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Abstract

Background Peri-hilar cholangiocarcinoma (pCCA) is a unique entity, and radical surgery provides the only chance
for cure and long-term survival. But it is still under debate which surgical strategy (i.e,, left-sided hepatectomy, LH or
right-sided hepatectomy, RH) should be followed and benefitted.

Methods We performed a systematic review and meta-analysis to analyze the clinical outcomes and prognostic
value of LH versus RH for resectable pCCA. This study followed the PRISMA and AMSTAR guidelines.

Results A total of 14 cohort studies include 1072 patients in the meta-analysis. The results showed no statistical dif-
ference between the two groups in terms of overall survival (OS) and disease-free survival (DFS). But compared to the
LH group, the RH group exhibited more employment of preoperative portal vein embolization (PVE), higher rate of
overall complications, post-hepatectomy liver failure (PHLF), and perioperative mortality, while LH was associated with
higher frequency of arterial resection/reconstruction, longer operative time, and more postoperative bile leakage.
There was no statistical difference between the two groups in terms of preoperative biliary drainage, RO resection rate,
portal vein resection, intraoperative bleeding, and intraoperative blood transfusion rate.

Conclusions According to our meta-analyses, LH and RH have comparable oncological effects on curative resection
for pCCA patients. Although LH is not inferior to RH in DFS and OS, it requires more arterial reconstruction which is
technically demanding and should be performed by experienced surgeons in high-volume centers. Selectin of surgi-
cal strategy between LH and RH should be based on not only tumor location (Bismuth classification) but also vascular
involvement and future liver remnant (FLR).

Keywords Peri-hilar cholangiocarcinoma, Left-sided hepatectomy, Right-sided hepatectomy, Surgical strategy,
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Introduction

Cholangiocarcinoma (CCA) is the second most com-
mon malignancy of hepatobiliary system [1] and is
categorized into intra-hepatic CCA (iCCA), peri-hilar
CCA (pCCA), and distal CCA (dCCA) according to the
new ICD-O classification [2]. Nowadays, major hepa-
tectomies with extension to segment I, lymphadenec-
tomy, biliary, and vascular reconstruction all together
become the mainstay of surgical strategy for patients
with pCCA [3-6]. Bismuth-Corlette classification is
broadly used for preoperative assessment of surgical
planning and the predominant side of tumor location
mostly determines surgical strategy [7]. For example,
right-sided hepatectomy (RH, including right heme-
hepatectomy and right trisectionectomy) and left-sided
hepatectomy (LH, including left hemi-hepatectomy and
left trisectionectomy) are mostly accepted as surgical
choice for Bismuth type Illa and IIIb pCCA, respec-
tively. But for Bismuth type I/II/IV tumors, the choice
between RH and LH becomes more complicated and
controversial, especially when tumors invade to a simi-
lar level of both sides of bile duct and both LH and RH
could obtain a RO resection.

Traditionally, more surgeons prefer RH to LH as
surgical strategy for pCCA treatment because RH
possesses some anatomical advantages over LH for
achieving more resection radicality, but it increases
the possibility of post-hepatectomy liver failure (PHLF)
and mortality. Although LH could preserve more
future liver remnant (FLR) volume to decrease PHLEF, it
bears risks of radicality deficiency and potential com-
plications from vascular reconstruction and multiple
anastomoses.

Thus, the purpose of this meta-analysis was to ana-
lyze the advantages and disadvantages of LH versus
RH in the treatment of pCCA from multiple perspec-
tives using published data, aiming to provide evidence-
based strategy on clinical decision making for surgically
resectable patients.

Materials and methods

This study followed the PRISMA and AMSTAR guide-
lines, which are explicit protocols for systematic
reviews and meta-analyses [8—10].

Search strategies

The Medline, PubMed, Web of Science, Scopus, and
Embase databases were searched for eligible studies
from inception to December 2021. The following MeSH
terms such as “Hepatectomy” and “Klatskin tumour”
were used and combined with free terms. Furthermore,
the reference lists of relevant literatures were manually
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cross searched to ensure that all eligible studies were
included. All searches were performed independently
by two experienced researchers.

Inclusion and exclusion criteria

The inclusion criteria were regarded as (1) randomized
controlled trials (RCT), case—control studies, or cohort
studies and (2) perioperative and survival outcomes
between RH and LH for the treatment of pCCA should
be reported. The exclusion criteria were (1) case reports,
reviews, meta-analyses, expert comments, and letters;
(2) studies that did not report interested outcomes or
survival data could not be extracted; and (3) patients suf-
fered from other biliary duct carcinomas such as iCCA,
dCCA, and gallbladder carcinoma.

Data extraction and literature quality assessment

After eliminating duplicates, two reviewers indepen-
dently read titles and abstracts. Final studies that met
the inclusion and exclusion criteria were identified by
reading full text after above steps. Two independent
researchers used standardized Excel sheets to extract the
following parameters from each study: (1) basic informa-
tion of the study: first author, year of publication, title,
study design, sample size, and duration of follow-up; (2)
demographics and perioperative data including age, gen-
der, laboratory tests, Bismuth classification, preoperative
biliary drainage (endoscopic biliary drainage, EBD and
percutaneous biliary drainage, PBD), future liver remnant
(FLR) volume, operating time, blood loos, surgical pro-
cedures (RH and LH), transfusion rate, RO resection rate,
portal vein resection (PVR), arterial resection and recon-
struction (AR), postoperative morbidity (Clavien-Dindo
classification), PHLF, procedure-related mortality, and
hospitalization; and (3) prognostic information including
overall survival (OS) time, 1-year, 3-year, and 5-year OS
rate; disease-free survival (DFS); and 1-year, 3-year, and
5-year DFS rate. The primary outcome of the analysis was
OS. Newcastle—Ottawa Scale (NOS) was used to assess
risk of bias in non-RCTs.

Statistical analyses

The meta-analyses were performed using the STATA
software (Version 16.0, Stata Corp LP, College Station,
TX). Comparisons of OS and DFS were conducted by
using hazard ratio (HR) with 95% CI (confidence inter-
vals). If HR were not provided by the original studies,
they were extracted from Kaplan—Meier curves by using
Engauge Digitizer (version 10.8) or calculated according
to the method described by Tierney et al. [11]. Continu-
ous variables were expressed as mean +standard devia-
tion (SD), and data were transformed if the original study
provided only median and interquartile ranges [12, 13].
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Dichotomous variables were described by using the odds
ratios (OR) with 95% CI.

Heterogeneities between each study were assessed
using a chi-square (y) Q test. Fixed-effects model was
used when heterogeneity was low (I*<50%); otherwise,
random-effects model was used (I2>50%). In addition,
sources of heterogeneity were attempted to be identified
via subgroup analyses and meta-regressions. The publica-
tion bias was assessed by Egger’s test and plot funnel. A
value of P<0.05 was considered statistically significant.

Results

A total of 2962 manuscripts were initially identified
through 5 databases. After removal of duplicates, titles
and abstracts of the remaining 1565 manuscripts were
scanned, and 48 studies were included for full-text
screening. Eventually, total 14 cohort studies [14-27]
were included in the meta-analysis, including 1072
patients of 447 LH and 625 RH (Fig. 1). Four studies [14,
21, 22, 25] originated from western centers (Germany,
USA, and Italy) and ten studies [15-20, 23, 24, 26, 27]
from eastern centers (Japan, Korea, and India) with all
of them being single-center studies. The NOS score of all

]
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included studies were 7.0+0.76 with low risk of bias and
high quality of evidence. The basic characteristics of all
studies were shown in Table 1.

Survival outcomes

Thirteen cohort studies [14-23, 25-27] comprising 900
patients reported data of OS, and HR could be either
directly extracted from 2 studies [21, 22] or calculated
from K-M curve by using the method described above
from another 11 studies [14-20, 23, 25-27]. The fixed-
effects model was used and pooled HR reveled that
there was no significant difference between LH and RH
in OS (HR=1.03, 95%CI 0.86—1.23, I’=30.3%, P=0.73,
Fig. 2A). By subsequent cumulative meta-analysis of
publication year, the pooled HR was found to cross the
invalidation line (HR=1) at around year 2009 (Fig. 3).
Therefore, a subgroup analysis using boundary year
of publication as 2009 was conducted, and three stud-
ies published earlier than 2009 [25-27] showed a better
OS in the RH group than in the LH group (HR=3.08,
95%CI 1.43-6.66, I’=0.5%, P=0.004), while the other
10 studies published after 2009 showed a comparative
OS between LH and RH (HR=0.97, 95% CI 0.81-1.17,
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Fig. 1 PRISMA flow diagram of the search strategy for studies included in this meta-analysis



Page 4 of 11

(2023) 21:153

Xu et al. World Journal of Surgical Oncology

191 3Y) U1 payiodal 10U Y ‘9]edS eMeIIO-3[1SEIMIN SON ‘@beulelp Aleljiq snosueindiad ggd ‘@beuresp Aieljiq didodsopua gg3 ‘Awoideieday apis-1ybu Hy ‘Awoldeieday apis-yi| H7 :SUOIDINIQQY

L (S8l (L16) Ll 4N N L/y 6/8 YN UN N N 4N N vLoooLL 8661-086 | /ueder 100¢ [£T] exfeueWwE
9 4N dN dN - 80¢ dN N UN UN dN dN G/8/¢/1 L/£/1/0 L1 6 2002666 L/ueder ¥00¢ [97] opuoy
L 0S8 /L (TSS9l N YN N N YN N SN UN YN 4N 0Cc 6c¢ 9007-8861/VSN 800¢ [G7] She[nopeisuoy)
/. (06985 (9€9)9S vl ¥ve T/€C  6/ST  TE S 4N dN 8/C€/8¢/01 8/6C/6£/8  ¥8 88 800¢-86 L/ueder 010¢ [e] nziwys
9 dN N ¥l Cee dN N YN uN dN dN dN dN VA NaY 800Z-100¢/ueder 010z [gc] ouun
9 (89S (L'l er JAS 9¢ dN 4N ¥ 0 dN 4N 4N dN 89 89 L L0Z-866 L /Auewlian zloz [ezlono
L WSHOY #19) /¢ dN dN - /0L S/L 6C 0 /6 91/9 S¢/SL/0C/L cL/eL/LL/L 19 v ¥102-¥002/AleY| Sloc [l ey
9 (€607l (6/8)6C 0c¢ [44 0/¥ 0L/SL 0 0 9/0 8/0 0/€L/dN/dN 8/SL/dN/UN el € G10Z-600¢/epy] 910t [07] 10D
8 (57868 (£'98)0¢ 9¢ 4N N ¢ 0 Lz €C  UN/COL/UN/IN - UN/SE/UN/IN - €0l S€ C1l0C—5661/8210) 810z [61] 997
L (16T (L1e) Ll LS ¥y UN/ UN/L T 0 dN dN IN/dN/9L/8 UN/UN/OL/C ve L €102-200¢/ueder 610 [81] eanibng
8 Wbzl (9699 6SL N dN 4N N YN UN dN N 91/6/C/9N L1/8/T/9N L LT 910¢-800¢/ueder 610¢ [£ 1] emex0soH
8 (8S/)6C (064)8L dN dN - UN/6 UN/C 9 0 6/0C 8/tl CL/AN/YN/EN £/9N/YN/IN €e  ¥C £10¢—010¢/e=10) ocoz [oL]or
8 (870€8 (954179 dN dN /8 9 S 4 €6 09 ce/SL/EY 8¢/ev/9/S VIl 8 8107¢—000¢/e210) 020z [S1] BuoH
/[ (9S§4)vE  (¥'69) ST Sy ¥e 0/St  §/9¢ L€ 0 Ll/sE 8/LC ¥1/€2/9/C cL/€c/o/1 Sy 9¢ 9107~ Loz/AuewID 020 [i71] yosieupag

HY H1 HY H1 HY H1 HY H1 HY H1 HY H1 HY H1

(agad/ag3)

(%) u (yauow) (Hv (u) sbeuresp (u)

9103s SON uo11>3sa1 04 SO UBIPAN  /HAd) (W) HA  (U)3Ad Kreing /1) (u) adAy Ypnwisig  syuaned pouad Apnis/Anunoy  aeak uonedijgnd ‘ou aduaivsRY

SoIpNis p=opn|dUl JO SolIsialoeieyd diseg L a|qelL



Xu et al. World Journal of Surgical Oncology ~ (2023) 21:153

A

Page 5 of 11

HR Weight
Study with 95% CI (%)
Bednarsch 2020 —i— 0.74[ 042, 1.30] 9.91
Hong 2020 —— 1.01[ 0.66, 1.55] 17.00
Jo 2020 —— 0.79[ 042, 1501 7.72
Hosokawa 2019 R 1.71[ 0.62, 4.70] 3.09
Sugiura 2019 —_— 1.24[ 0.51, 3.01] 4.03
Lee 2018 1.00[ 0.63, 1.58] 14.94
Govil 2016 £ 097[ 044, 213] 5.11
Ratti 2015 1.05[ 048, 231] 5.07
Otto 2012 —H 1.28[ 0.84, 1.96] 17.33
Unno 2010 —i— 0.62[ 0.36, 1.07] 10.48
Konstadoulakis 2008 467[ 099, 21.94] 1.32
Kondo 2004 —s— 451[ 1.37, 14.84] 2.23
Yamanaka 2001 — 140[ 037, 532] 177
Overall L 2 1.03[ 0.86, 1.23]
Heterogeneity: I> = 30.30%, H” = 1.43
Testof §=0:z=0.35p=0.73
LH survived longer | RH survived longer
17 1 2 4 8 16
Fixed-effects inverse-variance model
B HR Weight
Study with 95% CI (%)
Bednarsch 2020 0.87[ 0.45, 1.68] 11.05
Hong 2020 —— 1.13[ 0.81, 1.58] 42.95
Jo 2020 —_— 1.15[ 0.64, 2.07] 13.80
Hosokawa 2019 - 149 0.73, 3.03] 9.51
lee 2018 —i— 1.09[ 0.69, 1.73] 22.69
Overall e 1.12[ 0.90, 1.39]

Heterogeneity: I = 0.00%, H* = 0.30
Testof 6 =0:z=1.02,p=0.31

Higher DFS in LH group

172

Fixed-effects inverse-variance model

Higher DFS in RH group
T
1 2

Fig. 2 Forest plots for A OS and B DFS of patients with pCCA between LH and RH

P=0%, P=0.749, Table S1). The results concerning other
subgroup analyses revealed no statistical difference for
OS between LH and RH comparing eastern vs. western
centers, and studies with higher number of cases (>100
cases) vs. lower number of cases (<100 cases) (Table
S1). Data of DFS were also reported in 5 studies [14—17,
19] and HR could be extracted with a low heterogeneity
(=0%), and no statistical difference was found between
LH and RH groups (HR=1.12, 95%CI 0.90-1.39, P=0.31,
Fig. 2B).

In stratified analyses, 6 studies [15-17, 19, 22, 25]
reported 1-year survival rate, 9 studies [14-19, 21, 24, 25]
reported 3-year survival rate, and 9 studies [14-16, 18,

19, 21, 22, 24, 25] reported 5-year survival rate. Pooled
OR revealed that LH and RH exhibited comparable
1-year (OR=1.01, 95%CI 0.68—1.50, *=49.9%, P=0.96),
3-year (OR=0.86, 95%CI 0.65-1.14, ?=0%, P=0.30),
and 5-year survival (OR=0.76, 95%CI 0.57-1.01, P=0%,
P=0.06) in pCCA patients (Fig. S1). Similar results
were observed in 1-year, 3-year, and 5-year DFS (1-year
OR=0.99, 95%CI 0.64—1.52, > =0%, P=0.95 [15-17, 19];
3-year OR=0.68, 95%CI 0.46-0.99, *=27.3%, P=0.05
[14—17, 19]; 5-year OR=0.83, 95%CI 0.50-1.37, >=0%,
P=0.46 [15, 16, 19], Fig. S2). Subgroup analysis showed
a better 5-year survival rate of RH group in western cent-
ers than in eastern centers, and no statistic difference was
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Fig. 3 Forest plot of A time cumulative meta-analysis and bubble plot of B meta-regression according to the year of publication

observed in other subgroup analyses concerning year of
publication and case numbers (Table S1).

Preoperative biliary drainage and PVE

Preoperative total bilirubin levels were reported
in 8 studies [14—17, 19, 21, 24, 27] with no statisti-
cal difference between LH and RH groups, although
a random-effects model was used (WMD=-0.38,
95%CI—1.42-0.66, I*=90.63%, P=0.47, Fig. S3A). Due
to various approaches of biliary drainage were used
among studies, data of preoperative biliary drainage
could only be aggregated from 5 studies [15, 16, 19-21],
and results did not reveal statistical difference between
LH and RH groups (RR=0.91, 95%CI 0.81-1.02, I*=0%,
P=0.10, Fig. S3B). PVE was reported in most studies
[14-16, 18-22, 24], and data demonstrated that it was
broadly performed to increase FLR volume in RH group
(RR=0.07, 95%CI 0.04-0.12, *=0%, P<0.01, Fig. S3C).
Subgroup analysis did not change the final results.

Operative analyses

A total of 12 studies [14-22, 24, 25, 27] involving 957
patients provided information on RO resection rate of
two different surgical methods. The pooled RR showed
that RO resection rate was comparable between LH
and RH (RR=0.95, 95%CI 0.88-1.02, *=0%, P=0.12,
Fig. 4). As about arterial resection and reconstruction
(AR), pooled RR from 6 studies [14, 15, 20, 21, 24, 27]
indicated that the rate of AR in the LH group was sig-
nificantly much higher than in the RH group by fixed-
effects model (RR=4.20, 95%CI 2.21-7.95, I*=46.75%,
P<0.01, Fig. 5A). While considering portal vein resec-
tion (PVR), data available from 8 studies [14—16, 18, 20,
21, 24, 27] showed no statistical difference between the 2

groups (RR=1.08, 95%CI 0.79-1.48, I>=39.1%, P=0.64,
Fig. 5B). Operative time was reported in 10 studies [14—
21, 24, 27], and the results showed that LH usually took
longer time than RH (WMD =31.65, 95%CI 3.77-59.52,
P=0.03, Fig. S4A) by random-effect model as signifi-
cant heterogeneity (I>=66.02%) was observed. However,
meta-analysis from 5 studies [15, 16, 19, 21, 24] did not
observe statistical difference in intraoperative blood loss
(WMD=-15.10, 95%CI—85.62-115.82, I*=32.1%,
P=0.77, Fig. S4B) and transfusion rate (RR=1.16, 95%CI
0.99-1.37, P=0%, P=0.07, Fig. S4C) between the two
surgical approaches. Subgroup analyses demonstrated
that LH was significantly associated with higher rate of
AR in eastern centers and lower rate of RO resection in
western centers (Table S1, S2). The LH group also has
longer operation time in western centers and higher
number of cases (> 100 cases) centers.

Postoperative complications and mortality

Only four studies [14, 15, 21, 24] incorporating 554
patients reported the overall postoperative complica-
tions. RH was significantly correlated with higher rate
of overall complications (RR=0.82, 95%CI 0.71-0.96,
P=13.92%, P=0.01, Fig. S5A) by fixed-effects model.
Another 6 studies [14, 16-18, 20, 21] enrolling 365
patients reported major complications (Clavien-Dindo
III-V) showed no statistical difference between LH and
RH (RR=0.82, 95%CI 0.65-1.03, I>=34.37%, P=0.09,
Fig. S5B). Furthermore, we focused on occurrence
of the most serious complications after hepatectomy
which were PHLF and postoperative bile leakage. Six
studies [15, 16, 18, 20, 21, 27] involving 455 patients
reported the occurrence of PHLF to be higher in the RH
group than in the LH group with a significant difference
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Fig. 4 Forest plot of RO resection rate between LH and RH for pCCA patients

(RR=0.26, 95%CI 0.12-0.56, I*= 0%, P<0.01, Fig. S5C),
while data from 6 other studies [15, 18, 20, 21, 24, 27]
by fixed-effect model showed that patients received LH
were more likely to have postoperative bile leakage than
RH (RR=1.91, 95%CI 1.17-3.11, ’=0%, P=0.01, Fig.
S5D).

Subgroup analyses between different regions and
enrolled case numbers were conducted as shown in Table
S2. Data suggested that in western centers, RH was nota-
bly associated with more overall complications and major
complications (overall complications: P<0.01, major
complications: P=0.02). In centers with higher number
of cases (>100 cases), LH was significantly associated
with more bile leakage than RH (P<0.01), but no signifi-
cant difference in the incidence of PHLF was observed. In
centers with lower number of cases (< 100 cases), RH was
associated with higher rate of PHLF than LH (P<0.01),
and no statistical difference for postoperative bile leakage
was observed.

Ten studies [14-17, 19-22, 24, 27] including 813
patients reported the postoperative mortality, with three
of them [16, 17, 21] reported 90-day mortality after
operation and seven of them [14, 15, 19, 20, 22, 24, 27]
reported whole in-hospital mortality (or perioperative
mortality). The results of meta-analysis showed that LH
was significantly associated with lower rate of both over-
all postoperative mortality (RR=0.52, 95%CI 0.31-0.86,
=0%, P=0.01, Fig. S6A) and in-hospital mortality (or

perioperative mortality) (RR=0.42, 95%CI 0.23-0.75,
P=0%, P<0.01, Fig. S6B).

By subgroup analyses concerning mortality (Table S2),
LH was associated with reduced overall mortality in
western centers (P=0.02) and reduced in-hospital mor-
tality in eastern centers (P=0.03). While in centers with
higher number of cases (>100 cases), LH was observed
to have notably reduced overall and in-hospital mor-
talities (overall mortality: P<0.01, in-hospital mortality:
P<0.01). No statistical differences were observed in other
subgroup analyses.

Publication bias

There was no significant publication bias for both OS
(Egger’s test, P=0.052) and RO resection rate (Egger’s
test, P=0.484) among the included studies, and the fun-
nel plot was almost symmetrical (Fig. S7).

Discussion

Major liver resections including RH (right-sided hepa-
tectomy, i.e., right hemi-hepatectomy and right trisec-
tionectomy) and LH (left-sided hepatectomy, ie., left
hemi-hepatectomy and left trisectionectomy) with cau-
date lobectomy and radical lymph node dissection are
regarded as the standard surgery for curative pCCA
resection [5, 6]. This meta-analysis focused on com-
parative study between LH and RH, hoping to provide
some clinical evidence for decision making on surgical
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A LH RH Risk Ratio Weight
Study Yes No Yes No with 95% ClI (%)
Bednarsch2020 5 31 0 45 13.68[ 0.78, 239.40] 4.15
Hong 2020 6 76 1 113 = 834[ 1.02, 67.97] 7.78
Govil 2016 10 13 0 13 12.25[ 0.78, 193.43] 5.87
Ratti 2015 5 39 7 54 —l— 0.99[ 0.34, 292] 5457
Shimizu 2010 9 79 2 82 —a— 4.30[ 0.96, 19.30] 19.04
Yamanaka2001 9 3 1 13 —_—— 1050 1.54, 71.38] 8.59
Overall - 420[ 221, 7.95]
Heterogeneity: I” = 46.75%, H’ = 1.88
Testof 6 =0:z=4.39, p=0.00

More AR in RH group| More AR in LH group
121 2 8 32 128

Fixed-effects Mantel-Haenszel model

B LH RH Risk Ratio Weight
Study N Yes No Yes No with 95% CI (%)
Hong 2020 4 78 8 106 —— 0.70[ 0.22, 2.23] 11.80
Jo 2020 2 2 9 24 —a—— 0.31[ 0.07, 1.29] 13.36
Sugiura 2019 1 11 4 20 0.50[ 0.06, 4.00] 4.70
Govil 2016 15 8 4 9 +——=—— 212[ 0.89, 505] 9.01
Ratti 2015 7 22 10 37 1.13[ 0.49, 2.65] 13.45
Shimizu 2010 25 63 23 61 T 1.04[ 0.64, 1.68] 41.48
Yamanaka 2001 8 3 4 10 —=——255[ 1.03, 6.28] 6.20
Overall > 1.08[ 0.79, 1.48]
Heterogeneity: I> = 39.1%, H?> = 2.83
Testof =0:z=0.47,p = 0.64

More PVR in RH group | More PVR inI LH group

178 14 112 1 2 4

Fixed-effects Mantel-Haenszel model

Fig. 5 Forest plots of A AR and B PVR between LH and RH for pCCA patients

strategies. Our results showed there was no significant
difference between LH and RH in terms of pooled HR
for OS, DFS, RO resection rate, 1-, 3-, and 5-year survival
rates. Some other perioperative outcomes between the 2
groups were statistically different, as the RH group exhib-
ited more use of PVE and higher rate of postoperative
overall complications, PHLF, operative, or in-hospital
mortality, while the LH group was associated with more
use of AR and longer operative time.

Traditionally, Bismuth-Corlette classification is widely
used for preoperative evaluation of tumor location and
range of biliary infiltration, facilitating surgery choice
between LH and RH [7]. Currently, the choice of surgi-
cal strategy between RH and LH is determined by not
only tumor locations, but also vascular invasion and
FLR evaluation [14—16]. For pCCA, it is sometimes dif-
ficult to achieve RO resection due to tumor biology and
anatomical complexity [28, 29]. Indeed, the distance from
the primary bile duct bifurcation to the sectional branch
is much shorter in the right side of the liver than in the
left, and there are many anatomical variations in the

right sectional bile ducts [30]. And also, the right hepatic
artery (RHA) runs closely behind the biliary confluence
which makes it more susceptible to tumor invasion. Fur-
thermore, LH usually leaves more ductal remnant stumps
requiring more bilioenteric anastomoses which means
higher risk of bile leakage. Considering all these together
that RH may hold anatomical advantages over LH for
radicality, most surgeons prefer RH than LH, as en bloc
resection of the RHA and surrounding tissues could be
performed [31-33]. Konstadoulakis et al. [25] found that
patients with RH had a significantly lower rate of tumor-
positive margin than those with LH, while Kondo et al
[26] and Yamanaka et al. [27] demonstrated in their stud-
ies that the survival of patients with RH was better than
those with LH. Thus, RH is more favored than LH by
most surgeons for the treatment of pCCA to obtain bet-
ter radicality and survival [34]. Not until 2010, Nagino
et al. [35] reported LH combined with vascular recon-
struction in 49 out of 50 pCCA patients with an accept-
able 2% operative mortality and 30% 5-year survival, did
LH become widely performed for pCCA. Since then,
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more and more studies have demonstrated no significant
differences between LH and RH in terms of radicality and
long-term survival, as 5-year survival of pCCA patients
significantly improved to 30—45% [14, 36, 37].

Concerning survival analysis, we found no statistical
difference in OS and DFS between LH and RH by meta-
analysis. Although the pooled HR showed low heteroge-
neity in OS (”=30.3%) and DFS (I?=0-27.3%), we still
performed subgroup analyses and meta-regressions, try-
ing to find out the source of making no survival differ-
ence between LH and RH. Data revealed that except for
the year of publication, neither the study region (eastern
centers or western centers) nor the number of surgical
cases (>100 cases or<100 cases) reduced heterogeneity
or changed the results. Through cumulative meta-anal-
ysis of the publication year, we found that pooled HR
crossed the invalidation line at around year 2009. Sub-
sequently, we subdivided the data by year of 2009 and
revealed significantly reduced heterogeneity with a better
OS for RH before 2009 (P=0.004) and a comparative OS
for LH since after 2009 (P=0.749). We speculate that this
may be related to improvements of surgical techniques
especially employment of AR (see below) in LH as expe-
riences accumulate.

RO resection not only needs to ensure a negative mar-
gin of bile duct, but also requires clearance of tumor
invaded vasculatures and surrounding tissues. The pro-
cedure of vascular resection and reconstruction (VR)
plays an important role in curative resection of pCCA.
Generally, PVR is more frequently performed than HAR
and accepted to contribute to increased resectability
and improved prognosis [16]. In a systematic review
and meta-analysis of the use of PVR in the treatment of
pCCA, Chen et al. concluded that combined PVR was
safe and feasible in the treatment of pCCA, and PVR
could increase resectability and benefit the overall sur-
vival in certain patients with grossly involved portal vein
[38]. In our meta-analysis, PVR is almost equally per-
formed in both LH and RH with comparable morbidity
and mortality which agrees with previous reports. But for
HAR, the issue becomes more complicated and contro-
versial as it is technically demanding and challenging. It
is not until 2010, Nagino et al. [35] reported their expe-
riences of combined PVR and HAR for pCCA patients
with excellent outcomes, has HAR been advocated and
few studies been reported [16, 39]. In our meta-analysis,
we found that HAR is dominantly performed with LH
and is consistent with our conventional understanding.
As mentioned above, RH tends to be more sufficient on
radicality as RHA could be removed during operation,
while LH always requires HAR to achieve the same nega-
tive resection margin [33, 40]. AR has been found to be
associated with poorer oncological outcomes and higher
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postoperative mortality, which may be explained by the
fact that more patients die from revascularization com-
plications [35, 40]. Through our meta-analysis, we found
that although the LH group employed more use of HAR,
there was no statistical difference in OS and RO resection
rate compared to the RH group. A further subgroup anal-
ysis revealed that HAR was more frequently employed in
the LH group in eastern centers with higher RO resection
rate and better 5-year survival compared to in western
centers. Nevertheless, higher in-hospital or periopera-
tive mortalities in eastern centers where more HAR was
employed in spite of its safety and feasibility [41]. Due
to lack of high-quality randomized control trials, it still
needs further investigation whether AR could increase
RO resection rate or long-term survival of LH patients.

Our meta-analysis revealed that the RH group was
associated with higher rate of overall complications,
PHLEF, and postoperative mortality, which was also con-
sistent with our conventional understanding. However,
no statistical difference was observed in major compli-
cations (Clavien-Dindo>1III grade). One meta-analysis
on incidence of complications and mortality after major
hepatectomies in pCCA patients by Franken et al. [42]
showed a better outcome of mortality in eastern centers
than in western centers. The authors believed that sur-
geons in eastern centers had more experiences in opera-
tion because of higher prevalence of pCCA in Asian
countries. Data of our subgroup analysis also agreed that
the RH group in western centers was associated with
higher rate of overall and major complications, as well as
peri-operative mortality. However, when reporting mor-
tality, the standards used among studies were different
which may affect the power of statistics. Next, we con-
ducted subgroup analysis by different case numbers to
see if patient volume may affect the results. Data showed
that the RH group of centers with more than 100 cases
had a higher mortality rate, which could be explained
that high-volume centers tend to admit more compli-
cated patients, although they are considered to have
more experience [42]. We also found that centers with
lower number of surgical cases had more PHLF in the RH
group, which could be explained by the lack of experi-
ence in perioperative management, such as application of
PVE and biliary drainage.

Indeed, PHLF caused by insufficient FLR is the most
fetal complication after major hepatectomy, with a
mortality rate of 52-68% [43]. Most studies agree that
preoperative PVE and biliary drainage are effective in
increasing FLR and improving liver function, thereby
reducing PHLF. However, our review of 5 studies did
not find significant differences in preoperative biliary
drainage between the LH and RH groups [15, 16, 19—
21]. Another 9 studies supported more use of PVE in
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the RH group than in the LH group with statistical dif-
ference [14-16, 18-22, 24]. But one point should not
be neglected that either PVE or biliary drainage will
cause delay for operation, and the average time lag was
estimated to be about 25 days in previous studies [14,
15], which could witness potential risk of tumor pro-
gression. Thus, it seems like LH exhibits some extent of
advantage as it exempts use of PVE and does not cause
delay for surgery.

There were some limitations in this meta-analysis.
Firstly, all the included studies were retrospective
cohort studies, further high-quality randomized con-
trol trials should be designed and included for future
investigations. Secondly, although most included stud-
ies provided information about Bismuth classification
which is important indicator for selection of LH or
RH for pCCA patients, we could not extract detailed
data of each type (especially type I/1I/IV) for subgroup
analyses, which may affect the accuracy of the overall
results.

According to our meta-analyses, LH and RH have
comparable oncological effects on curative resection
for pCCA patients. Although LH is not inferior to RH
in DFS and OS, it requires more arterial reconstruc-
tion which is technically demanding and should be
performed by experienced surgeons in high-volume
centers. Selectin of surgical strategy between LH and
RH should be based on not only tumor location (Bis-
muth classification) but also vascular involvement and
FLR.
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