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Abstract
Background: Transbronchial cryobiopsy (TBCB) is a minimally invasive procedure to establish a diagnosis of interstitial lung disease though with the disadvantage that samples
have to be extracted together with the bronchoscope. Objectives: The aim of the present study was to evaluate the
feasibility of a new cryoprobe with which biopsy samples
can be obtained through the working channel of the flexible
bronchoscope. Methods: The feasibility of obtaining transbronchial specimens with TBCB was tested and the technique was compared to transbronchial forceps biopsy (TBFB)
in a prospectively randomized ex vivo animal study using a
standard flexible bronchoscopy technique. The rate of successful biopsies and the duration of the sampling procedure
were recorded for both methods. Size and quality of the biopsies were histologically evaluated and measured. Results:
Biopsy samples could be obtained in 93.3% of TBCB and in
79.0% of TBFB procedures (p = 0.182). Sampling procedure
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time did not differ in any clinically relevant manner between
the two methods. The mean specimen area of TBCB samples
was significantly higher compared to that of TBFB samples
(8.08 ± 5.80 vs. 2.61 ± 2.14 mm2; p < 0.0001). TBCB specimens
showed less artifacts and a significantly higher percentage
of alveolar tissue (53.57 vs. 25.42%; p = 0.0285) than TBFB
specimens. Conclusions: It is feasible to retrieve TBCB samples of good quality and size with the new mini cryoprobe
through the working channel of the bronchoscope, while
the bronchoscope remains within the central airways
throughout the whole procedure. Further studies are necessary to evaluate the safety and efficacy in an in vivo setting.
© 2016 S. Karger AG, Basel

Introduction

The group of interstitial lung diseases (ILDs) consists
of a great variety of entities, and multidisciplinary boards
are regarded as the most appropriate approach to confidently achieve a final diagnosis [1, 2]. Histology is required if clinical and radiological information do not allow a definitive diagnosis. Surgical lung biopsy (SLB) proKarl-Josef Franke, MD
Department of Pneumology and Critical Care Medicine
Helios Klinik Ambrock, Witten/Herdecke University, Chair of Internal Medicine I
Ambrocker Weg 60, DE–58091 Hagen (Germany)
E-Mail karl-josef.franke @ helios-kliniken.de

Downloaded by:
University of Hong Kong
147.8.31.43 - 8/29/2016 12:30:23 AM

Key Words
Interstitial lung diseases · Transbronchial biopsy · Forceps
biopsy · Cryobiopsy · Histology · Ex vivo lung model

vides large specimens, but is an invasive procedure with
a fairly high risk, particularly in patients with advanced
diseases and comorbidities as well as in the elderly. The
rate of nonlethal complications of SLB is up to 18.1%, and
the overall 30-day mortality is up to 4.3% in patients with
idiopathic interstitial pneumonias [3]. Moreover, the
spectrum of SLB to yield a final diagnosis is wide and
ranges between 42 and 100% [4–6]. To meet the heterogeneity in the histological pattern of lungs with ILD, multisite and multilobe biopsies are required, a challenge seldom complied with in clinical practice [6, 7].
Transbronchial lung biopsy (TBLB) is a more minimally invasive procedure than SLB to establish a histological diagnosis of ILD. However, TBLB performed as
transbronchial forceps biopsy (TBFB) only provides
small samples characterized by a number of artifacts, e.g.
crush artifacts and telescoping of vessels [8]. Furthermore, TBFB fails to penetrate the wall of the peripheral
airway and tissue obtained by TBFB is representative
mainly for the centrilobular zone [9]. Therefore, TBFB
achieves a comparatively high yield in ILDs with centrilobular presentation and/or specific pathological features like granulomatous or malignant diseases, while
TBFB has a lower diagnostic yield for most of the ILDs
characterized by a histological pattern across the lung
and with the need to obtain preferably alveolar tissue [1,
10, 11].
A new method to perform TBLB is transbronchial
cryobiopsy (TBCB) using the cryoadhesion effect: lung
tissue adheres to the distal end of the cryoprobe allowing
the immediate extraction of samples [12]. The area of
TBCBs of the lung is larger compared to the size of samples obtained by forceps [13–17]. The specimens of the
cryobiopsy are of a high quality with less artifacts, contain
more alveolar tissue [14, 16–18] and result in a higher
diagnostic yield for ILDs with a complex morphologic
pattern like usual interstitial pneumonia and nonspecific
interstitial pneumonia compared to the forceps biopsy
[13, 18–21].
While the majority of studies report no major complications of TBCB, pneumothorax was reported in four
studies with a frequency between 8 and 28% – the latter
study only included patients with fibrotic diffuse parenchymal lung disease [18, 20, 22, 23]. Furthermore, because bleeding is a not negligible risk of TBCB [18, 22, 23],
the possibility to leave the bronchoscope in the airway
after performing TBCB would be an advantage.
Up to now, the tissue sample adhering to the cryoprobe cannot be retracted through the working channel
of the bronchoscope but must be removed together with

the endoscope, implying the need for a translaryngeal intubation or the need to perform rigid bronchoscopy.
Therefore, a new cryoprobe with the advantage to retract the specimen by means of an over-sheath through
the working channel of the bronchoscope has been investigated in this study. The new probe is smaller in diameter, promising a very low complication rate but without
the lack of a high diagnostic yield [12].
In the present ex vivo animal study, we investigated the
feasibility of the new mini cryoprobe. The primary aim
was to evaluate the retrieval rate of the mini cryoprobe in
comparison with a standard forceps. Secondary aims
were to evaluate the size and the quality of the TBCB specimens compared with TBFB specimens, the ease of use
and handling of the cryoprobe, the sampling procedure
time, and the functionality of the over-sheath of the cryoprobe.
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Materials and Methods
The study was an ex vivo animal study. The experiments were
performed in accordance with the federal law regarding the protection of animals. There was no need for an approval of the governmental review board.
Equipment
Two fresh and healthy swine lungs were obtained from the
nearby slaughter house and used as a lung model for the ex vivo
experiment. One at the time, the lungs were placed in an incubator
and held at a constant temperature of 25 ° C. The lungs were not
perfused but ventilated with a pump set at 160–200 mm Hg. A flexible bronchoscope (EB 1975K, Pentax) was used to obtain a transbronchial biopsy using either a standard biopsy forceps (alligator
forceps, diameter 1.8 mm, Boston Scientific, Malborough, Mass.,
USA) or a newly developed mini cryoprobe with a diameter of 1.1
mm (ERBE Elektromedizin GmbH) used in conjunction with a
2.6-mm over-sheath that serves as a protection tube for the working channel of the bronchoscope (fig. 1). When compared with the
small new cryoprobe with an outer diameter of 1.1 mm, the 1.8mm alligator forceps was chosen because similar-sized tissue samples could be obtained to those with a forceps with a bigger cup.
Cooling of the cryoprobe, using CO2 as the cooling agent, was
initiated by pressing the foot pedal of the cryo unit (ERBECRYO2,
ERBE Elektromedizin GmbH) for an activation time of 2, 3, 4, 5
and 6 s.
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Procedure
TBFB samples were obtained in the standard fashion. The forceps was passed through the working channel of the bronchoscope
and the biopsy samples were removed together with the forceps
through the working channel, thereby leaving the bronchoscope in
the respiratory tract.
In case of TBCB, the over-sheath was passed through the working channel of the bronchoscope and connected to the bronchoscope by a Luer Lock. While the sheath itself stays mainly inside

mm used in combination with a 2.6-mm over-sheath that serves as
a protection tube for the working channel of a bronchoscope. The
over-sheath is passed through the working channel of the bronchoscope and connected by a Luer Lock, staying in place over the
whole sampling procedure.

the bronchoscope, the distal tip of the sheath is only projected approximately 3 mm beyond the distal tip of the bronchoscope.
The cryoprobe was advanced through the over-sheath to the
target position and the activating pedal was pressed continuously.
At the specified activation time, a quick and jerky movement to the
cryoprobe was applied and was then removed together with the
attached biopsy through the over-sheath, thereby leaving the bronchoscope together with the connected over-sheath in place. The
activation of the cryounit was maintained until the biopsy was entirely outside the bronchoscope.
All biopsies were obtained under direct visual and haptic control; i.e., the cryoprobe or the forceps was advanced into the bronchus until it reached either the maximum possible position or the
pleura. If the pleura was reached, both instruments were pulled
back for approximately 10 mm and a biopsy was obtained from
one of the four possible positions, i.e. right (lower and upper) and
left (lower and upper) lobes, respectively.
The site of the biopsy, i.e. right (lower and upper) or left (lower
and upper), the choice of the instrument and, in case of the cryoprobes, also the activation time were randomly assigned. A minimum of 6 biopsies were obtained with the cryoprobes using each
activation time. The number of biopsies using the standard forceps
was restricted to not more than 20 samples. The yielded samples
were placed on a plastic strip immediately after retrieval and
weighed using a precision balance before the preservation in formalin. The precision balance was tared with the plastic strip beforehand. The samples were weighed to obtain additional information on the size of the biopsies, other than the area measured microscopically.
For each biopsy, the number of attempts to acquire a sample
and the duration of the sampling procedure were recorded. The
duration of the sampling procedure for TBFB and TBCB was cal-
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Specimen Processing and Evaluation
All biopsy specimens were fixed in formalin, embedded in paraffin blocks and stained with hematoxylin and eosin for the evaluation of the total sample area (mm2), alveolated area (mm2), percent of artifact-free lung parenchyma and presence of crush artifact by a dedicated lung pathologist. All biopsy specimens were
assessed by a pathologist who was blinded to the biopsy method.
Samples were declared as good-quality samples, potentially leading to diagnosis, if:
• alveoli were present and the alveolar area was big enough to
potentially diagnose (size and amount);
• there were no crush artifacts or an amount of crush artifacts
which still allowed for potential diagnosis;
• the assessment of the relevant morphological and histological
structures and features were at least possible despite a limitation in specimen quality.
Statistical Analysis
All data were analyzed using GraphPad 6 (GraphPad Software
Inc.). Continuous variables are presented as means and standard
deviations (SD). χ2 testing was used when comparing proportions.
An ordinary one-way analysis of variance (ANOVA) or, in case of
a nonparametric test, the Kruskal-Wallis test with post hoc multiple comparisons was used to evaluate differences between groups.
The Student t test was used to compare mean differences of two
groups. A p value <0.05 was considered significant.

Results

In total, 45 attempts were made to obtain 42 (retrieval
rate: 93.33%) specimens using cryoprobes (TBCB) and 19
attempts to obtain 15 (retrieval rate: 78.95%) specimens
(p = 0.18) using forceps (TBFB). In 2 cases (4-second activation) of TBCB, no visible specimen was detected on
the tip of the probe while in 1 case (6-second activation),
the specimen was too big to be retracted into the oversheath.
The mean weight of the samples revealed a significant
difference between TBFB and TBCB for activation times
higher than 2 s in favor of the cryoprobe (fig. 2). The sample weights increased with increasing cryoactivation time
(p = 0.0097) showing a clear positive correlation (R =
0.66).
Sampling Procedure Time
The mean sampling procedure time for the TBFB was
6.5 s (SD: 1.2). The times for the TBCB increased with
increasing activation time and lasted between 4.3 s for an
activation time of 2 s and 7.75 s for an activation time of
Franke/Linzenbold/Nuessle/Enderle/
Boesmueller/Nilius/Hetzel

Downloaded by:
University of Hong Kong
147.8.31.43 - 8/29/2016 12:30:23 AM

Color version available online

Fig. 1. Overview of the new mini cryoprobe with a diameter of 1.1

culated by the difference between the time starting with the opening of the forceps or, in case of the cryoprobe, with the activation
of the probe and the time until the instruments were extracted
from the bronchoscope.
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Fig. 2. Sample weights comparing transbronchial biopsy with for-

ceps and the mini cryoprobe using activation times between 2 and
6 s (Cryo 2s–Cryo 6s). The biopsy weight increases with the activation time (R = 0.66).

Sample area (mm2)

15

5

Forceps

Forceps Cryo 2s Cryo 3s Cryo 4s Cryo 5s Cryo 6s

Fig. 3. Sampling procedure time comparing transbronchial biopsy
with forceps and the cryoprobe using activation times between
2 and 6 s (Cryo 2s–Cryo 6s).

2.14) for forceps compared with 8.08 mm2 (SD: 5.80) for
TBCB (p < 0.0001; fig. 4).
The mean specimen area of samples that were declared
as good-quality biopsies was 8.36 mm2 (SD: 4.38) for
TBCB and 4.067 mm2 (SD: 3.77) for TBFB (p < 0.0879).
The average percentage of alveolar tissue for the forceps samples (25.42%) was significantly lower compared
with the 53.57% for the TBCB samples (p = 0.0285).
On average, 80.95% of the total area of the TBCB and
66.66% of the TBFB specimens had over 75% unaltered
tissue area, i.e. no or just little crush artifacts (fig. 5).

p < 0.0001

10

0

0
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Fig. 4. Sample area of forceps biopsy and cryobiopsy. The data for

the cryobiopsy were pooled over all activation times.

Discussion

Histology
A total of 25% of the biopsies obtained by TBFB and
57.14% obtained by TBCB were of good quality. The
mean specimen area of the samples was 2.61 mm2 (SD:

A vast amount of publications in the last few years have
demonstrated the high quality and diagnostic yield of
cryobiopsy during flexible, endobronchial and transbronchial biopsies using conventional cryoprobe with diameters of 1.9 or 2.4 mm [13, 16–20, 24–26].
One major disadvantage of the standard cryobiopsy is
that it cannot be retracted through the working channel
of the endoscope but must be removed together with the
endoscope en bloc. Although extraction of cryobiopsies
with the bronchoscope using a flexible or a rigid tube is
easy, a new probe which allows retracting the specimen
through the working channel of the endoscope would be
a significant improvement in handling and use. There-
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6 s (fig. 3). Compared to the forceps, activation times of
2 s (p < 0.0001) and 3 s (p = 0.0008) significantly lowered
the sampling time while an activation time of 6 s (p <
0.025) significantly increased the sampling time (fig. 2).
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fore, the current study aimed to demonstrate the feasibility to obtain transbronchial biopsies from fresh animal
cadaver lungs using a newly developed cryoprobe (TBCB)
with a diameter of 1.1 mm, which allows to extract biopsy
samples through an over-sheath placed into the working
channel of the endoscope, and compared the results to a
standard forceps biopsy (TBFB). The activation times
(2–6 s) of the new cryoprobe used in our study were adjusted to the activation times of standard cryoprobes reported in the literature (3–6 s) [13–15, 17–20, 25]. The
present study clearly demonstrates the feasibility to yield
TBCB samples with the new mini cryoprobe.
Specimens obtained with TBCB were significantly
heavier compared to those obtained with TBFB by a factor of 2–10, depending on the activation time of the cryoprobe. Activation times of 2 s yielded smaller biopsies
than activation times of 6 s. This relationship between the
weight of the specimens and the activation time has been
demonstrated in previous studies [12, 27, 28]. Although
the weight of a specimen can be regarded as a good indicator for the size of a specimen, it does not directly reflect
the quality of a specimen. The weight can be affected by
several factors like high fluid or cartilage content and
should therefore be treated with caution. The quality of a
biopsy sample can better be assessed by histological and
morphological evaluation of the specimen.
The area of the TBCB specimens was more than three
times larger than the area of samples obtained by TBFB.
The ratio 3:1 between TBCB and TBFB is similar to previous reports in clinical studies using standard cryoprobes
[13, 15–18], although the absolute numbers are different.
232

Respiration 2016;91:228–234
DOI: 10.1159/000443990

b

While studies using the standard cryoprobes report mean
areas between 9 and 64 mm2 and corresponding mean
areas of forceps biopsy samples between 2 and 12.5 mm2
[13, 17, 19, 29], our results were at the lower end of these
ranges for both TBCB (8.08 ± 5.80 mm2) and TBFB (2.61
± 2.14 mm2). The smaller size of the sample area obtained
with TBCB compared to a standard cryoprobe can be explained by the smaller outer diameter of the probe, which
is far smaller as a standard cryoprobe and is limited by the
inner diameter of the over-sheath. However, this cannot
explain the results for the forceps biopsies. One explanation of the difference between the results of the clinical
studies and our results is that there is a difference between
the clinical human setting and an ex vivo animal lung
model. This has to be evaluated further in clinical trials.
There was only one biopsy sample that could not be retracted through the over-sheath because of its large size.
This indicates that there is an upper limitation of the size
of TBCB specimens obtained by a maximum activation
time of 6–8 s with the new cryoprobe, at least in our lung
model.
With regard to morphological and histological quality,
57.14% of in vitro TBCB specimens and only 25% of
TBFB specimens were scored as good quality.
The percentage of alveolar tissue for TBCB (53.57%)
was more than twice as high as for TBFB (25.42%). Similar results have been reported in recent clinical trials with
the standard cryoprobe in transbronchial biopsies. Both,
Yarmus et al. [17] and Fruchter et al. [16] compared the
biopsy results taken with either cryobiopsy or forceps biopsy in patients after lung transplantation. Their results
Franke/Linzenbold/Nuessle/Enderle/
Boesmueller/Nilius/Hetzel
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Fig. 5. Example of a biopsy obtained by a
cryoprobe and a standard forceps. Cryobiopsy samples were larger than the forceps
biopsies and contained fewer crush artifacts than the standard forceps. All specimens were fixed in formalin, embedded in
paraffin blocks and stained with hematoxylin and eosin.
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Conclusion

It is feasible to retrieve TBCB samples with the new
mini cryoprobe. Furthermore, transbronchial biopsies
performed with the new mini cryoprobe with an oversheath provide significantly larger specimens of high
quality compared to standard forceps biopsy in this animal model. The major advantage of the new probe is that
it can be used through the working channel in a flexible
way without the need of a rigid tube or intubation, which
makes the procedure easier and more minimally invasive
compared to standard cryobiopsy. Up to now, we cannot
draw any conclusion with respect to safety and true diagnostic yield of the new cryoprobe. Further in vivo animal
and clinical studies are necessary to prove the safety and
efficacy of the new cryoprobe.
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