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Efficacy and safety of robotic surgery versus open
surgery for hilar cholangiocarcinoma: a systematic

review and meta-analysis
Mangin Hu, MMSc, Dingwei Xu, MMSc, Yan Zhang, MMSc, Ao Li, MBBS, Xincheng Li, MSc, Jie Huang, MD*

ISystematic Review and/or Meta-analysis

Objective: The aim is to assess and contrast the effectiveness and safety of employing robotic surgery versus traditional opeh
surgery in managing cases of hilar cholangiocarcinoma.

Methods: Computer searches were conducted in PubMed, Embase, Cochrane Library, Web of Science, China National
Knowledge Infrastructure (CNKI), and Wanfang Database to identify case—control studies comparing robotic surgery with traditional
open surgery in the treatment of hilar cholangiocarcinoma from inception until July 2023. References from retrieved articles were
reviewed to broaden the search. This review was prospectively registered in the PROSPERO database (PROSPERO ID:
CRD42024527511) and reported in line with PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) and
AMSTAR (Assessing the methodological quality of systematic reviews) Guidelines. The primary outcome measures included
operation time, intraoperative blood transfusion rate, RO resection rate, lymph node metastasis rate, incidence of postoperative
complications, and postoperative hospital stay. Data analysis was performed using RevMan 5.4 software, calculating combined
odds ratios (OR), mean differences (MD), and 95% ClI.

Results: A total of 4 studies encompassing 267 patients diagnosed with hilar cholangiocarcinoma (177 males and 90 females,
mean age of (68.8 + 5.7) years) were included in this analysis. Among these, 165 patients underwent open surgery, while 102 patients
underwent robotic surgery. The results of the meta-analysis demonstrated comparable outcomes between the two groups.
Specifically, the operation time between the robotic surgery and open surgery cohorts did not significantly differ (MD= — 1083.96,
95% Cl: —216.90 to 8.98, P=0.070). Additionally, the intraoperative blood transfusion rate (OR=1.32, 95% Cl: 0.43-4.07,

P =0.630), RO resection rate (OR=1.41, 95% CI: 0.71-2.81, P=0.330), and lymph node metastasis rate (OR=1.62, 95% CI:
0.46-5.63, P=0.450) showed no significant differences between the groups. Similarly, there were no statistically significant
disparities observed in the incidence of postoperative complications (OR = 0.60, 95% ClI: 0.28-1.31, P=0.200) and postoperative
hospital stay (MD=2.17, 95% Cl: —11.56 to 15.90, P=0.760).

Conclusion: In the treatment of hilar cholangiocarcinoma, robotic surgery demonstrates comparable safety and feasibility to
traditional open surgery. However, due to the limited quantity and quality of the included studies, these conclusions warrant validation
through additional high-quality investigations.
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Introduction resection, radical lymph node dissection, and biliary reconstruc-

) ) i i tion, is the established standard procedure for managing
Hilar cholangiocarcinoma (HCCA) is the most common subtype [ l41

of cholangiocarcinoma (60-67%), characterized by high inva-

H o121 ndi . . . . . 11 . .
siveness and a poor prognosis' . Research indicates a 5—ye[;1]r of robotic surgery for hilar cholangiocarcinoma, highlighting its
survival rate of Of_lly 31ﬁ8 % for patients Wlth_ HCCA - progressive adoption as a minimally invasive approach in liver
Hepatectomy, combined with complete extrahepatic bile duct  tymor treatment. Studies'® have indicated that robot-assisted

In 2011, Giulianotti et al.>! reported the increasing utilization
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radical resection in hilar cholangiocarcinoma surpasses the lim-
itations associated with traditional open surgery, notably miti-
gating substantial trauma and multiple complications. Currently,
limited research exists on the comparative outcomes of robotic
hand surgery and traditional open surgery in treating hilar cho-
langiocarcinoma. The meta-analysis systematically assesses the
existing literature, examining and comparing the efficacy and
safety of robotic surgery versus open surgery in managing hilar
cholangiocarcinoma.

Methods

Protocol and registration

This review was prospectively registered in the PROSPERO
database (PROSPERO ID: CRD42024527511, Supplemental
Digital Content 1, https://kdocs.cn/l/cry8L7ePVkBq?f=201).This
systematic review was reported following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines!”!(Supplemental Digital Content 2, https://kdocs.cn/l/
cvIfji2xkiJrd?f=201, Supplemental Digital Content 3, https://
kdocs.cn/l/ci6aDVbsx YHi?f=201) and Assessing the
Methodological Quality of Systematic Reviews (AMSTAR)
standards!®! (Supplemental Digital Content 4, https://kdocs.cn/l/
catHXScSdzof?f=201).

Search strategy

A comprehensive computerized search was conducted across
multiple databases, including PubMed, Embase, Cochrane, Web
of Science, CNKI, and Wanfang, spanning from the library’s
inception to July 2023. This search encompassed studies in all
languages, and we meticulously examined all eligible studies and
their bibliographies to identify relevant research. The search
terms employed were: (‘Robotic Surgical Procedures[Mesh]” OR
‘Procedure, Robotic Surgical’ OR ‘Procedures, Robotic Surgical’
OR ‘Robot Surgery” OR ‘Robotic Surgical Procedure’ OR
‘Surgical Procedure, Robotic’ OR ‘Robot Surgeries” OR ‘Surgery,
Robot” OR ‘Robot-Assisted Surgery” OR ‘Robot-Assisted
Surgery” OR ‘Robot-Assisted Surgeries’ OR ‘Surgery, Robot-
Assisted” OR ‘Robot-Enhanced Procedures’ OR ‘Procedure,
Robot-Enhanced” OR ‘Robot Enhanced Procedures’ OR ‘Robot-
Enhanced Procedure’ OR  ‘Surgical Procedures, Robotic’
OR ‘Robotic-Assisted Surgery’” OR ‘Robotic-Assisted Surgery’” OR
‘Robotic-Assisted Surgeries’ OR “Surgery, Robotic-Assisted” OR
‘Robot-Enhanced  Surgery’ OR ‘Robot Enhanced Surgery’
OR ‘Robot-Enhanced Surgeries’ OR ‘Surgery, Robot-Enhanced’)
AND (‘open surgery[Mesh]” OR ‘open operation’ OR ‘laparotomy’)
AND (‘Klatskin tumor[Mesh]” OR ‘cholangiocarcinoma Hilar’ OR
‘Hilar cholangiocarcinoma’) (Fig. 1).

Study selection criteria

Inclusion criteria: (1) case—control studies comparing the efficacy
of open surgery and robotic surgery in treating hilar cholangio-
carcinoma; (2) patients with hilar cholangiocarcinoma (unlimited
age, sex, nationality, etc.); (3) the outcome index includes at least
one of the following: operation time, intraoperative blood
transfusion rate, number of lymph node dissection, RO resection
rate, postoperative complications, hospital stay, and so on.
Exclusion criteria: (1) case reports, reviews, or conference
reports. (2) Selection of the most recent publication when
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HIGHLIGHTS

o This meta-analysis is still a blank field at home and abroad,
and our study has also been certified by the international
meta-analysis inplasy platform.

o Different from previous laparoscopic and traditional sur-
gery, our study focuses on the comparison between robot
and traditional surgery, and has a deeper understanding of
the efficacy and safety of minimally invasive surgery in the
treatment of hilar cholangiocarcinoma.

multiple publications report the same central case. (3) Studies of
poor quality. (4) Studies lacking a control group. (5) Insufficient
availability of experimental data.

Literature screening, data extraction, and quality assessment

Two researchers independently conducted literature screening,
extracting data, and completing the quality evaluation. Initially,
they reviewed the literature titles and abstracts, excluding irrelevant
works, and further selected potentially relevant literature based on
the inclusion-exclusion criteria. Extracted data included details
such as first author, country, publication year, patient numbers,
demographics,  Bismuth—Corlette  classification,  operation
time, lymph node metastasis rate, intraoperative blood transfusion
rate, RO resection rate, postoperative hospital stay, incidence of
postoperative complications, and others. The quality evaluation
was performed using the Newcastle-Ottawa Scale (NOS), (Fig. 2
and Table 1) where scores higher than 6 are deemed as high-
quality®!. Findings were cross-checked by two researchers, and any
discrepancies were resolved by a third researcher.

Evidence quality evaluation

The Grading of Recommendations Assessment, Development and
Evaluation (GRADE) system is used to evaluate the quality of
outcome indicators!'®!, The following five factors in the GRADE
system may affect the quality of research evidence: (1) risk of bias;
(2) inconsistency; (3) accuracy; (4) indirectness; (5) publication bias.
Divide the quality of outcome indicator evidence into high (not
downgraded), medium (downgraded by 1 level), low (downgraded
by 2 levels), and extremely low (downgraded by 3 levels).

Statistical analysis

Statistical processing: statistical analysis was performed using
RevMan $.4 software. Continuous variables and binary variables
were compared utilizing odds ratio (OR), mean difference (MD),
and their respective 95% CI. Heterogeneity within the study was
assessed using I*: If I* < 50%, indicating low heterogeneity, the
fixed-effect model was utilized for analysis; If I* > 50%, indicating
significant heterogeneity, the random-effects model was employed
for analysis. A funnel plot was utilized to assess potential pub-
lication bias. Statistical significance was determined at P <0.05.

Results

Study selection and characteristics

Following the established search strategy, we retrieved a total of 148
articles. Following screening based on the established criteria, four
relevant articles met the criteria for inclusion. The literature screening
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Records identified through database searching (n=148)

Pubmed(n=8). Embase(n=2)

_ .]Additional records identified through other sources

Wos(n=100). CNKI(n=18)
Wanfang(20)

Records after duplicates removed(n=136)

Full-text articles assessed for eligibility (n=52)

Studies included in qualitative synthesls(n=4)

Figure 1. Retrieval process and results.

(n=0)

Excluded records with titles and abstracts that clearly do
not meet the inclusion criteria(n=84)

Full-text article,with reasons (n=48)

(1) The included studies did not compare open surgery and
robotic surgery for hilar cholangiocarcinoma;@ The cases
were repeated in the same center; Lack of control group

process is depicted in Figure 1. All four articles were case—control
studies, involving a total of 267 patients: 177 males and 90 females,
with an average age of (58.8+35.7) years. Based on the mode of
operation, 165 patients underwent open surgery, while 102 patients
underwent robotic surgery. The basic characteristics and quality
scores of the included literature are outlined in Table 2 and Figure 3.

Operation time

Operation time data was available in three references™ 13! and

significant heterogeneity (I>=95%) was observed among the
studies. The random-effects model was utilized for pooling. The
results of the meta-analysis indicated that there was no significant
difference found in operation time between the robot operation
group and the open surgery group (MD = -103.96, 95% CIL:
-216.90-8.98, P=0.070; Fig. 4).

Intraoperative blood transfusion rate

Intraoperative blood transfusion rate data was available in
two references!”!%!, and no significant heterogeneity was
observed among the studies (I*=27%). The fixed-effects
model was utilized for pooling. The results indicated that
there was no significant difference found in the intraoperative
blood transfusion rate between the robot operation group and
the open surgery group (OR=1.32, 95% CI: 0.43-4.07,
P=0.630; Fig. 3).

RO excision rate

Two studies!!>'3! reported the RO resection rate, and no significant

heterogeneity was observed among the studies (I*=0%). A fixed-
effects model was utilized for pooling. The results indicated that
there was no significant difference found in the RO resection rate
between the robot operation group and the open operation group
(OR=1.41, 95% CI: 0.71-2.81, P=0.330; Fig. 6).

Lymph node metastasis rate

Two studies" 2! reported the lymph node metastasis rate, and

no significant heterogeneity was observed among the studies
(I*=0%). The fixed-effects model was utilized for pooling. The
results of the meta-analysis indicated that there was no significant
difference found in the rate of lymph node metastasis between the
robotic operation group and the open operation group
(OR=1.62,95% CI: 0.46-5.63, P=0.450; Fig. 7).

Incidence of postoperative complications

Postoperative  complications were reported in three
studies!"'%1% and no significant heterogeneity was observed
among the studies (I*=41%). The fixed-effects model was
utilized for pooling. The results indicated that there was no
significant difference found in the incidence of postoperative
complications between the robotic operation group and the
open operation group (OR=0.60, 95% CI. 0.28-1.31,
P=0.200; Fig. 8). A funnel plot was employed to assess
publication bias among the studies reporting postoperative
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NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE
CASE CONTROL STUDIES

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and
Exposure categories. A maximum of two stars can be given for Comparability.

Selection

1) Is the case definition adequate?
a) ves, with independent validation #

b) yes, eg record linkage or based on self reports

¢) no description

2) Representativeness of the cases

a) consecutive or obviously representative series of cases #

b) potential for selection biases or not stated

3) Selection of Controls
a) community controls #*
b) hospital controls
¢) no description

4) Definition of Controls
a) no history of disease (endpoint) #
b) no description of source

Comparability

1) Comparability of cases and controls on the basis of the design or analysis

a) study controls for

(Select the most important factor.) #

b) study controls for any additional factor # (This criteria could be modified to indicate specific

control for a second important factor.)

Exposure

1) Ascertainment of exposure
a) secure record (eg surgical records) #*

b) structured interview where blind to case/control status #

¢) interview not blinded to case/control status
d) written self report or medical record only
¢) no description

2) Same method of ascertainment for cases and controls

a) yes #
b) no

3) Non-Response rate
a) same rate for both groups #*

b) non respondents described
¢) rate different and no designation

Figure 2. Newcastle-Ottawa-Scale for case-control studies.

complications. The funnel plot demonstrated that all the
included studies fell within the 95% CI, suggesting no sig-
nificant publication bias.

Postoperative hospitalization time

Postoperative hospitalization time was reported in two
studies!’> ' and significant heterogeneity was observed
among the studies (I =84%). The random-effects model was
utilized for pooling. The results of the meta-analysis indicated
that there was no significant difference found in postoperative
hospital stay between the robot operation group and the open
operation group (OR=2.17, 95% CI: -11.56-15.90,
P=0.760; Fig. 9).

Subgroup analysis based on Bismuth—Corllett typing

The Bismuth—Corlett classification, introduced by Bismuth in
19753 and subsequently revised in 19921'l] stands as the pre-
dominant method for categorizing hilar cholangiocarcinoma
within clinical spheres. This classification, grounded in preoperative
imaging, intraoperative tumor localization, and postoperative
pathological delineations, delineates the condition into four distinct
types. In our study’s subgroup analysis, it emerged that Bismuth—
Corlett II and IIT constituted the most prevalent subtypes, repre-
senting 32.8 and 32.9% of cases, respectively (see Fig. 10).
Remarkably, this finding parallels the conclusions drawn by
Chaitererakij et al.'”! from the Mayo Clinic in the United States.
Their retrospective analysis, encompassing 413 patients with hilar
cholangiocarcinoma, delineated the distribution across stages
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within the resection and palliative biliary drainage cohorts.
Notably, in the resection group (7= 82), patients were distributed
as follows: 32 in stage I, 26 in stage II, and 16 in stage IIL
Conversely, among the 224 patients undergoing palliative biliary
drainage, the distribution was as follows: 11 in stage I, 34 in stage
II, 119 in stage III, and 54 in stage IV. Furthermore, their investi-
gation revealed median survival times of 48.6, 21.8, 8.6, and
2.8 months for patients in stages I, I, IIl, and IV, respectively.
These findings carry notable implications for tailoring surgical
strategies to patients presenting with varying Bismuth subtypes.

NOS score
7
6
9
7

54 (36-77)
6214117
61 (27-79)

Robotic Surgery
68.0+7.0

Publish bias analysis

Age

To assess publication bias, a funnel plot was generated, utilizing
the incidence of postoperative complications as an exemplar
(refer to Fig. 9E). The resulting funnel plot depicted three scatter
plots, each corresponding to one of the three articles ultimately
included in the meta-analysis. Notably, all three scatter plots
were positioned in the upper-middle region of the funnel plot and
displayed a roughly symmetric distribution. This pattern sug-
gests the presence of publication bias within the included studies,
albeit with a minimal likelihood. Consequently, the potential
impact of publication bias on the meta-analysis results is con-
sidered marginal.

Open Surgery
60.0+9.0

59 (37-77)
52.6:+11.4
65 (29-81)

Discussion

51
25

The potential of robotic surgery in treating liver tumors lies in
its minimally invasive nature and swift recovery. In the study
by Giulianotti ez al.*), the utilization of the Leonardo da Vinci
robot facilitated procedures like right hepatectomy, Roux-en-
Y choledochojejunostomy, and biliary reconstruction for
patients with hilar cholangiocarcinoma. Importantly, no
fatalities were recorded postoperation, though a complication
rate of 21.4% (15/70) was observed. This investigation sug-
gests comparable efficacy and safety between machine-assisted
surgery and traditional open surgery for treating hilar
cholangiocarcinoma.

It is evident that the intricacy of addressing hilar cholangio-
carcinoma involves precise hilar dissection, comprehensive
lymph node dissection, and intricate Dbiliary tract
reconstruction'®2%, Xu et al. presented findings from 10
patients with hilar cholangiocarcinoma who underwent robotic
radical resection, noting an operation duration of (703 £ 62) min
and blood loss of (1360 +809) ml. Additionally, Chucky et al.l”!
conducted a comparison between robotic surgery (16 patients)
and open surgery (31 patients) for treating hilar cholangio-
carcinoma. They reported an operation time of (336+71) min
for the robot group and (256+ 56) min for the open surgery
group. Moreover, the blood transfusion rate was notably lower
in the robot group at 6.3% (1/16) compared to 19.4% (6/31) in
the open surgery group. It is worth noting that although the
blood transfusion rate was lower in robotic surgery, the opera-
tion time was comparatively longer.

In this study, the comparable operation times between robotic
and open surgery in hilar cholangiocarcinoma patients might be
attributed to surgeons being at the initial stages of the robotic sur-
gical learning curvel'l. The primary cause of bleeding during hilar
cholangiocarcinoma resection often stems from inadvertent damage
to adjacent blood vessels during the dissection and separation of
surrounding tissues. Robotic surgery, with its magnified

Robotic Surgery
16
10

Sample size
Open Surgery
31
3
62

0:1:5:4
7:13:.19:12
NA

Robotic
Surgery
1:10:5:0

=]
D
=
2
[
3
<
=
]
=
£
]
-

Open Surgery
4:13:14:0
0:4:17:11
4:10:15:11

NA

Country

China
China
China
America

Table 1
Characteristics and quality assessment of included literature

2023014

Chen 2012013

Chou 20200
Sebastian

Study
Xu 201613
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Characteristics and quality assessment of included literature.

Bismuth-Corlette (L11:111;1V) Sample size Age
Study Country Open surgery Robotic surgery Open surgery Robotic surgery Open surgery Robotic surgery NOS score
Chou 20201 China 4:13:14:0 1:10:5:0 31 16 60.0+9.0 68.0+7.0 7
Xu 2016012 China 0:4:17:11 0:1:5:4 32 10 59 (37-77) 54 (36-77) 6
Chen 201203 China 4:10:15:11 7:13:19:12 40 51 52.6+11.4 6214117 9
Sebastian 20231 America NA NA 62 25 65 (29-81) 61 (27-79) 7
Open Surgery Robotic Surgery Mean Difference Mean Difference

Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Chou 2020 256 56 31 33 71 16 395%  -80.00(119.99,-4001) —@——

Sebastian 2023 3075 112.27 62 316.66 70.51 25 409% -9.16 [-48.47, 30.15) L

Hu 2016 475 121 32 703 B2 10 19.5% -226.00[284.87,-171.13) ¢

Total (95% Cl) 125 51 100.0%  -79.94 [-105.08, -54.50] "=

Heterogeneity: Chi®= 38.49, df= 2 (P < 0.00001); I*= 95% f f t {

-100 -50 0 50 100

Test for overall effect: Z=6.23 (P < 0.00001)

Favours [Open Surgery] Favours [Robotic Surgery]

Figure 3. A comparison of operation time between robotic surgery and open surgery for hilar cholangiocarcinoma.

Open Surgery

Robotic Surgery

Odds Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI

Odds Ratio
M_-H, Fixed, 95% CI

Chou 2020 6 kil 1 16 19.9% 3.60[0.38, 32.87)
XU 2016 17 32 B 10 801%  0.76[0.18,3.20] ——

Total (95% Cl) 63 26 100.0%  1.32[0.43,4.07]

Total events 23 7

Heterogeneity: Chi*=1.37, df=1 (P = 0.24); = 27% f t t t i
Test for overall effect Z= 0.48 (P = 0.63) 0.01 0.1 1 10 100

Favours [Open Surgery] Favours [Robotic Surgery]
Figure 4. A Comparison of Intraoperative blood transfusion rate between robotic surgery and open surgery for Hilar Cholangiocarcinoma.
Open surgery  Robotic surgery Odds Ratio Odds Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI|

Chen 2012 25 40 26 51 B33% 1.60[0.69,3.72]

Chou 2020 18 H ] 16 36.7% 1.08[0.32, 3.64]

Total (95% CI) 71 67 100.0%  1.41[0.71,2.81]

Total events 43 35

Heterageneity: Chi*= 0.28, df=1 (P = 0.60); F= 0% t t 1 f t
Test for overall effect Z= 0.97 (P = 0.33) 0.01 01 1 10 100

Favours [Open surgery] Favours [Robotic surgery]
Figure 5. A comparison of RO excision rate between robotic surgery and open surgery for hilar cholangiocarcinoma.
Open Surgery  Robotic Surgery Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% CI M-H. Fixed. 95% CI

Chou 2020 ] 31 3 16 B67.8% 1.77[041,7.79)

Xu 2016 4 32 1 10 32.2% 1.29[0.13,13.04) =

Total (95% Cl) 63 26 100.0% 1.62 [0.46, 5.63]

Total events 13 4

Heterogeneity: Chi*= 0.05, df=1 (P = 0.82); F= 0% ! t t t i

0.01 0.1 10 100

Test for overall effect. Z=0.75 (P = 0.45)

Favours [Open Surgery] Favours [Robotic Surgery]

Figure 6. A comparison of Lymph Node Metastasis Rate between robotic surgery and open surgery for for hilar cholangiocarcinoma.
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Open Surgery  Robotic Surgery Odds Ratio 0Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Chou 2020 10 N 5 16 27.6% 1.05[0.29, 3.84)
Sehastian 2023 9 62 4 25 301% 0.89[0.25, 3.21)
Xu 2016 16 32 ] 10 42.3% 0.11 [0.01, 0.98] &
Total (95% Cl) 125 51 100.0%  0.60[0.28,1.31] e
Total events 35 18
Heterogeneity: Chi*= 3.36, df= 2 (P=0.19); F= 41% f t t i
0.01 01 1 10 100

Test for overall effect: Z=1.28 (P = 0.20)

Favours [Open Surgery] Favours [Robotic Surgery]

Figure 7. A comparison of Incidence of postoperative complications between robotic surgery and open surgery for hilar cholangiocarcinoma.

three-dimensional visual field, facilitates more precise vascular liga-
tion and suturing, thereby mitigating blood loss??>%%!,

The surgical management of Bismuth—Corlette type II-1IIT hilar
cholangiocarcinoma has notably increased recently, involving
procedures such as hemihepatectomy plus caudate lobectomy or
hepatectomy, lymph node dissection, extrahepatic cho-
langiectomy, and Roux-en-Y choledochojejunostomy?*2%1, In
this meta-analysis, the lymph node metastasis rate observed in
patients undergoing robotic surgery appeared lower than that in
patients undergoing open surgery, but this disparity lacked sta-
tistical significance (P > 0.05). Moreover, there was no significant
distinction in the RO resection rate between robotic and open
surgery, possibly due to the prevailing use of robotic systems in
left hemihepatectomy procedures where limited space constraints
could influence outcomes.

Certainly, previous reports have highlighted that when com-
pared to open surgery, robotic surgery for hilar cholangiocarci-
noma exhibits a lower incidence of postoperative complications,
facilitates quicker recovery, and potentially enhances the patients’
quality of life!***”!, However, within this meta-analysis, while we
meticulously compared the incidence of postoperative compli-
cations between robotic and open surgery, no significant differ-
ence emerged between the two groups. In a study by Xu et al.['],
a review and analysis of data from 10 cases of hilar cholangio-
carcinoma treated via robotic surgery indicated bile leakage as
the most prevalent postoperative complication. Early identifica-
tion of such complications, coupled with enhanced surgeon
suture skills and timely intervention (inclusive of abdominal
drainage), holds crucial significance for patient management and
recovery.

This meta-analysis bears certain limitations. Firstly, as all
the included studies were case—control in nature and exhibited
heterogeneity, the reliability of the analytical outcomes might
be affected. Secondly, the limited number of included
studies and the absence of assessments related to primary
survival duration and tumor recurrence efficacy could impact

the credibility of the analytical findings. Therefore, future
research endeavors should aim at conducting more extensive,
multicenter clinical studies with larger sample sizes to
substantiate and reinforce the conclusions drawn in
this study.
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Open Surgery Robotic Surgery

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV. Fixed. 95% CI

Sebastian 2023 1744 121 32 2327 1584 10 9.9% -583[-16.51,4.85] — e

Hu 2016 1756 14 62 926 153 25 901% 8.30[4.76,11.84] =

Total (95% Cl) 94 35 100.0% 6.90 [3.55, 10.26] L 2

Heterogeneity: Chi*= 6.06, df=1 (P = 0.01); F= 84% t t t i
-100 -50 0 50 100

Test for overall effect: Z= 4.03 (P < 0.0001)

Favours [Open Surgery] Favours [Robotic Surgery]

Figure 8. A comparison of Postoperative hospitalization time between robotic surgery and open surgery for hilar cholangiocarcinoma.
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Figure 9. Funnel plots of meta-analysis of robotic and open surgery for hilar cholangiocarcinoma. Note: Figure A: funnel plot of operative time. Figure B: funnel plot
of intraoperative blood transfusion rate. Figure C: funnel plot of RO removal rate. Figure D: funnel plot of lymph node metastasis rate. Figure E: funnel plot of
postoperative complications. Figure F: funnel plot of postoperative hospital stay.
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Figure 10. Subgroup analysis based on Bismuth-Corllett typing.
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