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Abstract
Background In patients with interstitial lung diseases (ILD), histopathological input is often required to
obtain a diagnosis. Surgical lung biopsy (SLB) is considered the reference standard, but many patients are
clinically unfit to undergo this invasive procedure, and adverse events, length of hospitalisation and costs
are considerable. This European Respiratory Society (ERS) guideline provides evidence-based clinical
practice recommendations for the role of transbronchial lung cryobiopsy (TBLC) in obtaining tissue-based
diagnosis in patients with undiagnosed ILD.
Methods The ERS Task Force consisted of clinical experts in the field of ILD and/or TBLC and
methodological experts. Four PICO (Patient, Intervention, Comparator, Outcomes) questions and two
narrative questions were formulated. Systematic literature searches were performed in MEDLINE and
Embase (up to June 2021). GRADE (Grading, Recommendation, Assessment, Development and
Evaluation) methodology was applied.
Results In patients with undiagnosed ILD and an indication to obtain histopathological data: 1) TBLC is
suggested as a replacement test in patients considered eligible to undergo SLB, 2) TBLC is suggested in
patients not considered eligible to undergo SLB, 3) SLB is suggested as an add-on test in patients with a
non-informative TBLC, 4) no recommendation is made for or against a second TBLC in patients with a
non-informative TBLC and 5) TBLC operators should undergo training, but no recommendation is made
for the type of training required.
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Conclusions TBLC provides important diagnostic information in patients with undiagnosed ILD.
Diagnostic yield is lower compared to SLB, at reduced serious adverse events and length of
hospitalisation. Certainty of the evidence is mostly “very low”.

Introduction
Accurate diagnosis of interstitial lung diseases (ILD) is important for guiding treatment decisions and
prognosis. In the majority of patients with ILD, integration of clinical, laboratory and radiological data
within a multidisciplinary discussion (MDD) results in a diagnosis [1, 2]. For a subset of patients,
however, a diagnosis cannot be made with sufficient confidence based on these data and histopathological
evaluation of lung tissue may be indicated [3].

Multiple tests can be used to obtain cyto- or histopathological information in the diagnostic work-up of
ILD. Bronchoalveolar lavage (BAL) is associated with a very low rate of adverse events, but its diagnostic
value is mostly limited to disorders that are typically intra-alveolar (e.g. infection, alveolar proteinosis,
eosinophilic pneumonia, organising pneumonia, alveolar haemorrhage and diffuse alveolar damage) [4].
Transbronchial lung biopsy (TBLB) with regular forceps is mainly indicated in disorders that involve the
centrilobular zones and are characterised by “easy-to-identify” morphological alterations (e.g.
carcinomatous lymphangitis, sarcoidosis, organising pneumonia and diffuse alveolar damage) [5].
Complications are rare, but diagnostic yield is limited by small specimens, sampling errors and crush
artefacts. In particular, TBLB is poorly sensitive for the diagnosis of complex histopathological patterns
such as usual interstitial pneumonia (UIP) [6].

Surgical lung biopsy (SLB) is generally obtained thoracoscopically and is currently considered the
reference standard when less invasive approaches fail or are not feasible. Samples are large and contain
peripheral structures of the secondary pulmonary lobule, with a diagnostic yield of ∼90% [6, 7]. However,
SLB is associated with significant morbidity and mortality. In-hospital mortality in elective procedures is
estimated to be ∼2% and significantly higher in non-elective procedures [8]. Many patients are not
clinically fit to undergo this invasive procedure. Risk is particularly increased in those who may have UIP,
are at older age, have significant lung function impairment or are experiencing an acute exacerbation of
ILD. In addition, length of hospital admission and associated costs can be considerable [8, 9].

In recent years, transbronchial lung cryobiopsy (TBLC) has been explored as a less invasive alternative to
SLB [10]. With this approach, larger samples without crush artefacts can be obtained compared to standard
TBLB. Although consensus statements and guidelines dealing with the standardisation of TBLC are
available [11–14], to date there have been no guidelines for its clinical application. The European
Respiratory Society (ERS) established a Task Force to develop guidelines aimed at providing
evidence-based clinical practice recommendations on the role of TBLC in patients with undiagnosed ILD.

Materials and methods
Scope and purpose
The purpose of this project was to evaluate the role of TBLC in obtaining tissue-based diagnosis in
patients with undiagnosed ILD, aiming to provide evidence-based clinical practice recommendations for its
application. Advantages and disadvantages of TBLC, with respect to diagnostic confidence, diagnostic
yield, diagnostic accuracy, adverse events and patient-important outcomes, were assessed and compared
with those of SLB. This was done across various subgroups, including patients eligible to undergo SLB,
patients not considered eligible to undergo SLB (e.g. due to lung function impairment, rapidly progressive
disease or comorbid disease), patients at high risk of undergoing TBLC, patients with an initial
non-informative TBLC and patients with specific high-resolution computed tomography (HRCT) findings.

Task Force composition and conflict of interest declaration
The Task Force consisted of 16 members: 11 clinical experts in the field of TBLC and/or ILD ( J.C., L.H.,
J.H., F.M., A.M., C.R., S.T., L.K.T., A.U.W., J.T.A. and V.P.), one pathologist (T.V.C.), one thoracic
radiologist ( J.A.V.) and three junior pulmonologists (in training) with experience in literature syntheses
(D.A.K., S.C. and M.F.). An ERS methodologist had the overview of all the methodological steps (T.T.).
Task Force members disclosed all potential financial conflicts of interest, which are reported at the end of
this guideline.

Formulation of questions
A list of potential guideline questions (both PICO (Patients, Intervention, Comparator, Outcomes) and
narrative questions) was developed by two Task Force members (S.C. and V.P.). These were then
discussed in detail, prioritised and refined in a live Task Force meeting (November 2019, Florence, Italy),
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in a subsequent Task Force telephone meeting (November 2019) and through Task Force e-mail
discussions. Guideline questions were finalised in a Task Force telephone meeting in January 2020. Six
questions were selected for the guideline. Of these, four were PICO questions that formed the basis of this
guideline. In addition, two were narrative questions to be addressed in a descriptive manner, with no
intention of making clinical practice recommendations. An overview of guideline questions is provided in
table 1, with detailed questions in supplementary appendix S1.

Literature searches and study selection
A single search strategy was developed by a medical information specialist (R.S., with the help of D.A.K.),
which covered all guideline questions. MEDLINE and Embase were searched from inception in May 2020
and searches were updated in June 2021. Search terms focused on a combination of the tests of interest
(TBLC or SLB) and the condition of interest (ILD). The full search strategy is provided in supplementary
appendix S2.

Study selection was done in a two-step approach. First, two Task Force members (D.A.K. and S.C.)
independently assessed titles and abstracts of all search results, and those that were considered potentially
relevant for at least one of the guideline questions by at least one of them were selected. After this, two
Task Force members (D.A.K., S.C., M.F., J.C., C.R. and S.T.) per guideline question independently
assessed all full-texts of selected studies, to determine final inclusion. Disagreements were resolved
through discussion.

Detailed selection criteria per guideline question are reported in supplementary appendix S3. The study
selection process was summarised in PRISMA-DTA (Preferred Reporting Items for Systematic Review and
Meta-Analysis of Diagnostic Test Accuracy) flowcharts [15, 16]. Not all studies fulfilling the inclusion
criteria were (directly) considered in the evidence syntheses. Instead, for each outcome, we primarily
focused on included studies that directly compared TBLC and SLB in patients with undiagnosed ILD,
either by performing both tests in each patient (paired direct comparison) or by randomising patients to
undergo either procedure (unpaired direct comparison). If direct comparisons were not available for a
specific outcome, we focused on studies that indirectly compared TBLC and SLB (i.e. a group of patients
undergoing TBLC was compared with a group of patients undergoing SLB, without randomisation).
Finally, in the absence of direct or indirect comparisons for a specific outcome, we focused on

TABLE 1 Guideline questions and recommendations

PICO Question 1 Question: In patients with undiagnosed ILD considered eligible to undergo SLB, is TBLC a valid replacement test?
Recommendation: For patients with undiagnosed ILD considered eligible to undergo SLB, the Task Force suggests performing
TBLC if obtaining histopathological data is indicated (conditional recommendation for the intervention, “very low”
certainty of evidence).

Remark: This recommendation applies to centres experienced in performing TBLC.
PICO Question 2 Question: In patients with undiagnosed ILD not considered eligible to undergo SLB, does TBLC increase the diagnostic

confidence of the multidisciplinary team discussion?
Recommendation: For patients with undiagnosed ILD not considered eligible to undergo SLB, the Task Force suggests TBLC if
obtaining histopathological data is indicated (conditional recommendation, “very low” certainty of evidence).

Remark: This recommendation applies to centres experienced in performing TBLC; the advantages of potentially increasing
diagnostic certainty by performing TBLC against the disadvantages of potential serious adverse events should be
weighed in each individual patient.

PICO Question 3 Question: In patients with undiagnosed ILD and a non-informative TBLC, is step-up SLB or a second TBLC a valid add-on
test?

Recommendation: For patients with undiagnosed ILD and a non-informative TBLC, the Task Force suggests performing step-up
SLB if obtaining histopathological data is indicated (conditional recommendation, “very low” certainty of evidence). For
patients with undiagnosed ILD and a non-informative TBLC, the Task Force makes no recommendation about performing a
second TBLC if obtaining histopathological data is indicated, as there is no evidence.

PICO Question 4 Question: Is formal training in TBLC recommended to optimise yield and minimise adverse events in patients with
undiagnosed ILD?

Recommendation: The Task Force suggests that TBLC operators should undergo training (conditional recommendation, “very
low” certainty of evidence), but a recommendation on the optimal type of training cannot be made due to lack of
evidence.

Narrative Question 1 Question: Are there specific HRCT findings which would lead to TBLC as the first choice for biopsy?
Narrative Question 2 Question: What are the procedural risks of TBLC in patients with undiagnosed ILD?

Detailed questions are provided in supplementary appendix S1. ILD: interstitial lung diseases; SLB: surgical lung biopsy; TBLC: transbronchial lung
biopsy; HRCT: high-resolution computed tomography.
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non-comparative studies that only evaluated TBLC or only evaluated SLB in patients with undiagnosed
ILD. If available for a specific outcome, we selected a previously published systematic review
summarising non-comparative studies, rather than focusing on individual studies, to avoid duplication of
review efforts. In such cases, we used the most recently published systematic review that was not part of a
clinical guideline or position statement and in which an adequate study quality assessment had been
performed.

Assessment of evidence quality and recommendation strength
In line with the GRADE (Grading, Recommendation, Assessment, Development and Evaluation) approach,
Task Force members participated in an online survey to rate the importance of each outcome per PICO
question on a scale from 1 to 9 for its perceived importance for clinical decision making. Mean scores of
7–9 were considered a “critical” outcome, of 4–6 an “important but not critical” outcome and of 1–3 a
“not important” outcome. Survey results are provided in supplementary appendix S4. For each PICO
question, one Task Force member (D.A.K., S.C. or M.F.) developed an evidence profile, with input from
the ERS methodologist (T.T.) and the two chairs (V.P. and J.T.A.). Data were summarised in evidence
tables. The QUADAS-2 tool was used to assess risk of bias and applicability concerns of studies [17]. The
evidence was graded according to GRADE [18]. Certainty of the evidence of each outcome was initially
rated as “high” if it originated from randomised trials or from well-developed diagnostic accuracy studies
and as “low” if it originated from observational data [19]. Certainty was subsequently downgraded if there
was high risk of bias, serious inconsistency in results across studies, indirectness of the evidence,
imprecision in effect sizes or point estimates, or evidence of publication bias. Data extraction, study quality
assessment and performing GRADE was done by one of the three Task Force members (D.A.K., S.C. or
M.F.) and checked by another, with disagreements being resolved through discussion.

One Task Force member (D.K. or M.F.) then drafted GRADE evidence-to-decision tables for each PICO
question, taking into account the quality of evidence, balance of desirable and undesirable effects, patient
values and preferences, resources required, health equity (i.e. potential differences in effectiveness in
disadvantaged subgroups), acceptability of the tests by key stakeholders, and feasibility of implementation
of the tests [20]. This resulted in a recommendation that could either be “strong” (phrased as “the Task
Force recommends”) or “conditional” (phrased as “the Task Force suggests”). The evidence-to-decision
process was discussed in detail in a Task Force video meeting in December 2021, in which 15 of the 16
members plus the ERS methodologist participated, where recommendations were finalised and agreed
upon. Members who did not participate in this meeting confirmed their agreement via e-mail. A draft
manuscript was prepared by one Task Force member (D.K., with input from S.C., M.F., T.T., J.T.A. and V.
P.), and shared with the complete Task Force for input and approval.

Patient input
Three patient representatives (one with experience in TBLC, one in SLB, and one in TBLC and SLB) from
the European Lung Foundation’s Pulmonary Fibrosis Patient Advisory Group provided input on the
evidence-to-decision tables, recommendations and manuscript.

Results
An overview of recommendations per PICO question is provided in table 1, with a proposed diagnostic
algorithm in figure 1.

Search results
Overall, 4325 records were retrieved in our literature searches (n=3969 in the initial search and n=356 in
the update), of which 250 remained after screening of titles and abstracts. Of these, 119 were included: all
of them fulfilled the inclusion criteria for PICO Question 1, whereas a subset also fulfilled the inclusion
criteria for any of the other guideline questions (PICO Question 2: n=2; PICO Question 3: n=26; PICO
Question 4: n=3; Narrative Question 1: n=0; Narrative Question 2: n=10). Flowcharts and lists of included
studies per guideline question are provided in supplementary appendix S5.

PICO Question 1: In patients with undiagnosed ILD considered eligible to undergo SLB, is TBLC a valid
replacement test?
Recommendation
For patients with undiagnosed ILD considered eligible to undergo SLB, the Task Force suggests
performing TBLC if obtaining histopathological data is indicated (conditional recommendation for the
intervention, “very low” certainty of evidence).

Remark: This recommendation applies to centres experienced in performing TBLC.
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Background
In the majority of patients with ILD, amalgamation of clinical, laboratory and radiological data will result
in a diagnosis at MDD. However, in a considerable proportion, lung biopsy is recommended by MDD to
establish a confident diagnosis [21]. Historically, SLB has been considered the reference standard for lung
tissue acquisition in these patients, but costs, adverse events and length of hospital admission can be
considerable [7]. TBLC could serve as a replacement test in these patients, especially if sufficiently
accurate (i.e. high diagnostic agreement between TBLC and SLB) and resulting in fewer serious adverse
events [22].

Evidence summary
An overview of studies included in PICO Question 1, ordered by type of study, is provided in
supplementary appendix S6. Evidence summary tables, results from study quality assessment, GRADE
tables and evidence-to-decision tables for PICO Question 1 are provided in supplementary appendix S7.
Overall, 119 studies were included for this PICO question, but the majority of these were not (directly)
considered in the evidence syntheses.

Regarding direct comparisons between TBLC and SLB, no randomised trials were found (although the
Task Force is aware of one in progress: Netherlands Trial Registry/International Clinical Trials Registry
Platform number NL7634), but two studies were identified that performed both tests in a group of patients
with undiagnosed ILD (paired direct comparison; tables S1–S3 in supplementary appendix S7) [23, 24].
ROMAGNOLI et al. [23] performed both tests in 21 patients with a non-definite UIP pattern on HRCT, with

Patients with suspected ILD in whom obtaining histopathological data is

indicated (i.e. a high confidence MDD diagnosis cannot be made based on

clinical, laboratory and radiological data)

HRCT: abnormalities are mainly located at the periphery of the 

secondary pulmonary lobule or are characterised by variegated 

features (e.g. suspected UIP/IPF, NSIP, HP, cystic nodular disorders)

Patient considered eligible to undergo SLB

Proposed diagnostic: consider TBLC

See PICO Question 1 for details

Summary justification:

• Compared to SLB, it is expected that TBLC results in fewer serious 

adverse events and costs, at the expense of lower diagnostic accuracy

• In general, the Task Force considers these advantages to outweigh 

the disadvantages, especially in patients at higher risk of surgical 

adverse events 

Non-informative TBLC

Proposed diagnostic: consider SLB

See PICO Question 3 for details

Summary justification:

• Performing step-up SLB after a non-diagnostic TBLC will improve 

diagnostic yield, at the expense of additional adverse events

• In general, the Task Force considers these advantages to outweigh 

the disadvantages, if MDD judges that obtaining histopathological 

data is still indicated

• Whether this is also the case for a second TBLC is unknown due to

limited evidence

HRCT: abnormalities are mainly located intra-alveolar or centrilobular 

(e.g. suspected infection, AP, EP, OP, AH, DAD, CL, sarcoidosis)

Proposed diagnostic: consider BAL and/or TBLB

Not discussed in the current guideline

Patient not considered eligible to undergo SLB

Proposed diagnostic: consider TBLC

See PICO Question 2 and Narrative Question 2 for details

Summary justification:

• Patients may be ineligible to undergo SLB due to severe respiratory 

or comorbid disease, or rapidly progressive ILD with high risk of 

further acceleration

• Data on diagnostic accuracy (and related) outcomes in patients not 

eligible to undergo SLB is limited, yet it is anticipated that these can 

be extrapolated from the considerable amount of data in patients 

eligible to undergo SLB (PICO Question 1)

• Data on safety is limited and the Task Force acknowledges that the 

variety of potential patients (and corresponding risks) in this context 

is wide, and weighing the advantages and disadvantages of 

performing TBLC will vary accordingly

Non-informative TBLC

Proposed diagnostic: no recommendations

See PICO Question 3 for details

Summary justification:

• Evidence on diagnostic accuracy and adverse events of a second TBLC 

in this patient group is not available 

FIGURE 1 Proposed diagnostic algorithm in patients with undiagnosed interstitial lung diseases (ILD). AH: alveolar haemorrhage; AP: alveolar
proteinosis; BAL: bronchoalveolar lavage; CL: carcinomatous lymphangitis; DAD: diffuse alveolar damage; EP: eosinophilic pneumonia; HP:
hypersensitivity pneumonitis; HRCT: high-resolution computed tomography; IPF: idiopathic pulmonary fibrosis; MDD: multidisciplinary discussion;
NSIP: non-specific interstitial pneumonia; OP: organising pneumonia; SLB: surgical lung biopsy; TBLB: transbronchial lung biopsy; TBLC:
transbronchial lung cryobiopsy; UIP: usual interstitial pneumonia.
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blinded pathologists and one final MDD per patient that was informed by results from both tests. TROY

et al. [24] performed both tests in 65 patients with undiagnosed ILD, with blinded pathologists and two
separate MDDs per patient: one informed by TBLC results and one informed by SLB results. Both studies
were considered at high risk of bias.

In addition, three studies were found that indirectly compared TBLC and SLB, by comparing a group of
patients that underwent TBLC with a group of patients that underwent SLB (table S4 in supplementary
appendix S7) [25–27]. Risk of selection bias was considered high in these studies, because no
randomisation was performed. RAVAGLIA et al. [25] included 297 patients undergoing TBLC and 150
patients undergoing SLB, all with ILD in whom a diagnosis could not be achieved non-invasively.
TOMASSETTI et al. [26] included patients with fibrotic ILD without a typical UIP pattern on HRCT, of
whom 58 had TBLC and 59 had SLB. A second study by TOMASSETTI et al. [27] included patients with
suspected ILD without a definite UIP pattern on HRCT, of whom 266 had TBLC and 160 had SLB.

Finally, a large number of non-comparative studies were found that evaluated TBLC only or SLB only
(n=54 and n=50, respectively) or systematic reviews thereof (n=11). The Task Force focused on two recent
systematic reviews (table S5 in supplementary appendix S7) [7, 22]. SETHI et al. [22] included 31 studies
(18 full-texts and 13 abstracts) on patients with suspected ILD undergoing TBLC, of which 27 could be
included in the meta-analysis (n=1443 patients). Risk of bias according to QUADAS-2 was considered
high or unclear in 80.6% (n=25) of studies. SHARP et al. [7] included 24 studies (n=2665 patients) on
patients with ILD undergoing video-assisted thoracoscopic biopsy. Risk of selection bias according to the
Cochrane Collaboration Risk of Bias tool was high in all studies.

Overall, outcomes that could be taken into account in PICO Question 1 were diagnostic agreement,
diagnostic confidence, diagnostic yield, diagnostic accuracy, survival after idiopathic pulmonary fibrosis
(IPF) diagnosis and adverse events. Limited evidence was available on costs and this was only discussed
narratively. No comparative evidence of TBLC versus SLB was identified on (long-term) patient-important
outcomes (i.e. quality of life, lung function, mortality, exercise tolerance or survival).

Diagnostic agreement
This is moderate, based on two direct comparisons (tables S2 and S7 in supplementary appendix S7) [23,
24]. ROMAGNOLI et al. [23] reported a diagnostic agreement between the TBLC result and final MDD
(which was informed by both TBLC and SLB results) of 47.6% (95% CI 26–70%) and a fair κ agreement
of 0.31 (95% CI 0.06–0.56). TROY et al. [24] reported a diagnostic agreement between MDD informed by
TBLC results and MDD informed by SLB results of 76.9%, and a substantial κ agreement of 0.62 (95%
CI 0.47–0.78). The evidence was judged as “very low” (downgraded for risk of bias, indirectness and
imprecision).

High or definite confidence final diagnosis
This can be obtained in the majority of patients, with both TBLC and SLB, based on one direct
comparison (tables S2 and S7 in supplementary appendix S7) [24]. TROY et al. [24] reported that a high or
definite confidence diagnosis could be obtained in MDD informed by TBLC results in 60.0% (n=39) and
in MDD informed by SLB results in 73.8% (n=48; p=0.090). In 94.8% (n=37) of patients with a high or
definite confidence diagnosis in MDD informed by TBLC results, the same diagnosis was reached in
MDD informed by SLB results. In 23.1% (n=6) of patients with a low confidence or unclassifiable
diagnosis in MDD informed by TBLC results, a high or definite confidence diagnosis was reached in
MDD informed by SLB results. The evidence was judged as “very low” (downgraded for risk of bias,
indirectness and imprecision).

Increase in diagnostic confidence
This is significant for TBLC, based on an indirect comparison and a non-comparative study (tables S6 and
S7 in supplementary appendix S7) [26, 28]. TOMASSETTI et al. [26] reported that the percentage increase in
IPF diagnosis made with a high level of confidence in MDD changed from 29% to 63% before and after
adding TBLC results (p=0.0003), and from 30% to 65% before and after adding SLB results (p=0.0016).
HETZEL et al. [28] reported among 128 patients a percentage increase in confidence (i.e. confident
diagnosis or provisional diagnosis with high confidence) from 60.2% (n=77) after clinico-radiological
discussion and BAL to 81.2% (n=104) when adding TBLC results (p<0.0001); this implies that in 51
patients with no consensus diagnosis or with a provisional diagnosis with low confidence after BAL,
TBLC led to a definite or confident provisional diagnosis in 62.7% (n=32). The evidence was judged as
“very low” (downgraded for risk of bias and imprecision).
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Diagnostic yield for a histopathological diagnosis
This is high for TBLC, yet somewhat higher for SLB, based on both comparative and non-comparative
studies (tables S2, S4, S5 and S7 in supplementary appendix S7) [7, 22–25]. In the direct comparison by
ROMAGNOLI et al. [23], a diagnostic pattern was obtained in 81.0% for TBLC and 100% for SLB, with
histopathological agreement between the two in 38.1% (95% CI 18–62%) and a κ agreement of 0.22 (95%
CI 0.01–0.44). In the direct comparison by TROY et al. [24], a diagnostic pattern was obtained in 90.8%
and 96.9%, respectively, with a histopathological agreement (for guideline-refined pattern) of 70.8% and a
weighted κ agreement of 0.70 (95% CI 0.55–0.86). The indirect comparison by RAVAGLIA et al. [25]
reported a diagnostic yield of 82.8% for TBLC and 98.7% for SLB (p=0.013). The evidence of the
comparative studies was judged as “very low” (downgraded for risk of bias and imprecision). Similar
results were found in the non-comparative studies. In the meta-analyses of studies only reporting on TBLC
or only reporting on SLB, summary diagnostic yield was 72.9% (95% CI 67.9–77.7%) and 91.1% (95%
CI 86.9–93.2%), respectively [7, 22]. The evidence of the non-comparative studies was judged as “very
low” (downgraded for risk of bias and indirectness).

Diagnostic accuracy for diagnosing IPF
This is moderate for (MDD informed by) TBLC, based on two direct comparisons (tables S3 and S7 in
supplementary appendix S7) [23, 24]. In ROMAGNOLI et al. [23], sensitivity and specificity for diagnosing
IPF against a reference standard of final MDD (informed by TBLC and SLB results) were 66.7% (95% CI
31–91%) and 75.0% (95% CI 43–93%), respectively (recalculated based on reported data). In TROY et al.
[24], sensitivity and specificity for diagnosing IPF against a reference standard of MDD (informed by SLB
results) were 91.4% (95% CI 76–98%) and 80.0% (95% CI 61–92%), respectively (recalculated based on
reported data). The evidence was judged as “very low” (downgraded for risk of bias, indirectness and
imprecision).

Survival after IPF diagnosis
In the indirect comparison by TOMASSETTI et al. [27], MDD diagnoses of IPF (versus another ILD) based
on TBLC or SLB were both significantly associated with 5-year transplant-free survival (TBLC adjusted
HR 2.98 (95% CI 1.19–1.47; p=0.02) and SLB adjusted HR 4.07 (95% CI 2.01–8.24; p<0.0001)) (tables
S4 and S7 in supplementary appendix S7). The evidence was judged as “very low” (downgraded for risk
of bias and indirectness).

Adverse events: mortality
This is lower in TBLC compared to SLB, based on two indirect comparisons and on non-comparative
studies (tables S4, S5 and S7 in supplementary appendix S7) [7, 22, 25, 26]. RAVAGLIA et al. [25] reported
that mortality due to an adverse event occurred in 0.3% (n=1) in the TBLC group and in 2.7% (n=4) in the
SLB group (p=0.045). In TOMASSETTI et al. [26], mortality was 1.7% (n=1) in the TBLC group and 3.4%
(n=2) in the SLB group. The evidence for the indirect comparison was judged as “very low” (downgraded
for risk of bias and indirectness). Similar results were found in the non-comparative studies. In the
systematic review on studies evaluating TBLC only, summary incidence of mortality within 30 days was
0.3% (95% CI not reported; based on 33 studies) [22]. In the systematic review on studies evaluating SLB
only, summary incidence of mortality within 30 days was 2.3% (95% CI 1.3–3.6%; based on 21 studies)
[7]. The evidence of the non-comparative studies was judged as “very low” (downgraded for risk of bias).

Adverse events: time of hospitalisation
This is shorter for TBLC compared to SLB, based on two indirect comparisons (tables S4 and S7 in
supplementary appendix S7) [25, 26]. RAVAGLIA et al. [25] reported a mean (range) time of hospitalisation
of 2.6 (0–17) days for TBLC and 6.1 (3–48) days for SLB (p<0.0001). TOMASSETTI et al. [26] reported a
mean (range) time of hospitalisation of 3 (0–9) days for TBLC and 6 (3–17) days for SLB (p-value not
reported). The evidence was judged as “very low” (downgraded for risk of bias and indirectness).

Adverse events: other
These are more frequent for TBLC, based on comparative and non-comparative studies (tables S2, S4, S5
and S7 in supplementary appendix S7) [7, 22–26]. However, this is mainly because pneumothorax as a
complication is only relevant for TBLC, as it occurs by definition in 100% of cases for SLB. In the direct
comparison by ROMAGNOLI et al. [23], serious adverse events occurred in 9.5% (n=2: pneumothorax) for
TBLC and in 0% for SLB. In the direct comparison by TROY et al. [24], no serious adverse events
occurred for TBLC (one pneumothorax was not considered as such by the study authors) and in 3.1% for
SLB (n=1: re-hospitalisation due to chest pain; n=1: bleeding requiring intervention). In the indirect
comparison by RAVAGLIA et al. [25], pneumothorax occurred in 20.2% (n=60) of patients undergoing
TBLC; no severe bleeding was reported for either TBLC or SLB. In the indirect comparison by
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TOMASSETTI et al. [26], pneumothorax occurred in 32.8% (n=19) of patients undergoing TBLC; no severe
bleeding was reported for either TBLC or SLB. The evidence for the comparative studies was judged as
“very low” (downgraded for risk of bias, indirectness and imprecision). In the systematic review on TBLC,
overall complication rate was 23.1% (95% CI not reported; based on 31 studies), with summary incidence
of pneumothorax of 9.4% (95% CI 6.7–12.5%) and summary incidence of moderate–severe bleeding of
14.2% (95% CI 7.9–21.9%) [22]. In the systematic review on SLB, summary incidence of surgical
morbidity was 12.9% (95% CI 9.3–16.9%; based on 18 studies) [7]. The evidence for the studies on
TBLC or SLB only was judged as “very low” (downgraded for risk of bias).

Costs
These appear to be lower for TBLC compared to SLB, based on two studies reporting on a cost analysis
[7, 29]. HERNÁNDEZ-GONZÁLEZ et al. [29] estimated that the systematic use of TBLC in their clinic
(involving 33 patients over a 3-year period) had reduced overall costs up to EUR 59 846, compared to
systematically performing SLB. SHARP et al. [7] (theoretical cost analysis) estimated that the systematic use
of TBLC (followed by SLB if inconclusive) reduced costs up to GBP 647 per patient per year. No
evidence grading was performed for this outcome due to limited data.

Justification of the recommendation
Overall certainty of the evidence was considered “very low” (tables S7 and S8 in supplementary appendix
S7). Taking the aforementioned results into account, the Task Force concludes that TBLC adds important
information to MDD, which results in an increase in diagnostic confidence. Diagnostic yield is likely to be
somewhat lower than for SLB, although the extent to which this is the case is unclear, with varying results
across studies. Overall adverse event rates are difficult to compare between TBLC and SLB, because
populations and definitions of complications varied across studies and because pneumothorax is not
considered a complication for SLB because all patients require chest tube drainage. Taking these
considerations into account, the Task Force put most emphasis on a reduction in serious adverse events
(especially mortality) and a shorter period of post-procedural hospitalisation for TBLC. Costs are expected
to be reduced in TBLC. Data on patient preferences are unavailable, but the three patient representatives
who provided input indicated that they assumed that most patients would opt for TBLC as the initial
diagnostic procedure. The Task Force is not aware of major issues in health equity, acceptability or
feasibility of implementation of TBLC. The use and availability of TBLC have increased rapidly over the
past years, and are likely to further do so in the coming years. Among patients recruited in the European
IPF registry (eurIPFreg; an internet-based registry, consisting of IPF patients from a range of European
centres), SLB was performed in 32% in 2009 versus 8% in 2016, likely due to increased use of TBLC
[30]. However, availability varies across countries and not all patients may have easy access to TBLC. A
systematic evaluation of ILD diagnostic practice across 457 centres in 64 countries in 2017 showed that
around one-third of centres applied TBLC [31].

Overall, the Task Force considers the reduction in serious adverse events to outweigh the reduced
diagnostic yield, in centres experienced in performing TBLC. Minimum requirements for safe
implementation of TBLC should include elements such as the availability of competent TBLC operators
(see PICO Question 4), and the ability to safely apply sedation, promptly manage complications and ensure
airway protection. Best practice documents, consensus statements and guidelines on standardisation of the
TBLC procedure have been published previously [11–14, 32]. In addition, adequate patient selection in an
MDD setting should be ensured. Essential features of an ILD MDD have recently been suggested through
an international Delphi survey [33].

Recommendations for monitoring and future research
For quality assurance, healthcare centres that offer TBLC or SLB are advised to keep track of outcomes
such as diagnostic yield and complications. Regarding future research, additional direct comparisons
between TBLC and SLB are recommended. Ideally, a large randomised trial is performed. In addition to
outcomes related to diagnostic accuracy, adverse events and costs, such studies should focus on long-term
patient-important outcomes such as disease control and mortality (based on the diagnosis made by either
test and the subsequent treatment initiated).

PICO Question 2: In patients with undiagnosed ILD not considered eligible to undergo SLB, does TBLC
increase the diagnostic confidence of the multidisciplinary team discussion?
Recommendation
For patients with undiagnosed ILD not considered eligible to undergo SLB, the Task Force suggests TBLC
if obtaining histopathological data is indicated (conditional recommendation, “very low” certainty of evidence).
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Remark: This recommendation applies to centres experienced in performing TBLC; the advantages of
potentially increasing diagnostic certainty by performing TBLC against the disadvantages of potential
serious adverse events should be weighed in each individual patient.

Background
Some patients with ILD have severe respiratory or comorbid disease and they may not be able to tolerate
SLB. Others may have rapidly progressive ILD and risk of further acceleration may be increased after
performing SLB [34]. In these patients, TBLC could provide a less invasive alternative to obtain a
histopathological diagnosis.

Evidence summary
GRADE tables and evidence-to-decision tables for PICO Question 2 are provided in supplementary
appendix S8. Although it is likely that several of the studies evaluating TBLC included in PICO Question
1 may have also selected patients that were not considered eligible to undergo SLB, this information was
rarely explicitly reported. Overall, only two studies were identified that explicitly reported on outcomes in
such patients. The only outcomes that could be evaluated were diagnostic yield and adverse events.

Diagnostic yield for a histopathological diagnosis
This is high, based on one non-comparative study (table S1 in supplementary appendix S8) [35]. MATTA

et al. [35] reported on 17 critically ill patients with ILD and acute hypoxaemic respiratory failure, who
were considered poor candidates for SLB or refused this. 12 interventions were performed at bedside in the
intensive care unit (ICU). Overall, diagnostic yield was 88.2% (95% CI 64–99%) and histopathological
data led to management changes in 88.2% (95% CI 64–99%). However, diagnostic yield may be
considered inflated by a subset of patients with non-specific patterns inconsistent with their profound
respiratory failure and it is unclear whether the reported management changes actually influenced clinical
outcomes. The evidence was judged as “very low” (downgraded for risk of bias, indirectness and
imprecision).

Adverse events
These vary, based on two non-comparative studies (table S1 in supplementary appendix S8) [35, 36]. This
was probably due to considerable differences in disease severity across included patients. In the same study
by MATTA et al. [35], pneumothorax occurred in 35.3% (n=6) and moderate bleeding in 5.9% (n=1), with
30-day ICU mortality of 47.1% (n=8; although, according to the authors, none directly attributable to
TBLC). BONDUE et al. [36] compared adverse events of TBLC in 38 patients with undiagnosed ILD at high
risk of SLB (defined as age ⩾75 years, body mass index (BMI) ⩾35 kg·m−2, systolic pulmonary arterial
pressure (sPAP) by echocardiography ⩾45 mmHg, forced vital capacity (FVC) <50%, diffusing capacity of
the lung for carbon monoxide (DLCO) <30% and/or significant cardiac comorbidities with reduced heart
ejection fraction) with 58 patients at low risk. Numbers of bleeding, pneumothorax, mortality and hospital
stay were equal between both groups (see Narrative Question 2). The evidence was judged as “very low”
(downgraded for inconsistency and imprecision).

Justification of the recommendation
Evidence is mostly lacking for answering this PICO question and overall certainty of the evidence is “very
low” (tables S1 and S2 in supplementary appendix S8). The Task Force assumes that diagnostic yield is
likely to be similar as for patients considered eligible to undergo SLB (PICO Question 1), but there are no
data to confirm this. Regarding adverse events, the Task Force acknowledges that the variety of potential
patients (and corresponding risk of performing TBLC) in this context is wide, and weighing the
advantages and disadvantages of performing TBLC will vary accordingly. Limited evidence suggests
safety in high-risk patients described in the study by BONDUE et al. [36]. However, the risk of accelerating
disease in patients who are critically ill or have rapidly progressive ILD, such as in the study by MATTA

et al. [35], may be unacceptably high. If obtaining histopathological data is indicated, TBLC is suggested,
but the advantages of potentially increasing diagnostic certainty against the disadvantages of potential
adverse events should be carefully weighed in each patient.

Recommendations for monitoring and future research
Healthcare centres that offer TBLC in patients not considered eligible to undergo SLB are advised to
collect data on outcomes such as diagnostic yield, complications and patient-important outcomes.
Regarding future research, prospective studies evaluating these outcomes of TBLC in high-risk patients not
considered eligible to undergo SLB could be initiated in experienced centres, clarifying which patients are
at relatively low risk.
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PICO Question 3: In patients with undiagnosed ILD and a non-informative TBLC, is step-up SLB or a
second TBLC a valid add-on test?
Recommendation
For patients with undiagnosed ILD and a non-informative TBLC, the Task Force suggests performing
step-up SLB if obtaining histopathological data is indicated (conditional recommendation, “very low”
certainty of evidence). For patients with undiagnosed ILD and a non-informative TBLC, the Task Force
makes no recommendation about performing a second TBLC if obtaining histopathological data is
indicated, as there is no evidence.

Background
As illustrated in PICO Question 1, performing TBLC does not always result in a high confidence diagnosis
at MDD and it may be decided that additional efforts to obtain a histopathological diagnosis are warranted.
Step-up SLB or a second TBLC could serve as an add-on test in these patients, if diagnostic yield or
confidence is sufficiently improved and if the number of adverse events is not unacceptably high.

Evidence summary
Evidence summary tables, results from study quality assessment, GRADE tables and evidence-to-decision
tables for PICO Question 3 are provided in supplementary appendix S9. No studies were identified that
directly compared outcomes of step-up SLB versus a second TBLC (either by randomising patients or by
performing both tests in each patient) in patients with undiagnosed ILD and a non-informative initial
TBLC. Also, no systematic reviews were found in this specific patient population. Overall, we identified
26 studies that reported on at least one patient with a non-informative initial TBLC and subsequent step-up
SLB, and two studies in which at least one patient had a second TBLC. Risk of bias was high in the
majority of studies, mainly due to retrospective, non-consecutive inclusion of patients (table S1 in
supplementary appendix S9). The outcomes that could be evaluated were diagnostic yield, diagnostic
confidence and adverse events.

Diagnostic yield for a histopathological diagnosis
For step-up SLB, this is high, based on a random effects meta-analysis of 26 studies (188 patients) (tables
S2 and S3 in supplementary appendix S9), with a summary estimate of diagnostic yield of 92% (95% CI
82–96%) (figure S1a in supplementary appendix S9). However, besides the high risk of bias, it should be
noted that only five studies included more than 10 patients; when only including these five studies in the
meta-analysis, results are similar, with a summary diagnostic yield of 91% (95% CI 79–97%) (figure S1b
in supplementary appendix S9). The evidence for step-up SLB was judged as “very low” (downgraded for
risk of bias and indirectness). For a second TBLC, evidence on diagnostic yield is limited: this was 100%
(95% CI 39.8–100%) in one study (based on only four patients) [37] and 62.5% (95% CI 24.5–91.5%) in
another (based on eight patients) [38]. The evidence for a second TBLC was judged as “very low”
(downgraded for risk of bias, indirectness and imprecision).

Diagnostic confidence
For step-up SLB, this seems to increase, based on two studies that explicitly aimed to prospectively
evaluate the added value of performing step-up SLB after a non-informative TBLC (tables S2 and S3 in
supplementary appendix S9) [39, 40]. HAGMEYER et al. [39] evaluated a diagnostic algorithm, proposing
TBLC as initial diagnostic with SLB as an optional step-up procedure when findings remained
inconclusive. Among 61 patients, a confident diagnosis was reached in MDD after TBLC in 75.4%
(n=46). In the remaining 15 cases, step-up SLB was recommended, which was performed in 13, and a
conclusive clinical diagnosis could be achieved in 92.3% (n=12) of them (change in histopathological
diagnosis: n=3; histopathological diagnosis confirmed with increased confidence leading to increased
MDD confidence: n=5; histopathological diagnosis confirmed with same confidence leading to revision of
initial MDD working diagnosis: n=4). BONDUE et al. [40] evaluated a diagnostic algorithm in which
patients with ILD initially underwent TBLC, followed by SLB in case of an uncertain histopathological
diagnosis or a non-specific interstitial pneumonia (NSIP) pattern after initial TBLC, hypothesising that a
coexistent UIP pattern could have been missed. Of 81 patients undergoing TBLC, 16.0% (n=13) had no
histopathological diagnosis and 19.8% (n=16) had a pattern suggestive of NSIP. Of these, 14 patients had
subsequent SLB, showing a UIP pattern in 78.6% (n=11), hypersensitivity pneumonitis pattern in 14.3%
(n=2) and a NSIP pattern in 7.1% (n=1). Of the six patients with a NSIP pattern at TBLC undergoing
subsequent SLB, this showed a UIP pattern in five and confirmed a NSIP pattern in only one. The
evidence for step-up SLB was judged as “very low” (downgraded for risk of bias and imprecision). For a
second TBLC, no evidence on this was identified.
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Adverse events
For step-up SLB, only four studies (n=13 patients) reported on this, which occurred in 11.8% (prolonged
air leak: n=1; death within 30 days after SLB due to acute exacerbation of lung fibrosis: n=2; overnight
stay at the ICU due to prolonged respiratory and cardiovascular instability: n=1) (tables S2 and S3 in
supplementary appendix S9). The evidence for step-up SLB was judged as “very low” (downgraded for
risk of bias and imprecision). For a second TBLC, no evidence on adverse events was identified.

Justification of the recommendation
Overall certainty of the evidence was considered “very low” (tables S3 and S4 in supplementary appendix
S9). Based on our meta-analysis of diagnostic yield, it seems that step-up SLB after an initial
non-informative TBLC often results in a histopathological diagnosis. Insufficient evidence was obtained to
be able to make similar statements for a second TBLC. Evidence on adverse events in this subgroup of
patients is low, but it is likely that overall complication rates of SLB and TBLC in patients with ILD
(PICO Question 1) can be extrapolated to patients with a non-informative initial TBLC. No evidence is
available on costs. The Task Force is not aware of major issues in health equity, acceptability of either test
or feasibility of performing a second procedure. The patient representatives who provided input indicated
that it is their opinion that, if initial TBLC is non-informative, most patients would opt for step-up SLB
rather than a second TBLC as subsequent diagnostic. In general, the Task Force believes that the potential
disadvantages (adverse events and costs) are outweighed by the need to obtain a histopathological
diagnosis, if MDD judges that this is indicated. Therefore, the balance is probably in favour of performing
an additional test. Yet, this should be decided upon on a case-by-case level, taking into account factors
such as (relative) contra-indications (e.g. severe lung function or cardiac impairment) to undergo additional
testing.

Recommendations for monitoring and future research
Healthcare centres that offer step-up SLB or a second TBLC after a non-informative initial TBLC are
advised to collect data on outcomes such as diagnostic yield and complications. Regarding future research,
prospective studies should be performed, evaluating the added value (in terms of diagnostic yield, adverse
events and costs) of performing step-up SLB or a second TBLC. These can be single-arm studies (i.e.
step-up SLB or second TBLC only) or two-arm studies (ideally a randomised trial) in which both tests are
compared.

PICO Question 4: Is formal training in TBLC recommended to optimise diagnostic yield and minimise
adverse events in patients with undiagnosed ILD?
Recommendation
The Task Force suggests that TBLC operators should undergo training (conditional recommendation,
“very low” certainty of evidence), but a recommendation on the optimal type of training cannot be made
due to lack of evidence.

Background
DIBARDINO et al. [41] reported that the introduction of TBLC at a large academic medical centre in the
USA was linked to a high rate of complications. It has previously been demonstrated in bronchoscopy and
endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) that formal training,
often using simulators, can shorten learning curves and assure safe and efficient procedures [42–44].
Similar formal training may increase diagnostic yield and reduce adverse events in TBLC.

Evidence summary
Results from study quality assessment, GRADE tables and evidence-to-decision tables for PICO Question
4 are provided in supplementary appendix S10. Studies directly addressing the PICO question were not
identified, but three studies were found that evaluated outcomes in early versus late procedures, which was
considered as a surrogate for operator experience. Of these, one study reported cumulated sum (CUSUM)
scores for some of the prioritised outcomes [45]. However, as these scores were not comprehensible and
raw data regarding the outcomes were not published, the Task Force decided to exclude the study from the
analyses. The remaining two studies were included [46, 47]. Risk of bias was high or unclear in both of
them (table S1 in supplementary appendix S10). The outcomes that could be evaluated were diagnostic
yield (including surrogate outcomes sample length and sample area) and adverse events.

Diagnostic yield for a histopathological diagnosis, sample length and sample area
This seems to be positively associated with operator experience, based on one study (table S2 in
supplementary appendix S10) [46]. ALMEIDA et al. [46] reported a diagnostic yield of 74.0% in the first 50
TBLC procedures performed versus 90.0% in the subsequent 50 procedures (p=0.04). Furthermore, sample
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area and sample length significantly increased with increasing operator experience. The evidence for these
outcomes was judged as “very low” (downgraded for risk of bias and indirectness).

Adverse events
These seem to reduce in late versus early procedures, based on two studies (table S2 in supplementary
appendix S10) [46, 47]. ALMEIDA et al. [46] reported pneumothoraxes in 24.0% (n=12) in the first 50
TBLC procedures performed and 12.0% (n=6) in the subsequent 50 procedures (p=0.12).
KRONBORG-WHITE et al. [47] reported pneumothoraxes in 30.0% (n=6) in the first 20 TBLC procedures
performed and in 22.2% (n=4) in the subsequent 18 procedures (p=0.59). Data on bleeding was limited to
one study: ALMEIDA et al. [46] reported bleeding events in 2.0% (n=1) versus 4.0% (n=2) in early versus
late procedures (p=0.56). The evidence for these outcomes was judged as “very low” (downgraded for risk
of bias, indirectness and imprecision).

Justification of the recommendation
Overall certainty of the evidence was considered “very low” (tables S2 and S3 in supplementary appendix
S10). The Task Force considers training important to achieve operator competency, as diagnostic yield
increases and adverse events decrease with experience. Introducing TBLC in less experienced centres may
result in higher rates of complications [41]. For other invasive procedures, it has been shown that formal
training programmes can increase operator competency [42–44]. However, formal training in TBLC to
shorten the learning curve and improve procedure outcomes in suspected ILD has not yet been evaluated.
None of the identified studies assessed learning curves between bronchoscopists that received formal
training versus those that did not. The included studies could not deliver definite answers about desirable
and undesirable effects, the required resources or equity. Comparisons could only be made between earlier
and later procedures, but none of them described 1) the bronchoscopists’ baseline experience regarding
TBLC or other invasive procedures, or 2) the kind of training the bronchoscopists had received before and
during the study.

Recommendations for monitoring and future research
The Task Force believes that a certain level of training is needed to perform TBLC in a standardised, safe
and effective way. If implemented, the impact of formal TBLC training programmes must be monitored
closely. It is strongly recommended that studies evaluating the impact of formal training programmes in
TBLC are designed and conducted. First, formal training programmes must be defined and developed.
Second, it is recommended that direct comparisons of formal training and apprentice-based training on the
prioritised outcomes are performed. This can be done either by performing a randomised trial or by
performing observational studies which include bronchoscopists undergoing different types of training.

Narrative Question 1: Are there specific HRCT findings which would lead to TBLC as the first choice
for biopsy?
Evidence summary
The Task Force aimed to identify studies that evaluated the performance and safety of TBLC in (subgroups
of) patients with specific HRCT findings (e.g. areas with increased lung attenuation, areas with decreased
lung attenuation, nodular and micronodular patterns, centrilobular distribution, random distribution or
reticular pattern). However, no such studies were identified. It is recommended that prospective studies are
performed, evaluating diagnostic yield and adverse events of TBLC in patients with specific HRCT
findings compared to other methods to obtain histopathological data (e.g. TBLB with forceps and SLB).

Narrative Question 2: What are the procedural risks of TBLC in patients with undiagnosed ILD?
Background
Procedural adverse events are frequent in TBLC, although most are minor (see PICO Question 1). The
most frequent adverse events are pneumothorax and mild bleeding. Serious adverse events, such as major
bleeding, respiratory failure, exacerbation of ILD or mortality, are uncommon in the reported literature.
Several previous studies evaluated predictors of adverse events. ABURTO et al. [48] analysed 257 TBLC
procedures, with complications in 15.2%, and 5.4% requiring hospital admission on the day of the
procedure. Variables significantly associated with hospital admission were modified Medical Research
Council dyspnoea score ⩾2, FVC <50% and Charlson Comorbidity Index ⩾2. To minimise adverse events,
it is useful to evaluate which groups of patients are at particularly high procedural risk, so that this risk can
be weighed against the added value of increasing diagnostic confidence.

Evidence summary
Evidence summary tables for Narrative Question 2 are provided in supplementary appendix S11. The Task
Force aimed to identify which subgroups of patients are at higher procedural risk, specifically focusing on
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those with lung function impairment (FVC <50%, DLCO <35%), pulmonary hypertension (sPAP
>40 mmHg), advancing age (>65 years), acute exacerbation of ILD (respiratory failure or rapid worsening),
major comorbidities or increased bleeding risk. Two types of studies were selected: 1) those evaluating
adverse events of TBLC in patients with ILD at high procedural risk only (n=3 studies identified; table S1
in supplementary appendix S11) [35, 37, 49] and 2) those comparing adverse events in patients at high
versus low procedural risk (n=7 studies identified; table S2 in supplementary appendix S11) [36, 38, 50–
54]. Pooling of data was not performed due to heterogeneity in study populations and reported outcomes.

Overall high procedural risk
BONDUE et al. [36] compared adverse events of TBLC in 38 patients with ILD at high risk of SLB (defined
as age ⩾75 years, BMI ⩾35 kg·m−2, sPAP by echocardiography ⩾45 mmHg, FVC <50%, DLCO <30%
and/or significant cardiac comorbidities with reduced heart ejection fraction) with 58 patients at low risk
with equal numbers of moderate bleeding (28.9% (n=11) versus 29.3% (n=17); p=0.969), severe bleeding
(2.6% (n=1) versus 5.2% (n=3); p=0.542), pneumothorax (13.2% (n=5) versus 20.7% (n=12); p=0.419),
mortality (2.6% (n=1) versus 0% (n=0)) and median hospital stay (1 day versus 1 day; p=0.675).

Lung function impairment
Three studies reported on adverse events in patients with lung function impairment, and one study
compared adverse events in patients with more and less lung function impairment [35–37, 49]. MATTA

et al. [35] included 17 critically ill patients with acute hypoxaemic respiratory failure, in whom
pneumothorax occurred in 35.3% (n=6), moderate haemorrhage in 5.9% (n=1) and 8-day mortality
(although not directly related to TBLC) in 47.1% (n=8). RAVAGLIA et al. [37] reported on adverse events in
a subgroup of 31 patients with FVC <50% and/or DLCO <35%; pneumothorax occurred in 19.4% (n=6),
mild–moderate bleeding in 19.4% (n=6) and empyema in 3.2% (n=1). SHE et al. [49] reported on TBLC in
a subgroup of 15 patients with DLCO <40% and identified that no increased rate of complications occurred
in these patients, although no further details were provided. Finally, BONDUE et al. [36] compared a
subgroup of 15 patients with severe pulmonary impairment (FVC <50% or DLCO <30%) versus 58
low-risk patients, reporting 6.7% (n=1) versus 20.7% (n=12) pneumothoraxes (p=0.316), respectively, and
no differences in bleeding.

Hospitalised patients
Three studies reported on adverse events in patients that were already hospitalised versus non-hospitalised
patients, although reasons for hospitalisation (and if these were related to ILD) were unclear in two of
these [50, 53, 54]. COOLEY et al. [50] compared adverse events in 17 hospitalised patients (n=15 due to
respiratory failure, n=1 due to fatigue and n=1 due to kidney injury) versus 142 outpatients. Pneumothorax
occurred in 23.5% (n=4) versus 9.9% (n=14; p=0.11), respectively, with persistent air leak in 5.9% (n=1)
and 0.7% (n=1; p=0.20). ICU transfer within 48 h after the procedure occurred in 11.8% (n=2) versus
2.1% (n=3; p=0.09), and 30-day mortality in 5.9% (n=1) and 1.4% (n=2; p=0.29), respectively. KROPSKI

et al. [53] compared adverse events in four hospitalised patients (reason for hospitalisation not reported)
versus 33 outpatients, but no pneumothoraxes or bleeding occurred. One (25.0%) of the hospitalised
patients required ICU admission due to post-procedural hypoxaemia and one (3.0%) of the outpatients
required hospitalisation due to haemoptysis. Finally, PANNU et al. [54] compared 30-day mortality in eight
hospitalised patients (reason for hospitalisation not reported) versus 189 outpatients, identifying that this
was 25.0% (n=2) and 1.1% (n=2), respectively.

Age
HETZEL et al. [52] compared moderate–severe bleeding rates in 189 patients aged ⩾65 years versus 160
patients aged <65 years, identifying that this occurred in 20.1% (n=38) and 10.6% (n=17; p=0.018),
respectively.

Body mass index
BONDUE et al. [36] compared a subgroup of 15 patients with BMI ⩾35 kg·m−2 versus 58 low-risk patients,
reporting pneumothoraxes in 6.7% (n=1) versus 20.7% (n=12; p=0.206), respectively, and no differences
in bleeding.

Anticoagulants
HETZEL et al. [52] compared moderate–severe bleeding rates in 51 patients with aspirin use versus 303
patients without aspirin use, identifying that this occurred in 25.5% (n=13) and 14.9% (n=45; p=0.067),
respectively. KRONBORG-WHITE et al. [38] did the same in 86 patients with any anticoagulant (n=64 acetyl
salicylic acid; n=13 platelet inhibitors; n=15 direct oral anticoagulants; n=18 vitamin K antagonists; all
patients ceased individual anticoagulants before the procedure according to national guidelines) versus 164
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patients without anticoagulants. Moderate–severe bleeding occurred in 22.1% (n=19) versus 22.0% (n=36;
p=0.98).

Summary and recommendations for future research
Evidence regarding adverse events from TBLC in patients at high procedural risk is limited and most of
the aforementioned studies only included a small number of patients, resulting in limited power and wide
confidence intervals. Data from high-volume centres suggest that TBLC may be performed relatively safely
in patients with advancing age, elevated BMI, cardiac impairment or (non-acute) pulmonary impairment
(even at FVC <50% or DLCO <30%). The risk of serious adverse events seems to be particularly high in
hospitalised patients with acute hypoxaemic respiratory failure or rapidly progressing ILD. Despite some
reassurances from the literature, a conservative approach for patient selection is recommended for centres
with less experience in real-world practice. Future prospective studies performed in expert centres are
needed to assess in which high-risk patients TBLC can be performed relatively safely.

Discussion
This ERS guideline aimed to establish evidence-based recommendations for the use of TBLC in patients
with undiagnosed ILD in clinical practice. The guideline was developed in line with GRADE principles
and every guideline question was informed by a thorough systematic review of the published literature.

Several potential limitations should be taken into account. Although a considerable number of clinical
experts were involved in the development of the guideline, these mostly included pulmonologists with
expertise in TBLC, and only one pathologist and one radiologist. In future updates, we will consider
expanding the Task Force to further ensure that all clinical stakeholders involved in the diagnostic process
of ILD are sufficiently represented. For several PICO questions, TBLC and SLB were compared. In this
comparison, we focused on the a priori defined and prioritised outcomes (supplementary appendix S4),
and these were carefully weighed in the evidence-to-decision process to arrive at a final recommendation.
However, whether or not a test is considered a “valid replacement test” (PICO Question 1) or a “valid
add-on test” (PICO Question 4) may depend on many factors, including diagnostic yield, adverse events,
downstream consequences of test results, prevalence and costs [55], and others may weigh the relative
importance of each outcome differently. Although many studies on TBLC and SLB in patients with ILD
have been published, the number of included studies was low for most of the guideline questions. In
addition, certainty of the evidence was “very low” for most outcomes. The Task Force formulated
recommendations for future research for each guideline question, which may form the basis for studies in
upcoming years.

Taking into account the evidence obtained in PICO Questions 1 and 3, the Task Force believes that a
step-up strategy is in most situations preferred (figure 1): patients would initially undergo TBLC (at
reduced risk of severe adverse events, days of hospitalisation and costs) and if insufficiently informative,
this would be followed by SLB. This diagnostic approach was also preferred by the three patient
representatives who provided input. The Task Force acknowledges that the recommendations apply to
centres that are experienced in performing TBLC. Furthermore, the spectrum of potential patients with ILD
(with regard to severity of underlying illness, extent of comorbid disease, level of diagnostic certainty from
clinical, laboratory and radiological data, and importance of obtaining a histopathological diagnosis) is
broad in the clinical setting. As it is impossible to formulate recommendations that equally apply to every
different situation, the advantages and disadvantages of performing invasive testing should be carefully
weighed on a case-by-case level in each individual patient.

Acknowledgements: Markus Fally was the recipient of a European Respiratory Society Fellowship in Guidelines
Methodology (MTF 2018-01). The Task Force would like to thank Achille Abbondanza, Steve Jones and John
Solheim (from the European Lung Foundation’s Pulmonary Fibrosis Patient Advisory Group) for their valuable
input from a patient’s perspective.

This document was endorsed by the ERS Executive Committee on 25 May 2022 and by ERN-LUNG on 5 June 2022.

The guidelines published by the European Respiratory Society (ERS) incorporate data obtained from a
comprehensive and systematic literature review of the most recent studies available at the time. Health
professionals are encouraged to take the guidelines into account in their clinical practice. However, the
recommendations issued by this guideline may not be appropriate for use in all situations. It is the individual
responsibility of health professionals to consult other sources of relevant information, to make appropriate and
accurate decisions in consideration of each patient’s health condition and in consultation with that patient and
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the patient’s caregiver where appropriate and/or necessary, and to verify rules and regulations applicable to drugs
and devices at the time of prescription.
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