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Abstract

Background Laparoscopic surgery (LS) has been increasingly applied in perihilar cholangiocarcinoma (pCCA). In this
study, we intend to compare the short-term outcomes of LS versus open operation (OP) for pCCA in a multicentric
practice in China.

Methods This real-world analysis included 645 pCCA patients receiving LS and OP at 11 participating centers in
China between January 2013 and January 2019. A comparative analysis was performed before and after pro-
pensity score matching (PSM) in LS and OP groups, and within Bismuth subgroups. Univariate and multivariate
models were performed to identify significant prognostic factors of adverse surgical outcomes and postoperative
length of stay (LOS).

Results Among 645 pCCAs, 256 received LS and 389 received OP. Reduced hepaticojejunostomy (30.89% vs 51.40%,
P=0.006), biliary plasty requirement (19.51% vs 40.16%, P=0.001), shorter LOS (mean 14.32 vs 17.95d, P<0.001), and
lower severe complication (CD>1Il) (12.11% vs. 22.88%, P=0.006) were observed in the LS group compared with the
OP group. Major postoperative complications such as hemorrhage, biliary fistula, abdominal abscess, and hepatic
insufficiency were similar between LS and OP (P> 0.05 for all). After PSM, the short-term outcomes of two surgical
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surgeons.

methods were similar, except for shorter LOS in LS compared with OP (mean 15.19 vs 18.48 d, P=0.0007). A series
subgroup analysis demonstrated that LS was safe and had advantages in shorting LOS.

Conclusion Although the complex surgical procedures, LS generally seems to be safe and feasible for experienced

Trial registration NCT05402618 (date of first registration: 02/06/2022).
Keywords Perihilar cholangiocarcinoma, Laparoscopic, Open resection, Short-term outcomes

Background

Perihilar cholangiocarcinoma (pCCA) is a devastating
disease with an annual incidence of one to two cases
per 100,000 individuals [1]. Radical surgery is the most
important potentially curative treatment for pCCA.
Meanwhile, radical surgery is also undoubtedly one of
the most difficult and sophisticated skills for surgeons
[2]. Recent advances in surgical techniques and perio-
perative management have offered increased resect-
ability and improvement in surgical outcome; however,
post-operative morbidities and mortality remain a
problem [3].

Laparoscopic surgery (LS) has been increasingly
used in all types of hepato-pancreato-biliary resections
including pancreatectomy and hepatectomy [4-6]. In
liver surgery, LS presented improved postoperative
outcomes compared with open approach [7]. Recently,
there has been increasing enthusiasm for performing
laparoscopic pancreaticoduodenectomy (PD), which
has been demonstrated to be feasible and safe, with
outcomes that are comparable to open PD [8]. The sur-
gical procedures for pCCA entail perihilar biliary tract
resection with extended hepatectomy, which requires
concomitant vascular resection and reconstruction
or even combined hepatopancreatoduodenectomy. A
major challenge is the complex anatomical location
of the lesion, which is in close proximity to the por-
tal vein (PV), hepatic arteries, and liver parenchyma
[9, 10]. Thus, there are few reports on laparoscopic
resection for pCCA due to the complexity of the sur-
gical procedure. Till now, LS resection for pCCA was
considered to be still in its infancy [11]. However, the
available evidence on LS for pCCA is limited; LS can-
not be considered as a dogmatic contraindication to
pCCA. It thus is imperative to undertake large-scale
multicenter analyses to investigate in the technical fea-
sibility and safety of LS for pCCA [12].

Herein, we compared perioperative outcomes of
LS and open operation (OP) in 654 pCCA patients in
China before and after a propensity score-based analy-
sis. To our knowledge, this is the largest series of LS
compared with OP for pCCA to be investigated to
date.

Methods

Patients and data collection

A retrospective review of institutional databases from
11 hospitals in China identified 645 pCCA patients who
underwent radical surgery between January 2013 and
January 2019, including 256 patients underwent LS and
389 underwent OP. An intention-to-treat design was
used, such that cases converted to OP were included in
the LS cohort. All cases were histologically confirmed
pCCA. The exclusion criteria were as follows: (1) patients
with peritoneal seeding or metastasis to the liver, para-
aortic lymph nodes, or distant sites; (2) patients with
non-adenocarcinoma histology; and (3) patients with
incomplete clinical data. The detailed study flow was
shown in Fig. 1 and Supplementary Table 1. Ethical
approval was given for the study by the ethics commit-
tee/Institutional Review Board of Ethics Committee of
Tongji Hospital (approval number: TJ-IRB20220531).
The need for informed consent was waived by the eth-
ics committee/Institutional Review Board of Ethics
Committee of Tongji Hospital (approval number: TJ-
IRB20220531) because of the retrospective nature of the
study. This research was also registered at ClinicalTrials.
gov (identifier: NCT05402618; date of first registration:
02/06/2022). All the work followed the ‘Sex and Gen-
der Equity in Research-SAGER-guidelines’ and has been
reported in line with the STROCSS criteria [13].

Operative technique

LS was defined as total laparoscopic surgery (TLS), where
both resection and digestive reconstruction were com-
pleted laparoscopically. The hepatectomy with en bloc
resection of the caudate lobe and extrahepatic bile duct
and regional lymph node dissection was applied in both
laparoscopic and open surgery. Extended resections (left/
right trisectionectomy), arterial vascular encasement,
vascular resection/reconstruction, biliary stent in place
were needed for patients based on Bismuth stage.

Variables and definitions
Data collection included demographic, clinical and
oncologic data. Patients were staged according to the
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Fig. 1 Study flow

National Comprehensive Cancer Network (NCCN)
Guideline Version 2.2019 Edition tumor node metas-
tasis (TNM) clinical staging system for pCCA [14].
The local extension of the disease was expressed
mainly according to the Bismuth-Corlette classifi-
cation [15]. Operation time was defined as the time
from skin incision or trocar placement to complete
skin closure. Intraoperative blood loss (IBL) was care-
fully recorded by the anesthetist using a vacuum sys-
tem. Vessel reconstruction was defined as any repair
or replacement of major vessels during surgery. Main
short-term outcome in this study was postoperative
length of stay (LOS), which was defined as the time
from surgery to normal discharge. Patients who stayed
longer than 30 days or less than three days will be con-
sidered as censored. Other short-term evaluations
including morbidity and mortality, defined as any
complication or death, respectively, which occurred
during hospitalization or within 90 days of discharge.
Hospital reoperation within 30 days was recorded
and postoperative morbidity was evaluated according
to the Clavien-Dindo (CD) classification system [16].
Major postoperative complications such as bile leak-
age, postoperative hemorrhage, and liver failure were
classified as previously reported [17-19]. Surgical fail-
ure was defined as severe complication (CD >1II), or

received reoperation during hospitalization, or dead
within 30 days after surgery.

Statistical analysis

Patients that underwent LS were matched in a 1:1 ratio
to patients that underwent OP based on the propensity
score model [20], with age, BMI, sex, ASA physical sta-
tus, CA 19-9, preoperative Tbil, AST, ALT, albumin,
Bismuth-Corlett type, hepatectomy, operative time,
digestive reconstruction, IBL, vascular resection and
reconstruction, positive margin, number of lymph nodes,
and TMN stage being selected as the covariates. The
nearest neighbor matching without replacement was per-
formed with caliper width setting at 0.2.

Continuous data are presented as means with stand-
ard deviations (SDs) or medians with interquartile ranges
(IQRs) and compared with independent-samples ¢-test or
Mann—Whitney U test. Categorical data are presented as
numbers and percentages and were compared using the
Chi-square or Fisher’s exact test, as appropriate. Logis-
tic regression analysis was used to access the risk factors
of adverse postoperative complications (CD stage >1II).
Cox regression model were used to assess the risk fac-
tors associated with postoperative LOS, with the pro-
portional hazard assumption being tested by weighted
residual score method. Furthermore, considering the
postoperative complication would prolong the LOS
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during hospitalization, the Fine-Gray model were used to
explore the prognostic factors of length of stay, with the
adverse postoperative complications and death within
30 days being the competing risk events. Continuous
variables will be converted into two or multiple category
dummy variables according to the normal range during
the regression analysis. All the statistical procedures were
conducted using SAS software version 9.40 (SAS Insti-
tute, Inc., Cary, NC). Two-sided hypothesis testing with
a predetermined level of P<0.05 was considered statisti-
cally significant.

Results

Participants and baseline characteristics

Baseline characteristics of demographics and preopera-
tive comorbidity of the included 645 resections of his-
tologically confirmed pCCA are listed in Table 1. In raw
cohort, most baseline characteristics were comparable
in LS and OP group, except for more female patients
(49.61% vs. 40.36%; P=0.021), better hepatic function
index (lower TBIL, AST, and ALT levels), and lower
TNM stage being observed in LS group than in OP
group. To overcome the bias from retrospective study,
the propensity score matched analyses was conducted, in
which 141 pCCA patients undergoing LS were matched
with 141 patients undergoing OP. All baseline character-
istics were balanced after PSM.

Perioperative outcomes

Before PSM, 19 patients (7.42%) converted to laparot-
omy. The mean operative time of the LS group was simi-
lar with OP group (353.4 vs. 342.1 min, P=0.176). More
patients received hepatectomy in LS compared with OP
(63.67% vs 55.53%, P=0.013), especially more left hemi-
hepatectomy in LS (47.66% vs 36.76%). Fewer hepatico-
jejunostomy (39.06% vs 61.44%, P<0.0001), biliary plasty
(28.91% vs 48.84%, P<0.001), vascular resection (8.59%
vs 23.39%, P<0.0001) and fewer hepaticojejunostomy
(43.48% vs 65.48%, P<0.0001) were performed in the LS
group compared with OP group. RO rate, IBL, transfusion
rate and volume, as well as caudate lobectomy were simi-
lar between groups (Table 2).

There were no significant differences with regards to
the common postoperative complications between the
two groups, except lower heart failure (0.78% vs. 3.60%,
P=0.0244) and severe complications in LS group (12.11%
vs. 22.88%, P=0.0006). Patients in LS group required
shorter postoperative drainage tube keep time (PDTK)
(median [IQR], 8.00[5.00~11.00] vs. 9.00[6.00 ~ 14.00],
P<0.0001), and postoperative LOS (median [IQR],
13.00[10.00 ~ 18.00] vs. 15.00[12.00~23.00], P<0.0001)
than OP patients. There was no significant difference
on reoperation rate or death within 30 or 90 days. The
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similar incidence of some most common postoperative
complications between two surgical groups were still
comparable in matched cohort (Table 3).

Postoperative outcomes according to Bismuth type

In the present study, 328 patients of pCCA had a low
Bismuth type (Bismuth I/II) and 317 had a high Bismuth
type (Bismuth III/V), with significantly different surgical
characteristics and postoperative short-term outcomes.
The median LOS was much shorter in the low Bismuth
type (15 day; 95%CI, 14 ~16) than in the high Bismuth
type (18 day; 95%CI, 17 ~20, P<0.0001). Furthermore,
shorter LOS and PDTK, as well as less transfusion dur-
ing surgery were observed in patients who underwent LS
compared with those who underwent OP among patients
with Bismuth types I-II, with other postoperative com-
plications being comparable between the two groups.
Among patients with Bismuth types III-V, those who
underwent LS showed comparable or better short-term
outcomes than the OP group, such as less total postop-
erative complications (39(32.23)86(43.88), P=0.0393),
shorter length of stay (median days, 14 vs. 17 days), and
lower rates of severe complications (10.74% vs. 26.02%),
demonstrating guaranteed safety of laparoscopic resec-
tion for high Bismuth types of PHC. Besides, a sig-
nificantly less vascular resection and biliary plasty were
observed in the LS group (Supplementary table 2-7).

Subgroup analysis for surgical failure and LOS

Subgroup analysis about the surgical failure and LOS
was performed according to age, gender, BMI level, ASA
score, tumor size, hepatectomy, vascular resection, and
Bismuth stage. After PSM, the rate of surgical failure was
similar in LS compared to OP group in total (4.30% vs
7.20%, P=0.131) and in all subgroups (Fig. 2). However,
the subgroup analysis about LOS showed that patients
would benefit from LS for rapid recovery, regardless of
age, tumor size and severe postoperative complications.
Other patients, such as those who were underweight, had
ASA score of I or III, or underwent vascular resection,
had comparable LOS in LS and OP group (Fig. 3).

Risk analysis of adverse surgical outcome and length

of stay

The risk analysis showed that higher ASA score, more
intraoperative blood loss, and more vascular reconstruc-
tion were identified independent risk factors of postoper-
ative complications among both matched and unmatched
samples (adjusted odds ratio (AOR)>1, P<0.05 for all)
(Table 4). Besides, we found the OP, higher level of CA19-
9, as well as some common postoperative complications,
and reoperation were associated with longer LOS after
adjusting other covariates in matched cohort (Table 5).
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Table 1 Baseline characteristics before and after propensity score matching

Demographics Raw Cohort (N=645) PSM Matched Cohort (N=282)
LS (n=256) OP (n=389) P-value LS (N=141) OP (N=141) P-value MSD

Sex, No.(%) 1.000 <0.01

Male 129(50.39) 232(59.64) 0.021 86(60.99) 86(60.99)

Female 127(49.61) 157(40.36) 55(39.01) 55(39.01)

Age (yrs), 62.83(9.70) 62.10(9.17) 0.333 62.55(9.15) 63.09(9.03) 0.624 0.06
mean(SD)

BMI (Kg/cm?), 23.12(3.09) 22.75(2.80) 0.112 22.92(3.09) 22.66(2.81) 0459 0.09
mean(SD)

ASA score, No. 0.872 0471 0.05
(%)

| 57(22.27) 82(21.08) 39(27.66) 34(24.11)

Il 156(60.94) 245(62.98) 77(54.61) 87(61.70)

Il 43(16.80) 62(15.94) 25(17.73) 20(14.18)

CA199 (U/mL),  204.40(69.50~814.70) 256.00(98.50 ~455.00) 0.791 202.30(100.10~545.80) 187.60(72.70 ~369.80) 0.843 0.02

median(IQR)

Thil (umol/L), 47.85(44.10~53.65) 131.00(73.10~230.30) <0001 49.70(44.70~57.30) 60.50(28.90 ~ 108.80) 0.798 0.03
median(IQR)

ALP (umol/L), 362.65(216.40~451.15)  327.00(225.00~462.00) 0.168 345.00(210.00~440.00) 269.00(189.30~424.80) 0.856 0.02
median(IQR)

AST (umol/L), 43.00(33.20~87.60) 89.00(54.00 ~ 156.30) <0.001 60.60(35.50~132.00) 74.00(46.00~119.30) 0.909 0.01
median(IQR)

ALT (umol/L), 59.10(30.90~ 133.65) 115.30(60.00 ~ 183.90) <0.001 7850(36.60~ 154.60) 92.90(56.70 ~ 143.40) 0.874 0.02
median(IQR)

Albumin 35.60(33.35~38.45) 35.90(33.40~39.20) 0.639 35.60(33.00~38.20) 35.60(32.50~39.60) 0.928 0.01
(umol/L),
median(IQR)

Number of 12.00(8.00~16.00) 14.00(5.00 ~21.00) 0.760 12.00(6.00 ~18.00) 13.00(7.00~17.00) 0.701 0.05
lymphnodes,
median(IQR)

Maximun 3.03(1.35) 2.89(1.26) 0.167 2.73(1.18) 2.83(1.29) 0.492 0.08
Tumor Size(mm),
mean(SD)

Preoperative 193(75.39) 268(69.25) 0.091 105(74.47) 90(64.29) 0.064 0.19
biliary drainage,
No. (%)

Bismuth-Corlett 0.895 0.95 0.01
Type, No. (%)

| 72(28.13) 108(27.76) 44(31.21) 39(27.66)

I 63(24.61) 85(21.85) 24(17.02) 23(16.31)

llla 24(9.38) 35(9.00) 9(6.38) 10(7.09)

llb 33(12.89) 52(13.37) 23(16.31) 27(19.15)
vV 64(25.00) 109(28.02) 41(29.08) 42(29.79)

TNM stage, No. <0.001 0.725 0.11
(%)

Miss 8(3.13) 9(2.31) 4(2.84) 7(4.96)

I((TTNOMO) 25(9.77) 66(16.97) 22(15.60) 23(16.31)

11(T2a/2bNOMO)  108(42.19) 148(38.05) 60(42.55) 56(39.72)

IIA(T3NOMO) 38(14.84) 31(7.97) 8(5.67) 12(8.51)

[11B(T4NOMO) 30(11.72) 25(643) 7(4.96) 11(7.80)

IVA(T, N2MO) 34(13.28) 80(20.57) 30(21.28) 23(16.31)

IVB(T,N,M1) 13(5.08) 30(7.71) 10(7.09) 9(6.38)

PSM Propensity score matching, LS Laparoscopic surgery, OP Open operation, BMI Body mass index, Tbil Total bilirubin, ALP A Lkaline Phosphatase, AST Aspartic acid
aminotransferase, ALT alanine aminotransferase
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Table 2 Intraoperative outcomes before and after propensity score matching
Demographics Raw Cohort (N=645) PSM Matched Cohort (N=282)
LS(N=256) OP(N=389) P-value LS (N=141) OP (N=141) P-value MSD

Conversion to lapa-  19(7.42) 0(0.00) <0.001" 11(7.80) 0(0.00) <0001" 4.86
rotomy, No. (%)
Hepatectomy, No. (%) 0076" 038
0.001"

Bile duct only 93(36.33) 173(44.47) 66(46.81) 57(40.43)

Left hemihepa-  122(47.66) 143(36.76) 47(33.33) 52(36.88)
tectomy

Right hemihepa- 19(7.42) 57(14.65) 12(8.51) 25(17.73)
tectomy

Left Segmentec-  4(1.56) 3(0.77) 2(142) 1(0.71)
tomy

Right Segmen- 6(2.34) 2(0.51) 5(3.55) 1(0.71)
tectomy

Bile duct and 12(4.69) 11(2.83) 9(6.38) 5(3.55)
part of hepatec-
tomy

Operative time 353.39(113.71) 342.10(96.52) 0.176 359.45(105.47) 34243(92.42) 0.151 0.09
(min), mean(SD)

No. lymph node, 12(4.06) 10(3.24) 0213 12(5.12) 11(4.31) 0.542 0.08
mean(SD)

Vascular resec- <0.001" <0.001" 053
tion, No. (%)

None 234(91.41) 298(76.61) 126(89.36) 110(78.01)

Hepatic artery 13(5.08) 23(5.91) 11(7.80) 8(5.67)

Portal vein 8(3.13) 14(3.60) 3(2.13) 3(2.13)

Hepatic artery &  1(0.39) 54(13.88) 1(0.71) 20(14.18)
Portal vein

Biliary plastic, 74(28.91) 190(48.84) <0.001 61 (43.3) 74 (52.5) 0.153 0.11
No. (%)

Biliary recon- <0.001 <0.001 041
struction, No. (%)

Choledochojeju-  130(56.52) 126(34.52) 68(52.71) 40(30.77)
nostomy

Hepaticojejunos- 100(43.48) 239(65.48) 61(47.29) 90(69.23)
tomy

Caudate lobec- 138(54.12) 220(56.70) 0519 85(60.71) 82(58.57) 0.715 0.05
tomy, No. (%)

IBL(mI), 200.00(100.00~500.00)  300.00(200.00 ~500.00) 0.685 300.00(150.00 ~500.00)  300.00(150.00~500.00) 0573 0.07
median(IQR)

Transfusion dur-  80(31.25) 150(38.56) 0.0579  47(33.33) 52(36.88) 0.533 0.07
ing surgery, No.(%)

Transfusion 0.00(0.00~600.00) 0.00(0.00~750.00) 0.9535  0.00(0.00~600.00) 0.00(0.00~600.00) 0.680 0.07
Volume (ml),
median(IQR)

RO, No. (%) 218(85.16) 341(87.66) 0.360 115(81.56) 119(84.40) 0.526 0.08

PSM Propensity score matching, LS Laparoscopic surgery, OP Open operation, IBL Intraoperative blood loss

" Fisher exact test

Furthermore, the Fine Gray model were conducted
to further investigate the association between surgical
methods and the LOS, with postoperative complications,
received reoperation during hospitalization, or dead
within 30 days after surgery being identified as competing

events when analyzing the LOS. After adjusting compet-
ing risks, the open surgery was found to be an independ-
ent risk factor of prolonged LOS in both unmatched and
matched analysis (Supplemental Table 8).
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Table 3 Postoperative outcomes according to different BMI level before and after propensity score matching

Demographics Raw Cohort (N=645) PSM Matched Cohort (N=282)

LS (n=256) OP (n=389) P-value™ LS (N=141) OP (N=141) P-value”

Major complications, No. (%)

Hemorrhage 17(6.64) 19(4.88) 0.342 10(7.09) 5(3.55) 0.185
Biliary fistula 19(7.42) 29(7.46) 0.988 14(9.93) 7(4.96) 0.112
Abdominal abscess 20(7.81) 47(12.08) 0.082 17(12.06) 17(12.06) >0.999"
Hepatic insufficiency 3(1.17) 9(2.31) 0.294 2(1.42) 4(2.84) 0.684"
Gastrointestinal fistula 1(0.39) 4(1.03) 0.653 1(0.71) 4(2.84) 0371
Incision infection 4(1.56) 16(4.11) 0.068 3(2.13) 8(5.67) 0.124
Pneumonia 16(6.25) 28(7.20) 0.640 12(8.51) 9(6.38) 0.496
Renal failure 3(1.17) 10(2.57) 0.216 3(2.13) 5(3.55) 0.723"
Heart failure 2(0.78) 14(3.60) 0.024 2(1.42) 3(2.13) >099"
ARDS 3(1.17) 9(2.31) 0.294 3(2.13) 3(2.13) >0.99"
CD stage > ll, No. (%) 31(12.11) 89(22.88) 0.001 26(18.44) 32(22.70) 0377
Reoperation, No. (%) 5(1.95) 7(1.80) 0.888 4(2.84) 4(2.84) >099"
Death (30d), No. (%) 8(3.13) 24(6.17) 0.082 7(4.96) 12(8.51) 0.235
Death (90d), No. (%) 12(4.69) 34(8.74) 0.050 9(6.38) 15(10.64) 0.200
Time of off-bed activity(d), median(IQR) 4.00(3.00~7.00) 5.00(3.00~7.00) 0.406 4.00(3.00~7.00) 4.00(3.00~6.00) 0.649
PDTK(d), median(IQR) 8.00(5.00~11.00) 9.00(6.00 ~ 14.00) <0.001 8.00(5.00~12.00) 9.00(5.00 ~ 13.00) 0.225
Time of ICU(d), median(IQR) 0.00(0.00~2.00) 0.00(0.00~ 1.00) 0.137 0.00(0.00~1.00) 0.00(0.00~1.00) 0.762
LOS (d), median(IQR) 13.00(10.00~18.00) 15.00(12.00~21.00) <0.001 14.00(11.00~19.00) 15.00(12.00~23.00) 0.001

PSM Propensity score matching, LS Laparoscopic surgery, OP Open operation, ARDS Acute Respiratory Distress Syndrome, CD Clavien-Dindo, PDTK Postoperative
drainage tube keep time, LOS Length of stay

* Fisher exact test

Risk Difference P value

N Total N(%) N Total N(%) (95%Cl)

Age

<60 48  8(16.67) 50  11(22.00) —— -0.05(-0.21,0.10)  0.504

260 81  21(22.58) 77  26(28.57) —— -0.06(-0.19, 0.07)  0.352
Sex

Male 86 18(20.93) 86 22(25.58) ——— -0.05(-0.17, 0.08) 0.471

Female 55  11(20.00) 55  15(27.27) —— -0.07(-0.23,0.09)  0.369

MI

<185 7 2(28.57) 5 0(0.00) —s——  0.29(-0.05,062) 0.191

18.5~24 94 15(15.96) 103  29(28.16) ——— -0.12(-0.24, 0.03) 0.056

>24 40  12(30.00) 33 8(24.24) —_— 0.06(-0.15, 0.26)  0.583
ASA score

| 39 2(5.13) 34 4(11.76) —— -0.07(-0.20, 0.06)  0.303

1 77 16(20.78) 87  21(24.14) —— -0.03(-0.16, 0.09)  0.608

1 25 11(44.00) 20 12(60.00) ——8— -0.16(-0.45, 0.13) 0.286
Maximun Tumor Size

<3 83  20(24.10) 74  20(27.03) —— -0.06(-0.18,0.05)  0.674

>3 58 9(15.52) 67  17(25.37) —_—— -0.04(-0.23, 0.14) 0.176
Hepatectomy

Bile duct only 66 17(25.76) 57, 13(22.81) —— 0.03(-0.12, 0.18) 0.704

Combined with hepatectomy 75  12(16.0) 84  24(28.57) —— -0.13(-0.25,0.002)  0.059
Vascular resection

None 126 25(19.84) 110 23(20.91) . -0.01(-0.11, 0.09) 0.839

Yes 15 4(2667) 31  14(45.16) ———=— -0.07(-0.60, 0.47)  0.228
Bismuth Stage

| 22 6(2727) 23  6(26.09) —_— 0.01(-0.25,0.27)  0.928

Il 60 14(23.33) 56 11(19.64) — 0.04(-0.11, 0.19) 0.629

A 8 1(12.50) 12 4(33.33) ——8—— -0.21(-0.56,0.14)  0.292
ns 7 1(1429) 11 3(7.27) +——=—— -0.13(-0.50, 0.24) 0518
v 40  6(15.00) 32  12(37.50) —m— 0.23(-0.43,0.02)  0.059

0 05
Risk Difference.

Fig. 2 Forest plot of subgroup analysis regarding to surgical failure. Surgical failure was defined as severe complication (CD > Ill), or received
reoperation during hospitalization, or dead within 30 days after surgery.

Discussion recovery details such as the duration of postoperative
The short-term outcomes of this retrospective study drainage tube keep than OP for pCCA patients. Moreo-
showed that the LS was favored in LOS and function ver, the mortality rates, postoperative complication rates,
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LS OP Mean Difference P value
N Total Median(IQR) N Total Median(IQR) (95%Cl)
Age
<60 48 14.0(11.0~20.0) 50 16.0(13.0~24.0) ——| -3.30(-6.18,-0.42) 0.026
260 81 13.0(11.0~18.0) [2é 15.0(12.0~21.0) —— -3.28(-5.76,-0.79) 0.009
Sex
Male 86 14.0(11.0~19.0) 86 15.0(12.0~20.0) ] -1.87(-3.82,0.07) 0.059
Female 55 14.0(11.0~20.0) 55 16.0(13.0~24.0) — -6.51(-9.23,-1.79) 0.004
BMI
<18.5 7 16.0(7.0~18.0) 5 25.0(13.0~26.0) —8— -5.14(-15.18,4.90) 0.252
18.5~24 94 14.0(12.0~20.0) 103  15.0(13.0~22.0) —-— 2.26(-427,:025)  0.031
>24 40 13.0(9.0~17.0) 33 14.0(12.0~20.0) — -5.73(-10.77,-0.70) 0.016
ASA score
I 39 14.0(12.0~19.0) 34 14.5(12.0~23.0) — -1.59(-4.43,1.24) 0.257
I il 14.0(10.0~18.0) 87 15.0(13.0~21.0) —_— -3.77(-6.14,-1.39) 0.003
1 25 17.0(12.0~21.0) 20  16.0(11.5~24.0) ——8— 478(-12.222.66)  0.153
Maximun Tumor Size
<3 83 14.0(11.0~19.0) 74 15.0(12.0~23.0) al -3.16(-5.19,-1.14) 0.008
23 58 14.0(11.0~20.0) 67 15.0(12.0~23.0) —— -3.58(-7.88,0.72) 0.027
Hepatectomy
Bile duct only 66 14.0(11.0~19.0) 57 15.0(12.0~20.0) — -2.87(-5.89,0.16) 0.051
Combined with hepatectomy ~ 75 14.0(11.0~20.0) 84  16.0 (13.0~23.0) —-— -3.57(-6.03-1.11)  0.006
Vascular resection
None 126 14.0(11.0~19.0) 110 15.0(12.0~20.0) = -2.83(-4.87,-0.80) 0.005
Yes 15 17.0(13.0~24.0) 31 18.0(14.0~26.0) ——  -0.74(-11.11,9.63) 0.314
Bismuth Stage
1 22 13.0(11.0~17.0) 23 15.0(12.0~23.0) — -2.90(-6.90,1.11)  0.153
I 60 14.0(12.0~19.0) 56 15.0(12.0~19.0) — -1.84(-4.57,0.89) 0.174
A 8 12.5(11.5~14.0) 12 19.5(13.5~23.5) ——8—7— -6.63(-15.77,2.52) 0.195
s . 11.0(9.0~14.0) 1" 12.0(10.0~23.0) — -2.62(-9.24,4.00) 0.450
v 40 14.0(11.0~20.0) 32 18.0(13.50~24.5) pllled -5.74(-10.44,-1.03) 0.011
cpzlil
Yes 115 13.0(11.0~17.0) 109 14.0(12.0~19.0) - -2.22(-4.09,-0.35) 0.019
No 26 19.5(13.0~21.0) 32 22.5(15.0~28.5) — -6.39(-11.38,-1.40) 0.019
16 11 6 -1 4659

Fig. 3 Forest plot of subgroup analysis regarding to length of stay

and oncological outcomes were not significantly differ-
ent between two surgical methods. This is the largest
real-world pCCA data to date comparing LS and OP for
pCCA. It showed that LS, although challenging, is feasible
and safe for pCCA patients. We also performed the PSM
to eliminate potential biases and found that the LS group
was beneficial for postoperative functional recovery, with
no differences in complications and death rate compared
to the OP group. The multivariate analysis further con-
firmed that LS was safe for perioperative complications
and could significantly shorten the postoperative LOS.
Although several cumulative evidence with meta-anal-
ysis have shown the applicability of LS in pCCA [21-24],
the technique is still restricted to a minority of highly
experienced surgeons and specialized institutions, and
lack of large sample evidence from multicenter. LS has
been used for all Bismuth-Corlette types, although it is
predominantly used in patients with low stage tumors
[25-27]. The Bismuth III-IV accounted for 47.26% in this
study, and equal safety and better postoperative recover,
reflected by shorter LOS and PDTK, were also found in
the LS group compared to OP group in this sample. Fur-
thermore, the feasibility of the laparoscopic approach is
attested by a conversion rate (19/256 cases, 7.4% before
PSM; and 11/141 cases, 7.8% after PSM), which was much
lower than the generally reported surgeries for pCCA
[28] and also lower for major hepatectomies [29, 30]. In
fact, although the surgical management of pCCA involves
most complex technical procedures, such as portal infiltra-
tion or arterial encasement, or disease infiltration along
the bile ducts, the requirements of an urgent conversion
are detected with relative low frequency. Since the surgical

Mean Difference of LOS

field can be easily accessible to operator’s views and thus,
some operative procedures with a high degree of technical
complexity were more manageable in laparoscopy.

To date, only retrospective studies with small sample
size reported the perioperative outcomes of LS and OP
regarding the pCCA. The efficacy and safety of LS for
pCCA is largely controversial [11, 12, 31, 32]. The only
comparative study conducted by Xu et al. reported the
robotic resection compared unfavorably to traditional
open resection in operative time. No significant dif-
ference was found in blood loss, mortality, or length of
postoperative hospital stay. While the hospital expendi-
ture was much higher in the robotic group, and the
tumor recurrence-free survival was inferior in the robotic
group [33]. A study summarized a series of laparoscopic
procedures showed there was significantly lower blood
loss, fewer intraoperative and postoperative blood trans-
fusions, and shorter LOS in LS group. Both overall and
lymphadenectomy-related morbidity were lower in the
LS group [34]. In this study, there were no significant dif-
ferences in operative time, IBL, postoperative complica-
tions, or death between the two groups, but shorter LOS
in LS group. Besides, the surgical methods, no matter
open or laparoscopic, were not associated with adverse
postoperative complications in both matched and
unmatched samples. Furthermore, the LS showed to be
a protective factor of adverse postoperative complication
than OP in the univariate analysis. These evidence dem-
onstrated that LS is safe and feasible for pCCA patients.

The most important potential advantage of LS is the
increased adoption of postoperative functional recov-
ery pathways and shorten hospital stay [35]. The LS
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Table 4 The risk factors analysis of postoperative adverse outcomes according to univariate and multivariate analysis using raw cohort
and matched cohort

Risk Factors Raw Cohort PSM Matched Cohort
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR(95%Cl) Pvalue HR(95%ClI) Pvalue HR(95%Cl) Pvalue HR(95%Cl) P value
Surgery
LS Reference Reference
OP 1.68(1.20,2.35) 0.002 0.97(0.60,1.56) 0.904
Female 0.79(0.57,1.08) 0.141 1.07(0.66,1.75) 0.776
Age>60y 0.95(0.68,1.34) 0.780 0.77(0.47,1.27) 0.305
BMI, Kg/cm?
185 Reference Reference
185~24 0.72(032,1.64) 0436 2.09(0.64,6.82) 0.221
>24 0.79(0.55,1.13) 0.195 0.98(0.57,1.70) 0.955
ASA
I Reference Reference Reference Reference
I 1.88(1.22,2.89)  0.004 1.938(1.203,3.121)  0.007 1.75(0.97,3.18) 0.064 2.36(1.23/4.53) 0.010
Il 241(1404.13)  0.001 2.578(1.388/4.788)  0.003 3.39(1.56,7.38) 0.002 5.11(2.15,12.17) <0.001
Tumor size>3 cm 0. 67(0 48,0.95) 0.025 0.88(0.51,1.49) 0.624
Positive of lymphnodes > 1 20(0.85,1.70) 0.295 1.25(0.74,2.10) 0.402
Lymphnodes > 8 1.56(1.09,2.23) 0.016 1.16(0.68,1.98) 0.584
Preoperative Thil >85.5 umol/L 1.58(1.146,2.18)  0.005 1.68(0.99,2.85) 0.053
Preoperative AST >40 umol/L 2.20(1.50,3.23) <.0001 1.97(1.10,3.54) 0.023
Preoperative ALT >40 umol/L 2.12(1423.18)  0.0003 1.75(0.96,3.20) 0.068
CA199, U/ml
<50 Reference Reference
50~400 1.38(0.88,2.19) 0.164 0.98(0.49,1.94) 0.944
>400 1.45(0.89,2.36) 0.137 1.11(0.51,2.41) 0.788
Operating time, min
<200 Reference Reference
200~400 1.35(0.75,2.42) 0315 2.22(0.90,5.47) 0.082
>400 2.11(1.13,3.96) 0.020 2.66(1.01,7.01) 0.048
IBL, ml
<100 Reference Reference Reference Reference
100~500 245(1.58,3.80) <.0001  2.23(1.40,3.55) <0.001 245(1.274.72) 0.008 2.28(1.14,4.54) 0.019
>500 341(2.15542) <.0001 2.75(1.64,4.62) <0.001 2.33(1.17,4.62) 0.016 1.54(0.74,3.21) 0.254
Transfusion during surgery 2.00(1.44,2.78) <.0001 1.43(0.87,2.35) 0.154
Hepatectomy
Bile duct only Reference Reference
Left hemihepatectomy 0.80(0.56,1.14 0.212 0. 49(0 32,0.74) <0.001 1.06(0.617,1.82) 0.835
Right hemihepatectomy 2.36(1403.96)  0.001 02(0.54,1.92) 0.955 1.33(0.633,2.79) 0453
Left Segmentectomy 4. 29(0 82,22.51)  0.086 4.06(0.66,25.02) 0.131 3.13(0.28,35.41) 0.358
Right Segmentectomy 71(0.42,7.01) 0453 1.46(0.34,6.22) 0613 56(0.30,8.06) 0.594
Bile duct and part of hepatectomy  0.91(0.37,2.23) 0.844 1.37(047,4.11) 0576 0.87(0.27,2.75) 0.810
Conversion to laparotomy 1.21(0483.05)  0.686 1.78(0.53,5.99) 0.349
Vascular resection
None Reference Reference
Hepatic artery 1.30(0.65,2.60) 0461 1.35(0.65,2.82) 0419 1.00(0.38,2.63) 0.999
Portal vein 2.95(1.24,7.03) 0.015 1.97(0.71,5.49) 0.196 8.56(0.98,74.49) 0.052
Hepatic artery & Portal vein 597(3.17,11.25)  <.0001 3.47(1.70,7.07) <0.001 5.48(1.94,1548) 0.003
Vascular reconstruction 3.28(1.44,749)  0.005 1241(1.53,100.65) 0.013 13.18(1.53,113.89)  0.019
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Table 4 (continued)
Risk Factors Raw Cohort PSM Matched Cohort

Univariate analysis

Multivariate analysis

Univariate analysis Multivariate analysis

HR(95%Cl) Pvalue HR(95%CI) Pvalue HR(95%CI) Pvalue HR(95%CI) Pvalue

Digestive reconstruction

Choledochojejunostomy Reference Reference Reference

Hepaticojejunostomy 2.01(1.43,2.82) <.0001 1.81(1.22,2.70) 0.004 1.80(1.08,2.99) 0.024 2.13(1.21,3.75) 0.009

Biliary plasty 1.33(0.96,1.84) 0.082 0.84(0.52,1.35) 0.459
TNM stage

I(TTNOMO) Reference Reference

[1(T2a/2bNOMO) 0.78(0.48,1.28) 0.325 0.84(0.42,1.69) 0.617

HA(T3NOMO) 0.84(0.44,1.60) 0.602 1.67(0.58,4.83) 0.342

I11B(T4ANOMO) 0.62(0.31,1.27) 0.191 1.10(0.36,3.30) 0.872

IVA(T, N2M0) 1.01(0.58,1.77) 0.960 1.05(0.47,2.34) 0.907

IVB(TN,M1) 091(044,191) 0807 0.80(0.27,2.41) 0.689

PSM Propensity score matching, LS Laparoscopic surgery, OP Open operation, HR Hazard ratio, BM/ Body mass index, ALP A Lkaline Phosphatase, AST Aspartic acid

aminotransferase, ALT Alanine aminotransferase, IBL Intraoperative blood loss

technique can not only allow functional recovery for
simple operations, such as LC and herniorrhaphy, but
also for complex surgeries, such as LPD, laparoscopic
hepatectomy, or laparoscopic gastrectomy [36—39]. Our
study observed a protective effect of LS in shortening the
LOS with or without considering the postoperative com-
plications being the competing risk events. Perioperative
complications would potentially influence the short-term
outcome evaluation with life-threatening events, and
thus affect the assessment of net cumulative effect of LS
in shortening the LOS. Neglecting the existence of these
competing risk events will lead inaccurate calculations
of the cumulative discharge rate when using the classic
survival analysis methods [40, 41]. Until now, few stud-
ies considered using the Fine-Gray model to explore the
postoperative benefits from LS. PSM was another sta-
tistical method to control bias in this study. It has been
proposed as a method to overcome selection bias and
increase the evidence level in observational and rand-
omized studies [42, 43]. In this study, we demonstrated
that fewer hepaticojejunostomy, less vascular resection,
shorter LOS, and a trend towards fewer severe complica-
tion (CD stage >1II) in LS group compared to OP before
and after PSM. The results indicated that LS could reli-
ably shorten hospital stays and provide benefits regarding
postoperative functional recovery in pCCA patients.
Furthermore, we found that high ASA score, more
intraoperative blood loss and hepaticojejunostomy were
consistent risk factors of adverse surgical outcome.
Besides, more intraoperative blood loss was identified
as a risk factor for prolonged LOS in both the common
risk model and competing risk model. These results
indicated that better preoperative condition and less
intraoperative blood loss were associated with better

short-term prognosis among pCCA patients. During sur-
gical management of pCCA, most technical complexi-
ties are related to the management of portal infiltration,
or arterial encasement, or disease infiltration along the
bile ducts. Along with these conditions and related risks
of vascular injury are generally more manageable in lapa-
roscopy since the surgical field is easily accessible being
close to operator’s view and bleedings can be stopped
with the use of a temporary clamp if emergency situa-
tion occurred. Therefore, the LS would be better to man-
age intraoperative bleeding, potentially bringing benefits
for short-term outcome as recently reported [28, 44].
The preoperative condition of the patient is the most
concerned issue in the determination of surgery. Patient
selection is a common phenomenon in clinical practice,
and it is also a key challenge that still puzzled most sur-
gical experts. In our study, we can find that the rate of
vascular resection, postoperative biliary fistula, and liver
hepatic insufficiency are very low, suggesting an obvious
patient selection prior to surgical management. In daily
practice, patients with pCCA will be asked to receive ICG
test, liver function testing, and 3D imaging examination
to help surgeons calculate the liver volume, assess the
liver function, and present exact anatomy of the lesion
before surgery. Some surgeons would be relatively con-
servative to perform radical surgery for pCCA when
encountering complex resection and reconstruction,
especially for laparoscopic surgery. Despite the difficulty,
enthusiasm is growing among surgeons regarding laparo-
scopic radical perihilar cholangiocarcinoma surgery. The
selection of suitable patients for laparoscopic radical per-
ihilar cholangiocarcinoma to help surgeons navigate the
learning curve will be the focus of our future research.
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To our knowledge, this is the largest case series of
pCCA comparing LS and OS techniques. However, some
limitations must be noted. First, the retrospective nature
of the study is at risk of selection biases and unexpected
recall bias cannot be completely ruled out. Second, the
multicentric nature of the study is at risk of different
selection criteria applied in the participating Institutions.
While, due to the complexity of the procedure, there is
a paucity of laparoscopic resection available now and
this large-sample analysis can provide several impor-
tant information about the laparoscopic procedures of
pCCA. Third, all laparoscopic resections performed by
experienced hands were still in the early and exploratory
stages and is performed only in select cases. In addition,
the centers included in this study were all high-volume
referral centers in China. The experience may be difficult
to generalize to the surgeons with less intensive train-
ing. Nonetheless, given the ongoing debate regarding
the complicated procedure, and the current shift toward
value-based healthcare reimbursement models, our find-
ings are relevant and timely.

Conclusions

In summary, this extensive, multi-center study demon-
strated that LS does not seem to increase the intraopera-
tive and postoperative risks of pCCA. This report thus
serves as a foundation for national protocols aimed at
safely implementation of LS in pCCA patients. Larger
prospective cohort series and prospective randomized
studies in multiple countries are warranted to further
investigate this topic.

Abbreviations

LS Laparoscopic surgery

pCCA Perihilar cholangiocarcinoma

OP Open operation

PSM Propensity score matching

LOS Length of stay portal vein

PV Total laparoscopic surgery

TLS Tumor node metastasis

TNM National Comprehensive Cancer Network
NCCN Laparoscopic pancreaticoduodenectomy
PD Intraoperative blood loss

IBL Clavien-Dindo

cD Interquartile ranges

IQR Standard deviations

SD Body mass index

BMI Total bilirubin

Thil A Lkaline Phosphatase

ALP Aspartic acid aminotransferase

AST Alanine aminotransferase

ALT Acute Respiratory

ARDS Distress Syndrome

PDTK Postoperative drainage tube keep time
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