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Abstract
Background and Aims: It is not yet known if transbronchial cryobiopsy (TCB) is a
reliable and safe diagnostic tool in the investigation of interstitial lung disease
(ILD). To date, there have been no studies directly comparing the value of TCB with
that of surgical lung biopsy (SLB). The study was initiated to determine whether the
samples taken by TCB lead to a reliable diagnosis and whether SLB can be avoided
in a relevant percentage of cases.
Methods: We analyzed 32 subjects with suspected ILD who underwent a TCB.
Subjects’ baseline characteristics, pathological findings after TCB and SLB, and
complication rates were analyzed. The pathological inter-rater agreement was
quantified statistically.
Results: The overall inter-rater agreement concerning TCB sample evaluation was
good with a kappa value of 0.80. In 23/32 cases (72%), the findings from the TCB
showed a strong congruence with all other clinical data, thereby enabling a definitive diagnosis. Eight of the remaining nine subjects gave their consent for an SLB,
which led to a definitive histological diagnosis in six cases (75%). Following TCB,
pneumothorax occurred in 6/32 subjects (19%) and endobronchial bleeding was
moderate in 8/32 (25%) and was severe in 17/32 cases (53%).
Conclusion: This is the first study to correlate histological results and complications following TCB and SLB in ILD subjects, some of whom underwent both
procedures. TCB is a suitable diagnostic tool in ILD, potentially completely dispensing with the need for an SLB in some cases. In all cases, an interdisciplinary
case evaluation is necessary as a final step.
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Introduction
The interstitial lung diseases (ILDs) comprise of a
broad variety of entities with different prognosis of
the disease as well as guiding treatment options (1–3).
Although clinical, radiological and bronchoalveolar
lavage (BAL) findings help in determining the subentity of the ILD, in many cases, lung tissue samples
are needed to confirm the diagnosis. In most ILDs,
conventional transbronchial forceps biopsies (TBBs)
are unhelpful because of the low yield of representative lung tissue and the high rate of compression
artifacts (2, 4–7). TBB is therefore not routinely recommended, but rather to be implemented in specific
cases (8–10).
Surgical lung biopsy (SLB) is the gold standard for
tissue sampling in ILD (11). Many subjects cannot be
referred for an SLB because of the increased risk of
perioperative morbidity and mortality brought about
by a combination of advanced age, comorbidity and
severe respiratory insufficiency or the presence of secondary pulmonary hypertension in advanced disease.
Furthermore, some subjects do not give their consent
for a surgical intervention.
Transbronchial cryobiopsy (TCB) is an endoscopic
technique that allows representative sampling of lung
tissue. First data show the feasibility of the procedure
and report a high diagnostic yield (12–16). It is yet to
be investigated whether TCB is a suitable tool in the
diagnostic workup of ILDs. This study was initiated to
determine whether the samples taken by cryobiopsy
lead to a reliable diagnosis and whether SLB can thus
be avoided in a relevant percentage of cases.

Materials and methods
We retrospectively analyzed the data of all 32 subjects
with suspected ILD who underwent a TCB at our tertiary care hospital during the period of July 2011 and
December 2012. A waiver of consent was granted by
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the institutional review board, University of Witten/
Herdecke, Germany. Relevant data of all subjects were
registered including lung function status, findings of
clinical investigations, high-resolution computed
tomography (HRCT), BAL, histological findings and
complication rates from TCB and SLB as well as the
final diagnosis following interdisciplinary case evaluation. The routine diagnostic workup of ILDs in our
institution includes a standardized clinical questionnaire, serological and lung function testing as well as an
HRCT and BAL. In those subjects where the diagnosis
remains equivocal after this first diagnostic step, we
offer an SLB – in accordance with the guidelines (17) –
to obtain a definitive diagnosis. Alternatively, we offer a
TCB to subjects who either do not consent to a surgical
intervention or are deemed to have an unacceptably
high perioperative risk for an SLB (Fig. 1). In those
subjects who initially do not consent for a surgical
intervention and where the diagnosis remains
equivocal following TCB, we advise the subject to
reconsider an SLB – when perioperative risks are tolerable – as a step-up procedure. The final diagnosis was
generated after an interdisciplinary case evaluation
(pneumologist, radiologist, pathologist); for the diagnosis of idiopathic pulmonary fibrosis, the current
consensus guidelines were used for clinical-radiologicpathologic correlation (14). The TCB procedure was
performed as rigid bronchoscopy (Storz, Tuttlingen,
Germany) in combination with flexible bronchoscopy
(Olympus, Hamburg, Germany) under general
anesthesia using jet ventilation (Monsoon, Acutronic,
Bubikon, Switzerland, working pressure 1.5–1.8 bar,
jet frequency 100–120/min, positive jet pressure 22
mbar, oxygen 100%) or as flexible bronchoscopy
under sedation (midazolam and disoprivan) using a
cuffless 7.5 bronchoscopy tube (Rüsch, Teleflex
Medical, Kernen, Germany). There were no set clinical
criteria for preferring one of these procedures over
the other. The TCB was performed with a flexible
cryoprobe (Erbe, Tübingen, Germany), which was
applied through the working channel of a flexible
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Clinical investigation including:
serological tests
lung function tests
high-resolution computer tomography
bronchoalveolar lavage

yes
Definite
diagnosis

No further invasive
diagnostics
necessary

no
High-risk
constellation for
surgical lung biopsy

yes

Transbronchial
cryobiopsy

no
Consent for
surgery
achievable

no

yes
Surgical lung biopsy

Figure 1. Diagnostic algorithm in interstitial lung diseases.

bronchoscope. The biopsy was taken under fluoroscopy control with the tip guided to a 1.0–1.5-cm
subpleural position. The cryoprobe was cooled down
to a working temperature of approximately −85 to
−90°C for 4–5 s using liquid nitrous oxide, thus freezing the vital tissue in contact with the probe. The
frozen area of tissue was subsequently extracted. In all
subjects, two to four TCBs were taken from different
ipsilateral segments. Biopsy sites were selected based
on the distribution of the fibrosis patterns on HRCT
scans. A chest X-ray was routinely performed on all
subjects at the end of the procedure, in order to exclude
an iatrogenic pneumothorax. Specimens were processed and stained for histology in the standard way
(hematoxylin–eosin, Elastica-van Gieson and Prussian
blue). Pathological findings from TCB and SLB were
reported independently by two pathologists (DT and
JW). The inter-rater agreement for the pathological evaluation of the TCB samples was statistically
analyzed by calculating the unweighted kappa statistic.
For further analysis, discrepancies between the
pathologists were resolved by consensus evaluation.
The histological results of the TCB and the SLB were
correlated with the other findings in an interdisciplinary case evaluation as recommended by the guide-
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lines (17). In order to evaluate the role of TCB in the
diagnostic pathway of ILDs, congruence of TCB results
with other findings (clinical, BAL, HRCT and if applicable SLB) and with the final diagnosis was categorized
as having strong, approximate, weak or no congruence.
Complications such as iatrogenic pneumothorax, postinterventional endobronchial bleeding and 30-day
post-interventional morbidity and mortality were
documented. Endobronchial bleeding was classified
according to the BTS (British Thoracic Society) guidelines (18).

Results
We analyzed 32 subjects (10 female and 22 male) with
suspected ILD who underwent a TCB. Mean age was
65.4 years (range 45–83). Lung function criteria
showed: mean vital capacity of 74.6%pred (40–123),
mean total lung capacity of 79.4%pred (44–127), mean
diffusing capacity of the lung for carbon monoxide
corrected for hemoglobin level (DLCO) of 52.4%pred
(17–108), mean DLCO corrected for alveolar volume
(DLCO/VA) of 75.5%pred (29–124) and mean oxygen
partial pressure (PaO2) at rest on room air of 65.0
3
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mmHg (47–87). In all cases, an SLB was initially not
possible. Twenty-four subjects did not give their
consent for a surgical intervention and eight subjects
were not referred to the surgeon because of a high
perioperative risk caused either by the advanced stage of
ILD (19) or because of severe comorbidities. In all of
these subjects, we attempted to obtain representative
samples of lung tissue with a TCB. The bronchoscopy
was performed under general anesthesia in 7 subjects
and under intravenous sedation in 25 subjects. TCB
samples could be obtained from all 32 subjects. The
cryo-application time was 4 s in 17 subjects and 5 s in 15
subjects. The biopsies were always taken from different
ipsilateral segments, but the total number of samples
taken differed from patient to subject. A total of two
cryobiopsies were taken in 11 subjects, three in 16 subjects and four in 3 subjects. In two subjects, only one
biopsy could be taken because of prolonged endoluminal bleeding. Overall, the inter-rater agreement concerning the evaluation of a TCB sample was good with
a kappa value of 0.80 (0.70–0.90, 95% confidence
interval). The inter-rater agreement in the evaluation of
an SLB sample also appeared to be good, although the
number of subjects was too small for statistical evaluation (Supporting Information Table S1A and S1B).
In 23/32 cases (72%), TCB findings showed a strong
congruence with the initially suspected diagnosis and
no further investigations were necessary following
interdisciplinary case evaluation. In 6/32 cases (19%),
TCB findings showed only an approximate congruence
with the initially suspected diagnosis. Pathological
findings described possible honeycomb formations in
two of these six subjects, but the samples were too
small to diagnose a histological probable usual interstitial pneumonia (UIP) pattern according to the
guidelines (17). In 3/32 cases (9%), TCB findings

described an unspecific pattern so that the final diagnosis remained unclear. Altogether, in 9/32 subjects,
TCB failed to lead to an unequivocal diagnosis following interdisciplinary case evaluation. Eight of these
nine subjects subsequently gave their consent for an
SLB. In this way, a definitive histological diagnosis
could be generated in six of these eight subjects (75%).
In the remaining two subjects (25%), the histological
patterns, although suggestive for certain sub-entities of
ILD, did not meet the criteria for a specific histological
pattern. As a result, the histological diagnosis was classified as ‘possible’. Interdisciplinary case evaluation following SLB resulted in a definitive clinical diagnosis in
seven of the eight subjects (88%) and a probable diagnosis in one case (Table 1). TCB findings showed a
strong congruence with the final diagnosis in 25/32
cases (78%), an approximate congruence in 6/32 cases
(19%) and no congruence in 1/32 cases (3%). Subjects
with the final diagnosis of a sub-entity of idiopathic
interstitial pneumonias (IIPs) showed a strong congruence between the TCB findings and the final diagnosis
in 14/20 cases (70%), an approximate congruence in
5/20 cases (25%) and no congruence in 1/20 cases
(5%). Subjects with a non-IIP-ILD or excluded ILD
showed a strong congruence between the TCB findings
and the final diagnosis in 11/12 cases (92%) and an
approximate congruence in 1/12 cases (8%) (Table 2A,
Supporting Information Tables S2 and S3). Pathological findings from TCB showed a good congruence with
the SLB in seven of the eight SLB subjects (88%). In
these seven cases, SLB confirmed the suspected histological results obtained from TCB. In only one case did
SLB show a completely different histological pattern
than the one obtained from the TCB, therefore leading
to a change in the clinical diagnosis (Table 2B). Considering the limited number of subjects, there was no

Table 1. Histological findings after TCB and SLB and final diagnosis in all 8 subjects who underwent both procedures
Patient
#
TCB consensus
4
6
8
12
13
14
31
32

Probable NSIP, possible UIP
Minimal changes, possible UIP
Possible NSIP, inconsistent with UIP

Consensus interdisciplinary
case evaluation

SLB consensus

Definite UIP
Definite UIP
Postbronchiolitic fibrosis, possible NSIP, inconsistent
with UIP
Possible UIP
Heterogeneous fibrosis, definite UIP and fibrotic NSIP
Interstitial granulomatous pneumonia, Interstitial granulomatous pneumonia, probable HP,
probable HP, eventually sarcoidosis
eventually sarcoidosis
Possible OP, inconsistent with UIP
OP
Possible UIP
Definite UIP
Possible UIP
Bronchiolocentric fibrosis, possible UIP

IPF
IPF
NSIP (bronchiolocentric)
IPF
HP
COP
IPF
Probable IPF

COP, cryptogenic organizing pneumonia; HP, hypersensitivity pneumonitis; IPF, idiopathic pulmonary fibrosis; NSIP, nonspecific interstitial pneumonia;
OP, organizing pneumonia; SLB, surgical lung biopsy; TCB, transbronchial cryobiopsy; UIP, usual interstitial pneumonia.
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Table 2. (A) Congruence of TCB results with final diagnosis in
all 32 subjects (21 IIP subjects, 11 non-IIP-subjects). (B) Congruence of histological findings after TCB and SLB in all 8 subjects
who underwent both procedures (6 IIP subjects, 2 non-IIP
subjects)

(A)
All subjects
IIP subjects
Non-IIP subjects
(B)
All subjects
IIP subjects
Non-IIP subjects

Strong

Approximate

Weak

No

25
15
10

6
5
1

0
0
0

1
1
0

4
2
2

3
3
0

1
1
0

0
0
0

IIP, idiopathic interstitial pneumonia; SLB, surgical lung biopsy; TCB,
transbronchial cryobiopsy.

clear evidence for a correlation between the TCB sampling procedure (cryotime, number of samples) and
the congruence of TCB and SLB results.
Following TCB, a post-interventional pneumothorax
was detected in six subjects (19%), which were successfully treated in all cases by the placement of a chest tube
over a period of 2–3 days. Iatrogenic pneumothorax
events were detected in three of seven subjects (43%) in
whom invasive jet ventilation was used. Under conditions of sedation and spontaneous breathing over a
bronchoscopy tube, pneumothorax occurred in 3 of 25
subjects (12%). Endobronchial bleeding following
cryobiopsy was moderate in 8/32 cases (25%) and was
severe in 17 subjects (53%). In 15 of these 17 subjects,
bleeding could be stopped by intubation of the biopsied
segment with the bronchoscope into the wedge position
and the endobronchial application of adrenaline. In 2 of
the 17 subjects, we switched to rigid bronchoscopy to
extract blood clots. There were no cases where the
endobronchial application of blocking devices or a surgical approach was necessary. No severe adverse event
occurred within 30 days after TCB. SLB did not lead to
any cases of prolonged chest drainage therapy and
bleeding complications were not observed. However,
two subjects died within 30 days following SLB because
of an acute exacerbation of lung fibrosis. In both cases,
histological findings from SLB described a definite UIP
pattern with a final clinical diagnosis of idiopathic pulmonary fibrosis.

Discussion
SLB is the gold standard for obtaining histological
tissue samples from the lung in the investigation of
ILD (20–24).
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Particularly in subjects where consent for an SLB is
not given or where an SLB is associated with a high
perioperative risk, up to now, less invasive alternatives
have not been available.
Data analysis of the suspected diagnosis prior to
TCB compared with the results obtained from the TCB
together with the final clinical diagnosis shows that the
results from the TCB in this study were valid. Even in
cases where the obtained cryobiopsy only leads to a
‘possible’ rather than a ‘definite’ histological diagnosis,
a valid final diagnosis may still be reached, providing
that there is an overall consistency with all other noninvasive findings. In the case of initial honeycombing,
TCB samples may show minimal nonspecific changes
with predominantly bronchial structures. In cases
where TCB shows an unspecific pattern, an SLB should
be considered in order to enable a definitive final diagnosis. Pathological findings obtained via TCB showed a
high level of congruence with SLB findings. Because of
their larger size, SLB samples lead to a more definite
histological diagnosis. In only one case however did
SLB show a completely different histological pattern to
the one obtained from TCB, thereby leading to a
change in the final clinical diagnosis.
This is the first study correlating results of TCB with
those from SLB in ILD subjects who underwent both
procedures. SLB remains the gold standard for obtaining histological samples in ILD. But overall, the data
from this study suggest that TCB results are valid and
show a strong correlation with other clinical findings
as well as with SLB results. Particularly in subjects who
do not consent to a surgical intervention or those with
high perioperative risk, TCB presents an interesting
and reliable tool in the diagnostic workup of ILD. TCB
may help to reach a definitive clinical diagnosis in cases
where radiological and other noninvasive diagnostic
findings remain inconclusive.
An SLB may be associated with a higher mortality
rate than TCB. In this study, two subjects died following SLB because of an acute exacerbation of lung fibrosis. The SLBs were performed in an experienced
thoracic surgery department with an overall post-SLB
mortality rate of 4.8% in ILD patients (5/104 patients
over a 5-year period). The number of subjects in this
study is too small for a statistical mortality analysis. But
it is worth noting that no subjects died after a TCB.
Given this, TCB may be an attractive low-risk method
of tissue sampling, which would potentially allow dispensing with an SLB altogether in the presence of valid
histological findings. This approach could reduce the
number of SLBs and the associated risks. An SLB
would however still have its place as a step-up procedure recommended to subjects with equivocal results
5
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following TCB. Relevant endobronchial bleeding following TCB occurred in most of the procedures but
could be effectively managed in the endoscopy unit.
These data correlate well with the results of recent
feasibility studies (12–16, 25). Where standardized
classifications for bleeding complications are applied
in previous studies, bleeding is often classified as
moderate or severe. In studies analyzing TCB, classification of bleeding complications is heterogenous.
Blocking devices are used frequently as part of clinical
routine (14, 26), suggesting that bleeding complications have to be classified as severe according to the
BTS classification.
Two to four TCB samples seem to be sufficient to
enable the pathologist to provide a report of high
standard, which is comparable with those of SLBs. A
high number of cryobiopsy samples may lead to a
higher reliability of histological findings but may lead
to more bleeding and pneumothorax complications.
Futural prospective studies will have to determine the
procedural conditions that provide a high diagnostic
reliability under acceptance of low complication
rates.
TCB can principally be performed under medical
sedation with the preservation of spontaneous breathing conditions. Using this approach may reduce the
cardiorespiratory complications associated with the
use of general anesthesia. However, the use of general
anesthesia may reduce the risk of complications
from the TCB, which may occur as a result of patient
movement or coughing. The method of choice should
remain at the discretion of the endoscopist. Our data
suggest that performing the TCB under medical
sedation and spontaneous breathing leads to a
lower risk of iatrogenic pneumothorax as compared
with TCB under general anesthesia and invasive
ventilation.
Analysis of the subjects’ baseline characteristics
showed only minor alterations in functional parameters in most cases. This suggests that particularly
in cases where subjects suffer only mild symptoms,
there is a reluctance to progress to the more invasive
SLB and understandably a preference for less invasive
procedures.
First results indicate that TCB is an effective technique with a place somewhere in between conventional
TBB and SLB. Further prospective studies are necessary, in order to evaluate the diagnostic value and complication rate of TCB in comparison with the gold
standard of SLB. It remains to be confirmed if the
pathological findings following TCB are reliable
enough to eventually be able to dispense with the need
for an SLB completely.
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Conclusion
First data suggest that TCB is a safe and reliable tool in
the diagnostic workup of ILD. In subjects where an
SLB cannot be performed, TCB is an alternative
option. Histological findings from TCB show good
congruence with results from SLBs. Valid histological
results from TCB may potentially dispense with the
need for an SLB altogether.
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(HRCT) and histology results in idiopathic interstitial
pneumonia (IIP) patients.
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lavage (BAL), high-resolution computed tomography
(HRCT) and histology results in non-idiopathic interstitial pneumonia (IIP) patients.

7

