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Background: Multimodal transbronchial biopsy (TBB) may have improved diagnostic yield for peripheral 
pulmonary lesions suspected as lung cancer. Radial endobronchial ultrasound (R-EBUS) provides real-time 
imaging and confirmation of the location of the lesions. Cone-beam computed tomography (CBCT) can 
confirm that the forceps tip has reached the lesion before biopsy.
Methods: Patients with peripheral pulmonary lesions and a positive computed tomography (CT) bronchus 
sign (based on slice thickness of 1 mm) were prospectively enrolled. An ultrathin bronchoscope (UTB) and 
R-EBUS probe were advanced to the target bronchus. Thereafter, forceps were advanced, and CBCT was 
performed. R-EBUS was performed for re-navigation, if possible. The obtained EBUS and CBCT images 
were classified into “within” (type 1), “adjacent to” (type 2), or “far from” (type 3), based on the probe or 
forceps tip.
Results: For 20 lesions, the diagnostic yield was 85%. The primary EBUS images were of types 1, 2, and 
3 in 12, 6, and 2 cases, respectively. The primary CBCT images were of types 1, 2, and 3 in 12, 6, and 2 
cases, respectively. Primary EBUS and CBCT image types were equivalent in 14 cases. Of the 12 cases with 
type 1 primary EBUS image, 9 cases had a type 1 primary CBCT image, while 3 cases exhibited positional 
misalignment of the forceps tip. Re-navigation was required in 8 cases with types 2 and 3 primary CBCT 
images.
Conclusions: CBCT-guided TBB using an UTB and EBUS may enable real-time positioning guidance 
and better re-navigation in the diagnosis of peripheral pulmonary lesions.
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Introduction

The modality of bronchoscopic transbronchial biopsy (TBB) 
is developing rapidly. Its diagnostic yield is expected to 
further improve with the combined use of conventional and 
improved methods (1-4). An ultrathin bronchoscope (UTB) 
may also improve the diagnostic yield of TBB by enabling 
accessibility, bronchial selectivity, and maneuverability in 
peripheral small bronchi (5-10). However, the channel 
diameter of a UTB is as small as 1.2 mm; therefore, radial 
endobronchial ultrasound (R-EBUS) cannot be used for 
longer durations. Therefore, in order to reliably navigate 
a UTB and forceps to the lesions, virtual bronchoscopic 
navigation (VBN) and/or computed tomography (CT) have 
been used in combination with fluoroscopy (6,7,11,12). 
Recently, C-arm cone-beam CT (CBCT) systems, 
consisting of a C-arm gantry, X-ray tube, and flat-panel 
detector, have been introduced in the field of interventional 
radiology (13). CT-guided TBB using a UTB with a 
channel diameter of 1.2 mm has now been changed to 
CBCT-guided TBB using a UTB with a channel diameter 
of 1.2 mm (14). Previously, we compared CT-guided and 
CBCT-guided TBB using a UTB with a channel diameter 
of 1.2 mm using propensity score-matched analysis and 
showed that CBCT-guided TBB had a better diagnostic 
yield (15). The greatest merit of CBCT-guided TBB is that 
CBCT is taken with forceps inserted, which enables real-
time biopsy.

In contrast, a bronchoscope with a channel diameter 
of 1.7 mm or more is required for R-EBUS. Additionally, 
a EBUS using a guide sheath (EBUS-GS) to improve 
bronchial selectivity is recommended, but the channel 
diameter should be 2 mm or more (16-19). Recently, a UTB 
with a channel diameter of 1.7 mm that can be used with 

R-EBUS has become available. Oki et al. (10,20) compared 
R-EBUS with this UTB, the so-called EBUS using an UTB 
(EBUS-UT) method, with R-EBUS using a conventional 
or thin bronchoscope through a randomized controlled 
trial and reported that EBUS-UT had a significantly 
better diagnostic yield. The EBUS-UT method is a very 
promising technique; however, because R-EBUS must 
be removed to allow biopsy, positional misalignment 
of the forceps tip may occur when inserting the biopsy 
forceps. Therefore, we hypothesized that the combined 
use of R-EBUS and CBCT using a UTB with a 1.7-mm 
channel diameter would facilitate bronchoscopy to reach 
the lesioned bronchus more reliably and enable real-time 
biopsy, thereby contributing to further improvement in 
diagnostic yield. The purpose of this study was to clarify the 
usefulness of TBB performed in combination with R-EBUS 
and CBCT using a UTB (CBCT-guided EBUS-UT) for 
the diagnosis of peripheral pulmonary lesions. We present 
the following article in accordance with the TREND 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-22-1369/rc).

Methods

Patients

Consecutive patients with undiagnosed peripheral pulmonary 
lesions who underwent CBCT-guided TBB using EBUS-
UT were recruited at Tokushima University Hospital from 
January 2021 to October 2021 for this prospective pilot 
study. The inclusion criteria were as follows: (I) one or more 
peripheral pulmonary lesions suggestive of lung cancer; (II) 
lesions surrounded by normal lung parenchyma without any 
evidence of endobronchial abnormality on CT; and (III) a 
positive CT bronchus sign, either type A or B, according to 
Minezawa et al. (21). This study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by the Tokushima University Hospital 
Institutional Review Board in February 2020 (No. 3672). 
Written informed consent was obtained from all patients for 
participation in this study.

Materials and procedural workflow

After local anesthesia with lidocaine and moderate sedation 
with intravenous midazolam, a UTB (BF-MP290F; 
Olympus Medical Systems, Tokyo, Japan: distal-end 
diameter, 3.0 mm and working channel diameter, 1.7 mm)  
was advanced to engage the target bronchus using VBN 
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(SYNAPSE VINCENT; Fujifilm Medical, Tokyo, Japan) 
and conventional fluoroscopy (Artis Zeego, Siemens 
Healthcare, Forchheim, Germany). After reaching the 
target bronchus, a 1.4-mm R-EBUS probe (UM-S20-
17S; Olympus Medical Systems) was advanced toward the 
lesion through the working channel under the guidance 
of conventional fluoroscopy. The obtained EBUS images 
were classified into three types based on the classification by 
Kurimoto et al. (17) (primary EBUS image). Type 1 EBUS 
images indicated “within”, type 2 indicated “adjacent to”, 
and type 3 indicated “invisible”. The type with a smaller 
image number was considered a better EBUS and CBCT 
image (Figures 1,2). After the EBUS image was obtained, 
a 1.5-mm biopsy forceps (FB-433D; Olympus Medical 
Systems) was introduced through the working channel of the 
UTB directly into the target bronchus under the guidance 
of conventional fluoroscopy without augmented fluoroscopy.

After the biopsy forceps engaged the target bronchus, 
CBCT was performed during breath-holding using 
a 6-s acquisition protocol with 400 projection images 
acquired over a 200-degree rotation (Artis Zeego, Siemens 
Healthcare). Multi-planar reconstruction images were 
generated automatically on a dedicated workstation 
(Syngo X Workplace, Siemens Healthcare). Based on the 
relationship between the lesion and the forceps position, we 
classified the obtained images into three groups, as described 
in our previous report (primary CBCT image) (14). Type 1 
CBCT image indicated that the forceps clearly reached the 
inside of the target lesion, type 2 indicated that the forceps 
reached adjacent to the lesion, and type 3 indicated that the 
forceps did not reach the lesion. Type 1 EBUS and CBCT, 
type 2 EBUS and CBCT, and type 3 EBUS and CBCT 
were recognized as equivalent images. If the primary CBCT 
image was type 1, a biopsy was performed. If it was type 2 

Insert UTB into the target bronchus with VBN and conventional fluoroscopy

A R-EBUS probe is advanced toward the lesion through the working channel under fluoroscopy. 
Correct the tip position so that an image as close to the lesion as possible can be obtained. 

(Primary EBUS image)

A 1.5-mm biopsy forceps is introduced to the target bronchus under fluoroscopy and CBCT was 
performed. (Primary CBCT image)

Type 2 or 3

BiopsyBiopsy

Reinsert R-EBUS to re-navigate and try to get a better 
image. (Secondary EBUS image)

Insert biopsy forceps and CBCT was performed. 
(Secondary CBCT image) 

R-EBUS and CBCT are repeated as needed to approach 
the lesion. (Tertiary or more  EUBS or CBCT image)

Type 1Primary CBCT image

As option

Figure 1 Procedural workflow of CBCT-guided EBUS for the diagnosis of peripheral pulmonary lesions using a UTB. UTB, ultrathin 
bronchoscope; VBN, virtual bronchoscopic navigation; R-EBUS, radial endobronchial ultrasound; CBCT, cone-beam computed tomography.
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or 3, the three-dimensional re-navigation toward the lesion 
was determined on the CBCT image and re-navigation 
was performed using R-EBUS. In the re-navigation 
procedure, first, based on the multi-planar reconstruction 
image obtained from the CBCT image, it was determined 
whether the target bronchus was ventral or dorsal and lateral 
or medial to the current forceps tip position. It was also 
determined if the position of the bronchoscope tip needed 
to be adjusted. Next, while viewing the two-dimensional 
fluoroscopic image of the front or side, the position and 
direction of the tip of the bronchoscope were adjusted, 
and the R-EBUS probe was advanced in the direction of 
the target bronchus. This EBUS image was defined as the 
secondary EBUS image. Thereafter, CBCT was performed 
if required and defined as the secondary CBCT image. 
Subsequently, tertiary or more EBUS or CBCT images were 
obtained and defined as required. The best image obtained 
during the examination (smaller numbers in each image 
type) was defined as the best EBUS/CBCT image. We 
obtained six biopsy samples and two brushing samples and 
performed bronchial alveolar lavage with 20 mL saline. If 
the tip of the forceps did not reach the lesion, only bronchial 
alveolar lavage with 20 mL saline was performed.

Diagnostic criteria

The diagnostic criteria used in the study have been 

described in our previous report (15). A diagnosis of 
malignancy was based on the presence of malignant-
appearing cytology or histology. In the case of benign 
lesions, when bronchoscopy demonstrated a distinct 
histologic pattern (such as epithelioid granuloma, intra-
alveolar organization, or cryptococcal organism) or the 
presence of bacteria accompanied by reasonable radiologic 
and clinical findings, we determined that the bronchoscopy 
was successful. However, if the forceps did not reach 
the lesion and no malignancy was found by histology or 
cytology, or if there was an inconclusive histologic diagnosis 
of non-specific fibrosis or inflammation, the patient was 
classified as “undiagnosed”.

Statistical analysis

All continuous values were expressed as a mean (range).

Results

Twenty patients (14 male and 6 female) were enrolled in this 
study. Their mean age was 70.7 (range, 44–86) years, and the 
mean size of the lesion was 24.8 (range, 10–46) mm (Table 1). 
The CT appearances of the lesions were part-solid ground-
glass opacity in 4 cases and completely solid in 16 cases. The 
CT bronchus sign, based on the classification by Minezawa 
et al. (21), was type A in 19 cases and type B in 1 case. 

Image type R-EBUS image CBCT target forceps sign (CBCT image)

Type 1

Type 2 Adjacent to

Invisible The forceps could not reach the lesion

The forceps have reached adjacent to the lesion 
(neither type 1 or 3)

The forceps clearly reached the inside of the target lesionWithin

Type 3

Figure 2 Classification of R-EBUS and CBCT image types. Red arrowheads show forceps tip. R-EBUS, radial endobronchial ultrasound; 
CBCT, cone-beam computed tomography.
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Eleven lesions (55%) were fluoroscopically visible (Table 1).  
The overall diagnostic yield was 85% (17/20), and the 
diagnostic yield for malignant lesions was 93.8% (Table 2).  
The diagnostic yields of the primary EBUS image for types 
1, 2, and 3 were 83.3% (10/12), 100% (6/6), and 50% (1/2), 
respectively, and those of the primary CBCT image for types 
1, 2, and 3 were 91.7% (11/12), 100% (6/6), and 0% (0/2), 
respectively. The mean number of CBCT scans was 1.3 
(range, 1–3). As a complication, pneumothorax was observed 
in 1 case (5%); it resolved after chest tube drainage. The 
mean examination time was 44 (range, 32–93) min. The 
details of the examination and EBUS/CBCT image types 
are shown in Figure 3. The primary EBUS images were of  

type 1 in 12 cases, of which the primary CBCT image was 
of type 1 in 9 cases, and the remaining 3 cases exhibited 
positional misalignment of the forceps tip. Therefore, re-
navigation was performed in these 3 cases using R-EBUS. 

Table 1 Patients’ characteristics of CBCT-guided EBUS-UT 
method (n=20)

Characteristics N [%] or mean [range]

Age (years) 70.7 [44–86]

Gender

Male 14 [70]

Female 6 [30]

Smoking history (pack-year) 28.3 [0–40]

SUVmax 7.4 [1.4–18.2]

Lesion location

RU/RM/RL 6 [30]/2 [10]/6 [30]

LU/LL 4 [20]/2 [10]

Size of lesion (mm) 24.8 [10–46]

CT appearance

Part solid GGO 4 [20]

Solid 16 [80]

CT bronchus sign

Type A 19 [95]

Type B 1 [5]

Fluoroscopy

Visible 11 [55]

Invisible 9 [45]

CBCT, cone-beam computed tomography;  EBUS-UT, 
endobronchial ultrasound using an ultrathin bronchoscope; 
TBB, transbronchial biopsy; SUVmax, maximum standardized 
uptake value; RU, right upper lobe; RM, right middle lobe; RL, 
right lower lobe; LU, left upper lobe; LL, left lower lobe; CT, 
computed tomography; GGO, ground grass opacity.

Table 2 Diagnostic yields and outcome of TBB using CBCT-
guided EBUS-UT method

Diagnostic yields/outcomes Yields % [n/N] or mean [range]

Diagnostic yields

Overall 85.0 (17/20)

Final diagnosis

Malignant lesion 93.8 (15/16)

Benign lesion 50.0 (2/4)

Fluoroscopy

Visible 90.8 (10/11)

Invisible 77.8 (7/9)

Primary EBUS image

Type 1 83.3 (10/12)

Type 2 100.0 (6/6)

Type 3 50.0 (1/2)

Primary CBCT image

Type 1 91.7 (11/12)

Type 2 100.0 (6/6)

Type 3 0.0 (0/2)

Best EBUS image

Type 1 81.3 (13/16)

Type 2 100.0 (4/4)

Best CBCT image

Type 1 93.8 (15/16)

Type 2 66.7 (2/3)

Type 3 0.0 (0/1)

Outcome

Complications

Pneumothorax 5.0 (1/20)

Mean number of CBCT scan 1.3 [1–3]

Mean examination time (min) 44 [32–93]

TBB, transbronchial biopsy; CBCT, cone-beam computed 
tomography; EBUS-UT, endobronchial ultrasound using an 
ultrathin bronchoscope; EBUS, endobronchial ultrasound.
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The primary EBUS images were of type 2 in 6 cases, of 
which the primary CBCT image was of type 1 in 2 cases; 
therefore, biopsy was performed in these 2 cases. In the 
remaining 4 cases, the primary CBCT images were of type 
2; therefore, biopsy was performed after re-navigation. As a 
result, the diagnostic yield of the primary EBUS image type 2 
was 100% in the 6 cases. Of the total 20 cases, re-navigation 
was performed in 8 cases of primary CBCT image types 2 
and 3. Type 1 primary EBUS images were observed in 12 
cases (60%), but the best type 1 EBUS images, including 
images after re-navigation, were observed in 16 cases (80%; 
Table 2). Figure 4 shows the typical EBUS and CBCT image 
types and their correction processes.

Discussion

In this study, we introduced the CBCT-guided EBUS-

UT method, which showed a good diagnostic yield of 
85%, and clarified consistency in EBUS/CBCT image 
types. The diagnostic yield can be increased to almost 
70–80% by single or multimodal TBB using VBN, 
electromagnetic navigation bronchoscopy, R-EBUS, GS, 
CT (CBCT), and a UTB (1,2). For TBB using R-EBUS, 
EBUS-UT has demonstrated the highest diagnostic yield 
in prospective studies (10,20). We also showed through a 
previous retrospective study that TBB with a UTB may 
have a higher diagnostic yield when guided by CBCT 
compared to that with CT (15). Therefore, we combined 
CBCT with EBUS-UT and found that the diagnostic 
yield was 85% and sensitivity for malignancy was 93.8%. 
These are comparable to the corresponding parameters of 
conventional multimodal TBB.

In this study, we verified consistency between the primary 
EBUS image type obtained by inserting the R-EBUS 

Figure 3 Details of the image type and flow of investigations to biopsy. *, diagnosed with non-specific inflammation after surgical biopsy; 
**, diagnosed with lymphoma after surgical biopsy. EBUS, endobronchial ultrasound; CBCT, cone-beam computed tomography; NSCLC, 
non-small cell lung cancer; Tb, mycobacterium tuberculosis infection; NTM, non-tuberculosis mycobacteria infection.

Primary EBUS Type 1 Type 2 Type 3

Primary CBCT Type 1 Type 2 Type 3 Type 1 Type 2 Type 1 Type 3

Diagnostic yield 88.9% (8/9) 100% (2/2) 0% (0/1) 100% (2/2) 100% (4/4) 100% (1/1) 0% (0/1)

Bronchoscopic diagnosis NSCLC [6]
Metastatic lung 

cancer [1]
Tb [1]

Undiagnosed [1]*

NSCLC [2] Undiagnosed [1]** NSCLC [1]
NTM [1]

NSCLC [4] NSCLC [1] Undiagnosed [1]*

Type 1 [9] Type 2 [2]

Type 1 [1]

Type 3 [1]

Type 1 [2]

Type 1 [12] Type 2 [6] Type 3 [2]

Type 1 [1]

Type 1 [2]

Type 1 [2] Type 2 [4]

Type 2 [1]

Type 2 [1]

Type 1 [2] Type 2 [1] Type 3 [1]

Type 1 [1] Type 3 [1]

Type 2 [1]

Type 3 [1]

Type 1 [1]

Type 2 [1]

Biopsy

Primary EBUS image

Primary CBCT image

Secondary EBUS image

Secondary CBCT image

Tertiary EBUS image

Tertiary CBCT image
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probe and CBCT image type obtained by inserting forceps, 
which is a novel technique. In 14 of 20 cases, the primary 
EBUS and primary CBCT image types were equivalent. In 
particular, 12 cases exhibited type 1 primary EBUS images, 
of which 9 cases (75%) exhibited type 1 primary CBCT 
images. In the remaining 3 cases (25%), the R-EBUS 
probe and forceps may have been inserted into different 
bronchi. This may be due to the fact that the forceps may 
take a different trajectory compared to that of the R-EBUS 
probe when the thin flexible scope is significantly flexed/
retroflexed. As a result, it may have been the reason for 
the plateaued diagnostic yield at approximately 80%, even 
when type 1 (within) was obtained by R-EBUS (17,22-25). 
It should be noted that there was a 100% diagnostic yield 
in 6 cases with type 2 primary EBUS images (adjacent to) 
in this study. As shown in past reports, type 2 EBUS images 
have a lower diagnostic yield than type 1 EBUS images, 
with a diagnostic yield of approximately 50% (17,22-25).  
According to the results of this study, 2 of the 6 cases 
with type 2 primary EBUS images subsequently showed 
type 1 primary CBCT images and underwent biopsy. 
The remaining 4 cases with type 2 primary EBUS images 
subsequently showed type 2 primary CBCT images. These 
4 cases underwent re-navigation using R-EBUS based on 

the primary CBCT image (Figure 3). When the R-EBUS 
probe and the forceps tip are in proximity to the lesion, 
the CBCT image can help in determining whether re-
navigation is possible and the direction of three-dimensional 
correction (14).

Further, 1 case with a type 3 primary EBUS image had a 
type 1 primary CBCT image. In this case, the bronchioles 
were obstructed by the tumor and could not be visualized 
using ultrasound; however, it is probable that CBCT 
determined that the tip of the forceps had reached the 
center of the tumor. In fact, a type 1 EBUS image was 
obtained after several biopsies. CBCT may also be useful 
for confirming access to bronchioles obstructed by a tumor.

The combined use of R-EBUS and CBCT has been 
previously reported, and its diagnostic yield is 70–75.1% 
(26-29). Although the procedural workflow employed 
in these studies was slightly different from that in ours, 
all these reports involved the use of conventional or thin 
bronchoscopes with an outer diameter of ≥4 mm. To the 
best of our knowledge, this is the first study performed 
using a UTB. As a result, the diagnosis rate in our study was 
85%, which is satisfactory for early pilot studies. Verhoeven 
et al. (27) reported that the combined use of R-EBUS and 
CBCT had a higher navigation success rate than the EMN 

Case 1 Case 2 Case 3 Case 4

Image type and its process

Thin slice CT

EBUS type 1
→ CBCT type 1

EBUS type 2
→ CBCT type 1

EBUS type 1
→ CBCT type 2
→ EBUS type 1
→ CBCT type 1

EBUS type 2
→ CBCT type 2
→ EBUS type 1
→ CBCT type 1

Primary EBUS

Secondary EBUS

Primary CBCT

Secondary CBCT

Figure 4 Typical EBUS and CBCT image types with their correction processes. White arrowheads indicate the forceps tip. EBUS, 
endobronchial ultrasound; CBCT, cone-beam computed tomography; CT, computed tomography.
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approach. Yu et al. (29) compared the diagnostic yield of 
TBB and R-EBUS separately with the combination of 
R-EBUS and CBCT and reported that the latter had a 
higher diagnostic yield. Casal et al. (26) reported that re-
navigation using CBCT can increase the success rate of 
navigation and diagnostic yield. These findings showed 
that CBCT is a reliable modality for navigation, and re-
navigation using CBCT can increase the reliability of 
engaging target lesions. Our results showed that type 1 
primary EBUS images were observed in 12 cases (60%), 
but the best type 1 EBUS image including the image after 
re-navigation increased to 16 cases (80%). Oki et al. (20) 
compared the diagnostic yield of TBB with EBUS-UT 
and EBUS-GS and reported that the former had a higher 
diagnostic yield. This could be because the ultrasound probe 
could be introduced into the lesion more frequently in the 
EBUS-UT group than in the EBUS-GS group. Therefore, 
they concluded that the EBUS-UT method should be used 
to introduce the biopsy instrument accurately in the leading 
bronchus. Therefore, using the CBCT-guided EBUS-UT 
method described in this study, in addition to confirming 
the engagement of the lesion by the ultrasound probe using 
EBUS, the engagement of the lesion by the forceps tip can 
be determined using CBCT. Furthermore, by exploring the 
possibility of re-navigation using CBCT, lesion engagement 
could be more predictable.

Radiation exposure could not be evaluated in this study. 
Previous CBCT-guided TBB studies have reported radiation 
doses of 4.3–23 mSv (26,30,31). Radiation exposure has been 
shown to decrease with increasing experience (31). According 
to our past reports, the mean number of CBCT images 
obtained using CBCT-guided TBB that employed a UTB 
with a small channel diameter was 1.8 (range, 1–5), which 
decreased to 1.3 (range, 1–3) (14,15). This could be due to 
the combined use of R-EBUS and CBCT, in addition to 
increased experience. The CBCT-guided EBUS-UT method 
can reduce radiation exposure to a greater extent than the 
former CBCT-guided TBB using a UTB.

The limitations of this study should be considered. 
First, as we included a limited number of cases, this could 
be considered a pilot study without any control group. 
Therefore, superiority over CBCT-guided TBB using a 
UTB with a small channel diameter or EBUS-UT TBB 
could not be demonstrated. Satisfactory results were 
obtained from this study, and prospective or retrospective 
comparative studies with more cases should be performed. 
Second, since this was a pilot study, the target lesions were 
slightly large tumors with the mean size of the lesion 24.8 

(range, 10–46) mm with a positive CT bronchus sign; 
the majority, 16 of 20 (80%), were solid lesions. Since 
these were considered to be target lesions with a good 
diagnosis yield, additional case accumulation is required 
to further evaluate diagnostic yield. Third, the procedural 
workflow in this study did not exclude patients who did 
not require CBCT. Of the 12 cases with type 1 primary 
EBUS images, 3 cases with type 2 primary CBCT images 
required re-navigation based on the primary CBCT images. 
In 9 cases with type 1 primary EBUS images and type 1 
primary CBCT images, it was possible that primary CBCT 
imaging could have been omitted. As mentioned above, 
by using an R-EBUS combination with CBCT-guided 
TBB using a UTB, there is a possibility that the number 
of CBCT images can be reduced. For further radiation 
exposure reduction, it would be necessary to analyze cases 
in which primary EBUS and CBCT images do not match. 
Thereby, in the future, patients’ exposure to radiation can 
be further reduced by identifying those in whom primary 
CBCT imaging is not essential. Also, in patients for whom 
CBCT can be omitted, it is expected that the current mean 
examination time of 44 minutes will be further shortened.

Conclusions

In this pilot study, the CBCT-guided EBUS-UT method 
showed a satisfactory diagnostic yield for detecting 
peripheral pulmonary lesions. Re-navigation using CBCT 
can improve the accuracy of navigation and reliably engage 
the lesion using the tip of the EBUS probe and forceps tip.
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