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Background: Ultrathin bronchoscope (UTB) with a 3.0-mm outer diameter and a 1.7-mm working 
channel currently appeared as a potential tool for better biopsy and diagnosis of peripheral pulmonary lesions 
(PPLs) by accessing more distal bronchus. However, published research is primarily limited to diagnosis 
value of UTB for PPLs with fluoroscopy, the value of UTB compared with thin bronchoscope (TB) without 
fluoroscopy guidance has not been determined yet. 
Methods: We design a prospective, randomized, controlled, non-inferior, multicenter study aiming to 
evaluate the diagnostic value and safety of UTB for PPLs with the guidance of virtual bronchoscopic 
navigation (VBN) combined with endobronchial ultrasound (EBUS) without fluoroscopy by comparing to 
TB. The study aims to enroll 578 patients presenting for evaluation of PPLs at five clinical sites in China. 
Subjects will be randomized to UTB-VBN-EBUS group, TB-VBN-EBUS-guide sheath (GS) group, and 
TB-VBN-EBUS-non-GS group. Primary endpoint is the diagnostic yield of PPLs. The total examination 
time, duration of finding lesions, the proportion of lesions visible by radial EBUS, factors affecting the 
diagnostic yield, difference in the bronchus level reached with the bronchoscope, difference in diagnostic 
yield, and complication rate will be determined as secondary endpoints. The primary endpoint will be 
followed-up at least 6-month post-procedure and 1-month post-procedure for safety endpoint.
Discussion: Study enrollment began in March 2021. Our preliminary experience reveals that UTB is 
a powerful tool in the diagnosis of PPLs even without fluoroscopy. The results of the current study will 
compensate the limitations of the previous research, further provide evidence of UTB in diagnosing PPLs 
without fluoroscopy. 
Trial Registration: ClinicalTrials.gov NCT04571476. Registered 30 September 2020.
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Introduction

Lung cancer is a leading cause of cancer deaths in the 
world (1). With the popularization of low-dose computed 
tomography (CT) screening, the discovery rate of lung 
nodules has increased and lung cancer mortality has 
been reduced, but it has a higher false positive rate (2). 
Therefore, it is significant to clarify the nature of peripheral 
pulmonary lesion (PPL) prior to surgery. It is important as 
well to obtain specimens of primary lesions for patients with 
advanced lung cancer to guide diagnosis and treatment in 
the era of precision treatment.

There are two minimally invasive diagnostic techniques, 
transthoracic needle aspiration (TTNA) with the guidance 
of CT or B mode ultrasound and transbronchial lung 
biopsy (TBLB), commonly used for the diagnosis of PPL 
at present. TTNA is associated with severe complications 
including pneumothorax and hemorrhage, especially 
higher pneumothorax rate with 3.1–41.7%, due to violating 
the pleural space. Moreover, some lesions are difficult to 
reach due to the position and TTNA has the potential 
risk of tumor pleural metastasis (3,4). TBLB is performed 
through the natural cavity for the diagnosis of PPL while 
examining the lumen. Complications such as pneumothorax 
and bleeding are relatively low and has advantages over 
other methods. However, traditional TBLB is performed 
with blind biopsy based on image positioning and has a 
low diagnostic yield. The diagnostic yield varies greatly 
depending on lesion size with the guidance of fluoroscopy 
(5,6). In particular, it is difficult to find and locate the lesion 
with a diameter less than 2 cm, and both the operator and 
patient receive extra radiation that can be evitable (7). The 
improvements of bronchoscopy with adjunct techniques, 
such as the use of endobronchial ultrasound and guide 
sheath (EBUS-GS) and virtual bronchoscopic navigation 
(VBN) in TBLB, have increased the diagnostic yield of 
bronchoscopy. TBLB with the guidance of endobronchial 
ultrasound and guide sheath (EBUS-GS-TBLB) began to 
be applied to the clinical scenario in 2004. 

EBUS combined with GS allows to clearly observe the 

lesions around the small airway and insert biopsy forceps 
or brushes repeatedly, reducing the occurrence of bleeding. 
Many studies have shown that it is more convenient and 
safer of TBLB with the guidance of GS compared with 
traditional TBLB, especially in the improvement of 
diagnostic yield for solitary pulmonary nodules less than  
3 cm (8-10). TBLB can be performed with the guidance of 
EBUS without fluoroscopy, reducing X-ray radiation, which 
has high clinical application value (11). 

Detecting the les ion rapidly and accurately in 
complicated tracheobronchial tree is the key to improve 
the diagnosis and treatment of PPLs. VBN is a technology 
for diagnosing PPL that can transfer thin-slice CT data 
to virtual bronchoscopic images, creating a path to the 
target lesion automatically when the lesion is depicted in 
this system, which provide powerful help for lung biopsy. 
Previous studies have shown that VBN combined with 
EBUS-GS can improve the diagnostic yield of PPL and 
shorten the examination time, which has become the 
standard method for the diagnosis of PPL (12,13).

With the development of bronchoscopy technology, 
ultrathin bronchoscope (UTB) with a 3.0-mm outer 
diameter and a 1.7-mm working channel has appeared, 
which can be used combined with a diameter of 1.4-mm 
ultrasound probe. UTB can reach the more distal bronchus 
compared with the current thin bronchoscope (TB) (outer 
diameter 4.0/4.2 mm, working channel 2.0 mm). PPL 
invisible under conventional bronchoscopy may become a 
lumen lesion that can be seen directly under UTB. Thus, 
UTB can improve the diagnostic yield of TBLB by reaching 
the more distal bronchus accurately where combined with 
VBN. Studies have shown that the diagnostic yield is close 
to 70% in PPL less than 3 cm using UTB combined with 
VBN-EBUS and fluoroscopy, which is significantly higher 
than that of TB combined with VBN-EBUS-GS, no 
matter what sampling method is used of TB, especially in 
external 1/3 lesions (14-16). There is still a high diagnostic 
yield of PPLs by EBUS-GS without fluoroscopy (11,17). 
Our previous research found that there was no significant 
difference in the diagnostic yield of PPL using UTB with 
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a 3.0-mm outer diameter combined with VBN and EBUS 
with or without X-ray fluoroscopy (18). Therefore, UTB 
can be used without fluoroscopy, avoiding or reducing X-ray 
radiation exposure and saving cost of GS. However, there 
is no report comparing the diagnostic yield of UTB to TB 
without fluoroscopy guidance. This study aims to clarify the 
diagnostic value of UTB by comparing with TB combined 
with different sampling methods without fluoroscopy. We 
present the following article in accordance with the SPIRIT 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-22-20/rc).

Methods

Study population

Individuals with PPLs on chest imaging need to undergo 
TBLB and those who meet the following inclusion and 
exclusion criteria are considered the target population 
of this study (Table 1). The study will be conducted in 
accordance with the Declaration of Helsinki (as revised 
in 2013). The protocol had been approved by Ethics 
Committee of Shanghai Chest Hospital (approval No. 
KS2027) as well as other participating centers, and was 

registered under ClinicalTrials.gov (NCT04571476). If the 
patient is willing to participate in the study, information will 
be provided and the informed consent will be asked by the 
local investigator. The eligible participants will have time 
until the scheduled procedures to reconsider their consent. 
The patients must be aware of and give consent to the fact 
that monitors will be granted direct access to the study 
patients source medical records without violating subject 
confidentiality. All subjects should provide written informed 
consent prior to participating the study.

Study design

This study is a prospective, randomized, controlled, non-
inferior, multicenter study. Patients are recruited at five 
academic hospitals in Chinese mainland, and details are 
presented in the Table S1. All procedures will be performed 
by experienced bronchoscopists with the guidance of VBN 
and EBUS, but without fluoroscopy. Patients with PPLs 
eligible for the study will be randomly divided into three 
groups (1:1:1), UTB-VBN-EBUS group, TB-VBN-EBUS-
GS group, and TB-VBN-EBUS-non-GS group based on 
stratified factors with dynamic randomization (Figure 1). 
Stratified factors include lesion size (≤3 or >3 cm), lesion 

Table 1 Participant inclusion/exclusion criteria

Inclusion criteria:

Subjects meeting all of the following criteria will be enrolled:

(I) Patients older than 18 years old

(II) Chest imaging shows the presence of PPLs (defined as those lesions that are surrounded by pulmonary parenchyma and located 
beyond the segmental bronchus) that need to be confirmed by pathology. The length diameter of the lesion is no less than 8 mm and 
no more than 5 cm

(III) Patients without contraindications of bronchoscopy

(IV) Patients have good medical adherence and signed informed consent

Exclusion criteria:

Subjects meeting any of the following criteria will be excluded: 

(I) PPL is pure ground-glass opacity

(II) Absence of bronchus leading to or adjacent to the lesion on thin-slice chest CT

(III) *Visible lumen lesions in segment and above segment bronchus during bronchoscopy (evidence of endobronchial lesion, extrinsic 
compression, submucosal tumor, narrowing, inflammation, or bleeding)

(IV) Diffuse pulmonary lesions

(V) Target PPL has received chemotherapy, target therapy, radiotherapy or immunotherapy, etc.

(VI) The investigators believe that patient has other conditions that are not suitable for the study

*, this criterion implements after enrollment and randomization. PPLs, peripheral pulmonary lesions; CT, computed tomography.
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location from the hilum [three elliptical regions on CT 
scans: central third, intermediate third, or peripheral third of 
the lung field (19), and bronchus sign (leading to or adjacent 
to the lesion)]. The investigator generates the allocation 
sequence, enroll participants, and assign participants to 
interventions. The pathologist and data analysts are blinded 
to the assignment.

Instruments and procedures

The UTB (BF-MP290F; Olympus, Tokyo, Japan), TB (BF-
P260F or BF-P290; Olympus), radial-type probe EBUS 
(UM-S20-17S; Olympus), GS (SG-200C; Olympus), biopsy 

forceps and cytology brushes used in this study are shown in 
Figure 2. 

All procedures will be performed by experienced 
bronchoscopist under local anesthesia with or without 
moderate sedation, or general anesthesia. Chest CT (slice 
width 0.5–1 mm, interval 0.5–1 mm) data will be obtained 
from all patients prior to bronchoscopy. Individual CT data 
sets are transferred to a workstation on which VBN software 
(DirectPath; Olympus) created virtual bronchoscopic 
images automatically. The consecutive images can be 
moved back and forth and rotated, just like a bronchoscope 
in a monitor next to the video-bronchoscopic screen in the 
endoscopy suite. When assistant physician controlled the 

TB-VBN-EBUS-non-GSTB-VBN-EBUS-GSUTB-VBN-EBUS

Thin-slice CT showing bronchus leading or adjacent to PPL

Randomization Excluded

Yes No

EBUS image obtainedEBUS image not obtainedEBUS image obtained

Conventional cytology brushWashing with 20 mL NS1.4 mm cytology brush

Conventional cytology brush1.4 mm cytology brush

WashingWashing/GS flushing

Final diagnosisFinal diagnosis

Conventional biopsy forcepsFinal diagnosis1.5 mm biopsy forceps

Follow-up

Follow-up

Follow-up

EBUS confirmation
EBUS confirmation

Figure 1 Flow chart of UTB and TB for the diagnosis of PPL. Patients with PPLs who meet the criteria will be randomized into UTB-
VBN-EBUS group, TB-VBN-EBUS-GS group, and TB-VBN-EBUS-non-GS group. EBUS will be used to verify the location of the 
lesion. Sampling will be performed following the sequence of brushing, biopsy, brushing, washing or GS flushing in lesions with EBUS 
image obtained. Washing with 20 mL NS will be performed as a supplementary procedure in lesions that can’t obtain EBUS image. All 
patients will be followed-up for at least 6 months post-procedure for the final diagnosis. CT, computed tomography; PPL, peripheral 
pulmonary lesion; UTB, ultrathin bronchoscope; VBN, virtual bronchoscopic navigation; EBUS, endobronchial ultrasound; TB, thin 
bronchoscope; GS, guide sheath; NS, normal saline. 
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virtual bronchoscopic images during bronchoscopy, the 
bronchoscopist inserts the bronchoscope as instructed. The 
specific procedure of each group is as follows.

UTB-VBN-EBUS group
UTB with a 3.0-mm outer diameter and a 1.7-mm working 
channel will be used in this group. Specimens will be 
obtained using 1.5-mm biopsy forceps and 1.4-mm cytology 
brush with the guidance of VBN and EBUS. EBUS is 
performed using an endoscope ultrasound system, which 
is equipped with a 20-MHz mechanical radial-type probe 
with an external diameter of 1.4 mm. The EBUS probe is 
inserted into the UTB working channel and advanced to 
the PPL to obtain an EBUS image. The operator adjusts 
the probe continuously based on EBUS image during 
examination until it shows “within” or “adjacent to” 

features, which indicates the probe reaching the lesion. 
Once a typical EBUS image is seen, the probe is withdrawn 
from the UTB working channel. Specimens are obtained 
through the UTB working channel using biopsy forceps 
and cytology brush, respectively, then washing the biopsy 
site with saline and collecting fluid for cytology and/or 
microbiology after biopsy and brushing. The acquisition 
of specimens follows the sequence of cytology brush, 
biopsy forceps (at least 5 but no more than 10 specimens 
visible to the naked eye are recommended), cytology 
brush, and washing (for patients with suspected infectious 
disease, washing can be given priority). If the EBUS image 
cannot be obtained, as a supplementary procedure, the 
bronchoscopist would determine that the area around 
the bronchial target is washed with 20 mL of saline. 
Instruments used are shown in Figure 3A. 

a b c d e f g h

A B

Figure 2 UTB and other instruments used in the study. (A) UTB (BF-MP290F, Olympus). (B) a, UTB (BF-MP290F) with a 3.0-mm 
outer diameter and a 1.7-mm working channel; b, TB (BF-P290) with a 4.2-mm outer diameter and a 2.0-mm working channel; c, radial-
type probe EBUS with 1.4-mm outer diameter (UM-S20-17S); d, GS with 1.95-mm outer diameter; e, 1.5-mm biopsy forceps; f, 1.8-mm 
conventional biopsy forceps; g, 1.4-mm cytology brush; h, 1.8-mm conventional cytology brush. UTB, ultrathin bronchoscope; TB, thin 
bronchoscope; EBUS, endobronchial ultrasound; GS, guide sheath. 

A B C

Figure 3 Instruments used in the three groups. (A) UTB-VBN-EBUS group: UTB (BF-MP290F), 1.4-mm radial-type probe EBUS (UM-
S20-17S), 1.5-mm biopsy forceps, 1.4-mm cytology brush, from left to right. (B) TB-VBN-EBUS-GS group: TB (BF-P290), 1.95-mm GS, 
1.4-mm radial-type probe EBUS (UM-S20-17S), 1.5-mm biopsy forceps, 1.4-mm cytology brush, from left to right. (C) TB (BF-P290), 1.4-
mm radial-type probe EBUS (UM-S20-17S), 1.8-mm conventional biopsy forceps, 1.8-mm conventional cytology brush, from left to right. 
UTB, ultrathin bronchoscope; VBN, virtual bronchoscopic navigation; EBUS, endobronchial ultrasound; TB, thin bronchoscope; GS, guide 
sheath.
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TB-VBN-EBUS-GS group
TB with a 4.0/4.2-mm outer diameter and a 2.0-mm working 
channel will be used in this group. Specimens will be 
obtained using 1.5-mm biopsy forceps and 1.4-mm cytology 
brush with the guidance of VBN-EBUS and a 1.95-mm 
outer diameter GS. The usage of VBN is the same as UTB 
group. EBUS probe is inserted into the GS beforehand, and 
the GS-covered probe is introduced via the working channel 
of the bronchoscope and advanced to the PPL to obtain an 
EBUS image. The probe and GS are confirmed to reach the 
lesion by EBUS images that had “within” or “adjacent to” 
EBUS features. EBUS probe is withdrawn from GS when 
the probe reaching the lesion and the GS is left in place. 
Biopsy forceps and cytology brush are introduced through 
the GS to obtain specimens. GS is flushed with saline to 
collect liquid specimens for cytology and/or microbiology 
after biopsy and brushing. The acquisition of samples is the 
same as UTB group. If the EBUS image cannot be obtained, 
then withdraw the GS and the area around the bronchial 
target is washed as determined by the bronchoscopist with 
20 mL of saline as a supplementary procedure. Instruments 
used are shown in Figure 3B.

TB-VBN-EBUS-non-GS group
TB with a 4.0/4.2-mm outer diameter and a 2.0-mm 
working channel will be used in this group. Specimens will 
be obtained using conventional biopsy forceps and cytology 
brush with the guidance of VBN and EBUS, but without 
GS. The procedure is performed the same as UTB-VBN-
EBUS group. Instruments used are shown in Figure 3C.

A representative case of UTB-VBN-EBUS method in 
diagnosing PPL is depicted in Figure 4.

Outcomes

The primary endpoint is the diagnostic yield. The secondary 
endpoints include total examination time, duration of finding 
lesions, the proportion of lesions visible by radial EBUS, 
factors affecting the diagnostic yield, difference in the 
bronchus level reached with the bronchoscope, difference in 
diagnostic yield, and complication rate (Table 2). If mediastinal 
lymph node staging and PPL sampling are performed at the 
same time, lymph node sampling is not counted either in the 
diagnostic yield or the examination time.

Final diagnosis and follow-up

All patients will be followed-up for at least 6 months post-

procedure. The final diagnosis is based on histopathology, 
cytopathology, microbiological evidences of specimens 
obtained by bronchoscopy procedure and the follow-
up results. If there is definite malignant histological or 
cytological pathologic evidence or the characteristic 
pathological or microbiological evidence of benign disease 
of bronchoscopic obtained specimens that is confirmed 
by the follow-up, they are considered to be diagnosed by 
bronchoscopy. Otherwise, if the specimens obtained by 
bronchoscopy don’t have specific benign or malignant 
pathological evidence or specimens are unqualified (specimens 
with normal lung tissue, bronchial mucosa etc.), they will not 
be regarded as diagnosed by bronchoscopy. For these non-
diagnostic lesions, the final diagnosis will be made through 
repeated biopsy of bronchoscopy or additional procedures, 
including CT-guided TTNA, surgical biopsy, or clinical and 
imaging follow-up for at least 6 months.

Sample size

This study is designed to compare the diagnostic yields of 
UTB and TB for the diagnosis of PPLs. We hypothesize 
that the diagnostic yield of UTB method is not inferior to 
that of TB method. Based on the expected diagnostic yield 
of 75% using both the UTB and TB methods, sample size 
of UTB versus TB as 1:2, demonstration of noninferiority 
with difference within 10% (δ =−0.1) and a statistical power 
of 80% at a one-sided significance level of 0.05 would 
require 175 patients in UTB group and 350 patients in 
TB group. We arranged to enroll a total of 578 patients 
with 193 and 385 patients in UTB group and TB group, 
respectively, to account for 10% dropouts.

Statistics

The means and percentages are presented as appropriate. 
With the noninferiority analyses of the primary endpoint, 
if noninferiority is demonstrated, then its superiority will 
be analyzed. Categorical variables are analyzed using the 
Pearson χ2 test or Fisher’s exact test. Use the t-test or U 
test to analyze continuous variables. Statistical analyses are 
performed using SPSS 25.0. P<0.05 is taken to indicate 
statistical significance.

Safety

The names and grading of adverse events and serious adverse 
events are evaluated according to the Common Terminology 
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Figure 4 A representative case of UTB used to diagnose PPL. A 66-year-old male patient with a small solid peripheral pulmonary nodule 
underwent TBLB using UTB with the guidance of VBN combined with EBUS without fluoroscopy. The pathology showed malignant 
tumor cells. (A) Chest CT presented a small pulmonary nodule (red arrow) measuring 19.0×18.2×21.3 mm with lobulation and spiculate in 
the right upper lobe. (B) The virtual bronchial tree with the target lesion (the red spot pointed by red arrow) and the navigation pathway (along 
with the blue line) planned by VBN system. (C) The virtual bronchoscopic view with red spot highlighted the target lesion and the red 
arrow pointed the bronchus leading to it. (D) Ultrathin bronchoscopic view of target bronchus (red arrow) leading to the lesion. (E) EBUS 
image of the lesion. (F) ROSE of the biopsy specimens (×400). (G) The H&E staining histopathology of the biopsy specimens (×400). Scale 
bars: 20 μm. This image is published with the patient’s consent. UTB, ultrathin bronchoscope; PPL, peripheral pulmonary lesion; TBLB, 
transbronchial lung biopsy; VBN, virtual bronchoscopic navigation; EBUS, endobronchial ultrasound; CT, computed tomography; ROSE, 
rapid on-site evaluation; H&E, hematoxylin and eosin.
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Criteria for Adverse Events (CTCAE) version 4.0 (20).

Data collection and management

Data collection will be performed in the participating 
centers. Electronic patient record forms will be provided 
web based. Data collection and analysis will be monitored 
according to good clinical practice. Clinical monitoring will 
be organized in case report form files undergoing a quality 
check. 

Handling and storage of data and documents

The investigators will maintain adequate records, including 
signed patients informed consent forms and information on 
adverse events. The anonymity and confidentiality will be 
guaranteed and patients’ identification will be coded. 

Amendments

Amendments are changes made to the research after a 
favorable opinion by the accredited research institute has 
been given. All amendments will be notified to the research 

institute that gives a favorable opinion. Non-substantial 
amendments will not be notified to the accredited research 
institute and the competent authority, but will be recorded 
and filed by the sponsor.

Quarterly progress report

The investigator will submit a summary of the progress 
of the trial to the sponsor every quarter. Information will 
be provided on the date of inclusion of the first subject, 
numbers of subjects included and numbers of subjects that 
have completed the trial, serious adverse events, other 
problems, and amendments.

End of study report

The investigator will notify the sponsor of the end of the 
study within a period of 8 weeks. The end of the study is 
defined as the last patient’s last visit.

In case the study is ended prematurely, the investigator 
will notify the sponsor within 15 days, including the reasons 
for the premature termination.

Within one year after the end of the study, the 

Table 2 Study secondary end points

(I) Total examination time 

Defined from the time that the bronchoscope is inserted beyond the glottis, until the bronchoscope has been removed from the glottis 
after examination

(II) Duration of finding lesions

Defined from insertion of ultrasound probe to withdrawal of ultrasound probe when see the location of lesions under radial EBUS

(III) The proportion of lesions visible by radial EBUS

Defined as the proportion of lesions obtained ultrasound images in all lesions

(IV) Factors affecting the diagnostic yield of UTB and TB for PPLs 

Lesion nature, lesion size, lesion location, the relationship of the ultrasound probe relative to the lesion, sampling method etc.

(V) Difference in the bronchus level reached with the bronchoscope

Level: main bronchi are level 0, lobar bronchi are level 1, segmental bronchi are level 2, subsegmental bronchi are level 3, and so on, 
such as: LB3a is level 3

(VI) Difference in diagnostic yield 

Difference in diagnostic yield between TB with GS combined with small sampling tools and without GS combined with conventional 
sampling tools

(VII) Complication rate

The complications referring to serious adverse events related to the procedure during or within 1 month after the operation

EBUS, endobronchial ultrasound; UTB, ultrathin bronchoscope; TB, thin bronchoscope; PPLs, peripheral pulmonary lesions; GS, guide 
sheath.
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investigator will submit a final study report with the results 
of the study, including any publications/abstracts of the 
study, to the sponsor.

Study organization

The study will utilize a medical monitoring committee to 
provide a medical review and adjudication of pre-specified 
adverse events in support of endpoint data defined by the 
protocol. The medical monitoring committee is a qualified 
physician certified by the board of directors and is not 
affiliated with an investigative center or the research sponsor.

Discussion

At present,  minimally invasive surgery including 
bronchoscopic biopsy is recommended in clinical consensus 
guideline of pulmonary nodules evaluation to minimize 
unnecessary thoracotomy (21). However, current thin 
bronchoscopy still cannot meet the clinical needs for 
diagnosis of PPLs (22), thinner bronchoscopy and technical 
improvements are required to increase the diagnostic yield 
by accessing to smaller, more peripheral lesions under the 
navigation with a low risk of pneumothorax.

Our preliminary study shows that UTB combined with 
VBN and EBUS is an efficient method for the diagnosis 
of PPLs with diagnostic yield of 81.7% and 73.3% with or 
without fluoroscopy, respectively (P=0.38) (18), significantly 
higher than TB combined with VBN-EBUS (49–59%) 
(15,22). In addition, there are no significant difference 
in the diagnostic yield of PPL via UTB whether X-ray 
fluoroscopy is used from our preliminary experience. 

The purpose of this study is to compare the diagnostic 
yield of UTB and TB under the guidance of VBN without 
X-ray fluoroscopy. The presence of CT bronchus sign 
was reported to be a predictor associated with high 
bronchoscopic diagnostic yield (8,23,24). Therefore, CT 
bronchus sign is considered as one of the stratification 
factors. Positive CT bronchus sign is defined as a bronchus 
leading to the PPL on thin-section CT. Negative bronchus 
sign indicates a bronchus adjacent to or not involved to the 
PPL. Patients with lesions having bronchus leading to or 
adjacent to will be enrolled in the study, but no bronchus 
detection in relation to the lesion will not be enrolled. From 
others studies (23,24) and our previous experience, the 
proportion of lung lesions having no bronchus involved was 
very low, most susceptible malignant lesions have involved 
bronchus when observing on thin-slice CT, as lung cancers 

are mainly originated from bronchial epithelium. Also, 
large lesions are more likely to have involved bronchus. In 
addition, lesions without involved bronchus are difficult 
to diagnose (23). Usually peripheral transbronchial needle 
aspiration (TBNA) under the guidance of fluoroscopy is 
needed for accessing no bronchus involved lesions. But 
all the procedures will be performed without fluoroscopy 
in the current study. We considered it may be unsafe to 
conduct peripheral TBNA without fluoroscopy, despite it 
can be associated with increased diagnostic yield (23). 

UTB is efficient and promising for the diagnosis of PPL 
and the diagnostic value of UTB compared with TB without 
fluoroscopy needs to be clarified. The current study is 
designed as a prospective, multicenter, randomized controlled 
three-arm clinical study with a large sample size to further 
evaluate the diagnostic value and safety of UTB compared 
with TB under the guidance of VBN and EBUS without 
X-ray fluoroscopy. Enrollment began in March 2021. 

This study compensates the limitations of previous 
research (14,15,25). Firstly, the study is conducting not 
only at one center of expertise, but also generalized to 
several other institutions. Then, UTB used here was the 
commercial end product, not just prototype, so the study 
is in essence strictly clinical research of this product. 
Thirdly, we set the groups of TB-VBN-EBUS with small 
sampling tools and larger ones to determine whether 
the size of sampling tools is a factor effecting diagnostic 
yield. Therefore, the results will provide evidence for 
the diagnostic value of UTB in PPLs and a wealth of 
information about the uses of this novel bronchoscope.
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Supplementary

Table S1 The list of study centers

No Site name City and country Site role Principal investigator

1 The First Affiliated Hospital of Guangzhou Medical University Guangzhou, China Sponsor Shiyue Li

2 Shanghai Chest Hospital, Shanghai Jiao Tong University Shanghai, China Sponsor Jiayuan Sun

3 Cancer Institute and Hospital, Chinese Academy of Medical Sciences Beijing, China Collaborator Lei Zhang

4 West China Hospital, Sichuan University Chengdu, China Collaborator Fengming Luo

5 Henan Provincial People’s Hospital Zhengzhou, China Collaborator Xiaoju Zhang


