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Abstract
Background Early and late outcomes after superior mesenteric-portal vein resection (VR) combined with pancreaticoduodenectomy,
major hepatectomy, or both for pancreaticobiliary carcinoma were retrospectively evaluated. VR is the most frequently used
vascular procedure in this field, but an exact role of VR has not been compared according to the primary site of tumor.
Materials and Methods Postoperative outcomes were compared between surgery with and without VR in each of the three
disease-based groups: hilar cholangiocarcinoma and intrahepatic cholangiocarcinoma with hilar extension (HIC, 56), middle
and distal cholangiocarcinoma and gallbladder carcinoma (DGC, 118), and pancreatic head adenocarcinoma (PHC, 77).
Results VR was performed in 19.6% of HIC, 8.5% of DGC, and 45.5% of PHC. In-hospital death was 7.1% (4 of 56)
patients with VR (3 of DGC and 1 of PHC). Operations with VR in DGC showed a larger amount of blood loss and more
increased ratio of R1operation than those with no VR. In HIC, DGC, and PHC, median survival time of patients with VR
was 37, 6.8, and 20 months and that of patients without VR was 42.9, 28.6, and 20.3 months, respectively. VR did not
affect survival either in HIC or in PHC; however, in DGC, VR was accompanied with dismal outcome compared with no
VR (p=0.001).
Conclusions Aggressive surgery with VR can be justified both in HIC and in PHC but should not be recommended for
DGC. Surgical outcomes of VR differed considerably, depending on the sites of the primary tumor.
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Introduction

Resection of superior mesenteric-portal vein (VR) is the
most frequently used vascular procedure in aggressive
surgery for cholangiocarcinoma,1–8 gallbladder cancer,8,9

and pancreatic cancer.10–26 Especially in surgery for
pancreatic cancer, VR is an indispensable surgical tech-
nique and VR itself does not worsen the postoperative
survival.15,16,18–25 However, clear discrimination from
tumor adherence to cancer invasion is often difficult.11,15,22

Several reports pointed out that the surgical outcome after
VR is closely related to the depth of cancer invasion into
the wall of the portal vein,11,12,26,27 and patient survival
after VR is preferable to cases without microscopic
invasion compared to those with the invasion.16,20,28

Furthermore, it was reported that tumors requiring VR
increases the likelihood of association with margin-positive
resection.21,19 Considerable variance regarding the inci-
dence of concomitant VR, 0–28%, was pointed out from a
domestic survey of seven large volume centers in Ger-
many.29 This variance may involve differences in surgical
strategies for pancreatic cancer.30,13

Similarly, in hilar cholangiocarcinoma, the incidence of
VR combined with aggressive surgery varied among large-
volume studies, ranging from 6.3 to 43%.2,3,5,6,31–34 As for
survival after VR, Neuhaus et al.3,4 said that VR more
frequently occurred in left-sided hepatectomy and was
accompanied by favorable outcome when compared with
no VR. Also, Hemming et al.6 revealed that there was no
difference in survival between patients who had VR and
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those who did not. Contrary to this view, Ebata et al.
demonstrated in their series, which included the largest
number of VRs, that there was negative prognostic factor
regardless of the presence or absence of microscopic
invasion.3 In gallbladder cancer and distal-sided bile duct
cancer, a few studies focus on VR.7–9,35

Although serious complications related to VR were
documented only in a few reports,24,36,37 it is generally
considered a safe vascular procedure that does not
exacerbate short-term results. Aggressive surgery for
cholangiocarcinoma, gallbladder carcinoma, and pancreatic
head adenocarcinoma involve the potential risk of VR
intrinsically. However, differences in postoperative out-
comes after VR have not been compared based on the site
of the primary tumor. In the present study, we have
evaluated short- and long-term outcomes of VR combined
with aggressive surgery for biliary tract and pancreatic
carcinomas, and we have discussed the variance of clinical
implication of VR based on differences in the primary
disease.

Materials and Methods

From 1987 to 2005, 56 patients underwent superior
mesenteric and portal vein resection combined with radical
surgery for cholangiocarcinoma, gallbladder carcinoma,
and invasive ductal carcinoma of pancreas. Operations
performed concomitant with 56 VRs were major hepatec-
tomy (more than 2 hepatic sections) with hilar dissection
(n=11), pancreaticoduodenectomy with or without gas-
trectomy (n=38), or hepatopancreaticoduodenectomy
(n=7). For comparative analyses of morbidity, mortality,
postoperative liver function, and survival outcomes in the
56 patients with VR, 195 patients who underwent major
hepatectomy (62), pancreaticoduodenectomy (118), or
hepatopancreaticoduodenectomy (15) without VR during
the same period were reviewed and investigated as the
control. Operations with only minimal probability or necessity
for VR were excluded from the analyses to ensure fair and
accurate comparison: bile duct resection, cholecystectomy
with partial hepatectomy, or partial hepatectomy without the
hilar dissection. Totally, this retrospective study included
251 patients (56 with VR and 195 without VR) who
underwent major hepatectomy, pancreaticoduodenectomy,
or hepatopancreaticoduodenectomy with curative intent.

This study focused on VR and investigated the differ-
ence in surgical results of VR according to site of the
primary tumor. For this, the 251 tumors were firstly dichoto-
mized to pancreatic head carcinoma (PHC, n=77) and biliary
tract carcinoma (174), and then the latter was divided into two
disease-based groups: HIC (n=56), hilar cholangiocarcinoma

(49) and intrahepatic cholangiocarcinoma involving the
porta hepatis (7), and DGC (118), middle and distal
cholangiocarcinoma (68) and gallbladder carcinoma (50).
Preoperative variables, surgical findings, postoperative
complications within the same hospital stay, and survival
were analyzed and compared between patients with VR and
those without in each of the three disease-based groups.
Operative mortality and in-hospital deaths were defined as
death within 30 days and within the same hospital
admission, respectively.

Pathologic characteristics of primary tumor, including
extent of tumor, lymph node metastasis, final tumor stage,
surgical margin status, and tumor differentiation were
described according to the American Joint Commission on
Cancer (AJCC) classification. Microscopic invasion of the
vein was defined as positive when a tumor infiltrated into
the adventitia of the vein or beyond it. Continuous variables
were compared using the Mann–Whitney U test and
categorical variables with a chi-square test or Fisher’s exact
test. Survival probabilities were calculated from date of
surgery and estimated using the Kaplan–Meier method and
compared by the log-rank test (significant difference, p<
0.05). Cox regression was used to determine independent
predictors of outcome, using survival as the dependent
variable and factors significant on univariate analysis as
covariates. Operative mortality was excluded from survival
analyses. Statistical calculations were performed using
Statistical Package for the Social Sciences (SPSS), version
9.0 (SPSS, Chicago, IL, USA).

Vascular Procedures for Portal Vein

The type of surgery according to the site of the primary
tumor is listed in Table 1. VR was performed when the
obvious involvement of the vein was demonstrated by
preoperative imaging examination or when the tumorous
invasion to the vein wall was suspected during surgery. To
perform an en-bloc resection, the tight adhesion of the vein
to tumor was not separated before the vein resection. VR
was carried out in 11 (19.6%) patients of HIC, in 10
(11.8%) of DGC (5 each in the middle and distal
cholangiocarcinoma and in the gallbladder carcinoma),
and in 35 (45.5%) of PHC (Table 1); 44 (78.6%) were
segmental resections and 12 (21.5%) were tangential
resections. About 75% of 56 vascular procedures were
performed by the first author (I.K.). Vein graft was used for
reconstruction in two patients. A median length±standard
deviation of excised portal vein was 3.0±1.2 cm (1–6 cm)
in 40 segmental resections (length of the remaining four
cases before 1994 were not stated in the operation record).
Median time of the portal clamping was 20±5.7 min (11–
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40 min) in 35 patients (the clamping time was not available
in 9 cases before 1994). In all 44 patients who underwent
the segmental resection, the end-to-end anastomosis of the
vein was carried out by the running suture technique with
5–0 or 6–0 nonabsorbable threads.

In this series, preoperative portal embolization technique
was not used. In addition, the intraoperative catheterization
into both hepatic artery and portal vein was performed for
the adjuvant liver perfusion chemotherapy with 5FU in 14
patients with pancreatic carcinoma: 4 patients (11.4%) of
VR group and 10 (23.8%) of no VR group.

Results

Preoperative and Operative Findings

The average age, male-to-female ratio, percent of patients with
jaundice (total bilirubin level >3 mg/dl), hemoglobin concen-
tration, and serum total protein and albumin levels were
similar between patients with VR and those without, in each
of the three disease-based groups (Table 2). In DGC, the
frequency of VR did not differ from gallbladder carcinoma
(10%) to middle and distal cholangiocarcinoma (7.4%).

Table 1 Operations Performed in 251 Patients

Type of Operation VR (+), n=56 VR (−), n=195 Total, n=251

Major hepatectomy 11 (15%) 62 (75%) 73
(Extended) Left hemihaptectomy 2 20
Left trisectionectomy 1 1
(Extended) Right hemihepatectomy 7 39
Right trisectionectomy 1 2
Pancreaticoduodenectomy 38 (24.4%) 118 (75.6%) 156
Pyloric-preserving procedure 12 51
With partial hepatectomy – 20
Hepatopancreaticoduodenectomy 7 (31.8%) 15 (68.2%) 22
Pancreaticoduodenectomy + extended right hemihepatectomy 7 13
Pancreaticoduodenectomy + left hemihaptectomy – 2

Major hepatectomy, hepatectomy of 2 or more than 2 sections; VR, superior mesenteric vein resection or portal vein resection

Table 2 Comparison of Preoperative and Intraoperative Variables Between Surgeries With and Without VR

HIC DGC PHC

VR, n=11 No VR, n=45 VR, n=10 No VR,
n=108

VR, n=35 No VR,
n=42

Age (mean±SD) 64.1±10 63.8±11 66.4±8.9 66.5±10 66.2±9.2 64.1±8.8
Female % (n) 36.4 (4) 33.3 (15) 40.0 (4) 50 (54) 45.7 (16) 42.8 (18)
Preoperative jaundice % (n) 63.6 (7) 86.7 (39) 90.0 (9) 67.6 (73) 82.9 (29) 85.7 (36)
Hemoglobin g/dl [median (IQR)] 13.1

(11.6–13.9)
12.7
(11.2–13.5)

12.8 (11.8–13.7) 12.6
(11.8–13.4)

12.6
(11.9–13.4)

12.4
(11.4–13.4)

Total protein mg/dl [median (IQR)] 7.1(6.5–7.6) 7.0 (6.6–7.5) 7.3 (6.7–7.9) 7.1 (6.7–7.4) 7.2 (6.8–7.5) 6.9 (6.6–7.5)
Albumin mg/dl [median (IQR)] 3.9 (3.6–4.2) 3.8 (3.5–4.1) 4.0 (3.5–4.3) 3.8 (3.5–4.1) 4.1 (3.6–4.5) 4.0 (3.7–4.2)
Operation
Major hepatectomy 81.8 (9) 91.1 (41) 20.0 (2) 19.4 (21) – –
Hepatopancreaticoduodenectomy 18.2 (2) 8.9 (4) 50.0 (5)* 10.2 (11) – –
Pancreaticoduodenectomy 30.0 (3) 70.4 (76) 100 100
Operation time [min, median
(IQR)]

560 (480–670) 570 (520–627) 645 (582–735)** 550
(480–700)

510
(480–634)

510
(450–594)

Blood loss [ml, median (IQR)] 1,600 (1,300–
3,700)

1,595 (1,095–
2,376)

1,601 (1,499–
2,398)***

1,280 (700–
1,917)

1,200 (800–
1,950)

1,130
(845–1,413)

HIC Proximal cholangiocarcinoma and intrahepatic cholangiocarcinoma with hilar extension; DGC middle and distal cholangiocarcinoma and
gallbladder carcinoma; PHC pancreatic head adenocarcinoma; VR superior mesenteric vein resection or portal vein resection; IQR interquartile
range; pancreaticoduodenectomy including pylorus preserving type
*0.002
**0.081
***0.027
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Hepatopancreaticoduodenectomy was carried out in a total of
22 patients, in whom 32% (7) underwent combined portal
vein resection. Of the 22 hepatopancreaticoduodenectomy,
16 (73%) were carried out for DGC: 7 (10.3%) for middle or
distal cholangiocarcinoma and 9 (18.0%) for gallbladder
carcinoma (no significant difference). The estimated blood
loss in DGC was significantly higher in patients with VR
compared with those without (p=0.027).

Liver Function After Surgery

The maximal levels of serum aspartate aminotransferate
(AST) and alanine aminotransferate (ALT) in VR group
were 366 and 310 IU/l in HIC, 148 and 119 IU/l in DGC,
and 69 and 65 IU/l in PHC, respectively. Maximal total
bilirubin (TB) levels were 3.4 mg/dl in HIC, 3.1 mg/dl in
DGC, and 69 and 65 IU/L in PHC. Regardless of VR or no
VR, the maximal AST and ALT values were higher in HIC
and DGC compared with that in PHC. When dividing the
251 patients into two groups who underwent surgery with
major hepatectomy (156) or without major hepatectomy

(95), median values of AST, ALT, and TB showed a
significant increase in patients with major hepatectomy
(380, 325 IU/l, and 5.7 mg/dl) compared to those without
(210, 208 IU/l, and 3.9 mg/dl; p=0.001, 0.030, and <0.001,
respectively). However, VR did not influence maximal
values of AST, ALT, and TB after surgery in any one of the
three disease-based groups (Table 3).

Complications After Surgery

Of the 251 patients, 6% (15) had operative or in-hospital
deaths. The operative death was recorded in two (3.6%)
patients of VR group and in four (2.1%) patients of no VR,
and in-hospital death was observed in two (3.6%) patients
of VR and in seven (3.6%) patients of no VR; there was no
statistical difference of incidence between VR and no VR.
In VR group, two operative deaths (one each in the
gallbladder carcinoma and in PHC) were due to intra-
abdominal hemorrhage, and two in-hospital deaths were
caused by early recurrence of the gallbladder carcinoma.
According to disease-based group, the in-hospital death

Table 3 Comparison of Postoperative Liver Function Tests and Complications Between Surgeries With and Without VR

HIC DGC PHC

VR (11) No VR (45) VR (10) No VR (108) VR (35) No VR (42)

Postoperative liver function
Maximal AST, IU/l [median (IQR)] 366 (205–451) 306 (215–417) 148 (76–284) 162 (78–295) 69 (48–102) 84 (64–113)
Maximal ALT, IU/l [median (IQR)] 310 (241–485) 258 (199–478) 119 (65–278) 166 (87–218) 65 (41–106) 76 (56–106)
Maximal TB, mg/l [median (IQR)] 3.4 (2.1–4.6) 4.1 (2.3–7.1) 3.1 (1.9–6.3) 5.0 (3.7–3.6) 2.2 (1.3–3.2) 2.5 (1.5–3.6)
Postoperative complications
Postoperative bleeding
Intraperitoneal, % (n) – 11.1 (5) 10.0 (1) 7.4 (8) 2.9 (1) 2.4 (1)
Gastrointestinal or biliary (2), % (n) 9.1 (1) 4.4 (2) – 4.6 (5) 5.7 (2) –
Pancreatic fistula, % (n) – – 25.0 (2)$ 17.2 (15)$ 5.7 (2) 2.4 (1)
Bile leak, % (n) 36.4 (4) 35.6 (16) 0 (0) 11.1 (12) – –
High bilirubinemia>10 mg/dl, %(n) 9.1 (1) 13.3 (6) 10.0 (1) 7.4 (8) – 4.8 (2)
Intra-abdominal infection, % (n) 9.1 (1) 17.8 (8) 20.0 (2) 13.0 (14) 5.7 (2) 2.4 (1)
Pulmonary disorders, % (n) 18.2 (2) 15.6 (7) 30.0 (3)* 5.6 (6) 8.6 (3) 4.8 (2)
Acute renal failure, % (n) – 2.2 (1) 18.2 (2)** 0.9 (1) – –
Bowel necrosis, % (n) – 4.4 (2) – – – –
Ileus, % (n) 9.1 (1) 2.2 (1) – – – –
SVC thrombosis, % (n) – – – 0.9 (1) – –
Anastomotic leakage, % (n) – – – 0.9 (1) 2.9 (1) 4.8 (2)
Portal vein thrombosis, % (n) – – – – 2.9 (1) 2.4 (1)
Reoperation, % (n) 9.1 (1) 13.3 (6) 20.0 (2) 10.2 (11) 5.7 (2) 4.8 (2)
Morbidity rate, % (n) 72.7 (8) 71.1 (32) 30.0 (3) 43.5 (47) 34.3 (12) 23.8 (10)
In-hospital death (n) 0 (0) 11.1 (5) 30.0 (3)*** 5.6 (5) 2.9 (1) 0 (0)
Mortality rate, % (n) 0 (0) 4.4 (2) 10.0 (1) 1.9 (2) 2.9 (1) 0 (0)

VR Superior mesenteric vein resection or portal vein resection; IQR interquartile range
*0.029 (Fisher’s exact test)
**0.019 (Fisher’s exact test)
***0.028; percentage for 95 patients who underwent pancreaticoduodenectomy
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including operative mortality occurred more frequently in
HIC (8.9%) and in DGC (7.6%) compared to that in PHC
(1.3%), although there were no statistical differences (p=
0.092 and 0.082, respectively; Table 3). Especially in the
gallbladder carcinoma, three of the five patients who
required VR died early after surgery, although surgery-
related mortality was only one; two deaths were caused by
tumor recurrence. Of 45 gallbladder carcinomas in no VR
group, the surgery-related death was recorded in a patient
(2.2%).

Overall morbidity was significantly higher in HIC
among the three disease-based groups but did not differ
between VR and no VR in any of the three disease-based
groups. Only the pulmonary disorder requiring intensive
treatment and acute renal failure developed frequently in
VR group compared with no VR group (DGC; Table 3).
Occurrence of intra-abdominal hemorrhage after surgery
was not affected by the portal vein resection because the
incidence was 3.6% (2) in VR group and 7.2% (14) in no
VR (not significant difference). The hemorrhage in the two
patients who underwent VR was caused by the rupture of
pseudoaneurysm. Gastrointestinal hemorrhage from peptic
ulcer after VR occurred in 9.1% of HIC and 5.7% of PHC;
the figures were not statistically different to the incidence in
no VR.

Regardless of VR or no VR, the pancreatic fistula after
pancreatic resection was more frequent in DGC (20.0%, 19 of
the 95 patients), compared with that in PHC (3.9%, n=3, p=
0.004). However, VR itself did not influence the occurrence
of pancreatic fistula (Table 3). The occurrence of bile
leakage also did not differ between VR and no VR. The
hyperbilirubinemia >10 mg/dl occurred in 3.6% (2) of the 56
patients with VR and in 8.2% (16) of the 195 patients
without VR, with no statistical difference (p=0.378; Table 3).
Reoperation was performed in 8.9% (five) after surgery with
VR, for adhesive ileus, intra-abdominal hemorrhage, intra-
abdominal abscess, peritonitis due to the small bowel
perforation, and leakage of colo-colostomy. Any causes for
reoperations were not related to vascular procedure.

No early complication specific to VR was observed.
Intrahepatic portal vein thrombosis occurred in two patients
in whom the plastic tube was placed in the portal vein for
liver perfusion chemotherapy; one (1.8%) was in VR group
and another (0.5%) was in no VR group (no significant
difference; Table 3). The thrombosis disappeared immedi-
ately after removal of the tube and anticoagulant therapy.

A symptomatic late complication specific to the portal vein
resection during long-term follow-up period has been rarely
observed in this series. In VR group, there was a patient who
had sinistral portal hypertension due to tumor recurrence.

Table 4 Comparison of Final Pathologic Diagnoses Between Surgeries With and Without VR

HIC DGC PHC

VR, n=11 No VR, n=45 VR, n=10 No VR, n=108 VR, n=35 No VR, n=42

Histological differentiation, pap-well 63.6 (7) 48.9 (22) 10.0 (1)* 54.6 (59) 51.4 (18) 42.9 (18)
Positive microlymphatic permeation 72.7 (8) 82.2 (37) 100 (10) 78.7 (85) 85.7 (30) 95.2 (40)
Positive microvenous permeation 54.5 (6) 40.0 (18) 80.0 (8) 53.7 (58) 40.0 (14) 54.8 (23)
Perineural invasion 90.9 (10) 75.6 (34) 100 (10) 73.1 (79) 97.1 (34) 88.1 (37)
pT factor
T1, T2 9.1 (1) 51.1 (23) – 36.1 (39) – –
T3 27.3 (3) 37.8 (17) – 49.1 (53) 100 (35) 100 (42)
T4 63.6 (7)** 11.1 (5) 100 (10) 14.8 (16) – –
pN factor
N1 27.3 (3) 42.2 (19) 50.0 (5) 61.1 (66) 57.1 (20) 71.4 (30)
pM factor
M1 - 2.2 (1) 20.0 (2) 12.0 (13) 14.3 (5) 16.7 (7)
Final stage
<IIa or IIa 9.1 (1) 48.9 (22) – 31.5 (34) 45.7 (16) 31.0 (13)
IIb 9.1 (1) 31.1 (14) – 35.2 (38) 34.2 (12) 52.4 (22)
III or III< 81.8 (9)**** 20.0 (9) 100 (10) 33.3 (36) 20.0 (7) 16.7 (7)
Positive surgical margin 27.3 (3) 31.1 (14) 60.0 (6)*** 18.5 (20) 14.3 (5) 14.3 (6)
Microscopic portal vein invasion 45.5 (5) – 70.0 (7) – 42.9 (15) –

HIC Proximal cholangiocarcinoma and intrahepatic cholangiocarcinoma with hilar extension; DGC middle-distal cholangiocarcinoma and
gallbladder carcinoma; PHC pancreatic head adenocarcinoma; VR superior mesenteric vein resection or portal vein resection
*0.008
**0.002
***0.008 (Fisher)
****0.004
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Pathologic Features

Positive rates of lymphatic permeation, microvenous
permeation, perineural invasion, and lymph node metastasis
were similar between VR and no VR groups in each of the
three disease-based groups (Table 4). In DGC, VR group
was accompanied with higher positivity of surgical margin
compared with no VR (p=0.008). When analyzing tumors
of DGC separately, the middle and distal cholangiocarci-
noma in VR group showed 60% (three of the five tumors)
of positive surgical margin, whereas that in no VR was

15.9% (p=0.045). Also in gallbladder carcinoma, margin
positivity was so high in VR (60% of the five tumors), but
there was not statistical difference compared with no VR
(22.2%, p=0.064).

In PHC, no significant difference was observed in all the
parameters evaluated between VR and no VR. The tumor
size of pancreatic adenocarcinoma also did not differ
between tumors excised with VR and without (a mean
value±SD, 38.4±12.2 mm and 35.5±13.2 mm, respectively,
p=0.323). Microscopic invasion of the vein was more
frequently observed in DGC (70%) among the three disease-
based groups (45.5% inHIC and 42.9% in PHC); however, there
were no statistical differences.Positivity of microscopic invasion
did not differ between middle-distal cholangiocarcinoma and
gallbladder carcinoma.

Survival Analyses

Among the three disease-based groups, PHC was associated
with significantly worse median survival time (20.1 months)
compared to others (41.8 months in HIC and 27.7 months in
DGC, Fig. 1a). When analyzing the 54 patients who
underwent VR, survival probabilities of DGC and of PHC
were inverted, and DGC showed most dismal outcome (a
median of 6.8 months) among the three groups (37.0 months
in HIC and 20.0 months in PHC; p=0.0016 and p=0.0316 to
DGC, respectively, Fig. 1b). In DGC with VR, five patients
with middle or distal cholangiocarcinoma all died of tumor
recurrence within 14 months after surgery, and also four
patients with gallbladder carcinoma were succumbed to the
disease at 37, 29, 4, and 3 months after surgery, respectively.

In Table 5, univariate analyses for multiple prognostic
parameters were calculated. Positive surgical margin and
lymph node metastasis were important prognostic factors
common to the three disease-based groups. The negative
prognostic value of VR itself was prominent in DGC
(surgeries with VR and without, p=0.001) but was not
demonstrated in HIC or in PHC (Fig. 2). In DGC, VR was a
negative prognostic factor regardless of positive or negative
microscopic invasion of the vein (Table 5). When performing
subgroup analyses, portal vein invasion showed striking
negative impact in the middle-distal cholangiocarcinoma (p=
0.001), whereas it was marginal difference in the gallbladder
carcinoma (p=0.055).

In PHC, microscopic invasion was a significant prognostic
factor, but a median survival time of VR group without
microscopic invasion was similar to that of no VR (Table 5).
In HIC, median survival time in VR with microscopic
invasion was shorter than that in no VR, although no
statistical difference (27.5 months with 95%C.I.; 17–37 vs
41.8 months with 36–48). The median survival time in VR
without microscopic invasion was 38.1 months, 95%
confidence interval (CI) 36.6–39.4, with no significant

Figure 1 Survival curves in the three disease-based groups. In
analyses for all patients (a), a median survival time (95% CI, months)
was 41.8 months (36.4–47.3) in HIC (black line), 27.7 months (18.9–
36.5) in DGC (dotted line), and 20.1 months (14.2–26.3) in PHC
group (broken line). Statistical significances were HIC vs PHC, 0.003;
DGC vs PHC, 0.0368; and HIC vs DGC, 0.2151. In analysis of
patients who underwent VR (b), DGC showed significantly worse
survival of a median of 6.8 months among the three disease-based
groups (37.0 months in HIC and 20.0 months in PHC; p=0.0016 and
p=0.0316, respectively). There was also a significant difference in
survival between PHC and HIC (p=0.0307).
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difference to that in no VR. Multivariate analyses demon-
strated two negative independent predictors each in DGC
and in PHC, respectively: positive surgical margin and
positive nodal metastasis, and positive surgical margin and
histological differentiation (Table 6). The depth of tumor
infiltration into the vein was evaluated in PHC; median
survival time in nine tumors infiltrating into the tunica media
or intima [11.1 months with 95%CI, 7–15.1] was signifi-
cantly lesser than that in 25 tumors infiltrating up to the
tunica adventitia (21.8 months with 95%CI, 14.4–29.2, p=
0.0301). The survival difference was not observed between
the patient’s group of PHC with liver perfusion chemother-
apy and that without in this series.

When analyzing all 54 patients who underwent VR,
univariate analyses revealed 9 prognostic parameters with
statistical difference as shown in Table 7. Among these
parameters, multivariate analyses disclosed four negative
prognostic predictors: site of the primary tumor (no HIC),
surgical margin, microvenous permeation, and microscopic
invasion to the vein (Table 8).

Discussion

Portal Vein Resection in Pancreatic Head Adenocarcinoma

VR has been widely performed for pancreas carcinoma
since the report of the regional pancreatectomy,10 but its

survival benefit has been still controversial. In general,
incidence of VR seems to be inversely proportional to that
of microscopic tumor invasion; more than 40% of VR rate
was associated with 50–60% of microscopic vein wall
invasion,12,20,27,38 whereas less than 40% of VR rate was
accompanied by more than 70% of microscopic inva-
sion.16,17,22,26,39 Although much variance was seen in the
incidence of VR, the true venous infiltration was not so
widely distributed; estimated figures calculated from
several reports were 16–33%.12,16,17,20,22,26,27,38,39 Never-
theless, the low probability of true infiltration could not
preclude the aggressive attitude to pancreaticoduodenectomy
combined with VR.

Increased intraoperative blood loss with VR was pointed
out,13,22,24 but the operative morbidity and mortality did not
differ between operation with VR and without.14,22,25 In a
recent report by Carrere et al.,14 VR did not influence the
blood loss, but 22% of reoperation rate and 15% of
postoperative hemorrhage rate after VR seems to be
somewhat high because of 5.5 and 2.9% in our series,
respectively. The incidence of pancreatic fistula significant-
ly decreased in patients who underwent VR.14,28 More
advanced pancreatic tumors and more decreased pancreatic
function may reduce the probability of pancreatic fistula.
However, pancreatic fistula after pancreaticoduodenectomy
for pancreatic carcinoma is generally less frequent, com-
pared to that for biliary tract carcinoma with normal
pancreas. The vascular procedure showed no impact on

Table 5 Univariate Analyses of Prognostic Factors in Each of Three Disease-based Groups

HIC (n=54) DGC (n=115) PHC (n=76)

Median Survival Time

Month (n) p value Month (n) p value Month (n) p value

Age, 70 >/70 < year-old 53.0 (36)/38.9 (18) 0.1477 23.3 (72)/37.1 (43) 0.6828 16.1 (47)/28.2 (29) 0.0672
Male/Female 41.1 (35)/70.0 (19) 0.4481 25.8 (57)/27.7 (58) 0.5925 16.1 (42)/28.2 (34) 0.1768
Adjuvant chemotherapy (-/+) 42.9 (42)/36.3 (12) 0.9771 25.1 (101)/37.1 (14) 0.6233 16.7 (38)/29.2 (38) 0.2958
Differentiation; pap-well/others 41.1 (29)/41.8 (25) 0.9376 59.7 (58)/16.8 (57) 0.0011 31.9 (36)/15.7 (40) 0.0023
Microlymphatic permeation; −/+ 41.1 (11)/41.8 (43) 0.2849 76.1 (23)/22.1 (92) 0.0734 74.5 (7)/16.7 (69) 0.0629
Microvessle permeation; –/+ 42.9 (31)/37.2 (23) 0.9442 76.1 (50)/18.2 (65) 0.0011 25.4 (40)/18.1 (36) 0.7844
Perineural invasion; –/+ 38.1 (12)/41.8 (42) 0.5240 – (29)/23.3 (86) 0.0121 14.4 (6)/20.3 (70) 0.4350
Surgical margin; negative/positive 53.0 (38)/21.1 (16) 0.0004 42.4 (89)/13.3 (26) 0.0001 21.8 (65)/10.7 (11) 0.0011
Lymph node metastasis; –/+ 70.0 (33)/27.5 (21) 0.0012 76.1 (47)/16.2 (68) 0.0005 30.6 (27)/16.1 (49) 0.0842
Preoperative jaundice; –/+ 37.2 (10)/41.1 (44) 0.4010 41.0 (36)/25.8 (79) 0.3942 32.1 (12)/17.7 (64) 0.2045
Operation time; 600 >/600< (min) 46.6 (30)/36.3 (24) 0.0914 38.1 (63)/21.3 (52) 0.0285 21.8 (56)/16.1 (20) 0.0473
Blood loss; 1600 >/1600< (ml) 42.9 (28)/38.1 (26) 0.5008 28.9 (68)/21.7 (47) 0.0857 23.5 (61)/16.1 (15) 0.0363
VR (−/+) 42.9 (43)/37.2 (11) 0.5406 28.3 (106)/6.8 (9) 0.0001 20.3 (42)/20.0 (34) 0.3298
Microscopic vein invasion (−)/(+) 41.1 (49)/27.5 (5) 0.2209 28.6 (108)/6.8 (7) 0.0008 20.3 (62)/12.2 (14) 0.0228
VR (+) without microscopic invasion 38.1 (6) 4.0 (3) 20.0 (20)

VR Superior mesenteric vein resection or portal vein resection
HIC Proximal cholangiocarcinoma and intrahepatic cholangiocarcinoma with hilar extension; DGC middle-distal cholangiocarcinoma and
gallbladder carcinoma; PHC pancreatic head adenocarcinoma; VR superior mesenteric vein resection or portal vein resection; pap-well papillary
and well-differentiated adenocarcinoma
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increased risk of pancreatic fistula. On the other hand,
superior mesenteric ischemia,22 bowel edema caused by
prolonged venous occlusion time,18 or sinistral portal
hypertension24,37 appear to be infrequent complications
after VR. Leach et al.24 reported that the venous occlusion
after VR occurred in 22% (7) of 31 patients: 5 were
asymptomatic and the remaining 2 died of the condition.

Although we experienced portal thrombosis with liver
perfusion chemotherapy, the vein occlusion or sinistral
portal hypertension caused by VR itself was not encoun-
tered. VR for pancreatic carcinoma is a safe vascular
procedure, but we should take care of unexpected patho-
logic conditions related to the vascular procedure.

Exact correlation between long-term survival and con-
comitant VR remains unclear. Several reports have stated
that true microscopic invasion into the vein wall was
accompanied by lower probability of survival.11,12,16,20,26,27

Furthermore, the depth of tumor infiltration into the vein
wall also affected postoperative survival.11,12,26,27 In the
present study, VR itself showed no disadvantage on

Figure 2 Postoperative survival in each of the three disease-based
groups. A median survival time of patients without VR (dotted line)
was 42.9 months (95%CI, 37–48.8 months) in HIC, 28.6 months
(95% CI, 13.3–43.8 months) in DGC, and 20.3 months (95%CI.,
11.4–29.1 months) in PHC. A median survival time of patients with
VR (black line) is described in Fig. 1. Statistical difference in
survival between surgeries with and without VR was observed only
in DGC (p=0.0001).

Table 6 Mutivariate Analyses for DGC and for PHC

p value Risk Ratio 95% CI

DGC
Positive surgical margin <0.001 3.30 1.84–

5.91
Positive lymph node metastasis 0.006 2.18 1.26–

3.76
PHC
Positive surgical margin 0.002 3.38 1.59–

7.19
Histological differentiation 0.001 2.62 1.49–

4.62

Table 7 Prognostic Factors in 54 Patients Who Underwent VR:
Univariate Analyses

Analyzed factors (n) Median survival time
[month, (95% CI)]

p
value

Histological grade, pap-well
(25)/others (29)

29.2 (20.2–38.1)/16.7
(10.4–23.0)

0.0044

Microlymphatic permeation,
−(8)/+(46)

27.7 (15.3 -40.0)/16.7
(11.5–21.9)

0.0189

Microvenous permeation,
−(27)/+(27)

30.6 (26.2 -35.0)/15.3
(10.1–20.6)

0.0042

Surgical margin, negative
(40)/positive (14)

28.9 (15.8 -42.0)/13.8
(1.5–26.0)

0.0218

Lymph nodal metastasis,
−(28)/+(26)

32.8 (24.5–41.1)/16.1
(13.2–19.0)

0.0016

Microscopic invasion to vein
wall, −(28)/+(26)

29.2 (12.8–45.6) /12.2
(0.0–29.6)

0.0041

Operation time, 600 min >
(32)/< (22)

25.4 (12.8–38.0) /16.1
(4.6–27.7)

0.0382

No DGC, yes (45)/no (9) 27.5 (18.5–36.5)/6.8
(0.0–14.3)

0.0032

No HIC, yes (43)/no (11) 16.7 (11.7–21.7)/37.2
(31.8–42.5)

0.0134

VR Superior mesenteric vein resection or portal vein resection; pap-
well papillary and well-differentiated adenocarcinoma
CI Confidential interval. (excluding two operative deaths)
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postoperative survival, but the probability of prognosis
decreased when microscopic invasion was positive or
when tumor infiltrated beyond the tunica adventitia.
Fuhrman et al.13 stated that the portal vein involvement
was a function of tumor location rather than aggres-
siveness of cancer biology. However, microscopic true
infiltration should be considered as an indicator that
reflects the local invasiveness of the primary tumor and
poor prognosis. Interestingly, Hartel et al.16 mentioned that
survival of the patients who underwent VR for a lesion with
no microscopic invasion was superior to that of patients who
did not undergo VR, whereas Shimada et al.28 described the
results opposite to that of Hartel el al. In general, R0/R1 ratio
did not differ between surgeries with and without VR, and
en-bloc resection permits extirpation with potentially nega-
tive margins and may reduce the risk of local re-
currence.13,20,22,24 In the report by Shimada et al.,28 the
higher positivity of R1 operation, extrapancreatic neural
invasion, and widespread nodal diseases in the VR group
seems to influence their surgical outcomes. In treatment for
pancreatic tumors with portal vein invasion, it was reported
from the randomized control trial that resection surgery was
superior to chemoradiotherapy alone.40 On the basis of safe
performance in vascular procedure, VR combined with
aggressive surgery can be justified in cases with potential
risk of vein invasion.

Portal Vein Resection in Biliary Tract Carcinoma

In many studies for hilar cholangiocarcinoma, in-hospital
mortality after major hepatectomy with VR ranged from 9
to 17%, with no significant difference compared to that
with no VR.2,6,41 Zero mortality series with 40 consecutive
major hepatectomies was reported by Kondo et al.,5 in
which 14 patients underwent concomitant VR. In our series,
in-hospital deaths were not observed after major hepatec-
tomy with VR in HIC. Morbidity with VR was similar to
that with no VR.2,5,6 In gallbladder cancer, it is reported

that major hepatectomy combined with VR for cases with
obstructive jaundice was accompanied with high in-hospital
mortality of 20–36% due to postoperative hepatic coma.9,41

Also in our series, mortality significantly increased in
surgery with VR than in without VR, but we did not
encounter hepatic coma as the primary presentation of
postoperative morbidities. Portal vein embolization was not
carried out in our institution until 2005, but this technique
is thought to be a modality of choice for improving
postoperative outcome regardless of VR or no VR.42,43

The incidence of VR combined with hepatectomy for
hilar cholangiocarcinoma widely ranged from 6.3 to
43%.2–6,8,31,33,34 Similarly in pancreatic cancer surgery,
the difference in the treatment strategy seems to be a
possible explanation for this variance. Neuhaus et al.3

reported that VR improved long-term survival, and only
VR was identified as an independent predictor in patients
who underwent R0 operation. Although microscopic
infiltration of the portal vein was approximately 20% in
their series, the curative right trisectionectomy with VR
yielded a surprising outcome of 72% 5-year survival.4 On
the other hand, Ebata et al.2 stated that macroscopic
involvement of the portal vein affected postoperative
survival statistically, but absence or presence of microscop-
ic involvement had less impact on survival. More recently,
Kondo et al.5 and Hemming et al.6 mentioned that there
was no difference in survival between surgeries with and
without VR, and our study also showed a similar tendency.
An en-bloc resection with VR appears to enhance surgical
clearance of tumor cells in porta hepatic.3,44 A routine use
of VR is not standardized in the current status, but VR
should not be precluded in cases with portal vein
involvement detected before or during operation.

With regard to gallbladder carcinoma, only a few studies
focused on the surgical outcome of surgery with VR and
reported its unfavorable results.1,8,9,45 More than 3-year
survival was rarely encountered even with aggressive
surgery.1,9,45 In several studies about middle and distal
cholangiocarcinoma amenable to pancreaticoduodenectomy,
the description of VR was lacking46,47 or only the number of
cases with VR was provided.48,49 Reported figures of 13,46

13.5,47 and 18%35 appear to be higher than in many other
studies. Tseng et al.18 described that distal cholangiocarcinoma
was found only in 2% (three) of 141 patients who
underwent pancreaticoduodenectomy with VR but was
carried out in 79% of the 141 patients with pancreatic head
adenocarcinoma. Roder et al.35 stated that seven cases with
pancreaticoduodenectomy with VR showed no survival
benefit because of high incidence of positive surgical
margin (71%) and of limited survival of less than
12 months. Tashiro et al.7 reported two patients who had
widespread nodal disease and died of tumor recurrence at 3
and 25 months after surgery, respectively. In gallbladder

Table 8 Prognostic Factors in 54 Patients Who Underwent VR:
Multivariate Analysis

p value Risk Ratio 95% CI

No HIC 0.002 5.46 1.91–
15.6

Positive microvenous
permeation

0.001 4.18 1.76–
9.96

Positive surgical margin 0.023 2.35 1.13–
4.90

Microscopic portal vein
invasion

0.033 2.19 1.06–
4.51

CI Confidential interval. (excluding two operative deaths)
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carcinoma and middle-distal cholangiocarcinoma, lymph
node metastasis and surgical margin status are well-
established prognostic factors.50,51 Adjuvant chemotherapy
after aggressive surgery seems to be a practical and
promising strategy that can improve the prognosis,52 but
the indication of an extensive surgery with vascular
procedure is limited when tumors have obvious negative
prognostic predictors.

Portal Vein Involvement in Pancreatic and Biliary Tract
Carcinoma

In gallbladder carcinoma, portal vein involvement occurs in
the far advancing margin of tumor extension, and true
vascular invasion is seen more frequently compared to hilar
cholangiocarcinoma.9 In surgery for advanced gallbladder
carcinoma, we seldom encounter solitary portal vein in-
volvement, and multiple visceral resections are required for
tumor resection. In middle and distal cholangiocarcinoma,
tumors with deep invasion were associated with poor
prognosis compared with those with superficial invasion.53

Furthermore, the depth of invasion of the primary tumor
correlated well with patient survival in middle and distal
cholangiocarcinoma, whereas it did not in hilar lesion.54

Considering these biological characteristics, portal vein
invasion in these lesions should be regarded as the depth of
invasion of the primary tumor. In DGC, the clinical
requirement of VR itself is thought to represent a high
malignant potential with the primary tumor.

Both in HIC and in PHC, VR was associated with no
survival disadvantage in cases of tumor infiltration within the
tunica adventitia of vein. The superior mesenteric vein, portal
vein, or its tributaries run closely across the pancreatic head
and proximal bile duct, and these veins are in direct contact
with pancreatic parenchyma or with structures of porta
hepatis, respectively. Because of this anatomical proximity,
the vein can be regarded as a regional vessel of “porta hepatic”
or “pancreatic head.” Hence, the tumorous infiltration up to
the most superficial layer of the vein does not seem to show
strong impact on survival.

Conclusions

The superior mesenteric-portal vein resection combined
with major hepatectomy, pancreaticoduodenectomy, or both
was technically feasible without complications specific to
vascular procedures. However, surgery with portal vein
resection for middle-distal cholangiocarcinoma and gall-
bladder carcinoma was accompanied by a dismal outcome;
these operations should not be recommended for lesions
with obvious noncurative factors. In hilar cholangiocarcinoma

and pancreatic head carcinoma, the vein resection is not
contraindicated because of minimal adverse effects on
postoperative outcome. In the pancreatic and biliary tract
adenocarcinoma, surgical outcomes after aggressive surgery
with VR differed considerably, depending on the sites of the
primary tumor. It is suggested that difference in the anatomical
relationship between the primary tumor and superior mesen-
teric-portal vein is a probable reason for the explanation of
variance in surgical outcome after vein resection.
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