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Abstract

Background: Bronchoscopy has gradually become valuable armamentarium in evaluating and applying
endoscopic therapy to peripheral pulmonary lesions (PPLs) around the world. We aimed to make a
comprehensive understanding of the application of bronchoscopy in the diagnosis and treatment of PPLs
in China.

Methods: A cross-sectional survey was carried out in China between January 2022 and March 2022. The
survey was in the form of an online questionnaire which was filled in with real-time data by the
respondents.

Results: A total of 347 doctors from 284 tertiary hospitals (81.8%) and 63 secondary general hospitals
(18.2%) were included in the data analysis. More than half of the surveyed doctors (55.0%) had
independently performed respiratory endoscopy for 5-15 years. Higher proportions of hospitals with a
fixed nursing team, anesthesiologists and rapid on-site evaluation (ROSE) during bronchoscopic
procedures were performed in tertiary hospitals than those in secondary general hospitals (P<0.001
each). There were 316 hospitals (91.7%) eligible for performing biopsies of PPLs less than 30mm, while
more than 300 PPLs biopsies were performed in only 78 hospitals (24.7%) per year. Radial probe
endobronchial ultrasound (r-EBUS) (50.3%) was the commonest type of technique used in the guidance
of a bronchoscope to PPLs, followed by navigational bronchoscopy (30.3%) and cone beam CT (CBCT)
(17.0%). Although two thirds of the surveyed hospitals had at least one bronchoscopic guidance devices,
the actual utilization of these devices was not high due to high capital costs and absence of training. To
note, more diagnostic procedures and allocated devices were concentrated in the southeast region and
coastal cities. Furthermore, therapeutic bronchoscopic interventions for peripheral lung cancer and/or
high-risk PPLs could be performed in 124 (35.7%) of the 347 involved hospitals.

Conclusions: Bronchoscopy for the diagnosis of PPLs has been carried out in most hospitals in China
and yields in different hospitals and regions varied greatly. To date, only a few hospitals in China can
develop therapeutic bronchoscopy for PPLs.

Keywords: bronchoscopy, peripheral pulmonary lesions, endobronchial ultrasound, navigational bronchoscopy, diagnosis,
treatment
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Introduction

There has been an increasing number of solitary
pulmonary nodules (SPNs) that remain to be
evaluated due to the rise in the clinical use of chest
computed tomography (CT) screening, especially
low-dose CT [1]. According to the randomized
NELSON trial [2], over 70% of SPNs develop in the
periphery of the lungs. The likelihood of malignancy
for peripheral pulmonary lesions (PPLs) between 8
and 20 mm was reported to be about 18%, and for
lesions between 20 and 30 mm, about 50% [3]. Given
the possible presence of lung cancer, the detection of
PPLs frequently requires tissue diagnosis for further
patient management [4]. Whilst CT-guided trans-
thoracic biopsies have been documented to be a
well-established and highly accurate interventional
diagnostic procedure [5], there has been concern
regarding the exposure to radiation and a
considerable complication rate (e.g., bleeding and
pneumothorax) [6, 7], which has hampered further
development of this technique. By comparison,
multiple advanced bronchoscopic navigational tech-
niques such as radial probe endobronchial ultrasound
(r-EBUS), virtual bronchoscopic navigation (VBN)
and electromagnetic navigation bronchoscopy (ENB),
and bronchoscopic imaging techniques including
confocal laser endomicroscopy and Raman
spectroscopy serve as minimally invasive procedures
for the diagnosis of PPLs [8-10]. Furthermore, endo-
scopic technology evolved in the past decades and
bronchoscopy also has potential to be an alternative to
open surgical treatments of PPLs, particularly for
patients with significant medical comorbidities or
poor performance status [4, 11, 12]. There already
have been international reports on the diagnosis and
treatment of respiratory endoscopy in many countries
[13-20]; however, rare clinical studies concerning the
application of bronchoscopy in the management of
PPLs have been involved. Therefore, this study was
performed with network questionnaires nationwide
in 2022 in order to make a comprehensive
understanding of clinical practice of bronchoscopy in
the diagnosis and treatment of PPLs in China. In this
way, we can better promote the widespread adoption
of bronchoscopy in the management of PPLs.

Methods

Trial design and oversight

This cross-sectional nationwide survey was
conducted from January 2022 to March 2022 by both
Respiratory endoscopy branch of Chinese Endo-
scopist Association, Chinese Medical Doctor Associ-
ation (CMDA) and Interventional Pulmonology
branch of Chinese Association of Chest Physicians,

CMDA. The survey form was structured and
consisted of 25 questions related to bronchoscopic
practices divided into four sections: 1) General
information; 2) Personnel of respiratory endoscopy
team, such as nursing, anesthesia and pathology
personnel; 3) Application of diagnostic bronchoscopy
procedures in 2021 and 4) Therapeutic bronchoscopic
interventions. The questionnaire was anonymous and
no reminders were sent. The questions were of either
a descriptive response type or single/multiple option
type. The option type questions either had a
“Yes/No” response or option for multiple responses,
such as “always, most of the times, sometimes, and
never” wherever considered appropriate. Details of
questionnaire are listed in Table 1.

The survey was in the form of an online
questionnaire which was filled in with real-time data
by the respondents. Questionnaires that didn’t
conform to the standards or failed to fill in data were
regarded as invalid. The survey was distributed
across 29 provinces and 137 cities and all classes of
hospitals were involved. If more than one doctor
responded in a hospital, we only kept the answer
from the doctor who had been independently
engaged in respiratory interventions the longest for
final data analysis because they had a better
understand about bronchoscopic practices of their
hospitals. No financial incentive was offered to the
participants for responding in this survey.

Statistical analysis

Statistical analysis of the data was performed
using the software package IBM SPSS Statistics 26.0
(Statistical Package for the Social Sciences).
Continuous parameters are presented by means when
normally distributed or medians and standard
deviations or range. Categorical variables are
reported as frequencies and percentages. Univariate
analysis involved the use of analysis of variance
(ANOVA) for multiple continuous variables. For the
analysis of correlation, the chi-square test was used
for categorical data. Values were considered
statistically significant for a level of P < 0.05.

Results

General information

Over 700 doctors from 347 hospitals in 137 cities
in 29 provinces across the country completed the
questionnaire. Finally, 347 valid responses from
different hospitals were screened for data analysis.
Among the 347 hospitals, there were 284 tertiary
hospitals (81.8%), of which 276 (79.5%) were tertiary
general hospitals and 8 (2.3%) were chest or
pulmonary specialist hospitals. The other 63 hospitals
(18.2%) were secondary general hospitals.
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Table 1. Details of questionnaire

Questions

Options*

A. General information

1. Which institution do you come from?

2. What class is your institution?

B. Personnel of respiratory endoscopy team

1. How long have you been in physician practices after you complete your residency
or professional training?

2. How long do you independently engage in respiratory interventions?

3. Do you attend the specialized training courses associated with bronchoscopy?

4. Is your institution eligible for performing the training of a bronchoscopy trainee?
5. A fixed professional respiratory endoscopy nursing team.

6. Anesthesiologists.

7. ROSE.

If yes, who will be responsible for ROSE?

C. Application of diagnostic bronchoscopy procedures in 2021

1. Which is the preferred diagnostic measure you choose for PPLs?

2.Is your institution eligible for performing biopsies of PPLs less than 30mm?

3. Do you perform diagnostic bronchoscopy for PPLs less than 30mm?

4. Do you think what is the minimum diameter of PPLs that can be bronchoscopically
biopsied?

5. Do your institution use the guidance technique for PPLs biopsies?

If yes, choose the guidance technique (s) (multiple choice).

If yes, which is the first transbronchial guidance technique?

6. How many guidance devices does your institution possess?

7. If your institution possesses navigational bronchoscopy, please specify the
software.

8. Do you think what is the most important factor affecting the widespread adoption of
navigational bronchoscopy in the diagnosis of PPLs?

9. Do you perform diagnostic bronchoscopy for PPLs using CBCT?

10. How much do you know about robotic bronchoscopy?

11. Choose the method(s) of anesthesia for PPLs patients who undergo diagnostic
bronchoscopy (multiple choice).

12. Do you apply general anesthesia for PPLs patients when performing
guided-bronchoscopic biopsy?

D. Therapeutic bronchoscopic interventions

1. Do you perform therapeutic bronchoscopy for peripheral lung cancer and/or
high-risk PPLs?

2. How to evaluate the application value of bronchoscopy in the treatment of PPLs?
3. Which method is more promising for PPLs treatment?

Please write down the institution name
(DSecondary general; (2)Tertiary general; (3)Chest or pulmonary specialist

() months please specify

() months please specify

MDYes; @No

DYes; @No

(MDYes; @2)No

(DFixed; ()Not fixed; 3)Neither

MDYes; @No

(DFixed cytopathologists; (2)Trained clinicians or technicians; (3)Non-fixed
cytopathologists

@Percutaneous; @Bronchoscopic

@Yes; How many cases? () cases; @No

(DYes; How many cases? () cases; 2)No

O <8mm; (2)8-10mm; (3)11-20mm; (4)21-30mm; (5) >30mm

MDYes; @No

(Dr-EBUS; @)CBCT; (3)Fluoroscopy; (3)Navigational bronchoscopy; (8) Robotic
bronchoscopy; (6)Bronchial branch tracing

(Dr-EBUS; @)CBCT; (3)Fluoroscopy; (3)Navigational bronchoscopy; (8) Robotic
bronchoscopy; (6)Bronchial branch tracing

() please write down the number

@LungCare ENB®; @LungPro@; @LungPoint@; @SuperDimension@; BIG4®;
@LungPoint Plus®

(DHigh cost; @)Low efficiency; 3)Low diagnostic yield; ®)Procedure-related risks
and complications; (8)Insufficient professional staffing

(DOften; (2)Sometimes; 3)Never

@Very familiar; @Know, but not familiar; @Not know at all

(DTopical anesthesia; (2)Moderate/ deep sedation; (3)General anesthesia

(DAlways; @)Most of the time; (3)Never

M®Yes; @2)No

(DVery valuable; (2)Limited value; 3)No value; (9)Indeterminate
(DPercutaneous; (2)Bronchoscopic; 3)Neither; (9)Indeterminate

Abbreviations: ROSE, rapid on-site evaluation; PPLs, peripheral pulmonary lesions; r-EBUS, radial probe endobronchial ultrasound; CBCT, cone beam CT. * Only choose one

unless otherwise specified.

Personnel of respiratory endoscopy team

Endoscopists

Among the 347 doctors included in the data
analysis, the shortest and longest physician practices
after they completed their residency or professional
training were 1 and 40 years, respectively, with an
average of 18.518.2 years. The shortest and longest
periods of their independently engagement in
respiratory interventions were 3 months and 35 years,
respectively, with an average of 10.9+8.3 years. More
than half of the surveyed doctors (55.0%, 191/347)
had independently performed respiratory endoscopy
for 5-15 years, 79 doctors (22.8%) for less than 5 years,
and 77 doctors (22.2%) for more than 15 years. As for
training, 48.4% of the responding endoscopists
attended the specialized training courses. To note,
only 23 surveyed hospitals (6.6%) could perform the
training of a bronchoscopy trainee.

Nursing staff

Most of the surveyed hospitals (86.5%, 300/347)
had a fixed professional respiratory endoscopy
nursing team. Of the 47 hospitals that had not, 29
were tertiary general hospitals and 18 were secondary
hospitals. The proportion of hospitals without a fixed
nursing team was 28.6% (18/63) in secondary
hospitals and 10.2% (29/284) in tertiary hospitals
(Figure 1A). The difference between tertiary and
secondary hospitals is statistically significant
(¥2=14.843, P<0.001). All of the eight chest or
pulmonary specialist hospitals had fixed endoscopic
nursing teams as expected.

Anesthesiologist

Two hundred and eighteen hospitals (62.8%)
staffed with anesthesiologists for respiratory inter-
ventions. Among them, the anesthesiologists of 86
hospitals were fixed, accounting for 24.8% of all
involved hospitals, and the other 132 hospitals (38.0%)

https://lwww.jcancer.org



Journal of Cancer 2023, Vol. 14

1401

were not fixed. Respiratory endoscopists in 129
hospitals (37.2%) were unable to get the cooperation
of an anesthesiologist and they had to anesthetize the
patients themselves when needed. As shown in
Figure 1B, there is a significant difference in the
staffing of anesthesiologists between tertiary hospitals
and secondary hospitals (y?=15.936, P<0.001).

Cytopathologic staff

There were 165 hospitals (47.6%) eligible for
rapid on-site evaluation (ROSE) during bronchoscopic
biopsy procedures. ROSE was routinely performed by
fixed staff in 101 hospitals (29.1%), of which in 29
hospitals (8.4%) was performed by fixed cytopatho-
logists and in the other 72 hospitals (20.7%) by trained
clinicians or technicians. ROSE was only performed
when needed in 64 hospitals (18.4%) without fixed
cytopathological personnel. Figure 1C shows the
cytopathologic staff in different levels of hospitals.
The difference between tertiary and secondary hospi-
tals is statistically significant (y?=19.302, P<0.001).

A

tertiary hospitals 255

secondary hospitals 45

Application of diagnostic bronchoscopy
procedures in 2021

Percutaneous biopsy for PPLs diagnosis was
preferred in 63.4% of the surveyed hospitals, while in
the other 127 hospitals (36.6%) bronchoscopy-guided
biopsy was believed the first choice for such lesions.

There were 316 hospitals eligible for performing
biopsies of PPLs less than 30mm. No more than 10
PPLs were diagnosed by interventional techniques in
38 hospitals per year, 10-50 PPLs biopsies were
performed in 78 hospitals per year, 51-99 PPLs
biopsies in 23 hospitals, 100-299 PPLs biopsies in 87
hospitals, 300-499 PPLs biopsies in 33 hospitals,
500-1,000 PPLs biopsies in 15 hospitals, 1,000-2,000
PPLs biopsies in 21 hospitals, and more than 2,000
cases in 9 hospitals per year. The remaining 12
hospitals answered "unclear" to this question (Figure
2A).  Regarding  geographical  distributions,
performing biopsies of PPLs tended to gain more
popularity in the southeast region and coastal cities
(Figure 3).

B

o - b -

- B l 21 _

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

not fixed

M no nursing staff o fixed

1 professional respiratory endoscopy nursing team

C

B - :
e . 6

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
o fixed cytopathologist W trained clinicians or technicians

without fixed cytopathological personnel B not eligible for ROSE

Figure 1. Allocation of respiratory endoscopy staff in different hospitals. A. Nursing staff (y2=14.843, P<0.001); B. Anesthesiologist (x2=15.936, P<0.001); C. Cytopathologic
staff (¥2=19.302, P<0.001).
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100-299 87
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500-999 15
1000-1999 21
2000 9
Unknown 12
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Number of hospitals
Navigational Bronchoscopy
33
rEBUS
132
I -
Fluoroscopy
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I

Cone beam CT

None was used

o

20 40 60 80 100 120 140 160 180 200

m Number of hospitals which can be used Number of hospitals which is the most commonly used

30mm 61
21-30mm 60
11-20mm 110
8-10m 82
8mm 34
0 20 40 60 80 100 120
Number of hospitals
topical anesthesia 300 a7
moderate/deep sedation 207 140
general anesthesia 126 221
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Number of hospitals which can be used Number of hospitals which cannot be used

Figure 2. Application of diagnostic bronchoscopy for peripheral pulmonary lesions (PPLs). A. Number of PPLs interventional biopsies performed per hospital per year; B.
Number of hospitals capable of performing transbronchial biopsies of PPLs of different sizes; C. Allocated guidance equipments and their applications for diagnostic

bronchoscopy; D. Anesthesia for diagnostic bronchoscopy.

Sizes of PPLs diagnosed by bronchoscopy

Thirty-four respondents (9.8%) thought that the
minimum diameter of PPLs that could be broncho-
scopically biopsied was less than 8 mm, 82 (23.6%)
thought it was 8-10 mm, 110 (31.7%) thought it was
11-20 mm, and 60 respondents (17.3%) considered
21-30mm. Sixty-one respondents (17.6%) considered
that only PPLs with a diameter of more than 30 mm
should be subjected to bronchoscopic biopsy (Figure
2B).

Notably, physicians at all of the involved 347
hospitals responded to this item, although many of
them did not actually perform bronchoscopic biopsies
of PPLs. We believe that these results should be the
choices made by the doctors based on their theoretical
viewpoints rather than practical experiences.

Guidance techniques for diagnostic bronchoscopy

A variety of techniques were used for the
guidance of a bronchoscope to PPLs. According to our
survey, r-EBUS was used in 178 hospitals (51.3%) and
in 132 hospitals of them it was used as the preferred

guidance technique for PPLs biopsies. Other guidance
techniques used included navigational bronchoscopy
(VBN and ENB) (used in 105 hospitals (30.3%), of
which in 33 hospitals (31.4%) was used as the first
choice), cone beam CT (CBCT) (used in 59 hospitals
(17.0%), of which in 23 hospitals (39.0%) it was used as
the first choice), and fluoroscopy (used in 96 hospitals
(27.7%), of which in 17 hospitals (17.7%) was used as
the first choice). One hundred and sixteen hospitals
(33.4%) owned none of the above guidance devices.
Bronchial branch tracing that didn't require any extra
equipment was the preferred transbronchial guidance
technique in 42 hospitals (12.1%), although only 18
hospitals of them did not own any of the above
technique and equipment. Additionally, like biopsies
of PPLs, the areas with the higher mean number of
guidance devices in each hospital were also located in
the southeast region and coastal cities (Figure 3), and
there was a significant positive correlation between
the number of performing PPLs biopsies and the
allocated equipment based on Pearson’s rank
correlation analysis (r = 0.978, P < 0.001). What's
more, none of the guidance modalities was used for
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PPLs biopsies in 100 hospitals (28.8%), even though at
least one guidance device was equipped in many of
these hospitals (Figure 2C).

Navigational bronchoscopy

The equipment and application of six
bronchoscopic navigation systems were surveyed. Of
the 150 hospitals (43.2%) that owned at least one
surveyed navigation system, 114 hospitals owned
only one system, 20 hospitals owned 2 systems, 9
hospitals owned 3 systems, 5 owned 4 systems, and
one each had 5 and 6 systems. The share ratio of each
system was as follow: LungCare ENB® 16.1%,
LungPro® 14.4%, SuperDimension® 13.3%, IG4®
6.6%, LungPoint® 5.8%, and LungPoint Plus® 4.9%.

However, navigational bronchoscopy systems
were not actually used very often for PPLs biopsies in
30.0% of these hospitals. "High cost" was deemed the
main reason for its low utilization by 248 respondents
(71.5%). Other reasons attributed to included "low
efficiency" (39 responses, 11.2%), "low diagnostic
yield" (32 responses, 9.2%), "insufficient professional
staffing" (21 responses, 6.1%) and "procedure-related
risks and complications” (7 responses, 2.0%).

CBCT

CBCT is useful for the application of Naviga-
tional bronchoscopy. However, 204 respondents

Allocated devices

PPLs biopsies
<94
94~180

H 180~266

B 266~352

W 352~438

W >438
Censored

Figure 3. Geographical distributions of PPLs biopsies and allocated devices.

(58.8%) did not have access to CBCT, 125 (36.0%) had
occasional access, and only 18 (5.2%) had regular
access to the device.

Robotic bronchoscopy

Only 3 doctors were "very familiar" with advan-
ced robotic bronchoscopy technique, accounting for
0.86% of all the respondents. The numbers of doctors
who chose "know, but not familiar" and "not know at
all" about robotic bronchoscopy were 215 (62.0%) and
129 (37.2%).

Anesthesia

As presented in Figure 2D, three hundred
hospitals (86.5%) applied topical anesthesia by nebu-
lizer with nebulized 4% lidocaine in 10 ml increments
before diagnostic bronchoscopy. Moderate/deep
sedation and general anesthesia were applied in 207
(59.7%) and 126 hospitals (36.3%), respectively.

Among the 247 hospitals that applied

guided-bronchoscopic biopsy for PPLs, 75 hospitals
(accounting for 30.4%) "always" or "most of the time"
applied general anesthesia when performing such
operations. The procedures were performed under
sedation or topical anesthesia most of the time in the
other hospitals.
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Therapeutic bronchoscopic interventions

Therapeutic bronchoscopic interventions for
peripheral lung cancer and/or high-risk PPLs could
be performed in 124 of the 347 involved hospitals,
accounting for 35.7%. Regarding the question “How
to evaluate the application value of bronchoscopy in
the treatment of PPLs?”, the vast majority of
respondents (210 doctors, 60.5%) chose “very
valuable”, 121 (34.9%) chose "limited value", 2 (0.6%)
chose "no value", and the remaining 14 (4.0%) thought
it "indeterminate".

Compared with percutaneous interventional
therapy, 200 doctors (57.6%) believed that broncho-
scopic interventions had better application prospects
and were more inclined to choose transbronchial
interventions for PPLs treatment. There were 133
doctors (38.3%) preferred percutaneous intervention,
6 doctors (1.7%) considered neither method suitable,
and 8 (2.3%) were not sure about this issue.

Discussion

Bronchoscopy was initialized in China from
1970s and the field of interventional pulmonology for
PPLs diagnosis and treatment is evolving rapidly [17].
The present study revealed that although most of the
surveyed doctors could perform interventional
biopsies of PPLs, percutaneous biopsy was preferred
in two-thirds of the surveyed hospitals instead of less
invasive bronchoscopy-guided biopsy. In addition,
there was a more than 200-fold difference in the
number of PPLs interventional biopsies per year
between the most and the least capable hospitals. This
unbalanced situation is related to various factors, such
as the class and specialty of a hospital, the economic
status of the region where a hospital is located, and
whether a hospital attaches importance to the
development of respiratory endoscopy technology or
not, et al. Only when the personnel, equipment, and
technical capabilities are all qualified, diagnostic and
therapeutic bronchoscopic interventions for PPLs can
be performed. We analyzed the situation of the
surveyed hospitals in these three aspects.

In addition to endoscopists, a complete high-
level respiratory intervention team should consist of
fixed professional endoscopic nurses, experienced
anesthesiologists and cytopathologists. Most respira-
tory endoscopists are respiratory physician or thoracic
surgeons in China. Professional respiratory endosco-
pic nurses were available in most hospitals (86.5%).
However, there was a shortage of professional
anesthesiologists and cytopathologists in many
hospitals. The perfect anesthetic staff provides patient
comfort and patient safety, while allowing the
interventional pulmonologists complete access to the
airways and subsequent procedures [21]. Some

routine diagnostic bronchoscopy procedures (such as
forceps biopsy, brushing, bronchoalveolar lavage, et
al) can be performed under topical anesthesia or
minimal/ moderate sedation. For high-risk patients or
difficult interventional procedures, deep sedation or
general anesthesia is needed. However, three-quarters
of the surveyed hospitals lacked fixed experienced
anesthesiologists when performing respiratory
interventional procedures, and more than one-third of
hospitals even failed to obtain the cooperation of a
professional anesthesiologist. This makes many
advanced respiratory interventional techniques
unavailable in these hospitals. The shortage of cyto-
pathologists was even more severe. ROSE allowing
rapid stain and real-time assessment for direct slides
helps to improve the diagnostic yield of bronchoscopy
while reducing the duration of the procedure [22].
Less than half of the surveyed hospitals were eligible
for ROSE during bronchoscopic procedures and most
of the personnel engaged in ROSE in these hospitals
were trained clinicians or technicians. Only 29
hospitals (8.1%) had a fixed cytopathologist for
diagnostic respiratory interventions. The aforesaid
results could be attributed to the presence of heavy
daily workload for cytopathologist [23]. The lack of
professional cytopathologists resulted in a relative
low diagnostic yield of transbronchial biopsy of PPLs,
which may be one of the main reasons why only
36.6% of respondents preferred bronchoscopic biopsy
for PPLs.

Multiple advanced bronchoscopic navigation
techniques can be used for guiding the transbronchial
approach to PPLs located outside the visible range of
the bronchoscope to sample cytohistological mate-
rials. r-EBUS, performed by inserting the ultrasound
miniature probe through the working channel of a
flexible bronchoscope, has worked to improve
diagnostic yield by providing the internal structure of
the lesion, determining its size, location, and depth of
penetration. Since Hirter et al. [24] firstly used
r-EBUS for the assessment of normal lungs and
bronchial carcinomas in 1992, r-EBUS has gained
popularity for the identification of PPLs before biopsy
and currently, it was the most widely used
bronchoscopic guidance technology according to our
survey in China. Similar reports were presented in
other countries, such as Czech Republic [18] and
Portugal [20]. Relatively low technical difficulty,
moderate cost, and avoidance of radiation to
personnel are thought to be the reasons for the
popularity of r-EBUS [25]. Furthermore, one-third of
the surveyed hospitals did not have any
bronchoscopic guidance devices such as fluoroscopy,
r-EBUS, etc. This is believed another important
reason, probably the main reason, why CT-guided
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transthoracic biopsy for PPLs was preferred in most
hospitals [26]. VBN and ENB were also commonly
used modalities when evaluating PPLs, with a
utilization rate of 30.3%, which was higher than that
reported in 2017 (20.4%) [17]. The increased trend of
utilization rate over time objectively reflected the
value of VBN and ENB in the management of PPLs. It
was noted that bronchial branch tracing method was
the preferred endobronchial guidance technique in 42
hospitals (12.1%), with or without guidance devices.
Hand-drawn mapping method for bronchoscopic
navigation has been validated to be a feasible, simple
and economical guiding modality with time-saving
and easy preparation for PPLs biopsies, making it a
potential surrogate for techniques that require
additional guidance devices in the majority of hospi-
tals with cost-benefit consideration [27]. Chinese
pulmonologists did not know much about the current
state-of-the-art robotic bronchoscopy, with less than
1% of the surveyed doctors being "very familiar" with
it, and more than one-third doctors having no
knowledge of the technology at all. As far as the
authors know, there are currently no more than 3
hospitals that have robotic bronchoscopy in China.
The application of robotic bronchoscopy in China is
just beginning. It can be seen that where various
advanced bronchoscopic navigational techniques are
currently available for the diagnosis of PPLs, although
prospective, the limitations of each technique should
be recognized [4]. In order to made up for the
deficiency of any single technique, a multimodality
approach with combined procedures have been
emerged and served as an indispensable component
of PPLs diagnosis [28]. We attempted to investigate
the overall situation concerning combined utilization
rate; nevertheless, the absence of available data
hindered the investigation.

Two thirds of the surveyed hospitals had at least
one bronchoscopic guidance devices, about 44.4% of
the hospitals had at least one bronchoscopic
navigation system. However, the actual utilization of
these devices was not high in these hospitals. This
could be explained by the limitation of high cost.
Therefore, further policy support and constantly
innovated technology are warranted for cost reduct-
ion, thereby promoting the widespread adoption of
bronchoscopy in the diagnostic and therapeutic work
of PPLs. Plus, the surveyed endoscopists indepen-
dently engaged in respiratory interventions varied
considerably in experience. It is well established that
there is a learning curve for the diagnosis of PPLs
using bronchoscopy that improves with case
experience [29-31]. A structured education has been
recommended for improving the operator’s indivi-
dual experience [32, 33]. However, fewer than half of

endoscopists attended the specialized training
courses. In the Germany survey from 2016, this
proportion was 62.5% [19]. Remarkably, only 6.6% of
surveyed hospitals were capable of performing the
training of a bronchoscopy trainee. In view of this,
more attention and investment associated with
training are imperative to resolve the existing
problems for the furtherance of bronchoscopic
practice.

As for geographical distributions, diagnostic
bronchoscopy for PPLs was more commonly carried
out in the southeast region and coastal cities where
the local economy was more developed, revealing the
differences in area distributions of bronchoscopy in
China. Reducing disparities between different regions
was our shared objective; however, there is still a long
way to go. Furthermore, we have to emphasize that
application of diagnostic bronchoscopy procedures
pertains to 2021. Whilst related results, especially the
number of PPLs biopsies, could be affected by the
COVID-19 pandemic, there has been evaluation
regarding area distributions, which minimizes the
influence of the COVID-19 pandemic.

Therapeutic bronchoscopy for peripheral lung
cancer and/or high-risk PPLs has received extensive
attention. About 60% of surveyed pulmonologists
believed that transbronchial interventions had better
application value and development prospects for the
treatment of PPLs than percutaneous methods.
However, limited by the above factors such as
staffing, technology, and cost, it is still too early to
develop therapeutic bronchoscopy for PPLs in most
hospitals of China. Currently, it only could be
performed in a few well-developed and large-scale
respiratory intervention centers.

In summary, the results of this survey showed
that bronchoscopy for the diagnosis of PPLs was
carried out in most hospitals in China. However, due
to factors such as personnel, equipment and technical
methods, the diagnostic capabilities and yields in
different hospitals and regions varied greatly. As for
the application of therapeutic bronchoscopy in PPLs,
though most doctors believed in its value and good
application prospects, currently only in a few
hospitals in China could therapeutic bronchoscopic
procedures for PPLs be performed.
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