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Hilar portal vein wedge resection and patch venoplasty in patients
undergoing bile duct resection for hepatobiliary malignancy: 

A report of two cases

Sung-Min Kim and Shin Hwang

Department of Surgery, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Margin-free resection is one of the most important factors for favorable prognosis in patients undergoing resection for 
hepatobiliary malignancies. Herein, we present two cases of hepatobiliary malignancies in patients who underwent bile 
duct resection combined with hilar portal vein (PV) resection and vein allograft patch plasty. The first case was a 
51-year-old female patient with gallbladder cancer, in whom we performed extended cholecystectomy, bile duct re-
section and extensive lymph node dissection. The tumor-invaded PV wall was meticulously excised and the defect 
was repaired with a cryopreserved iliac vein allograft patch. The extent of the tumor was pT4N2M0 (stage IVB), thus 
concurrent chemoradiation therapy and adjuvant chemotherapy were performed. This patient is currently alive for 7 
years after surgery without any evidence of tumor recurrence. The second case was a 79-year-old male patient with 
perihilar cholangiocarcinoma of type I and gallbladder cancer, in whom extended bile duct resection and extensive 
lymph node dissection were performed. The extent of the bile duct tumor was pT4N1M0 (stage IVA) and that of gall-
bladder tumor was pT2N0M0 (stage II). No additional treatment was provided because of old age and poor general 
condition. This patient passed away 11 months after surgery due to rapid progression of tumor recurrence. In conclusion, 
hilar PV wedge resection and roofing patch venoplasty is a useful option to facilitate complete tumor resection in pa-
tients undergoing bile duct resection for hepatobiliary malignancy. (Ann Hepatobiliary Pancreat Surg 2021;25:132-138)
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INTRODUCTION

Hepatobiliary malignancies located at the hepatic hilum 

often invade the portal vein (PV) because the perihilar 

bile duct lies in close proximity to the PV. Margin-free 

resection is one of the most important factors for favor-

able prognosis in patients undergoing resection for hep-

atobiliary malignancies.1-3 PV resection combined with 

hepatectomy has been frequently performed for patients 

with perihilar cholangiocarcinoma in many centers 

worldwide. On the contrary, PV resection combined with 

only bile duct resection (BDR) has been rarely performed 

because of the low incidence of the indicated cases. When 

the local direct invasion of the PV is identified during 

BDR for hepatobiliary malignancies, the surgical techni-

ques for PV resection can be different depending on the 

invasion site. If the main PV is involved, segmental re-

section and end-to-end anastomosis or wedge resection 

with primary repair can be performed because the main 

PV can obtain some redundancy through extensive PV 

mobilization. However, if the PV bifurcation is invaded, 

wedge resection of the involved PV portion and roofing 

patch venoplaty are the preferred procedure. We herein 

present two cases of hepatobiliary malignancies in patients 

who underwent BDR combined with hilar PV resection 

and vein allograft patch plasty.

CASE

Case 1

A 51-year-old female patient was referred to our in-

stitution under the diagnosis of gallbladder cancer. 
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Fig. 1. Preoperative radiologic 
findings of Case No. 1. (A, B) 
Computed tomography scan shows 
advanced gallbladder cancer with 
multiple hepatoduodenal ligament 
lymph node metastases and in-
vasion of the right posterior por-
tal vein (arrows). (C) Magnetic 
resonance cholangiopancreatogra-
phy shows common hepatic duct 
invasion by the metastatic lymph 
nodes. (D) Fluorodeoxyglucose- 
positron emission tomography 
scan shows gallbladder cancer 
with multiple lymph node meta-
stasis.

Fig. 2. Intraoperative photographs 
of wedge resection of the hilar 
portal vein (PV) invasion and 
roof patch venoplasty in Case 
No. 1. (A) The tumor invaded the 
branching portion of the right 
posterior section PV (arrow). (B) 
The invaded PV wall was excised 
(arrow). (C, D) The defect at the 
PV wall was repaired with a cryo-
preserved iliac vein allograft 
patch.

Computed tomography (CT) and magnetic resonance 

imaging (MRI) showed advanced gallbladder cancer with 

direct hepatic invasion, multiple hepatoduodenal ligament 

lymph node (LN) metastases, invasion of the main PV and 

right posterior PV by the metastatic LNs, and common 

hepatic duct invasion due to metastatic LNs. Fluorodeoxy-

glucose-positron emission tomography (FDG-PET) scan 

also showed gallbladder cancer with multiple metastatic 
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Fig. 4. Follow-up computed 
tomography scans of Case No. 
1 taken at 2 weeks (A, B) and 
6 years (C, D) after the opera-
tion. The arrows indicate steno-
sis at the site of portal vein patch 
venoplasty.

Fig. 3. Gross photographs of Case No. 1 specimen after ex-
tended cholecystectomy and bile duct resection showing ad-
enosquamous carcinoma of the gallbladder.

LNs in hepatoduodenal ligament and portocaval area (Fig. 1).

The tumor appeared to be resectable despite extensive 

lymphadenopathy. Accordingly, we performed extended cho-

lecystectomy, bile duct resection and extensive LN dissec-

tion. After dissection of the hepatoduodenal ligament, in-

vasion of the main PV and right posterior PV was identified. 

Cholecystectomy and bile duct resection were performed 

and regional LNs were extensively resected. After iso-

lation of the main PV and hilar PV branches, the invaded 

PV wall was meticulously excised. The defect in the PV 

wall was repaired with a cryopreserved iliac vein allograft 

patch (Fig. 2). As a last step of resection, the liver bed 

of the gallbladder fossa was excised for complete tumor 

removal. Single Roux-en-Y hepaticojejunostomy was per-

formed for biliary reconstruction.

The pathology report revealed that the gallbladder can-

cer was an adenosquamous carcinoma measuring 2.5×2×1.5 

cm in size, located at the fundus of the gallbladder (Fig. 

3). The depth of tumor invasion was extension to the peri-

muscular connective tissue with involvement of the cystic 

duct. The resected PV fragment showed direct tumor invasion. 

Lymphovascular invasion and perineural invasion were 

present. All 5 resected LNs were metastatic. The extent 

of the tumor was pT4N2M0, thus regarded as stage IVB.

This patient recovered uneventfully from the surgery. 

The PV resection site appeared to be slightly stenotic on 

follow-up CT scans, but the portal perfusion to the right 

posterior section was not disturbed (Fig. 4).

After surgery, concurrent chemoradiation therapy with 

capecitabine was administered for 6 weeks followed by 

adjuvant chemotherapy of 6 cycles with Uracil and Tegafur/ 

Leucovorin (UFT/LV). This patient is currently alive for 

7 years after surgery without any evidence of tumor re-

currence.
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Fig. 5. Preoperative radiologic 
findings of Case No. 2. (A) Com-
puted tomography scan shows 
perihilar cholangiocarcinoma of 
type I (arrow). (B) Magnetic re-
sonance cholangiopancreatogra-
phy shows the involvement of 
the hilar bile duct. (C) Fluoro-
deoxyglucose-positron emission 
tomography scan shows extra-
hepatic bile duct cancer. (D) Re-
constructed compute tomography 
image shows the suspected site 
of portal vein invasion (arrow).

Fig. 6. Intraoperative photographs of the wedge resection of 
the hilar portal vein (PV) invasion and roof patch venoplasty 
in Case No. 2. (A) The invaded PV confluence portion is par-
tially excised and repaired with a cryopreserved iliac vein al-
lograft patch. (B) The redundant PV patch is fully expanded.

Case 2

A 79-year-old male patient was referred to our in-

stitution under the diagnosis of perihilar bile duct cancer. 

CT, MRI and FDG-PET showed perihilar cholangiocar-

cinoma of Bismuth-Corlette type I with suspected PV in-

vasion (Fig. 5). Endoscopic nasobiliary drainage was per-

formed to control obstructive jaundice.

The tumor appeared to be resectable, thus we performed 

extended bile duct resection after consideration of old age 

and relatively poor general condition. After dissection of 

the hepatoduodenal ligament, invasion of the main PV and 

right PV branch was identified. Cholecystectomy and ex-

tended bile duct resection were performed and regional 

LNs were extensively resected. After isolation of the main 

PV and hilar PV branches, the invaded PV wall was me-

ticulously excised and the PV defect was repaired with 

a cryopreserved iliac vein allograft patch (Fig. 6). Clustered 

hepaticojenunostomy was performed for reconstruction of 

the multiple hepatic duct openings.

The pathology report revealed double primary tumors 

at the hilar bile duct and gallbladder. The perihilar bile 

duct cancer was identified as a cholangiocarcinoma meas-

uring 1.1×0.9×0.7 cm in size (Fig. 7). The depth of tumor 

invasion was extension beyond the bile duct wall and the 

radial periductal soft tissue resection margins were involved. 

Lymphovascular invasion and perineural invasion were 

present. Periarterial neural plexus around the right hepatic 

artery was tumor-positive. One of the 11 resected LNs were 

metastatic. The proximal and distal bile duct resection 

margins were tumor-negative. The extent of the bile duct 

tumor was pT4N1M0, thus regarded as stage IVA. In ad-

dition, the gallbladder mass was moderately differentiated 

adenocarcinoma at the fundus and body of the gallbladder 

measuring 4.4×3.0×0.3 cm in size. The depth of tumor in-

vasion was extension to perimuscular connective tissue 
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Fig. 7. Gross photographs of Case No. 2 specimen after bile 
duct resection showing double primary tumors at the hilar 
bile duct and gallbladder.

Fig. 8. Follow-up imaging studies 
of Case No. 2. (A) Computed 
tomography taken at 4 months 
shows slight stenosis of the portal 
vein (PV). (B) At 6 months, the 
PV resection site is noticeably 
stenotic, thus percutaneous PV 
stenting is performed. (C) Com-
puted tomography scan taken at 
7 months shows the expansion 
of the PV stent with focal steno-
sis. (D) At 8 months, percutane-
ous biliary stenting is performed 
to manage tumor recurrence at 
the hepaticojejunostomy site.

and perineural invasion were present with absence of lym-

phovascular invasion. The extent of the gallbladder tumor 

was pT2N0M0, thus regarded as stage II.

This patient recovered uneventfully from the surgery. 

Because of the old of the patient and poor general con-

dition, concurrent chemoradiation therapy or adjuvant che-

motherapy was not performed. The PV resection site ap-

peared to be slightly stenotic on follow-up CT scans, but 

PV flow was not disturbed (Fig. 8A). At 6 months after 

surgery, local recurrence at the hepatic hilum and porto-

caval area occurred. As the PV resection site was further 

stenotic, percutaneous PV stenting was performed (Fig. 

8B, C). At 8 months after surgery, cholangitis with ob-

structive jaundice occurred, thus percutaneous biliary wall 

stenting was performed (Fig. 8D). Because of the rapid 

progression of tumor recurrence, this patient passed away 

11 months after surgery.

DISCUSSION

Concurrent PV resection during hepatectomy for peri-

hilar cholangiocarcinoma has been considered as a safe 

procedure ensuring surgical curability. A meta-analysis in-

volving 13 studies including 1921 perihilar cholangiocar-

cinoma cases revealed that combined PV resection is safe 

and feasible for the treatment of perihilar cholangiocar-

cinoma when the PV is grossly involved. In the case of 

advanced perihilar cholangiocarcinoma, when the portal 

vein is grossly involved, surgical resection including PV 

resection can benefit the overall survival in certain patients.1 

In another meta-analysis involving 11 studies including 

371 patients who received PV resection and 1029 who did 

not, combined PV resection was not significantly asso-

ciated with higher postoperative mortality. No strong evi-

dence could suggest that combined PV resection leads to 
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more morbidity or mortality in patients with perihilar 

cholangiocarcinoma when the PV is grossly involved. In 

addition, combined PV resection is considered oncologi-

cally valuable because R0 resection and 5-year survival 

did not differ significantly between the two cohorts, even 

though the fact that the PV resection cohort consisted of 

patients with more advanced perihilar cholangiocarcinoma.2 

These analyses support that direct PV invasion is a locally 

controllable extent of cholangiocarcinoma. Thus, it is highly 

recommended to perform PV resection if it can lead to 

margin-free resection.

When performing hemihepatectomy for hepatobiliary 

malignancies, combined PV resection can be done employ-

ing various techniques including wedge or segmental re-

section combined with primary repair, patch venoplasty 

and vessel interposition. The extent of PV resection and 

reconstruction techniques are variable depending on the 

site and extent of the PV invasion. Meanwhile, when ma-

jor hepatectomy is not performed, segmental resection of 

the main or hemihepatic PV branch is technically de-

manding because the handling of the PV for vascular 

anastomosis is very difficult. Consequently, the preferred 

procedure is wedge resection of the involved PV portion 

and roofing patch venoplaty, as presented in this study.

Unlike primary repair or end-to-end anastomosis, roof-

ing patch venoplaty essentially requires a vessel patch. A 

cold-stored fresh thick-walled vein allograft, such as ex-

ternal iliac vein, is the best material for patch venoplasty; 

however, such an allograft vein is usually not available 

in most of the centers. The next suitable patch material 

is cryopreserved vein allograft, which is stored at the tis-

sue bank. In both of our cases, we used cryopreserved ex-

ternal iliac vein allograft patches, which were preserved 

at the tissue bank of our institution. Under the conditions 

of unavailability of such vein allografts, an autologous 

vein patch can be considered. The patient’s own greater 

saphenous vein can be converted to a sizable paneled vein 

patch through a longitudinal incision of the vein and su-

turing to double the patch size.4,5 We do not recommend 

to the use of any prosthetic vascular graft for patch veno-

plasty because it is much more thrombogenic than the au-

tologous or homologous vein grafts. The PV is a medium- 

velocity high-flow vessel; thus, thus anticoagulation is usu-

ally not necessary if the luminal diameter of the PV is 

maintained. On the contrary, the development of focal steno-

sis can lead to a high risk of PV thrombosis, thus hemo-

dynamics-compliant design for PV resection and vascular 

reconstruction is essential.

Regarding roofing patch venoplasty, it is important to 

make the PV wall defect as small as possible as well as 

to make the size of the vein patch either twice or three 

times larger than the defect size at the PV wall. The patch 

should be large enough to make the patch roof redundant. 

Even if the patch roof appears to be noticeably redundant 

at the time of operation, it is vulnerable to shrinkage due 

to compression of the jejunal loop and through degener-

ative changes of the patch per se. Such a shrunken config-

uration is well demonstrated in in both of our cases. Case 

No. 1 showed mildly stenotic configuration in follow-up 

CT scans, but PV flow was well maintained because the 

cause of PV stenosis was probably extrinsic compression 

by the jejunal bowel loop crossing the PV. On the con-

trary, Case No. 2 showed concentric PV stenosis, which 

was probably associated with degeneration of the patch 

vein allograft along with extrinsic compression by local 

tumor recurrence. Further PV stenosis which could induce 

hepatic dysfunction and portal hypertension was antici-

pated, thus PV stenting was performed preemptively.6-8

Availability of vein allograft facilitates combined vas-

cular resection and reconstruction during aggressive sur-

gery for hepatobiliary malignancies, vascular surgery and 

living donor liver transplantation.9-11 Currently, cryopreserved 

femoral vein and artery homografts are commercially 

available through the Korea Public Tissue Bank. All hu-

man tissues were donated and stored at the tissue bank 

after informed consent from the donors’ family members. 

All procedures for vascular tissue procurement and proc-

essing were complied with Korean legislation and con-

formed to the ethical and safety concerns for therapeutic 

use.12

Cluster hepaticojejunostomy technique consisted of ap-

plying multiple internal biliary stents and a single wide 

porto-enterostomy to the surrounding connective tissues, 

which can be applicable to multiple hepatic ducts that are 

severely damaged by tumor invasion or iatrogenic injury 

or multiple small bile duct openings at the hepatic hilum 

following extended bile duct resection.13 Three technical 

tips could facilitate an efficient cluster hepaticojejunostomy. 

The first is to make the multiple bile duct openings wide 

and parallel after sequential side-to-side unification. The 
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second is to radially anchor the traction suture materials 

at the anterior anastomotic line. The third is to make mul-

tiple segmented continuous sutures at the posterior anasto-

motic line, thus 2 or 3 intervening sutures are usually nec-

essary for most sizable bile duct openings.

In conclusion, hilar PV wedge resection and roofing 

patch venoplasty is proposed as a useful option to facili-

tate complete tumor resection in patients undergoing bile 

duct resection for hepatobiliary malignancy.
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