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ABSTRACT

Objective: Transbronchial lung cryobiopsy (TBCB) has developed rapidly and has become
one of the research hotspots of lung biopsy technology. The present study sought to
evaluate the efficacy of TBCB guided by radial-probe EBUS (RP-EBUS) and a guide sheath
(GS) without fluoroscopy for peripheral pulmonary lesions. Methods: In this retrospective
study, McNemar's test was used in order to compare TBCB and transbronchial forceps
biopsy (TBFB) in terms of diagnostic performance. A multivariate logistic regression
model was designed to explore the association between predictive variables and the
diagnostic yield of TBCB. Results: A total of 168 patients underwent GS-guided RP-
EBUS. Of those, 157 had lesions that were visible and 11 had lesions that were not.
Of those 157 patients, 24 were excluded because of missing data or an unclear final
diagnosis. Therefore, 133 patients underwent RP-EBUS-GS-guided TBFB and TBCB.
The pooled diagnostic yield of RP-EBUS-GS—guided TBCB without fluoroscopy was
71.5% (103/144). In 133 patients, the diagnostic yield of TBCB was significantly higher
than that of TBFB (77.4% vs. 59.4%; p < 0.05). Multivariate analysis indicated that lesion
size and site were independently associated with the diagnostic yield of TBCB (OR = 2.8,
p = 0.03 and OR = 4.1, p = 0.01, respectively), although cryoprobe size was not. There
was no significant difference between the 1.1-mm cryoprobe and the 1.9-mm cryoprobe
in terms of diagnostic performance (78.4% vs. 76.8%; p > 0.05). Conclusions: GS-guided
RP-EBUS is regarded as a practical option for guiding cryobiopsy, although it may not be
able to replace fluoroscopy. Peripheral pulmonary lesions not located in the upper lobes or
larger than 30 mm are significantly associated with a higher diagnostic yield of cryobiopsy.

Keywords: Bronchoscopy; Lung neoplasms; Biopsy.

fluoroscopy-guided TBCB or TBCB without the assistance

In recent years, because of the widespread use of chest
CT in physical examination, more cases of peripheral
pulmonary lesions (PPLs) have been found.® PPLs can
often go undiagnosed by liquid biopsy, sputum cultures,
and sputum smears, a lung biopsy therefore being
necessary, especially in cases of suspected malignancy.
Since the 1990s, interventional pulmonology has developed
rapidly.® Most PPLs can be diagnosed by nonsurgical
biopsy, including transbronchial forceps biopsy (TBFB),
CT-guided transthoracic needle biopsy, and transbronchial
lung cryobiopsy (TBCB).G4

The cryoprobe is a novel biopsy tool that allows tissue
to be obtained in a 360° manner laterally from the tip
of the probe. In recent years, it has been increasingly
used in lung biopsy. One meta-analysis demonstrated
that the pooled diagnostic yield of TBCB was as high as
77% (95% CI, 71-84%).¢) Previous studies have focused
on the 1.9-mm cryoprobe, with patients undergoing

of a guide sheath (GS).” In addition, some single-center
studies have analyzed the factors that may affect the
efficacy of cryobiopsy. However, controversy remains as
to whether the size of the cryoprobe is an independent
factor.3#® In particular, there is a lack of studies comparing
the new 1.1-mm cryoprobe and the traditional 1.9-mm
cryoprobe in terms of diagnostic efficiency. Therefore, the
objective of our study was to evaluate the performance
of TBCB guided by radial-probe EBUS (RP-EBUS) with
a GS (RP-EBUS-GS-guided TBCB) without fluoroscopy
for the diagnosis of PPLs.

METHODS

This was a retrospective observational study conducted
between May of 2017 and March of 2022 in the Department
of Pulmonary and Critical Care Medicine of the Affiliated
Hospital of Medical School, Ningbo University, located
in Ningbo, China. A total of 225 patients who had

Correspondence to:

Zhongbo Chen and Zaichun Deng. Department of Pulmonary and Critical Care Medicine, The Affiliated Hospital of Medical School, Ningbo University, 247,

Renmin Road, Jiangbei District, Ningbo, Zhejiang Province, 315020, China.

Tel.: 86 13777125910 and 86 13777121526. E-mail: leonczb@163.com and dengzaichun@nbu.edu.cn

Financial support: This study received financial support from the Affiliated Hospital of the Medical School of Ningbo University Youth Talent Cultivation Program
(Grant no. FYQM-LC-202003), the Ningbo Social and Scientific Development Fund (Grant no. 2015C50012), the Ningbo Health Youth Technical Key Talents
Training Special Project (Grant no. 2020SWSQNGG-05), the Natural Science Foundation of Ningbo (Grant nos. 2018A610271 and 2017A610250), the Ningbo
Medical Science and Technology Project (Grant no. 2021Y13), the Medical Health Science and Technology Project of Zhejiang Provincial Health Commission
(Grant no. 2016KYB268), and the Zhejiang Provincial Health Science and Technology Plan (Grant no. 2022RC247).

© 2023 Sociedade Brasileira de Pneumologia e Tisiologia

ISSN 1806-3756  1/7


https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-6976-8999
https://orcid.org/0000-0003-2124-199X
https://orcid.org/0000-0003-3035-5649
https://orcid.org/0000-0001-7821-6985
https://orcid.org/0000-0002-5585-0980
https://orcid.org/0000-0001-7716-4036
https://orcid.org/0000-0002-4562-2124

* Diagnostic performance of cryobiopsy guided by radial-probe EBUS with a guide sheath for peripheral pulmonary lesions

2/7

unexplained PPLs and who had originally planned to
undergo cryobiopsy were enrolled in the study. Patients
presenting with endobronchial lesions were excluded, as
were those for whom lesion-related data were missing
and those in whom diagnosis was uncertain. Therefore,
133 patients undergoing RP-EBUS-GS-guided TBFB and
TBCB were analyzed in this study. Figure 1 shows a flow
chart of the patient selection process. All procedures
were performed in accordance with the 2019 Chinese
expert consensus on the standardized procedure and
technique of transbronchial cryobiopsy.® This study
was approved by the Research Ethics Committee of
the Affiliated Hospital of Ningbo University (Protocol
no. XJS20210612), and written informed consent was
obtained from all participants. Clinical information
regarding patient characteristics was based on patient
medical records.

In this study, a standard bronchoscope (BF-1TQ290/
BF-1T260; Olympus Corporation, Tokyo, Japan;
distal end outer diameter, 5.9 mm; working channel,
3.0/2.8 mm), a radial probe (UM-S20-20R; Olympus
Corporation; outer diameter, 1.7 mm), a GS (K-203/201;
Olympus Corporation; outer diameter, 2.55/1.95 mm),
and a 1.9-mm cryoprobe (AS Medizintechnik GmbH,
Tuttlingen, Germany) were used in combination.
A thin bronchoscope (BF-P260F/BF-F260/BF-260;
Olympus Corporation; distal end outer diameter,
4.0/5.5/4.9 mm; working channel, 2.0 mm) was
used in conjunction with a radial probe (UM-S20-17S;
Olympus Corporation; outer diameter, 1.4 mm), a GS

(K-201; Olympus Corporation; outer diameter, 1.95
mm), and a 1.1-mm cryoprobe (AS Medizintechnik
GmbH). Because the K-203 GS was 2 cm longer than
the 1.9-mm cryoprobe, we trimmed the distal end of
the GS so that the tip of the probe was at least 1 cm
out of the GS (Figure 2). The K-201 GS required no
modification to be used with the 1.1-mm cryoprobe.

All procedures were performed by expert
bronchoscopists. For each lesion, cytological samples
were obtained by brushing, whereas histological
samples were obtained by TBFB and TBCB. Rapid
on-site cytopathological evaluation was performed as
routinely described. The bronchoscope was advanced
to the target bronchus by following the route designed
prior to performing the procedure. The radial probe
in the GS was inserted into the working channel of
the bronchoscope and advanced without fluoroscopic
guidance. After detection of a low-echo area, the
position of the ultrasound probe was adjusted until
the maximum image area was reached. The probe
was then removed, whereas the GS was kept in place
for subsequent sampling. If PPLs were invisible on
RP-EBUS, TBCB and TBFB were not performed, and
only local washing was performed.

First, small biopsy forceps were inserted into the
GS for sample collection. To ensure tissue volume,
five samples were collected from each lesion.*® For
TBCB, after PPLs were located by means of RP-EBUS,
the cryoprobe was inserted into the GS and activated
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Figure 1. Flow chart of the study. PPLs: peripheral pulmonary lesions; GS-guided RP-EBUS: radial-probe EBUS performed
with a guide sheath; TBFB: transbronchial forceps biopsy; and TBCB: transbronchial lung cryobiopsy.
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with carbon dioxide to a pressure of 50 bar for 4 5.
Then, tissues at the tip of the cryoprobe were removed
together with the bronchoscope. Another bronchoscope
was immediately inserted in order to assess the degree of
airway bleeding upon removal of the first bronchoscope.
If no effective samples were obtained, the freezing time
was increased by 2 s for rebiopsy. To reduce the risk
of bleeding and pneumothorax, TBCB was performed
no more than three times per site. A chest X-ray was
performed to look for evidence of pneumothorax and
other complications after each procedure.

Bronchoscopy results were categorized as diagnostic
or nondiagnostic. Specimens showing clear malignant
features were considered true positives. For a benign
diagnosis, if the pathological or microbiological diagnosis
of the sample was consistent with the final clinical
diagnosis, the procedure was considered diagnostic.
Any lesions without pathological findings or suspicious
findings were considered negative cases. All nondiagnostic
biopsy samples underwent another diagnostic test
(repeat bronchoscopy, CT-guided biopsy, surgery, or a
follow-up CT scan six months later) in order to confirm
the clinical diagnosis. In the analysis of pooled diagnostic
yield, the lesions that were not visible were categorized
as undiagnosed by histological biopsy.

Descriptive statistics are presented as frequency,
proportion, and mean * standard deviation. McNemar’s
test was used in order to analyze the diagnostic yield
of TBCB and TBFB samples. Univariate and multivariate
logistic regression models were used in order to analyze
factors affecting the diagnostic yield of TBCB. The
level of statistical significance was set at p < 0.05.
All statistical analyses were performed with the IBM
SPSS Statistics software package, version 26 (IBM
Corporation, Armonk, NY, USA).

RESULTS

A retrospective cohort study was conducted on
225 patients who had unexplained PPLs and who had
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originally planned to undergo cryobiopsy. Lesions were
excluded if they were endobronchial (in 57 patients).
Thus, 168 patients underwent GS-guided RP-EBUS. Of
those, 157 had lesions that were visible on RP-EBUS
and 11 had lesions that were not visible on RP-EBUS.
Of the 157 patients whose lesions were visible on
RP-EBUS, 24 were excluded because of missing data or
an unclear final diagnosis. Therefore, 133 patients (86
males and 47 females) undergoing RP-EBUS-GS-guided
TBFB and TBCB were enrolled in the univariate and
multivariate logistic regression analyses. The mean
age was 59.1 + 13.2 years. Approximately half of
the patients had nodules, with the other half having
lesions = 30 mm in size. Most of the lesions were not
located in the upper lobes (in 102 patients; 76.7%),
and only 31 patients (23.3%) had lesions that were
located in the upper lobes. Of the 133 patients enrolled
in the analyses, 99 (74.4%) were enrolled as cases
of concentric probe orientation (toward the center),
with only 34 (25.6%) being enrolled as cases of
eccentric and adjacent orientation (toward the side).
A 1.9-mm cryoprobe was used in 82 (61.7%) of the
study participants, and a 1.1-mm cryoprobe was used
in 51 (38.3%). The characteristics of the patients and
target lesions are described in Table 1.

In this study, the pooled diagnostic yield of
RP-EBUS-GS-guided TBCB without fluoroscopy was
71.5% (103/144). For the 133 patients who underwent
RP-EBUS-GS-guided TBFB and TBCB, the diagnostic yield
of TBCB was as high as 77.4%, which was significantly
higher than that of TBFB (59.4%; p < 0.05). In order
to show the performance of TBCB and TBFB more
clearly, the lesions were divided into ten groups on
the basis of five different factors (lesion size, lesion
site, final diagnosis, probe orientation, and cryoprobe
size), which are shown in Table 2. The data show that
the diagnostic yield of TBCB was higher than that of
TBFB in all groups. However, there was no statistically
significant difference when the lesions were > 30 mm
in size and malignant.
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Table 3 shows five factors that may affect the
diagnostic yield of TBCB. Univariate and multivariate
analyses indicated that lesion size and lesion site
were independently associated with the diagnostic
yield of TBCB (OR = 2.8, p=0.03andOR =4.1,p =
0.01, respectively). However, there was no significant
difference between the 1.1-mm cryoprobe and the
1.9-mm cryoprobe in terms of diagnostic performance
(78.4% vs. 76.8%; p > 0.05).

In our study, most of the cases of bleeding were
categorized as grade 0 or 1; that is, bleeding that can
stop on its own or that requires suction to clear. Only a
few of the patients who underwent TBCB with a 1.9-mm
cryoprobe had grade 2 bleeding requiring wedging,
cold saline solution lavage, and regional instillation
of epinephrine (5 mL; 1:10,000),® without the need
for further intervention (bronchial blocker or surgical
intervention). Pneumothorax occurred in only 4 patients
and was managed by closed thoracic drainage. Of the 4
cases of pneumothorax, 3 were caused by the 1.9-mm
cryoprobe and 1 was caused by the 1.1-mm cryoprobe.

DISCUSSION

Various techniques such as robot technology,
electromagnetic navigation, virtual bronchoscopy,
and RP-EBUS have been used in order to diagnose
PPLs, and these techniques have improved diagnostic
efficiency.(*-13 Nevertheless, the application of these
technologies plays a role in guiding the bronchoscope
to locate the lesion. In some cases, even if the lesion
can be located, it is still difficult to obtain effective

Table 1. Characteristics of the patients and target lesions.?

Characteristic Result

Sample, N 133
Patient characteristics
Age, years® 59.1+13.2
Sex
Male 86 (64.7)
Female 47 (35.3)

Target lesion characteristics
Lesion size, mm

<30 60 (45.1)

>30 73 (54.9)
Lesion site

Upper lobe 31 (23.3)

Other 102 (76.7)
Probe orientation

Toward the side 34 (25.6)

Toward the center 99 (74.4)
Cryoprobe size

1.9 mm 82 (61.7)

1.1 mm 51 (38.3)
Final diagnosis

Benign lesion 93 (69.9)

Malignant lesion 40 (30.1)

aData expressed as n (%), except where otherwise
indicated. PData expressed as mean £ SD.
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pathological samples because the volume and quality of
the samples are determined by biopsy methods, such
as TBFB, TBCB, and needle aspiration.*¥ Therefore,
there is a need to improve biopsy techniques in order
to address the diagnostic dilemma of PPLs.

Cryobiopsy is a novel biopsy tool. For eccentrically
and adjacently oriented lesions, our results show that
the diagnostic yield of TBCB is significantly higher
than that of TBFB, a finding that is consistent with the
literature.*> In the present study, the diagnostic yield
of TBCB was higher than that of TBFB in all groups. It is
well recognized that cryobiopsy samples are preferred
for molecular testing and immunohistochemical analysis,
being superior in terms of tissue volume when compared
with forceps biopsy samples.>'® In one patient in
the present study, the sample obtained by TBFB was
limited, without any evidence of malignancy. However,
the sample obtained by TBCB showed suspicious tumor
cell clumps. Therefore, TBCB samples were used for
further immunohistochemical analysis to confirm the
diagnosis. Various staining methods and biomarker
analyses led us to conclude that the patient had poorly
differentiated lung squamous cell carcinoma (Figure
3). Therefore, it is evident that the higher quality of
cryobiopsy samples allows morphological diagnosis
and biomarker analysis, especially for malignancies
with minimal histological heterogeneity. Cryobiopsy
avoids repeat procedures and contributes to precision
medicine against lung cancer.

The GS has been reported to play an important role
in ensuring accurate and consistent cryobiopsy.(14:17:18)
However, in most centers, cryobiopsy is performed
without the assistance of a GS. In this study, a 1.9-mm
cryoprobe was housed within a K-203 GS for sampling.
Because the GS was 2 cm longer than the 1.9-mm
cryoprobe (which was 1,050 mm long), the GS had to be
maodified in order to be used for cryobiopsy in our study.
Herath et al. trimmed the GS by 3 cm from the distal
end to enable contact with the lesion.*”> The 1.1-mm
cryoprobe used in the present study was compatible
with the K-201 GS (outer diameter, 1.95 mm). In order
to make the procedure smoother, all instruments should
be selected and measured preoperatively, including the
radial probe, the cryoprobe, and the GS.

Some studies have shown that the diagnostic
performance of TBFB for PPLs is just as good with
fluoroscopy as it is without it.(**29 Therefore, it is
reasonable to assume that it is possible to forgo
fluoroscopy during cryobiopsy. In this study, we
demonstrated the utility of RP-EBUS-GS-guided TBCB
without fluoroscopy in evaluating PPLs. The pooled
yield of 71.5% is at least good, even if it is inferior
to that of TBCB with fluoroscopy, which is of 97%.*
In addition, there are reports that cryobiopsy without
fluoroscopy can increase the risk of pneumothorax.#2%)
In this study, the incidence of pneumothorax was
only 3%, which might be due to the use of a GS in
the whole process of cryobiopsy. Therefore, although
GS-guided RP-EBUS may not replace fluoroscopy in
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Table 2. Comparison of diagnostic yield between transbronchial forceps biopsy and transbronchial lung cryobiopsy.?

Variable Group p*
TBFB TBCB
All 59.4 (79/133) 77.4 (103/133) <0.01
Lesion size, mm
<30 43.3 (26/60) 68.3 (41/60) <0.01
> 30 72.6 (53/73) 84.9 (62/73) 0.09
Lesion site
Upper lobe 51.6 (16/31) 61.3 (19/31) 0.51
Other 61.8 (63/102) 82.4 (84/102) <0.01
Probe orientation
Toward the side 50.0 (17/34) 70.6 (24/34) 0.04
Toward the center 62.6 (62/99) 79.8 (79/99) <0.01
Final diagnosis
Benign lesion 63.4 (59/93) 80.6 (75/93) <0.01
Malignant lesion 50.0 (20/40) 70.0 (28/40) 0.057
Cryoprabe size
1.9 mm 61 (50/82) 76.8 (63/82) 0.01
1.1 mm 56.8 (29/51) 78.4 (40/51) 0.02

TBFB: transbronchial forceps biopsy; and TBCB: transbronchial lung cryobiopsy. ?Data presented as % (n/N).

*McNemar's test.

Table 3. Multivariate logistic regression model for the diagnostic yield of transbronchial lung cryobiopsy.?
Category

Diagnostic
yield

Lesion size, mm < 30 68.3 (41/60)
> 30 84.9 (62/73)
Lesion site Upper lobe 61.3 (19/31)
Other 82.4 (84/102)

Probe orientation Toward the side
Toward the center 79.8 (79/99)
Benign lesion 80.6 (75/93)
Malignant lesion 70.0 (28/40)
(
(

70.6 (24/34)

Final diagnosis

Cryoprobe size 1.9 mm 76.8 (63/82)

1.1 mm 78.4 (40/51)

Univariate analysis

Multivariate analysis

X2 OR (95% CI)

5.2 0.04 0 1 0.03
1.1 2.8 (1.1-6.9)

6 0.02 0 1 0.01
1.4 4.1(1.511.3)

1.2 0.34 0 1 0.56
0.3 1.3 (0.5-3.6)

1.8 0.26 0 1 0.12
-0.7  0.5(0.2-1.2)

0.05 0.84 0 1 0.22

0.6 1.9 (0.7-5.0)

aData presented as % (n/N).

determining the precise site for cryobiopsy, it is also
safe and effective.

Previous single-center studies have reported
several factors that can affect the diagnostic yield
of cryobiopsy, such as probe orientation, lesion site,
and lesion size.?>?3 On the basis of previous reports
and clinical experience, we discussed five factors
that can affect the yield of cryobiopsy. Univariate
and multivariate analysis indicated that PPLs that
were not located in the upper lobes were significantly
associated with a higher diagnostic yield of cryobiopsy
(OR = 4.1; 95% CI, 1.5-11.3; p = 0.01). PPLs in the
upper lobes are notoriously difficult to be accessed
with bronchoscopes.(?>24 We also encountered such
difficulties. In addition, the size of the lesions was
a significant factor affecting the diagnostic yield of
cryobiopsy, a finding that is consistent with those of
a report providing the largest data series of TBCB.®

In this study, the diagnostic yield of TBCB performed
with a 1.1-mm cryoprobe was not significantly

higher than that of TBCB performed with a 1.9-mm
cryoprobe (78.4% vs. 76.8%; p = 0.84), a finding
that is consistent with those of Lonny et al.®) Some
studies have reported that the 1.1-mm cryoprobe is
a dramatic improvement over the 1.9-mm cryoprobe
in diagnosing specific lesions (such as ground-glass
nodules, lesions located in the upper lobe, and lesions
near the pleura),®>?” the diagnostic yield of the
1.1-mm cryoprobe therefore being higher than that
of larger probes. Previous studies have suggested
that when an ultrathin cryoprobe and a GS are used
for cryobiopsy, it is no longer necessary to remove
en bloc the bronchoscope from the patient in tissue
sampling, and this is beneficial to repeat biopsy and
early monitoring of bleeding.®>?® However, the fact that
the GS used in conjunction with the ultrathin cryoprobe
is also thinner means that the samples might be too
big to be taken out.® It is necessary to determine the
appropriate activation time because the area of the
samples increases with increasing activation time.®
However, in the present study, the number of enrolled
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Figure 3. A patient with poorly differentiated lung squamous cell carcinoma underwent transbronchial forceps biopsy
(TBFB) and transbronchial lung cryobiopsy (TBCB) guided by radial-probe EBUS and a guide sheath. In A, solitary
peripheral pulmonary nodule (of 2.0 cm in size) in the dorsal segment of the right lower lobe. In B, radial-probe EBUS
showing an eccentric lesion, with no surrounding vessels. In C, TBFB showing no features of suspected malignancy
(H&E; magnification, x200). In D, TBCB showing suspicious tumor cell clumps (H&E; magnification, x200). In E,
immunohistochemistry showing strong and diffuse positivity for cytokeratins. In F, immunohistochemistry showing

strong and diffuse positivity for p40.

patients undergoing TBCB with a 1.1-mm cryoprobe
was relatively limited, being insufficient for a more
detailed comparison between the 1.1-mm cryoprobe
and the 1.9-mm cryoprobe.

Our study has some limitations. First, because of
the retrospective design, the study may have a bias
on patient and lesion characteristics. Second, the
number of enrolled patients undergoing TBCB with a
1.1-mm cryoprobe was small, further studies therefore
being needed.

Cryobiopsy is a safe and effective method for
diagnosing PPLs. Moreover, GS-guided RP-EBUS is
considered a practical option for guiding the procedure,
although it may not be able to replace fluoroscopy. PPLs
not located in the upper lobes or larger than 30 mm are
significantly associated with a higher diagnostic yield of
cryobiopsy, and the 1.1-mm and 1.9-mm cryoprobes
have similar diagnostic performance.
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