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Abstract

Rationale: The diagnostic concordance between transbronchial
lung cryobiopsy (TBLC)—versus surgical lung biopsy (SLB) as the
current gold standard—in interstitial lung disease (ILD) cases
requiring histology remains controversial.

Objectives: To assess diagnostic concordance between TBLC and
SLB sequentially performed in the same patients, the diagnostic yield
of both techniques, and subsequent changes in multidisciplinary
assessment (MDA) decisions.

Methods: A two-center prospective study included patients with
ILD with a nondefinite usual interstitial pneumonia pattern (on high-
resolution computed tomography scan) confirmed at a first MDA.
Patients underwent TBLC immediately followed by video-assisted
thoracoscopy for SLB at the same anatomical locations. After open
reading of both sample types by local pathologists and final diagnosis
at a second MDA (MDA?2), anonymized TBLC and SLB slides were
blindly assessed by an external expert pathologist (T.V.C.). Kappa-
concordance coefficients and percentage agreement were computed

for: TBLC versus SLB, MDA2 versus TBLC, MDA2 versus SLB, and
blinded pathology versus routine pathology.

Measurements and Main Results: Twenty-one patients were
included. The median TBLC biopsy size (longest axis) was 7 mm
(interquartile range, 5-8 mm). SLB biopsy sizes averaged 46.1 =

13.8 mm. Concordance coefficients and percentage agreement were:
TBLC versus SLB: k = 0.22 (95% confidence interval [CI], 0.01-0.44),
percentage agreement = 38% (95% CI, 18-62%); MDA2 versus TBLC:
K =0.31 (95% CI, 0.06-0.56), percentage agreement = 48% (95% CI,
26-70)%; MDA?2 versus SLB: k = 0.51 (95% CI, 0.27-0.75), percentage
agreement = 62% (95% CI, 38-82%); two pneumothoraces (9.5%)
were recorded during TBLC. TBLC would have led to a different
treatment if SLB was not performed in 11 of 21 (52%) of cases.

Conclusions: Pathological results from TBLC and SLB were poorly
concordant in the assessment of ILD. SLBs were more frequently
concordant with the final diagnosis retained at MDA.

Keywords: idiopathic pulmonary fibrosis; lung histology;
bronchoscopy; multidisciplinary approach; deep sedation
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Scientific Knowledge on the
Subject: Although surgical lung
biopsy still represents the gold
standard for lung histology in

those interstitial lung disease

cases where histology is requested at
multidisciplinary assessment, several
publications suggest the alternative
option of transbronchial lung
cryobiopsy as a less-dangerous,
quasiequivalent substitute for surgical
lung biopsy. However, the concordance
between the two techniques when
performed sequentially in the same
patients has never been demonstrated.

What This Study Adds to the
Field: We demonstrate poor
concordance between the two
procedures, which has the potential to
affect therapeutic decisions. Surgical
lung biopsy was more often concordant
with the final diagnosis retained at
multidisciplinary assessment and
remains the biopsy technique of choice
when histology is required for the
differential diagnosis of diffuse

interstitial lung diseases.

The differential diagnosis of diffuse
interstitial lung diseases (ILDs) includes a
range of diseases corresponding to varying
treatment choices and to large differences in
disease prognoses. Disagreement in the final
diagnosis can impact medical decisions, and
final consensus on ILD diagnoses are
currently ideally achieved as the result of
multidisciplinary assessment (MDA) (1).
Lung histology can provide crucial
information for the diagnostic process,
especially when the combined results from
clinical, laboratory, high-resolution
computed tomography (HRCT), and,
optionally, BAL remain inconclusive. Recent
data from large randomized trials suggest
that histological information is required in at
least 30% to 40% of cases (2-4).

Surgical lung biopsy (SLB) is considered
the current gold standard for obtaining
adequate lung biopsy specimens, resulting in
a histologic diagnosis in more than 90% of
cases (5). However, because of its relative
complexity, cost, and risk of mortality
(particularly in older subjects and in patients
with significant comorbidities or severe

respiratory impairment), less than 50% of all
potential cases are eligible, and biopsy rates
have notably declined since the early 2000s
(6). Given the risks involved, the decision for
an SLB should be made individually, taking
into account the risk/benefit ratio for a given
patient, the potential impact on treatment
options, and patient preferences.

Unfortunately, endoscopic transbronchial
lung (TBL) biopsy using conventional
forceps, although less invasive, is much less
likely to be helpful for ILD diagnosis.
Because of the relatively small size of forceps
specimens (whose largest dimensions are on
the order of 1-3 mm) and the potential
limitation of crush artifacts (7), successful
diagnosis is reported in only 20% to 30% of
cases (8, 9). Consequently, empiric
management and subsequently poorer
outcomes have probably characterized
many patients presenting with an ILD
requiring an SLB in principle but ineligible
(for a variety of reasons) for this procedure.

TBL biopsy with a cryoprobe, or
cryobiopsy, is a relatively new technique that
provides larger (7-10 mm maximum
diameter) and better-preserved lung
samples than “classic” forceps-TBL
biopsies. More than two dozen case series
and several small randomized trials have
been published, with a reported diagnostic
yield of 70% to 80% and an improved safety
profile compared with SLB (10).

Although TBL cryobiopsy (TBLC) has
been presented as a valid, potentially “less-
invasive” tool for histologic ILD diagnosis,
recent guidelines do not recommend for or
against performing TBLC or SLB because
of a lack of related evidence, including
intrapopulation comparisons between the two
(11). In this same line of thought, one of the
main reported concerns is the absence of
studies directly comparing TBLC to the gold
standard procedure, the surgical lung biopsy
(10, 11), to finally validate this procedure in
the ILD diagnostic workup. The main aim of
this study was therefore to compare the
concordance between sequential TBLC and
SLB for the histologic diagnosis and MDA
diagnosis and management of ILDs in patients
without a definite usual interstitial pneumonia
(UIP) pattern on chest HRCT scan.

Methods

Study Design and Population
A prospective two-center study was
conducted in the Department of Respiratory

Diseases, Montpellier University Hospitals,
and in the Interventional Pulmonology
Unit, University S’Orsola Hospital,
Bologna, Italy. Between January 2016 and
March 2018, adult patients presenting with
clinical and radiologic features of ILDs,
according to current international consensus
criteria (9), were first consecutively
evaluated at an MDA meeting (MDA1).
If histology was indicated at MDA1,
informed consent was obtained, and patients
were prospectively included to undergo both
TBLC and SLB under video-assisted
thoracoscopy (VATS) in the same session.
Further eligibility criteria included an FVC
greater than 50% of the predicted normal
value, a DrLco greater than 35% of the
predicted normal value, and a pulmonary
systolic arterial pressure estimated by
echocardiography of less than 40 mm Hg.
Exclusion criteria included coagulopathy
(platelet count < 70,000 X 10°/L;
prothrombin time international normalized
ratio > 1.5), FEV, less than 1 L absolute
value, diffuse bullous disease at HRCT scan,
hemodynamic instability, and severe
hypoxemia (Pap, < 55 mm Hg in room air).

Clinical assessment preceding the two
procedures included data for age, sex,
smoking, environmental exposures, past
medical history, current medications,
physical examination, laboratory results,
pulmonary function values, and cardiologic
assessment. Biopsies were performed under
surgical conditions (see the online
supplement for complete procedure
details), with patients undergoing a rigid
bronchoscopy, with TBLC performed in
two different lobes (upper and lower) under
deep sedation, followed by a VATS
procedure for surgical lung biopsies in
the same lobes under general anesthesia.
After obtaining the histological results
(performed unblinded, as in routine
practice, but with both TBLC and SLB
samples available) from the local pathology
services at the respective sites (L.S. in
Montpellier, A. Cancellieri in Bologna, and
A. Cavazza in Reggio Emilia), a second
MDA (using both TBLC and SLB results)
was conducted (MDAZ2) for the final
diagnosis and treatment decisions.

After MDA2, samples from TBLCs and
SLBs were anonymized and read by an
expert pathologist (T.V.C.) who was blinded
to the preceding clinical course of events, the
pairing of TBLC and SLB samples, and the
pathological and MDA diagnoses at the
respective sites. All slide interpretations



were performed according to identical
reference criteria. Diagnoses were based on
what was considered the most likely or most
favored diagnosis solely on the basis of
histopathology, and a differential diagnosis
was not included.

The study was registered at
clinicaltrials.gov (NCT02763540) and
approved by the local independent ethics
committee in France (Comité pour la
Protection des Personnes Sud Mediterranée
I; reference number: 15 98) and by the
Ethical Committee of the S’Orsola-
Malpighi Hospital in Bologna, Italy
(Comitato Etico Indipendente dell’Azienda
Ospedaliero-Universitaria di Bologna,
Policlinico S’Orsola-Malpighi, reference
number 70/2016/0/Sper).

Analyses

Statistics were performed in the R
programming environment (12). Centrality
was described as numbers followed by
percentages for qualitative variables, means
with their SD for quantitative variables
deemed normal after a Shapiro-Wilks test,
and medians with their interquartile ranges
for other variables. Kappa-concordance
coefficients and percentage agreement
(both with their 95% confidence intervals
[CIs]) were computed for TBLC versus
SLB, MDA2 versus TBLC, MDA2 versus
SLB, as well as between blinded and routine
pathology reports. Quantitative variables
were compared between biopsy procedures
using paired ¢ tests or paired Mann-
Whitney tests, as appropriate.

Results

Description of the Population
Between January 2016 and March 2018, 62
patients with ILDs were prospectively
screened at the two participating centers in
France and Italy. Forty-one patients were
excluded, as shown in Figure 1. A total of 21
patients for whom the MDA1 indicated
that further lung histology was required
were included in the study. Of note, of the
41 screened patients with ILD with an
indication for histology during MDA, 12
did not consent; in the remaining 29, the
most common exclusionary criterion was
an autoimmune process discovered in the
meantime.

Individual patient characteristics are
given in Table 1. Dyspnea was the referring
symptom in 18 of 21 patients, whereas 3

were marginally dyspneic on exertion. Ten
patients had weak titers of untypeable
antinuclear/antineutrophil cytoplasmic
antibodies or rheumatoid factor. Chronic
cough (n =14) and crackles (n =15) were
the most frequently reported “other”
symptoms/signs. Gastroesophageal reflux
was reported in 5 of 21 patients, with the
final MDA?2 diagnosis being idiopathic
pulmonary fibrosis (IPF) in four of the
latter patients and idiopathic nonspecific
interstitial pneumonia (NSIP) in one (cases
2,9, 10, 16, and 18, respectively). The
descriptions of the corresponding HRCT
patterns are also given in Table E1 in the
online supplement. Biopsy samples were
taken in two different lobes for both
techniques. Side and lobe/segment selection
was guided by chest HRCT scan findings.

The quality of TBLC tissue samples was
judged good to excellent for most, as shown
in Table E2. A total of 97 cryobiopsies
(4.6/patient; median size [longest axis],

7 mmy; interquartile range, 5-8 mm) and 42
surgical lung biopsies (mean * SD for size:
46.1 = 13.8 mm) were performed (Table
E2). Cryobiopsies were performed in two
different lobes, aiming for different
segments within lobes, in all patients except
two, where the TBLC procedure was
performed in only one lobe (cases 1 and
18). One of the latter cases was due to
moderate bleeding fully controlled via
Fogarty balloon (case 1), and the other case
was due to a tortuous bronchial anatomy of
the upper right lobe, which did not enable
TBLC performance under safe conditions
(case 18).

62 patients screened

MDA1

41 patients were excluded:

12 patients did not give consent

9 connective tissue disease related

6 lost to follow-up after screening

4 definite UIP pattern; no need for biopsy
3 severe DL reduction; inoperable

3 severe comorbidities; inoperable

1 severe pulmonary hypertension

1 exogenous lipoid pneumonia according to
BAL

* 1 language barrier problem

¢ 1 technical problem (cryoprobe empty)

( 21 patients included ]

Same time
and locations

Routine pathology report

|

MDAZ2: final diagnosis

Secondary outcomes

[ TBLC “blind” report  J%

Primary outcome

3 SLB blind’ report ]

Figure 1. The study flowchart. Among 62 screened patients, 41 were excluded and 21 finally
included in the study. After an initial multidisciplinary assessment meeting (MDA1), transbronchial lung
cryobiopsies (TBLCs) and surgical lung biopsies (SLBs) were performed on all study participants and
their results included in a routine pathology report. A second multidisciplinary assessment meeting
(MDA2) was held to determine a final diagnosis. The primary outcome consisted in determining
concordance between blinded TBLC and SLB results as well as between each type of biopsy and the
MDA?2 final diagnosis. UIP = usual interstitial pneumonia.



Table 1. Population Characteristics

Age, yr
Sex, male
FVC% predicted
DLco% predicted
Smoking status
Never
Former
Current

Years smoking (former and current smokers only)
Pack-years (former and current smokers only)

Environmental factors
Welder
Asbestos
Extrapulmonary signs
Xerostomy
Raynaud phenomenon
Mycosis fungoides
HIV positivity
Relapsing pneumothorax
Other
GERD
Cannabis consumer
Pneumothorax
Sibling received a lung transplant
Consanguinity, thalassemia

Population (N =21)

65 (60-69)

10 (47.62)
80.05 + 18.36
52.15 + 15.87

7 (33.33)
12 (57.14)
2 (9.52)
28.65 + 12.38
31.85 + 21.26

1 (4.76)
2 (9.52)
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Definition of abbreviation: GERD = gastroesophageal reflux disease.
Descriptive statistics are presented as numbers (with percentages) for qualitative variables, mean =
SD for normally distributed (according to a Shapiro-Wilk test) variables, and median (interquartile

range) for other variables.

The median total number of samples
per procedure was five (interquartile range,
4-5; range, 2-6) for TBLC, and in all cases
two for SLB (no variation for the surgical
procedure).

Outcomes

The blinded assessment of histologic
samples by the external expert pathologist
(T.V.C.) indicated that TBLC and SLB
histologic diagnoses were fully concordant
for only 8 of 21 cases (with a percentage
agreement of 38% [95% CI, 18-62%]), with
a corresponding kappa-concordance
coefficient of 0.22 (95% CI, 0.01-0.44)
(Tables 2 and 3). For the remaining 13
cases, TBLC was not diagnostic for 4 of 21
cases (19%), despite good sample quality on
average, whereas SLB was diagnostic in all
cases. For the other nine cases (42.8%),
TBLC and SLB showed several differences
in elementary lesions and different final
patterns (Table 2, including cases 1, 2, 6, 7,
10, 14, 15, 20). In these eight cases, the
cryobiopsy diagnoses appreciably differed
from those of SLB and final MDA2
diagnoses. Although some of this
discrepancy is explainable on the basis of

overlap of histological features among
entities (organizing pneumonia and NSIP
or chronic hypersensitivity pneumonitis
versus UIP in IPF, issues known to occur
even in SLBs), the result of cryobiopsy
alone would have led to a significantly
different clinical diagnosis unless
overridden by MDA. In case 21 (chronic
lymphocytic leukemia vs. desquamative
interstitial pneumonia), there appeared to
be differential representation of lesions in
the specimens, the significance of which
could not be determined by histological
evaluation alone, regardless of specimen
type. In some cases, discrepancy was
associated with low confidence in the
histologic analysis of the samples, and the
diagnosis rendered represented what was
considered most likely from a list of several
possibilities that explain some of the
discordances. The UIP pattern was the
most frequent pattern, occurring in SLB
samples for eight cases, TBLC samples for
nine cases, and both TBLC and SLB for
only five cases (Table 2).

The kappa-concordance coefficient
with the final diagnosis at MDA2 was 0.31
(95% CI, 0.06-0.56) for TBLC (a percentage

agreement of 48% [95% CI, 26-70%]), and
0.51 (95% CI, 0.27-0.75) for SLB (a
percentage agreement of 62% [95% CI,
38-82%]) (Table 3). Representative CT
scan images and histological slide photos
together with the final MDA diagnosis for
example concordant and discordant cases
are given in Figure 2.

During MDA2, the final diagnosis was
concordant with the pathological diagnosis
in six (75%) of the eight cases where SLB and
TBLC were concordant. In the 13 cases with
discordant TBLC and SLB diagnoses, MDA2
was concordant with the TBLC diagnosis
in three cases (23%) and with the SLB
diagnosis in six (46%). In four cases, MDA2
was concordant with neither (Table 2).

Safety

The mean (*£SD) duration of the two
procedures was 33.29 * 8.22 minutes for
TBLCs versus 34.57 * 15.65 minutes for
SLBs (paired ¢ test P=0.737). The duration
between the two procedures was less than
20 minutes for achieving the following
sequence of events: rigid bronchoscope
removal, reintubation with a two-lumen
tube and test of mechanical ventilation
with/without single lung exclusion, and
installation in lateral decubitus. Only two
serious adverse events were reported
during the study, consisting of two
pneumothoraces after TBLC, found at the
VATS procedure (9.5%). The median
bleeding volume during TBLC was 35 ml
(interquartile range, 20-90 ml). Four cases
of oxygen desaturation during surgery were
observed: three for TBLC, with oxygen
saturation as measured by pulse oximetry at
85%, 75%, and 76%; and one case for SLB
with oxygen saturation as measured by
pulse oximetry at 79%.

Discussion

This prospective clinical study directly
compares the histological yield of TBLC
versus video-assisted thoracoscopy SLB for
patients with ILD requiring pathological
classification. It demonstrates that TBLC
and SLB are poorly concordant (with only
38% agreement [95% CI, 18-62%]) for
the histologic diagnosis of ILDs when

the specimens are reviewed in a blinded
fashion for histologic diagnosis only, and
that SLBs carry more weight for the final
diagnosis, as decided during MDA. To our
knowledge, this study is the first to present



Table 2. Blinded Histology and Multidisciplinary Diagnostic Results for each Patient

Diagnosis Diagnosis
Based on Based on Diagnosis Diagnosis
Blinded TBLC Blinded SLB Based on Based on

Patient Samples Samples MDA1 MDA2
1 OP Subacute HP NSIP NSIP
2 UIP CHP? NSIP IPF
3 UIP UlP Possible UIP pattern CHP
4 Nondiagnostic PLCH DIP PLCH
5 UIP uiP NSIP IPF
6 ulP CHP NSIP IPF
7 UlP NSIP No classification NSIP
8 RB-ILD RB-ILD RB-ILD RB-ILD
9 Nondiagnostic UIP NSIP IPF
10 PLCH uipP Possible UIP pattern IPF
11 NSIP NSIP Fibrotic NSIP NOS
12 ulP uiP NSIP IPF
13 Nondiagnostic ALl NSIP NOS
14 NSIP LP Sarcoidosis CVID
15 ulP NSIP NSIP NSIP
16 Nondiagnostic UIP CHP IPF
17 UIP UlP Possible UIP pattern IPF
18 NSIP NSIP Possible UIP pattern NSIP
19 UIP UIP Inconsistent UIP pattern IPF
20 RB-ILD NSIP Inconsistent UIP pattern RB-ILD
21 CLL DIP Inconsistent UIP pattern DIP

Definition of abbreviations: ALl =acute lung injury (including diffuse alveolar damage and organizing
pneumonia); CHP = chronic hypersensitivity pneumonitis; CLL = chronic lymphocytic leukemia;
CVID = common variable immune deficiency; DIP = desquamative interstitial pneumonia; HP =
hypersensitivity pneumonitis; IPF = idiopathic pulmonary fibrosis; LP = lymphoid process; MDA1 =first
multidisciplinary assessment; MDA2 = final multidisciplinary assessment; NOS = not otherwise
specified; NSIP = nonspecific interstitial pneumonia; OP = organizing pneumonia; PLCH = pulmonary
Langerhans cell histiocytosis; RB-ILD = respiratory bronchiolitis—associated interstitial lung disease;
SLB = surgical lung biopsy; TBLC = transbronchial lung cryobiopsy; UIP = usual interstitial
pneumonia.

At the end of inclusions, SLB and TBLC slides were deidentified and sent to an expert pathologist for
blinded interpretation, and a single, favored diagnosis provided. Diagnoses determined during MDA1
and then MDA2 multidisciplinary assessment meetings are also provided.

systematically paired, same-patient
comparisons of TBLC and SLB assessed by
a blinded external pathology expert. The
kappa concordance coefficient between
biopsy techniques was low (0.22; 95% CI,
0.01-0.44), indicating that TBLC cannot be

considered as a substitute for surgical lung
biopsy. Furthermore, the final diagnosis

at MDA?2 agreed more with SLB than
with TBLC results (k =0.51 [percentage
agreement, 62%] compared with k =0.31
[percentage agreement, 48%]) (Table 3),

Table 3. Percentage Agreement and Kappa-Concordance Coefficients for Diagnostic
Results after Pathological Review of Biopsy Specimens

Comparison % Agreement (95% CI) k (95% CI)
TBLC vs. SLB 38 (18-62) 0.22 (0.01-0.44)
TBLC vs. MDA2 48 (26-70) 0.31 (0.06-0.56)
SLB vs. MDA2 62 (38-82) 0.51 (0.27-0.75)

Definition of abbreviations: Cl = confidence interval; MDA2 = the final multidisciplinary assessment;
SLB = surgical lung biopsy; TBLC = transbronchial lung cryobiopsy.

Histological interpretations for TBLC and SLB specimens were performed by a blinded, external
expert. The final diagnosis was determined during MDA2.

supporting a considerable difference in the
diagnostic confidence accorded to SLB over
TBLC.

Several previous studies support TBLC
as a potentially systematic component of
diagnostic histology for ILD (13-17). The
purported advantages compared with SLB
include a relatively high percentage of
diagnostic yield combined with presumably
less surgical risk and fewer adverse events
(18, 19). Ravaglia and colleagues (16) stated
that after the establishment of a definitive
diagnosis via TBLC, “the subsequent
performance of a surgical biopsy merely
results in avoidable morbidity and
mortality, without any added diagnostic
value.” However, a growing body of
literature has challenged the previous
stance as well as the generalized confounding
between diagnostic “agreement” versus
“accuracy” present in the literature (20, 21).
The only way to truly evaluate the diagnostic
accuracy of TBLC was to perform both
TBLC and SBL on the same patients (11)
and to incorporate the findings into a
multidisciplinary discussion (18, 21-23), as
in this article.

Several elements from the literature
support the primary result of this study.
First, the diagnostic yields of TBLC lag
behind those of SLB (23). Second, in
a recent study the addition of TBLC
histology led to a change in the initial
clinical-radiologic diagnosis in 26%
of cases, compared with 36% for SLB;
simultaneously, 50% of TBLC cases
received an IPF diagnosis versus only 39%
for SLB, and interpathologist agreement
was lower for TBLC than for SLB (18). All
the latter confirm that the diagnostic yields
from TBLC and SLB samples are not
necessarily identical and that the diagnosis
of IPF is more accurately made by SLB (21).

Our reported level of agreement
between pathology reports (external blinded
reports vs. local reports) remains highly
variable, with kappa coefficient of 0.5 or
less (Table 3), highlighting room for
improvement in this domain, although this
direct comparison could be questioned
because the local pathology reports were
not blinded and the TBLCs and SLBs were
interpreted together in the local reports.
Low rates of interexpert agreement are
indeed well established in the literature
(24). One study has suggested that, as far as
TBLC is concerned, performing only one
single tissue sampling in one lobe segment
provides inferior results, as compared with
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Concordant case
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Discordant case
MDA2 concordant
with TBLC only
(P20)

Discordant case:
MDA2 concordant
with SLB only
(P15)
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Final diagnosis
at MDA 2

SLB

IPF

RB-ILD
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Figure 2. High-resolution computed tomography (HRCT), transbronchial lung cryobiopsy (TBLC),
and surgical lung biopsy (SLB) image examples for (A) a completely concordant case with all
diagnostic procedures in agreement, (B) a case of discordance between the final diagnosis
determined during a multidisciplinary assessment meeting (MDA2) and SLB, and (C) a case of
discordance between the MDA2 and TBLC. Preferred diagnoses are indicated as: IPF =idiopathic
pulmonary fibrosis; NSIP = nonspecific interstitial pneumonia; RB-ILD = respiratory bronchiolitis—
associated interstitial lung disease; UIP = usual interstitial pneumonia.

sampling at least two segments (16). As
we took specific care to systematically
cryosample in different lobes and different
segments within lobes, this concern does
not apply to our study. Variation can also
arise from biopsy location, and the more
central character of TBLC specimens might
reduce their diagnostic value (20, 21). Cases
10 and 14 provide good examples of how
tissues from the same patient can contain
different elementary lesions (or lack
thereof) that can imply different diagnoses.
The most likely explanation for persistent
lack of reproducibility of lung histology
interpretation results is that the probability
of observing known disease patterns is
linked to biopsy size and the degree of
lesion patchiness (10). In this study, we
used the largest cryoprobe size (2.4 mm)
available to maximize the cryosample
dimensions. The resulting tissue sample
sizes were comparable to other studies (17),
with samples more than 0.5 cm in diameter,
as recommended (25), and considered to be
of good quality (Table E2). It is worth
noting that our external expert pathologist
(T.V.C.) assessed fully anonymized slides.
This is artificial and far from the routine

pathological report built not only on
biopsy findings but also on clinical and
radiological information. In addition, our
protocol allowed for only one diagnosis,
irrespective of the level of confidence,
whereas in practice multiple options can be
proposed and ranked according to their
level of likelihood (and the possibilities
reassessed and discussed in MDA), and the
final MDA aims at selecting the one that
best fits clinical-radiologic observations.
Our diagnostic yield results are, finally,
mostly in line with the literature, although
higher than some reports. The cryobiopsies
were nondiagnostic in 19% of cases, versus
0% for SLB (Table 2). However, only
eight (out of 21; 38%) cases were fully
concordant between TBLC and SLB. Of
these, six were also concordant with the
conclusion of the final MDA. The three-
way (TBLC, SLB, and MDA?2) concordance
cases involved four UIP patterns, one
respiratory bronchiolitis—associated ILD
pattern, and one NSIP pattern. For the
remaining cases, the type of discordance
was variable (and case 5 could be considered
having minor discordance), but SLB was
clearly more informative than TBLC

(Table 2). For certain cases (e.g., 3, 4), just a
bit more clinical/radiological detail would
have sorted things out. Importantly, there
are clearly cases where TBLC and SLB
results correspond to different therapeutic
strategies (Table E3) and likely survival
expectations, which clearly is of great value
for the affected patients. According to the
pathology reports for anonymized slides,
TBLC would have led to a different
treatment if SLB was not performed in 11 of
21 (52%) cases (Table E3).

As concerns safety, only two cases
(out of 21) of pneumothorax due to TBLC
were noted at the beginning of the VATS
procedure, which is comparable to previous
studies (26). Other adverse events included
one acute worsening of NSIP, although the
onset of decline might have occurred before
the procedure (increased ground-glass
opacities at CT repeated the evening before
the procedure compared with the HRCT
discussed during initial MDA, 31 d before).
One patient who had a pneumothorax was
discharged after 10 days of pleural air-leak
drainage. Finally, the TBLC procedure was
not more rapid than SLB, and the latter
allowed observation of almost systematic
hematomas (peripheral to Fogarty balloon
control) caused by the former. However,
the strict selection criteria used should be
kept in mind, as the outcomes reported
here might not apply to excluded patients,
such as patients with significant resting
hypoxia while breathing air, decreased
Dico below 35% predicted, and significant
pulmonary hypertension. Longer-term
complications attributable to TBLC
were also impossible to capture in this
study, because of the rapid, subsequent
performance of SLB.

The limitations of this study include a
small sample size. Performing both TBLC
and SLB on the same patients was quite
complex to organize, and recruitment was
challenging (see screening losses in
Figure 1). Poor feasibility and/or ethics
concerns are cited as substantial
implementation barriers by other teams
(16, 20) and probably explain why our
study is the only one of its kind so far.
Nevertheless, further, larger studies would
reinforce the generalizability of the
findings. Two ethics committees approved
our protocol without any major concerns,
with the exception of one constraint
(i.e., that TBLC be performed just
before VATS to minimize the risk of
pneumothorax). This may represent a



further limitation: if there was no
subsequent SLB, the operator might

be inclined to more aggressive TBLC
sampling to maximize sample quality/
extent. However, because our sample
sizes/numbers (Table E2) are comparable to
other TBLC studies, we do not believe this
type of bias affected our study.

Another potential limitation is the fact
that the diagnoses from blinded review
frequently represented the “mostly likely”
at the top of a differential, and MDA
discussion might have led to reassessment
of the histologic diagnosis, especially in
those cases in which a minor discordance
was present. In addition, the blinded
reviewer had access to full slides and could
thus deduce which were TBLC and which
were SLB, but not the pairing between
them. Finally, the patients involved are
highly selected, already difficult cases, and

diagnostic histology in this domain is
notoriously arduous. Pending disease-
specific diagnostic innovations that move
us beyond visual histology pattern
interpretation, the reader should keep in
mind that interexpert concordance in this
difficult domain is generally low (24), and
there is much still to accomplish in this
challenging field.

In conclusion, this prospective study
comparing blinded intrapatient TBLC and
SLB tissue samples for the evaluation of ILD
for the first time demonstrates poor
concordance in terms of pathology results
between the two sampling procedures.
Although TBLC has been demonstrated to
exceed traditional forceps transbronchial
biopsy for obtaining useful histological
information (27), it falls short of SLB (25)
and should not be considered as equal to a
surgical lung biopsy under VATS

technique. When the clinical and
radiological contexts are not provided to
the pathologist as imposed by the design
of this study, our results indicate that
there is no role for TBLC in the vast
majority (two-thirds) of patients where
histopathology is required for definitive
diagnosis of diffuse ILDs. Reintegrating
these data into the full context of routine
practice may change these outcomes.
Nonetheless, we believe that patients who
are able to undergo SLB should be
recommended to do so. For those patients
in unacceptable condition for SLB, the
trade-off between the supposed lower risks
associated with TBLC and the case-specific
consequences of diagnostic uncertainty
require careful consideration.
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