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Abstract: Interstitial lung disease (ILD) is a group of diffuse parenchymal disorders, which
are diagnosed in many cases by multidisciplinary discussion (MDD). In some cases, di-
agnosis can be challenging, and the addition of histopathology can increase diagnostic
confidence. The tools to obtain a histopathological sample to diagnose ILD are expanding.
In this review, we will discuss the various modalities, their sensitivities and specificities,
and procedural complication rates. In this review, we conducted a comprehensive review
of literature focusing on emerging and established diagnostic tools for ILD. A systematic
search of peer-reviewed publications was performed using PubMed with a focus on clini-
cal trials, retrospective and prospective cohort studies, and systematic reviews. The key
diagnostic modalities in focus were genomic classifier (GC), transbronchial cryobiopsy
(TBLC), surgical lung biopsy (SLB), endobronchial ultrasound cryobiopsy (EBUS-C), ge-
netic testing, and speckled transthoracic echocardiography (STE). Data extracted from these
studies focused on diagnostic yield, specificity, sensitivity, and procedural complication
rate. Genomic classifier, a gene-based molecular diagnostic tool, has a high specificity for
histological usual interstitial pneumonia (UIP). However, in cases of a negative result, it
often results in a need for further invasive sampling by TBLC or SLB. TBLC results in a
larger histological sample, which can increase diagnostic yield and increase diagnostic con-
fidence at MDD. Recent prospective trials have compared this modality with SLB and found
63–77% interobserver agreement between pathologists. SLB remains the gold standard
with diagnostic yields reported to be more than 90%. EBUS-C has shown promising results
increasing diagnostic yield in patients with suspected sarcoidosis or lymphoma. All diag-
nostic modalities have procedural complications with most common being pneumothorax,
bleeding and, rarely, death. Advancements in diagnostic tools for interstitial lung disease
(ILD) have significantly improved accuracy. Even though surgical lung biopsy remains the
gold standard, the alternative modalities are promising and provide a promising yield with
a lower procedural risk.

Keywords: interstitial lung diseases; biopsy; diagnosis

1. Introduction
Interstitial lung disease (ILD) is a heterogenous group of diffuse parenchymal lung

disorders with varying treatment responses and survival rates [1]. In most cases, the
diagnosis is idiopathic pulmonary fibrosis (IPF), for which the mainstay of treatment is
anti-fibrotic therapy [1–3]. Immunosuppression in IPF can lead to harm [4]. In other cases,
such as hypersensitivity pneumonitis (HP) and sarcoidosis, removal of the offending agent
(in HP) and immunosuppression are helpful [5,6]. Similarly, in connective tissue disease-
associated ILD (CTD-ILD), the primary treatment is immunosuppression with or without
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anti-fibrotic therapy [2,3,7,8]. Therefore, an accurate diagnosis is key because it can have
treatment and prognostic implications.

Most cases of ILD can be diagnosed with high confidence by a multidisciplinary
discussion (MDD), involving clinical and radiological data [1,9]. When discussing a case
with other pulmonologists and thoracic radiologists at the MDD before a lung biopsy is
performed, for example, a consensus of a probable usual interstitial pneumonia (UIP) pat-
tern and IPF could be reached with high confidence, avoiding unnecessary procedures [10].
However, in 10–40% of newly diagnosed ILD, the addition of histopathology, by a lung
biopsy, may be needed to establish a diagnosis and/or improve diagnostic confidence [9].
In those cases, the MDD could assist in choosing the best diagnostic modality. For example,
if non-specific interstitial pneumonia (NSIP) is in the differential, the MDD may recommend
a surgical lung biopsy (SLB) over a transbronchial lung cryobiopsy (TBLC).

In IPF, a clinical likelihood assessment can be made based on certain risk factors, such
as older age (>60 years of age), male sex, current or former tobacco smoking history, or
Velcro crackles on auscultation (Figure 1) [11]. If these risk factors are present, it increases
the pre-test clinical probability of IPF. On the other hand, exposure to antigens implicated
with HP, the presence of autoimmune features, and acute/sub-acute onset decreases the
pre-test clinical probability of IPF [11]. Clinicians can use these data to classify patients
into a high (70–100%), intermediate (30–70%), or low (0–30%) pre-test clinical probability of
IPF [11]. However, these clinical probability models have to be used with caution, since
some features could be present in many different ILDs. For example, an UIP pattern can be
seen in CTD patients. Prospective studies are needed to validate these models.
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The radiographic assessment of UIP in high-resolution computed tomography (HRCT)
should classify patients into one of the four categories: UIP (presence of basilar and pe-
ripheral reticulations, honeycombing with or without traction bronchiectasis), probable
UIP (presence of basilar and peripheral reticulations, traction bronchiectasis without hon-
eycombing), indeterminate for UIP (diffuse fibrosis distribution that do not suggest any
specific etiology), or HRCT suggesting an alternative diagnosis (with features including
presence of ground glass changes, cysts, consolidations, nodules). In a high pre-test clinical
probability of UIP, radiographic patterns consistent with UIP or probable UIP are suggestive
of IPF without a need for biopsy (Figure 2). In an intermediate pre-test clinical probability
of IPF, an HRCT pattern consistent with UIP can be used to confirm a diagnosis of IPF
without a need for biopsy. In all other cases, a biopsy may be needed for better assessment.

J. Clin. Med. 2025, 14, x FOR PEER REVIEW 3 of 14 
 

 

The radiographic assessment of UIP in high-resolution computed tomography 
(HRCT) should classify patients into one of the four categories: UIP (presence of basilar 
and peripheral reticulations, honeycombing with or without traction bronchiectasis), 
probable UIP (presence of basilar and peripheral reticulations, traction bronchiectasis 
without honeycombing), indeterminate for UIP (diffuse fibrosis distribution that do not 
suggest any specific etiology), or HRCT suggesting an alternative diagnosis (with features 
including presence of ground glass changes, cysts, consolidations, nodules). In a high pre-
test clinical probability of UIP, radiographic patterns consistent with UIP or probable UIP 
are suggestive of IPF without a need for biopsy (Figure 2). In an intermediate pre-test 
clinical probability of IPF, an HRCT pattern consistent with UIP can be used to confirm a 
diagnosis of IPF without a need for biopsy. In all other cases, a biopsy may be needed for 
better assessment. 

 

Figure 2. Probability of non-invasive diagnosis of IPF based on clinical diagnosis and radiographic 
data [11]. Legend. HRCT, high-resolution computed tomography; UIP, usual interstitial pneumo-
nia; IPF, idiopathic pulmonary fibrosis. Reprinted with permission of the American Thoracic Society. 
Copyright C 2025 American Thoracic Society. All rights reserved. 

The decision to pursue biopsy in these undifferentiated cases of ILD should be 
weighed against the patient’s risk of procedural complications and should be considered 
if the biopsy is going to result in a change in clinical management: for example, differen-
tiating fibrotic-HP from IPF or CTD-ILD from IPF [12]. These forms of fibrotic ILDs can 
present with a progressive fibrosis phenotype, for which a biopsy is essential to exclude 
IPF from the other types (such as HP or CTD-ILD) because treatment is going to be vastly 
different [12,13], In other cases of undifferentiated ILD, atypical radiological patterns, 
such as extensive consolidation, ground glass changes, cysts, and nodules may require a 
histopathological assessment if no clear etiology has been identified on clinical or radio-
logical evaluation [14]. Furthermore, the presence of histological UIP on histopathology 
has been shown to have a progressive phenotype and is likely to result in adverse out-
comes [15]. Hence, in these scenarios, having histopathology can also help in the 

Figure 2. Probability of non-invasive diagnosis of IPF based on clinical diagnosis and radiographic
data [11]. Legend. HRCT, high-resolution computed tomography; UIP, usual interstitial pneumonia;
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Copyright C 2025 American Thoracic Society. All rights reserved.

The decision to pursue biopsy in these undifferentiated cases of ILD should be weighed
against the patient’s risk of procedural complications and should be considered if the biopsy
is going to result in a change in clinical management: for example, differentiating fibrotic-
HP from IPF or CTD-ILD from IPF [12]. These forms of fibrotic ILDs can present with a
progressive fibrosis phenotype, for which a biopsy is essential to exclude IPF from the other
types (such as HP or CTD-ILD) because treatment is going to be vastly different [12,13],
In other cases of undifferentiated ILD, atypical radiological patterns, such as extensive
consolidation, ground glass changes, cysts, and nodules may require a histopathological
assessment if no clear etiology has been identified on clinical or radiological evaluation [14].
Furthermore, the presence of histological UIP on histopathology has been shown to have
a progressive phenotype and is likely to result in adverse outcomes [15]. Hence, in these
scenarios, having histopathology can also help in the prognostication of ILD. In the past,
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SLB was the preferred method for histopathological diagnosis [16–18]. With the advent
of newer and less invasive methods, such as genomic classifier (GC) and TBLC, pulmo-
nologists have a wide range of newer tools available. Despite the availability of newer
modalities, there is a lack of guidance on what modality to use for clinical situations. In this
chapter, we will discuss the tools available for diagnosing ILD, their use in clinical practice,
their sensitivity, specificity, and procedural complication rates. Table 1 shows a summary
of the pros and cons of the modalities discussed herein.

Table 1. Pros and cons of diagnostic tools.

Diagnostic Tool Pros Cons

GC • Good specificity for UIP (around 90%)
• Lower risk compared to TBLC or SLB

• Availability indefinitely on hold by
manufacturer

• Poor sensitivity for UIP, so many
false-negative tests

• It cannot differentiate different causes of UIP
(e.g., IPF versus HP versus CTD-ILD)

TBLC • Good diagnostic yield (around 80%)
• Lower risk compared to SLB

• Learning curve exists
• Higher risk compared to TBB/GC
• Conflicting data in its ability to differentiate

UIP from fibrotic HP
• Conflicting data in its ability to diagnose NSIP
• Patient may still require an SLB if TBLC is

nondiagnostic

SLB • Highest diagnostic yield (>90%) • Highest risk

Genetic testing

• May help diagnose FPF
• Noninvasive test
• May help identify patients who should

not be on immunosuppression

• Variable coverage by insurance companies
• It cannot diagnose specific patterns, since

both TRG and SRG mutations can cause
different patterns

EBUS-C

• Diagnostic yield for sarcoidosis
probably higher than with
EBUS-TBNA

• Diagnostic yield for lymphoma or
uncommon tumors is higher than with
EBUS-TBNA

• Learning curve exists
• Increase in procedure time
• Futile in most patients with suspected

sarcoidosis

Legend. GC, genomic classifier; TBLC, transbronchial lung cryobiopsy; SLB, surgical lung biopsy; EBUS-C,
endobronchial ultrasound-guided cryobiopsy; UIP, usual interstitial pneumonia; FPF, familial pulmonary fibrosis;
TBNA, transbronchial needle aspiration; IPF, idiopathic pulmonary fibrosis; HP, hypersensitivity pneumonitis;
CTD-ILD, connective tissue disease-related interstitial lung disease; TBB, transbronchial biopsy; NSIP, non-specific
interstitial pneumonia; TRG, telomere-related genes; SRG, surfactant-related genes.

2. Genomic Classifier
The reliable identification of UIP in conventional transbronchial forceps biopsies (TBB)

has been challenging due to an inadequate sampling of alveoli and lung parenchyma [19].
In retrospective studies, the overall yield has been variable and reported to be less than
10% by some, while others have reported a yield of 30–43% [20–22]. Given the poor yield
of conventional TBB, Parkantz et al. described the addition of a machine-learning method-
ology with TBB to train an algorithm to differentiate UIP from non-UIP [23]. This was the
Envisia Genomic Classifier (Veracyte, San Francisco, CA, USA), which is a gene expression
based molecular diagnostic tool, which utilizes RNA sequencing to detect molecular UIP
gene expression signature [23,24]. The output is a binary result, UIP or non-UIP.
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The initial study by Parkantz et al. described a test specificity of 86% and sensitivity
of 63% [23]. In a prospective study by Raghu et al., the classifier identified UIP in TBB
samples in 49 patients with 88% specificity and 70% sensitivity [24]. Among these patients,
42 had possible or indeterminate UIP patterns on HRCT. The GC also increased diagnostic
confidence, especially in cases where the histopathology was non-diagnostic [24]. Similarly,
Richeldi et al. showed a sensitivity and specificity of 60% and 92%, respectively [25]. When
used in conjunction with HRCT patterns of UIP, the sensitivity of the test improved to
79% [25]. Pooling data from all prior studies on genomic classifier, a meta-analysis reported
a combined sensitivity of 68% and specificity of 92% [26].

Given the high specificity of the test, the results can be useful in cases of probable
and/or indeterminate UIP pattern by HRCT, where the diagnostic confidence of IPF is low
in MDD settings. In a study, the addition of GC increased diagnostic confidence for IPF
from 30% to 69% [27,28]. The concurrent increase in IPF diagnosis led to an increase in
recommendation of antifibrotic from 10% to 46% in this cohort [27,28]. Therefore, it reduces
the need for further invasive sampling by TBLC or SLB. The use of a genomic classifier can
also enhance understanding regarding prognostication and disease progression for ILD, as
shown by Chaudhry et al. [13]. A positive GC result of UIP was significantly associated
with a higher risk of progression and annual FVC decline [13]. This finding may influence
the decision to pursue antifibrotics as a management strategy. Hence, the role of GC is
expandable beyond diagnostic data and applicable to management as well. Furthermore, it
can also be utilized in limited resource centers without access to ILD experts.

However, the test has a low sensitivity, and false negatives are common. Hence, in
cases where the GC results are a non-UIP result, it will likely result in a need for a more
invasive sampling by TBLC or SLB.

The complication rate from GC is related to the risk of conventional TBB. The main
complications are bleeding and pneumothorax. In general, the risk of pneumothorax is
5% [12,29]. However, in pulmonary fibrosis with resting hypoxia and severe reduction
in DLCO, the risk can be increased to 7% [30]. The risk of major bleeding requiring a
balloon placement, causing hemodynamic or respiratory disturbance, or termination of
the procedure, is between 1 and 3% [29,31]. The rates of these complications are still
considerably lower than those of TBLC and SLB.

In summary, the GC has a high specificity for histological UIP, which has a high
predictive value for IPF. However, caution must be exercised in interpretation of a GC
positive UIP result because non-IPF ILDs, such as fibrotic HP and CTD-ILD, can have a
histological UIP pattern. Most importantly, a GC negative UIP result does not rule out UIP
due to its low sensitivity and high chance of a false negative test result.

3. Transbronchial Cryobiopsy
Transbronchial cryobiopsy has been increasingly utilized as an alternative diagnostic

technique across many centers. Cryoprobes utilize cooling agents (e.g., carbon dioxide
or nitric oxide) under high pressure, which leads to gaseous expansion and to the pul-
monary tissue adhering to the cold probe tip. This results in a larger sample available for
histopathological analysis than the one obtained through conventional TBB. The initial
meta-analysis reported a diagnostic yield of TBLC ranging from 70% to 84% as compared
to SLB’s yield of >90% [32–34]. However, these studies were mainly retrospective, and
some were prospective cohort studies without a direct comparison to SLB. Romagnoli et al.
attempted a direct comparison study between TBLC and SLB in the CryoPID study and
showed a poor interobserver agreement of 38% (kappa 0.22) [35]. However, this study was
underpowered with a small sample size (N = 21) and utilized only one pathologist for
histopathology review.
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The COLDICE study was a prospective cohort study with sequential TBLC and SLB for
histopathological and MDD agreement [36]. The pathologists were blinded to the clinical
and radiographic data, which was followed by discussion at MDD regarding the final
diagnosis. Histopathological agreement was 71% (kappa 0.7) and diagnostic agreement at
MDD was 77% (kappa 0.62) with a high degree of concordance [36]. For TBLC with high or
definitive confidence at MDD, there was a 95% concordance with SLB [36]. In cases with
low confidence or non-diagnostic TBLC, SLB helped inform decisions in 23% of cases [36].
The predominant diagnosis at MDD was IPF, which was followed by HP [36].

The COLD study was the first randomized-controlled trial comparing TBLC and
SLB. It compared a step-up strategy, TBLC followed by SLB, with an immediate SLB for
diagnosis of ILD after MDD discussion [37]. The diagnostic yield of TBLC was 82% [37].
TBLC was inconclusive in 11% (3/28) of cases, necessitating SLB for diagnosis [37]. The
overall histopathological agreement between pathologists for the lung biopsies was 63%
(kappa 0.53), being 61% in the step-up strategy (kappa 0·53) and 65% in the immediate
SLB group (kappa 0.51) [37]. Predominant diagnoses were HP and idiopathic non-specific
interstitial pneumonia (NSIP) [37].

The CAN-ICE study looked at the interobserver agreement between TBLC and SLB
within and between academic centers in The Netherlands [38]. They showed a moderate
agreement between TBLC-MDD and SLB-MDD with 62% of concordance (kappa 0.46).
Discordance in MDD was related to the TBLC diagnosis of IPF, which was classified as HP
on SLB. TBLC was also likely to yield more unclassifiable ILD. Between-center agreement
was better for SLB (kappa 0.71) than TBLC (kappa 0.29).

The use of TBLC and GC has been investigated by a prospective study, which showed
that the addition of GC to TBLC increased diagnostic confidence in MDD for probable UIP
pattern and diagnosis of IPF [39]. The diagnostic confidence of IPF increased from 31% to
92% after the addition of GC to TBLC [39]. However, for indeterminate patterns of UIP, the
addition of GC to TBLC made no significant difference in diagnostic confidence. In these
cases, TBLC by itself helped increase diagnostic confidence in MDD [39]. Hence, in cases
with a radiographic patten of probable UIP, the addition of GC to TBLC can help increase
diagnostic confidence, especially in cases of non-diagnostic histopathology.

The decision to pursue a TBLC depends on a variety of factors. First, is the institution
comfortable with the procedure both from procedural (given potential complications)
and pathology expertise (due to its lower sample size compared to SLB) standpoints?
Second, can it be determined based on the differential diagnoses being considered, such
as NSIP, HP, cystic lung diseases or an indeterminate pattern for UIP [14]? Third, patients
who are likely to be poor SLB candidates (due to respiratory disease or comorbidities)
can benefit from TBLC [14]. The European respiratory society recommends TBLC as the
first step for obtaining a histopathological sample in undifferentiated ILD [14].

Major complications associated with TBLC are major airway bleeding and pneu-
mothorax. Based on pooled data from meta-analyses, the risk of pneumothorax from
the procedure requiring a chest tube is 5.6% [10,36–38,40]. In cases requiring chest tube
drainage for pneumothorax, the chest tube is usually removed within 24 h. Compared to
SLB, the duration of chest tube placement is shorter, the hospital stay is shorter, and the
infection risk is lower in TBLC [10,37,38].

Unfortunately, due to the lack of standardization of grades of airway bleeding dur-
ing and post-procedure, the complication rates are variable for airway bleeding. Mod-
erate bleeding requiring bronchoscopic intervention with the instillation of cold saline
and/or reinflation of balloon is reported to be between 22 and 36% [36–38]. Severe air-
way bleeding requiring reintubation, bronchial blocker, angioembolization or procedural
abortion was a rare event in these studies and has been reported to be 1.6% based on meta-
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analyses [36–38,40]. However, in one study, severe airway bleeding requiring reintubation
and bronchial blocker placement was reported to be around 12% [10]. Mortality from TBLC
has been estimated to be 0.4% [39].

4. Surgical Lung Biopsy
Surgical lung biopsy remains the reference standard for the diagnosis of ILD. The

most common technique is video-assisted thoracoscopy (VATS) with diagnostic yields
reported to be around 95% [41]. However, the decision to pursue a VATS for a diagnosis is
a complicated one, considering the morbidity and mortality of the procedure.

In-hospital mortality after SLB has been reported to be 1.7% for elective proce-
dures across 10-year studies (from 1990s to 2000s) in the United States and United King-
dom [16,42]. The 30-day and 90-day mortality for the procedure can approach 2.4% and
3.9%, respectively [16,43]. For non-elective procedures, the in-hospital mortality rates are
considerably higher with estimates of around 16% [42]. Certain patient factors, such as
advanced age, higher Charleston comorbidity scores and pre-operative respiratory failure,
have been associated with increased risk of mortality after VATS [16,42–44].

A recent study from the United States looked at cases between 2012 and 2019, and
it did not report any mortality for elective procedures after VATS [45]. For patients who
were hospitalized, post-operative mortality was 10% [45]. Similarly, a prospective study
from France did not report any post-operative mortality for patients undergoing elective
VATS [18]. The lower rates of mortality, as compared to earlier studies, can be attributed
toward refined surgical techniques and patient selection criteria [18].

The clinical decision to pursue an SLB should be based on patient risk factors, such as
age, comorbidities, the physiological severity of ILD, and baseline hypoxemia. It is also
dependent on a clinical center’s diagnostic yield from TBLC. The decision to pursue an SLB
may further be enforced if a TBLC is inconclusive and the addition of histopathology to a
case will influence management decisions. Morbidity after VATS is common and has been
reported as bleeding, pneumothorax, infection and prolonged hospitalization [17,42,45,46].
The rate of recurrent or persistent pneumothorax is 5.5% [40]. The risk of empyema
or pneumothorax is 2.1% [40]. The risk of 30-day mortality is 1.7% [40]. Morbidity is
lower for elective procedures as opposed to the hospitalized cohort. However, morbidity
rates, such as acute exacerbation of ILD (6.1%), persistent air leak (5.9%), respiratory
infection (6.5%), and delayed wound healing (3.3%) are higher than those for transbronchial
cryobiopsy [12,47].

In summary, SLB remains the reference standard for ILD diagnosis. Given the relatively
high risk of complications from the procedure, a thorough review of patient factors, such
as age, comorbidities, along with the nature of the procedure (elective vs. emergent) and
use of an MDD discussion, should be considered.

5. Genetic Testing
Genetic predisposition to pulmonary fibrosis has been confirmed by the discovery

of several key gene mutations [48–50]. Monogenic mutations, such as genes involved in
telomere or surfactant hemostasis, namely telomere-related genes (TRGs) or surfactant-
related genes (SRGs), have been identified in familial pulmonary fibrosis (FPF) [48,50].

Mutations in TRG are associated with pathological chromosomal shortening, which
results in pulmonary and extra-pulmonary manifestations. The prototypical manifestation
of a homozygous TRG mutation is dyskeratosis congenita, which is associated with ab-
normal skin pigmentation, oral leukoplakia, nail dystrophy and bone marrow failure [51].
In heterozygous TRG mutations, predominantly found in adults, extra-pulmonary ab-
normalities involving the hematological and hepatic systems are common [48–50]. It can
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also be associated with the premature graying of hair. Pulmonary fibrosis subtypes in
TRG mutations include IPF, NSIP, fibrotic HP, and CTD-ILD [52]. Mutations in TRG are
associated with poor outcomes in IPF and in lung transplantation. Apart from progno-
sis, treatment with immunosuppression for pulmonary fibrosis in TRG is associated with
adverse outcomes [49].

Mutations in SRG are associated with various radiographic and histological vari-
ants, namely UIP, NSIP and desquamative interstitial pneumonia [50]. Since surfactant
production is limited to the lungs, these mutations do not cause extra-pulmonary man-
ifestations; however, they are associated with increased risk of lung cancer, especially
adenocarcinoma [53].

Genomics-based testing options include genetic testing and telomere length measure-
ment. Testing for the telomere length of peripheral leukocytes and reporting as age-adjusted
values is one of the tools available [49]. Mutations in TRG may present with short telomere
length, which is usually less than that in the 25th percentile [54]. However, some muta-
tion variants in TRG present with normal telomere length, which does not rule out the
disorder [54]. In these cases, genomic sequencing, by whole genome, whole exon or panel
sequencing, for previously recognized high-risk genes can give valuable information [50].
For SRG mutations, genomic sequencing is the only way to test [55].

Single nucleotide polymorphisms (SNPs) have also been identified in fibrotic ILD
patients. The most studied is the MUC5B promoter gene rs35705950, which has been found
in patients with IPF, FPF, rheumatoid arthritis (RA)-ILD, and fibrotic HP [48]. MUC5B pro-
moter variant identified in IPF is associated with better survival and slower progression [56].
It is not associated with better survival in familial or early-onset fibrosis [49,56].

Unfortunately, there is no consensus on when to test individuals for TRG and SRG mu-
tations. In patients with a clinical suspicion, the European Respiratory Society recommends
testing if fibrosing ILD is detected before the age of 50, when a first- or second degree
relative has fibrotic ILD, or in any patient with a relative carrying a known pathogenic
variant [49]. Treatment of these pathogenic variants includes anti-fibrotic therapy and/or
early referral for lung transplantation [50].

6. Endobronchial Ultrasound-Guided Cryobiopsy
In one specific ILD, sarcoidosis, a biopsy of thoracic lymph nodes may be enough to

confirm its diagnosis. Endobronchial ultrasound-guided cryobiopsy (EBUS-C) is a recent
innovation that can potentially increase the diagnostic yield of lymph node biopsies in
suspected sarcoidosis patients.

This has been demonstrated by a retrospective Italian cohort that included 48 patients
who had both EBUS-C and EBUS-transbronchial needle aspiration (TBNA) in the same
procedure for mediastinal or hilar lesions. For sarcoidosis, the diagnostic yield of EBUS-C
was higher than that of EBUS-TBNA (93% versus 79%, respectively) [57]. Those findings
were corroborated by a larger prospective European cohort that included 137 patients with
mediastinal or hilar lesions. In that study, the diagnostic yield for sarcoidosis of EBUS-C was
also higher than that of EBUS-TBNA (93% versus 41%, respectively). Importantly, EBUS-C
also had a higher diagnostic yield for “uncommon tumors” including lymphoma [58].

In a separate prospective Spanish cohort, however, different results were demonstrated.
Fifty patients with mediastinal and hilar lesions were included in that study, and both EBUS-
C and EBUS-TBNA identified all six patients with sarcoidosis. The overall diagnostic yield,
however, was higher for EBUS-C compared to EBUS-TBNA (96% versus 82%, respectively),
which was driven by lymphoma and other malignancies [59].

When applying these data to patient care, we also suggest that clinicians consider the
pre-test probability of sarcoidosis before the bronchoscopy. If the pre-test probability is
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high, with a typical pattern of thoracic adenopathy, EBUS-TBNA is probably enough to
achieve an accurate diagnosis of sarcoidosis. In atypical cases, especially when lymphoma
is being suspected, EBUS-C is a reasonable option and should be considered.

7. Speckled Transthoracic Echocardiography
The right ventricle (RV) can face an increase in afterload in patients with fibrotic

ILD due to hypoxemic vasoconstriction and architectural destruction, which can lead to
reduction in RV function and lead to RV–arterial uncoupling [60]. The use of speckle
tracking echocardiography (STE) to analyze global myocardial strain has been studied to
prognosticate patients with fibrotic ILD [61–63].

Using parameters, such as RV global longitudinal strain (RV GLS) and lateral wall
longitudinal strain (LWLS), earlier signs of RV dysfunction can be detected in patients with
early IPF [62]. These parameters are available using speckle tracking echocardiography
(STE). The change in these parameters becomes pronounced on exercise in patients with
IPF as compared to patients without fibrotic interstitial lung disease [62]. Parameters of
standard echocardiography, such as tricuspid annular plane systolic excursion (TAPSE)
and RV tissue doppler velocity (TD), are not sensitive enough to detect signs of early RV
dysfunction [62].

Another study used RV function metrics, such as the ratio of tricuspid annular plane
systolic excursion (TAPSE) or RV global longitudinal strain (GLS) to the systolic pulmonary
arterial pressure (sPAP), to assess RV–arterial coupling. The study found that the RV
GLS/sPAP is a reliable non-invasive parameter of RV–arterial uncoupling and is associated
with worse outcomes in patients with fibrotic ILD [61]. Among patients with fibrotic ILD
with RV–arterial uncoupling, patients with IPF tend to have the poorest prognosis. Among
patients with IPF, left ventricular (LV) diastolic dysfunction was common, which was
commonly assessed by using LV global longitudinal strain [63].

Hence, STE has a role in patients with fibrotic ILD, particularly IPF, in looking for signs
of RV–arterial uncoupling, which can help prognosticate these patients for the clinicians.

8. Putting Everything Together
With so many tools available to diagnose ILD, the decision-making process may be

overwhelming for both clinicians and patients. A simple approach is to decide how high
the pre-test probability of the leading diagnosis is, and what are the differential diagnoses
in each case. Depending on those two variables, the diagnostic pathway will lead clinicians
and patients to different decisions. For example, in a patient with a high pre-test probability
of IPF (no clinical features of alternative diseases) and a UIP pattern on HRCT, no biopsy is
needed. In a patient with highly suspected fibrotic HP and an obvious antigen exposure,
either imaging alone or a bronchoalveolar lavage with lymphocytosis may be enough
to establish a confident diagnosis. In a patient with suspected organizing pneumonia, a
conventional forceps TBB may easily yield the correct diagnosis. The fact that we can use all
of those tools does not mean that we have to. However, if the pre-test probably is not high
enough for any disease, and the differential diagnoses are many, the use of the diagnostic
tools discussed above are certainly welcome (Figure 3).

Another important aspect is to consider patient’s values and preferences during this
process. If a patient’s goal is to achieve an accurate diagnosis as fast as possible, with
a single procedure, and he or she is willing to accept the risks, an SLB may be the best
option for that patient in most situations. On the other hand, if a patient’s goal is to avoid
procedural risks, and he or she is willing to undergo two separate procedures if needed, a
TBLC may be the best option for that patient before an SLB.
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In this review, we have a generalized assumption that GC, TBLC and SLB expertise
is available to the clinical centers. These procedures are governed by the technique of the
bronchoscopist and thoracic surgeon, which influences diagnostic yield. Hence, this is
subject to bias and may introduce variability in diagnostic results.

Finally, we must keep in mind that some degree of uncertainty may always exist in
some ILD cases, as it is inherently part of the process. Neither is the interobserver agree-
ment between thoracic radiologists perfect, nor is the interobserver agreement between
pathologists perfect as shown above. Therefore, ILD patients and caregivers need to be
comfortable with the imperfect characteristics of these tests.

9. Future Directions
There are multiple tools available for the diagnosis of ILD. Unfortunately, given the

large number of different ILDs and the recency of some of the diagnostic tools, there is no
clear or simple algorithm for which technique to perform in every diagnosis. Even though
the histological yield is higher with surgical lung biopsy, the availability of alternative tools
is promising. Further research is needed to continue to improve the way patients with ILD
are diagnosed. For example, more research is needed clarifying the use of TBLC in NSIP
or to differentiate fibrotic HP versus UIP. Additional studies are also needed to determine
the clinical utility of the GC, and more studies are needed to help clinicians decide which
suspected sarcoidosis patients need an EBUS-C versus an EBUS-TBNA. As those and other
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questions are answered with future studies, we will be able to better use these important
diagnostic tools.
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