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Interstitial lung disease: the diagnostic role of bronchoscopy
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Abstract: Interstitial lung diseases (ILDs) form one of the most fascinating fields in pulmonary medicine.
They also pose one of the greatest challenges for accurate diagnosis and proper treatment. Even within
the recommended and warranted multidisciplinary approach, differentiating between one disease and
another may lead to frustration, especially when proper lung tissue is not available for adequate pathological
review. A surgical lung biopsy (SLB) might render enough tissue for histopathology, but this could come
at the expense of high morbidity and even mortality, as in the case of usual interstitial pneumonia (UIP).
Could bronchoscopy and its various techniques offer a safer and higher yield alternative? Since the very
late 19th century, efforts have been made to better examine the airways, obtain tissue and treat various
conditions. This resulted in the successive emergence of bronchoalveolar lavage (BAL), endobronchial
and transbronchial forceps biopsies, until recently when transbronchial cryobiopsy surfaced as a nascent
technique with much promise. The use of endobronchial ultrasound revolutionized the diagnosis and
staging of lung cancer, while adding to the yield of other conditions such as sarcoidosis. Ongoing research,
efforts and studies have continuously scrutinized the roles of various techniques in the approach to ILDs.
For example, BAL seems to serve mostly to eliminate infection as an etiology or a complicating factor in the
acute worsening of a fibrotic lung disease, while a predominant cellular component might be diagnostic, such
as eosinophilia in eosinophilic lung disease, or lymphocytosis in hypersensitivity pneumonitis (HP). On the
other hand, endobronchial biopsy’s (EBB) role appears limited to sarcoidosis. As for transbronchial biopsy
by forceps, the small sample size and related artifact appear to be limiting factors in making an accurate
diagnosis. Recently, however, the use of cryotherapy via employing a cryoprobe in obtaining transbronchial
lung biopsies is unfolding into a refined interventional method which might transform indefinitely our

approach to the pathological diagnosis of the various ILDs.
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Introduction

Interstitial lung diseases (ILDs), also known as diffuse
parenchymal lung diseases (DPLDs), encompass a wide
and diverse group of disorders affecting not only the

interstitium, but also peripheral airways, alveoli, and small
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blood vessels to a varying degree. They combine diseases of
known (environmental, drug related, and collagen vascular
diseases) and unknown etiologies [idiopathic interstitial
pneumonia (IIPs), sarcoidosis, and others] (Figure 1) (1-5).
These entities share clinical, radiographic, physiologic,
and pathologic manifestations, thus raising a challenge to
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Figure 1 Diffuse parenchymal lung disease. Diffuse parenchymal lung diseases constitute an entity that encompasses more than 200 diseases
of known and unknown etiologies. Hence, a thorough history, and a detailed physical exam are essential to rule out an underlying cause.
Chronic hypersensitivity pneumonitis, rheumatoid arthritis, and IPF for example may all have a UIP pattern on pathology, but management
and prognosis are certainly different. NSIP can be idiopathic as well as connective tissue disease related. LIP is mostly associated with other
diseases (rheumatic, infectious, immunodeficiency), but can be idiopathic in rare cases. . Family history may be helpful since several familial
associations have been described. Unclassifiable IIPs should be managed based on the most probable diagnosis after a multidisciplinary
discussion. AEP, acute eosinophilic pneumonia; AIP, acute interstitial pneumonia; CEP, chronic eosinophilic pneumonia; COP,
cryptogenic organizing pneumonia; DIP, desquamative interstitial pneumonia; DPLD, diffuse parenchymal lung disease; IIP, idiopathic
interstitial pneumonia; IPF, idiopathic pulmonary fibrosis; LAM, lymphangioleiomyomatosis; LIP, lymphocytic interstitial pneumonia;
NSIP, nonspecific interstitial pneumonia; PAP, pulmonary alveolar proteinosis; PLCH, pulmonary Langerhans cell histiocytosis; PPFE,
pleuroparenchymal fibroelastosis; RBILD, respiratory bronchiolitis interstitial lung disease.

making the correct diagnosis. A detailed history (with focus
on exposure and systemic manifestations), and a complete
physical exam are crucial, especially prior to making a
diagnosis of IIPs. In clinical practice, patients can be easily
misclassified as having an IIP when a medical history is not
optimally taken. A surgical or transbronchial biopsy alone
can be misleading, if not dangerous, since different ILDs,
with distinct prognoses and treatment options, may have a
similar pathological pattern (1,3,4).

Therefore, since the beginning of the 21st century,
multidisciplinary discussion has become the “gold
standard” approach for the diagnosis of ILDs, mainly IIPs.
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Robust communication and close collaboration amongst
clinicians (primary care physicians, pulmonologists, and
rheumatologists), radiologists, and pathologists is essential
to reach the correct and final diagnosis. While in some
cases, clinical and radiological information (from a high
resolution chest computed tomogram) alone may lead to
the diagnosis, cytological or histological information is
warranted in others (Figure 2) (1-4,6).

This article will review both the role as well as the
limitations of bronchoscopy in the diagnosis of various ILDs.
Since ILDs span a wide array of diseases, we shall limit our
treatise to the more common ILDs, particularly the disorders
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Clinical Investigation

« Detailed history (environmental and occupational exposures, drugs,
pets, tobacco use, family history, immunosuppression, etc.)

« Thorough physicalexam (clubbing, skin changes, extra-pulmonary
manifestations of systemic diseases, etc.)

* Review old imaging if available. Assess for chronicity

* Pulmonary function tests

« Routine labs, and serology as indicated (e.g. History or
manifestations of collagen vascular disease)

v
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Figure 2 Interstitial lung disease workup algorithm. The diagnostic process for ILD, and mainly IIPs, is a dynamic one. A multidisciplinary
discussion is the key to making the correct diagnosis with the least invasive approach. At times, the diagnosis may need to be revised, as
more details of history are revealed, or when results of BAL and/or lung biopsy (TBLB, TBLC, SLB, etc.) become available. AEP, acute
eosinophilic pneumonia; BAL, bronchoalveolar lavage; CEP, chronic eosinophilic pneumonia; COP, cryptogenic organizing pneumonia;
EBB, endobronchial biopsy; EBUS-TBNA, endobronchial ultrasound with transbronchial needle aspiration; HRCT, high resolution
computed tomography; HP, hypersensitivity pneumonitis; IPE, idiopathic pulmonary fibrosis; LAM, lymphangioleiomyomatosis; PLCH,
pulmonary Langerhans cell histiocytosis; SLB, surgical lung biopsy; TBLB, transbronchial lung biopsy; TBLC, transbronchial lung
cryobiopsy; UIP, Usual Interstitial Pneumonia; VEGF-D, vascular endothelial growth factor D.

where bronchoscopy plays a role in the diagnosis. endoscopy on a volunteer, and examined the proximal
airways for the first time in history. Later the same year, he
proceeded to endoscopically remove the first foreign body

B h : a brief historical ti
ronchoscopy: a briet hustorical narrative (pork bone) from the main bronchus (7). He presented

Bronchoscopy evolved continuously within the last century his new method “direct bronchoscopy” the following year
in order to offer a less invasive diagnostic and therapeutic at the Society of South German Laryngologists meeting,
approach to many lung diseases. This review is a brief report later publishing it (8). A few years later, in 1904, Chevalier
on the historical advancement of different bronchoscopic Jackson, the “father of American bronchoesophagology”,
techniques used in diagnosing various ILDs. introduced the first American illuminated “rigid
The year 1897 witnessed the birth of bronchoscopy by bronchoscope” (9,10).
the German otolaryngologist Gustav Killian, known today In 1962, Shigeto Ikeda, a Japanese thoracic surgeon,
as the “father of bronchoscopy”. Killian performed a direct approached the Machida Corporation with the idea of
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developing a flexible bronchoscope with a diameter of
less than 6 mm. After a few prototypes and revisions, the
first functional flexible bronchoscope was unveiled at a
meeting in Copenhagen in 1966. A few improvements
later, including the adoption of a working channel, the
Machida flexible bronchoscope became commercially
available in 1968 (9-11). In 1970, the first Olympus model
with better imaging and easy handling capabilities became
commercially available (9).

After the introduction of flexible bronchoscopy, the
usage of rigid scopes experienced a transient decline, until
the early 1980’ when therapeutic uses (laser, stenting, etc.)
gave it headway once again (10).In terms of interventions,
bronchoalveolar lavage (BAL) began to be performed
through the rigid bronchoscope in the early 20th century,
mainly for the purpose of removing purulent secretions
from the airways of patients with bronchiectasis. Cantrell
et al. were the first to perform BALs in normal volunteers
using the flexible scope in 1972 (12). Several studies
followed, with further analysis of BAL cells and protein
content, leading to an increase in the use of BAL in multiple
lung diseases including some ILDs (13,14).

Transbronchial (transbronchoscopic) lung biopsy was
first reported by Anderson ez a/. in 1965. He described this
technique using a rigid bronchoscope in a small series of 13
patients (15). Subsequently, in 1972, Anderson published a
larger case series of 450 patients undergoing transbronchial
lung biopsy (TBLB) for DPLD (16). Shortly thereafter,
TBLB was successfully performed through a flexible
bronchoscope (17), leading to its widespread use until this
day. The year 1978 saw the description of transbronchial
needle aspiration by Wang et a/., wherewith appropriate
diagnostic tissue was obtained in 3 out of 5 patients (18).

Radial endobronchial ultrasound (EBUS) was introduced
in the early 1990%, and its usefulness was first reported by
Hiirter and Hanrath in a series of 100 patients (19). One
major limitation for the radial probe was obtaining the biopsy
blindly after localizing the lesion. In 2004, linear EBUS use
was highlighted after Yasufuku and colleagues demonstrated
the high diagnostic yield of the convex ultrasound probe
in sampling mediastinal lesions, and distinguishing
between malignant and benign lymph nodes (20).
EBUS became the best first diagnostic tool to obtain tissue
for non-small cell lung cancer diagnosis and staging (21).
Furthermore, when compared to endobronchial and
transbronchial biopsies, EBUS had a higher yield for the
diagnosis of sarcoidosis (22).

As for cryotherapy, it has been in use since the 1970’
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through rigid scopes, but it was not until 1996 when
Mathur et al. described endobronchial cryotherapy
with a flexible bronchoscope (23). Since about 2009,
transbronchial cryobiopsy emerged as a new diagnostic tool
for ILDs and mainly IIPs. As more data continue to emerge,
transbronchial cryobiopsy may largely replace surgical lung
biopsy (SLB) in becoming the first diagnostic modality to
obtain tissue for IIPs diagnosis. We will review the advances
to-date in cryobiopsy in a later paragraph.

The role of bronchoalveolar lavage

BAL is a relatively low risk technique performed during
flexible bronchoscopy, allowing the recovery of cellular and
non-cellular components from the epithelial surface of the
alveoli and terminal bronchioles (14,24). Analysis of BAL cell
counts, culture, and cytology provides valuable information
that may lead to making a diagnosis or ruling out another
(14,25). Standardization of BAL collection techniques
and sample processing is critical especially when ILD is
suspected (26,27). For many decades, BAL has been part of
the workup of ILD, during which its role was mainly studied
in patients with sarcoidosis, hypersensitivity pneumonitis
(HP), and idiopathic pulmonary fibrosis (IPF) (14).
Today, however, this role seems to be diminishing with
the advancement of high resolution computed tomogram
(HRCT) imaging of the chest. In the right clinical setting,
HRCT findings may be diagnostic and a BAL might not be
required (27). When a BAL is indicated in a patient with
suspected ILD, it is preferable for it to be guided by a pre-
procedural chest HRCT. A differential cell count should
be performed in all patients, with cultures and cytology if
clinically indicated. A lymphocyte subset analysis should not
be routinely ordered (27).

In healthy volunteers, macrophages predominate as
they represent at least 80% of nucleated white blood
cells. Lymphocytes constitute 5-15%, neutrophils 2-3%,
and eosinophils <1%. Any insult to the lungs leads to
a perturbation of the epithelial layer at the level of the
distal airways, and to a change in the cellular and non-
cellular content of the BAL. By way of example, smoking
increases the absolute number of BAL macrophages and
neutrophils (27,28). A BAL cell differential count with
>15% lymphocytes, >3% neutrophils, >1% eosinophils,
or >0.5% mastocytes represents a BAL with lymphocytic,
neutrophilic, eosinophilic, or mastocytic pattern
respectively. An increase in more than one type of cells in
the BAL represents a mixed cellular pattern. The presence
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Table 1 BAL findings in patients with common interstitial lung disease

Lymphocytic cellular pattern (>15%)
Sarcoidosis (40-60%); CD4/CD8 >2 (early/active sarcoidosis)
Hypersensitivity pneumonitis (60-80%); CD4/CD8 <1
Chronic beryllium disease. Elevated CD4/CD8
Lymphoproliferative disorders
LIP
PLCH Early disease
Eosinophilic cellular pattern (>1%)
CEP (=40%)
Idiopathic AEP (=25%)
EGPA
ABPA
Tropical pulmonary eosinophilia (40-70%)
Fungal pneumonia (coccidiomycosis, etc.)
Neutrophilic cellular pattern (>3%)
Suppurative/bacterial infections
Aspiration pneumonia
ARDS
AIP
Inorganic dust diseases (silicosis, asbestosis, etc.)
Sarcoidosis (advanced disease)
Hypersensitivity pneumonitis (acute)
Mixed cellular pattern
IPF
NSIP
COP
Connective tissue diseases

Drug-induced pulmonary diseases

LIP, lymphocytic interstitial pneumonia; PLCH, Pulmonary
langerhans cell histiocytosis; CEP, Chronic eosinophilic
pneumonia; AEP, acute eosinophilic pneumonia; EGPA,
Eosinophilic granulomatosis with polyangiitis; ABPA, Allergic
bronchopulmonary aspergillosis; ARDS, Acute respiratory
distress syndrome; AIP, Acute interstitial pneumonia; IPF,
Idiopathic pulmonary fibrosis; NSIP, Nonspecific interstitial
pneumonia; COP, Cryptogenic organizing pneumonia.

of >5% epithelial cells in the sample suggests a suboptimal
BAL, and cellular patterns should be interpreted with
caution (27).

Various patterns, including lymphocytic, eosinophilic,
neutrophilic, and mixed, can be found in patients with ILD,
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and the significance of each one varies significantly from
one disease to another (1ables 1,2). The usefulness of such
patterns is the subject of ongoing discussions, since, on
one hand, most of these findings have low specificity and
sensitivity, while on the other hand, studies that looked into
the predictive value of BAL cell differentials in the diagnosis
of ILD predate the era of wide use of HRCT (27,29,30).

In most ILDs, BAL findings are classified as either
nonspecific, consistent with or suggestive of a certain
diagnosis. While BAL may not be diagnostic in and of
itself, when combined with clinical and radiographic data,
it might assist in reaching a diagnosis. It is only in a few
situations that BAL findings could be highly diagnostic, even
pathognomonic (27,31,32). BAL findings can be diagnostic
in idiopathic acute eosinophilic pneumonias (33,34), chronic
eosinophilic pneumonia (35), primary pulmonary lymphoma
and lymphangitic carcinomatosis (36), pulmonary alveolar
proteinosis (37), lipoid pneumonia (38,39), pulmonary
Langerhans cell histiocytosis (PLCH) (40-42), and diffuse
alveolar hemorrhage (43,44) (Tables 1,2).

BAL lymphocytosis is a sensitive, but nonspecific finding
in sarcoidosis and HP (30,45). In fact, in the setting of an
atypical HRCT, absence of BAL lymphocytosis may help
in excluding HP and sarcoidosis (29). The CD4/CD8
ratio is usually decreased in HP (ratio <1), but increased in
sarcoidosis (ratio >2). However, low and high ratios can be
seen in sarcoidosis and HP respectively (45-48).

BAL has a limited role in the diagnosis of IPF. When
performed, it serves mainly to exclude other processes in
the setting of a non-diagnostic HRCT (27,29). In a study
by Ohshimo ez 4/., BAL lymphocytosis (>30%) was found
in 6 out of 74 patients with a clinical and radiological
diagnosis of IPFE, and a different diagnosis was eventually
made in all six cases (49). In almost a third of patients
with HP, the responsible antigen may not be identifiable
despite a thorough history (50). Hence, in patients with
usual interstitial pneumonia (UIP) pattern on HRCT,
a lymphocytic BAL (>40%) may suggest HP, and lead
to further investigate possible environmental exposures
or even perform a lung biopsy (2). In patients with IPF
exacerbation, BAL has a disputed role, and is not always
required to exclude infections (51).

BAL has no defined role in patients with non-specific
interstitial pneumonia (NSIP), where it is reported to
be lymphocytic in most, but not all studies. In one study
comparing BAL cell counts among patients with IPF and
patients with fibrotic NSIP, no difference was seen, and
both groups had a non-lymphocytic BAL (52). In patients
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Table 2 BAL findings that are highly suggestive of specific types of ILD

S$1001

Progressive increase in bloody fluid return with sequential lavages/hemosiderin positive alveolar macrophage — diffuse alveolar

hemorrhage

Milky fluid with positive periodic Acid-Schiff staining and amorphous acellular debris — pulmonary alveolar proteinosis

Malignant cells per light microscopy or flow cytometry — cancer

Lymphocytosis (>25%) — granulomatous diseases: sarcoidosis, hypersensitivity pneumonitis, or chronic beryllium disease

Neutrophilia (>50%) — acute lung injury, aspiration pneumonia, or suppurative infection

Eosinophilia (>25%) — virtually diagnostic of acute or chronic eosinophilic pneumonia

A cell differential count of >1% mast cells, >50% lymphocytes, and >3% neutrophils — acute hypersensitivity pneumonitis

A predominance of macrophages containing smoking-related inclusions with no or minor increases in other cell types — smoking-related

ILDs (DIP, RBILD, or PLCH)
CD4/CD8 >4 — sarcoidosis

CD1a positive cells =5%/Birbeck granules in macrophages (electron microscopy) — Langerhans’ cell histiocytosis

Positive lymphocyte transformation test to specific beryllium antigen — chronic beryllium disease

Ferruginous bodies — asbestosis

Dust particles by polarized microscope — silicosis

Lipid-laden macrophages (oil-red-O-stain) — lipoid pneumonia/chronic microaspiration

with cryptogenic organizing pneumonia (COP), BAL
has a nonspecific mixed cellular pattern, and is helpful
only to exclude other diagnoses (53,54). In patients with
respiratory bronchiolitis interstitial lung disease (RBILD)
or desquamative interstitial pneumonia (DIP), BAL
has an excess of pigmented macrophages without other
abnormalities, similarly to a healthy smoker (55). Absence
of BAL lymphocytosis may be occasionally diagnostic of
RBILD when combined with a HRCT suggestive of either
HP or RBILD (29).

BAL cell counts are highly variable in connective tissue
disease related ILDs, and have no diagnostic value (56).
Since drugs have been linked to various types of lung injuries
or ILDs (i.e., HP, eosinophilic pneumonia, organizing
pneumonia, diffuse alveolar hemorrhage, etc.), BAL findings
are usually heterogeneous, but may have some correlation
with the type of lung injury caused by the culprit drug (57).
In the right clinical setting, BAL may have some value
in suggesting a drug related lung injury, but it is mainly
performed to exclude infection or malignancy (36,57).

Many researchers looked into the benefit of BAL in
monitoring disease activity in patients with ILD, but so far
no clinical applicability exists. Some studies found that in
the same disease, different BAL patterns correlated with
different disease stages, likelihood of progression, and
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prognosis (i.e., in patients with presumed IPF, a lymphocytic
BAL correlated with better prognosis) (58-61). The major
caveat however is that most of these studies are dated, thus
increasing the likelihood of the included patients having
other IIPs. UIP and NSIP for example may coexist in the
same patient, and prognosis is usually driven by the disease
with the worst prognosis (59). Although BAL might not
have a role in monitoring disease activity, it might serve
to rule out infections and complications related to ILD
treatment (drug toxicities, etc.).

The role of endobronchial biopsy (EBB)
The role of EBB in the workup of patients with ILDs has

so far been relatively small. It mainly serves to diagnose
sarcoidosis and chronic beryllium disease (CBD). Four to
six endobronchial biopsies are usually obtained, preferably
from a site where the mucosa is abnormal or from the first
and second carina if the mucosa appears normal: 30% of
patients with normal mucosa may have positive EBB (62).
One study revealed that positive EBB correlates with a more
aggressive disease (63). When supplementing transbronchial
biopsy, EBB was found to increase the diagnostic yield of
sarcoidosis by 10-20% (62,64). Nearly 6% of all patients
diagnosed with sarcoidosis actually have CBD. A history of
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Beryllium exposure should prompt a diagnostic evaluation
for CBD (65).

The role of transbronchial biopsy

Nowadays, TBLB is mostly performed using the flexible
bronchoscope, and with some form of guidance (fluoroscopy,
ultrasound, or electromagnetic navigation). Although
the introduction of guidance improved the diagnostic
yield of TBLB, it is unclear whether it added to its safety.
TBLB related mortality is rare (<0.05%), while bleeding
(1-4%) and pneumothorax (1-6%) constitute the main
complications (3,64,66-69). Bilateral TBLBs should
not be performed during the same procedure under any
circumstance, because of the risk of bilateral iatrogenic
pneumothoraces. The optimal number of TBLB is
unknown, but in general, four to six biopsy specimens
should suffice for most patients with diffuse lung diseases
(3,70-73). It is unlikely that the alligator forceps has a better
diagnostic yield compared to the cup forceps. Nonetheless,
specimens obtained are larger and complication rates are
lower with the former (64,70,74).

The overall diagnostic yield of TBLB is around 25-75%,
but it varies largely depending on the underlying ILD
(3,73,75,76). It can be as low as 20-30% for IPF (77,78),
and as high as 80-90% for non-fibrotic ILDs (69,73,78,79).
The small size of the biopsy specimen (median size Smm),
and the high probability of crush artifacts, limit the role
of TBLB in the workup of several ILDs (3,80).However,
TBLB continues to be the procedure of choice when the
suspected disease has a peribronchovascular or centrilobular
involvement, and when small samples are enough to
establish a certain diagnosis (3,81,82).

TBLB can be diagnostic in sarcoidosis, CBD, HP,
eosinophilic pneumonia, PLCH, COP, lymphangitic
carcinomatosis, diffuse alveolar damage, amyloidosis, PAP,
alveolar microlithiasis, and multiple infections (3,53,76,82-89).

The diagnostic yield of TBLB for sarcoidosis varies
from one stage to another. , with a higher yield observed
in patients with stage II and III disease (66-95% in
comparison to 12-55% in stage I disease) (64,73,90-92).
EBB and TBNA (conventional or ultrasound guided), when
added to TBLB, increase the overall diagnostic yield of the
procedure (62,64,92,93). Oftentimes, a TBLB is not needed
to diagnose HP since the diagnosis may be made with
confidence based on clinical and radiological information
(94-96). However, in few cases, histological diagnosis may
be needed, and TBLB should be considered first (3,73). Yet,

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

Abdo and Kebbe. The diagnostic role of bronchoscopy in ILD

in chronic HP, TBLB is unlikely to be diagnostic and SLB
may be preferred (97).

While clinical features and HRCT findings may be
suggestive of PLCH in some patients, confirmation of the
diagnosis by BAL or biopsy is generally recommended (86).
In a recent case series of patients with PLCH, TBLB
specimens were diagnostic in 50% (19/38) of the patients (41).
TBLB has a yield of approximately 60% in patients with
lymphangioleiomyomatosis (87). However, per the 2016
American Thoracic Society/Japanese Respiratory Society
guidelines, the diagnosis of LAM can be usually reached
based on clinical features and HRCT findings. Even when
typical clinical features are absent, testing for vascular
endothelial growth factor-D (VEGF-D) is recommended
first, since a high level (>800 pg/mL) may obviate the need
for biopsy in almost 70% of patients (98). A confident
diagnosis of PAP can usually be made based on history,
radiological findings (HRCT), BAL appearance and cytology,
and compatible biomarkers (85). In a large cohort of patients
with PAP, TBLB was done only in a third of patients (99).

In patients with suspected COP, TBLB should be
considered first (prior to more invasive procedures like
video-assisted thoracoscopic surgery), since, in many
instances, it may be sufficient to make a confident diagnosis
(3,54,100). In a prospective analysis of patients with clinical
and radiological features of COP, the sensitivity and
specificity of TBLB were 64% and 86% respectively (101).

The diagnosis of IPF requires exclusion of other known
causes of ILD, and the presence of either a UIP pattern on
HRCT (subpleural and predominantly basal distribution
of reticular abnormalities and honeycombing, with absence
of features listed as inconsistent with UIP), or specific
combinations of HRCT and SLB. The latest guidelines
pertinent to the diagnosis and management of IPF included
a weak recommendation with low-quality evidence against
using TBLB in the evaluation of IPF in the majority of
patients (2). In a retrospective analysis of patients with
proven UIP, TBLB specimens were diagnostic of UIP
(honeycombing, patchy fibrosis, and fibroblastic foci) in 7 out
of 22 patients (79). In another series by Tomassetti ez /.,
TBLB was found to detect UIP in 30% of the cases, with
high specificity and positive predictive value, but low
negative predictive value (78). Sheth ez a/. recently noted
that TBLB combined with clinical and HRCT data,
provided enough information to make a confident and
accurate diagnosis in 20-30% of patients with fibrotic
ILD (77). Despite its poor sensitivity, TBLB might be a
reasonable option for patients with suspected fibrotic ILD,
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who cannot tolerate SLB (or transbronchial cryobiopsy).
Prospective studies investigating the definite role of TBLB
in IIPs are yet to come.

The role of cryobiopsy

Surgical lung biopsies (SLB) have for years been the gold
standard for diagnosis of IIPs, in particular when a non-
invasive diagnosis cannot be made with confidence (2,4).
Owing mainly to a significantly larger size of tissue sample,
SLB was favored over traditional transbronchial forceps
biopsy, with less crush artifact and sampling error. The
limiting factor had always been the health status of the
patient, alongside the high risk of morbidity and mortality
associated with the surgical approach. IPF stands out as
the prototype of such complications, ever since early data
placed the mortality risk as high as 21.7% (102). A safe, high-
yield, less-invasive and more effective alternative was thus
desired. While cryotherapy dates back to the 19th century
when it was used in a limited manner for control of local
pain, the use of liquefied gases helped propel it forward. In
1961, Cooper and Lee introduced cryostatic congelation
in treating certain neurological conditions (103). Since that
time, many advances occurred, eventually resulting in the
use of cryotherapy in pulmonary medicine, through the
application of rapid freeze-thaw cycles. For several years,
cryotherapy was employed for the purpose of treating central
airway obstruction (of benign or malignant etiology) (23),
early superficial tumors (104), removal of foreign bodies (105),
control of bleeding, or removal of granulation tissue (which
might form inside an endobronchial stent or at sites of
anastomoses) (106).

In 2009, Babiak introduced the use of a cryoprobe
for the purpose of obtaining lung biopsies during
flexible bronchoscopy (80). In comparing traditional
forceps transbronchial biopsies to cryobiopsy performed
successively in 41 patients with DPLDs, he found that
the mean specimen area in the latter was nearly three
times larger than that in the former (15.11 vs. 5.82 mm?
P<0.01). Only two patients developed a pneumothorax,
while bleeding did not require any intervention. Since then,
there has been a surge of data on the use of this technique
for the diagnosis of parenchymal lung disease. From a
technical standpoint, the procedure requires the use of a
cryoprobe (rigid, semi-rigid or flexible), bronchoscope, and
a cryogen (cooling agent). Flexible cryoprobes exist in three
diameter sizes (2.4, 1.9 and 1.1 mm), and various lengths
ranging from 780 to 1,050 mm. The most commonly used
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is the Erbe 1.9 mm diameter flexible cryoprobe (Erbe
Elektromedizin GmBH, Germany). Nitrous oxide (lowest
temperature -89 °C), liquid nitrogen (-196 °C) or carbon
dioxide (~79.3 °C) may be used as cryogens. The use of
liquid nitrogen in the USA is limited by lack of availability,
difficulty in handling and greater tissue damage. On the
other hand, CO, may cause snow during bronchoscopy.
Therefore nitrous oxides the most commonly used gas. The
cryotherapy system uses a Joule-Thompson effect where the
pressurized gas is released at high flow from the tip of the
probe, and rapidly expands at atmospheric pressure, causing
a large decrease in temperature, which leads the two most
distal centimeters of the probe to freeze the surrounding
tissue and adhere to it, easily detaching it. The probes are
reusable, and the technology is relatively inexpensive (107).

In a recent systematic review of 11 studies (731 patients),
the diagnostic yield ranged from 51% to 98% (pooled
estimate 83%; 95% CI, 73-94) when the biopsy was
reviewed in a multidisciplinary setting (108). Furthermore,
prospective data revealed that the diagnostic yield for
DPLD increased from 69% to96% when biopsies were
obtained from two—rather than one—segments of the
same lobe (109). Moreover, retrospective data indicates that
transbronchial lung cryobiopsy (TBLC) improves the yield
of transbronchial biopsy when performed sequentially and
reviewed using a multidisciplinary approach (110).

Early reports of TBLC were concerning for a high risk
of both bleeding and pneumothorax. In one of the largest
systematic reviews to-date, the frequency of moderate to
severe bleeding ranged from 0% to 78% (pooled estimate
39%; 95% CI, 3-76), while that of pneumothorax ranged
from 0% to 24.9% (pooled estimate 12%; 95% CI, 3-21)
(107,111). In a retrospective analysis of 447 cases with ILD
that could not be diagnosed noninvasively (possible UIP or
inconsistent with UIP), 150 patients underwent SLB and
297 underwent TBLC (111). Pneumothorax was the most
common complication in TBLC (20.2%). Median time of
hospitalization was significantly less in TBLC (2.6 vs. 6.1 days;
P<0.0001), and so was mortality due to adverse events
(0.3% wvs. 2.7%; P=0.045). No severe bleeding was observed.
TBLC was diagnostic for 82.8% of patients and SLB for
98.7% (P=0.013). The same group performed a meta-
analysis of 15 investigations (781 patients) which revealed
a diagnostic yield of 0.81 (0.75-0.87). In the same article,
the pooled probability of developing a pneumothorax
(994 patients) was 0.06 (95% CI, 0.02-0.11), while that of
bleeding (383 patients) was 0.12 (95% CI, 0.02-0.25).

In a recent report, DiBardino et 4/. described a series of
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25 consecutive TBLC marred with a high rate of
complications: 6 patients (24%), including 3 (12%) who
suffered severe bleeding, 2 (8%) an iatrogenic pneumothorax
and 1 (4%) hypercapnic respiratory failure (112). However,
the authors performed TBLC admittedly without a strict
protocol. Twenty-one patients underwent the procedure via
a laryngeal mask airway which could limit bleeding control,
while fluoroscopy was used in only 10 cases which could
limit visualization of the probe in respect to the pleura. This
report rather indicates the need for adequate planning prior
to performing TBLC and anticipation of complications,
thus highlighting the need to be proactive in implementing
an adequate protocol and the caution to employ proper
safeguards.

In an interim analysis of an ongoing prospective trial,
SLB was deemed unnecessary following TBLC (113).
Bleeding rate was 78%, pneumothorax 22%, while
30-day mortality was 0.7% when compared to SLB (3.3%).
The prophylactic deployment of a Fogarty balloon (or a
bronchial blocker) after retracting the cryobiopsy sample
may prevent severe hemorrhage, a technical approach
growing in popularity.

In most reports, and on average, cryobiopsy sample size
varies in diameter from 9.2 mm (range, 2-20 mm; SD 3.9) (114)
to 14.7 (=11 mm) (115). The median number of samples
varies by reports (typically from two to six), but is usually
less than that of traditional forceps biopsies, with larger
sample size and higher yield (109). In a perspectives
pathology article, a review of various studies showed that
TBLC offers a mean specimen diameter between 4 and
9 mm, and an area between 9 and 64.2 mm’. The same
study reported yields ranging from 70% to 95%, with a
risk of pneumothorax ranging from 2.6% to 33%, and that
of significant bleeding from 1.4% to 56%. Although they
found the emerging data encouraging, the pathologists
concluded that further study is needed before determining
whether TBLC is en route to replace SLB (116).

Cryobiopsy has been shown to be sufficient for
the diagnosis of UIP (117), NSIP (110), constrictive
bronchiolitis (118), desquamative interstitial pneumonia (119),
HP (111), RBILD (110), organizing pneumonia (108),
diffuse alveolar damage (108), sarcoidosis (109), drug
toxicity (109) and others (eosinophilic pneumonia, PAP,
amyloidosis, follicular bronchiolitis, PLCH) (108,111). The
individual yield for each entity remains to be determined.

Therefore, when compared to traditional SLB,
transbronchial cryobiopsy offers a comparable—and
at times higher—yield (particularly in the setting of a
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multidisciplinary discussion), with a shorter hospitalization
duration, a lesser risk of adverse events and mortality
from such events, at a lower cost (120). When compared
to forceps biopsy, it offers larger specimens, a higher
diagnostic yield and less artifact (109,121). The most
likely benefit appears to be a decreased need for SLB to
diagnose IPE, and the added assurance to a multidisciplinary
approach to diagnosis (122). There cent development of a
novel sheath cryobiopsy may prevent the need to remove
the bronchoscope in its entirety after each specimen
retrieval (123), a technique that remains to be vindicated
in-vivo (124). Since most of the currently available data
is retrospective in nature, and the standardization process
is still underway, the role of TBLC in the diagnosis of
ILD remains subject to expansion and significant future
development, even as technical advances might limit
the frequency of complications, mainly hemorrhage
and pneumothorax. For the time being, given lack of
standardization of cryobiopsy technique, the variable rate
of complications and yield, it seems prudent that TBLC be
performed by experienced bronchoscopists at a high volume
center with a clear protocol, competent staff and advanced

preparedness for possible complications and the remedy
thereof.

The role of endobronchial ultrasound

Endobronchial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA) typically serves to evaluate
enlarged mediastinal and hilar lymph nodes (20). It is mainly
used in the diagnosis, staging, and restaging of patients
with suspected or known non-small cell lung cancer (21).
The clinical utility of EBUS-TBNA in the diagnosis
of lymphoma remains controversial despite recent data
suggesting high sensitivity (89%) and specificity (97%) (125).
In sarcoidosis, conventional or EBUS-guided TBNA has
a great diagnostic value, especially when combined with
endobronchial and transbronchial biopsies (22,92,126-128).
When compared to standard TBNA, EBUS-TBNA had a
better yield in the diagnosis of sarcoidosis (129). Moreover,
EBUS-TBNA with rapid on site evaluation may obviate
the need to perform unnecessary TBB, while maintaining
a high diagnostic yield for sarcoidosis (130). EBUS-TBNA
may play a minor role as well in the diagnosis of fungal
and mycobacterial infections (129,131). Endobronchial
ultrasound using the radial probe has no defined role
yet in the workup of ILD. Only recently, a small case
series suggested that the use of radial ultrasound to guide
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transbronchial cryobiopsy may lead to a decrease in the risk
of major bleeding (132).

Conclusions

ILDs remain some of the most challenging medical
conditions, both to diagnose and to treat. A multidisciplinary
approach carries the highest promise, particularly when
coupled with proper pathology. Without a correct diagnosis,
prognosis may be quite inaccurate, and curative therapy
might not be administered. Therefore, differentiating
between the various ILDs is paramount and ever warranted.
And bronchoscopy remains one of the less invasive and
more prime approaches for such an end.

As we have seen, bronchoscopic techniques emerged
and progressed in the span of a few decades. Their growth
has been exponential, their safety has been improving,
and their use has been expanding. While their role in
diagnosing ILDs varies from one technique to another, and
one disease to the next, the latest advances in cryobiopsy
appear to carry great promise. With early reports raising
concerns for high rates of pneumothorax and bleeding, the
improving performance and increasing yield compared to
transbronchial and SLB in the span of a few years, might
herald a safe, less costly and higher yield alternative for
the diagnosis of ILDs—even fibrosing types—in our own
lifecime. If the recent past has carried such excitement, the
future can only hold promises.
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