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Virtual bronchoscopic navigation versus
non-virtual bronchoscopic navigation
assisted bronchoscopy for the diagnosis
of peripheral pulmonary lesions:

a systematic review and meta-analysis
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Abstract

, Anju Puri, Ting Wang, Guichuan Huang and Shuliang Guo

Background: Image-guided bronchoscopy techniques such as virtual bronchoscopic navigation
(VBN] has emerged as a means of assisting in the biopsy of peripheral pulmonary lesions.
However, the role of VBN-assisted (VBNA] bronchoscopy in the diagnosing of peripheral
pulmonary lesions (PPLs) has not been well established. This meta-analysis investigated the
diagnostic yield of VBN-assisted versus non-VBN-assisted (NVBNA] bronchoscopy for PPLs.
Methods: PubMed, Embase, Cochrane library, and Web of Sciences databases were searched
up to and including August 2020 to identify randomized controlled trials (RCTs] evaluating the
performance of VBNA compared with an NVBNA group. Results were expressed as risk ratio
(RR) or mean difference (MD) with accompanying 95% confidence interval (Cl).

Results: Six RCTs with 1626 patients were included. The overall diagnostic rate was similar

in the VBNA (74.17%) and NVBNA (69.51%) groups, with risk ratio of 1.07 (95% ClI: 0.98-

1.17). However, in the VBNA group, the total examination time was significantly shorter
(MD=-3.94min, 95% Cl: -6.57 to -1.36; p=0.003) than in the NVBNA group. VBNA had superior
diagnostic yield than NVBNA for PPLs <20mm (RR=1.18, 95% CI: 1.05-1.32). In addition,
diagnostic yield according to nature of lesion, lesion location in the lung lobe, distance from
the hilum, bronchus sign and complications were similar between VBNA and NVBNA groups.
Conclusion: VBNA bronchoscopy did not increase overall diagnostic yield in patients with PPLs
compared with NVBNA bronchoscopy. The superiority of VBNA over NVBNA was evident among
patients with PPLs<20mm. Future multicenter RCTs are needed for further investigation.

The reviews of this paper are available via the supplemental material section.
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Introduction

Peripheral pulmonary lesions (PPLs) are encoun-
tered frequently in clinical practice. Traditionally,
PPLs are defined pulmonary nodules located in
the lung periphery and are in general hard to
biopsy wusing conventional flexible bronchos-
copy.!? Advances in recent sensitive imaging tech-
nologies have enabled physicians to find PPLs

that previously would have remained undetected.
Physicians should accurately identify and charac-
terize lesions at high risk of malignancy before
these lesions become incurable, while avoiding
unnecessary procedures for benign lesions.?*

Percutaneous needle biopsy is recommended for
definitive diagnosis of peripheral lesions, with
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diagnostic yield ranging from 68% to 99%, but
safety concerns often outweigh the benefits.47
Relatively high complication rates of needle
biopsy are widely known,>® and transbronchial
biopsy (TBB) has low complication rates when
compared with percutaneous needle biopsy.%°
However, TBB has a low diagnostic yield for
small lesions in diameter of =<20mm.>!0
Furthermore, the success of TBB is compromised
due to the inability to detect lesions located
beyond the subsegmental bronchus level. To
overcome this problem, various bronchoscopic
technologies have emerged over recent years,
including virtual bronchoscopy navigation (VBN)
technology.!! VBN is an image-based novel tech-
nology that includes the spatial information
derived from computed tomography (CT) images
to guide a bronchoscope visually to the peripheral
target lesion.

Several studies have shown improved diagnostic
yield when VBN is used in conjugation with X-ray
fluoroscopy,!%13 CT!415 or endobronchial ultra-
sonography with guide sheath (EBUS-GS) that
leverage virtual bronchoscopic technologies to
further improve access to the target lesions.16-18
Recent randomized clinical trials (RCTs) of
VBN- versus non-VBN-assisted techniques com-
pared diagnostic yield and safety of peripheral
pulmonary lesions. The results of RCTs have
been heterogeneous in their conclusions,!6-1° and
it is unclear whether a VBN-assisted bronchos-
copy improves diagnostic yield for PPLs.

We therefore performed a systematic review and
meta-analysis of RCT's published to date to inves-
tigate the overall diagnostic yield and safety pro-
file of VBN-assisted (VBNA) group compared
with non-VBN-assisted (NVBNA) group for
diagnosing PPLs. In addition, we further ana-
lyzed diagnostic yield of VBNA and NVBNA
group according to lesion size, nature of lesion,
lesion location, distance from the hilum, and
bronchus sign.

Materials and methods

Search strategy and selection criteria

This systematic review and meta-analysis was per-
formed in accordance with the recommendations of
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidence.?® We
searched PubMed, Embase, Cochrane library, and

Web of Sciences databases for the relevant papers.
The last search was performed on 26 August 2020.
The search combined following concepts: “Virtual
bronchoscopic navigation” OR “Virtual bronchos-
copy” AND “Peripheral lung lesions” OR
“Peripheral pulmonary lesions”. By combing these
concepts additional strategies were used to identify
RCTs when possible. The reference list of retrieved
studies were searched manually for relevant studies
missed by electronic search.

We included all studies that meet the following
criteria: (a) RCTs; (b) Patients were randomized
to either VBNA or NVBNA for PPLs; and (c)
reporting any of the following outcomes: total
diagnostic yield, total examination time, diagnos-
tic yield according to the lesion size, nature of
lesion, lesion location in the lung lobe, distance
from the hilum, bronchus sign, and complica-
tions. Exclusion criteria were non-comparatives
studies, case reports, conference papers, and
review papers. No restrictions were applied for
study language. We performed electronic search
without any time restrictions.

Data extraction and outcomes

The data were extracted by two investigators
(MG and AP) independently. Disagreements
were resolved with a third investigator (TW).
Using a standardized data extraction form, two
independent reviewers abstracted the data. The
following data were extracted from eligible stud-
ies: first author, year of publication, study
design, patient demographics, setting, bron-
choscopy, navigation system, biopsy instru-
ments and other auxiliaries. Total diagnostic
yield, total examination time and diagnostic
yield by lesion size (<20 mm or >20 mm), loca-
tion of lesion in the lobe, distance from the
hilum (central, intermediate and peripheral
third), bronchus sign (presence or absence of
bronchus sign), and nature of the lesion (malig-
nant or benign), and complications were also
recorded. The primary outcome was overall
diagnostic yield and total examination time.
Secondary outcomes included diagnostic yield
according to the lesion size, lobe location of the
lesion, distance from the hilum, bronchus sign,
nature of the lesion, and complications. The
study by Bo ez al. divided subjects randomly in
three groups as, per the inclusion criteria, we
collected data only for the EBUS-GS and com-
bined (EBUS-GS +VBN) groups.!”
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Quality assessment

Two reviewers (MG and AP) independently eval-
uated studies for risk of bias using the Cochrane
tool.2! The following seven domains of each of
the included studies were assessed: random
sequence generation (selection bias), allocation
concealment (selection bias), blinding of partici-
pants and personnel (performance bias), masking
of outcome assessment (detection bias), incom-
plete outcome data (attrition bias), selective out-
come reporting (reporting bias), and other
potential sources of bias. Each domain was
assigned a judgment of low risk of bias, unclear
risk of bias, or high risk of bias. Any disagree-
ments were resolved through consensus with a
third reviewer. The inter-rater agreement for
quality assessment between reviewers was evalu-
ated via Cohen k coefficient.

Statistical analysis

All meta-analyses were performed using Review
Manager, version 5.3. We used random-effects
models for all analyses. Dichotomous outcomes
were analyzed using Mantel-Haenszel (M-H) risk
ratios (RR). Continuous outcomes were pooled
using the inverse-variance mean difference (MD).
Medians and interquartile ranges or ranges were
converted to means and standard deviations (SD)
according to Wan ez al.?2?2 Heterogeneity between
studies was evaluated with I? estimation and the
Cochran Q test based on Chi-squared statistics.
For heterogeneity testing, Chi-squared tests with
a p value <0.1 indicated heterogeneity in the
results. Tests for funnel plot asymmetry were
evaluated visually, but not used to assess for pub-
lication bias, as the number of studies identified
was <10.23

Results

Characteristics of included studies

The study selection process is shown in Figure 1.
The literature search identified 83 unique articles,
and six RCTs fulfilling inclusion criteria were
included in the meta-analysis.16-19:2425 Table 1
shows the characteristics of the included studies.
All studies were published between 2011 and
2019. All studies were conducted at tertiary care
settings in China and Japan (three studies in
Japan and three studies in China). Four out of the
six RCTs were multi-center studies.!617:1924 A
total of 1626 patients were included in the final

analysis, with 813 patients in VBNA group and
813 patients in NVBNA group, respectively.
Information on total diagnostic yield and total
examination time was provided in all six stud-
ies.16-19:24.25 \We did not assess the publication
bias owing to the limited number of studies (<10
studies) included in each analysis.

All RCTs had a low risk of random sequence gen-
eration selection bias (Figure S2, Supplemental
information). There was unclear risk of allocation
concealment (selection bias) in all the included
RCTs, as these trials have not stated the method
of allocation of subjects. The detailed methodo-
logical quality is shown in Supplemental Figures
S2 and S3). The inter-rater agreement for quality
assessment between reviewers was good, with the
Cohen k coefficient being 0.831.

Primary outcomes

In six trials that reported overall diagnostic
yield,16-19:24:25 the pooled diagnostic yield of VBN-
assisted (VBNA) group was 74.17% (603/813)
and non-VBN-assisted (NVBNA) group was
69.51% (565/813). There was no significant dif-
ference in the overall diagnostic yield between the
VBNA group and NVBNA group (RR 1.07; 95%
CI: 0.98-1.17; p=0.13) (Figure 2). There was
significant heterogeneity among the studies
(PP=47%; p=0.09). Two studies were an outlier
in the estimate!8:24 ; after excluding these two
studies from the analysis, the pooled RR was 1.02
95% CI: 0.94-1.10). After exclusion of the
apparent outliers, there was no significant hetero-
geneity among studies (I2=22%; p=0.28).

Total examination time was reported by six
RCTs.16-19:2425  VBNA significantly shortened
total examination time compared with NVBNA
[mean difference (MD): —3.94, 95% CI: —6.57
to —1.36; p=0.003]; with significant heterogene-
ity (I2=89%; p<<0.00001) (Figure 3). After
removing three outlier studies,!81925 the pooled
MD was —1.79 (95% CI: —5.41 to 1.82) and
there was no significant heterogeneity among
studies (I?=30%; p=0.24).

Secondary outcomes

As shown in Table 2, subgroup meta-analysis was
further performed to analyze diagnostic yield of
VBNA and NVBNA group according to the
lesion size, nature of lesion, lesion location in the
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Figure 1. Flow chart of study selection process.
RCT, randomized controlled trial.

lung lobe, distance from the hilum, and bronchus
sign. A total of five studies were included in the
pooled analysis of diagnostic yield by lesion
size,16-18:24,25 and the pooled result showed signifi-
cant disparities between both groups for lesion
size (RR 1.07, 95% CI: 1.00-1.15), without sig-
nificant heterogeneity (2=33%; p=0.15) (Figure 4).
Subgroup analysis was performed to test diagnos-
tic yield of VBNA and NVBNA bronchoscopy for
diagnosing peripheral pulmonary lesions of size
<20mm and lesion size >20mm. Compared
with non-virtual bronchoscopic navigation bron-
choscopy, the diagnostic yield was higher in the
VBNA group among the patients with a lesion
size of <20mm (RR 1.18, 95% CI: 1.05-1.32)
(Figure 4). When lesions >20mm were evalu-
ated, there was no significant difference in the
pooled diagnostic yield in the VBNA group com-
pared with the NVBNA group (RR 1.01, 95% CI:
0.96-1.06) (Figure 4).

—

c

.f__" Records identified through Additional records identified

.g database searching through other sources

b= (n=82) (n=1)

c

]

=

Y Y
P Records after duplicates removed
(n=48)

o0

=

c

; v

A Records screened Records excluded based on

(n=48) > title/abstract
(n=36)
)
A Full-text articles excluded

> .

£ Full-text articles assessed with reasons (n=6)

2 for eligibility » No outcome of interest: 3

20

= (n=12) Non RCT: 2

No comparison: 1
—
)
A4

. Studies included in the

§ meta-analysis

2 (n=6)

=
—

Five studies reported diagnostic yield by nature of
lesion (malignant or benign lesion).16-19:25 Pooled
analysis showed that there was no significant dif-
ference in the diagnosis yield of malignant lesions
in VBNA group and NVBNA group (RR 1.06,
95% CI. 0.95-1.18, p=0.31) (Supplemental
Figure S4). Similarly, for benign lesions, statisti-
cal significance was not observed in the VBNA
and NVBNA groups (RR 1.10, 95% CI: 0.84—
1.43, p=0.48) (Supplemental Figure S4).

Five studies reported information regarding the
location of the lesion within the lobe.!6-19:24 There
was no significant difference in diagnostic yield
between the VBNA group and NVBNA group for
pulmonary lesions located in the bilateral lower
lobe (RR 1.07, 95% CI 0.91-1.26, with significant
heterogeneity, ?’=51%; p=0.01) (Supplemental
Figure S5). Similarly, no significant statistical dif-
ference was observed between VBNA and NVBNA
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Table 1. Characteristics of included studies.

Study Study design/ Number of Total examination time (min)2 Bronchoscope/  Biopsy method
location participants outer diameter
VBNA NVBNA VBNA NVBNA

Asano et al.1® RCT/Japan 167 167 21.1 (8.9-45.1) 20.8 (6.3-72.4) XP260F, Forceps,
XP40/2.8mm brush, lavage

Asano et al."? RCT/Japan 65 b4 16.6 (7.6-36.5) 18.5 (8.3-55.4) P260F/4mm Forceps,

brush, lavage

Bo et al.’” RCT/China 334 336 28.34 +5.65 29.06 + 6.40 NA/NA Forceps

Chen et al.?5 RCT/China 93 91 45+ 10 55+ 10 BF-1T260 or Brush
BF_F260/NA

Ishida et al.24 RCT/Japan 99 95 24 (8.7-47) 26.2(11.6-58.6)  P260F/4mm Forceps, brush

Xu et al."8 RCT/China 99 60 20.59+2.12 2153 +1.62 Olympus Forceps

BF-P260F/4mm

aValues are mean = SD, or median (range).

NA, not available; NVBNA, non-virtual bronchoscopic navigation assisted; SD, standard deviation; VBNA, virtual bronchoscopic navigation assisted.

VBNA NVBNA Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Asano 2013 112 167 100 167 16.3% 1.12[0.95, 1.32] N
Asano 2017 50 65 55 64 16.0% 0.90 [0.76, 1.06] L A
Bo 2019 248 334 243 336 26.4% 1.03[0.94, 1.13] -
Chen 2016 67 93 63 91 14.0% 1.04 [0.86, 1.25] - ™=
Ishida 2011 80 99 64 95 15.6% 1.20 [1.01, 1.42] L
Xu 2019 46 55 40 60 11.7% 1.25[1.01, 1.55] e
Total (95% ClI) 813 813 100.0% 1.07 [0.98, 1.17] L
Total events 603 565
itye 2 = . i2 = = = 2= t t t t
Heterogeneity: Tau? = 0.01; Chi? = 9.43, df = 5 (P = 0.09); 1> = 47% 07 085 1 12 15

Test for overall effect: Z = 1.51 (P = 0.13)

Favors NVBNA  Favors VBNA

Figure 2. Forest plot of all studies for overall diagnostic yield of VBNA versus NVBNA group for diagnosis of

peripheral pulmonary lesion.

Cl, confidence interval; M-H, Mantel-Haenszel; NVBNA, non-virtual bronchoscopic navigation assisted; VBNA, virtual

bronchoscopic navigation assisted.

bronchoscopy for the diagnosis of peripheral pul-
monary lesions located at the right middle lobe
(RR 1.04, 95% CI 0.91-1.18) or bilateral lower
lobe (RR 1.07, 95% CI 0.95-1.21) (Supplemental
Figure S5).

Diagnostic yield according to the distance from
the hilum was reported by three RCTs.10:19:24
Diagnostic yield results were similar for VBNA
and NVBNA, for the lesions located in peripheral
third (RR 1.10, 95% CI 0.89-1.36) and central/
intermediate third of the lung field (RR 1.00,

95% CI 0.79-1.26) (Supplemental Figure S6). A
total of three RCT's reported data regarding pres-
ence or absence of bronchus sign.!%192¢ Meta-
analysis results showed that, in the bronchus
sign-positive subgroup, VBNA bronchoscopy did
not exhibit a significantly higher diagnostic rate
than the NVBNA group (RR 1.07, 95% CI 0.90—
1.27) (Supplemental Figure S7). Similarly,
VBNA bronchoscopy was not superior to NVBNA
bronchoscopy for the diagnosis of PPLs in the
bronchus sign absent group (RR 1.09, 95% CI
0.68-1.75) (Supplemental Figure S7).

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar

Therapeutic Advances in Respiratory Disease 15

VBNA NVBNA Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Asano 2013 25.03 27.07 167 33.17 4943 167 7.1% -8.14[-16.69,0.41] ¢
Asano 2017 20.23 21.91 65 32.13 35.37 64 54% -11.90[-22.07,-1.73)
Bo 2019 2834 565 334 2906 64 336 29.2% -0.72[-1.63, 0.19] ]
Chen 2016 45 10 93 55 10 91 22.1% -10.00[-12.89,-7.11] =
Ishida 2011 26.57 288 102 274 3572 97 6.5% -0.83[-9.87, 8.21]
Xu 2019 2059 2.12 55 2153 1.62 60 29.7%  -0.94 [-1.63, -0.25] -
Total (95% ClI) 816 815 100.0%  -3.97 [-6.57, -1.37] -
Heterogeneity: Tau? = 5.80; Chi? = 43.99, df = 5 (P < 0.00001); I = 89% _1=0 _55 0 é 1:0

Test for overall effect: Z = 2.99 (P = 0.003)

Favors NVBNA  Favors VBNA

Figure 3. Forest plot comparing total examination time of VBNA versus NVBNA group.
Cl, confidence interval; IV, inverse variance; NVBNA, non-virtual bronchoscopic navigation assisted; VBNA, virtual

bronchoscopic navigation assisted.

Complications

There were no major complications reported either
in VBNA or NVBNA group in any of the included
studies (Table 3). Pneumothorax and hemorrhage
were complications reported by most stud-
ies.16-19:2425 The results of our meta-analysis
revealed that VBNA bronchoscopy was not associ-
ated with a higher rate of complications compared
with the NVBNA bronchoscopy group (RR 0.84,
95% CI 0.42-1.67) (Supplemental Figure S2).

Discussion

To our knowledge, this is the first systematic
review and meta-analyses of RCTs published to
date to investigate the diagnostic yield and total
examination time of VBNA and NVBNA bron-
choscopy for diagnosing PPLs. The results of this
meta-analysis demonstrate that there is no differ-
ence in total diagnostic yield between VBNA and
NBVNA groups. However, VBNA significantly
shortened total examination time compared with
the NVBNA group. The subgroup analysis
showed that the diagnostic yield was significantly
higher in the VBNA group than in the NVBNA
group for PPLs with lesion size <20 mm, but the
diagnostic yield for lesions >20 mm was not sig-
nificantly different between the two groups. In
addition, there were no differences between
VBNA and NVBNA groups with regards to sec-
ondary outcomes, such as lobe location of the
lesion, distance from the lesion to the hilum,
bronchus sign, nature of the lesion (malignant or
benign), and complications.

Our results are in contrast with the findings of a
recent meta-analysis by Jiang er al.,2% which revealed
that overall diagnostic yield of navigation bronchos-
copy was statistically higher than non-navigation

bronchoscopy for PPLs. The possible reasons for
this contrasting finding are as follows: (1) Jiang
et al.?% pooled the results of both observational stud-
ies and RCTs in their meta-analysis, which might
have overestimated the total effect, especially
because observational studies were more vulnerable
to selection bias. In addition, they failed to include
two RCT's that compared VBNA and NVBNA for
diagnosing PPLs.2%25 (2) In pooled analysis, they
included one RCT that compared diagnostic yield
of electromagnetic navigation bronchoscopy,?’
which might have increased the risk of bias and con-
founding variables that may have affected the
results. We found no significant difference in the
diagnostic yield between the two groups. Among
the studies included in our meta-analysis, the study
by Ishida ez al. was the only one showing the higher
diagnostic yield for the VBNA than for NVBNA
bronchoscopy group.?* The exclusion of this study
from analysis resolved the issue of heterogeneity,
without altering pooled results (RR 1.05; 95% CI:
0.95-1.15; P=43%, p=0.13). The choice of bron-
choscopic modalities such as CT-guided biopsy and
VBN and/or r-EBUS or conventional bronchos-
copy varies from patient to patient. EBUS requires
operation expertise and enables direct visualization
of the target lesion. In addition to the VBN, study
by Bo et al. used r- EBUS for diagnosis of the
peripheral pulmonary lesion.!” Of note, the diag-
nostic yields between the combined group
(VBN +EBUS) and EBUS group were similar.
The absence of benefit seen with VBN and r-EBUS
may have been due to patient selection, with more
difficult cases being selected for VBN and r-EBUS.

VBN can guide the bronchoscope to the more
peripheral lesions in a shorter time than guided
biopsy instruments.28 The present study reported
that total examination time was significantly
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Table 2. Meta-analysis results of subgroup analysis.

Variable Number of VBNA* NVBNAt RR 95% CI Heterogeneity 128 Meta-analysis
studies (%) (%) p value p value
Lesion size
<20mm 5 b4 54.6 1.18 1.05-1.32 0.65 0 0.005*
>20mm 5 75.1 68.8 1.01 0.96-1.06 0.75 0 0.68
Nature of lesion
Malignant 5 76.2 72 1.06 0.95-1.18 0.10 49  0.31
Benign 5 53.6 50 1.10 0.84-1.43 0.17 38 0.48
Location of lesion
Bilateral lower lobe 5 74.7 69.7 1.07 0.91-1.26 0.01 69  0.39
Right middle lobe 5 88.2 82.1 1.04 0.91-1.18 0.82 0 0.57
Bilateral lower lobe 5 70 66.8 1.06 0.99-1.14 0.36 9 0.24
Distance from hilum 0
Peripheral third 3 70.7 61.7 1.10 0.89-1.36 0.06 65 0.39
Central or 3 78.3 77.7 1.00 0.79-1.26 0.08 61 0.98
intermediate third
Bronchus sign
Present 3 77.2 71.9 1.07 0.90-1.27 0.03 72 0.44
Absent 3 444 44.6 1.09 0.68-1.75 0.54 0 0.72

A p value <0.1 indicated heterogeneity in the results.
8/2 index to quantify the degree of heterogeneity.
*Diagnostic yield of VBNA.

tDiagnostic yield of NVBNA.

Cl, confidence interval; NVBNA, non-virtual bronchoscopic navigation assisted; RR, risk ratio; VBNA, virtual bronchoscopic navigation assisted.

shortened among patients with PPLs who were
in the VBNA group compared with those who
were in the NVBNA group. This finding is con-
sistent with the results of individual studies
included in our meta-analysis.?%25 Although
VBNA demonstrated a statistically significant
shortening of total examination time, this find-
ing is far from being clinically relevant (mean
difference being about 4min); future, well-
designed multi-center RCTs are needed to verify
our findings. However, in terms of patients com-
fort, decreasing overall examination time by
4 min is significant, especially in patients under-
going the procedure under local anesthesia. In
subgroup analysis, diagnostic yield of lesions
<20 mm was higher in the VBNA group than in
the NVBNA group. This was in line with

findings of previous meta-analysis.2% At the same
time, Kato ez al. demonstrated that the diagnos-
tic yield of small PPL<20mm in diameter was
significantly higher in the VBNA group than in
the NVBNA group.?® The use of VBNA might
improve bronchial path selection more accu-
rately and quickly for small lesions, in contrast
to larger lesions, which could have several routes
to reaching the target lesion. Additionally, a
recent study that compared the diagnostic yield
of VBN-guided and unguided ultrathin bron-
choscopy found that the diagnostic yield was
slightly higher for PPLs <20mm in the VBN-
ultrathin arm, but the difference was not statisti-
cally significant (p=0.069).3° Diagnostic yield
does not depend solely on the lesion size but is
also affected by the target disease, location, and
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VBNA NVBNA Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.3.1 Lesion size <20 mm
Asano 2013 74 114 62 110 82% 1.15[0.93, 1.42] T
Bo 2019 64 127 64 136 6.4% 1.07 [0.84, 1.37] -
Chen 2016 38 51 36 55 6.3% 1.14[0.89, 1.46] - "
Ishida 2011 44 58 35 59 6.1% 1.28[0.99, 1.65] |
Xu 2019 20 25 15 28 2.8% 1.49[1.00, 2.22] - -
Subtotal (95% CI) 375 388 29.8% 1.18 [1.05, 1.32] <o
Total events 240 212
Heterogeneity: Tau? = 0.00; Chi? = 2.47, df = 4 (P = 0.65); 1= 0%
Test for overall effect: Z = 2.83 (P = 0.005)
1.3.2 Lesion size > 20 mm
Asano 2013 38 53 38 57 6.3% 1.08 [0.84, 1.38] T
Bo 2019 184 207 179 200 26.6% 0.99 [0.93, 1.06] -
Chen 2016 29 30 27 28 20.9% 1.00 [0.91, 1.11] e
Ishida 2011 36 41 29 36 9.2% 1.09 [0.90, 1.33] N
Xu 2019 26 30 25 32 72% 1.11[0.88, 1.40] -1
Subtotal (95% CI) 361 353 70.2% 1.01 [0.96, 1.06] L
Total events 313 298
Heterogeneity: Tau? = 0.00; Chi? = 1.94, df =4 (P = 0.75); 1= 0%
Test for overall effect: Z = 0.41 (P = 0.68)
Total (95% ClI) 736 741 100.0% 1.07 [1.00, 1.15] 4
Total events 553 510
ity 2 — . 2 = = - L2 = } + } }
Heterogeneity: Tau? = 0.00; Chi? = 13.40, df = 9 (P = 0.15); 1= 33% 05 07 1 15 2

Test for overall effect: Z = 1.95 (P = 0.05)
Test for subgroup differences: Chi? = 5.87, df = 1 (P = 0.02), 1> = 83.0%
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Figure 4. Forest plot comparing the diagnostic yield according to the lesion size of VBNA versus NVBNA group.
Cl, confidence interval; M-H, Mantel-Haenszel; NVBNA, non-virtual bronchoscopic navigation assisted; VBNA, virtual
bronchoscopic navigation assisted.

Table 3. Summary of the complications from the studies included in the meta-analysis.

Study

Complications

VBNA

NVBNA

Asano et al."®

Asano et al."?

Bo et al.'?

Chen et al.?®

Ishida et al.24

Xu et al."8

Pneumothorax not requiring drainage (n=1)
Hemorrhage(n=2)

Transient bradycardia (n=1)

No severe adverse events

Hyperventilation (n=1)

No severe adverse effect

Pneumothorax (n=5)
Hemorrhage (n=3]

No severe adverse events
No severe adverse events

No severe or moderate adverse events

Pneumothorax requiring intervention (n=2)

Pneumothorax not requiring drainage (n=1)

Pneumonia (n=1)

Xylocaine intoxication (n=1)

No severe adverse events

Hemorrhage (n=2)
Pneumonia (n=1)
No severe adverse effect

Pneumothorax (n=7)
Hemorrhage (n=4)

No severe adverse events

No severe adverse events

Mild pneumothorax that did not require

chest drainage (n=1)

Hemorrhage (n=1)

NVBNA, non-virtual bronchoscopic navigation assisted; VBNA, virtual bronchoscopic navigation assisted.

the presence or absence of an involved bron-
chus.? Our analysis suggests that VBNA bron-
choscopy is a safe procedure with complication frequent

complications.

Further

rates similar to those of NVBNA bronchoscopy
— pneumothorax and bleeding being the most

focused
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multi-center RCTs with larger sample size are
needed to clarify the complications of VBNA
and NVBNA bronchoscopy.

There are several caveats to this study. First, the
number of RCTs include in our meta-analysis is
relatively small. However, all studies exhibited
moderate-to-excellent methodological quality.
Second, the lack of detailed information on expe-
rience of operators, sampling methods, and
equipment in included RCTs might lead to the
observed heterogeneity, and further impair the
robustness of our findings. Third, the high varia-
bility in diagnostic yield between individual trials
included in this meta-analysis may be attributed
to several factors including the expertise of the
interventional pulmonologist, the presence or
absence of rapid on-site evaluation (ROSE), and
biopsy tools selection. This potential overestima-
tion of diagnostic yield due to expertise bias may
affect the meta-analysis results. Fourth, unlike
other meta-analyses, heterogeneity may affect the
results of this meta-analysis. LLarge multi-center
RCTs comparing VBNA and NVBNA bronchos-
copy, targeting subgroups of patients with PPLs
are needed to generalize our findings.

In conclusion, the current systematic review and
meta-analysis demonstrates that VBNA bron-
choscopy does not increase the overall diagnostic
yield when compared with NVBNA bronchos-
copy in patients with PPLs. However, total exam-
ination time was shorter in the VBNA group than
in the NVBNA group. Furthermore, subgroup
analysis revealed that VBNA had a better perfor-
mance than NVBNA bronchoscopy for PPLs
<20mm. VBN is a form of novel guided bron-
choscopy that requires no specific training, and
has a low complication rate. It can shorten the
positioning time and is a safe and effective prom-
ising technique for investigating pulmonary
lesions. VBN improves the diagnostic yield when
combined with other methods, such as EBUS or
R-EBUS, and EBUS-GS-TBLB for PPLs. This
technique also helps to abandon X-ray guidance,
thus avoiding significant cumulative radiation
dose for both patient and operator. Analysis of
current several bronchoscopic technologies,
including advantages and disadvantages is
included in Supplemental Table S1. More RCTs
that use standardized patient selection, technical
approaches, outcome definitions, and statistical
reporting methods are needed to elucidate the

potential role of VBNA bronchoscopy for the
diagnosis of PPLs.
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