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Abstract

Background: Transbronchial cryobiopsy in the evaluation of patients with interstitial lung diseases (ILD) is expected
to reduce the need for surgical lung biopsy (SLB).

Objective: To evaluate the diagnostic value of cryobiopsy in combination with bronchoalveolar lavage (BAL), radio-
logic and clinical data in patients with ILD.

Methods: Between 08/15 and 01/20 patients with ILD underwent cryobiopsy if they: did not have (i) an usual
interstitial pneumonia (UIP)-pattern on CT, (i) predominant ground-glass opacities suggesting alveolitis, (iii) findings
suggestive of sarcoidosis on CT, or if they had (i) a CT showing UIP-pattern, but had findings suggesting alternative
diagnosis than idiopathic pulmonary fibrosis (IPF), or (i) had previous non-diagnostic conventional transbronchial for-
ceps biopsy. Histological findings were integrated into the multidisciplinary team discussion (MDTD) and a diagnostic
consensus was sought.

Results: One hundred patients underwent cryobiopsy. In 88/100 patients, cryobiopsy was representative with diag-
nostic findings in 45/88 and non-specific histological findings in 43/88 patients. In 25/43 with non-specific findings,

a consensus diagnosis was reached after MDTD integrating BAL, radiologic and clinical data; eight of the remaining
18 patients with non-specific findings were referred to SLB. In 12/100 patients cryobiopsy was not representative and
three of these patients were also referred to SLB. In 7/11 patients (64%) SLB was diagnostic. Complications of cryobi-
opsy included pneumothorax (14%) and locally controlled bleeding (24%).

Conclusions: The diagnostic yield of cryobiopsy was 70%:45% of cryobiopsies were diagnostic based on histology
alone and an additional 25% provided non-specific, but valuable findings allowing a consensus diagnosis after MDTD.
Our data demonstrate that the diagnostic value of cryobiopsy is high if combined with BAL, radiologic and clinical
data.
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histopathological agreement between cryobiopsy and
SLB has been shown in a recent prospective study [1].
Another recent prospective multicenter study demon-
strated that cryobiopsy—added to clinico-radiological
and broncho-alveolar lavage (BAL) data—improved the
level of diagnostic confidence for patients with suspected
ILD [2]. In our hospital, cryobiopsy was integrated in the
diagnostic work-up of patients with suspected ILD in
August 2015. Here, we report the diagnostic performance
of cryobiopsy in combination with BAL, radiological and
clinical data in 100 consecutive patients in a real-world
multidisciplinary team discussion (MDTD)-setting.

Between August 2015 and January 2020, patients with
suspected ILD underwent cryobiopsy if they: did not
have (i) a usual interstitial pneumonia (UIP)-pattern on
CT, (ii) predominant ground-glass opacities suggesting
alveolitis, (iii) findings suggestive of sarcoidosis on CT, or
if they had (i) a CT showing a UIP-pattern, but additional
findings suggesting a diagnosis other than idiopathic pul-
monary fibrosis (IPF), or (ii) had a previous non-diagnos-
tic conventional transbronchial forceps biopsy.

CT scans for all patients were classified into one of the
following radiological categories: typical UIP pattern,
probable UIP pattern, indeterminate pattern, and alterna-
tive diagnosis pattern [3]. Cryobiopsies were performed
by flexible bronchoscopy, under fluoroscopic guidance
in sedated, spontaneously breathing patients. To reduce
bleeding risk, anticoagulants and adenosine-diphosphate
receptor antagonists were discontinued prior to the
intervention. Treatment with acetylsalicylic acid was not
interrupted. A flexible endotracheal tube was positioned
via the bronchoscope. In order to reduce post-interven-
tional bleeding, an endobronchial balloon blocker was
placed in the bronchus leading to the biopsied area and
inflated after each cryobiopsy. Prophylactic endobron-
chial application of 1 mg terlipressin in the respective
bronchus was performed and repeated in case of moder-
ate bleeding. A minimum of two biopsies from different
segments of the same lobe were taken. Probe sizes of 1.9
or 2.4 mm were used and activated for 3—4 s. The cryo-
probe, attached lung tissue and the bronchoscope were
removed together, whilst the balloon catheter stayed
in place. To exclude pneumothorax, fluoroscopic con-
trol was done at the end of the intervention, and a chest
X-ray was performed within 24 h after the intervention.
All patients stayed hospitalized for a minimum of one
night after cryobiopsy. Cryobiopsies were histologically
evaluated by experienced lung pathologists specialized in
ILD (LB or SSP). At time of initial cryobiopsy evaluation
at the microscope, the pathologists had additional infor-
mation from the BAL and the brief clinical information
from the ordering sheet. Cryobiopsy findings were inte-
grated with BAL-, CT- and clinical findings during the

Page 2 of 5

MDTD and a diagnostic consensus was sought. For this
retrospective analysis, the initial histopathological find-
ings/diagnoses from the written reports were collected
and categorized into the following groups: (i) not repre-
sentative findings (no lung parenchyma), (ii) sampling
error (normal lung parenchyma, not representative of the
CT findings), (iii) non-specific findings, not allowing for
a narrow differential diagnosis, (iv) findings highly com-
patible with a specific disease in the appropriate clinical
setting, e.g. compact granuloma for sarcoidosis or loose
granuloma with bronchiolocentric inflammation for
hypersensitivity pneumonitis, and (v) specific/diagnostic
findings, as in case of Langerhans cell histiocytosis, lipoid
pneumonia, cancer, or pulmonary alveolar proteinosis.
Initial histopathological diagnosis based on cryobiopsy
and the subsequent consensus-diagnosis during MDTD
were assessed; SLB results (if performed) were compared
with cryobiopsy findings and MDTD reports.

A total of 100 consecutive patients underwent cryobi-
opsy; the mean age was 65 years (+13), 63 were of male
sex (63%), and the mean percentage predicted values for
forced vital capacity and diffusing capacity of the lung
for carbon were 84% (4-18) and 61% (=4 18), respectively.
In 88/100 patients (88%), cryobiopsy was representa-
tive, i.e. it successfully captured diseased lung paren-
chyma (Fig. 1A); in 12/100 patients (12%) cryobiopsy
was not representative due to sampling error (normal
lung parenchyma; n=11) or due to non-representative
biopsies (only bronchial tissue; n=1). Among patients
with representative cryobiopsy, initial evaluation by
the pathologists revealed specific/diagnostic findings
or findings highly compatible with a specific disease in
45/88 patients (51%). All these histopathological diag-
noses were confirmed by the subsequent consensus
MDTD-diagnoses and therefor allowed for a specific
and confident diagnosis. In 43/88 (49%) patients with
representative cryobiopsy, the histological findings were
non-specific (Fig. 1A). In 25/43 patients (51.1%) with
non-specific findings, a consensus diagnosis was reached
after MDTD integrating cryobiopsy, BAL, radiologic
and clinical findings. Eight of the remaining 18 patients
with non-specific cryobiopsy findings were referred to
SLB, whereas in 10 patients—due to age and/or comor-
bidities—no further diagnostic work-up was performed,
and diagnosis of non-classifiable ILD was agreed on. In
three of 12 patients with non-representative cryobiopsy,
SLB was performed, whereas in nine patients SLB was
withhold due to relevant comorbidities and/or old age.
Thus, a total of 11/100 patients (11%) received SLB. In
7/11 patients (64%), SLB was diagnostic. In patients with
non-diagnostic cryobiopsy who underwent SLB (n=38),
the final diagnoses were IPF (n=2), hypersensitivity
pneumonitis (HP) (n=1), pulmonary alveolar proteinosis
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Fig. 1 A One hundred patients undergoing transbronchial cryobiopsy. Definition of abbreviations: BAL bronchoalveolar lavage; CT computed
tomography; ILDinterstitial lung disease; MDTD multidisciplinary team discussion. B Final diagnosis of all patients with representative cryobiopsy
(n=88). Definition of abbreviations: ILDinterstitial lung disease

(n=1), and in four patients SLB equally showed a non-
classifiable ILD. Postinterventional pneumothorax
occurred in 14 patients (14%), requiring chest tube drain-
age in ten of them. Locally controlled bleeding after cryo-
biopsy was observed in 24% of patients; there was no case
of fatal bleeding.

Among patients with a representative cryobiopsy
(n=88), CT scan showed a typical UIP pattern in 13
(15%), a probable UIP pattern in 7 (8%), and a pattern
suggestive of an alternative diagnosis in 68 patients
(77%). As mentioned above, in all patients with a radi-
ological UIP pattern, there were additional findings
suggestive of a non-IPF diagnosis (e.g. young age, envi-
ronmental exposure to allergens suggesting chronic HP).

Among 68 patients with an alternative diagnosis pat-
tern on CT scan, cryobiopsy lead to a diagnosis in 52
patients (76%), including 10 patients (15%) with a final
diagnosis of IPF. In those 13 patients with a typical UIP
pattern on CT scan, cryobiopsy allowed a confident
diagnosis in 12 patients (5 IPF, 4 HP, 1 drug-induced
pneumonitis, 1 eosinophilic pneumonia, 1 connective-
tissue disease-associated ILD), whereas one patient was
diagnosed as having non-classifiable ILD. All patients
undergoing SLB (n=11) had a chest CT scan showing an
alternative diagnosis pattern.

In conclusion, in this analysis of 100 consecutive
patients the diagnostic yield of cryobiopsy in com-
bination with BAL, radiological and clinical findings
was 70%:45% of cryobiopsies were diagnostic based on

histology alone and an additional 25% provided non-
specific, but valuable histologic findings allowing to
narrow down the differential diagnosis and to reach a
consensus diagnosis after MDTD.

The combination of clinical, radiological and patho-
logical findings is the principal task of the MDTD [4].
If clinical, serological, radiological, and BAL findings
do not provide sufficient information for establishing a
confident diagnosis, tissue biopsy is recommended [3];
SLB is still considered the gold standard [3]. SLB pro-
vides a high diagnostic yield around 95% [3], but due to
the non-negligible procedure-related mortality [5], the
individual benefit-risk-ratio has to be weighed carefully.

Our data are in line with a previous retrospective
analysis of 74 patients with ILD undergoing cryobi-
opsy reporting a diagnostic yield of 51%, which further
increased to 79.7% after additional MDTD [6]. Impor-
tantly, a recently published prospective multicenter
study by Hetzel et al. demonstrated that cryobiopsy—
added to clinico-radiological and broncho-alveolar
lavage (BAL) data—led to an increase in diagnostic
confidence from 60.2 to 81.2%, with a confident diag-
nosis in 53.9% and a provisional diagnosis of high con-
fidence in 27.3% of patients [2]. Even though we did not
differentiate levels of confidence regarding diagnosis, it
is interesting to note that in 51% of patients with rep-
resentative cryobiopsy, the definitive/highly compatible
histopathological diagnoses led to a concordant and
specific MDTD-diagnosis, which is comparable to the
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percentage of confident diagnosis (53.9%) in the study
by Hetzel et al. [2].

In our setting, SLB findings resulted in classifiable
ILD diagnoses for 64% of patients, which is lower than
reported by the literature [3, 7], however, this might be
due to the fact that we performed SLB after non-diag-
nostic cryobiopsy only, whereas numbers in the litera-
ture include results from primary SLB. Importantly, in
patients who were not classifiable based on cryobiopsy,
subsequent SLB provided a specific diagnosis in only
50%, whereas 50% of patients remained non-classifiable.
This is in line with the COLDICE prospective study,
where in 50% of the patients with unclassifiable ILD after
cryobiopsy, SLB did not change the final diagnosis [1].
Thus, in cases of unclassifiable ILD after cryobiopsy and
MDTD, the additional information gained by SLB might
be limited in a substantial proportion of patients.

After final diagnostic procedures and MDTD, 16% of
our patients remained non-classifiable (Fig. 1B), which is
consistent with the literature [8].

In 15% of patients with alternative diagnosis CT pat-
terns, cryobiopsy—integrated into MDTD—led to a final
diagnosis of IPF. Thus, cryobiopsy obviated SLB and its
risks in a considerable proportion of these patients. Of
note, in those patients with a typical UIP pattern on CT
scan but a history suggestive of a non-IPF diagnosis, cry-
obiopsy was diagnostic in 92% of patients, suggesting that
specifically in those patients cryobiopsy is a reasonable
and safe diagnostic approach.

Our final diagnoses were comparable to the distribu-
tion of first choice diagnosis in other cryobiopsy-stud-
ies, with IPF and HP being the most common diagnoses
(Fig. 1B) [2, 6].

Bleeding rates in our analysis were lower, whereas rates
of pneumothorax were comparable to earlier studies [2,
9l.

As the diagnostic yield of cryobiopsy is influenced by
the number of samples taken [10], and due to the fact
that in 12% of our patients samples were not representa-
tive, we will increase the number of samples to four per
patient in the future.

As in previous studies [2, 6], the major limitation of
our analysis is the lack of specific, pre-defined criteria to
undergo cryobiopsy. On the other hand, our study rep-
resents the real-world practice where decisions for diag-
nostic procedures are taken stepwise and individually for
every patient.

In summary, we demonstrate that the diagnostic yield
of cryobiopsy is high if combined with BAL-, radiologi-
cal- and clinical data, and therefore substantiate the cru-
cial role of cryobiopsy as a diagnostic tool in patients
with ILD.

Page 4 of 5

Abbreviations

BAL: Broncho-alveolar lavage; CT: Computed tomography; HP: Hypersensitivity
pneumonitis; ILD: Interstitial lung diseases; IPF: Idiopathic pulmonary fibrosis;
MDTD: Multidisciplinary team discussion; SLB: Surgical lung biopsy; UIP: Usual
interstitial pneumonia.

Acknowledgements
Not applicable.

Authors’ contributions

KEH: Conception and design of the study, member of the MDTD, writing of the
manuscript; MT: Conception and design of the study, member of the MDTD,
revision and editing of the manuscript for important intellectual content;

LB: evaluation of cryobiopsy samples, member of the MDTD, revision and
editing of the manuscript for important intellectual content; PG: member of
the MDTD, revision and editing of the manuscript for important intellectual
content; KJ: member of the MDTD, revision and editing of the manuscript for
important intellectual content; DS: member of the MDTD, revision and editing
of the manuscript for important intellectual content; JB: evaluation of all CT
scans, member of the MDTD, revision and editing of the manuscript for impor-
tant intellectual content; SSP: Conception and design of the study, evaluation
of cryobiopsy samples, member of the MDTD, writing of the manuscript.

Funding
No funding to declare.

Availability of data and materials

Due to protection of patient data privacy sharing of data on a publicly avail-
able repository is not possible, but data are available from the corresponding
author upon request.

Declarations

Ethics approval and consent to participate

All patients gave written informed consent to the procedure of cryobiopsy.
The responsible local ethics committee of the University of Basel considered
this retrospective data analysis regarding diagnostic yield of clinically indi-
cated cryobiopsy as quality control and an ethics approval was waved.

Consent for publication
Not applicable.

Competing interests

KEH reports no conflict of interest; MT reports no conflict of interest; LB reports
no conflict of interest; PG reports no conflict of interest; KJ reports no conflict
of interest; DS reports no conflict of interest; JB reports no conflict of interest;
SSP reports no conflict of interest.

Author details

'Clinics of Respiratory Medicine, University Hospital Basel, Petersgraben 4,
4031 Basel, Switzerland. ?Pathology, Institute of Medical Genetics and Pathol-
ogy, University Hospital Basel, 4054 Basel, Switzerland. >Department of Radiol-
ogy, University Hospital Basel, 4031 Basel, Switzerland.

Received: 14 January 2021 Accepted: 9 August 2021
Published online: 14 August 2021

References

1. Troy LK, Grainge C, Corte TJ, Williamson JP, Vallely MP, Cooper WA, et al.
Diagnostic accuracy of transbronchial lung cryobiopsy for interstitial lung
disease diagnosis (COLDICE): a prospective, comparative study. Lancet
Respir Med. 2020;8(2):171-81.

2. Hetzel J, Wells AU, Costabel U, Colby TV, Walsh SLF, Verschakelen J,
et al. Transbronchial cryobiopsy increases diagnostic confidence in
interstitial lung disease: a prospective multicenter trial. Eur Respir J.
2020;56(6):1901520.



Hostettler et al. Respir Res

(2021) 22:228

Raghu G. Diagnosis of idiopathic pulmonary fibrosis. An official ATS/
ERS/JRS/ALAT clinical practice guideline. Am J Respir Crit Care Med.
2018;198(5):e44-68.

Walsh SLF, Wells AU, Desai SR, Poletti V, Piciucchi S, Dubini A, et al.
Multicentre evaluation of multidisciplinary team meeting agreement

on diagnosis in diffuse parenchymal lung disease: a case-cohort study.
Lancet Respir Med. 2016;4(7):557-65.

Pannu J, Roller LJ, Maldonado F, Lentz RJ, Chen H, Rickman OB. Transbron-
chial cryobiopsy for diffuse parenchymal lung disease: 30- and 90-day
mortality. Eur Respir J. 2019;54(4):1900337.

Ussavarungsi K, Kern RM, Roden AC, Ryu JH, Edell ES. Transbronchial
cryobiopsy in diffuse parenchymal lung disease: retrospective analysis of
74 cases. Chest. 2017;151(2):400-8.

Bondue B, Leduc D, Froidure A, Pieters T, Taton O, Heinen V, et al. Useful-
ness of surgical lung biopsies after cryobiopsies when pathological
results are inconclusive or show a pattern suggestive of a nonspecific
interstitial pneumonia. Respir Res. 2020;21(1):231.

Page 5 of 5

Krauss E, EI-Guelai M, Pons-Kuehnemann J, Dartsch RC, Tello S, Korfei

M. Clinical and functional characteristics of patients with unclassifiable
interstitial lung disease (UILD): long-term follow-up data from European
IPF Registry (eurlPFreg). J Clin Med. 2020;9(8):2499.

Hetzel J, Eberhardt R, Petermann C, Gesierich W, Darwiche K, Hag-
mevyer L, et al. Bleeding risk of transbronchial cryobiopsy compared to
transbronchial forceps biopsy in interstitial lung disease—a prospective,
randomized, multicentre cross-over trial. Respir Res. 2019;20(1):140.
Ravaglia C, Wells AU, Tomassetti S, Gurioli C, Gurioli C, Dubini A, et al.
Diagnostic yield and risk/benefit analysis of trans-bronchial lung cryobi-
opsy in diffuse parenchymal lung diseases: a large cohort of 699 patients.
BMC Pulm Med. 2019;19(1):16.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Integration of transbronchial cryobiopsy into multidisciplinary board decision: a single center analysis of one hundred consecutive patients with interstitial lung disease
	Abstract 
	Background: 
	Objective: 
	Methods: 
	Results: 
	Conclusions: 

	To the Editor
	Acknowledgements
	References


