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Abstract
Transbronchial cryobiopsies (TBCB) have recently been introduced as a promising and safer alternative to surgical
lung biopsy in the diagnostic approach to diffuse parenchymal lung diseases (DPLD). Despite a substantial and expanding body of literature, the technique has not yet been standardized and its place in the diagnostic algorithm of DPLD
remains to be defined. In part, this reflects concerns over the
diagnostic yield and safety of the procedure, together with
the rapid spread of the technique without competency and
safety standards; furthermore, there is a substantial procedural variability among centers and interventional pulmonologists. We report this expert statement proposed during
the third international conference on “Transbronchial Cryobiopsy in Diffuse Parenchymal Lung Disease” (Ravenna, October 27–28, 2016), which formulates evidence- and expertbased suggestions on the indications, contraindications, patient selection, and procedural aspects of the procedure. The
following 5 domains were reviewed: (1) what is the role of
TBCB in the diagnostic evaluation of DPLD: patient selection;
(2) pathological considerations; (3) contraindications and
safety considerations; (4) how should TBCB be performed
and in what procedural environment; and (5) who should
perform TBCB. Finally, the existence of white paper recommendations may also reassure local hospital credentialing
committees tasked with endorsing an adoption of the tech© 2018 S. Karger AG, Basel
nique.

Introduction

Diffuse parenchymal lung diseases (DPLD) represent
approximately 15% of consultations for the general pulmonologist [1]. While a broad spectrum of DPLD exists,
approximately 30% of these patients have idiopathic pulmonary fibrosis (IPF), a progressive fibrotic disease with
variable clinical course but, in general, poor survival [2].
The current approach to the diagnosis and management
of DPLD includes a multidisciplinary discussion (MDD)
undertaken by clinicians, radiologists, and pathologists
[3]. Qualitatively and quantitatively adequate lung biopsies are essential contributors to the diagnosis when highresolution computed tomography (HRCT) findings as
well as clinical and laboratory data are insufficient. HisTBCB for the Diagnosis of DPLD

torically, surgical lung biopsy (SLB) has been considered
as the definitive means of obtaining adequate biopsy
specimens. However, in many patients, the risk/benefit
ratio of the procedure is unacceptable. Morbidity and
mortality related to SLB are substantial, particularly in
older subjects, in patients with significant comorbidities
or severe respiratory impairment, and in cases with a final
diagnosis of IPF [4, 5]. This has major implications regarding IPF diagnosis. Recent data from large randomized controlled trials suggest that histological information is required in at least 30–40% of IPF patients in order
to meet diagnostic criteria as suggested in the 2011 IPF
guidelines [6–8]. In the absence of SLB, the diagnosis of
IPF is likely underestimated as HRCT findings definitive
for usual interstitial pneumonia (UIP) are only present in
about 50% of IPF cases. In these patients, a final diagnosis
of “unclassifiable interstitial lung disease (ILD)” is associated with major management uncertainties.
The search for a minimally invasive alternative to SLB
is motivated by the need to reduce the prevalence of “unclassifiable ILD,” to reduce the complication rate associated with SLB and to offer opportunities to obtain representative specimens of lung tissue in a larger group of
patients. Conventional forceps bronchoscopic biopsies
are useful in bronchocentric or perilymphatic diseases,
and in those with distinctive histopathological features
that can be recognized even in small samples such as sarcoidosis, carcinomatous lymphangitis, and organizing
pneumonia [9–11]. However, in diseases with heterogeneous histological patterns and in those with the main
histological abnormalities located at the periphery of the
secondary lobule, such as UIP, forceps biopsies are rarely
sufficient to establish the diagnosis with confidence [12,
13]; the patchy fibrosis pattern is difficult to identify in
these tiny specimens because of the crush artifacts frequently present [12]; therefore, its sensitivity in the diagnosis of the UIP pattern is very low [12, 14]; when fibroblastic foci and honeycomb changes are identified, its
specificity for the UIP pattern appears to be high [12, 13].
The recent introduction of transbronchial cryobiopsies
(TBCB) as a promising and safer alternative to SLB is generating considerable interest in the pulmonary community [15, 16]. The indication for TBCB within the context
of a MDD, vis-à-vis other diagnostic procedures, such as
HRCT, conventional forceps biopsies, and SLB, remains
to be defined. In addition, despite a substantial and expanding body of literature, TBCB technique has not yet
been standardized, and techniques, reported diagnostic
yields, and complications vary widely [17]. Recent reports
have also highlighted, not unexpectedly, a greater compliRespiration 2018;95:188–200
DOI: 10.1159/000484055
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cation rate than initially estimated, which has unquestionably hindered adoption of the technique by ILD and
bronchoscopy specialists [18, 19]. The substantial procedural variability among centers and interventional pulmonologists and uncertainty on diagnostic yield complications on one hand [16, 20–33], and the promises of a
potential useful and minimally invasive alternative to SLB
on the other hand underscore the need of this expert
statement.
Methods
During the third international conference on “Transbronchial
Cryobiopsy in Diffuse Parenchymal Lung Disease” which took
place on October 27–28, 2016, in Ravenna, specific concerns were
raised by participants regarding the rapid spread of the technique
in the absence of competency and safety standards. A working
group was convened during the conference and tasked with reviewing the existing evidence and formulating, if possible, evidence- and expert-based suggestions on the indications, contraindications, patient selection, and procedural aspects of the procedure.
There are several reasons for such a document:
• TBCB is a promising alternative to SLB, but patient safety and
diagnostic yield remain a concern, and a comprehensive review
and discussion of the literature are presented.
• There is a general consensus among centers experienced with
TBCB on the requisite equipment, personnel, indications, contraindications, risks, and training requirements for TBCB
which may facilitate uniform practice and provide a guide for
those wishing to introduce this technique.
• There is a need for standardization of TBCB procedures given
the majority reported variability in diagnostic yield (50–100%)
and complications (rate of pneumothorax from 0% up to about
30%) [34–36].
• The existence of expert recommendations may reassure local
hospital credentialing committees tasked with endorsing an
adoption of the technique.
This statement is built upon our previous systematic review,
which was updated with new additions in the literature with suggestions from experienced users for the purpose of this position
statement [34]. The systematic review of the literature was performed according to the guidelines developed by the Meta-analysis
Of Observational Studies in Epidemiology (MOOSE) group [34,
37]. We searched Medline, Embase, Cochrane Central Register of
Controlled Trials, and conference proceedings for all original articles on diagnostic yield and safety of TBCB for the diagnosis of
DPLDs (i.e., suspected ILD, pulmonary infiltrates), for routine
surveillance after lung transplantation or for research purpose, using a combination of free text and MESH/Emtree terms. The electronic search was supplemented by the gray literature and by
handsearching the bibliography of relevant articles. We did not
consider studies reporting data on TBCB for the diagnosis of peripheral or central lung lesions [34]. We considered weighing the
evidence and providing perceived strengths of recommendations
using the Grading of Recommendations Assessment, Development and Evaluation (GRADE), but after careful review of the lit-
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erature and consideration of the low level of evidence available, the
working group decided to agree on general suggestions without
formal individual grading of level of evidence and strength of recommendations. Accordingly, this document is restricted to expert
suggestions based on low evidence.
The following 5 domains were considered:
1. What is the role of TBCB in the diagnostic evaluation of DPLD:
patient selection
2. Histopathological considerations
3. Contraindications and safety considerations
4. How should TBCB be performed and in what procedural environment?
5. Who should perform TBCB?

What Is the Role of TBCB in the Diagnostic
Evaluation of DPLD: Patient Selection

In general, the indications for TBCB for DPLD are the
same as for SLB. Nonetheless, the clinical-radiological
criteria used to select patients for biopsy may need to be
re-assessed, given the availability of TBCB. For example,
SLB is typically not indicated in subjects having HRCT
images demonstrating a typical UIP pattern. However,
the availability of TBCB and its lower morbidity compared to SLB could potentially broaden the indication for
lung biopsy such as in DPLD patients with equivocal exposures or suspicion of an occult collagen vascular disease who may exhibit histopathological clues to alternative diagnoses (e.g., small granulomas, foci of organizing
pneumonia, lymphoid follicles, pulmonary and pleural
chronic inflammation) on cryobiopsy that might add
weight to other diagnoses [30, 38, 39]. Therefore, TBCB
could sometimes be proposed in patients with a typical
radiological UIP pattern, with the aim of collecting more
definitive data suggesting occult exposures or collagen
vascular diseases.
There is a substantial mortality rate after SLB, which is
even higher in patients with underlying morbidities or
evidence of disease progression [4, 5]. The acute exacerbation after SLB is hypothesized to be related to barotrauma during single lung ventilation and perhaps oxygen toxicity manifesting first in the lung not submitted to
biopsy. The analysis of data already published on TBCB
documents 7 deaths within a month after the procedure:
1 patient died from respiratory failure after TBCB due to
lymphangitic carcinomatosis, 1 from acute myocardial
infarction manifesting weeks later, 1 from pulmonary
edema from newly diagnosed severe aortic stenosis, 1
with organizing pneumonia and who was on palliative
care, 1 from pulmonary embolism, 2 patients from acute
exacerbation of IPF [27, 40–42] (in both cases of death
Hetzel et al.

from acute exacerbation, diffuse alveolar damage was the
histological background and the complication developed
after significant procedural complications such as tension
pneumothorax and subsequent ventilation with high positive airway pressures or severe bleeding). A more recent
case of acute exacerbation of ILD as a complication of
TBCB has been reported in a patient with nonspecific interstitial pneumonitis (although this case report does not
describe the TLCB technique specifically, analysis of histology, description of HRCT features, and clinical information documenting the presence of a stable disease or
rapid progressive deterioration before the TBCB) [43].
The risk of acute exacerbation needs to be assessed before
the procedure, particularly in case of recent worsening [4,
5]. Recent onset of patchy ground glass areas on HRCT
scan, functional deterioration and/or increased dyspnea
on exertion in the last month and/or high levels of inflammatory or more specific markers (KL-6) could be predictors of a high acute exacerbation risk [44, 45].
In patients with chronic fibrosing DPLDs, low pulmonary function values have a prognostic impact and are
associated with a higher rate of significant complications
after SLB [46]. In this context, SLB has a disadvantageous
risk/benefit ratio. The clinical value of TBCB in this setting is not yet known. In other DPLDs, patients without
an overt fibrosing component, but with an acute or subacute behavior, including those with a major reduction in
lung function, a definite diagnosis by TBCB can be
achieved. In fact, cases with a final morphological diagnosis of organizing pneumonia, nonspecific interstitial
pneumonia, diffuse alveolar damage, capillaritis, intravascular lymphoma, infections, and acute/subacute rejection have been reported; TBCB may also be helpful in
patients with suspected hypersensitivity pneumonitis
and equivocal exposure [25, 47–49].
The introduction of TBCB as a minimally invasive
technique and as a suitable minimally invasive alternative
to SLB for the diagnosis of DPLD could transform the
clinical approach to these patients. Obtaining representative and diagnostic lung tissue samples with less risk of
morbidity and mortality could expand indications and
augment the possibility of adding morphological information to data already acquired by clinical investigation,
laboratory tests, and HRCT scan [38].
Key Points
a. Patients with DPLD without a diagnosis after integration of clinical profile, laboratory tests, and HRCT features could be submitted to TBCB instead of SLB in centers with an established experience in the MDD and TBCB.
TBCB for the Diagnosis of DPLD

b. A typical UIP pattern on HRCT is generally sufficient for diagnosis and precludes SLB but may not represent an absolute contraindication to TBCB (as may happen even considering SLB), if there is a clinical reason to
consider histological evaluation.
c. Patients with an acute or subacute lung disease
which is not rapidly progressing with a low probability of
having acute exacerbation of IPF might benefit from
TBCB.
Pathological Considerations

The pathological approach to TBCB and to other lung
biopsy specimens is similar. In some cases, a specific histological diagnosis can be made (e.g., PLCH, malignancy)
whereas in others, a pattern of injury is identified (e.g.,
UIP) that allows a confident multidisciplinary diagnosis
with the integration of clinical and HRCT findings. The
same histopathological patterns that require a larger
specimen for recognition (e.g., UIP) may still be identified on TBCB albeit with a lower frequency (75–80 vs.
>95%) than with SLB. Furthermore, while the smaller size
of the specimens may initially lead to some hesitation and
a lower confidence in histological diagnosis from pathologists evaluating TBCB in comparison to SLB, one should
still attempt to label patterns just as one does with SLB
and recognize that input from MDD will keep the pathology interpretation in context. About 20% of cryobiopsies
will be nondiagnostic; the reasons may include inadequate lung tissue (i.e., the specimen is predominantly airway wall), normal lung tissue (sampling error), or lung
tissue with very minor and nonspecific pathology.
The optimal lung biopsy specimen size in the diagnosis
of DPLD has not been established. However, Casoni et al.
[27] showed that the area of samples strongly correlates
with the diagnostic yield. In that study, the mean area of
the samples was 41.99 ± 14.43 mm2 in the group that received a morphological diagnosis and 28.43 ± 11.66 mm2
in cases without a morphological diagnosis. 40 mm2 represents 2 biopsy specimens, each 5 × 4 mm, and anecdotally pathologists suggest that adequate specimens should
measure at least 5 mm in diameter since that corresponds
to the size of the full field seen with a 4× objective on
many microscopes. Such a field size allows pattern recognition in many cases [47].
The processing of TBCB specimens is similar to the
other lung biopsies: fixation in formalin, paraffin embedding, and formation of hematoxylin and eosin slides (at
least 2 levels is recommended, and any initial special
Respiration 2018;95:188–200
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Table 1. Comparison between transbronchial forceps biopsy, transbronchial cryobiopsy, and surgical lung bi-

opsy

First author [Ref.], year

Diagnostic yield

Pneumothorax

Serious
bleeding

Mortality due to AE
(in 30 days)

Cryobiopsy
Babiak [16], 2009
Kropski [22], 2013
Fruchter [24], 2013
Yarmus [23], 2013
Pajares [28], 2014
Fruchter [26], 2014
Pourabdollah [54], 2016
Griff [30], 2014
Hernández-Gonzáles [33], 2015
Hagmeyer [32], 2016
Gershman [31], 2015
Ramaswamy [55], 2016
Echevarria-Uraga [40], 2016
Ravaglia [34], 2016
Ussavarungsi [56], 2017
DiBardino [19], 2017
Bango-Alvarez [36], 2017
Kronborg-White [57], 2017
Sriprasart [42], 2017
Ravaglia [53], 2017

>50.6%
39/41 (94%)
20/25 (80%)
40/40 (100%)
–
39/77 (50.6%)
51/75 (68%)
21/40 (52.5%)
41/52 (79%)
28/33 (84%)
23/32 (72%)
–
37/56 (66%)
83/85 (97%)
246/297 (82.8%)
38/74 (51%)
14/25 (56%)
91/106 (86%)
28/38 (74%)
65/74 (87.8%)
–

0–26%
2 (4.8%)
0
0
1 (4.8%)
3 (8%)
2 (2.6%)
–
0
4 (12%)
6 (19%)
15 (5%)
11 (20%)
3 (3%)
60 (20%)
1 (1.4%)
2 (8%)
5 (4.7%)
10 (26%)
5 (7%)
7 (16%)

0–42%
0
0
0
0
0
3 (4%)
–
0
0
2 (6%)
16 (5%)
1 (2%)
10 (10%)
0
9 (12%)
3 (12%)
0
3 (8%)
1 (1%)
0

<2%
–
–
–
0
–
0
–
0
0
–
–
0
–
1 (0.3%)
–
–
0
0
–
–

Forceps biopsy
Wall [58], 1981
O’Brien [59], 1997
Berbescu [13], 2006
Casoni [60], 2008
Facciolongo [61], 2009
Tomassetti [12], 2012
Yarmus [23], 2013
Pajares [28], 2014
Pourabdollah [54], 2016
Gershman [31], 2015
Ramaswamy [55], 2016
Sheth [62], 2017

25–65%
20/53 (37.7%)
29/83 (34.9%)
7/22 (31.8%) UIP
62/95 (65%)
–
13/64 (25%)
–
11/38 (29.1%)
14/26 (53.8%)
–
16/56 (29%)
13/33 (39.4%)

0–14.3%
2/52 (3.8%)
10/83 (14.3%)
–
0
22/1,660 (1.3%)
5/64 (8%)
1/21 (4.76%)
2/38 (5.3%)
–
9/286 (3.15%)
–
–

0–6.0%
0
5/83 (6.0%)
–
0
21/1,660 (1.3%)
–
0
0
–
13/288 (4.4%)
–
–

0
0
–
0
0
0
0
0
–
0
–
–

Surgical biopsy
Rena [63], 1999
Kreider [64], 2007
Zhang [65], 2010
Fibla [66], 2012
Blackhall [67], 2013
Morris [68], 2014
Rotolo [69], 2015
Fibla [70], 2015
Hutchinson [4], 2016
Hutchinson [71], 2016
Ravaglia [34], 2016
Sheth [62], 2017
Lieberman [72], 2017

>69.9%
50/58 (86%)
52/68 (76.5%)
368/418 (88.0%)
195/224 (87%)
72/103 (69.9%)
49/66 (74.2%)
154/161 (95.7%)
232/311 (74.6%)
–
–
140/150 (98.7%)
232/311 (75%)
47/47 (100%)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

No bleeding
0
0
0
0
0
0
0
0
–
–
0
0
0

Up to 9%
0
3/68 (4.4%)
3/418 (0.7%)
–
4/103 (3.9%)
1/66 (1.5%)
4/161 (2.5%)
28 (9%)
2,051/32,022 (6.4%)
68/2820 (2.4%)
4/150 (2.7%)
–
1 (2.1%)

AE, adverse event; UIP, usual interstitial pneumonia; NA, not applicable (after surgical lung biopsy usually a chest tube is
applied).
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stains such as elastic Van Gieson as per pathologist preference). Two key aspects in handling and processing of
TBCBs are:
1. Minimize tissue manipulation (through the entire
process from removing the specimen from the probe
to embedding in paraffin).
2. Embed and orientate the tissue in the paraffin block to
maximize surface area on the slides.
Forcible separation of the tissue from the probe’s tip
may diminish the diagnostic yield. Therefore, attention to
minimal tissue manipulation and maximized surface area
on the slide greatly facilitates pattern recognition. Thawing in hand-warm water may facilitate to remove the
specimen from the probe’s tip. Some tissue should remain
in the paraffin block after initial cuts (at least 40%) to be
available for furthers studies, special stains, etc. TBCB tissue is adequate for immunohistochemical and molecular
studies that are done on other lung specimens.
Histological diagnosis of the UIP pattern is feasible on
TBCB [48]. Elements of the UIP pattern (patchy fibrosis,
fibroblastic foci, honeycomb changes) are identifiable
with high confidence in cryosamples [47]. Additionally,
in one study, the inter-observer variability between expert pathologists for diagnosing the UIP pattern on TBCB
was similar to that described in SLB (0.72 vs. 0.86) [50].
Tests assessing the products of overexpression or underexpression of different molecular pathways (wnt, etc.) are
feasible on cryobiopsy samples [51].
TBCBs have been shown to have a meaningful impact
on diagnostic confidence in the MDD, which is comparable to that observed in SLB [50]. The NSIP or DIP patterns or other rarer and complicated lesions have also
been identified in samples obtained by cryoprobes, although in a limited number of cases [52, 53]. Thus, data
on the clinical meaning of NSIP/DIP and other patterns
on cryobiopsy have not been assessed yet. However, data
on the prognostic impact of histological patterns documented by TBCB in patients with fibrosing ILD accumulated so far are promising.
Consistent with prior published guidelines, conventional forceps biopsies remain indicated in a minority of
patients with DPLD, such as those having lesions along
the lymphatic routes or in the centrilobular zones as assessed by CT (i.e., granulomatous diseases, carcinomatous lymphangitis, organizing pneumonia) [9, 54–72]
(Table 1). The impact of TBCB in rapidly declining subjects is not yet well identified, and because of a risk of
acute exacerbation, generally discouraged.

Key Points
a. TBCB samples should be processed very carefully
after extraction.
b. The size of the histological samples influences the
diagnostic yield. A sample size of 5 mm in diameter is suggested as sufficient.

TBCB for the Diagnosis of DPLD
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Contraindications and Safety Considerations

Available data indicate pneumothorax to be a complication associated with TBCB. However, the rate varies
considerably between different studies: from less than 1%
to almost 30% [16, 21–23, 28, 30–32, 34, 35, 73, 74]. In a
meta-analysis that included 15 studies comprising 994
patients, the average rate was 10% [34]; the same results
were confirmed by a more recent meta-analysis of 13
studies with an incidence of postprocedural pneumothorax of 9.5% (5.9–14.9%) [35]. There are very few data regarding chest tube time, but when chest drainage was
necessary, time of drainage was similar to that of drainage
after VATS [34]. The risk of pneumothorax increases
with UIP histology, fibrotic reticulation on HRCT scan,
and with biopsies taken close to the pleura [27, 34].
Bleeding during cryobiopsy is common [16, 17, 22, 23,
28, 30, 32, 40, 41, 74–76], but is generally readily controlled endoscopically, e.g., by the use of bronchial blockers (Fogarty balloon or other tools) and/or use of rigid
bronchoscopy [23, 27, 34, 40, 43, 76]. There is no generally accepted bleeding severity scale and therefore comparability of different papers is difficult. However, most
papers grade on a scale of 4 steps: no bleeding, mild bleeding (e.g., requiring suction to clear but no other endoscopic procedures), moderate bleeding (e.g., requiring
endoscopic procedures like bronchial occlusion-collapse
and/or instillation of ice-cold saline), and severe bleeding
(e.g., causing hemodynamic or respiratory instability, requiring tamponade or other surgical interventions, transfusions or admission to the intensive care unit) [77]. In a
previous meta-analysis, moderate bleeding after cryobiopsy was observed in 65 cases among 383 patients from
12 studies (16.9%), with an overall pooled probability of
developing a moderate bleeding of about 0.12 (CI 0.02–
0.25) [34]. No episodes of severe bleeding, as defined
above, are reported in literature (in some papers bleeding
has been reported as severe but was controlled by placement of bronchial blocker or catheter) [41] and no bleeding-related deaths have been reported after cryobiopsy,
but the authors are aware of unpublished cases in which
severe bleeding led to death when a bronchial blocker was
193

not preventively employed. A recently published report
highlights the risk of potentially life-threatening complications when these precautions are not taken [19]. Abnormal coagulation parameters and use of clopidogrel or
other new antiplatelet drugs are considered contraindications; treatment with aspirin is regarded as a relative contraindication. In the absence of more definitive data and
given the increased bleeding risk compared to conventional forceps biopsies, a conservative approach would be
to hold all medications potentially associated with increased bleeding risk. Thrombocytopenia (<50 × 109/L)
is suggested to be a contraindication for biopsies during
flexible bronchoscopy [76]. These values may be accepted
also for TBCB until data on this topic will become available.
Patients with clinical or radiological signs of pulmonary hypertension should have a preprocedural evaluation of pulmonary artery pressure by echocardiography
or right heart catheterization. An estimated systolic pulmonary artery pressure >50 mm Hg on echocardiography
indicates an increased likelihood of pulmonary hypertension [78, 79] and, in the absence of more definitive data,
is considered a relative contraindication to TBCB [76].
Mortality due to acute exacerbation of UIP after TBCB
has been reported in 2 cases as described before [27, 41].
Acute deterioration in respiratory status should be considered a relative contraindication, although the decision
needs to be individualized based on assessment of benefits and risks. Studies documenting complications, diagnostic yield, and clinical role of TBCB in this specific clinical scenario are needed considering that BAL could have
some diagnostic impact in diffuse lung disorders with a
rapid deterioration [80], although with potential risks
and low yield in some cases [81].
Anecdotal data suggest that complications are more
frequent when pulmonary function is severely impaired.
We suggest that diffusing capacity <35% or forced vital
capacity (FVC) <50% should be considered as a relative
contraindication to TBCB on safety grounds. This limitation is drawn from data reported in studies dealing with
SLB. Additionally, in the subset of patients with severe
fibrosing ILD, the risk-benefit analysis is less advantageous, because in these patients it seems that the prognostic significance of an exact histological diagnosis is reduced [46] and data on the efficacy of a specific “antifibrotic” drug on patients with severe IPF are still scanty [6,
7, 46, 82–84]. A high body mass index (BMI >35) can
result in failure of the procedure [27], mainly because of
desaturation in intubated and spontaneously breathing
patients.
194
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Exclusion criteria for TBCBs vary substantially across
studies. Forced expiratory volume in the first second
(FEV1) <0.8 L or <50% predicted, FVC <50% predicted,
and diffusing capacity of the lungs for carbon monoxide
(DLCO) <35 or <50% predicted have been used to exclude
biopsy candidates in some series, though not in all [16, 27,
34]. Transthoracic echocardiography has been used in
some series to exclude those with estimated pulmonary
arterial systolic pressure >40 mm Hg, though routine preprocedural transthoracic echocardiography is not universally obtained [16, 22, 27, 34]. Significant hypoxemia, defined as PaO2 <55–60 mm Hg on room air or while receiving 2 L/min of nasal oxygen has also been considered a
contraindication by some but not others [22, 27, 28]. Additionally, a study evaluated TBCB in mechanically ventilated patients in the intensive care unit, though the experience remains anecdotal at this time [85].
The authors are aware that TBCB has been performed
safely in a wide age range of patients. Therefore, it was the
consensus of the group that no age limit should be suggested at this time, as long as comorbidities and fitness for
anesthesia are considered and felt to be suitable for the
procedure.
Key Points
a. The major risks after TBCB are pneumothorax and
bleeding.
b. Bleeding diathesis and anticoagulant therapy, treatment with thienopyridines or other new antiplatelet
drugs and thrombocytopenia with platelets <50 × 109 /L
should be considered as contraindications.
c. Pulmonary hypertension may increase the bleeding
risk and is therefore considered as a relative contraindi
cation.
d. No age limits are suggested.
e. FVC <50% and DLCO <35% of the predicted values
are regarded as relative contraindications.
How Should TBCB Be Performed and in What
Procedural Environment?

The methods used to perform TBCB vary substantially across different centers and among bronchoscopists
(Table 2). For example, a large series reported obtaining
TBCB specimens in sedated patients without intubation
or prophylactic bronchial blocker placement to control
bleeding [31]. Studies reporting the use of laryngeal mask
airway have been published [86–88]. However, in the majority of centers, TBCB are usually performed in intubatHetzel et al.

Table 2. Transbronchial cryobiopsy for diffuse lung disease: different approaches

First author [Ref.]

OT

Babiak [16]

x

Pajares [20]

x

Griff [21]

x

Kropski [22]

x

Yarmus [23]

RB

LM

NI

GA +
JV

x

GA/
DS

Bronchial
blocker

Cryoprobe
size, mm

Freezing
time, s

x

x

2.4

4

x

N

2.4

3

1.9

4

Y

1.8

3

x

LA

x

x
x (10)

x (11)

x

x

Fruchter [24]

x

x

N

2.4

4

Fruchter [25]

x

x

N

2.4

4

Fruchter [26]

x

x

N

2.4

4

x

Y

2.4

5/6

x

Y

2.4

3/4

x

Y

2.4

5/6

x

N

1.9

3/5

x

N

2.4

4

N

2.4

4/5

Y

1.9

3/4

Casoni [27]
Pajares [28]

x
x

Poletti [29]

x

Griff [30]

x

Gershman [31]

x

x

x

Hagmeyer [32]

x

Hernández-González [33]

x

x

x
x

Modified from [17]. OT, orotracheal tube; RB, rigid bronchoscope; LM, laryngeal mask; NI, no intubation; GA, general anesthesia;
JV, jet ventilation; DS, deep sedation; LA, local anesthesia; Y, yes; N, no; x, method used.

ed patients with prophylactic placement of a bronchial
blocker, either with conventional endotracheal tube or
through a rigid bronchoscope [17, 75].
Is TBCB without Sedation Possible?
Coughing or patient movement may result in displacement of the cryoprobe during TBCB, which may result in
biopsies either too proximal (increased risk of bleeding)
or too distal (increased risk of pneumothorax). Therefore, general anesthesia or deep sedation is advised. However, spontaneous breathing does not seem to interfere
with the procedure [17, 34], and therefore neuromuscular
blockade does not appear necessary. In the experience of
the group, jet ventilation during TBCB is possible.
Where Should the Cryoprobe Be Placed?
Biopsies should be taken in the distal part of the lung
parenchyma, usually in the most affected areas, avoiding
the most densely fibrotic lung parenchyma that is of limited diagnostic value. Distances of less than 1 cm to the
pleura are associated with a significantly increased risk of
TBCB for the Diagnosis of DPLD

pneumothorax [27]. Conversely, biopsies obtained too
proximally from the middle third of the lung increase the
risk of severe bleeding due to the fact that in this region,
medium-sized arterial vessels that accompany the bronchi lack the protective shield afforded by complete cartilage plates present in more central airways [47]. Additionally, biopsies obtained closer to the secondary lobule,
more distally, are felt to provide histology specimens
more appropriate for the diagnosis of UIP (Fig. 1). Therefore, we recommend that biopsies be obtained under fluoroscopic guidance by advancing the cryoprobe until
gentle contact with the visceral pleura is achieved (if
placement in the subpleural area is not possible, no biopsy should be taken and another lung area should be
chosen) after which the probe should be retracted by
1 cm, which represents approximately the length of the
metallic tip of the current available cryoprobes (ERBE CA
and ERBE CA II, Germany), and biopsies be obtained [17,
27]. This suggestion is based on data reported in studies
dealing with diagnostic yield and complications: pneumothorax seems to be more frequent when biopsies are
Respiration 2018;95:188–200
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Subpleural area

Large vessels
protected by the
cartilage, risk of
bleeding low and
comparable to
forceps biopsies

High risk of
pneumothorax

Target area
Lower risk of
pneumothorax,
lower bleeding risk
due to small vessels

Fig. 1. Biopsies should be taken in the distal

part of the lung parenchyma. Distances of
less than 1 cm to the pleura are associated
with a significantly increased risk of pneumothorax. Conversely, biopsies obtained
too proximally from the middle third of the
lung increase the risk of severe bleeding;
additionally, biopsies obtained closer to the
secondary lobule, more distally, are felt to
provide histology specimens more appropriate for the diagnosis of UIP.

taken close to the pleura; however, sampling of the subpleural region allows to identify the UIP pattern with
higher confidence [27, 47].
Which Cryoprobe Should Be Used and How Long
Should the Freezing Time Be?
Both the 2.4- and 1.9-mm outer diameter cryoprobes
have been used for TBCB [16, 22, 25, 27]. While the 1.9mm cryoprobe can be used with a regular adult bronchoscope with a 2-mm working channel, we recommend using a therapeutic bronchoscope with a larger working
channel in general. In case of bleeding, a larger working
channel helps control the bleeding. In addition, the lesser
friction allowed by a larger working channel facilitates
identification of the time of contact with the pleura when
the cryoprobe is advanced to the periphery. In order to
achieve the same specimen size, however, a longer freezing time may be necessary when using the 1.9-mm probe
in comparison to the 2.4-mm probe [17, 89]. The freezing
capacity is further influenced by the cryosurgical system
(ERBE CA vs. ERBE CA II), the cooling gas which is used,
and possibly, the characteristics of the lung tissue being
biopsied. Accordingly, it is advised to test the freezing capacity of the selected cryoprobe in a water bath before the
cryobiopsy is performed. This allows estimation of the
required freezing time needed to harvest an adequate
specimen. When using carbon dioxide, a freezing time of
196
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Middle part
Medium-sized
vessels, not
complete cartilage
plates protecting
the vessels, high
risk of severe
bleeding

5 s with the 2.4-mm probe and 7 s with the 1.9-mm probe
should be sufficient in the majority of cases. The use of
nitrous oxide as cooling gas reduces the necessary freezing time in comparison to carbon dioxide, but is not typically used in endoscopy suites due to regulatory issues.
Appropriate placement of the 2.4-mm cryoprobe is more
difficult than with the 1.9-mm cryoprobe, because the
likelihood of being obstructed by a carina on the way out
to the lung periphery is higher with the larger cryoprobe
than with the smaller cryoprobe. Several pilot studies
have described the use of a smaller 1.1-mm cryoprobe,
which can be pulled through a sheath placed in the working channel of the bronchoscope, allowing the bronchoscope to stay in place during cryoprobe retrieval and decreasing the concerns for uncontrolled endobronchial
bleeding [90, 91]. However, it is unclear whether these
smaller cryobiopsies will result in diagnostic yields similar to those described with larger probes [92].
How Many Cryobiopsies Should Be Obtained?
The number of biopsy needed for diagnosis is influenced by the size of the specimen, the degree of heterogeneity of the disease, and the distribution of the parenchymal pathology. Therefore, the optimal number of biopsies cannot be uniformly established, although in the
majority of centers 3–5 biopsies are usually taken. However, a recent study suggested that biopsies from different
Hetzel et al.
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segments within the same lobe are associated with a higher diagnostic yield compared to biopsies in the same segment [53]. Multiple biopsies are usually undertaken in an
effort to reduce sampling error, but data on the different
strategies adopted to sample lung tissue are still missing
in the literature; no prospective studies have been published yet in terms of diagnostic yield and rates of complications. While it remains unclear whether TBCB
should be obtained from 2 different lobes, prior data on
interlobar heterogeneity of UIP support this practice,
mainly when the CT scan does not show a clear gradient
profusion of the pattern or when different patterns are
present in different lobes, if optimal placement of the
cryoprobe and bronchial blocker can be achieved [53].
How to Optimize Safety, Especially Bleeding Risks
As both the flexible bronchoscope and the cryoprobe
need to be removed en bloc (since the biopsy size does not
allow its retrieval through the working channel of the
bronchoscope), there is significant blind time during
which no control of the endobronchial system is possible.
In case of severe bleeding, access to the airways may be
difficult or almost impossible without intubation when
the bronchoscope has been removed out of the airway after the biopsy. Therefore, intubation either with the rigid
bronchoscope or a flexible endotracheal tube is highly
recommended [93]. Prophylactic placement of a Fogarty
balloon or a bronchial blocker in the bronchus leading to
the biopsied area and its inflation immediately after TBCB
prevents blood from entering the central airways in case
of significant bleeding and thus minimizes the risks associated with this blind period. Placement of a Fogarty
balloon or a bronchial blocker is recommended, especially in the case of intubation with a flexible tube, when immediate tamponade is not possible. It is important to obtain history of allergy to latex prior to the procedure when
latex products are used. If using a rigid bronchoscope
without prophylactic balloon placement, a long instrument (bronchoscope) should be used. The rigid bronchoscope should be advanced at least in the main stem bronchus but preferably in the lobar bronchus where the
TBCB will be obtained. In case of severe bleeding, there
is no risk to lose the orientation and the bleeding can be
controlled by tamponade.
A postprocedural chest X-ray or ultrasound examination should be performed to assess for the occurrence of
pneumothorax either immediately (if desaturation, persistent cough and/or thoracic pain are present) or 2 h after the end of the procedure if the patient is asymptomatic [94]. This is particularly relevant if the patient is in
TBCB for the Diagnosis of DPLD

the outpatient setting. Patients should be observed in the
recovery area as per local institutional guidelines.
Key Points
a. We suggest that TBCBs be performed in intubated
patients under deep sedation or general anesthesia.
b. We suggest that if a flexible endotracheal tube is
used for airway management, an endobronchial blocker
or a Fogarty balloon be used prophylactically in order to
control bleeding and prevent central airway blood flooding. In case of intubation with a rigid bronchoscope, prophylactic balloon placement may be helpful, but is not felt
to be mandatory.
c. We suggest that 3–5 biopsies be obtained 1 cm from
the visceral pleura.
d. We suggest that fluoroscopic guidance be used.
Who Should Perform TBCBs?

The available data on TBCB have largely been reported
by expert interventional pulmonology groups, familiar
with advanced diagnostic and therapeutic bronchoscopic
procedures. These procedures also include management
of massive hemoptysis and tension pneumothorax after
or during transbronchial biopsies. Most TBCBs for DPLD
reported in the literature to date have been performed in
the operating room or in a bronchoscopy suite with advanced airway equipment and rapid anesthesia support
available. While some procedures have been performed
on an outpatient basis, inpatient emergency management
was immediately available if escalation of care was needed. It is unclear, at this time, whether less experienced
bronchoscopists will be able to perform this procedure
safely. Additionally, the majority of the reported data are
retrospective in nature, and subject to biases inherent in
these study designs. Taking these facts into account, it is
recommended that TBCB be performed by interventional pulmonologists appropriately trained in a center with
TBCB experience and familiar with advanced therapeutic
bronchoscopic procedures (management of massive hemoptysis and tension pneumothorax) with readily access
to interventional radiology and thoracic surgery.
TBCB training using simulation models may be technically possible, but data are lacking and in general, optimal training for TBCB remains to be defined. The authors
recognize the need for the establishment of competency
and quality standards for the procedure and the need for
further research. Ultimately, it is the authors’ beliefs that
these questions will be better addressed by well-designed
Respiration 2018;95:188–200
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comparative research studies and the establishment of a
multicenter registry, to ensure that clinical outcomes of
patients undergoing TBCB for DPLD be captured and
analyzed effectively and accurately.
Key Points
a. We suggest that TBCBs be performed by interventional bronchoscopists trained at a center with experience
in TBCBs in the management of potential complications
like bleeding, pneumothorax, or respiratory failure.
b. We suggest that TBCBs be performed in the operating room with full anesthesia support or in a dedicated
bronchoscopy suite with emergency equipment immediately available with possibility to admit the patient to the
intensive care unit and escalate care if needed.
c. We suggest that a prospective registry be developed
and all TBCBs recorded to better capture morbidity and
mortality data.

Closing Remarks

TBCB is a promising technique, which substantially
expands the pulmonary armamentarium in the diagnosis
of DPLDs. The adoption of ancillary techniques such as
navigation systems or genomic tools could increase its
role in the diagnostic workup. Further studies and a data
registry addressing diagnostic yield, safety, and technical
aspects are needed; a multicenter randomized controlled
trial study could be particularly needed, looking at
patients – important endpoints (disease progression,
death) – and comparing TBCBs to standard of care. This
will also open opportunities for synergizing collaborative
research and training activities. Based on the known risk
of transbronchial biopsies in general and TBCBs in particular, it seems prudent to follow the standardized approaches suggested in this document to maximize the diagnostic yield and accuracy and increase patient safety.
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