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To examine the feasibility and safety of robotic radical resection (RRR) for hilar cholangiocarcinoma (HCCA). A PRISMA-compliant
meta-analysis with meta-regression was conducted, including studies reporting outcomes of RRR in patients with HCCA. Six studies
comprising 295 patients were included. In highly selected patients (body mass index [BMI] < 25 kg/m” ; tumor size < 3 cm), RRR of
HCCA proved safe and feasible (Clavien-Dindo > IIT complications: 14.8% [95% confidence interval 8.7%-20.8%]; 30-day mortality:
1.9% [0%-4.2%]; conversion to open surgery: 1.9% [0%-4.2%]; intraoperative blood loss: 210 mL [119-301 mL]; operative time: 481
minutes [339-623 minutes]; RO resection rate: 82.2% [75.0%-89.4%]; retrieved lymph nodes: 12 [9-16]). Younger age (p = 0.008), higher
BMI (p = 0.009), larger tumors (p = 0.048), and performing liver resections (p = 0.017) increased blood loss. American Society of An-
esthesiologists status > III (p < 0.001) and Bismuth IV disease (p < 0.001) increased operative times. Preoperative biliary drainage (p =
0.027) enhanced RO resection rates. RRR led to less bleeding (mean difference [MD]: -184 mL, p = 0.0005), longer operative times (MD:
162 minutes, p = 0.001), and improved RO resection rates (odds ratio: 3.29, p = 0.006) compared with the open approach. Subject to se-
lection bias and type 2 error, RRR for HCCA might be safe and feasible in highly selected patients (favorable BMI and tumor size). The

findings should not be taken as definitive conclusions but may be used for hypothesis generation in subsequent trials.
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INTRODUCTION

Radical resection remains the only curative treatment for
hilar cholangiocarcinoma [1]. Radical resection of hilar chol-
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angiocarcinoma, technically challenging due to anatomical
considerations (proximity to hepatic artery, portal vein, and
caudate lobe) and procedural complexity (necessitating lo-
co-regional lymphadenectomy, bilioenteric reconstruction, and
possibly extensive liver resection including the caudate lobe),
requires a steep learning curve [1]. However, recent advances
in surgical techniques have expanded the indications for min-
imally invasive surgery in complex hepato-pancreato-biliary
operations, thereby increasing the popularity of minimally-in-
vasive approaches for radical resection of hilar cholangiocarci-
noma [2,3].

Although the available evidence is limited, the safety and
feasibility of laparoscopic radical resection of hilar cholangio-
carcinoma in strictly selected patients have been demonstrated
[2,3]; however, the laparoscopic resection of this carcinoma
is still in an early developmental phase [3]. The effectiveness
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of the laparoscopic method has promoted the examination of
robotic radical resection of hilar cholangiocarcinoma. Robotic
surgical systems offer potential advantages such as three-di-
mensional visualization, extremely flexible robotic arms, en-
hanced dexterity, precise dissection in confined spaces, and su-
perior handling of tissues and instruments [4,5]. Recent studies
have focused on the outcomes of robotic radical resection of
hilar cholangiocarcinoma, providing a basis for a systematic
review and meta-analysis. We aim to conduct a systematic
review and meta-analysis to assess the feasibility and safety of
robotic radical resection for hilar cholangiocarcinoma.

METHODS

Methodological and reporting compliance

The study was undertaken and reported according to the
Cochrane Handbook for Systematic Reviews (version 6.4) [6]
and the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) 2020 guidelines [7].

Registration and protocol

The study adhered to a predefined protocol registered in
PROSPERO, an open international database for prospectively
registered systematic reviews.

Eligibility criteria

Study design

We included all retrospective and prospective studies (co-
hort studies, case-control studies, case series, and randomized
controlled trials) that involved at least 10 patients. Systematic
reviews, meta-analyses, scoping reviews, review articles, case
reports, and correspondence were excluded.

Population

All adult patients aged 18 and older who underwent robotic
radical resection for hilar cholangiocarcinoma were considered
eligible. Radical resection was defined as resection aimed at
achieving RO resection, including bile duct resection with or
without (extended) hepatectomy and with or without caudate
lobe resection, depending on disease extent.

Intervention and comparison

The robotic approach was the primary intervention of inter-
est. Comparisons, where possible, included open and laparo-
scopic approaches.

Outcomes

The primary outcomes of interest included complications
(Clavien-Dindo 2 III), 30-day mortality, conversion to open
surgery, intraoperative blood loss, operative time, RO resection,
and the number of retrieved lymph nodes.

https://doi.org/10.14701/ahbps.24-236

Information sources and search strategy

A comprehensive search strategy, including appropriate
search keywords, limits, thesaurus headings, and operators,
was developed, adopted, and implemented across several
electronic sources: Scopus, MEDLINE, the Cochrane Central
Register of Controlled Trials, the Cumulative Index to Nursing
and Allied Health Literature, the International Standard Ran-
domised Controlled Trial Number Registry, the International
Clinical Trials Registry Platform, ClinicalTrials.gov, and the
Grey Literature Network Service (Appendix 1). Two authors
with expertise in evidence synthesis designed and conducted
the search strategy on 3 November 2024 without language re-
strictions.

Study selection, data collection, and data items

Two authors independently screened the identified articles by
examining titles and abstracts based on the eligibility criteria
and retrieved the full texts of potentially eligible articles. Ar-
ticles that satisfied the eligibility criteria were selected for in-
clusion. In cases of discrepancy in the findings of the first two
authors, a third author provided an opinion on eligibility. The
data items were established during the protocol development
stage by authors with expertise in the field and subsequent to
the selection of eligible studies by authors with expertise in
evidence synthesis utilizing a pilot-testing technique on ran-
domly selected studies. Data items were recorded on an elec-
tronic data collection sheet by two independent authors. These
data included information about bibliometric parameters,
study design, the studied population and their demographic
characteristics, body mass index (BMI), American Society of
Anesthesiologists (ASA) status, preoperative biliary drainage,
Bismuth classification, tumor size, liver resection, caudate lobe
resection, and the outcomes.

Study risk of bias assessment

The risk of bias in the included studies was assessed using the
JBI (Joanna Briggs Institute) Critical Appraisal Tool [8] for case
series by two independent authors. If any discrepancy arose in
the assessments by the first two authors, a third author provid-
ed an opinion.

Effect measures and synthesis methods

OpenMeta[Analyst] software was utilized for proportion
meta-analysis modeling, and RevMan 5.4 software (Nordic
Cochrane Centre) was employed for comparative meta-analysis
modeling. In the proportion meta-analysis model, numerical
estimations of the overall effect (pooled risk for dichotomous
variables and the pooled mean for continuous variables) were
derived after integrating quantitative data from individual
studies. In the comparative meta-analysis model, the odds
ratio (OR) was computed as a summary effect measure for di-
chotomous variables and mean difference (MD) for continuous
variables. Forest plots incorporating random-effects model-
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Table 1. Baseline characteristics of the included studies

Authors

Year Country

Journal

Design

Included population

Sample size (n)

JBI risk of

Robotic Open Laparoscopic

bias

Liu etal.[10]

Sucandy etal. [11]

Huang et al. [12]

Magistri et al. [13]

Lietal.[14]

Xu et al. [15]

2024  China

2024 USA
2023  China
2023  ltaly

China

2020

2016  China

SciRep

Ann Surg Oncol

Gastroenterol Rep

Eur J Surg Oncol

Int J Med Robot

Surg Endosc

Retrospective series

Prospective series

Retrospective series

Retrospective series

Retrospective series

Retrospective series

Patients undergoing
robotic radical
resection of hilar
cholangiocarcinoma

Patients undergoing
robotic radical
resection of perihilar
cholangiocarcinoma

Patients undergoing
robotic radical
resection of perihilar
cholangiocarcinoma

Patients undergoing
robotic radical
resection of perihilar
cholangiocarcinoma

Patients undergoing
robotic radical
resection of hilar
cholangiocarcinoma

Patients undergoing
robotic radical
resection of hilar
cholangiocarcinoma

10 0

38

93

20

48 0

32

Low

20

0 Low

0 Moderate

0 Low

0 Moderate

0 Moderate

JBI, Joanna Briggs Institute.

] [ Identification ]

Screening

Identification of studies via databases and registers

) |

Identification of studies via other methods

Records identified from:

Records removed before screening:
Duplicate records removed (n = 0)

Records marked as ineligible by

Records identified from:
Websites (n = 0)

gzte;gtzizs(rsn:mm) ™ automation tools (n = 0) Organizations (n = 0)
9 Records removed for other reasons Citation searching (n = 0)
(n=0)
Records screened (n = 75) —» Records excluded (n = 65)
| |
Reports sought for retrieval | »| Reports not retrieved (n = 0) Reports sought for retrieval Reports not retrieved

(n=10)

(n=0)

(n=0)

l

Reports assessed for eligibility
(n=10)

A

Reports excluded:
Review article (n = 3)
Included same population as
another eligible study (n = 1)

l

(n=0)

Reports assessed for eligibility

Reports excluded
(n=0)

[ Included ]

Studies included in review
(n=6)

Reports of included studies
(n=6)

Fig. 1. Study PRISMA flow diagram.
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ing and 95% confidence intervals (CIs) were constructed to
illustrate the results. Meta-regression was conducted to assess
the impact of variables such as age, male sex, BMI, ASA III or
above, preoperative biliary drainage, Bismuth classification,
tumor size, liver resection, and caudate lobe resection on the
outcomes. Individual patients were considered as the unit of
analysis. Statistical heterogeneity was quantified as I’ using
Cochran’s Q test (Xz), with heterogeneity classified as low when
I’ ranged from 0%-25%, moderate from 25%-75%, and high
from 75%-100%. Sensitivity analyses, including leave-one-out
analysis and separate analysis for studies with low overall risk
of bias, were conducted if the outcome was assessed by at least
four studies.

Assessment of reporting bias
The protocol intended to assess the risk of reporting bias by

Table 2. Baseline characteristics of the included patients

Value

No of patients 130

Age (yr) 64.1 (60.4-67.8)
Male sex 78 out of 130 (60.0)

BMI (kg/m?) 23.5(21.9-25.1)
ASA Il or above 38 out of 130 (29.2)
Preoperative biliary drainage 85 out of 130 (65.4)
Bismuth | 33 out of 130 (25.4)
Bismuth Il 16 out of 130 (12.3)
Bismuth IlI 66 out of 130 (50.8)
Bismuth IV 15 outof 130 (11.5)

2.35(1.77-2.92)
91 out of 130 (70.0)

Tumor size (cm)
Liver resection

Values are presented as mean (95% confidence interval) or number (%).
BMI, body mass index; ASA, American Society of Anesthesiologists.

000000V e e e e®msonX
®(© ®®® e e e ® e cocipuens
®[® e e e e e e e ceesben
0@ @@ OO e ® rcocn
00 ® e e e 0o e e e® o
®[® ®®®® 0 ®®® ccocbueny

Was statistical analysis appropriate?

constructing a funnel plot if the outcome was reported by at
least ten studies; however, given that the outcome was reported
by fewer than ten studies, reporting bias could not be assessed.

Certainty assessment
The GRADE system was employed to determine the certain-
ty of evidence concerning operative mortality [9].

Protocol compliance
The study adhered strictly to the registered protocol out any
deviations.

RESULTS

Study selection and characteristics

A search of the information sources yielded 75 articles; 65
articles were directly excluded after screening their titles and
abstracts. The full-text review of the remaining 10 articles
resulted in the exclusion of four articles (three were review
articles; one included the same population as another eligible
study). Consequently, six case series [10-15] (five retrospective
and one prospective) were included. A total of 130 patients un-
derwent robotic radical resection for hilar cholangiocarcinoma
and were included for proportion meta-analysis. The baseline
characteristics of the included studies are documented in Table
1 and the PRISMA flow diagram is depicted in Fig. 1.

Baseline characteristics of included patients

Table 2 summarizes the baseline characteristics of the included
patients. The average age of these patients was 64.1 years (95%
CI, 60.4-67.8), with 60.0% (78 out of 130) being male. The
mean BMI was reported as 23.5 kg/m2 (95% CI, 21.9-25.1), and
29.2% (38 out of 130) were classified as having an ASA status of
> III. Preoperative biliary drainage was performed in 65.4% (85
out of 130) of the cases. Regarding the Bismuth classification

Were there clear criteria for inclusion in the case series?

Was the condition measured in a standard, reliable way for all participants included in the case series?
Were valid methods used for identification of the condition for all participants included in the case series
Did the case series have consecutive inclusion of participants?

Did the case series have complete inclusion of participants?

Was there clear reporting of the demographics of the participants in the study?

Was there clear reporting of clinical information of the participants?

Were the outcomes or follow up results of cases clearly reported?

Was there clear reporting of the presenting site(s)/clinic(s) demographic information?

Fig. 2. Outcomes of the methodological quality assessment of the studies included in the proportion meta-analysis model, as evaluated using the Joan-

na Briggs Institute Critical Appraisal tool.
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Studies Estimate (95% C.l.) Ev/Trt
Liu et al 2024 0.200 (0.000, 0.448)  2/10 f =
Sucandy et al 2024 0.158 (0.042, 0.274) 6/38 EI
Huang et al 2023 0.200 (0.000, 0.448)  2/10 : =
Magistri et al 2023 0.214 (0.000, 0.429) 3/14 L =
Li et al 2020 0.104 (0.018, 0.191) 5/48 B
Xu et al 2016 0.300 (0.016, 0.584) 3/10 : =
Overall (I* = 0%, p = 0.728) 0.148 (0.087, 0.208) 21/130 <'>
0 0.1 0.2 0.3 0.4 0.5
Proportion
Studies Estimate (95% C.l.)  Ev/Trt
Liu et al 2024 0.045 (0.000, 0.169) 0/10 f =
Sucandy et al 2024 0.026 (0.000, 0.077) 1/38 —E—I—
Huang et al 2023 0.100 (0.000, 0.286) 1/10 :
Magistri et al 2023 0.033 (0.000, 0.124) 0/14 —
Li et al 2020 0.010 (0.000, 0.038) 0/48 --—
Xu et al 2016 0.100 (0.000, 0.286) 110 :
Overall (¥ = 0%, p=0.823) 0.019 (-0.004, 0.042)  3/130 <<>
0 0.05 0.10 0.15 0.20 0.25
Proportion
Studies Estimate (95% C.l.) Ev/Trt
Liu et al 2024 0.045 (0.000, 0.169) 0/10 f =
Sucandy et al 2024 0.026 (0.000, 0.077) 1/38 —i—I—
Huang et al 2023 0.100 (0.000, 0.286) 110 :
Magistri et al 2023 0.071 (0.000, 0.206) 114 : =
Li et al 2020 0.010 (0.000, 0.038) 0/48 —-lH—
Xu et al 2016 0.045 (0.000, 0.169) 0/10 : =
Overall (I = 0%, p = 0.833)  0.019 (-0.004, 0.042)  3/130 <<>
0 0.05 0.10 0.15 0.20 0.25
Proportion
Studies Estimate (95% C.l.)
Liu et al 2024 200.000 (129.963, 270.037) —
Sucandy et al 2024 252.000 (177.600, 326.400) —i-.—
Huang et al 2023 125.000 (66.739, 183.261) -
Magistri et al 2023 150.000 (52.045, 247.955) ——
Li et al 2020 150.000 (45.328, 254.672) —B—
Xu et al 2016 1,360.000 (858.586, 1,861.414) i =
Overall (> = 82.93%, p < 0.001) 210.174 (119.060, 301.288) <'>
500 1,000 1,500
Proportion
E Studies Estimate (95% C.l.)
Liu et al 2024 385.000 (340.375, 429.625) —a— i
Sucandy et al 2024 485.000 (435.082, 534.918) +
Huang et al 2023 548.000 (505.234, 590.766) L —
Magistri et al 2023 490.000 (442.856, 537.144) —
Li et al 2020 276.000 (252.520, 299.480) —J— i
Xu et al 2016 703.000 (664.573, 741.427) i —
Overall (> = 98.76%, p < 0.001)  480.924 (338.709, 623.139) <I>
300 400 500 600 700
Proportion

Fig. 3. Forest plots for the outcomes in the proportion meta-analysis model: (A) Complications (Clavien-Dindo > IlI); (B) 30-day mortality; (C) conversion
to open surgery; (D) intraoperative blood loss; (E) operative time; (F) RO resection; (G) number of retrieved lymph nodes. Ev/Trt, events/total; Cl, confi-
dence interval.
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F Studies Estimate (95% C.l.) Ev/Trt
Liu et al 2024 0.800 (0.552, 1.000)  8/10 L
Sucandy et al 2024 0.816 (0.693, 0.939) 31/38 n
Huang et al 2023 0.900 (0.714, 1.000)  9/10 , O
Magistri et al 2023 0.929 (0.794, 1.000) 13/14 : |
Li et al 2020 0.729 (0.603, 0.855) 35/48 O :
Xu et al 2016 0.700 (0.416, 0.984)  7/10 m :
Overall (I? = 15.49%, p = 0.314) 0.822 (0.750, 0.894) 103/130 _
0.5 0.6 0.7 0.8 0.9 1.0
Proportion
G Studies Estimate (95% C.l.)

Liu et al 2024 11.000 (7.281, 14.719) -
Sucandy et al 2024 8.000 (5.774, 10.226) — . i
Huang et al 2023 11.000 (9.760, 12.240) —B—
Magistri et al 2023 19.000 (15.333, 22.667) ! =

1

1
Overall (I = 88.13%, p < 0.001) 12.005 (8.456, 15.553) —_—

10 15 20
Proportion

Fig. 3. Continued.

of hilar cholangiocarcinoma, 25.4% were Bismuth I (33 out of
130), 12.3% Bismuth II (16 out of 130), 50.8% Bismuth III (66
out of 130), and 11.5% Bismuth IV (15 out of 130). The average
tumor size was 2.35 cm (95% CI, 1.77-2.92), and liver resection
was required in 70.0% (91 out of 130) of the patients.

Risk of bias in studies

Fig. 2 illustrates the outcomes of methodological quality as-
sessments of the studies included in the proportion meta-anal-
ysis model, utilizing the JBI Critical Appraisal tool.

Proportion meta-analysis outcome synthesis

Complications (Clavien-Dindo = Il1)

The pooled risk of Clavien-Dindo > III complications was
14.8% (95% CI, 8.7%-20.8%; 130 patients; six studies) (Fig. 3).
The statistical heterogeneity was low (I’ = 0%) and the GRADE
system suggested moderate certainty.

30-day mortality

The pooled risk of 30-day mortality was 1.9% (95% CI, 0%-
4.2%; 130 patients; six studies) (Fig. 3). The statistical heteroge-
neity was low (I = 0%) and the GRADE system suggested high
certainty.

Conversion to open

The pooled risk of conversion to open surgery was 1.9% (95%
CIL, 0%-4.2%; 130 patients; six studies) (Fig. 3). The statistical
heterogeneity was low (I* = 0%) and the GRADE system sug-
gested high certainty.

Intraoperative blood loss
The pooled mean intraoperative blood loss was 210 mL (95%

https://doi.org/10.14701/ahbps.24-236

CI, 119-301; 130 patients; six studies) (Fig. 3). The statistical
heterogeneity was high (I* = 83%) and the GRADE system sug-
gested moderate certainty.

Operative time

The pooled mean operative time was 481 minutes (95% CI,
339-623; 130 patients; six studies) (Fig. 3). The statistical het-
erogeneity was high (I’ = 99%) and the GRADE system sug-
gested moderate certainty.

RO resection

The pooled likelihood of achieving RO resection was 82.2%
(95% CI, 75.0%-89.4%; 130 patients; six studies) (Fig. 3). The
statistical heterogeneity was low (I’ = 16%) and the GRADE
system suggested high certainty.

Number of retrieved lymph nodes

The pooled mean number of retrieved lymph nodes was 12
(95% CI, 9-16; 72 patients; four studies) (Fig. 3). The statistical
heterogeneity was high (I* = 88%) and the GRADE system sug-
gested moderate certainty.

Meta-regression
Table 3 presents the results of meta-regression analyses for
the outcomes. Significant associations were identified.

a) Younger age (coefficient: -53.357, p = 0.008), higher BMI
(coefficient: 27.890, p = 0.009), larger tumors (coefficient:
100.711, p = 0.048), and performance of liver resection
(coefficient: 1.901, p = 0.017) were predictors of increased
intraoperative blood loss.
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b) ASA status > III (coefficient: 3.944, p < 0.001) and Bismuth
IV (coefficient: 9.350, p < 0.001) were associated with lon-
ger operative times.

¢) Preoperative biliary drainage (coefficient: 0.004, p = 0.027)
was associated with increased RO resection rates.

d) Older age (coefficient: 20.493, p = 0.045), ASA status > III
(coefficient: 2.529, p = 0.001), preoperative biliary drainage
(coefficient: 4.188, p < 0.001), and Bismuth I disease (coef-
ficient: 6.758, p < 0.001) increased the number of retrieved
lymph nodes, whereas Bismuth III disease (coefficient:

A Robotic No robotic Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% Cl Year M-H, random, 95% CI
1.1.1 Robotic versus open
Xu 2016 3 10 5 32 28.6% 2.31[0.44,12.11] 2016 ——
Huang 2023 2 10 10 20 26.3% 0.25[0.04, 1.48] 2023  ——
Sucandy 2024 6 38 30 93 45.0% 0.39[0.15, 1.04] 2024 —
Subtotal (95% CI) 58 145 100.0% 0.58 [0.18, 1.90] -
Total events 11 45
Heterogeneity: Tau’* = 0.57; Chi’ = 4.10, df =2 (p = 0.13); ' =51%
Test for overall effect: Z = 0.90 (p = 0.37)
1.1.2 Robotic versus laparoscopic
Liu 2024 2 10 6 20 100.0% 0.58 [0.09, 3.60] 2024
Subtotal (95% CI) 10 20 100.0% 0.58 [0.09, 3.60] i
Total events 2 6 r . | . ,
Heterogeneity: not applicable 0.001 01 1 10 1,000

Test for overall effect: Z=0.58 (p = 0.56)

Test for subgroup differences: Chi’ = 0.00, df = 1 (p > 0.999), I’ = 0%

B Robotic No robotic

Favours [robotic] Favours [no robotic]

Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H, random, 95% Cl Year M-H, random, 95% CI
2.1.1 Robotic versus open

Xu 2016 1 10 6 32 43.1% 0.48 [0.05, 4.56] 2016 —_

Huang 2023 1 10 0 20 20.1% 6.47 [0.24, 174.08] 2023 _—
Sucandy 2024 1 38 2 93 36.8% 1.23[0.11, 13.98] 2024 _—
Subtotal (95% CI) 58 145 100.0% 1.15 [0.26, 5.01] o

Total events 3 8

Heterogeneity: Tau’ = 0.00; Chi’ = 1.64, df =2 (p = 0.44); I’ = 0%

Test for overall effect: Z=0.18 (p = 0.86)

2.1.2 Robotic versus laparoscopic

Liu 2024 0 10 0 20 Not estimable 2024

Subtotal (95% CI) 10 20 Not estimable

Total events 0 0 ] . . ,
Heterogeneity: not applicable 0.02 01 1 10 500

Test for overall effect: not applicable

Test for subgroup differences: not applicable

(03 Robotic No robotic

Favours [robotic] Favours [no robotic]

Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI Year IV, random, 95% CI

3.1.1 Robotic versus open

Xu 2016 1,360 809 10 1,014 811 32 3.2% 346.00[-228.78,920.78] 2016 _

Huang 2023 125 94 10 350 125 20 50.7% -225.00[-304.97, -145.03] 2023 --

Sucandy 2024 252 234 38 428 269 93 46.1% -176.00[-268.33, -83.67] 2024 - -

Subtotal (95% CI) 58 145 100.0% -184.35[-288.83, -79.88] -

Heterogeneity: Tau® = 3,939.44; Chi’ = 4.10, df =2 (p = 0.13); I’ =51%

Test for overall effect: Z = 3.46 (p = 0.0005)

3.1.2 Robotic versus laparoscopic

Liu 2024

Subtotal (95% CI) 200 113 10 310 188 20 100.0% -110.00[-218.14, —-1.86] 2024 4

Heterogeneity: not applicable 10 20 100.0% -110.00[-218.14, —1.86] S

Test for overall effect: Z=1.99 (p = 0.05) T T T )
-1,000 -500 O 500 1,000

Test for subgroup differences: Chi’ = 0.94, df =1 (p = 0.33); I’ = 0%

Favours [robotic] Favours [no robotic]

Fig. 4. Forest plots for the following outcomes in a comparison meta-analysis model: (A) Complications (Clavien-Dindo > IlI); (B) 30-day mortality; (C)
intraoperative blood loss; (D) operative time; (E) RO resection; (F) number of retrieved lymph nodes. M-H, Mantel-Haenszel; Cl, confidence interval, SD,

standard deviation.
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D Robotic No robotic
Study or subgroup Mean SD Total Mean SD Total

Mean difference Mean difference

Weight IV, random, 95% CI Year IV, random, 95% ClI

4.1.1 Robotic versus open

Xu 2016 703 62 10 475 121 32
Huang 2023 548 69 10 353 60 20
Sucandy 2024 485 157 38 423 109 93
Subtotal (95% CI) 58 145

Heterogeneity: Tau® = 6,680.09; Chi* = 19.71, df = 2 (p < 0.0001);

Test for overall effect: Z = 3.25 (p = 0.001)

4.1.2 Robotic versus laparoscopic

33.0% 228.00[171.13,284.87] 2016
33.8% 195.00 [144.80, 245.20] 2023 -
33.2%  62.00[7.39, 116.61] 2024 e

100.0% 161.66 [64.07, 259.24] <>

I” = 90%

Liu 2024

Subtotal (95% CI) 385 72 10 374 68 20 100.0% 11.00 [-42.66, 64.66] 2024

Heterogeneity: not applicable 10 20 100.0%  11.00 [-42.66, 64.66] +

Test for overall effect: Z = 0.40 (p = 0.69) T T t T )

-1,000 -500 O 500 1,000

Test for subgroup differences: Chi’ = 7.03, df = 1 (p = 0.008); I’ = 85.8% Favours [robotic] Favours [no robotic]
E Robotic No robotic Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H, random, 95% Cl Year M-H, random, 95% CI

5.1.1 Robotic versus open

Huang 2023 9 10 16 20 13.3% 2.25[0.22,23.32] 2023 _—

Sucandy 2024 31 38 52 93 86.7% 3.49[1.40, 8.73] 2024 i

Subtotal (95% CI) 58 113  100.0% 3.29 [1.40, 7.73] <>

Total events 40 68

Heterogeneity: Tau® = 0.00; Chi* = 1.12, df = 1 (p = 0.73); I’ = 0%

Test for overall effect: Z=2.74 (p = 0.006)

5.1.2 Robotic versus laparoscopic

Liu 2024 8 10 16 20 100.0% 1.00 [0.15, 6.67] 2024

Subtotal (95% ClI) 10 20 100.0% 1.00 [0.15, 6.67] i

Total events 8 16

Heterogeneity: not applicable
Test for overall effect: Z = 0.00 (p > 0.999)

0.001 01 1 10 1,000

Favours [robotic] Favours [no robotic]

Test for subgroup differences: Chi’ = 1.26, df = 1 (p = 0.26); I’ = 20.7%

F Robotic No robotic Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI  Year IV, random, 95% CI
6.1.1 Robotic versus open
Huang 2023 11 2 10 5 15 20 50.9% 6.00 [4.60, 7.40] 2023 |
Sucandy 2024 8 7 38 11 81 93 49.1% -3.00 [-5.77, -0.23] 2024
Subtotal (95% CI) 48 113  100.0% -1.58 [-7.24, 10.40]

Heterogeneity: Tau® = 39.25; Chi* = 32.30, df = 1 (p < 0.00001); I = 97%

Test for overall effect: Z = 0.35 (p = 0.73)

6.1.2 Robotic versus laparoscopic

Liu 2024

Subtotal (95% CI) 11 6 10 105 6 20 100.0% 0.50 [-4.05, 5.05] 2024

Heterogeneity: not applicable 10 20 100.0% 0.50 [-4.05, 5.05]

Test for overall effect: Z=0.22 (p = 0.83) T

Test for subgroup differences: Chi’ = 0.05, df = 1 (p = 0.83); I’ = 0% -100 -50 O 50 100

Fig. 4. Continued.

-5.456, p < 0.001) and liver resection (coefficient: -2.858,
p <0.001) decreased it.

Robotic versus open approach

Complications (Clavien-Dindo = IlI)

No significant difference was observed in the risk of Cla-
vien-Dindo > III complications between the robotic and open
approaches (OR: 0.58, 95% CI: 0.18-1.90, p = 0.37; 203 patients;

Favours [robotic] Favours [no robotic]

three studies) (Fig. 4). The statistical heterogeneity was mod-
erate (I’ = 51%) and the GRADE system suggested moderate
certainty.

30-day mortality

There was no significant difference in the risk of 30-day
mortality between the robotic and open approaches (OR: 1.15,
95% CI: 0.26-5.01, p = 0.86; 203 patients; three studies) (Fig. 4).
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The statistical heterogeneity was low (I = 0%) and the GRADE
system suggested moderate certainty.

Intraoperative blood loss

The robotic approach was associated with significantly less
intraoperative blood loss compared to the open approach (MD:
-184 mL, 95% CI: -289, -80, p = 0.0005; 203 patients; three
studies) (Fig. 4). The statistical heterogeneity was moderate (r
= 51%) and the GRADE system suggested moderate certainty.

Operative time

The robotic approach was associated with a significantly lon-
ger operative time compared to the open approach (MD: 162
minutes, 95% CI: 64-259, p = 0.001; 203 patients; three studies)
(Fig. 4). The statistical heterogeneity was high (I* = 90%) and
the GRADE system suggested moderate certainty.

RO resection

Robotic approach was associated with a higher rate of achiev-
ing RO resection compared with the open approach (OR: 3.29,
95% CI: 1.40-7.73, p = 0.006; 203 patients; three studies) (Fig. 4).
The statistical heterogeneity was low (I’ = 0%) and the GRADE
certainty was moderate.

Number of retrieved lymph nodes

There was no significant difference in the number of re-
trieved lymph nodes between the robotic and open approaches
(MD: -1.58, 95% CI: -7.24-10.40, p = 0.73; 161 patients; two
studies) (Fig. 4). The statistical heterogeneity was high (I* =
97%) and the GRADE system suggested low certainty.

Robotic versus laparoscopic approach

Complications (Clavien-Dindo = IlI)

There was no significant difference in the frequency of Cla-
vien-Dindo > III complications between the robotic and lapa-
roscopic approaches (OR: 0.58, 95% CI: 0.09-3.60, p = 0.560; 30
patients; one study) (Fig. 4). The GRADE framework suggested
a low certainty of evidence.

30-day mortality

No difference was observed in the risk of 30-day mortality
between the robotic and laparoscopic approaches (OR: not es-
timable; risk difference: 0.00, 95% CI: -0.14, 0.14, p > 0.999; 30
patients; one study) (Fig. 4). The GRADE framework suggested
a low certainty of evidence.

Intraoperative blood loss

Robotic approach was associated with reduced intraoperative
blood loss compared to the laparoscopic approach (MD: -110
mL, 95% CI: -218, -2, p = 0.050; 30 patients; one study) (Fig. 4).
The GRADE framework suggested a low certainty of evidence.
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Operative time

There was no significant difference in operative time be-
tween the robotic and laparoscopic approaches (MD: 11 min-
utes, 95% CI: -43, 65, p = 0.690; 30 patients; one study) (Fig. 4).
The GRADE framework suggested a low certainty of evidence.

RO resection

No significant difference was observed in the risk of achiev-
ing RO resection between the robotic and laparoscopic ap-
proaches (OR: 1.00, 95% CI: 0.15-6.67, p > 0.999; 30 patients;
one study) (Fig. 4). The GRADE framework suggested a low
certainty of evidence.

Number of retrieved lymph nodes

No significant difference was noted in the number of re-
trieved lymph nodes between the robotic and laparoscopic ap-
proaches (MD: 0.50, 95% CI: -4.05, 5.05, p = 0.83; 30 patients;
one study) (Fig. 4). The GRADE framework suggested a low
certainty of evidence.

Sensitivity analyses

Leave-one-out analysis and separate analysis for studies with
a low overall risk of bias did not affect the direction of effect
size.

DISCUSSION

We conducted a systematic review and meta-analysis, sup-
plemented with meta-regression, to assess the feasibility and
safety of robotic radical resection for hilar cholangiocarcino-
ma. Our analysis of 130 patients from six studies revealed that
robotic radical resection is safe and feasible in highly selected
patients (favorable BMI and tumor size) (moderate certainty):
(Clavien-Dindo > III complications: 14.8% [8.7%-20.8%]; 30-
day mortality: 1.9% [0%-4.2%]; conversion to open surgery:
1.9% [0%-4.2%]; intraoperative blood loss: 210 mL [119-301];
operative duration: 481 minutes [339-623]; RO resection rate:
82.2% [75.0%-89.4%]; number of retrieved lymph nodes: 12 [9-
16]). Factors such as younger age, higher BMI, larger tumors,
and inclusion of liver resection were associated with increased
intraoperative blood loss. ASA status > IIT and Bismuth IV
disease were linked to prolonged operative times. Preopera-
tive biliary drainage was found to enhance the RO resection
rate. The robotic approach resulted in reduced intraoperative
blood loss, extended operative time, and improved rates of RO
resection compared to the open approach (moderate certainty);
however, it was comparable to the laparoscopic approach (very
low certainty).

While this study is the first meta-analysis to quantify the
outcomes of robotic radical resection for hilar cholangiocar-
cinoma using a proportion meta-analysis model and evalu-
ates predictors of these outcomes through a comprehensive
meta-regression model, recent meta-analyses have already
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assessed the outcomes of robotic radical resection of hilar chol-
angiocarcinoma using significantly different approaches. Hu et
al. [16] conducted a meta-analysis of four studies involving 102
patients who underwent robotic resection of hilar cholangio-
carcinoma and 165 patients who underwent open surgery, con-
cluding that the robotic approach was comparable to the open
approach in terms of safety and feasibility. A primary concern
regarding the study by Hu et al. [16] is the lack of adequate
information on methodology and design in three of the four
included studies, and the references within the article do not
correspond with the studies analyzed; hence, the methodology
of the included studies and the accuracy of the data could not
be confidently assessed. Furthermore, the meta-analysis by Hu
et al. [16] omitted recently published articles included in the
current review and did not evaluate the predictors of outcomes
through meta-regression. In another systematic review of case
reports and case series, Brolese et al. [17] concluded that ro-
botic resection of hilar cholangiocarcinoma was feasible and
safe; however, the study by Brolese et al. [17] neither included
the recently published articles nor conducted a meta-analysis.
Cipriani et al. [2] carried out a systematic review without a
meta-analysis on minimally invasive approaches in the man-
agement of hilar cholangiocarcinoma and concluded that these
approaches are safe and feasible. While the results of these
studies are consistent with the findings of the current study
and support its external validity, the inclusion of the most
recently published studies, the performance of proportion
and comparison meta-analyses, and comprehensive meta-re-
gression of potential predictors would make the design and
findings of the current study novel, potentially leading to more
robust conclusions.

The safety and feasibility of the robotic approach may be
elucidated by the advantages of robotic surgical systems, which
include three-dimensional visualization, highly flexible robotic
arms, enhanced dexterity, precise dissection in narrow spaces,
and better handling of tissue and instruments. These features
collectively facilitate RO resection with reduced intraoperative
blood loss, as demonstrated in the current study [11,12]. The
extended operative time relative to the open approach can
be attributed to the steep learning curve [2,3]. Despite these
benefits, the use of the robotic approach for resection of hilar
cholangiocarcinoma remains in the initial development phase,
with limited but evolving evidence. The findings of the current
study provide the most reliable evidence on safety and feasibil-
ity outcomes and their potential predictors; thus, these results
should be utilized for hypothesis generation in future trials.

The cases included in the eligible studies of this meta-anal-
ysis presented favorable baseline characteristics conducive to
robotic resection. Individuals were relatively young (mean age:
64 years) with 71% classified as ASA T or II; they exhibited a
favorable BMI (mean BMI 23.5 kg/m®); tumor size was notably
small (mean tumor size: 2.35 cm); 37% had Bismuth I-II dis-
ease and merely 12% had Bismuth IV disease. Consequently,

it can be contended that these characteristics may not reflect
those of the majority of patients with hilar cholangiocarcino-
ma undergoing curative resection. Moreover, this may indicate
that patients were chosen for robotic resection due to their fa-
vorable traits, leading to potential selection bias; therefore, the
outcomes of robotic radical resection in patients with less fa-
vorable baseline characteristics warrant further investigation.

Given that hilar cholangiocarcinoma spreads radially and
longitudinally, achieving negative margins at both the proxi-
mal and distal bile ducts, along with negative radial margins
at the liver transection plane and the dissection plane in the
hepatoduodenal ligament, is crucial for successful RO resection
and improved outcomes [18]. Moreover, caudate lobe resection
is necessary to secure RO resection in patients with Bismuth
II-IV disease. However, achieving a negative radial resection
margin and performing caudate lobe resection present signif-
icant challenges via the robotic approach. While the analysis
indicated that RO resection was accomplished in 82% of the
robotic cases, details on the radial resection margins in cases
where RO resection was not achieved were not provided in the
included studies. Hence, the impact of the robotic approach on
achieving negative resection margins remains unresolved and
should be explored in subsequent studies.

Although the safety of laparoscopic and robotic caudate lobe
resection has been demonstrated by limited evidence [19,20],
the data concerning the safety and feasibility of robotic caudate
lobe resection in patients with hilar cholangiocarcinoma are
even more scarce and continue to develop. In the present study,
57% of patients underwent caudate lobe resection, suggesting
feasibility; however, the results are prone to confounding by
indication and significant selection bias, precluding definitive
conclusions.

Meta-regression analyses indicated that preoperative bili-
ary drainage was associated with increased RO resection and
a higher count of retrieved lymph nodes. These relationships
have not previously been reported. Two hypotheses may be
proposed to elucidate these findings. Firstly, preoperative
biliary drainage might provide detailed mapping of the carci-
noma's extent relative to the complex biliary tract, including
intrahepatic and segmental bile ducts, thereby enabling a more
targeted dissection, enhancing lymph node retrieval and RO
resection. Alternatively, the observed associations could stem
from statistical errors arising from the small sample sizes of
the included studies. Therefore, definitive conclusions cannot
yet be drawn, and future research may determine which hy-
pothesis is more valid.

The current study possesses several limitations. The evidence
provided is mainly derived from a limited number of retro-
spective case series, potentially introducing selection bias. The
studies included had small sample sizes, which increases the
likelihood of a type 2 error. Additionally, there was consider-
able heterogeneity in operative times. In the study by Li et al.
[14], 54% of patients were classified as having Bismuth I or II,
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none exhibited Bismuth IV disease, and only 46% underwent
liver resection. The absence of liver resection in 54% of cases
may have contributed to shorter operative times and fewer
severe complications. Consequently, the study by Li et al. [14]
likely contributed to the heterogeneity in operative times. Nev-
ertheless, we have downgraded the evidence accordingly, and
the leave-one-out analyses indicate that the overall results are
robust against the influence of individual studies. The inabil-
ity to formally assess publication bias, owing to a lack of more
than 10 eligible studies, further limits the comparative evi-
dence; thus, whether the robotic approach offers clinically sig-
nificant benefits over the laparoscopic or open approaches re-
mains unclear. Finally, this study did not assess the long-term
outcomes of the robotic approach in hilar cholangiocarcinoma
resection, which should be addressed in future research. Con-
sidering these limitations, due to the potential for type 2 error,
selection bias in the included studies, and inability to rule out
publication bias, the outcomes of this study should not be the
basis for definitive conclusions but can certainly contribute to
hypothesis generation in future trials.

In highly selected patients (favourable BMI and tumor size),
robotic radical resection of hilar cholangiocarcinoma may be
safe and feasible. Given the possible type 2 error associated
with small sample sizes, the risk of selection bias in the in-
cluded studies, and the inability to eliminate publication bias,
the findings from this study should not serve as conclusive
evidence but may facilitate hypothesis generation in future
research. The current study contributes information about po-
tential outcome predictors for hypothesis generation in future
trials.
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Appendix 1. Literature search strategy

Search number

Search description

Action

Number 1
Number 2
Number 3
Number 4
Number 5

Number 6

Number 7

Number 8

Number 9

Robotic

MeSH term: [robotics]

Number 1 OR Number 2

hilar cholangiocarcinoma

perihilar
cholangiocarcinoma

peri-hilar
cholangiocarcinoma

MeSH term: [klatskin
tumour]

Number 4 OR Number
5 OR Number 6 OR
Number 7

Number 3 AND Number 8

Titles, abstracts, keywords
Explode all trees
Combined with OR

Titles, abstracts, keywords
Titles, abstracts, keywords

Titles, abstracts, keywords
Explode all trees

Combined with OR

Combined with AND




