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The application of transbronchial cryobiopsy in interstitial lung
disease: a prospective, multicenter, real-world study
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Background: Transbronchial cryobiopsy (TBCB) has been widely used to diagnose interstitial lung disease
(ILD). Existing reports on TBCB in ILD are mostly single-center prospective or retrospective studies but
rarely multicenter prospective real-world studies. We explored the diagnostic efficiency and safety of TBCB
in ILD in a real world setting.

Methods: A prospective, multicenter, real-world study was conducted to analyze the data of patients with
unclarified ILD who underwent TBCB in 20 hospitals in China from October 2018 to October 2019. The
results of the pathological and multidisciplinary discussion (MDD) diagnosis and complications related to
TBCB were then analyzed.

Results: A total of 373 patients were enrolled in this study, including 194 males and 179 females, with

an average age of 52.6+12.4 years. None of the patients had severe hemorrhaging, and the incidence of
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pneumothorax was 4.8%. The proportions of definitive, possible, and unclassified pathological diagnoses
were 62.5%, 5.6%, and 31.9%, respectively. The overall diagnostic yield of MDD was 63.5%. There were
237 patients with a definitive diagnosis of MDD and 136 patients with an unclarified MDD diagnosis.

The cooling gas pressure, freezing durations, number of specimens, maximum lengths of specimens, and

specimen sizes varied significantly between the definitive and unclarified MDD diagnoses.

Conclusions: In China, the application of TBCB in ILD is generally safe, and its diagnostic efficiency is

acceptable. Using a 1.9-mm cryoprobe to collect five samples would achieve a better positive diagnostic rate

for TBCB in ILD, without a significant increase in complication risk.

Trial Registration: ClinicalTrials.gov; date of registration: 09/25/2018; registration number:

NCT03704233; URL: clinicaltrials.gov.
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Introduction

Interstitial lung diseases (ILDs) are a heterogeneous
group of diffuse parenchymal lung diseases characterized
by varying histopathologic patterns of inflammation and
fibrosis. Transbronchial cryobiopsy (TBCB) is required to
supply adequate tissue samples for a histological diagnosis
and multidisciplinary diagnosis (MDD) of ILD. Because of
the complex composition of the etiology and heterogeneous
pathological alterations in different lung regions of ILD, it is
a challenge to define the clinical value of TBCB with surgical
lung biopsy (SLB) in a randomized controlled study. Previous
studies have shown that the application value of TBCB in the
diagnosis of ILD is controversial (1-4). Additional studies are
needed to assess the impact of the technical aspects of TBCB
during ILD diagnostic yields and safety (5).

A real-world study could better reflect the actual clinical
application value of TBCB in ILD. In particular, existing
TBCB reports are mostly prospective or retrospective,
single-center studies. However, no real-world, multicenter
studies in China have been conducted to clarify the
efficiency and safety of TBCB in ILD. We thus aimed to
explore the efficiency and safety of TBCB in ILD in the
real-world setting. We present the following article per the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-3461).

Methods
Patient selection

This study used large-scale, prospective, multicenter, real-
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world observational methods to collect data from patients
with suspected ILD who needed a TBCB procedure
from 20 hospitals across 12 provinces or municipalities in
China from October 15, 2018, to October 15, 2019. The
enrolled patients were required to meet the following
inclusion criteria: (I) diagnosed with ILD based on
complete clinical data (including medical history, serology,
pulmonary function tests, and high-resolution computed
tomography); and (II) required TBCB to confirm the
diagnosis after a multidisciplinary discussion (MDD). The
exclusion criteria were the following: (I) abnormal blood
coagulation function or thrombocytopenia (<50x10°/L)
and (II) refusal to participate in this study. The patients
were continuously enrolled in their group and their
data were recorded, including clinical data, anesthesia
methods, freezing duration, specimen size, complications,
pathological diagnosis, and MDD diagnostic results.
The Ethics Committee of the First Affiliated Hospital of
Guangzhou Medical University, Guangdong Province,
China, approved this study (No. 201830). Informed
consent was obtained from each patient after a full
explanation of the purpose of this study. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013).

Surgical procedures

Patients underwent bronchoscopy with a flexible
bronchoscope (Olympus BF-260 or I'T260 bronchoscope,
Olympus, Japan) under anesthesia (methods of anesthesia
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varied between patients). First, in vitro tests with a
cryosurgical unit (ERBOKRYO® CA or ERBECRYO® 2;
Erbe Elektromedizin GmbH., Tibingen, Germany) and
cryoprobe (1.9- or 2.4-mm diameter; Erbe) were performed
to confirm normal working conditions. The cooling gas
source was carbon dioxide, and the normal cooling gas
pressure ranged from 40-60 bar in the cryosurgical system
(ERBOKRYO® CA; Erbe) and from 45-65 bar in the
cryosurgical system (ERBECRYO 2; Erbe). A balloon
catheter (Arndt Endobronchial Blocker Set, C-AEBS-
9.0-78-SPH-AS, Cook Medical, Bloomington, USA)
was placed preventively in the bronchus of the biopsy
site. The cryoprobe was then advanced to the biopsy site
through the working channel of the bronchoscope. The
cryoprobe was placed approximately 1-2 cm away from
the pleura under fluoroscopy or endobronchial ultrasound
guidance. In the cases with no navigation guidance, the
cryoprobe was then sent to the biopsy site according to
the high-resolution computed tomography images. Once
resistance was encountered, the cryoprobe was pulled
back 1-2 cm. The freezing time was adjusted according to
the diameter of the cryoprobe and the size of specimen.
After cryocooling, the bronchoscope and cryoprobe were
pulled back simultaneously. For the measurement of
bleeding, negative pressure suction was performed with a
bronchoscope. If bleeding persisted, the balloon catheter
was inflated to occlude the bronchus of the biopsy site. We
independently collected and measured the specimens. The
size of the specimen and any complications of bleeding
and pneumothorax were recorded. The TBCB operations
were terminated when severe bleeding or pneumothorax
occurred during the procedures.

Classification of bleeding severity

The degree of the severity of bleeding in patients was
classified as described in previous literature (6): grade 0= no
bleeding; grade 1= bleeding stopped with negative pressure
suction without other hemostatic measures; grade 2=
bleeding which was stopped by with local injection of frozen
saline, epinephrine, the balloon occlusion, or intravenous
hemostatic drugs; and grade 3= severe bleeding that
could not be controlled by endoscopy, causing instability
of hemodynamics and respiratory function, requiring
either vascular intervention or surgical intervention or
admission to the intensive care unit (ICU). Grades 0-1
were considered to be mild bleeding, grade 2 was moderate
bleeding, and grade 3 was severe bleeding.
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Diagnosis

The specimens were obtained and placed in 10%
formalin solution for fixation and subsequent pathological
examination. Two pathologists with extensive experienced
in the pathological diagnosis of ILD then reviewed the
samples. The pathological diagnosis was classified into three
3 categories based on diagnostic intensity: (I) definitive
pathological diagnosis, (I) possible pathological diagnosis
and (III) unclassified diagnosis. The final ILD diagnosis was
obtained through an MDD with clinicians, radiologists, and
pathologists.

Statistical analysis

The SPSS 16.0 statistical software (IBM SPSS Inc.,
Chicago, 1L, USA) was used for the statistical analysis. The
normally distributed measurement data were are presented
as means = standard deviations, and while the non-normally
distributed measurement data were are presented as median
values. Comparison of the incidences of bleeding and the
diagnosis diagnostic yield of MDD between groups was
performed by using the Chi-square (x’) test. The Mann-
Whitney U rank-sum test was used to compare the cooling
gas pressure, the number of samples, and the size of the
sample between the definitive diagnosis of MDD and
the unclassified diagnosis groups. The i’ test was used to
compare of the navigation ratio used between the 2 groups.
Comparison of the incidence of bleeding, pathology
diagnosis yield, and MDD diagnostic yield between the
2 groups was performed with cryoprobes of 1.9-mm and
2.4-mm using the y’ test. Comparison of the incidence
of pneumothorax between the 2 groups was performed
using Fisher’s exact test. A P value <0.05 was considered
statistically significant.

Results
Demographic characteristics of the patients

This study enrolled 373 patients from 20 hospitals in
12 provinces or municipalities, including 194 males and
179 females, with an average age of 52.6x12.4 years
(range, 14-81 years). Among them, 118 patients (31.6%)
had underlying diseases (e.g., hypertension, diabetes,
heart disease, and cerebrovascular accident). In the
arterial blood gas test, the pH of the patients, the partial
pressure of oxygen in arterial blood (Pa0,), and the partial
pressure of carbon dioxide in arterial blood (PaCO,) were
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Table 1 Technical parameters applied in transbronchial cryobiopsy

Technical parameters Median Range
Cooling gas pressure (bar) 58.0 40-65
Freezing duration (seconds) 5.0 2-12
Number of specimens 4.0 1-5
Method of anesthesia, n (%)

General intravenous anesthesia 328 (87.9) -

Local anesthesia 45 (12.1) -
Ventilation method, n (%)

Rigid bronchoscope 89 (23.9) -

Tracheal intubation 203 (54.4) -

Laryngeal mask 36 (9.7) -
Navigation method, n (%)

X-ray guidance 184 (49.3) -

Ultrasound guidance 62 (16.6) -

Total 246 (66) -

7.41+0.03, 86.3+23.7, and 39.9+5.4 mmHg, respectively.
In the pulmonary function tests, the predicted values
of forced expiratory volume in the first second (FEV1),
forced vital capacity (FVC), and the diffusing capacity of
the lungs for carbon monoxide (DLCO) of the patients
were 70.6%=25.6%, 71.1%=25.1%, and 53.5%=28.8%,
respectively.

Result of TBCB

There were 328 (87.9%) patients who underwent TBCB
under general intravenous anesthesia, including 89 (23.9%)
patients who received rigid bronchoscopy, 203 (54.4%)
patients who underwent tracheal intubation, and 36 (9.7%)
patients who received a laryngeal mask for ventilation. The
remaining 45 (12.1%) patients were conscious and under
sedation and analgesia during the TBCB procedures.

There were 246 (66.0%) patients whose procedures
used navigation tools, including C-arm X-ray machines
and endobronchial ultrasound probes, to guide the TBCB
procedures. All patients had balloon occlusion catheters to
prevent bleeding.

The normal pressure of the cooling gas was between 40
and 65 bar, with a median of 58 bar. The freezing time was
between 2 and 12 seconds, with a median of 5 seconds. The
number of specimens obtained from each patient range
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from 1 to 5, with a median of 4. From the 373 patients
in this study, 1,383 specimens were obtained, with the
specimen size ranging from 0.5 to 176 mm’ and a median
size of 16.8 mm’ (Tible 1).

In all, 158 (42.4%) patients had mild bleeding, and 215
(57.6%) had moderate bleeding. No life-threatening severe
bleeding was found among the patients. Among the 19
(5.1%) patients who developed pneumothorax, 17 patients
required closed chest drainage, while the other 2 were
treated conservatively. All pneumothorax patients recovered
within a week. In this study, the exacerbation of ILD was
not recorded. There were 233 (62.5%) patients with a
definitive pathological diagnosis, 21 (5.6%) patients with a
possible pathological diagnosis, and 119 (31.9%) patients
with an unclarified pathological diagnosis. Eventually, 237
(63.5%) patients obtained a definitive diagnosis through
MDD (Table 2).

The spectrum of definitive pathological diagnosis and
the final MDD diagnoses for each biopsy type are shown in
Table 3 and Tible 4 respectively. However, among the 233
patients (62.5%) with a definitive pathological diagnosis,
there were still 21 patients (5.6%) who only received a
possible pathological diagnosis and 119 patients (31.9%)
had an unclassified pathological diagnosis (Zzble 3). Among
the 237 (63.5%) patients who had a definitive final diagnosis
through MDD, there were 136 patients (36.5%) with an
unclarified MDD diagnosis (Table 4).

Comparison of technical parameters of TBCB in cases with
a definitive diagnosis of MDD and an unclarified diagnosis
of MDD

After dividing the cases into 2 groups according to their
definitive MDD diagnosis (n=237) and unclarified MDD
diagnosis (n=136), the cooling gas pressure, freezing
duration, specimen size, and navigation tools used between
the 2 groups were compared. The results showed that the
cooling gas pressure, the freezing duration, number of
specimens obtained, the maximum diameter of specimen,
and the specimen sizes of the two groups varied significantly
(P<0.001, Tuble 5).

Comparison of complications and diagnostic efficiencies of
1.9-mm cryoprobe and 2.4-mm cryoprobe

In this study, 326 patients (87.4%) underwent TBCB
with a 1.9-mm cryoprobe (1.9-mm cryoprobe group) and
47 patients (12.6%) underwent TBCB with a 2.4-mm
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Table 2 Clinical characteristics of the patient, complications, and
diagnostic efficiency of transbronchial cryobiopsy

Clinical characteristics of the Mean + standard deviation

patients
Sex (female/male) 179/194
Age (years) 52.6+12.4
pH 7.41+0.03
PaCO, (mmHg) 39.9+5.4
PaO, (mmHg) 86.3+23.7
FEV1 (pre%) 70.6+25.6
FVC (pre%) 71.1+25.1
DLCO (pre%) 53.5+28.8
Bleeding severity, n (%)
Grade 0 71 (19.0)
Grade 1 87 (23.3)
Grade 2 215 (57.6)
Grade 3 0
Pneumothorax, n (%) 19 (56.1)
Pathological diagnosis, n (%)
Clear pathological diagnosis 233 (62.5)
Possible pathological diagnosis 21 (5.6)
Unknown pathological diagnosis 119 (31.9)
MDD diagnosis, n (%) 237 (63.5)

pH, potential of hydrogen; PaCO,, partial pressure of carbon
dioxide in arterial blood; PaO,, pressure of oxygen in arterial
blood; FEV1, forced expiratory volume in the first second; FVC,
the forced vital capacity; DLCO, the diffusing capacity of the
lungs for carbon monoxide; MDD, multidisciplinary discussion.

Table 3 Histopathological diagnosis of patients undergoing TBCB

Pathological diagnosis Case (%)

Definitive pathological diagnosis

UIP 77 (20.6)
NSIP 48 (12.9)
OP 13 (3.5)
PAP 14 (3.8)
LAM 10 (2.7)
Lung cancer 18 (4.8)
Pneumonia 9 (2.4)
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Table 3 (continued)

Pathological diagnosis Case (%)
Bullous emphysema 7(1.9)
Sarcoidosis 6 (1.6)
Pneumoconiosis 5(1.3)
B 4(1.1)
DIP 3(0.8)
HP 3(0.8)
RB-ILD 2(0.5)
ACFE 2(0.5)
PCP 1(0.3)
PIE 1(0.3)
LCH 1(0.3)
PAM 1(0.3)
Lipid pneumonia 1(0.3)
PO 1(0.3)
Cryptococcosis 1(0.3)
Giant cell interstitial pneumonia 1(0.3)
IPH 1(0.3)
Aspiration pneumonia 1(0.3)
Congenital cystic adenomatoid malformations 1(0.3)
Pulmonary intravascular large B-cell ymphoma 1(0.3)

Possible pathological diagnosis
ulP 5(1.3)
HP 2(0.5)
NSIP 4(1.2)
DIP 1(0.3)
OoP 1(0.3)
PAP 2(0.5)
RB-ILD 1(0.3)
B 2(0.5)
PCP 1(0.3)
Sarcoidosis 2 (0.5)

Unknown diagnosis 119 (31.6)

Table 3 (continued)

© Annals of Translational Medicine. All rights reserved.

UIP, usual interstitial pneumonia; NSIP, non-specific interstitial
pneumonia; DIP, desquamative interstitial pneumonia;
HP, hypersensitivity pneumonitis; PLAM, pulmonary
lymphangiomyomatosis; OP, organizing pneumonia; PAP,
pulmonary alveolar proteinosis; PCP, pneumocystis pneumonia;
PIE, pulmonary infiltration with eosinophilia; RB-ILD, respiratory
bronchiolitis-interstitial lung disease; LCH, langerhans cell
histiocytosis; TB, tuberculosis; ACFE, airway-centered
fibroelastosis; PAM, pulmonary alveolar microlithiasis; PO,
pulmonary ossification; IPH, idiopathic pulmonary hemosiderosis.
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Table 4 MDD diagnosis of patients undergoing TBCB

MDD diagnosis Case (%)

CTD-ILD 89 (23.9)
IPF 33 (8.8)
INSIP 7(1.9)

COP 7 (1.9

PAP 15 (4.0)
PAM 10 (2.7)
Lung cancer 18 (4.8)
(2.9)
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ND 136 (36.5)

MDD, multidisciplinary discussion; CTD, connective tissue
disease; ILD, interstitial lung disease; IPF, idiopathic pulmonary
fibrosis; iNSIP, idiopathic non-specific interstitial pneumonia;
ACFE, airway-centered fibroelastosis; COP, cryptogenic
organizing pneumonia; PAP, pulmonary alveolar proteinosis;
PLAM, pulmonary lymphangiomyomatosis; HP, hypersensitivity
pneumonitis; DIP, desquamative interstitial pneumonia; PCP,
pneumocystis pneumonia; PLCH, pulmonary Langerhans cell
histiocytosis; RB-ILD, respiratory bronchiolitis-interstitial lung
disease; TB, tuberculosis; PAM, pulmonary alveolar microlithiasis;
PO, pulmonary ossification; IPH, idiopathic pulmonary
hemosiderosis; DR-ILD, drug-related interstitial lung disease.
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Table 5 Comparison of technical parameters of TBCB in cases
with a definitive diagnosis of MDD and an unclarified diagnosis of
MDD

. Clear MDD  Unknown MDD
Technical ) . . . ,
arameters diagnosis diagnosis Z/¢  Pvalue
i (median)  (median)
Number of 237 136
cases (n)

Cooling gas 59.0 (55.0, 60.0)* 55.0 (54.8, 60.0) —4.817 P<0.001
pressure
(bar)

Freezing
duration
(seconds)

5.0(4.06.00 5.0(4.0,5.0) -5.595 P<0.001

Specimen
length (mm)

4.9(4.0,5.4) 4.2(35,51) -4.597 P<0.001

Specimen
short
diameter
(mm)

3.6(3.0,4.0) 3.3(3.0,4.0) -4.446 P<0.001

Specimen

size (mm?)

17.6 (12.2,21.9) 16.0 (9.0, 20.2) -4.538 P<0.001

Number of
specimens

4.0(3.0,50) 3.0(3.0,4.0) -4.805 P<0.001

Navigation, 64 (47.1%) 34.023 P<0.001*

n (%)

182 (76.8%)

* interquartile range in parentheses; *, Chi-square test. MDD,
multidisciplinary discussion.

cryoprobe (2.4-mm cryoprobe group). No serious bleeding
occurred in either group of patients. The incidences
of pneumothorax in the 1.9-mm cryoprobe group and
the 2.4-mm cryoprobe group were 3.7% (12/326) and
14.9% (7/47), respectively (P<0.05). The proportions of
patients with a definitive pathological diagnosis in the
1.9-mm cryoprobe group and the 2.4-mm cryoprobe
group were 64.4% (210/326) and 48.9% (23/47),
respectively. The proportions of patients with a possible
pathological diagnosis in the 1.9-mm cryoprobe group
and the 2.4-mm cryoprobe group were 5.5% (18/326) and
6.4% (3/326), respectively. The proportions of patients
with an unclarified pathological diagnosis in the 1.9-mm
cryoprobe group and the 2.4-mm cryoprobe group were
30.1% (98/326) and 48.9% (21/47), respectively. There
were no significant differences in pathological diagnosis
efficiency between the 2 groups (x'=4.382; P=0.112). The
proportions of patients who obtained a final definitive
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MDD diagnosis were 65.6% (214/326) and 48.9% (23/47),
respectively (P<0.05, Table 6).

Comparison of safety and diagnostic efficiency using
different specimmen quantities

A total of 1,383 specimens were obtained from 373 patients
and the number of specimens obtained from each patient was
between 1 and 5, with an average of 3.7«1.1. According to
the number of specimens obtained, the patients were divided

Table 6 Comparison of diagnostic efficiencies and TBCB
complication rates between the 1.9-mm cryoprobe and the 2.4-mm

cryoprobe
Variable 1.9-mm 2.4-mm
Number of patients, n (%) 326 (87.4) 47 (12.6)
Bleeding severity, n (%)
Grade 0 53 (16.3) 13 (27.7)
Grade 1 82 (25.2) 8(17.0)
Grade 2 191 (58.6) 26 (55.3)
Grade 3 0 0
Pneumothorax, n (%) 12 3.7) 7 (14.9)
Pathological diagnosis, n (%)
Clear pathological diagnosis 210 (64.4) 23 (48.9)
Possible pathological diagnosis 18 (5.5) 3(6.4)
Unknown pathological diagnosis 98 (30.1) 21 (44.6)
MDD diagnosis, n (%) 214 (65.6) 23 (48.9*

*, compared with 1.9-mm group, P<0.05; **, compared to the
1.9-mm group, P<0.05. MDD, multidisciplinary discussion.
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into groups, groups 1-5. No serious bleeding was observed
among the 5 groups of patients. In groups 1-5, the incidences
of pneumothorax were 22.2%, 2.3%, 6.5%, 6.1%, and 2.5%,
respectively, and the percentages of definitive MDD diagnosis
were 33.3%, 43.2%, 56.5%, 67.3%, and 77.2%, respectively.
Significant differences in the diagnostic yield of MDD were
found among the 5 groups of patients (’=23.525; P=0.000,
Table 7). The diagnostic yield of MDD was the highest when
5 specimens were obtained, while the complications did not
increase significantly.

Discussion

The recommendation to use TBCB instead of a SLB
to diagnose ILD is still controversial (3,4,7-9). TBCB
has higher diagnostic efficiency and lower incidence of
complications, and it is suitable for the initial biopsy for
suspected cases of ILD (10). Previous studies (1,2,10-14)
have shown that the diagnostic yield of TBCB for ILD
ranges from 72.9% to 84.4%, the incidence of severe
bleeding ranges from 0.3% to 26.6%, and the incidence of
pneumothorax ranges from 6% to 9.5%. The data show
that the diagnostic efficiencies and the complication rates
of different studies are extremely variable. Therefore, this
prospective multicenter real-world study aimed to explore
the actual application of TBCB in ILD in China, with
20 hospitals in 12 provinces or municipalities in China
submitting their data. Importantly, this study is the first
report on application of TBCB in ILD with a real-world
study in China.

We ultimately enrolled 373 patients with an unclarified
diagnosis of ILD. Most of the patients had moderate to
severe lung diffusion impairment. However, the proportion

Table 7 Comparison of diagnostic efficiencies and complication rates between different numbers of obtained specimens

Variable 1 specimen 2 specimens 3 specimens 4 specimens 5 specimens
Number of patients (n) 9 44 108 98 114
Bleeding severity, n (%)
Grade 0 4 (44.4) 5 (11.4) 5 (4.6) 12 (12.2) 7 (6.1)
Grade 1 2(22.2) 19 (43.2) 33 (30.6) 38 (38.8) 31(27.2)
Grade 2 3(33.3) 20 (45.5) 70 (64.8) 48 (49.0) 76 (66.7)
Grade 3 0 0 0 0 0
Pneumothorax, n (%) 2 (22.2) 1(2.3) 7 (6.5) 6 (6.1) 3(2.5)
MDD diagnosis, n (%) 3(33.3) 19 (43.2) 61 (56.5) 66 (67.3) 88 (77.2)

*, the diagnosis of MDD was significantly different between the 5 groups (¥’=23.525; P<0.001). MDD, multidisciplinary discussion.
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of moderate bleeding in all patients was reach as high as
57.6%, and these patients needed balloon occlusion or local
adrenaline injection to stop bleeding during TBCB. Studies
(15,16) have shown that balloon occlusion significantly
reduces the incidence of severe bleeding. In this study,
some patients also needed balloon occlusion during TBCB,
which might have been an important reason why none of
the patients had serious fatal bleeding. The incidence of
pneumothorax was approximately 5.1%. Most patients with
pneumothorax required closed chest drainage and recovered
within a week. The safety of TBCB was consistent with
previous reports (2,17-27). There was no relationship
between the complication rate of TBCB and the different
comorbidities in the patients. The types of disease in the
selected cases of this study were also the same as those in
previous reports (1,2,11-14) and the most common type of
disease was connective tissue disease-ILD and idiopathic
pulmonary fibrosis. However, only 63.5% of the patients
obtained a definitive diagnosis of ILD after MDD. These
results were significantly lower than the approximately 80%
diagnostic accuracy for ILD in other reports (12-14).

The low diagnostic accuracy of TBCB in real-world in
this study may be related to the following aspects. First, the
specimen size was smaller than that of other publications
(18,28), which is one of the key factors related to a low
diagnostic yield. The cooling gas pressure in our study was
54.5£11.6 bar and even <50 bar in some cases. A previous
study (29) has shown the specimen size of TBCB to be
positively correlated with the cooling gas pressure. When
the cooling gas pressure decreases, its freezing efficiency
is also reduced, resulting in a small biopsy specimen and
affecting the quality of the specimen if the freezing time is
not increased correspondingly. In this study, the freezing
time was 4.9x1.4 seconds, which was lower than the 7
seconds recommended by the current expert consensus (10).
Low cooling gas pressure combined with insufficient
freezing time can lead to unsatisfactory tissue specimens,
leading to a decrease in the diagnostic yield of TBCB in
ILD. Thus, it is necessary to pay attention to the effect of
the cooling gas pressure and freezing time on the size and
quality of TBCB specimens. Second, we obtained only 1
or 2 specimens in some cases because of pneumothorax or
bleeding. The current expert consensus recommends 3 to
5 tissue specimens for pathological diagnosis of ILD (10).
A sampling of only 1 to 2 tissue samples may affect the
diagnostic yield of ILD. Third, studies have shown
that navigation-guided TBCB reduces the incidence of
complications and increases the diagnostic yield of TBCB
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in ILD (2,16,30-33). However, only 66.0% of the patients
in this study underwent navigation-guided TBCB. ILD
lesions are mainly distributed around the peripheral lung
and subpleura lines. Thus, the inclusion of patients without
navigation-guided TBCB might have resulted in the
acquisition of nonrepresentative specimens from too central
of the lung for diagnosis. Fourth, we divided the patients
into the definitive MDD diagnosis group and the indefinite
MDD diagnosis group to compare TBCB parameters. Our
results showed significant differences in the cooling gas
pressure, freezing time, number of specimens, specimen
size, and utilization rate of navigation tools between the two
groups. The failure to acknowledge these TBCB parameters
and their improper use were also important reasons for
the low diagnostic efficiency of TBCB in ILD. Lastly, the
low diagnostic efficiency of TBCB may be a product of the
rapid development of TBCB in China, some operators may
not follow a standardized procedure for TBCB. Thus, it is
necessary to pay attention to the key parameters of TBCB,
including the cooling gas pressure, the freezing time, the
number of specimens, and the navigation tools to improve
the efficacy and safety of TBCB.

There were 326 (87.4%) patients and 47 (12.6%)
patients in whom TBCB was performed with 1.9-mm and
2.4-mm diameter cryoprobes, respectively. There were no
differences in the incidence of bleeding among the patients
who underwent TBCB with the 2 different cryoprobes.
However, the incidence of pneumothorax in patients in
the 2.4-mm cryoprobe group was significantly higher than
that in patients in the 1.9-mm cryoprobe group. This
result was consistent with the previous report (28) because
the 2.4-mm cryoprobe had a higher cooling efficiency in
obtaining larger specimens under the same freezing time.
The larger the specimens collected were, the higher was
the risk of pneumothorax in patients. Although patients
who underwent TBCB with a 2.4-mm cryoprobe had a
higher complication rate, the diagnostic yield of MDD was
lower than that in patients by using a 1.9-mm cryoprobe.
It may be that the lesions of ILD were mainly distributed
in the subpleural area and the lower lobes and the 1.9-mm
cryoprobe was easier to extend to the peripheral lungs for
biopsy, thus making it easier to obtain a presentative sample
for diagnosis, as compared with a 2.4-mm cryoprobe.
Therefore, the 1.9-mm cryoprobe is recommended
for TBCB to achieve a better diagnosis and lower the
complication rate in ILD.

The number of specimens ideal for the pathological
diagnosis of ILD is unknown, because the size and number
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of specimen also affect the final pathological diagnosis of
ILD. Current expert consensus recommends obtaining 3
to 5 specimens from 2 different lobes to diagnose ILD in
a patient (10). Furthermore, the Indian expert consensus
on cryobiopsy also recommends obtaining at least 4 lung
specimens to diagnose ILD in a patient (34). This study
showed that as the number of specimens increased, the
diagnostic yield of TBCB continued to improve. When
5 specimens were acquired, the diagnostic yield was
optimized, while the risk of complications did not increase
significantly. Although we obtained 3 to 5 specimens for the
pathological diagnosis of ILD based on expert consensus,
considering the complications and safety of the procedure,
we did not take more than 3 specimens for diagnosis in
some patients. For example, only 1 specimen was obtained
from each of 3 patients with pneumothorax at the first
biopsy. However, the collection of only 1 specimen during
TBCB was unlikely to cause pneumothorax. Therefore,
the correlation between the number of specimens and
the complications resulting from TBCB has not been
determined. However, the correlation between the number
of specimen and the diagnostic yield should be credible.
Under the premise of ensuring patient safety, we suggest
taking 5 tissue specimens to increase the diagnostic yield of
TBCB in ILD.

This was a prospective, real-world study without any
interventions applied in the participating units, including
restrictions on the cooling gas pressure, anesthesia methods,
freezing time, navigation tools, or the number of specimens.
This study aimed to clarify the real-world use of TBCB in
China. The participating units in this study represent the
current application of TBCB in China. However, due to the
absence of intervention and control groups, the number of
patients in the 1.9-mm cryoprobe group and the 2.4-mm
cryoprobe group, and the number of patients grouped with
different specimen numbers in the subgroup, varied greatly.
Thus, a multicenter, randomized controlled study should
be conducted for further verification in a larger prospective
sample size.

Conclusions

Our real-world study found that the overall safety of
TBCB for ILD in China was good, and its diagnostic
efficiency was acceptable. To improve the diagnostic yield
and safety, establishing standardized operating procedures
and standardized training in TBCB is recommended.
In addition, TBCB in ILD using a 1.9-mm cryoprobe
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and collecting 5 specimens may achieve a better positive
diagnostic rate without a corresponding increase in
complication risk.
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