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ABSTRACT 
Background.  Hepatectomy with associated vascular resec-
tion and reconstruction (VR) is an option to increase the 
number of patients with locally advanced perihilar cholan-
giocarcinoma (pCCA) eligible for radical-intent surgery.
Objectives.  This study aimed to assess the safety and onco-
logical outcomes of VR in pCCA patients.

Methods.  Patients who underwent surgery for pCCA at 10 
western centers were retrospectively reviewed and divided 
according to the performance of the VR. Primary outcomes 
were major morbidity, vascular morbidity, 90-day mortality, 
and overall survival (OS).
Results.  A total of 1054 patients were included, of whom 
259 (24.6%) underwent VR. Of these 259 patients, 199 (76.8 
%) underwent portal vein reconstruction (PVR) only and 
60 (23.2%) underwent hepatic artery reconstruction (HAR) 
with or without PVR. VR patients were younger (66 vs. 
68 years; p = 0.011) and more frequently had Bismuth type 4 
tumors (31.3% vs. 22.9%; p = 0.008). They more frequently 
underwent portal vein embolization (32.0% vs. 17.6%; 
p < 0.001), biliary drainage (84.9% vs. 77.3%; p = 0.008), 
and extended hepatectomy (56.8% vs. 37.1%; p < 0.001), 
with longer operative times (539 vs. 479 min; p < 0.001) 
and higher blood loss (1300 vs. 700 mL; p < 0.001). Posi-
tive resection margins were observed more frequently 
(45.7% vs. 35.2%; p = 0.003). Major complications (51.4% 
vs. 41.0%; p = 0.004), vascular complications (19.7% vs. 
3.3%; p < 0.001), and mortality (16.2% vs. 10.6%; p = 0.02) 
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were higher in VR patients. Median OS was 28.0 months for 
patients without VR versus 22.8 months for patients with 
VR (p = 0.18).
Conclusions.  Liver resection and VR in patients with 
locally advanced pCCA are associated with increased major 
and vascular morbidity but offer similar survival as patients 
not undergoing VR; therefore, VR should be considered in 
selected patients.

Keywords  Biliary tract cancer · Vascular resection · 
Vascular reconstruction · Perihilar cholangiocarcinoma · 
Oncological outcomes

Perihilar cholangiocarcinoma (pCCA) is a rare and 
aggressive disease involving the hepatic hilum. Radical sur-
gery, including major hepatectomy, hilar lymphadenectomy, 
and ipsilateral vascular and bile duct resection, is the treat-
ment option that offers the best chance of long-term survival. 
Five-year overall survival (OS) after resection can be as high 
as 47%.1–3 Unfortunately, only a minority of pCCA patients 
are deemed resectable at diagnosis, mainly due to locally 
advanced disease.4,5

Involvement of the bilateral or main portal vein (PV), 
or bilateral or main hepatic artery (HA) precludes resec-
tion without vascular reconstruction (VR). Vascular resec-
tion with subsequent reconstruction of the PV and/or HA 
may allow for a complete resection in patients with locally 
advanced pCCA.6 Although VR has been increasingly per-
formed in the last decades, previous studies were small and 
had conflicting results. Moreover, most patients underwent 
PV reconstruction (PVR), while HA reconstruction (HAR) 
was only performed in a minority of cases, increased surgi-
cal risks, and was generally considered to be oncologically 
futile. The main concern regarding VR is increased mor-
bidity and mortality.7–11 Moreover, long-term oncological 
outcomes after resection are usually worse in patients with 
locally advanced cancer.12,13

The aim of this study was to compare surgical and onco-
logical outcomes of VR between patients with and without 
VR, in a Western multicenter retrospective study.

METHODS

Study Population

Patients undergoing surgical exploration at 25 European 
and American centers for proven or suspected pCCA, during 
any time span not preceding the year 2000, were included in 
a collaborative retrospective database of the Perihilar Chol-
angiocarcinoma Collaboration Group. The participating 
centers were required to provide complete information on 
VR and vascular-related complications. VR could have been 

preoperatively planned or decided intraoperatively for local 
invasion; patients requiring VR due to intraoperative mishap 
were not included. Ten of 25 centers were able to provide the 
additional data required for this study. Data were collected 
through a standardized, de-identified data file. Patients who 
underwent surgical exploration without resection as well 
as patients who underwent liver transplantation (LT) were 
not considered for this study. Moreover, only patients with 
pCCA at final surgical specimen examination were included; 
other cancers and dysplasia without cancer were excluded. 
Finally, patients undergoing bile duct resection without liver 
resection were excluded. The Institutional Medical Ethics 
Committee of the Erasmus MC waived the need for ethical 
approval and consent.

Definitions

The work-up and management of patients, as well as post-
operative management and follow-up differed across centers 
and during the inclusion period, according to the protocols 
of each institution. Tumors were classified according to 
the Bismuth–Corlette classification. Preoperative cholan-
gitis was defined as fever and leucocytosis requiring bil-
iary drainage or additional drainage. Liver resections were 
defined according to Brisbane terminology;14 perioperative 
transfusions were defined as transfusions of red blood cells 
occurring during surgery or within the first 48 h. Negative 
resection margins were defined as tumor-free margins in all 
the resection planes in the pathology report; tumors were 
staged according to the American Joint Committee on Can-
cer (AJCC) 8th edition TNM staging system.15

VR was defined as any resection of the right, left, or main 
PV or HA, followed by reconstruction; PVR was defined as 
the resection of a wedge portion or a segment of the right, 
left, or main PV, followed by reconstruction through direct 
suture/end-to-end anastomosis or graft interposition; and 
HAR was defined as a segmental resection of the right, left, 
or main HA, and reconstruction through end-to-end anasto-
mosis, venous, or arterial graft interposition or use of rotated 
splenic artery. Patients undergoing both PVR and HAR were 
included in the HAR group. Resection of the middle HA 
(when present) without reconstruction, and resection of the 
HA without reconstruction in the presence of aberrant right 
or left arteries originating from the superior mesenteric or 
left gastric artery were not considered as VR. Reconstruc-
tions required for intraoperative vascular injuries rather than 
reconstruction for oncological reasons were not included in 
the VR group.

All complications registered during initial hospitaliza-
tion or within 30 days after surgery were reported and 
classified according to the Clavien–Dindo classifica-
tion.16 The definitions and grading for post-hepatectomy 
liver failure (PHLF), bile leak, and post-hepatectomy 
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hemorrhage proposed by the International Study Group 
of Liver Surgery (ISGLS) were used. Only grades B and C 
were considered clinically relevant.17–19 Vascular compli-
cations, including thrombosis, bleeding, and stenosis were 
recorded for both PVR and HAR. Moreover, for HAR, 
liver infarction and pseudo-aneurysm were also recorded. 
OS was defined as the time between surgery and death or 
last follow-up.

Statistical Analysis

Continuous variables were expressed as median and 
interquartile range (IQR), while categorical variables were 
expressed as numbers and percentages. The Mann–Whit-
ney U test was used to compare continuous variables, and 
Fisher’s exact test or Pearson’s Chi-square test were used, 
where appropriate, for categorical variables. All tests 
were two-sided and a p value <0.05 was considered to 
indicate statistical significance. Multivariable analyses to 
identify independent prognostic factors for 90-day mor-
tality and vascular complication were performed using 
logistic regression analysis. OS was analyzed using the 
Kaplan–Meier method and was compared using the log-
rank test. Cox regression analysis was used to identify 
independent prognostic factors for OS. Survival analysis 
was performed without excluding patients who died within 
90 days from surgery. The threshold for including fac-
tors from univariable analysis into multivariable analysis 
was p < 0.2. However, considering the main goals of this 
study, when performing Cox regression analysis for sur-
vival, VR, PVR, and HAR have been included by default, 
regardless of their p values on univariable analysis. All 
statistical analyses were performed, and all figures were 
created, using SPSS software version 28 (IBM Corpora-
tion, Armonk, NY, USA).

RESULTS

During the study period, 1241 patients underwent sur-
gical exploration for pCCA in the 10 participating centers 
(Fig. 1). A total of 187 patients (15.1%) were excluded; 86 
patients (6.9%) had a diagnosis other than pCCA at patho-
logical examination, 17 had high-grade dysplasia without 
invasive cancer, and 84 patients underwent bile duct resec-
tion without partial hepatectomy. This resulted in a study 
population comprising 1054 patients who were divided into 
two groups: patients without VR (n = 795) and patients with 
VR (n = 259). VR patients were further subdivided into 
patients undergoing PVR (n = 199) and patients undergoing 
HAR with or without PVR (n = 60). Among the patients 
undergoing HAR, 42 had combined PVR and HAR, and 19 
had HAR alone.

Demographic, Operative, and Pathological Outcomes

Patients undergoing VR were younger than non-VR 
patients (66 [56–71] years vs. 68 [59–73] years; p = 0.011) 
and were more likely to have a higher bilirubin level, both at 
diagnosis and preoperatively (Table 1). Preoperative biliary 
drainage (84.9% vs. 77.3%; p = 0.008) and PVE (332.0% 
vs. 17.6%; p < 0.001) were performed more frequently in 
VR patients, who also experienced preoperative cholangitis 
more frequently.

VR patients more frequently underwent right-sided hepa-
tectomies (67.3% vs. 54.3%; p < 0.001) and extended hepa-
tectomies (56.8% vs. 37.1%; p < 0.001). Operative time was 
longer (539 vs. 479 min; p < 0.001), estimated blood loss 
was higher (1300 vs. 700 mL; p < 0.001), and perioperative 
transfusions were more frequent (49.4% vs. 26.0; p < 0.001) 
in VR patients. Finally, VR patients were more likely to 
have Bismuth type 4 tumors (31.3% vs. 22.9%; p = 0.008), 
a higher pT stage (pT3-4: 58.0% vs. 35.5%; p < 0.001), peri-
neural invasion (86.7% vs. 73.3%; p < 0.001), and a posi-
tive margin (45.7% vs. 35.2%; p = 0.003). No differences 

FIG. 1   Selection of the study 
population among patients 
undergoing surgical exploration 
in the centers included in the 
analysis. pCCA​ perihilar cholan-
giocarcinoma

Patients undergoing surgery for PCCA in 10 centers

(n = 1241)
2000-2022

Patients with tumors other than PCCA at 
pathological examination

6 intrahepatic cholangiocarcinoma
50 benign disease
30 distal bile duct cholangiocarcinoma
17 patients with high grade dysplasia

Patients undergoing bile duct resection 
only (n=84)

Patients eligible for this study n = 1054
795 (75.4%) no vascular reconstruction (no-VR)
259 (24.6%) vascular reconstruction (VR)
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TABLE 1   Demographic, 
operative, and pathological 
outcomes of patients 
undergoing VR compared with 
those who did not

Continuous variables are expressed as median (IQR) and categorical variables are expressed as frequency (%)
Italicized p values indicate statistical significance
VR vascular resection, BMI body mass index, CA19-9 carbohydrate antigen 19-9, ASA American Society 
of Anesthesiologists, PVE portal vein embolization, RBC red blood cells, IQR interquartile range, AJCC 
American Joint Committee on Cancer, PSC primary sclerosis cholangitis
Fisher’s exact test was used unless otherwise specified
a Mann–Whitney U test
b Pearson’s Chi-square test
Missing values (variables with more than 50 missing values are reported): BMI: 275 (24.1%); CA19-9 at 
presentation: 367 (32.2%); bilirubin at presentation: 219 (19.2%); tumor diameter: 276 (24.1%); preopera-
tive total bilirubin: 70 (6.1%); estimated blood loss: 344 (30.2%); operative time: 216 (18.9%); ASA score: 
172 (15.1%); PSC: 124 (10.9%); preoperative cholangitis 137 (12.0%); S1 resection: 121 (10.6%); pancrea-
toduodenectomy: 119 (10.5%); perioperative transfusion: 110 (9.7%); differentiation grading: 69 (6.1%)

Characteristics No VR [n = 795] VR [n = 259] p value

Age, years 68 (59–73) 66 (56–71) 0.011a

Sex, male 490 (61.6) 164 (63.3) 0.66
BMI, kg/m2 25 (23–27) 25 (22–27) 0.26a

CA19-9 at diagnosis, U/mL 157 (46–619) 197 (46–593) 0.41a

Total bilirubin at diagnosis, umol/L 45 (12–159) 118 (26–200) <0.001a

ASA score
 1–2 444 (66.8) 171 (73.1)
 3–4 221 (33.2) 63 (26.9) 0.09

PSC 20 (2.8) 12 (5.3) 0.09
Tumor diameter, cm 2.8 (2.0–3.7) 2.8 (2.0–3.8) 0.83
Bismuth classification
 Type 1, 2, 3 613 (77.1) 178 (68.7)
 Type 4 182 (22.9) 81 (31.3) 0.008

Preoperative biliary drainage 610 (77.3) 220 (84.9) 0.008
Preoperative cholangitis 158 (22.9) 83 (34.4) <0.001
Preoperative PVE 140 (17.6) 83 (32.0) <0.001
Preoperative total bilirubin, umol/L 14 (6–34) 17 (10–41) <0.001a

Resection type
 S4/5 or central hepatectomy 50 (6.3) 4 (1.5)
 Left hemihepatectomy 274 (34.5) 55 (21.2)
 Right hemihepatectomy 176 (22.1) 53 (20.5)
 Left extended hepatectomy 85 (10.7) 29 (11.2)
 Right extended hemihepatectomy 210 (26.4) 118 (45.6) <0.001b

Laterality, right side 426 (54.3) 173 (67.3) <0.001
Extended hepatectomies 295 (37.1) 147 (56.8) <0.001
S1 resection 497 (71.0) 203 (83.2) <0.001
Combined pancreatectomy 14 (2.0) 8 (3.3) 0.32
Operative time, min 479 (360–580) 539 (439–616) <0.001a

Estimated blood loss, mL 700 (500–1500) 1300 (700–2445) <0.001a

Perioperative RBC transfusions 188 (26.0) 117 (49.4) <0.001
Positive margin 280 (35.2) 118 (45.7) 0.003
AJCC staging, 7th edition, pT status
 pTis, pT1, pT2a/b 497 (64.5) 108 (42.0)
 pT3, pT4 273 (35.5) 149 (58.0) <0.001

Positive lymph nodes 332 (42.3) 119 (46.5) 0.25
Distant metastases 40 (5.2) 16 (6.8) 0.33
Differentiation grading
 G1–2 561 (75.4) 175 (72.3)
 G3 183 (24.6) 67 (27.7) 0.35

Perineural invasion 559 (73.3) 222 (86.7) <0.001
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were found in the proportion of patients with positive lymph 
nodes between VR and non-VR patients (46.5% vs. 42.3%; 
p = 0.25).

Demographic, operative, and pathological characteris-
tics were also compared between PVR and HAR patients 
(electronic supplementary material [ESM] Table S1). The 
median carbohydrate antigen (CA) 19-9 level at diagnosis 
was higher for PVR patients (224 vs. 125; p = 0.015). PVR 
patients were more likely to undergo extended resections 
(67.3% vs. 21.7%; p < 0.001), with higher blood loss (1500 
vs. 1000 mL; p = 0.013), while HAR patients had longer 
operative times (590 vs. 518 min; p = 0.004). Pathologi-
cal reports of HAR patients more frequently showed pT3-4 
stage tumors (76.7% vs. 52.3%; p < 0.001) and perineural 
invasion (94.9% vs. 84.3%; p = 0.047).

Most PVRs (84.9%) were segmental resections and recon-
struction was mostly (96.5%) performed through end-to-end 
anastomosis. A graft was used in only 8 patients (3.5% of 
all PVRs) [Table 2]. End-to-end anastomosis was also the 
preferred reconstruction technique for HAR in 88.4% of 
patients.

Postoperative Outcomes

Patients undergoing VR had worse postoperative out-
comes (Table 3). The incidence of 90-day mortality was 
16.2% with VR and 10.6% without VR (p = 0.02), while 
the incidence of major complications was 51.4% with 
VR and 41.0% without VR (p = 0.004). PHLF grade B/C 
and infectious complications were more frequent in VR 
patients (22.4% vs. 13.0%, p < 0.001; and 24.6% vs. 18.1%, 
p = 0.03 respectively), but no differences were found in 
the occurrence of post-hepatectomy hemorrhage. Vascular 

complications occurred in 19.7% of patients after VR versus 
3.3% of patients without VR (p ≤ 0.001). Both PV- and HA-
related complications were more common in VR patients 
(14.3% vs. 1.4%, p < 0.001; and 5.8% vs. 2%, p = 0.005, 
respectively), and PV-related complications were more 
likely to be major complications in VR patients (9.6% vs. 
0.5%, p < 0.001).

When comparing PVR and HAR patients, PVR patients 
were more likely to develop major complications (55.3% 
vs. 38.3%; p = 0.027) [ESM Table S2]. Only HA-related 
major complications were higher in HAR patients (16.7% 
vs. 2.5%; p ≤ 0.001).

Multivariable analyses were conducted for major (Cla-
vien–Dindo grade 3 or higher) complications, vascular 
complications, and 90-day mortality (ESM Tables S3, S4, 
and S5, respectively); VR was independently associated with 
major complications (odds ratio [OR] 1.41, 95% confidence 
interval [CI] 1.03–1.93; p = 0.033) and vascular complica-
tions (OR 7.68, 95% CI 4.48–13.16; p < 0.001), but not for 
90-day mortality. Other risk factors for major complications 
were preoperative cholangitis (OR 2.46, 95% CI 1.80–3.37; 
p < 0.001), with a tendency for significance for preopera-
tive drainage (OR 1.42, 95% CI 0.98–2.06; p = 0.06) and 
extended resection (OR 1.32, 95% CI 0.98–1.93; p = 0.07). 
An American Society of Anesthesiologists (ASA) score of 
3–4 (OR 1.93, 95% CI 1.13–3.30; p = 0.016) and preopera-
tive cholangitis (OR 1.73, 95% CI 1.01–2.97; p = 0.045) 
were other independent prognostic factors for vascular com-
plications. Other independent prognostic factors for 90-day 
mortality were age (OR 1.04, 95% CI 1.02–1.07; p = 0.001), 
male sex (OR 1.66, 95% CI 1.03–2.70; p = 0.036), preopera-
tive cholangitis (OR 1.84, 95% CI 1.16–2.91; p = 0.009), 
right-sided resection (OR 1.69, 95% CI 1.02–2.81; p = 0.04) 
and extended resections (OR 1.94, 95% CI 1.21–3.01; 
p = 0.006).

Survival Analysis

The median OS was 22.8 months (18.6–27.1) for 
VR patients and 28.0 months (24.7–31.3) for non-VR 
patients, with no differences being found (p = 0.18), or 
when comparing HAR and PVR patients (median OS: 
26.0 [11.1–40.9] vs. 22.0 [167–27.3] months; p = 0.67). 
Among patients who underwent VR, OS was 26.0 months 
(16.3–35.7) in the case of R0 resection and 20.0 months 
(13.7–26.3) in the case of R1 resection (p  =  0.095) 
[Fig. 2]. Advanced age, higher body mass index (BMI), 
positive margin, pT3-4 stage, positive lymph nodes, pM1, 
poor (G3) tumor differentiation, and perineural invasion 
were independent poor prognostic factors for worse OS. 
VR, PVR, and HAR were not associated with worse sur-
vival (Table 4).

TABLE 2   Characteristics of vascular resection and reconstruction 
patients

Data are expressed as frequencies (%)
PVR portal vein reconstruction, HAR hepatic artery reconstruction, 
PV portal vein, HA hepatic artery, NA not applicable

Characteristic PVR [n = 199] HAR [n = 60]

Type of PV resection [n = 42]
 Wedge 30 (15.1) 15 (35.7)
 Segmental 169 (84.9) 27 (64.3)

Type of PV reconstruction [n = 42]
 End-to-end anastomosis 192 (96.5) 41 (93.6)
 Graft interposition 7 (3.5) 1 (2.4)

Type of HA reconstruction NA
 End-to-end anastomosis 54 (88.4)
 Use of rotated splenic artery 2 (3.3)
 Arterial graft interposition 3 (5.0)
 Venous graft interposition 2 (3.3)
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DISCUSSION

This multicenter study compared the results, after resec-
tion of pCCA, of more than 1000 patients with and with-
out VR. Approximately one in four patients underwent 
VR, of whom approximately one in four had an HAR. VR 
patients had a higher risk of major complications (51.4% vs. 
41.0%; p = 0.004), vascular complications (3.3% vs. 19.7%; 
p < 0.001), and mortality (16.2% vs. 10.6%; p = 0.02). 

However, the median OS was 28.0 months for patients with-
out VR versus 22.8 months for patients with VR (p = 0.18).

In a recent paper from the Nagoya University, Mizuno 
et al. compared outcomes of pCCA patients with and without 
VR. In their impressive monocentric retrospective cohort of 
787 pCCA patients who underwent surgery (303 with VR), 
the incidence of major complications was 48% versus 50% 
(p = 0.715) in patients with VR and without VR; however, 
90-day mortality was 3.6% for patients with VR and 1.2% 

TABLE 3   Postoperative 
course of patients undergoing 
VR compared with those who 
did not

Continuous variables are expressed as median (IQR) and categorical variables are expressed as frequency 
(%)
Italicized p values indicate statistical significance
VR vascular resection, ISGLS International Study Group for Liver Surgery, PV portal vein, HA hepatic 
artery, IQR interquartile range, CD Clavien–Dindo
Fisher’s exact test was used unless otherwise specified
a Mann–Whitney U test
Missing values (variables with more than 50 missing values are reported): length of hospital stay: 96 
(8.4%); adjuvant treatment: 220 (19.3%)

Characteristics No VR [n = 795] VR [n = 259] p value

Length of hospital stay, days 14 (10–21) 17 (11–28) <0.001a

30-day mortality 56 (7.0) 32 (12.4) 0.01
90-day mortality 84 (10.6) 42 (16.2) 0.02
 Bleeding 9 (10.7) 8 (19.0)
 Liver failure 34 (40.5) 18 (42.9)
 Sepsis 28 (33.3) 14 (33.3)
 Other 13 (15.5) 2 (4.8) 0.24

Major complications (CD ≥3) 326 (41.0) 133 (51.4) 0.004
Liver failure, ISGLS grade B/C 103 (13.0) 58 (22.4) <0.001
Bile leak, ISGLS grade B/C 159 (20.0) 48 (18.5) 0.65
Hemorrhage, ISGLS grade B/C 59 (7.4) 27 (10.4) 0.15
Intra-abdominal abscess 157 (19.8) 64 (24.7) 0.10
Infectious complication (CD ≥3) 142 (18.1) 63 (24.6) 0.03
Vascular complications 26 (3.3) 51 (19.7) <0.001
PV-associated complications 11 (1.4) 37 (14.3) <0.001
 Thrombosis 5 24
 Bleeding 2 4
 Stenosis 4 10

PV-associated complications (CD ≥3) 4 (0.5) 25 (9.6) <0.001
Timing of PV complications
 Within 14 days from surgery 7 (63.6) 24 (64.9) >0.99

HA-associated complications 16 (2.0) 15 (5.8) 0.005
 Thrombosis 5 10
 Bleeding 7 3
 Liver infarction 5 3
 Stenosis 0 1
 Pseudoaneurysm 2 2

HA-associated complications (CD ≥3) 14 (1.8) 10 (3.8) 0.06
Timing of HA complications
 Within 14 days from surgery 11 (73.3) 9 (60) 0.70
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No-VR N0 = 78%

No-VR N0 = 68%
VR N0 = 76%

VR N1 = 59%

No-VR N0 = 50%

No-VR N0 = 30%
VR N0 = 50%

VR N1 = 27% No-VR N0 = 33%

No-VR N0 = 17%
VR N0 = 37%

VR N1 = 12%

No-VR N1 = 11%
No-VR N0 = 14%
VR N0 = 20%

VR N1 = 0%

No-VR R0 = 79%

No-VR R1 = 67%
VR R0 = 71%

VR R1 = 63%
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FIG. 2   Kaplan–Meier curves for overall survival. a VR patients ver-
sus non-VR patients; b patients undergoing VR, comparing PVR and 
HAR; c VR patients versus non-VR patients with or without node-

positive disease; and d VR patients versus non-VR patients with or 
without margin-positive disease. VR vascular resection, PVR portal 
vein reconstruction, HAR hepatic artery reconstruction

TABLE 4   Cox regression 
analysis for overall survival in 
the study population

Only variables with a p value <0.20 at univariate analysis were included in the multivariate analysis
Italicized p values indicate statistical significance
BMI body mass index, CA19-9 carbohydrate antigen 19-9, PVR portal vein reconstruction, HAR hepatic 
artery reconstruction

Variable Univariable Multivariable

Hazard ratio p value Hazard ratio p value

Age, years 1.01 (1.00–1.02) 0.02 1.02 (1.01–1.03) 0.035
Sex, male 1.25 (1.06–1.47) 0.008 1.21 (0.90–1.63) 0.21
BMI 1.02 (0.99–1.04) 0.06 1.03 (0.99–1.07) 0.077
CA19-9 >37 U/mL 1.32 (1.04–1.68) 0.02 1.25 (0.86–1.80) 0.23
Bismuth type 4 1.31 (1.11–1.56) 0.002 1.20 (0.86–1.68) 0.29
Pancreatoduodenectomy 1.01 (0.60–16.8) 0.98 –
Positive margin 1.52 (1.29–1.78) <0.001 1.30 (1.00–1.68) 0.05
pT3/pT4 tumors 1.37 (1.14–1.59) <0.001 1.50 (1.12–1.99) 0.006
Positive lymph nodes 1.70 (1.45–2.00) <0.001 1.50 (1.14–2.04) 0.004
Distant metastases (pM1) 1.82 (1.36–2.42) <0.001 2.08 (1.28–3.40) 0.003
Poor (G3) differentiation 1.78 (1.48–2.13) <0.001 1.46 (1.08–1.99) 0.015
Perineural invasion 1.40 (1.13–1.72) 0.001 2.13 (1.30–3.49) 0.003
Vascular Reconstruction 1.13 (0.95–1.34) 0.18 0.62 (0.15–2.60) 0.51
PVR 1.14 (0.95–1.38) 0.17 1.08 (0.80–1.48) 0.63
HAR 1.07 (0.76–1.52) 0.70 1.24 (0.63–2.46) 0.54
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(p = 0.04) for patients without VR.8 While the incidence of 
major complications was similar, 90-day mortality was much 
lower. This very low mortality rate could be explained by 
differences in patient population, perioperative care, and/or 
intraoperative technique.20 In their paper published in 2021, 
Mueller et al. extracted benchmark values for pCCA surgery 
from 1829 consecutive patients in a 5-year period from 30 
centers worldwide.1 In the present study, VR patients had 
better outcomes than the published benchmark outcomes for 
major complications [≤ 70%, PHLF (≤ 22.5%), and bile leak 
(≤ 47%)]. Postoperative 90-day mortality in VR patients was 
16% and exceeded the benchmark of 13%. However, for 
patients undergoing PVR, the 90-day mortality was 26.6% 
in the benchmark cohort.

Major complications, vascular complications, and 90-day 
mortality were more frequent in VR patients, and VR was 
independently associated with major complications (OR 
1.41; p = 0.033) and vascular complications (OR 7.68; 
p < 0.001), but not 90-day mortality. Other authors reported 
that VR was associated with more vascular complications. 
Lemaire et al. reported an 8% incidence of PV thrombosis 
in their cohort of 86 patients undergoing surgery for pCCA; 
all thromboses occurred in patients undergoing VR.21 How-
ever, other factors have an impact on morbidity and mortal-
ity for these patients. Remarkably, preoperative cholangitis 
was associated with both major and vascular complications 
as well as 90-day mortality; extended resections and right-
sided resections were associated with 90-day mortality 
alone. These results that are in agreement with the available 
literature.22–29

Finally, with 60 patients included, this multicenter study 
is the largest Western series of HAR.7 The most frequently 
associated liver resection performed in these patients was left 
hepatectomy, a result similar to other reports, which is due to 
the anatomy of the hilum, since the left HA runs far from the 
confluence while the right HA typically lies close to the bil-
iary confluence. Therefore, left-sided pCCA with involvement 
of the right HA may be frequent.7,8 In our case series, HAR 
had comparable results as PVR alone, while in other series, 
outcomes after HAR are dismal. In one of the few Western 
series, Schimizzi et al. reported a 67% rate of severe major 
complications for HAR in 12 patients,30 while other high-
volume reports from Eastern countries show severe morbidity 
incidence rates ranging between 19 and 66%.8,31,32

Among the most important results of this paper is the 
fact that VR patients had similar OS compared with non-
VR patients: median survival and 5-year OS were 22.8 
months (18.6–27.1) and 26%, respectively, compared with 
28.0 months (24.7–31.3) and 26%, respectively, for non-VR 
(p = 0.18). VR was also not a poor prognostic factor after 
adjusting for tumor extension (pT stage), nodal involvement, 
poor differentiation, perineural invasion, positive margins, 
and distant metastases, nor were HAR or PVR considered 

separately. Similar results were reported by She et al.33 
Patients who underwent VR usually have higher tumor stage 
with a higher incidence of positive nodal status. In their 
paper, Mizuno et al. reported a significantly higher incidence 
of nodal metastases in VR patients than in non-VR patients 
(62–64% vs. 37%, p < 0.001);8 however, in our cohort, we 
did not observe significant differences in nodal stage. We 
confirmed the prognostic role of nodal status in both VR 
and non-VR. Figure 2d depicts survival stratified for radi-
cality: R1 patients have significantly different curves in the 
case of no VR, while the curves for VR patients separate 
and show a trend to significance (p = 0.095). These find-
ings may be related to a more difficult margin evaluation in 
VR patients: margin assessment differs among centers, and, 
in particular, there is no agreement as to how to interpret 
the radial margin, i.e. the extension into the peritoneum of 
the hepatoduodenal ligament, as opposed to the ductal mar-
gin, i.e. the extension distally and proximally along the bile 
ducts. It has been proven that true R0 patients, i.e. patients 
with ductal and radial negative margins, are those with the 
best survival, but the radial margin is not always expressed 
in the pathological report.34–36 Patients requiring VR have a 
vascular invasion in the hepatoduodenal ligament, therefore 
it is highly probable that these confusing results are due to 
unreported radial margin involvement, explaining the lack 
of statistical significance.

The impact of VR for locally advanced pCCA can only 
be definitively investigated with a randomized controlled 
trial (RCT), which would be challenging and is unlikely 
to accrue sufficient patients. Nevertheless, the median OS 
(22.8 months [18.6–27.1]) and 5-year OS (26%) of the VR 
cohort presented in this study was favorable, consider-
ing that 5-year survival is rare without resection. Mizuno 
et al. reported 3- and 5-year OS rates of 4.0% and 2.7%, 
respectively, for pCCA patients not undergoing surgery, 
which was significantly worse than their VR patient cohort 
(43.6% and 27.0, respectively).8 Ruys et al. reported that 
7.0% of pCCA patients without a resection survived at 
least 5 years from diagnosis;37 a ‘real world’ comparison 
could be performed with unresectable patients undergo-
ing chemotherapy, such as those included in the TOPAZ 
trial.38 In that study, the 198 patients undergoing gemcit-
abine/cisplatin plus durvalumab chemotherapy showed a 
median OS of 12.8 and 2-year OS of 24.9%, results that 
are still worse than the 27% and 30% 3-year OS of VR 
and non-VR patients with positive lymph nodes. This 
potential improvement in OS should be weighed against 
the increased risk of major and vascular complications for 
VR of pCCA in the present study, and the negative impact 
that positive lymph nodes have.

An alternative option for patients with locally advanced 
pCCA is orthotropic LT with or without intensive neoadju-
vant chemoradiation.39,40 A recent benchmarking paper was 
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published by Breuer et al., analyzing 134 patients undergo-
ing LT for pCCA in Europe and North America in a 5-year 
period.39  The benchmark 5-year OS after LT in patients 
was ≥ 60% compared with the more unfavorable 5-year OS 
of 26% in the present study. Moreover, in the present study, 
the 90-day mortality benchmark value was ≤ 5.2% after LT 
versus 16.6% after VR. Unfortunately, the selection criteria 
for LT are strict, and LT for pCCA is not an option in all 
countries. As an example, Vugts et al. reported that only 
about 5% of all 732 patients referred for pCCA to two ter-
tiary Dutch centers would have fulfilled the Mayo criteria for 
LT.41 Moreover, as reported by Croome et al., the survival 
results of the two techniques are more influenced by tumor 
biology (i.e. nodal status) than the technique implemented 
(LT vs. resection).42 Therefore, LT should be reserved for 
selected patients, while resectable de novo pCCA should 
be resected; however, the choice to offer surgery (either LR 
or resection) to a patient should be subordinated to a strati-
fication based on well-known prognostic factors, such as 
nodal status. That said, no RCTs were available after the 
premature termination, due to failure of recruitment, of the 
TRANSPHIL trial (NCT02232932), while the first results 
for the LITHALICA trial (NCT06125769) are awaited not 
before the year 2028. Further investigations are needed to 
compare the results of VR in liver resection versus LT for 
pCCA patients.43

Some limitations of this study must be reported. First, this 
was a multicenter study, therefore biases regarding patient 
selection are unavoidable. Furthermore, the number of VRs 
performed is likely an overestimation of the real volumes of 
VR in the Western world, given the nature of our collabora-
tion, which includes mostly high-volume centers. Second, 
preoperative and postoperative management protocols varied 
among centers. Third, the study involved patients enrolled 
over a long period of time, in which protocols of adjuvant 
chemotherapy have been developed and applied, changing 
the indications to surgery of patients with locally advanced 
pCCA.44,45 Finally, the analysis focused on patients undergo-
ing resection, and a cohort of non-resected patients coming 
from the same centers was not available for comparison of 
the survival results.

CONCLUSION

Liver resection and VR in patients with locally 
advanced pCCA is associated with increased major and 
vascular morbidity but offers similar survival as patients 
not undergoing VR; therefore, VR should be considered 
in selected patients.

SUPPLEMENTARY INFORMATION  The online version con-
tains supplementary material available at https://​doi.​org/​10.​1245/​
s10434-​025-​18137-4.

ACKNOWLEDGMENTS  Members of the Perihilar Cholangiocar-
cinoma Collaboration Group: Aldrighetti L, Bechstein WO, de Boer 
MA, Buettner S, Charco R, Franken LC, Gilg S, Gomez-Gavara C, 
Guglielmi A, van Gulik TM, Heil J, IJzermans JNM, Jansson H, Kaze-
mier G, Lodge P, Marino R, Nguyen TA, Porte RJ.

FUNDING  This retrospective study did not receive any specific 
grants from funding agencies in the public, commercial, or not-for-
profit sectors.

AVAILABILITY OF DATA AND MATERIALS  Data were 
obtained from the Perihilar Cholangiocarcinoma Collaboration Group. 
Data are available from the corresponding author upon reasonable 
request.

DISCLOSURES  Edoardo Poletto, Pim B. Olthof, Frederik J.H. 
Hoogwater, Joris I. Erdmann, Andreas A. Schnitzbauer, Ernesto 
Sparrelid, Shishir K. Maithel, Cristina Dopazo, Abdul R. Hakeem, 
Francesca Ratti, Andrea Ruzzenente, and Bas Groot Koerkamp have 
no conflicts of interest or financial ties to declare that may be relevant 
to the contents of this study.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE  The 
present study was approved by the Erasmus MC Ethical Committee 
and consent was waived.

OPEN ACCESS  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

REFERENCES

	 1.	 Mueller M, Breuer E, Mizuno T, et al. Perihilar cholangiocarci-
noma—novel benchmark values for surgical and oncological out-
comes from 24 expert centers. Ann Surg. 2021;274:780–8. https://​
doi.​org/​10.​1097/​SLA.​00000​00000​005103.

	 2.	 Nagino M, Ebata T, Yokoyama Y, et al. Evolution of surgical 
treatment for perihilar cholangiocarcinoma: a single-center 
34-year review of 574 consecutive resections. Ann Surg. 
2013;258:129–40. https://​doi.​org/​10.​1097/​SLA.​0b013​e3182​
708b57.

	 3.	 Banales JM, Cardinale V, Carpino G, et al. Expert consensus 
document: cholangiocarcinoma: current knowledge and future 
perspectives consensus statement from the European Network for 
the Study of Cholangiocarcinoma (ENS-CCA). Nat Rev Gastro-
enterol. 2016;13:261–80. https://​doi.​org/​10.​1038/​nrgas​tro.​2016.​
51.

	 4.	 Lauterio A, De Carlis R, Centonze L, et al. Current surgical 
management of peri-hilar and intra-hepatic cholangiocarcinoma. 
Cancers. 2021. https://​doi.​org/​10.​3390/​cance​rs131​53657.

	 5.	 van Keulen A-M, Franssen S, van der Geest LG, et al. Nation-
wide treatment and outcomes of perihilar cholangiocarcinoma. 
Liver Int. 2021;41:1945–53. https://​doi.​org/​10.​1111/​liv.​14856.

https://doi.org/10.1245/s10434-025-18137-4
https://doi.org/10.1245/s10434-025-18137-4
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/SLA.0000000000005103
https://doi.org/10.1097/SLA.0000000000005103
https://doi.org/10.1097/SLA.0b013e3182708b57
https://doi.org/10.1097/SLA.0b013e3182708b57
https://doi.org/10.1038/nrgastro.2016.51
https://doi.org/10.1038/nrgastro.2016.51
https://doi.org/10.3390/cancers13153657
https://doi.org/10.1111/liv.14856


9606	 E. Poletto et al.

	 6.	 Hewitt DB, Brown ZJ, Pawlik TM. Current perspectives on the 
surgical management of perihilar cholangiocarcinoma. Cancers. 
2022. https://​doi.​org/​10.​3390/​cance​rs140​92208.

	 7.	 Serrablo A, Serrablo L, Alikhanov R, Tejedor L. Vascular resec-
tion in perihilar cholangiocarcinoma. Cancers. 2021. https://​doi.​
org/​10.​3390/​cance​rs132​15278.

	 8.	 Mizuno T, Ebata T, Yokoyama Y, et  al. Combined vascular 
resection for locally advanced perihilar cholangiocarcinoma. 
Ann Surg. 2022;275:382–90. https://​doi.​org/​10.​1097/​SLA.​00000​
00000​004322.

	 9.	 Miyazaki M, Kato A, Ito H, et al. Combined vascular resection 
in operative resection for hilar cholangiocarcinoma: does it work 
or not? Surgery. 2007;141:581–8. https://​doi.​org/​10.​1016/j.​surg.​
2006.​09.​016.

	10.	Abbas S, Sandroussi C. Systematic review and meta-analysis of 
the role of vascular resection in the treatment of hilar cholan-
giocarcinoma. HPB. 2013;15:492–503. https://​doi.​org/​10.​1111/j.​
1477-​2574.​2012.​00616.x.

	11.	Kuriyama N, Komatsubara H, Nakagawa Y, et al. Impact of 
combined vascular resection and reconstruction in patients with 
advanced perihilar cholangiocarcinoma. J Gastrointest Surg. 
2021;25:3108–18. https://​doi.​org/​10.​1007/​s11605-​021-​05004-2.

	12.	van Vugt JLA, Gaspersz MP, Coelen RJS, et al. The prognostic 
value of portal vein and hepatic artery involvement in patients 
with perihilar cholangiocarcinoma. HPB. 2018;20:83–92. https://​
doi.​org/​10.​1016/j.​hpb.​2017.​08.​025.

	13.	Song Y, Zhang Y, Zhen Z, Huang Z. Effects of portal vein resec-
tion and hepatic artery resection on long-term survival in Klat-
skin tumor: a meta-analysis. World J Surg Oncol. 2022;20:230. 
https://​doi.​org/​10.​1186/​s12957-​022-​02692-1.

	14.	Strasberg SM. Nomenclature of hepatic anatomy and resec-
tions: a review of the Brisbane 2000 system. J Hepatobil-
iary Pancreat Surg. 2005;12:351–5. https://​doi.​org/​10.​1007/​
s00534-​005-​0999-7.

	15.	Gaspersz MP, Buettner S, van Vugt JLA, et al. Evaluation of the 
New American Joint Committee on cancer staging manual 8th 
edition for perihilar cholangiocarcinoma. J Gastrointest Surg. 
2020;24:1612–8. https://​doi.​org/​10.​1007/​s11605-​019-​04127-x.

	16.	Dindo D, Demartines N, Clavien P-A. Classification of surgical 
complications: a new proposal with evaluation in a cohort of 
6336 patients and results of a survey. Ann Surg. 2004;240:205–
13. https://​doi.​org/​10.​1097/​01.​sla.​00001​33083.​54934.​ae.

	17.	Rahbari NN, Garden OJ, Padbury R, et al. Posthepatectomy liver 
failure: a definition and grading by the International Study Group 
of Liver Surgery (ISGLS). Surgery. 2011;149:713–24. https://​
doi.​org/​10.​1016/j.​surg.​2010.​10.​001.

	18.	Rahbari NN, Garden OJ, Padbury R, et al. Post-hepatectomy 
haemorrhage: a definition and grading by the International Study 
Group of Liver Surgery (ISGLS). HPB. 2011;13:528–35. https://​
doi.​org/​10.​1111/j.​1477-​2574.​2011.​00319.x.

	19.	Koch M, Garden OJ, Padbury R, et al. Bile leakage after hepato-
biliary and pancreatic surgery: a definition and grading of sever-
ity by the International Study Group of Liver Surgery. Surgery. 
2011;149:680–8. https://​doi.​org/​10.​1016/j.​surg.​2010.​12.​002.

	20.	Olthof PB, Miyasaka M, Koerkamp BG, et al. A comparison of 
treatment and outcomes of perihilar cholangiocarcinoma between 
Eastern and Western centers. HPB. 2019;21:345–51. https://​doi.​
org/​10.​1016/j.​hpb.​2018.​07.​014.

	21.	Lemaire M, Vibert É, Azoulay D, et al. Early portal vein throm-
bosis after hepatectomy for perihilar cholangiocarcinoma: Inci-
dence, risk factors, and management. J Visc Surg. 2023;160:417–
26. https://​doi.​org/​10.​1016/j.​jvisc​surg.​2023.​06.​005.

	22.	Liu JY, Ellis RJ, Hu QL, et al. Post Hepatectomy liver failure 
risk calculator for preoperative and early postoperative period 

following major hepatectomy. Ann Surg Oncol. 2020;27:2868–
76. https://​doi.​org/​10.​1245/​s10434-​020-​08239-6.

	23.	Orozco G, Gupta M, Villagomez D, et al. Predictors of liver 
failure in non-cirrhotic patients undergoing hepatectomy. 
World J Surg. 2022;46:3081–9. https://​doi.​org/​10.​1007/​
s00268-​022-​06742-3.

	24.	Wang Y, Fu W, Tang Z, et al. Effect of preoperative cholangitis on 
prognosis of patients with hilar cholangiocarcinoma: a systematic 
review and meta-analysis. Medicine (Baltimore). 2018;97:e12025. 
https://​doi.​org/​10.​1097/​MD.​00000​00000​012025.

	25.	Ramanathan R, Borrebach J, Tohme S, Tsung A. Preopera-
tive biliary drainage is associated with increased complica-
tions after liver resection for proximal cholangiocarcinoma. J 
Gastrointest Surg. 2018;22:1950–7. https://​doi.​org/​10.​1007/​
s11605-​018-​3861-3.

	26.	Teng F, Tang Y-Y, Dai J-L, et al. The effect and safety of preopera-
tive biliary drainage in patients with hilar cholangiocarcinoma: an 
updated meta-analysis. World J Surg Oncol. 2020;18:174. https://​
doi.​org/​10.​1186/​s12957-​020-​01904-w.

	27.	Ruzzenente A, Alaimo L, Caputo M, et al. Infectious complica-
tions after surgery for perihilar cholangiocarcinoma: a single 
Western center experience. Surgery. 2022;172:813–20. https://​
doi.​org/​10.​1016/j.​surg.​2022.​04.​028.

	28.	Ribero D, Zimmitti G, Aloia TA, et al. Preoperative cholangi-
tis and future liver remnant volume determine the risk of liver 
failure in patients undergoing resection for hilar cholangiocar-
cinoma. J Am Coll Surg. 2016;223:87–97. https://​doi.​org/​10.​
1016/j.​jamco​llsurg.​2016.​01.​060.

	29.	Olthof PB, Erdmann JI, Alikhanov R, et al. Higher postoperative 
mortality and inferior survival after right-sided liver resection 
for perihilar cholangiocarcinoma: left-sided resection is preferred 
when possible. Ann Surg Oncol. 2024;31:4405–12. https://​doi.​
org/​10.​1245/​s10434-​024-​15115-0.

	30.	Schimizzi GV, Jin LX, Davidson JT 4th, et al. Outcomes after 
vascular resection during curative-intent resection for hilar chol-
angiocarcinoma: a multi-institution study from the US extra-
hepatic biliary malignancy consortium. HPB. 2018;20:332–9. 
https://​doi.​org/​10.​1016/j.​hpb.​2017.​10.​003.

	31.	Hu H-J, Jin Y-W, Zhou R-X, et al. Hepatic artery resection for 
bismuth type III and IV hilar cholangiocarcinoma: is reconstruc-
tion always required? J Gastrointest Surg. 2018;22:1204–12. 
https://​doi.​org/​10.​1007/​s11605-​018-​3711-3.

	32.	Matsuyama R, Mori R, Ota Y, et al. Significance of vascular 
resection and reconstruction in surgery for hilar cholangiocar-
cinoma: with special reference to hepatic arterial resection and 
reconstruction. Ann Surg Oncol. 2016;23:475–84. https://​doi.​org/​
10.​1245/​s10434-​016-​5381-2.

	33.	She WH, Cheung TT, Ma KW, et al. Vascular resection and 
reconstruction in hilar cholangiocarcinoma. ANZ J Surg. 
2020;90:1653–9. https://​doi.​org/​10.​1111/​ans.​15969.

	34.	de Wilde RF, Koerkamp BG. Radial margin status should be 
determined in resected perihilar cholangiocarcinoma. Hepato-
biliary Surg Nutr. 2019;8:557–9. https://​doi.​org/​10.​21037/​hbsn.​
2019.​07.​19.

	35.	De Bellis M, Mastrosimini MG, Conci S, et al. The prognostic 
role of true radical resection in perihilar cholangiocarcinoma 
after improved evaluation of radial margin status. Cancers. 2022. 
https://​doi.​org/​10.​3390/​cance​rs142​46126.

	36.	Roos E, Franken LC, Soer EC, et al. Lost in translation: confu-
sion on resection and dissection planes hampers the interpre-
tation of pathology reports for perihilar cholangiocarcinoma. 
Virchows Arch Int J Pathol. 2019;475:435–43. https://​doi.​org/​
10.​1007/​s00428-​019-​02621-w.

	37.	Ruys AT, van Haelst S, Busch OR, et al. Long-term survival in 
hilar cholangiocarcinoma also possible in unresectable patients. 

https://doi.org/10.3390/cancers14092208
https://doi.org/10.3390/cancers13215278
https://doi.org/10.3390/cancers13215278
https://doi.org/10.1097/SLA.0000000000004322
https://doi.org/10.1097/SLA.0000000000004322
https://doi.org/10.1016/j.surg.2006.09.016
https://doi.org/10.1016/j.surg.2006.09.016
https://doi.org/10.1111/j.1477-2574.2012.00616.x
https://doi.org/10.1111/j.1477-2574.2012.00616.x
https://doi.org/10.1007/s11605-021-05004-2
https://doi.org/10.1016/j.hpb.2017.08.025
https://doi.org/10.1016/j.hpb.2017.08.025
https://doi.org/10.1186/s12957-022-02692-1
https://doi.org/10.1007/s00534-005-0999-7
https://doi.org/10.1007/s00534-005-0999-7
https://doi.org/10.1007/s11605-019-04127-x
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1016/j.surg.2010.10.001
https://doi.org/10.1016/j.surg.2010.10.001
https://doi.org/10.1111/j.1477-2574.2011.00319.x
https://doi.org/10.1111/j.1477-2574.2011.00319.x
https://doi.org/10.1016/j.surg.2010.12.002
https://doi.org/10.1016/j.hpb.2018.07.014
https://doi.org/10.1016/j.hpb.2018.07.014
https://doi.org/10.1016/j.jviscsurg.2023.06.005
https://doi.org/10.1245/s10434-020-08239-6
https://doi.org/10.1007/s00268-022-06742-3
https://doi.org/10.1007/s00268-022-06742-3
https://doi.org/10.1097/MD.0000000000012025
https://doi.org/10.1007/s11605-018-3861-3
https://doi.org/10.1007/s11605-018-3861-3
https://doi.org/10.1186/s12957-020-01904-w
https://doi.org/10.1186/s12957-020-01904-w
https://doi.org/10.1016/j.surg.2022.04.028
https://doi.org/10.1016/j.surg.2022.04.028
https://doi.org/10.1016/j.jamcollsurg.2016.01.060
https://doi.org/10.1016/j.jamcollsurg.2016.01.060
https://doi.org/10.1245/s10434-024-15115-0
https://doi.org/10.1245/s10434-024-15115-0
https://doi.org/10.1016/j.hpb.2017.10.003
https://doi.org/10.1007/s11605-018-3711-3
https://doi.org/10.1245/s10434-016-5381-2
https://doi.org/10.1245/s10434-016-5381-2
https://doi.org/10.1111/ans.15969
https://doi.org/10.21037/hbsn.2019.07.19
https://doi.org/10.21037/hbsn.2019.07.19
https://doi.org/10.3390/cancers14246126
https://doi.org/10.1007/s00428-019-02621-w
https://doi.org/10.1007/s00428-019-02621-w


9607Operative and Oncological Outcomes …       

World J Surg. 2012;36:2179–86. https://​doi.​org/​10.​1007/​
s00268-​012-​1638-5.

	38.	Oh D-Y, He AR, Bouattour M, et al. Durvalumab or placebo plus 
gemcitabine and cisplatin in participants with advanced biliary tract 
cancer (TOPAZ-1): updated overall survival from a randomised 
phase 3 study. Lancet Gastroenterol Hepatol. 2024;9:694–704. 
https://​doi.​org/​10.​1016/​S2468-​1253(24)​00095-5.

	39.	Breuer E, Mueller M, Doyle MB, et al. Liver transplantation as 
a new standard of care in patients with perihilar cholangiocarci-
noma? results from an international benchmark study. Ann Surg. 
2022;276:846–53.

	40.	Rea DJ, Heimbach JK, Rosen CB, et al. Liver transplantation 
with neoadjuvant chemoradiation is more effective than resec-
tion for hilar cholangiocarcinoma. Ann Surg. 2005;242:451–8. 
https://​doi.​org/​10.​1097/​01.​sla.​00001​79678.​13285.​fa. (discussion 
458-461).

	41.	Vugts JJA, Gaspersz MP, Roos E, et  al. Eligibility for liver 
transplantation in patients with perihilar cholangiocarcinoma. 
Ann Surg Oncol. 2021;28:1483–92. https://​doi.​org/​10.​1245/​
s10434-​020-​09001-8.

	42.	Croome KP, Rosen CB, Heimbach JK, Nagorney DM. Is liver trans-
plantation appropriate for patients with potentially resectable de 
novo hilar cholangiocarcinoma? J Am Coll Surg. 2015;221:130–9. 
https://​doi.​org/​10.​1016/j.​jamco​llsurg.​2015.​01.​064.

	43.	Mantel HTJ, Rosen CB, Heimbach JK, et  al. Vascular com-
plications after orthotopic liver transplantation after neoadju-
vant therapy for hilar cholangiocarcinoma. Liver Transplant. 
2007;13:1372–81. https://​doi.​org/​10.​1002/​lt.​21107.

	44.	Ebata T, Hirano S, Konishi M, et al. Randomized clinical trial 
of adjuvant gemcitabine chemotherapy versus observation in 
resected bile duct cancer. Br J. 2018;105:192–202. https://​doi.​
org/​10.​1002/​bjs.​10776.

	45.	Bridgewater J, Fletcher P, Palmer DH, et al. Long-term outcomes 
and exploratory analyses of the randomized phase III BILCAP 
study. J Clin Oncol. 2022;40:2048–57. https://​doi.​org/​10.​1200/​
JCO.​21.​02568.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00268-012-1638-5
https://doi.org/10.1007/s00268-012-1638-5
https://doi.org/10.1016/S2468-1253(24)00095-5
https://doi.org/10.1097/01.sla.0000179678.13285.fa
https://doi.org/10.1245/s10434-020-09001-8
https://doi.org/10.1245/s10434-020-09001-8
https://doi.org/10.1016/j.jamcollsurg.2015.01.064
https://doi.org/10.1002/lt.21107
https://doi.org/10.1002/bjs.10776
https://doi.org/10.1002/bjs.10776
https://doi.org/10.1200/JCO.21.02568
https://doi.org/10.1200/JCO.21.02568

	Operative and Oncological Outcomes of Vascular Resection and Reconstruction for Perihilar Cholangiocarcinoma
	Abstract 
	Background. 
	Objectives. 
	Methods. 
	Results. 
	Conclusions. 

	Methods
	Study Population
	Definitions
	Statistical Analysis

	Results
	Demographic, Operative, and Pathological Outcomes
	Postoperative Outcomes
	Survival Analysis

	Discussion
	Conclusion




