc Diffuse Lung Dis. 2014;31:28–36.

	 9.	Spagnolo P, Tzouvelekis A, Bonella F. The manage-
ment of patients with idiopathic pulmonary fibrosis. 
Front Med (Lausanne). 2018;5:148.

	10.	Ravaglia C, Wells AU, Tomassetti S, et  al. 
Transbronchial lung cryobiopsy in diffuse paren-
chymal lung disease: comparison between biopsy 
from 1 segment and biopsy from 2 segments—
diagnostic yield and complications. Respiration. 
2017;93:285–92.

	11.	Choi Y, Liu TT, Pankratz DG, Colby TV, et  al. 
Identification of usual interstitial pneumonia pattern 
using RNA-Seq and machine learning: challenges and 
solutions. BMC Genomics. 2018;19(Suppl 2):101.

11  Idiopathic Pulmonary Fibrosis



117© Springer Nature Switzerland AG 2019 
V. Poletti (ed.), Transbronchial cryobiopsy in diffuse parenchymal lung disease, 
https://doi.org/10.1007/978-3-030-14891-1_12

Chronic Hypersensitivity 
Pneumonitis

Claudia Ravaglia and Venerino Poletti

12.1	 �Introduction

Hypersensitivity pneumonitism (HP) is a diffuse 
interstitial lung disease that results from exagger-
ated immune response to the inhalation of vari-
ous organic or inorganic particles [1–3]. There is 
no universally agreed upon definition of 
HP. However, there is consensus on the following 
key features of the disease: (1) HP is a pulmonary 
disease which may or may not be accompanied 
by systemic manifestations (e.g., fever and 
weight loss); (2) it is caused by the inhalation of 
an antigen to which the individual is sensitized 
and hyperresponsive; and (3) it is defined by 
exposure to a given antigen, sensitization to this 
antigen, and the presence of clinical symptoms. 
Indeed, many exposed individuals develop an 
antigen-specific immune response limited to the 
presence of serum IgG antibodies and an 
increased number of lymphocytes in the lung, but 

they never develop the disease. Vice versa, mainly 
in chronic forms, the inciting antigens may not be 
recognizable in up to 25% of the cases [4]. HP 
has been traditionally classified into acute, sub-
acute, and chronic forms [3]. Depending on their 
clinical course, patients with chronic HP are cat-
egorized as belonging to one of the two groups: 
recurrent and insidious [3]. The histopathologic 
patterns in chronic HP include organizing pneu-
monia, cellular nonspecific interstitial pneumo-
nia (NSIP), fibrotic NSIP, usual interstitial 
pneumonia (UIP), and pleuroparenchymal fibro-
elastosis (PPFE) applying the 2013 American 
Thoracic Society/European Respiratory Society 
(ATS/ERS) criteria for the classification of idio-
pathic interstitial pneumonias [5–7]. Other histo-
pathologic changes identifiable in lung samples 
obtained from patients with a clinical diagnosis 
of chronic HP are centrilobular fibrosis, bridging 
fibrosis, bronchiolitis, granulomas, and scattered 
giant cells. Recently Yousem SA and Churg A, 
et  al. described a morphological entity named 
cicatricial organizing pneumonia in which the 
granulation tissue organized too much dense 
fibrous tissue but still retained the usual pattern 
of organizing pneumonia [8, 9]. We have seen 
such a morphological change in cryobiopsy sam-
ples obtained from patients with a diagnosis of 
chronic HP.  Emphysema can occur in patients 
with CHP independently of smoking history and 
exposure to specific types of antigens. 
Emphysematous changes seem to progress at a 
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slower pace compared to reticulations/fibrosis 
[10]. High-resolution CT scan features are 
reticular opacities, peribronchovascular intersti-
tial thickening, ill-defined centrilobular ground-
glass nodules, lobular areas of decreased 
attenuation and vascularity, mild to moderate 
extent of ground-glass opacities away from fibro-
sis, and relative basal sparing [11, 12]. 
Honeycomb changes may be present [13]. 
Bronchoalveolar lavage may document a lym-
phocytosis, but the mere presence of neutrophils 
does not exclude the diagnosis [1]. Making an 
accurate diagnosis of chronic HP can be particu-
larly challenging [1–4] but essential as it informs 
prognosis and requires distinct treatment man-
agement [1]. Diagnosis of chronic ILDs ideally is 
carried out in the setting of a face-to-face multi-
disciplinary discussion (MDD) [14–17]; how-
ever, inter-multidisciplinary team agreement for 
the diagnosis of chronic HP is usually low [18], 
and this might be in relation to the absence of 
evidence-based guidelines to diagnose this dis-
ease. Furthermore, features of HP and CTD-ILD 
(connective tissue disease-related ILD) can over-
lap with conflicting claims about features that 
favor one diagnosis or the other [14, 17]; there-
fore, accurate pathologic contribution to the 
MDD can be problematic. Distinguishing fibrotic 
HP from idiopathic pulmonary fibrosis (IPF) 
might be important, as specific therapy is avail-
able for IPF, whereas optimal treatment for 
fibrotic HP is still poorly defined [1, 14]. However 
recent data showed that pathogenetic links 
between chronic fibrotic HP and IPF could be 
more consistent than previously thought [19].

12.2	 �Case

A 62-year-old white man has presented to the 
Thoracic Department of the Morgagni Hospital, 
Forlì (Italy), with a recent history of persistent 
dry cough during the last 3 months. The patient 
reported substantial clinical wellness up to 
3 months ago with no signs or symptoms sugges-
tive for collagen vascular disease and no signs or 
symptoms of gastroesophageal reflux. His gen-
eral history was negative for other respiratory 

diseases; he was diagnosed as having benign 
prostatic hypertrophy and underwent septoplasty 
and tonsillectomy at a young age. He was a 
smoker up to 10 years ago (25 pack-year), and he 
had always worked as a banker, with no other 
specific exposures. He denied any allergy, and in 
his family, his mother died for lung cancer, and 
his father died for lung and larynx cancer. At the 
point of our presentation, his only medication 
was alfuzosin.

On examination, pulmonary auscultation 
revealed vesicular murmur reduction, with some 
squeaks and no Velcro sounds. The cardiac aus-
cultation and abdominal examination showed no 
changes; he had no palpable lymphadenopathy or 
peripheral edema, and the remaining physical 
examination was normal, and no clubbing was 
observed. Lung function tests showed Tiffeneau 
Index 87%, forced vital capacity (FVC) 78% pre-
dicted, and diffusing capacity of the lungs for car-
bon monoxide (DLCO) 38% predicted. The 
saturation level of oxygen in hemoglobin (SpO2) 
was 97% at rest, but in a 6-minute walking test 
(6-MWT), the patients walked 180 m and under-
went oxygen desaturation to 81%. Routine blood 
tests revealed normal blood count; electrolytes 
and creatinine were normal; C-reactive protein 
was normal; plasma lactate dehydrogenase was 
274 U/L (normal range 135–225); and coagula-
tion tests, hepatic transaminase, and bilirubin lev-
els were normal. Transthoracic echocardiography 
showed normal cardiac structures without evi-
dence of pulmonary hypertension. A high-
resolution computed tomography (HRCT) 
showed some bilateral ground-glass opacities 
with superimposed fine reticulation, areas of 
decreased attenuation, and vascularity with air 
trapping on expiratory scans in a lobular distribu-
tion (as indirect signs of bronchiolar obstruction); 
there were also evident traction bronchiectasis 
and emphysema with rare cysts without a clear 
apical-basal gradient (Fig. 12.1). Clinical setting 
and radiological features were reviewed by clini-
cians and radiologists, but a final multidisci-
plinary diagnosis was not possible; the possible 
differential diagnoses included (a) smoking-
related lung disease, (b) chronic hypersensitivity 
pneumonitis, (c) idiopathic pulmonary fibrosis, 
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and (d) other diffuse parenchymal lung diseases. 
An additional evaluation (including lung biopsy) 
was therefore considered necessary. Levels of 
specific antibodies (IgG) against relevant antigens 
were studied in serum and serum-precipitating 
antibodies to Aspergillus fumigatus, and pigeons 
and parakeet antigens were positive; autoimmu-
nity screen was negative. Patient underwent a 
diagnostic fiber-optic bronchoscopy: a 120  mL 
BAL sample was instilled from the right middle 
lobe; the total BAL fluid cell count was 109 
cells × 106/L. Differential count from BAL fluid 
showed that 23% of the particles were lympho-
cytes and 72% were monocyte/macrophages; all 
lymphocytes were T cells (CD4/CD8 [7, 8]. By 
method of transbronchial lung cryobiopsy (ERBE, 
diameter probe 2.4  mm, Tubingen, Germany), 

lung tissue samples from the right lower lobe and 
right upper lobe were gained. The procedure was 
performed according to the procedure already 
described [14]: the patient was deeply sedated 
using propofol and remifentanil and intubated 
with a rigid tracheoscope; a 2.4  mm cryoprobe 
was introduced through the operating channel of a 
fiber-optic bronchoscope; then under fluoroscopic 
control, transbronchial cryobiopsies were carried 
out (three samples in the anterior segment of the 
right lower lobe and one sample in the posterior 
segment of the right upper lobe). Bleeding was 
hampered by inflated Fogarty balloon, and no 
pneumothorax was observed in the days after 
biopsy.

The fragmented biopsy measured an overall 
area of 85.2  mm2. Microscopic examination of 

a

c d

b

Fig. 12.1  High-resolution computed tomography 
(HRCT) showing evident traction bronchiectasis and 
emphysema with rare cysts in the upper lobes (a) and 
lower lobes (b), without a clear apical-basal gradient. (c) 

shows bilateral ground-glass opacities with superimposed 
fine reticulation, areas of decreased attenuation, and vas-
cularity; air trapping on expiratory CT in a lobular distri-
bution (d)
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the samples at low power demonstrated areas of 
architectural distortion with honeycomb change; 
scattered throughout were subepithelial intersti-
tial foci comprising linearly oriented myofibro-
blasts within a pale staining matrix characteristic 
of fibroblastic foci. The combination of features 
raised the possibility of a UIP pattern; however, 
in areas with less well-established fibrosis, a cel-
lular interstitial pneumonia composed of mostly 
lymphocytes was evident; within the interstitium 
were poorly formed granulomas, characterized 
by isolated giant cells containing various cyto-
plasmic inclusions including cholesterol-like 
clefts. The lower lobe biopsy lacked fibroblastic 
foci and instead demonstrated a more airway-
centered interstitial fibrosis and poorly formed 
granulomas associated with honeycomb changes. 
Based on these findings, the combination of the 
UIP pattern with a more bronchiolocentric inter-
stitial pneumonia and a characteristic pattern of 
non-necrotizing granulomatous inflammation 
was diagnostic of chronic hypersensitivity pneu-
monitis, and a final multidisciplinary diagnosis 
of chronic hypersensitivity pneumonitis was con-
firmed (Figs. 12.2 and 12.3).

Our patient received prednisone at the dose of 
12.5 mg/die, and azathioprine was added to the 
steroid therapy as a steroid-sparing agent (started 
at 50 mg/day and increased to 150 mg/day). At 
the first follow-up at our department after 

6  months, the patient reported relief in symp-
toms, and the extent of limitation of lung function 
remained stable (FVC 82% predicted vs 78%, 
DLCO 40% predicted vs 38%).

12.3	 �Discussion

Hypersensitivity pneumonitis is conventionally 
classified as acute, subacute, and chronic. The 
nomenclature is only a general basis for the 
clinical  distinction, as there can be significant 
overlap between these categories. Fibrosis is often 

a b

Fig. 12.2  (a) Transbronchial lung cryobiopsy (TLCB) 
performed in the right upper lobe showing bronchiolocen-
tric interstitial fibrosis with honeycomb changes and 
fibroblastic foci. Note the increased cellularity, repre-
sented by an increased blue quality (hematoxylin-eosin). 

(b) Right lower lobe TLCB showing areas of organizing 
pneumonia and poorly formed granulomas with isolated 
giant cells containing various cytoplasmic inclusions and 
rare honeycomb changes (hematoxylin and eosin, mid 
power)

Fig. 12.3  A centrilobular fibrotic lesion is evident with 
almost complete distortion of the airway structure (hema-
toxylin and eosin, mid power)
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already established in patients who present with 
the chronic form as the onset of respiratory symp-
toms is often insidious and lung biopsy is often 
essential to diagnosis. Prognostic indicators could 
be a low DLCO, low mean FVC, low lymphocyte 
levels in BAL fluid, and a UIP-like pattern on his-
tology [20, 21]. The chronic presentation of HP 
can be a result of two distinct events: as a contin-
uum of undiagnosed acute/subacute episodes 
(recurrent chronic HP) and as the progressive 
development secondary to low-level, ongoing anti-
genic exposure, lacking a history of acute episodes 
(insidious chronic HP). Our patient presented has 
gone through a history of lung disease with chronic 
onset, including symptoms like dry cough; the 
patient was questioned in detail for occupational 
exposure, domestic exposure, ownership of ani-
mals, drug use, and other antigen exposures, but 
no specific exposure was found. Although reduced 
respiratory functions are not specific for HP, they 
suggested that the disease had a serious course. 
The HRCT was valuable in the diagnostic process: 
the radiological pattern (ground-glass opacities, 
mild reticular opacities, and bronchiectasis), the 
extent, and the distribution of disease showed sig-
nificant correlations with clinical and functional 
parameters. Despite not being a specific test for 
HP cases, BAL analysis may prove useful for dif-
ferential diagnosis: the BAL fluid more frequently 
exhibits an increase in total cell count and CD8 T 
lymphocyte count; however, in our case BAL was 
not significantly informative. On the other hand, 
transbronchial lung cryobiopsy (TLCB), as dem-
onstrated in our patient, can play a key role in 
establishing the diagnosis of hypersensitivity 
pneumonitis, especially in the absence of an 
incriminating exposure history.

Multiple biopsies are usually taken to reduce 
sampling error as we know that diagnosis of 
interstitial lung diseases can be influenced by the 
heterogeneity of the disease and by the distribu-
tion of the parenchymal pathology. The distribu-
tion of disease is also important, as chronic 
hypersensitivity pneumonitis may have a predi-
lection for the mid to upper lungs, although lower 
lobe-predominant disease also occurs. Sampling 
bias may be a factor in separating chronic HP 
from idiopathic interstitial pneumonias (IIPs), as 
illustrated in our patient. Trahan et al. reported a 

cohort of 15 patients with a multidisciplinary 
diagnosis of chronic HP who underwent surgical 
biopsy of 1–3 lobes: some of the patients had dis-
cordant findings, showing classic features of HP 
in 1 specimen and UIP or nonspecific changes in 
others, and biopsies from 2 showed only UIP and 
1 showed NSIP; the conclusion of the paper was 
that sampling more than 1 lobe may be useful in 
distinguishing chronic HP from other IIPs [22]. 
However, the optimal number of biopsies has not 
been established for cryobiopsy, and different 
strategies adopted to sample lung tissue are still 
missing in literature [23]. What we know is that 
diagnostic yield is significantly influenced by a 
number of samples and sampling strategy, 
improving dramatically when >2 samples are 
performed (instead of only one) and when biopsy 
is obtained in two different sites (instead of only 
one site), either from the same lobe or from dif-
ferent lobes [24]. This can be particularly impor-
tant for chronic HP, in which pathological 
variability is more challenging and differential 
diagnosis could be more difficult. In our cohort 
of 699 patients with suspected diffuse parenchy-
mal lung diseases undergoing TLCB, we 
observed discordant samples between different 
sites in almost 30% of cases, with a significant 
increase in diagnostic yield between one site and 
two sites (unpublished data). The histologic clas-
sification in this 30% of the patients could have 
differed between HP and NSIP or UIP and HP if 
biopsy had been obtained in only one site; there-
fore, it is very important to obtain tissue from two 
different sites, either from the same lobe or from 
different lobes when HRCT scan does not show a 
clear gradient profusion of the pattern or when 
different patterns are present in different lobes. 
Significant sampling errors may result from strat-
egies that obtain only one biopsy specimen for 
ILD. These findings confirm and quantify the fre-
quency of interlobar and intralobar histologic 
variability in fibrotic ILD and confirm the ade-
quacy of cryobiopsy in identifying this histologic 
heterogeneity, particularly regarding chronic 
HP.  At last, but still clinically very relevant, 
cryobiopsy has significantly lower side effects 
compared to surgical lung biopsy [25, 26].

In conclusion, transbronchial cryobiopsy is a 
new method that allows to obtain larger samples 
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of the lung tissue without crush artifacts and 
good diagnostic yield in diffuse parenchymal 
lung diseases [25], specifically in chronic HP.
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13.1	 �Introduction

The spectrum of connective tissue diseases (CTDs) 
includes a heterogeneous group of disorders char-
acterized by circulating autoantibodies and organ-
specific autoimmune injuries, leading to variable 
systemic manifestations. The respiratory system is 
a common target in this context, and lung involve-
ment may occur as diffuse parenchymal disease, 
airway dysfunction, pleural lesions, and vascular 
damages [1]. Diffuse parenchymal lung diseases 
(DPLDs), the most common manifestations, are 
hugely heterogenic, as the degree of lung impair-
ment ranges from silent pathological abnormali-
ties to severe progressive diseases associated with 
significant morbidity and mortality. Thus, a base-
line assessment of morphological patterns and 
ongoing pathogenic activity, as well as a stratifica-
tion of risk of future complications, has relevant 
implications in terms of prognostic estimates and 
therapeutic management. The most common pat-

terns observed in CTDs include nonspecific inter-
stitial pneumonia (NSIP), usual interstitial 
pneumonia (UIP), organizing pneumonia (OP), 
NSIP/OP overlap, lymphocytic interstitial pneu-
monia (LIP), acute interstitial pneumonia (AIP)/
diffuse alveolar damage (DAD), and rarely des-
quamative interstitial pneumonia (DIP). The rheu-
matic diseases most commonly affected are, in 
order of descending frequency, systemic sclerosis 
(SSc)/scleroderma, autoimmune idiopathic myosi-
tis (AIM), rheumatoid arthritis (RA), systemic 
lupus erythematosus (SLE), Sjögren syndrome, 
and undifferentiated rheumatoid disorders [1]. 
Onset of respiratory symptoms and subsequent 
DPLD recognition may occur in patients with an 
already known rheumatic syndrome or might pres-
ent as first/concurrent manifestation of CTDs [2]. 
Moreover, in some cases, there are clinical, sero-
logical, or morphological features suggestive of an 
autoimmune disorder that do not meet criteria for 
a specific rheumatic disease. Such a condition, 
currently denominated as interstitial pneumonia 
with autoimmune features (IPAF) [3], represents a 
diagnostic challenge for clinicians, and tissue 
acquisition in this context gains, even more, a rel-
evant role, as the identification of morphological 
pattern is crucial to estimate patient prognosis and 
guide management.

Here, we describe three cases of DPLDs associ-
ated with CTDs, underlying key points of diagnos-
tic work-up and the valuable role of transbronchial 
lung cryobiopsy (TLCB) in this context.
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13.2	 �Case Series

Case 1
A 53-year-old female was admitted to our hospi-
tal because of persistent fever, not responsive to 
antibiotic drugs, dry cough, and subacute dys-
pnea. She was a former smoker (5 pack/years), 
and her past medical history was notable for 
breast cancer, diagnosed 2  years earlier and 
treated with mastectomy (with subsequent breast 
implant) and hormonal therapy, still ongoing at 
the time of hospitalization. Physical examination 
revealed bibasal fine crackles on auscultation and 
mechanics hands. Oxygen saturation (SO2) on 
room air at rest was 95%, but it decreased to 91% 
during a 6-minute walking test (6MWT).

Pulmonary function tests (PFTs) at baseline 
showed a restrictive ventilatory impairment, with 
decreased forced vital capacity (FVC 62% pred), 
total lung capacity (TLC 66% pred), and mark-

edly reduced diffusion capacity of the lung for 
carbon monoxide (DLCO 25% pred).

The high-resolution computed tomography 
(HRCT) scan of the chest revealed ground-glass 
opacifications and parenchymal consolidations 
with bibasal distribution and peri-lobular pattern, 
predominantly in the lower lobes, in absence of 
lymph adenopathies or pleural effusion (Fig. 13.1).

Laboratory tests showed C-reactive protein 
10.7 mg (range 0–5) and erythrocyte sedimenta-
tion rate 63  mm/h (range 0–27) with creatine 
phosphokinase within normal limits. Standard 
autoimmune investigations revealed only antinu-
clear antibodies (ANA 1:160 homogeneous, 
speckled), in absence of autoantibodies against 
extractable nuclear antigens (ENA) positivity. 
Because of high pretest probability of anti-
synthetase syndrome, we explored the complete 
profile of myositis-specific autoantibodies, find-
ing anti-PL-12 (alanyl) positivity.

Fig. 13.1  Computed tomography (CT) images at admis-
sion, showing ground-glass opacifications and parenchy-
mal consolidations with bibasal distribution and 

peri-lobular pattern, predominantly in the lower lobes, in 
absence of lymph adenopathies or pleural effusion
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In order to assess the underlying DPLD mor-
phological pattern, a TLCB was performed in the 
right lower lobe. Histopathologic findings 
revealed fibrotic non-specific interstitial pneumo-
nia (NSIP) with superimposed organizing pneu-
monia (OP) pattern (Figs. 13.2, 13.3, and 13.4).

The patient was treated with oral steroids (ini-
tially, methylprednisolone 1 mg/kg/die, then pro-
gressively tapered) with significant symptomatic, 
functional, and radiological improvements. 
Immunosuppressant drugs were contraindicated, 
due to the recent history of breast cancer. Over 

3 years of follow-up, she did not experience any 
flare or worsening.

13.2.1	 �Discussion

Anti-synthetase syndrome (ASS) is a rare sys-
temic autoimmune syndrome, characterized by 
the presence of anti-aminoacyl-tRNA antibodies 
and the clinical association of fever, Raynaud’s 
phenomenon, myositis, DPLDs, arthritis, and 
mechanic’s hands [4]. It mainly occurs in adult 

Fig. 13.2  Transbronchial 
cryobiopsy of right lower 
lobe showing alveolated 
lung parenchyma, with 
mainly homogeneous 
fibrosis. Total surface, 
15 mm2; alveolated part, 
13 mm2 (85% of the 
fragment). Hematoxylin 
and eosin 20×

Fig. 13.3  Transbronchial cryobiopsy of right lower lobe, showing diffuse, homogeneous fibrous thickening with mild 
infiltration of lymphoid cells. Pattern classifiable as fibrotic NSIP. Hematoxylin and eosin 50×
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females and etiology is not known. Anti-
synthetase antibodies are several and include 
anti-Jo-1, the commonest one, PL-7, PL-12, OJ, 
EJ, KS, Ha, and Zo, and differences in clinical 
features according to specific autoantibody have 
been suggested. Lung involvement in anti-
synthetase syndrome is often the major feature, 
especially in non-anti-Jo1-positive group, and 
mostly occurs in the absence of myositis (amyo-
pathic ILD) [5]. DPLDs represent a significant 
cause of morbidity, and the most common pat-
terns are NSIP, OP, NSIP/OP overlap, UIP, and 
DAD/AIP [1]. Therefore, a prompt identification 
and an accurate morphologic assessment of this 
feature, in both myopathic and amyopathic 
patients, have relevant management implications. 
The present case clearly shows that TBLC allows 
to adequately identify this histopathological 
pattern.

Case 2
A 37-year-old female was admitted to our hospi-
tal because of progressive exertional dyspnea and 
dry cough. She had been diagnosed with Sjögren 
syndrome 1  year earlier in Pakistan, based on 
xerophthalmia, xerostomia, and positive salivary 
gland biopsy findings. Physical examination at 
presentation revealed bibasal fine crackles on 
auscultation. Arterial blood gas analysis at rest 
showed hypoxemia (arterial oxygen partial 
pressure PaO2 62 mmHg), carbon dioxide partial 
pressure within normal limits (PaCO2 37 mmHg), 
and SO2 94%. The 6-minute walking test 

(6MWT) was stopped because of significant 
desaturation (SO2 80%).

Pulmonary function tests (PFTs) at baseline 
showed a severe restrictive ventilatory impair-
ment, with markedly decreased forced vital 
capacity (FVC 34% pred) total lung capacity 
(TLC 40% pred) and markedly reduced diffusion 
capacity of the lung for carbon monoxide (DLCO 
25% pred).

The high-resolution computed tomography 
(HRCT) scan of the chest revealed subpleural 
parenchymal consolidations of upper lobes and 
ground-glass attenuations with predominantly 
peribronchovascular distribution in the lower 
lobes (Fig. 13.5).

Laboratory tests showed polyclonal hyper-
gammaglobulinemia, antinuclear antibodies 
(ANA 1:640 homogeneous, speckled), elevation 
of rheumatoid factor (RF 121 UI/mL), and posi-
tive autoantibodies against Ro/(SS-A) and La/
(SS-B). Bronchoalveolar lavage reveals mild 
lymphocytosis (25%) and neutrophilia (6%).

In order to assess the underlying DPLD mor-
phological pattern and to exclude a lymphopro-
liferative disease, commonly associated with 
Sjögren syndrome, a TLCB was performed in the 
right lower lobe. Histopathologic findings 
revealed both cellular and fibrotic NSIP 
(Figs. 13.6 and 13.7).

Due to the severity of symptomatic and func-
tional impairment, the patient was treated with 
pulse cyclophosphamide and i.v. steroids for 
6  months, followed by low-dose steroids and 

Fig. 13.4  Transbronchial cryobiopsy of right lower lobe, showing endoalveolar plugs of fibro-myxoid tissue in the 
context of fibrotic NSIP. Pattern suggestive for fibrotic NSIP/OP overlap. Hematoxylin and eosin 100×
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azathioprine. At 1-year follow-up, her PFTs and 
CT features were stable.

13.2.2	 �Discussion

Sjögren syndrome is a chronic, multisystem, 
autoimmune disorder primitively affecting exo-
crine glands, which can occur in isolation (pri-
mary Sjögren) or in combination with other 
rheumatologic conditions, such as rheumatoid 
arthritis, systemic lupus erythematosus, or 
systemic sclerosis (secondary Sjögren). The 

respiratory tract involvement may manifest as 
obstructive small airway disease, xerotrachea, 
pulmonary hypertension, pleuritis, pulmonary 
amyloidosis, and various DPLDs [6, 7]. These 
include lymphoid interstitial pneumonia LIP, 
NSIP, OP, UIP, AIP, amyloidosis, and lymphop-
roliferative disorders [1]. The diagnosis may be 
difficult to establish with certainty, especially 
when autoimmune serology is absent, and, TBLC 
may be a useful and safe tool for a proper histo-
logic assessment, even in patients in advanced 
stages, and to exclude lymphoproliferative 
malignancies.

Fig. 13.5  Computed tomography (CT) images at admis-
sion, showing ground-glass opacifications and parenchy-
mal consolidations with bibasal distribution and 

peri-lobular pattern, predominantly in the lower lobes, in 
absence of lymph adenopathies or pleural effusion
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Case 3
A 47-year-old male was admitted to our unit 
because of progressive dyspnea and persistent 
dry cough. He was a lifelong no smoker, he had 
no occupational nor known environmental expo-
sures, his familial history was unremarkable, and 
his previous medical history was notable only for 
a recent onset of hand morning stiffness. Physical 
examination at presentation revealed bibasal fine 
crackles on auscultation. Arterial blood gas anal-
ysis at rest showed mild hypoxemia (arterial oxy-
gen partial pressure PaO2 73  mmHg), carbon 
dioxide partial pressure within normal limits 

(PaCO2 37 mmHg), and SO2 96%. The 6-minute 
walking test (6MWT) revealed a significant 
desaturation on exertion (SO2 91%).

Pulmonary function tests (PFTs) at baseline 
showed a restrictive ventilatory impairment, with 
decreased forced vital capacity (FVC 79% pred) 
and slightly reduced diffusion capacity of the 
lung for carbon monoxide (DLCO 62% pred).

The high-resolution computed tomography 
(HRCT) scan of the chest revealed fine reticula-
tions with traction bronchiectasis with subpleural 
distribution predominantly in the lower lobes 
(Fig.  13.8). The areas of apparent ground-glass 

Fig. 13.6  Transbronchial 
cryobiopsy of right lower 
lobe showing alveolated 
lung parenchyma, with 
mainly homogeneous 
fibrosis. Total surface, 
12 mm2; alveolated part, 
10.8 mm2 (90% of the 
fragment). Hematoxylin 
and eosin 20×

Fig. 13.7  Transbronchial 
cryobiopsy of right lower 
lobe, showing the 
interstitium is evenly 
widened mostly by 
inflammatory cells and a 
little amount of fibrosis. 
Cellular and fibrotic 
NSIP. Hematoxylin and 
eosin 50×
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abnormalities in the lower lobes are admixed 
with traction bronchiectasis, and, thus, these 
should be considered as part of the fibrotic 
process [8].

Laboratory tests showed C-reactive protein 
7.2  mg (range 0–5) and erythrocyte sedimenta-
tion rate 85 mm/h (range 0–27), mild elevation of 
rheumatoid factor (RF 47 UI/mL), and high title 

positive anti-cyclic citrullinated peptide antibod-
ies (anti-CCP 301 UI/mL).

In order to assess the underlying DPLD mor-
phological pattern, a TLCB was performed in the 
right lower lobe. Histopathologic findings revealed 
dense fibrosis causing architecture remodeling 
with heterogeneous, patchy lung involvement 
and fibroblast foci at the edge of dense scars; the 

Fig. 13.8  Computed tomography (CT) images at admis-
sion, showing fine reticulations with traction bronchiecta-
sis with subpleural distribution predominantly in the 
lower lobes. The areas of apparent ground-glass abnor-

malities in the lower lobes are admixed with traction bron-
chiectasis, and, thus, these should be considered as part of 
the fibrotic process

13  Collagen Vascular Diseases



130

presence of a moderate chronic cellular infiltrate 
with a lymphoid aggregate and some aspects of 
subacute damage were overall suggestive of UIP 
pattern in the context of an autoimmune disorder 
(Figs. 13.9, 13.10, 13.11, and 13.12).

During hospital stay, the patient manifested 
bilateral joint swelling (metacarpophalangeal 
joints and knees), leading to a final multidisci-

plinary diagnosis of DPLD in rheumatoid 
arthritis (RA).

13.2.3	 �Discussion

Interstitial lung diseases in RA, occurring in up 
to 10% of patients, most commonly manifests as 

Fig. 13.9  Transbronchial 
cryobiopsy of right lower 
lobe showing alveolated 
lung parenchyma, with 
heterogeneous, patchy 
fibrosis and moderate 
inflammation. Total 
surface, 16.6 mm2; 
alveolated part, 14.5 mm2 
(around 90% of the 
fragment). Hematoxylin 
and eosin 20×

Fig. 13.10  Transbronchial 
cryobiopsy of right lower 
lobe showing alveolated 
lung parenchyma, with 
heterogeneous, patchy 
fibrosis and moderate 
inflammation.  
Hematoxylin and  
eosin 20×
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UIP pattern, which is associated with significant 
morbidity and higher mortality risk. In current 
practice, the discrimination between UIP and 
non-UIP pattern is mainly based on radiological 
presentation at HRCT, while histological assess-
ment is rarely obtained [9]. However, the absence 
of a typical UIP pattern at HRCT is not often 
adequate for excluding an underlying histologi-
cal UIP pattern, as clearly shown for other 
DPLDs. In the present case, indeed, tissue acqui-
sition allowed to reveal a UIP pattern, although 

the radiological picture was not suggestive for 
definite UIP. Moreover, TBLC led to distinguish 
between a UIP pattern in the context of idiopathic 
pulmonary fibrosis (UIP/IPF) and a UIP pattern 
in the context of autoimmune disorders, as it 
allowed to identify ancillary “secondary” find-
ings, such as lymphoid follicles and moderate 
inflammation.
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Lymphangioleiomyomatosis

Giulio Rossi, Mirca Valli, Alessandra Dubini, 
and Paolo Spagnolo

14.1	 �Introduction

Pulmonary lymphangioleiomyomatosis (LAM) is 
a rare disease that almost exclusively occurs in 
women of childbearing age, most often appearing 
as a diffuse cystic lung disease due to prolifera-
tions of distinctive smooth-muscle cell-like cells 
along lymphatic channels progressively involving 
the pulmonary parenchyma and the pleura [1–3].

LAM occurs sporadically in patients with no 
evidence of genetic disease (sporadic form) and 
in about one third of women with tuberous scle-
rosis complex (TSC), an autosomal dominant 
neurocutaneous syndrome characterized by 

mutations of TSC-1 (located on chromosome 
9q34 and encoding for the protein hamartin) and 
TSC-2 (located on chromosome 16p13 and 
encoding for the protein tuberin) genes [4–10]. 
TSC occurs in 1 of 5800 live births and leads to 
hamartoma-like tumor growths in different 
organs, cerebral calcification, seizures, and men-
tal retardation [5, 6]. Sporadic LAM is a rela-
tively uncommon disease with an estimated 
prevalence of 2.6 per one million women, while a 
couple of sporadic LAM were documented in a 
karyotypically normal men without TS [11–13]. 
The disease tends to present between menarche 
and menopause, with the mean age at presenta-
tion of 34 years [1–3, 14].

The clinical features result from the progres-
sive cystic destruction of the lung parenchyma 
secondary to widespread growth of LAM cells 
along lymphatics. Cystic abnormalities and air-
flow obstruction seem to be related to the con-
strictive effect on airways of LAM growths, but 
even the imbalance between matrix metallopro-
teinases and their inhibitors secreted by LAM 
cells leading to extracellular matrix degradation 
is involved in the mechanism of cystic modifica-
tions [15–21].

The main pulmonary symptoms consist of 
progressive dyspnea, recurrent pneumothorax, 
and chylous pleural effusions [1, 2, 22]. Cough, 
hemoptysis, and chyloptysis are also reported. 
Dyspnea is almost always present, while about 
60% of patients show concurrent pneumothorax. 
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[1, 2, 5, 22] Abdominal symptoms (nausea, 
abdominal distension, hematuria, flank pain, 
abdominal hemorrhage) are related to extrapul-
monary manifestations such as abdominal 
lymphangioleiomyomas (retroperitoneum, abdo-
men, pelvis), lymphadenopathy, chylous abdomi-
nal depositions, and angiomyolipoma (kidney 
and liver) [23–30]. Around 10% of patients will 
develop chylous ascites due to lymphatic 
obstruction.

In early phase of LAM, chest X-ray may be 
normal even in symptomatic patient [31]. 
However, increased pulmonary volumes, pneu-
mothorax or chylous pleural effusion, and cystic 
changes are the main radiological features [3].

The distribution of these lesions is generally 
bilateral and diffuse with some basilar predomi-
nance. LAM cysts have a very thin and regular 
wall and appear equally distributed. In contrast 
with centrilobular emphysema, LAM cysts show 
a well-defined wall lacking the centrilobular 
artery. Centrilobular emphysema predominates 
in the upper lobes and is smoking-related [1–3, 
5]. Cysts of Langerhans cell histiocytosis is 
another smoking-related interstitial lung disease 
frequently showing cystic changes. However, 
cysts are often associated with micronodules and 
display a thick, irregular wall, also sparing the 
costophrenic angle [5]. LAM cysts generally 
have a round shape, do not spare the costophrenic 
angles, decrease in size on expiration, and tend to 
progressively increase in number and size. HRCT 
is also used to evaluate the severity of lung dis-
ease. Tiny nodules observed at high-resolution 
computed tomography consist of small benign 
proliferation of alveolar type 2 pneumocytes (so-
called multifocal nodular type 2 pneumocyte 
hyperplasia) [3, 5]. Ill-defined ground glass opac-
ities (observed in 25% of the cases) and interlob-
ular septal thickening can be due to alveolar 
hemorrhage or edema, resulting from the obstruc-
tion of pulmonary lymphatic vessels and small 
veins. In the suspicion of LAM, an abdominal CT 
scan can provide useful additional findings, 
namely, renal angiomyolipomas and lymphangi-
oleiomyomas [1–3, 5, 30–36].

High-resolution computed tomography scan 
should be performed in all young, non-smoking 

women with unclear recurrent pneumothorax 
with/without chylous effusion and/or functional 
obstruction, since imaging findings are quite spe-
cific in the hands of expert radiologists [3, 31]. 
The diagnosis of LAM is consistently performed 
on a clinical ground with typical clinical symp-
toms and HRCT pattern without tissue biopsy in 
presence of other confirmatory findings, such as 
chylothorax, angiomyolipoma, lymphangioleio-
myoma/lymphangiomyoma, tuberous sclerosis 
complex, and elevated serum vascular endothe-
lial growth factor—VEGF-D ≥ 800 pg/mL [31].

In the hands of expert pulmonary radiologists, 
the sensitivity and specificity of HRCT in identi-
fying LAM among several cystic diseases are 
87.5% and 97.5%, respectively [3, 31].

Nevertheless, difficult cases showing charac-
teristic cysts at HRCT in absence of additional 
confirmatory features require lung tissue exami-
nation to achieve a definitive diagnosis. Surgical 
lung biopsy (SLB) is still considered the gold 
standard biopsy in interstitial lung diseases 
(ILD), including those with cystic pattern, but 
less invasive transbronchial lung biopsy (TBLB) 
may be considered equally effective and safer 
than SLB in the diagnosis of LAM [31].

Lung biopsy is performed in suspected LAM 
patients to exclude other cystic lung diseases 
[32]. The rarity of the disease and the therapeutic 
and prognostic implications of the diagnosis 
make tissue sampling recommended in all clini-
cally uncertain cases. Cytology has a little or no 
role in LAM diagnosis, but the finding of alveolar 
hemorrhage with hemosiderin-laden macro-
phages at bronchoalveolar lavage (BAL) fluid 
analysis may be helpful [31].

LAM is one of diffuse lung diseases that can 
be successfully diagnosed on TBLB, which is 
often attempted before submitting the patient to 
thoracic surgery [32]. Given the random distribu-
tion of the lesions, the diagnostic yield of TBLB 
increases with the number of biopsies. In TBLBs 
with clinical and CT findings suspicious for 
LAM and in all biopsies from patients with cystic 
disease, the use of immunohistochemical stains 
is strongly recommended to highlight tiny and 
focally distributed lesions apparently not visible 
on hematoxylin-eosin-stained slides [33–35].
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Differential diagnosis mainly includes 
Langerhans cell histiocytosis, emphysema, lym-
phoid interstitial pneumonia, and non-specific inter-
stitial pneumonia (NSIP) related to connective 
tissue diseases (e.g., Sjogren’s disease), Birt-Hogg-
Dubé syndrome, amyloidosis, hypersensitivity 
pneumonia, and lymphangiomatosis.

In the recent years, several authors and the last 
2015 World Health Organization (WHO) classifi-
cation of lung tumors have suggested to consider 
LAM as a low-grade tumor arising from peculiar 
cells spreading through lymphatic channels and 
possibly metastasizing to lymph nodes [36].

Indeed, LAM cells harbor inactivating muta-
tions in tumor suppressor gene TSC1 or TSC2 
and activate mammalian target of rapamycin 
complex 1(mTORC1) leading to cell growth [4]. 
The 2015 WHO classification has created a group 
of perivascular epithelioid cell (PEC)-derived 
tumors including PEComa (formerly clear cell 
tumor/sugar tumor) and LAM. This view is sus-
tained by the frequent occurrence of extrapulmo-
nary manifestation of LAM, comprising pelvic 
lymph node infiltration, uterine LAM, and renal 
angiomyolipoma [36].

In addition, patients with sporadic LAM 
requiring lung transplantation have developed 
recurrent LAM in transplanted lungs harboring 
identical genetic alterations to those originally 
identified in naïve lungs [37–39]. Furthermore, 
identical TSC2 mutations were detected in LAM 
cells and angiomyolipomas from the same 
patients, and LAM cells were isolated from blood 
and other fluids in patients with sporadic LAM 
[4, 39].

Although data derive from few and limited 
case series, the diagnostic yield of TBLB is about 
60%, and procedure-related complication rate is 
about 14% (pneumothorax, hemorrhage, thoracic 
chest pain, pneumonia) [31]. Nevertheless, the 
most recent American Thoracic Society (ATS)/
Japanese Respiratory Society clinical practice 
guidelines underline the necessity to submit non-
diagnostic TBLB samples to expert pathologists 
for a second opinion, since a significant quote of 
cases become entirely diagnostic [31].

Limitations of TBLB are related to the small 
case series published in literature that preclude a 

confident estimation of the diagnostic yield in 
LAM, although the diagnostic bar could mainly 
depend on the percentage of involved lung. 
Second, data from previous works give no indica-
tion in the correct selection of patients undergo-
ing TBLB.

However, once lung tissue examination is 
required to have a confident diagnosis of LAM, 
TBLB should be attempted in light of the signifi-
cant diagnostic yield (up to 50%) and to prevent 
unnecessary more invasive surgical lung biopsy. 
The complication rate of TBLB in LAM is 
acceptable, ranging from 2 to 14%.

Transbronchial fine needle aspiration of 
enlarged mediastinal lymph nodes could repre-
sent an alternative and less invasive approach, as 
well as the search for LAM cells in chylous effu-
sions using cell block preparation [31].

No studies focused on the efficacy and safety 
of transbronchial cryobiopsies in LAM have been 
so far published. Fruchter et al. [40] reported 1 
case of LAM among their 75 patients with inter-
stitial lung diseases undergoing histologic exami-
nation by transbronchial cryobiopsy. Apparently, 
the cystic pattern of ILD does not appear a con-
traindication to transbronchial cryobiopsy.

Survival at 10 years is of 80%, and main treat-
ments include medroxyprogesterone, mTOR 
inhibitors, and lung transplantation [41–43].

14.1.1	 �Histology

–– Cysts bilaterally distributed through all the 
lung fields with involvement of costophrenic 
angles

–– Proliferation of smooth-muscle-like cells with 
cytoplasmic clear vacuolization (LAM cells) 
along the lymphatic routes lining the cystic 
formation, even leading to small nodules

–– Chronic alveolar hemorrhage around vessels
–– Variable immunohistochemical expression of 

smooth-muscle markers (smooth-muscle actin, 
desmin), hormonal receptors, melanocytic 
markers (HMB45, MART-1), and cathepsin-K

Cystic change and LAM cell growth may be 
very subtle and quite different in each individual 
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case. The distribution of cysts and LAM cells 
mainly involves lymphatic routes, such as peri-
bronchiolar areas, vessels, pleura, and lymphatic 
spaces. LAM cells are typically organized in 
small clusters at the edges of the cysts and along 
pulmonary lymphatics. Compared to normal 
smooth-muscle cells, LAM cells have less eosin-
ophilic cytoplasm and a characteristic clear 
change/vacuolization. LAM cells may vary from 
small spindle-shaped to round or oval, to large 
epithelioid cell growing into the cystic spaces or 
forming small thickening of the cyst wall.

Since LAM cells involve the vessel walls lead-
ing to vascular disruption, a careful observation 
of chronic alveolar hemorrhage with hemosiderin-
laden macrophages may indirectly indicate 
LAM.  Serial sections of each formalin-fixed, 
paraffin-embedded block and the use of immu-
nostains are mandatory in these cases. Indeed, 
LAM smooth-muscle-like cells generally express 
melanocytic markers (HMB45, MART-1), hor-
monal receptors, smooth-muscle actin, and 
cathepsin-K [44–48].

Multifocal micronodular pneumocyte hyper-
plasia is another lesion in LAM appearing as tiny 
nodular proliferations of type 2 pneumocytes 
with polygonal or cuboidal appearance.

14.1.2	 �Differential Diagnosis

Basically, all lesions leading to pulmonary cystic 
modifications may enter in differential diagnosis. 
Identification of LAM cells around cysts using 
specific immunostains (e.g., HMB45, cathepsin-
K) is unique of LAM.  Of note, pathologists 
should be aware that HMB45 expression may be 
variable, weak, and restricted to few cells. Since 
histology of LAM is quite peculiar, the disease 
may be recognizable even in tiny biopsy.

LAM must be distinguished from other more 
common cystic pulmonary lesions, as emphy-
sema and pulmonary Langerhans cell histiocyto-
sis. These diseases are characterized by distinctive 
clinical and HRCT findings, such as association 
with smoke and upper lobe distribution. LCH is 
characterized by cystic changes and tiny and 
cavitate nodules depending on its evolution. 

The wall of cysts consists of fascicle of spindle 
cells resembling smooth-muscle elements. 
Metastatic low-grade stromal sarcoma may pres-
ent with several cysts lined by hormonal and 
CD10 positive bland spindled tumor cells, but 
clinical history together with imaging studies and 
lack of expression for melanocytic markers rule 
out LAM. Even lung endometriosis with/without 
catamenial pneumothorax and hemoptysis or 
smooth-muscle lesions (benign metastasizing 
leiomyoma) enter in the differential diagnosis 
with LAM.

14.2	 �Case Presentation

•	 Clinical Background
–– 46-year-old woman
–– Former smoker
–– Unremarkable past medical history

•	 Onset of Symptoms
–– Progressive dyspnea
–– Recurrent pneumothorax

•	 Laboratory Findings
–– Routine laboratory tests: unremarkable
–– Autoimmune serum tests: negative

•	 Pulmonary Function Test
–– FVC 82%; FEV1 61%; FEV1/FVC 58%; 

RV 88%; DLCO 65%
•	 Imaging (Figs. 14.1, 14.2, and 14.3)

–– CT scan shows numerous and bilateral 
thin-walled cysts of variable size, diffusely 
distributed through all pulmonary fields 
without a preferential location and involv-
ing costophrenic angles.

•	 Cryobiopsy (Figs.  14.4, 14.5, 14.6, 14.7, 
and 14.8)
–– The specimen obtained from the transbron-

chial cryobiopsy technique consists of three 
fragments of pulmonary parenchyma ranging 
from 5 to 8  mm of maximum diameter. 
Histologically, the lung tissue shows the pres-
ence of few cystic spaces characterized by a 
thin layer of spindled cells with smooth-mus-
cle cell appearance and slightly hyperplastic 
pneumocytes (Figs.  14.4 and 14.5). Some 
calcifications are present around spindle cell 
proliferations. At immunohistochemistry, 
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Fig. 14.1  CT scan showing several thin-walled rounded 
cysts involving bilaterally and diffusely the lung fields 
without costophrenic angles preservation (upper lobes)

Fig. 14.2  CT scan showing several thin-walled rounded 
cysts involving bilaterally and diffusely the lung fields 
without costophrenic angles preservation (upper lobes and 
middle lobe)

Fig. 14.3  CT scan showing several thin-walled rounded 
cysts involving bilaterally and diffusely the lung fields 
without costophrenic angle preservation (lower lobes)

Fig. 14.4  Transbronchial cryobiopsy showing normal 
lung and subtle aggregates of LAM cells showing smooth-
muscle-like appearance and cytoplasmic vacuolization 
leading to clear changes. Some calcifications are also noted

Fig. 14.5  Transbronchial cryobiopsy showing normal 
lung and subtle aggregates of LAM cells showing smooth-
muscle-like appearance and cytoplasmic vacuolization 
leading to clear changes

Fig. 14.6  Focal immunohistochemical expression for 
HMB45 in the cytoplasm of LAM cells
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these cells show a patchy, weak, and focal 
expression for HMB45 (Fig.  14.6), nuclear 
positivity with estrogen receptors (Fig. 14.7), 
and consistent and diffuse staining for cathep-
sin-K (Fig. 14.8). In addition, a positive stain-
ing is observed with smooth-muscle actin 
and focally with MART-1.

•	 Diagnosis
–– Pulmonary lymphangioleiomyomatosis with 

high level of diagnostic confidence.

14.3	 �Discussion

Transbronchial cryobiopsy may be used in 
patients with suspected LAM. Anecdotic reports 
also suggest that lung complications related to 

the procedure have a limited clinical impact. 
Lung tissue samples so obtained are well pre-
served, and immunohistochemical analyses or 
even molecular investigations may be done eas-
ily. Recently an increased PD-L1 expression in 
lung tissue from LAM patients has been proven 
suggesting new opportunities for therapeutic tar-
geting [49]. The need of lung tissue that is now 
limited to cases that do not meet all the criteria 
required for a clinic-radiologic- and laboratory-
based diagnosis will probably gain importance.
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Pleuroparenchymal Fibroelastosis
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15.1	 �Introduction

Pleuroparenchymal fibroelastosis (PPFE) is a 
rare and possibly underrecognized interstitial 
pneumonia, as defined by the updated 2013 ATS/
ERS Classification [1].

There are two groups of patients, those with a 
known cause and those without known associa-
tion, the latter being termed idiopathic PPFE [2].

The first group includes cases of PPFE associ-
ated with lung transplantation (late posttransplant 
complication in 2–7.5% of lung transplant recipi-
ents), hematopoietic stem cell transplantation (late 
complication in 0 and 2% of patients), previous 

chemotherapy (alkylating agents) and/or radiother-
apy, occupational dust exposure (asbestos, alumi-
num), recurrent pulmonary infections (Aspergillus 
sp., Mycobacterium avium-intracellulare), autoim-
mune diseases (ankylosing spondylitis, ulcerative 
colitis, psoriasis, lupus, rheumatoid arthritis), and 
familial cases with a possible underlying genetic 
predisposition (e.g., a short telomere syndrome 
characterized by telomere-related gene mutations 
of TERT, TERC, RTEL1, and PARN): the latter are 
prevalent among female patients [2–6].

When all these causes may be excluded or no 
specific clinical settings are identified, the disor-
der is labeled as idiopathic [4].

Curiously PPFE is morphologically similar to 
a spontaneous syndrome of aged donkeys with a 
high prevalence (35%) that analogously involves 
the upper lung zones. PPFE as an effect of aging 
in humans has also been speculated upon [7].

PPFE is also classified into pure PPFE and 
PPFE combined with other interstitial pneumo-
nias, such as usual interstitial pneumonia (UIP) 
and non-specific interstitial pneumonia (NSIP), 
often involving the lower lung zones [8].

There is a wide age range at diagnosis 
(13–87 years, mean 53 years) and a bimodal dis-
tribution of presentation with an early peak in 
the third and a later peak in the sixth decade; a 
striking predominance of female cases in the 
earlier peak is observed.

A frequent association with a low body mass 
index (BMI) and with a “platythorax” (reduction 
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in the anterior-posterior diameter of the chest 
wall) has also been demonstrated [2–4].

Recently a possible association between idio-
pathic PPFE and hypothyroidism (“lung-thyroid 
syndrome”) and cutaneous manifestations of 
PPFE that clinically simulate telangiectasia mac-
ularis eruptiva perstans, but lacking mast cell 
infiltrate, have been reported [9, 10].

The most common presenting symptoms are 
dyspnea, cough, hemoptysis, weight loss, low-
grade fever, recurrent infection, pleuritic chest 
pain, and spontaneous pneumothorax [2–4].

Pulmonary function tests typically show a 
restrictive pattern or a mixed restrictive-
obstructive pattern with an increased residual 
volume/total lung capacity (RV/TLC) ratio, 
which is a peculiar functional impairment that 
differs from that seen in IPF [11].

Serum laboratory data show elevation of KL-6 
with the disease progression, and also surfactant 
protein D may be elevated. About a half of patients 
with PPFE demonstrates increased titers of a variety 
of serum autoantibodies such as rheumatoid factor, 
double-stranded DNA, and antinuclear antibody, 
suggesting a possible role of autoimmune mecha-
nism in the pathogenesis of the disease [3, 4].

Chest radiograph at the early stage of PPFE 
shows bilateral, apical, irregular thickening of the 
pleura. Later the elevation of bilateral hila is 
detected. The lateral view often demonstrates an 
abnormally narrowed anterior-posterior thoracic 
dimension [2, 3].

Radiologic criteria for the diagnosis of PPFE 
are proposed by Reddy as follows: a definite 
diagnosis of PPFE at HRCT requires upper lobe 
pleural thickening and subpleural fibrosis (trac-
tion bronchiectasis, architectural distortion, 
upper lobe volume loss, superior hilar retraction), 
with involvement of the lower lobes being less 
marked or absent. The presence of a clear demar-
cation between the affected and the normal lung 
is a characteristic feature. Pneumothorax, platy-
thorax, parenchymal consolidations, subpleural 
cysts, and ground glass areas might be present, 
mainly in the upper zones. A consistent diagnosis 
of PPFE is considered when there is pleural 
thickening and subpleural fibrosis that are not 
concentrated in the upper lobe or there is pres-
ence of coexistent disease elsewhere [3].

At the advanced stage, fibrotic shadows extend 
to lower lung fields, and the diaphragm is ele-
vated with the loss of bilateral lung volume. 
Multiple bullae and large cysts often appear in 
the upper lung fields [3].

The radiological differential diagnosis 
includes familial pulmonary fibrosis, connective 
tissue disease (particularly ankylosing spondyli-
tis), fibrotic sarcoidosis, and chronic hypersensi-
tivity pneumonitis (HP) [3, 11].

Once PPFE becomes symptomatic, patients 
may remain stable for a long period of time or 
progress rapidly (60% of cases) to hypoxemic 
and hypercapnic respiratory failure [1–4].

Urinary desmosines (degradation product of 
mature elastin) have been proposed as a novel, 
noninvasive diagnostic biomarker, since urinary 
levels are significantly higher in patients with 
PPFE than those in patients with IPF or healthy 
controls [12].

At present, there are no established therapeutic 
options for PPFE, except for transplantation. 
Patients have been treated empirically with corti-
costeroids, N-acetylcysteine, prophylactic antibi-
otics, and immunosuppressant (cyclophosphamide, 
azathioprine) although none have demonstrated 
clear evidence of efficacy except for supportive 
care (oxygen therapy). A potential efficacy of pir-
fenidone in preventing lung function decline has 
been suggested in single cases of PPFE combined 
with UIP/IPF, leading to the consideration that a 
subset of PPFE may potentially benefit from anti-
fibrotic drugs, especially in the setting of PPFE 
combined with UIP/IPF [13].

15.1.1	 �Histology

•	 Upper lobes and peripheral predominant 
distribution.

•	 Collagenous fibrosis of the visceral pleura 
with haphazardly arranged elastic fibers.

•	 Subpleural intra-alveolar elastotic fibrosis.
•	 Alveolar septal elastosis.
•	 Increase in subpleural network of elastin fibers 

best appreciated at histochemistry with elastic 
tissue stains.

•	 Abrupt transition between the areas of fibro-
elastosis and the surrounding unaffected 
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parenchyma with occasional fibroblastic foci 
at the leading edge of fibrosis (i.e., interface of 
PPFE and adjacent lung).

•	 Mild and patchy chronic inflammation within 
areas of fibrosis.

•	 Vascular fibrointimal thickening with partial 
stenosis in arteries and/or vascular 
microthrombi.

•	 Absence of classic honeycombing.
•	 Possible coexistence of other histologic fea-

tures and/or patterns: granulomas, UIP/IPF, 
HP, NSIP.

•	 Diffuse alveolar damage, alveolar hemor-
rhage, and obliterative bronchiolitis are possi-
ble concomitant findings in lung or 
hematopoietic stem cell transplant recipients.

15.1.2	 �Differential Diagnosis

The main histologic differential diagnosis is 
between PPFE and UIP, either in its idiopathic 
form (IPF) or secondary to other known causes 
such as chronic HP, connective tissue disease-
related interstitial lung disease (CTD-related 
ILD), drug reaction, asbestosis, or chronic fibros-
ing sarcoidosis. In the pure forms, PPFE and UIP 
are readily distinguishable. As the name implies, 
PPFE is a morphologically descriptive term 
denoting intense elastotic fibrosis of the visceral 
pleura and adjacent lung parenchyma. Elastosis is 
a distinctive form of chronic scarring in the lung 
that differs from the common scarring associated 
with extensive remodeling of the lung paren-
chyma and honeycomb changes which are appre-
ciable in UIP pattern. Usually, PPFE lungs contain 
twice as much elastin fibers compared to UIP/IPF 
appreciable both on hematoxylin and eosin and 
using elastic stains in the upper lobes. The distinc-
tion between PPFE and UIP/IPF relies above all 
in the different predominant involvement of the 
lung parenchyma as follows: PPFE is an upper 
lobe-dominant elastotic fibrosis, whereas IPF is a 
lower lobe-dominant collagenous fibrosis. Both 
PPFE and UIP/IPF are characterized by a similar 
abrupt transition between fibrotic areas and spared 
juxtaposed lung, but PPFE lacks honeycombing 
and shows a smaller number of fibroblastic foci. 
In addition PPFE is prevalent among non-smok-

ers (62–85%), while the majority of patients with 
UIP/IPF are smokers [2–4].

Since UIP/IPF and PPFE can coexist in the 
same patient, the histologic interpretation 
becomes more difficult. These cases represent a 
disease entity distinct from UIP/IPF. Compared 
with patients with IPF, patients with PPFE and 
UIP/IPF had (1) higher complication rate of 
pneumothorax or pneumomediastinum, (2) lower 
BMI, (3) flattened chest, and (4) distinct pulmo-
nary function with restrictive pattern, alveolar 
hypoventilation, and increased RV/TLC ratio and 
PaCO2. The prognosis is worse, and the survival 
time is shorter in patients with PPFE and UIP/IPF 
than in patients with IPF [8]. The histologic prob-
lem centers on whether a PPFE-like change or 
UIP-like regions are significant or not, and the 
issue is best addressed with clinical and radio-
logic correlation.

The secondary UIP pattern seen in chronic HP 
should be differentiated from PPFE for its bron-
chiolocentric/centrilobular involvement with fre-
quent sparing of the pleural surfaces and presence 
of scattered interstitial granulomas and/or giant 
cells. In addition a diagnosis of PPFE should 
only be made in absence of a relevant history of 
exposure to inhaling antigens.

The fibrotic stage of Langerhans cell histiocy-
tosis may present with upper lobe fibrosis, and 
the distinction with PPFE depends on the identi-
fication of CD1a-positive Langerhans cells 
within fibrotic areas, on the stellate bronchiolo-
centric scars, and/or on the coexistent 
smoking-related damage typical of Langerhans 
cell histiocytosis.

The differential diagnosis out of PPFE also 
includes the residua of infections (previous his-
tory of tuberculosis and tuberculosis pneumotho-
rax treatment, aspergillosis), as well as asbestos 
exposure, advanced chronic fibrotic sarcoidosis, 
or connective tissue disease.

The histological pattern of asbestos-related 
fibrosis tends to display more prominent parietal 
pleural thickening and more advanced remodel-
ing and architectural distortion than PPFE.

Nonetheless, a confident diagnosis of PPFE 
should only be made in absence of a relevant 
occupational exposure history to asbestos as well 
as the lack of asbestos bodies, sarcoid-like 
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granulomas, microorganisms at special stains, 
dense lymphoplasmacytic infiltrates, and/or 
numerous follicles with germinal centers sugges-
tive of a CTD-related ILD.

The incidental lesion that morphologically and 
radiologically closely mimics PPFE is apical cap.

Apical cap is a localized lesion of lung apices 
in the form of subpleural pyramidal fibroelastotic 
scar, often resected for a radiologically suspected 
carcinoma. Characteristically, apical caps occur in 
older asymptomatic males, mostly smokers and 
are stable in time, while PPFE also affects younger, 
non-smoker patients, who present with symptoms 
and poor clinical outcome. Radiologically, apical 
caps do not involve the pleura circumferentially 
like PPFE.  Histologically, apical caps consist of 
dense collagenous fibrosis and are often associated 
with pleural plaques, extensive alveolar collapse, 
and smoking-related damage of the adjacent 
parenchyma, which are not typically present in 
PPFE [2–4].

Finally, an upper lobe pulmonary fibrosis, 
radiologically consistent with PPFE but limited 
to unilateral lung, has been observed as an iatro-
genic reaction in patients with a history of thora-
cotomy for resecting lung or esophageal cancers. 
In these cases the lesions are limited to the oper-
ated side [14].

15.1.3	 �Role of Cryobiopsy 
in the Diagnosis of PPFE

The pathologic diagnostic criteria of PPFE on 
cryobiopsy are the same as those on surgical lung 
biopsies: “Definite PPFE” is assigned when there 
are upper zone pleural fibrosis with subjacent 
intra-alveolar fibrosis accompanied by alveolar 
septal elastosis and sparing of the parenchyma 
distant from the pleura, at most mild patchy lym-
phoplasmacytic infiltrates and at most small 
numbers of fibroblastic foci; “Consistent with 
PPFE” is considered when intra-alveolar fibro-
elastosis is present, but it is not (1) associated 
with significant pleural fibrosis, (2) not predomi-
nantly beneath the pleura, or (3) not in an upper 
lobe biopsy; and “Inconsistent with PPFE” is the 
definition for cases lacking the requisite features 
above described [3].

Due to the transbronchial method of sampling, 
the pleura is included in cryobiopsies in about a 
third of cases; as a consequence the multidisci-
plinary discussion team including pulmonolo-
gists, radiologists, and pathologists with careful 
revision of imaging findings and knowledge of 
the clinical background of the patient (drug reac-
tion, infection, inhalation exposures, lung/bone 
marrow transplantation, etc.) is always necessary 
to reach the proper diagnosis of PPFE [2–4]. 
However, the morphologic evidence of a promi-
nent interstitial and/or intra-alveolar fibroelasto-
sis in a cryobiopsy of symptomatic patient with a 
predominant upper lobe disease at imaging could 
be highly suggestive of PPFE.

15.2	 �Case Presentation

•	 Clinical Background
–– 55-year-old female
–– Non-smoker
–– Family history: no family history of ILD
–– Past medical history: Hashimoto thyroid-

itis on therapy with L-thyroxine; negative 
for prior chemotherapy or transplant

•	 Onset of Symptoms
–– Exertional dyspnea for a year and half
–– Cough, fever, weight loss, and fatigue for 

6 months
•	 Laboratory Findings

–– Laboratory findings: unremarkable
–– Autoimmune status: negative
–– Quantiferon: negative

•	 Pulmonary Function Test
–– Slight reduction of DLCO

•	 Imaging (Figs. 15.1 and 15.2)
–– High-resolution computed tomography 

(HRCT) showed pleural and subpleural 
irregular fibrosis with traction bronchiecta-
sis and tiny subpleural cysts in the apices 
and middle zones of both lungs.

•	 Bronchoscopy with Cryobiopsy (Figs. 15.3, 
15.4, 15.5, and 15.6)
–– Cryobiopsies of the right upper lobe were 

obtained: two fragments of tissue 7.5 and 
6.9 mm in maximum diameter, respectively 
(Fig. 15.3).
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–– The biopsies showed a subpleural and bron-
chiolocentric fibroelastotic process charac-
terized by interstitial fibroelastosis with 
focal/mild inflammatory infiltrate (Fig. 15.4). 
Abrupt transition to the normal parenchyma 
was present, and scattered fibroblastic foci 
were also appreciated (Fig. 15.5).

–– Histochemistry with Elastic van Gieson 
staining evidenced the prominent network 
of elastic fibers (Fig. 15.6).

•	 Diagnosis
–– Idiopathic pleuroparenchymal fibroelastosis.

15.3	 �Discussion

It has been recently showed that transbronchial 
cryobiopsy may be a valid method to obtain a his-
topathologic diagnosis in patients with suspected 
idiopathic PPFE and even airway-centered FE 

Fig. 15.1  HRCT of upper lung lobes evidenced pleural 
and subpleural thickening, fibrotic changes in the mar-
ginal parenchyma, traction bronchiectasis, architectural 
distortion, and fine subpleural cyst

Fig. 15.2  A sharp demarcation between the affected and 
the normal lung was appreciated as well as an apical-
caudal gradient

Fig. 15.3  Low-power view of the two cryobiopsies of 
7.5 and 6.9 mm of maximum diameter. The sharp demar-
cation between the affected and the normal lung paren-
chyma was appreciable also at low-power

Fig. 15.4  Prominent septal fibroelastosis. Haphazardly 
arranged elastic fibers were detected at hematoxylin and 
eosin stains as short, curled, intensely eosinophilic frag-
ments within a loose edematous fibroelastotic intersti-
tium. A mild and patchy lymphoplasmacytic infiltrate 
coexisted
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and that it can be obtained with an acceptable 
complication rate. In fact, no bleeding (mild, 
moderate, or severe) was observed, and pneumo-
thorax was documented in three out of eight 
cases, none of them requiring drainage or lasting 
more than 3  days. No death, acute lung injury, 
persistent fever, prolonged air leak, pneumonia/
empyema, or other adverse events occurred after 
the procedure in any of the cases [15]. The criti-
cal point, mainly in cases of idiopathic PPFE, is 
to stay very peripheral with the probe (around 
1 cm from the pleura) in order to retrieve tissue 
containing pleural-subpleural structures. The use 
of smaller cryoprobes (1.9 instead of 2.4) is 

recommended to reach the upper portion of the 
lungs mainly in smaller subjects or in patients 
with bronchial malacia.
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Acute Lung Injury
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Christian Gurioli, Carlo Gurioli, 
and Alessandra Dubini

16.1	 �Introduction

Rapidly progressive respiratory failure (from 
days to a few weeks) with diffuse parenchymal 
lung infiltrates in CT scan is a clinical setting that 
may be determined by a variety of clinical and 
pathologic conditions [1]. The term acute lung 
injury may be used to define this setting. CT scan 
features are usually characterized by alveolar 
consolidation and/or ground glass attenuation 
[2]. Some peculiar aspects may address a specific 
diagnosis: alveolar consolidation surrounded by 
ground glass attenuation (the “halo sign”) is seen 
mainly in infections and in organizing pneumo-

nia; the reversed “halo sign” (atoll sign) is more 
typically observed in cases with organizing pneu-
monia; and the perilobular sign may suggest the 
diagnosis of antisynthetase syndrome manifest-
ing mainly as lung involvement or a diagnosis of 
Niemann-Pick disease. The pathologic back-
ground is highly heterogenous. Usually however 
this background may be identified without the 
need of biopsies because bronchoalveolar lavage 
(BAL) is diagnostic. Atypical type II pneumo-
cytes with evident nucleoli and with finely tex-
tured cyanophilic cytoplasm and frequently fine 
or large cytoplasmic vacuoles appearing singly in 
flat plaques or in rosettes or pseupapillae are 
grouped around extracellular amorphic and meta-
chromatic material and are the cytological hall-
mark of the histopathologic patterns called 
“diffuse alveolar damage” [3]. Inflammatory 
cells may consist of neutrophils (in classical dif-
fuse alveolar damage pattern), eosinophils (in 
acute eosinophilic pneumonia), or even lympho-
cytes with a “Lutzner-like” appearance (in explo-
sive organizing pneumonia or in a minority of 
cases of the yet not well-known idiopathic entity 
labeled by the morphological term “acute fibrin-
ous and organizing pneumonia,” in cases of anti-
synthetase syndrome, in drug-induced lung 
injury) [4–8]. The coexistence of hemosiderin-
laden macrophages and red cells is diagnostic of 
alveolar hemorrhage/capillaritis (typically 
observed in ANCA-associated vasculitis or sys-
temic lupus erythematosus). Infectious causes 
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(from bacteria to DNA viruses) may be detected 
also. Finally microbiological investigation in 
BAL fluid, including molecular biological tests, 
is very sensitive and specific for identification of 
causative agents. Rarely rapidly progressive 
respiratory failure may be due to lung neoplasms 
(carcinomatous lymphangitis or neoplastic 
thrombotic microangiopathy, acute myeloid leu-
kemia, metastatic melanoma) or to fat embolism. 
In this context however BAL may again contrib-
ute significantly to the final diagnostic [9].

Therefore lung biopsy is indicated only when 
BAL result to be inconclusive [10].

16.2	 �Case Series

Case 1
A 48-year-old male, non-smoker, truck-driver, 
was admitted to the hospital for acute dyspnea. 
Physical examination was not relevant. Gas anal-
ysis documented a severe hypoxemia (PaO2 while 
breathing room air at rest = 54 mmHg) and hypo-
capnia. Pulmonary function tests were not per-
formed due to the severe dyspnea. Routine 
laboratory tests were not relevant except a signifi-
cant reduction of absolute lymphocyte count 
(lymphocytes  =  385  ×  109/L). High-resolution 
CT scan documented diffuse ground glass attenu-
ation with superimposed interlobular septal 
thickening and intralobular reticular thickening 
(“crazy paving” pattern) (Fig. 16.1a). BAL was 
diagnostic of Pneumocystis jiroveci and 
Cytomegalovirus pneumonia (Fig.  16.1b, c). 
Further investigations documented an HIV infec-
tion and a marked CD4+ lymphopenia.

Case 2
A 54 year-old, housewife, non-smoker female 
was admitted to the hospital for low-grade fever 
since 1 month and rapidly progressive dyspnea 
in the last week. Family history was not rele-
vant. Pulmonary function tests documented a 
restrictive defect with FVC = 58% of predicted 
and DLCO  =  35% of predicted. Gas analysis, 
while breathing room air at rest, showed a PaO2 
of 59 mmHg and PaCO2 of 31 mmHg. Physical 
examination showed only inspiratory rales 

and a high-pitched, mid-systolic crescendo-
decrescendo murmur at the apex of the heart 
(mitral valve prolapse). CT scan showed alveo-
lar consolidations and ground glass opacities 
distributed in the upper and lower parts of the 
lung with a gradient and mainly in the subpleu-
ral regions with a perilobular pattern (Fig. 16.2a).

Bronchoalveolar lavage fluid cell count docu-
mented an increase of total cells (450,000/mm3) 
and an increase of lymphocytes (39%, in the 
great majority CD3+, with a CD4/CD8 ratio of 
0.7) and of neutrophils (19%) with scattered 
eosinophils and mast cells. Some reactive type II 
pneumocytes singly or in small cluster were also 
present. Transbronchial cryobiopsies were taken 
from the lateral segment of the lower right lobe 
and the dorsal segment of the upper right lobe 
(Fig. 16.2b, c).

Autoimmune tests were not relevant except 
positivity for autoantibodies against PL-7 
(threonyl-tRNA synthetase).

A diagnosis of idiopathic organizing pneumo-
nia (with fibrin) and nonspecific interstitial pneu-
monia with an autoimmune background was 
rendered. This case has all the characteristics to 
be classified as idiopathic interstitial pneumonia 
with autoimmune features (IPAF). This is not a 
diagnosis but a heterogenous category. The mor-
phologic features (perilobular pattern in CT scan 
and a mixed pattern in histology-organizing 
pneumonia with fibrin and nonspecific interstitial 
pneumonia) predict a good response to steroids 
and immunosuppressors. In fact the patient 
improved significantly after treatment with ste-
roids (high doses at the beginning) and 
mycophenolate.

Case 3
A 37-year-old male, bank employee and smoker 
(11 packs/year), was admitted to intensive care 
unit for rapidly progressive respiratory failure. He 
had two previous episodes of acute dyspnea in the 
last 2  years diagnosed as community-acquired 
pneumonia and treated with a short course of anti-
biotics and steroids. CT scan showed a diffuse 
“crazy paving” pattern (Fig. 16.3a).

Laboratory tests documented normal func-
tional renal indexes and a significant increase of 
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C-reactive protein and of LDH and a slight 
increase of neutrophils. Autoimmunity tests, 
including ANCA autoantibodies, were negative.

Bloody lavage (increase on sequential aliquots 
of bloody fluid) was macroscopically evident, 
and the microscopic analysis documented fresh 
red cells, neutrophils, and siderophages.

Transbronchial cryobiopsy samples showed 
typical features of neutrophilic capillaritis 
(Fig. 16.3b). Because of the primary lung involve-
ment, negative autoimmunity tests, negative tests 
for cocaine abuse, and a clinical history exclud-
ing use of drugs known to elicit an alveolar hem-

orrhage, a diagnosis of idiopathic pulmonary 
capillaritis was done. The patient was treated 
with steroids and cyclophosphamide.

16.3	 �Discussion

Lung biopsy is rarely useful in patients with 
acute lung failure and bilateral lung infiltrates, 
mainly when they are in noninvasive or mechani-
cal ventilation. In fact in the majority of cases, 
blood laboratory tests are pivotal for a definite 
diagnosis. BAL may support the diagnosis in 

ba

c

Fig. 16.1  (a) HRCT: crazy paving pattern and some 
alveolar consolidations in the upper lobes. (b) A cluster of 
extracellular foamy material consisting of spherical 
“cysts” with a thin wall containing one or two dot-like 
trophozoites. These casts are essentially diagnostic of 
Pneumocystis jiroveci (May Grunwald Giemsa). (c) A 

markedly enlarged cell with large, basophilic intranuclear 
inclusions surrounded by a clear halo and tiny satellite 
basophilic inclusions in the cytoplasm. Extracellular 
foamy exudate is also present. These cytological aspects 
are typically due to Cytomegalovirus. The foamy exudate 
represents casts of Pneumocystis (Papanicolaou)
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a b

c

Fig. 16.2  (a) Peripheral alveolar consolidation and 
ground glass opacities predominantly located at the 
bounderies of the lobules with a poorly defined arcadelike 
or polygonal appearance (perilobular pattern) in the upper 
and lower parts of both lungs. (b) Nonspecific interstitial 
pneumonia. Preserved alveolar lung architecture with 
widened alveolar septa for fibrosis and chronic inflamma-

tory cells infiltration. Ellipsoidal intra-alveolar buds of 
granulation tissue—pale in H and E—rich in extracellular 
matrix are also present (hematoxylin-eosin, low power). 
(c) In some areas intra-alveolar ball of fibrin with embed-
ded inflammatory cells are also present (hematoxylin-
eosin, mid power)

a b

Fig. 16.3  (a) CT scan. Ground glass opacities and super-
imposed reticulation with sparing of the subpleural 
regions. (b) Alveolar walls are infiltrated and partly 

destroyed by neutrophils that spill into the adjacent alveo-
lar spaces. Alveolar spaces contain also numerous red 
blood cells and fibrin (hematoxylin-eosin, mid power)
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cases in which these tests will not be conclusive. 
Recent papers considering the role of surgical 
lung biopsy in this context did not explore the 
role of BAL and mainly they did not investigate 
the diagnostic value of cytological analysis of 
BAL fluid [10, 11]. Transbronchial forceps 
biopsy in combination with BAL was shown to 
increase the diagnostic confidence with no asso-
ciated important complications [12]. The poten-
tial role of transbronchial cryobiopsy in acute 
respiratory distress syndrome has been recently 
addressed [13]. Transbronchial cryobiopsy in 
ventilated patients is done without the use of flu-
oroscopic guide, and an increase of pneumotho-
rax rate or even bleeding is expected. This last 
complication may be reduced using bronchial 
blockers and stopping immediately the retrieval 
of the bronchoscope—after having frozen the 
probe—when resistance is felt. Transbronchial 
cryobiopsy may provide with large and well-
preserved samples to have a diagnosis of organiz-
ing pneumonia (with or without fibrin), diffuse 
alveolar damage, or pulmonary capillaritis or 
confirm the histopathologic background in sub-
jects with acute-subacute disease that may be cat-
egorized as IPAF [14].
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Disseminated Neoplasms

Venerino Poletti, Angelo Carloni, 
and Marco Chilosi

17.1	 �Introduction

Disseminated pulmonary neoplasms mimicking 
interstitial lung disorders (ILDs) represent a het-
erogenous group including metastases from neo-
plasms originating in the lungs or from outside 
the lungs and disseminated neoplasms appearing 
also or mainly in the lungs [1–3]. Carcinomatous 
lymphangitis, neoplastic thrombotic microangi-
opathy, and metastatic angiosarcoma are the pro-
types of the first group; lymphoproliferative lung 
disorders, lymphangioleiomyomatosis, pulmo-
nary epithelioid hemangioendothelioma, primary 
pulmonary angiosarcoma, and Kaposi sarcoma 
are good examples in the second group. 
Langerhans cell histiocytosis and Erdheim-
Chester disease are now considered inflamma-
tory myeloid neoplasms, and they may appear as 
limited to the lungs [4, 5]. Other rare dissemi-

nated tumors manifesting in the lungs that may 
mimic ILDs are minute pulmonary meningothe-
lial-like nodules [6], diffuse idiopathic pulmo-
nary neuroendocrine cell hyperplasia with 
obliterative bronchiolitis (DIPNECH) [7] and the 
socalled pulmonary benign metastasizing leio-
myoma. Inflammatory myofibroblastic tumor 
may occur as scattered nodules or infiltrates in 
the lungs. Whether it is a low-grade mesenchy-
mal neoplasm or a nonneoplastic reactive inflam-
matory lesion is still controversial; however 
based on the identification of consistent clonal 
abnormalities (recently EML4-ALK rearrange-
ment was documented in inflammatory myofi-
broblastic tumors) [8] as well as local recurrence, 
local invasion, and metastases in some cases, it is 
included in the group of mesenchymal and mis-
cellaneous tumors by many authors.

The clinical manifestations are quite varie-
gated. The most acute pulmonary symptoms 
(dyspnea, cough, hemoptysis) are observed in 
carcinomatous lymphangitis, neoplastic throm-
botic microangiopathy, intravascular lymphoma, 
and metastatic angiosarcoma. Pneumothorax 
may be the first clinical sign of Langerhans cell 
histiocytosis. Laboratory tests are not specific 
although a significant increase of LDH and gas 
analysis values consisting with pulmonary throm-
boembolism are typically present in cases of 
intravascular lymphoma. New onset pulmonary 
hypertension may reveal a neoplastic thrombotic 
microangiopathy.
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CT scan features are quite characteristic even 
if not diagnostic. Hematogenous metastases from 
solid tumors are usually characterized by nodules 
with a random distribution, sometimes with the 
“feeding vessel” sign. In carcinomatous lym-
phangitis, interlobular, more frequently nodular, 
septal thickening, peribronchovascular cuffing, 
enlarged hilar and/or mediastinal lymph nodes, 
and not infrequently small pleural effusion are 
the imaging hallmarks. The classic imaging fea-
tures of pulmonary Kaposi sarcoma are peribron-
chovascular consolidations with flame-shaped 
hilar radiation. Other CT findings include poorly 
defined lung nodules, interlobular septal thicken-
ing, patchy ground-glass opacities, fissural nodu-
larity with distortion, and small pleural effusion. 
In neoplastic thrombotic microangiopathy, the 
so-called pseudo tree in bud pattern is present. 
Metastatic angiosarcoma may manifest with 
alveolar nodules surrounded by ground-glass 
attenuation (“halo sign”). Lung parenchymal 
capillary infiltration of acute myeloid leukemia 
(M4 and M5 subtypes) or by melanoma cells 
determines an acute alveolar hemorrhage with 
ground-glass opacities. CT scan features of 
DIPNECH are mosaic oligemia with expiratory 
air-trapping and some scattered small nodules. 
Cysts and nodules are typical of Langerhans cells 
histiocytosis and of metastatic epithelial tumors 
(“cheerios” in the lung), and cysts are the hall-
mark of LAM but may be also due to other meta-
static low-grade sarcomas. In Erdheim-Chester 
disease, interlobular septal thickening, pulmo-
nary nodules, airway wall thickening, and 
ground-glass opacities are found in the large 
majority of cases. However extrathoracic find-
ings are an important clue for the diagnosis: sym-
metric osteosclerosis involving the metaphyses 
and diaphyses of the long bones, the “coated 
aorta,” the “hairy” kidneys, and coronary artery 
sheathing.

The new therapeutic approaches deriving 
from a great progress in comprehension of patho-
genetic mechanisms at the molecular level 
require enough material for identification of tar-
getable genetic modifications. Therefore biopsy 
is gaining the role it had in the past also in the 
diagnosis of disseminated tumors in the lungs.

17.2	 �Case Series

Case 1
A 55-year-old-male, a plumber, nonsmoker, was 
admitted to the hospital for a 3-month history of 
dry cough, fatigue, shortness of breath, and 
weight loss. His medical history was relevant 
because he was treated 10 years ago for chronic 
myeloid leukemia (chemotherapy, allogeneic 
bone marrow transplant, and then imatinib). 
Current treatment: none. Medical examination 
was unremarkable (no digital clubbing, no Velcro 
sounds). Saturation of O2 at rest while breathing 
room air  =  93%. Laboratory tests documented 
only a slight increase of reactive C protein. 
Pulmonary function tests: FVC  =  60% of pre-
dicted; DLCO = 56% of predicted. Gas analysis: 
PaO2  =  88  mmHg; PaCO2  =  46.6  mmHg; 
pH = 7.355. CT scan documented multiple nod-
ules prevalent into the basal portions of both 
lungs with variable size and with hypodense cen-
ters (so-called “cheerios in the lung” pattern) 
(Fig. 17.1a).

A previous transbronchial lung biopsy with 
regular forceps and BAL were not diagnostic. 
Transbronchial cryobiopsies using a 2.4 probe 
were carried out in the right lower lobe in differ-
ent segments. A diagnosis of adenocarcinoma 
with enteric phenotype was done (Fig. 17.1b–e).

Case 2
A 51-year-old-male was admitted to the hospital 
for rapidly progressive dyspnea. Saturation at 
rest while breathing room air was 89%.

CT scan showed nodular thickening of inter-
lobular septa. A “vascular” tree in bud pattern 
was also present (Fig. 17.2a).

Transbronchial cryobiopsies in the lower right 
lobe documented carcinomatous lymphangitis 
and neoplastic thrombotic microangiopathy 
(Fig. 17.2b, c).

Case 3
A 63-year-old female, former smoker (quitted 
8  years ago: 20 packs/year). Housewife. Right 
pneumonia in 2008.

Episodes of acute bronchitis since 2008. Arterial 
hypertension under treatment (beta-blocker).
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Admitted to the hospital for mild dyspnea on 
effort, arthromyalgias. She claimed also for a 
Raynaud phenomenon since 2 years. Routine labo-
ratory tests were not relevant. Autoimmunity tests 

revealed a positivity for Ku and Ro52 antibodies. In 
serum a small IgG-lambda monoclonal peak was 
also detected. Spirometry was normal and DLCO 
was moderately reduced (55% of predicted.

a b

c

e

d

Fig. 17.1  (a) CT scan showing nodules of variable size, 
in the lower lobes, with hypodense centers. (b) Four sam-
ples obtained by using a cryoprobe. Only one documents 
part of a cavitated nodule. The wall is made by neoplastic 
cells (arrows) that appear blue at low power in contrast 
with the normal lung parenchyma that appear pink 
(hematoxylin-eosin, low power). (c) Cryobiopsy sample. 

Malignant cells growing with a glandular/papillary pat-
tern and with intervening cellular debris (hematoxylin-
eosin, midpower). (d) The neoplastic cells are clearly 
marked by anti-cytokeratin antibodies (CK 7). (e) Part of 
the neoplastic cells show a nuclear positivity for CDX2, a 
marker of enteric phenotype
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CT scan documented alveolar nodular con-
solidations, areas of ground-glass attenuation 
along the bronchovascular bundles, and some 
cysts (Fig.  17.3a, b). BAL cytogram: macro-
phages 73%, lymphocytes 23%, neutrophils 1%, 
eosinophils 1%. Lymphocyte subsetting by flow 
cytometry documented 15% of CD 19 lympho-
cytes (mature B cells) with a monoclonal restric-
tion (lambda). Transbronchial lung biopsies were 
carried out in the left lower lobe after identifica-
tion of the lesion with a radial echography. 
Identification of lymphoid infiltration and identi-
fication of a monoclonal restriction allowed a 
diagnosis of MALT lymphoma.

Case 4
A 45-year-old female, smoker (20 packs/year), 
employed in a shopping mall, was referred to the 
hospital for detection of an interstitial disease in 
the chest X-ray film. The chest X-ray was 
required for not relevant clinical reasons.

Laboratory examinations were unremarkable. 
Pulmonary function tests showed a slight obstruc-
tive impairment (FEV1FVC = 69%) and a slight 
decrease of DLCO (71% of predicted). Physical 
examination was negative.

CT scan showed irregular cysts and some nod-
ules in the upper lobes with sparing of the lung 
bases.

a b

c

Fig. 17.2  (a) Nodular thickening of the interlobular septa 
more evident in the middle lobe and “vascular” tree in bud 
pattern in the lower right lobe. Nodules are evident at the 
end of small pulmonary arteries. (b) Transbronchial cryo-
biopsy. A dilated lymphatic containing neoplastic cells 
clustered in a glandular structure (carcinomatous lym-
phangitis). Features of acute diffuse alveolar damage are 

also present (hyaline membranes, thickening of the alveo-
lar walls for edema and accumulation of extracellular 
matrix and myofibroblasts) (hematoxylin-eosin, mid-
power). (c) The lumen of a small pulmonary artery is 
completely occluded (arrow) by an organized thrombus 
with embedded scattered neoplastic cells containing 
mucin (arrowhead) (PAS, midpower)
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a b

c d

e

f

Fig. 17.3  (a) CT showing areas of ground-glass attenua-
tion mainly along the bronchovascular bundles and some 
cysts. (b) Alveolar consolidation with air bronchogram is 
evident in the left lower lobe. (c) Transbronchial cryobi-
opsy sample showing a lymphoid infiltrate with a peri-
lymphatic distribution (mainly sited along a 
bronchovascular bundle with sparing of the surrounding 
alveolar spaces) (hematoxylin-eosin, low power). (d) At 

higher power is possible to see that the lymphoid infiltrate 
tends to obstruct the small airways (hematoxylin-eosin, 
midpower). (e) At higher magnification epithelial-
lymphoid complexes are identifiable (small lymphocytes 
infiltrate the bronchiolar epithelium) (hematoxylin-eosin, 
high power). (f) Lymphoid cells express surface lambda 
chains (monoclonal restriction)

17  Disseminated Neoplasms



160

BAL showed an increase of total cells 
(550 × 106/L) with a normal cytogram (Fig. 17.4a, 
b). The majority of macrophages had a cytoplasm 
laden by brown granules. Immunohistochemical 
analysis with CD1a antibodies marked the 2% of 
the macrophages.

Transbronchial cryobiopsies using a 1.9 cryo-
probe were taken from the upper left lobe. The 
pathologic report was diagnostic for Langerhans 
cell histiocytosis (Fig.  17.4c, d). Detection of 
BRAF >V600E mutation by immunohistochem-
istry was negative. A diagnosis of Langerhans 
cell histiocytosis primary in the lung was done.
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18.1	 �Pulmonary Alveolar 
Proteinosis

Pulmonary alveolar proteinosis (PAP) syndrome 
was first described in 1958 by Samuel H. Rosen 
et al. [1]. Since that time, clinicians’ understand-
ing of this rare lung disease has improved dra-
matically [2]. It is characterized by the 
accumulation of surfactant in the alveoli and ter-
minal airways eventually resulting, in the major-
ity of cases, in hypoxemic respiratory failure.

There are three separate pathways to the 
development of surfactant accumulation within 
alveoli: congenital, secondary, and autoimmune. 
All three of these pathways result in decreased 
clearance of surfactant, rather than increased pro-
duction. Autoimmune PAP is the most common 
pathophysiologic mechanism accounting for 90% 
of documented cases. Autoimmune PAP is initi-

ated by immunoglobulin (Ig)-G anti-granulocyte 
macrophage colony-stimulating factor (anti-
GM-CSF) antibodies, which decrease functional 
alveolar macrophages. Secondary PAP lacks anti-
GM-CSF antibodies but has decreased functional 
macrophages secondary to hematological malig-
nancies (myelodysplastic syndrome, chronic 
myelogenous leukemia, among others) or primary 
immunodeficiency diseases (common variable 
immunodeficiency, DiGeorge syndrome, among 
others) or GATA2 deficiency, an immunodefi-
ciency and bone marrow failure disorder caused 
by pathogenic variants of GATA2 (a defect inher-
ited in an autosomal-dominant pattern or due to 
de novo sporadic germline mutation) [3]. In this 
disorder morphological alterations include also 
sarcoid-like granulomas and pulmonary fibrosis. 
Secondary PAP has also been associated with 
inhalation of several environmental exposures. 
These environmental exposures include silica, 
talc, cement, kaolin, aluminum, titanium, indium, 
and cellulose. Reports suggest a link between 
indium inhalation and anti-GM-CSF antibodies, 
suggesting these toxic inhalations might induce 
autoantibodies. Hereditary dysfunction in one of 
many proteins responsible for surfactant regula-
tion causes congenital PAP. This includes muta-
tions in the GM-CSF receptor alpha-subunit or 
beta-subunit, surfactant protein B, surfactant pro-
tein C, ATP-binding cassette 3, NK2 homeobox 
1, or the lysinuric protein intolerance disease. 
Mutations in the telomerase complex may lead to 
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pulmonary fibrosis, cirrhosis, bone marrow fail-
ure, or cutaneous diseases. A 35-year-old patient 
with initial diagnosis of PAP and evolution to 
lung fibrosis associated with TERT mutation had 
been recently described [4]. Congenital PAP is 
the least common form. The predominant high-
resolution CT (HRCT) feature of PAP is reported 
to be a crazy-paving pattern (i.e., smoothly thick-
ened intralobular interstitial lines and interlobular 
septal lines against a background of widespread 
ground-glass opacities) often with lobular or geo-
graphic sparing. In several articles, investigators 
have reported that pulmonary fibrosis (traction 
bronchiectasis, honeycombing changes) devel-
oped in patients with PAP and was detected at 
long-term follow-up [5]. Patients with secondary 
PAP are more prone to pulmonary fibrosis or to 
atypical radiological features. The diagnosis is 
usually made by bronchoalveolar lavage (mac-
roscopically the fluid may appear milky; micro-
scopically extracellular plaques of eosinophilic 
material and macrophages filled granules with 
similar characteristics are detected; sometimes a 
frank lymphocytosis may be associated to these 
typical features). However in a minority of cases, 
mainly in patients with hematologic disorders or 
immunocompromised, or in patients with atypical 
radiologic features, biopsy is required for a mor-
phological diagnosis. Furthermore the appear-
ance of PAP reaction in a lung biopsy specimen 
from a compromised host should prompt vigor-
ous search for an infection [6].

18.2	 �Drug-Induced Lung Disease

Drug-induced lung injury is common and can be 
induced by a wide variety of drugs used for treat-
ment of many different clinical conditions. More 
than 600 prescribed medications have been 
reported to cause drug-induced pulmonary toxic-
ity [7, 8]. Adverse drug reactions have been esti-
mated to occur in approximately 5% of all 
patients receiving any drug and are responsible 
for up to 0.03% of all hospital deaths. Although 
less frequent than liver or cutaneous manifesta-

tions, pulmonary involvement deserves special 
attention due to the potential for severe disease 
presentations. Four mechanisms of drug injury to 
the lungs are recognized: (1) oxidant injury, such 
as during chronic nitrofurantoin ingestion; (2) 
direct cytotoxic effects (and these effects may be 
aggravated by oxidant injuries); (3) deposition of 
phospholipids within cells, such as those pro-
duced by cationic amphophilic drugs such as 
amiodarone; and (4) immune-mediated injury 
through drug-induced systemic lupus erythema-
tosus (SLE). Although clues indicating that other 
forms of immune system-mediated mechanisms 
could be involved, they have not yet been proven. 
Cofactors may be important for triggering the 
drug-related injury: radiation and oxygen when 
chemotherapeutic drugs are involved, infections, 
analogs of human granulocyte colony-stimulat-
ing factor (G-CSF) when bleomycin is involved, 
and surgery or trauma as reported for amiodarone 
drug induced lung injury. Because most associa-
tions are based on anecdotal reports, a definite 
linkage between a potential etiologic agent and 
the lung injury observed in a specific patient is 
not always achievable, so in some cases a par-
ticular agent may be considered a “probable” or 
“possible” cause of the lung injury encoun-
tered. Although CT scan features might be use-
ful to consider a drug as a cause of the lung 
infiltrates, a higher degree of diagnostic confi-
dence may be reached only after results pro-
vided by invasive procedures. Bronchoalveolar 
lavage cellular profiles indicating a drug-
induced lung injury may be characteristic but 
not pathognomonic: lymphocytosis, eosino-
philia, presence of dysplastic type II pneumo-
cytes and extracellular hyaline material, and 
alveolar hemorrhage have all been reported to 
be associated with drug-induced lung injury. 
Histopathologic findings are again not pathog-
nomonic being however quite characteristic in 
the appropriated clinic-radiologic context. 
Finally all these tests, when feasible without 
significant increase of risks, are useful to 
exclude another cause that could explain the 
clinical features (infections, neoplasms) [9].
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18.3	 �Granulomatous-
Lymphocytic Interstitial 
Lung Disease (GLILD)

Granulomatous-lymphocytic ILD is the pulmo-
nary component of a systemic disease character-
ized by adenopathy, splenomegaly, and 
granulomatous inflammation that may affect not 
only the lungs but also the liver, bone marrow, 
and lymph nodes [10]. The prevalence of GLILD 
in patients with primary antibody deficiencies is 
unknown; however, it is found in common vari-
able immunodeficiency disease (CVID) and an 
increasing number of monogenic disorders. 
Approximately 20% of patients with GLILD 
present with polyclonal lymphocytic infiltration 
or nonmalignant hyperplasia of the lymph nodes 
in addition to non-necrotizing granulomas. 
GLILD typically occurs in the context of CVID; 
so far, GLILD has not been recently reported in 
patients with 22q11.2 deletion syndrome 
(22q11.2DS) [11]. In these patients immunode-
ficiency is secondary to thymic dysplasia as a 
result of the chromosomal microdeletion, and it 
varies from the more common mild-to-moderate 
T-cell lymphocytopenia to the rarer severe com-
bined immunodeficiency phenotype. The key 
histopathological features of GLILD are lym-
phocytic interstitial pneumonia, follicular bron-
chiolitis, and non-necrotizing granulomas. Foci 
of organizing pneumonia and areas of pulmo-
nary interstitial fibrosis may also be present. 
The predominant cells in the infiltrate are CD4+ 
T cells, but nodules of CD20+ B cells sur-
rounded by CD4+ T cells are also found, pre-
dominantly localized to the interstitium. 
Surprisingly, regulatory T cells are absent in the 
lungs in GLILD. Granulomas are non-necrotiz-
ing, poorly formed to well-formed, surrounded 
by lymphocytes, and widely distributed, but 
with lower lung zone predominance, HRCT is 
the gold-standard imaging technique for ILDs 
and, in specific cases and in the context of a 
multidisciplinary team evaluation, can lead to a 
diagnosis without need for histologic confirma-
tion. In GLILD patients it may show bronchiec-

tasis, bronchial wall thickening, air trapping, 
parenchymal consolidation, emphysema, reticu-
lar and/or nodular changes, and/or fibrosis, with 
or without ground-glass opacities, predomi-
nantly affecting the lower lobes. The differential 
diagnosis of GLILD includes infections, other 
defined ILDs (sarcoidosis, chronic hypersensi-
tivity pneumonitis, NSIP, and usual interstitial 
pneumonia), and malignant lymphoproliferative 
diseases. Thus, definitive diagnosis relies on a 
high index of suspicion, a clinical and microbio-
logical correlation, and a histopathologic confir-
mation in individuals with the right clinical 
setting.

Case 1
A 49-year-old man with myelodysplastic syn-
drome AREB I was admitted to the hospital for 
fever, exertional dyspnea, and night sweats. 
HRCT: ground-glass and “crazy paving” pattern 
(Fig. 18.1).

BAL showed a dirty extracellular back-
ground and globules of eosinophilic amorphous 
extracellular material typical for alveolar pro-
teinosis (Fig. 18.2). Transbronchial cryobiopsy 
samples (Fig. 18.3) documented the presence of 
pink granular material filling the airspaces in a 
patchy distribution. Microbiological investiga-
tions on BAL fluid and on lung tissue resulted 
to be negative. GM-CSF autoantibodies were 
not detected in serum. A final diagnosis of 
secondary alveolar proteinosis was eventually 
rendered.

Fig. 18.1  HRCT: ground-glass and “crazy paving” 
pattern
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Case 2
A 54-year-old male, carpenter and current 
smoker (19 packs/year), seeks medical advice 
for 1-month history of dry cough and shortness 

of breath. No professional exposures were 
clearly documented. Family history was not rel-
evant. No known allergy to drugs. He had a 
5-year history of recurrent episodes of atrial 
fibrillation, treated with propafenone, flecainide, 
pulmonary vein encircling ablation (n = 3), and 
amiodarone (for 9 months, until 1 year ago). No 
collagen vascular disease-related symptoms and 
no fever were documented. Examination: no 
clubbing, no Velcro sounds, no signs of right 
heart failure. At rest and on room air saturation 
of O2 was 95%. Current medications were war-
farin and flecainide. Pulmonary functions tests 
documented a slight reduction of volumes and a 
significant impairment of DLCO (44% of pre-
dicted). HRCT scan showed alveolar and 
ground-glass attenuation with a perilobular pat-
tern evident in the lower lobes and emphysema-
tous change (Fig.  18.4a, b). After information 
provided by bronchoalveolar lavage (lymphocy-
tosis) and cryobiopsy (a mixed pattern with 
nonspecific interstitial pneumonia and organiz-
ing pneumonia) (Figs. 18.5 and 18.6), a diagno-
sis of flecainide-related lung injury was 
rendered.

Case 3
An 84-year-old male, a former smoker affected 
by COPD, was seen by a pulmonologist because 
of worsening dyspnea in the last 3 months. His 
clinical history was relevant for radical cystec-
tomy and prostatectomy performed 2  years 
before because of urothelial tumor of the bladder 
(Tis, N1, M0) and adenocarcinoma of the pros-
tate (T2a, N0, Mo). Five months before PET-CT 
had documented areas of increased uptake of 
radiolabeled [18F]-2-fluoro-2-deoxy-d-glucose in 
multiple retroperitoneal lymph nodes [retrocaval 
(SUV = 14.9); left iliac (SUV = 20.6)], and there-
after the patient started treatment with atezoli-
zumab (an anti-PD-L1 humanized antibody). 
Saturation of oxygen at rest while breathing room 
air was 90% and blood gas analysis showed 
hypocapnia. Pulmonary function tests docu-
mented a restrictive impairment with significant 
reduction of DLCO (43% of predicted). Routine 
laboratory peripheral blood tests were not rele-
vant. High-resolution CT scan features were 
bilateral peripheral alveolar consolidations and 

Fig. 18.2  Bronchoalveolar lavage: Eosinophilic amor-
phous extracellular material typical for alveolar proteino-
sis (Papanicolaou, high power)

Fig. 18.3  Transbronchial cryobiopsy: Amorphous eosin-
ophilic intra-alveolar material with acicular clefts left by 
cholesterol crystals dissolved during the process. Scattered 
interalveolar lymphocytes are evident. (Hematoxylin and 
eosin, low power)
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areas of ground glass (Fig. 18.7). Bronchoalveolar 
lavage documented a lymphocytosis (41%) with 
a CD4/CD8 ratio of 4. Microbiological 
investigations on BAL fluid were negative. A 
cryobiopsy was carried out with four samples 
obtained from the lateral segment of the lateral 
right lower lobe (Figs. 18.8, 18.9, and 18.10). A 
diagnosis of drug (atezolizumab)-related lung 
injury was eventually done.

Case 4
A 44-year-old female with a previous diagnosis 
of common variable immunodeficiency syn-
drome presented with shortness of breath, 
hypoxemia, a restrictive ventilatory impairment, 
and reduction of DLCO.  High-resolution CT 
scan showed reticulation and ground glass with 
reduction of volumes in upper (Fig. 18.11a) and 
lower lobes (Fig. 18.11) with no clear predomi-
nance. BAL showed a slight increase of lym-
phocytes (32%) with a CD4/CD8 ratio of 3.9. 
Microbiological investigations on BAL fluid 
and serum were negative. A transbronchial cryo-
biopsy was carried out with samples from the 
lateral segment of the right lower lobe 
(Figs.  18.12 and 18.13). The diagnosis of 
granulomatous-lymphocytic interstitial lung 
disease in a patient with common variable 
immunodeficiency syndrome was done, and a 
treatment with rituximab and azathioprine was 
started.

a

b

Fig. 18.4  (a, b) Alveolar consolidation with a perilobular 
distribution, sparing of the subpleural region and areas of 
emphysema

Fig. 18.5  Transbronchial cryobiopsy of four specimens 
documenting a preserved alveolar architecture with thick-
ening of the alveolar septa due to inflammatory cells and an 
alveolar filling process (hematoxylin and eosin, low power)

Fig. 18.6  Lymphoid cells in the alveolar septa and cuff-
ing a pulmonary vein and granulation tissue in the alveo-
lar spaces (organizing pneumonia pattern) (hematoxylin 
and eosin, mid power)
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Fig. 18.7  High-resolution CT. Areas of alveolar subpleu-
ral consolidation and ground-glass attenuation are evident 
in both lungs with a predominance in the right lower lobe. 

The first radiological diagnostic hypothesis was organiz-
ing pneumonia

Fig. 18.8  Four fragments obtained from the lateral seg-
ment of the right lower lobe. In one (in the right lower 
corner), artifacts due to bleeding are evident (hematoxylin 
and eosin, low power)

Fig. 18.9  Areas of organizing pneumonia (circle) and a 
sarcoid-like granuloma (arrowhead) are evident (hema-
toxylin and eosin, mid power)

V. Poletti et al.



169

Fig. 18.10  At higher power a 
lymphocytic perivenular infiltrate is also 
evident (hematoxylin and eosin, high 
power)

a b

Fig. 18.11  High-resolution CT scan showed reticulation and ground glass with reduction of volumes in upper (a) and 
lower lobes (b)
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Fig. 18.13  Transbronchial cryobiopsy sample from the 
posterior segment of the right lower lobe showing lympho-
cytic interstitial inflammation and acellular fibrosis. Two 
perivascular non-necrotizing granulomas are rimmed by 
mature lymphocytes (hematoxylin and eosin, mid power)

Fig. 18.12  Transbronchial cryobiopsy sample from the 
lateral segment of the right lower lobe showing lymphoid 
follicles with germinal centers in the centrilobular region 
(follicular bronchiolitis) (hematoxylin and eosin, low 
power)
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