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Portal vein wedge resection and patch venoplasty using
autologous and homologous vein grafts during surgery
for hepatobiliary malignancies
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Obtaining tumor-free resection margins is one of the most important factors for achieving favorable prognosis of patients undergo-
ing resection for hepatobiliary malignancies. In this study, we present our experience of portal vein (PV) wedge resection and patch
venoplasty using autologous or homologous vessel grafts for resecting perihilar cholangiocarcinoma, hepatocellular carcinoma, and
distal bile duct cancer. Case 1 was 68-year-old male patient with type IV perihilar cholangiocarcinoma who underwent central bisec-
tionectomy with caudate lobectomy and bile duct resection, and PV wedge resection and patch venoplasty with a cryopreserved iliac
vein allograft patch. This patient survived 14 months after surgery. Case 2 was 77-year-old male patient with type IIIA perihilar chol-
angiocarcinoma who underwent left medial sectionectomy with caudate lobectomy, bile duct resection, and PV wedge resection and
patch venoplasty with a cryopreserved iliac vein allograft patch. This patient survived 17 months after surgery. Case 3 was 54-year-old
male patient with hepatitis B virus-associated liver cirrhosis and hepatocellular carcinoma with PV tumor thrombus who underwent
left hepatectomy. The PV wall defect was repaired with an autologous greater saphenous vein patch. This patient survived 11 months
after surgery. Case 4 was 65-year-old female patient with distal bile duct cancer who underwent pylorus-preserving pancreaticoduo-
denectomy, and main PV wedge resection and patch venoplasty with a cryopreserved iliac artery allograft patch. This patient survived
21 months after surgery. In conclusion, PV wedge resection and patch venoplasty can be used to facilitate complete tumor resection in

patients undergoing various extents of surgical resection for hepatobiliary malignancies.
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INTRODUCTION

Hepatobiliary malignancies can directly invade the portal
vein (PV) due to their physical proximity to the PV. Obtaining
tumor-free resection margins is one of the most important fac-
tors for achieving favorable prognosis of patients undergoing
resection for hepatobiliary malignancies [1-3]. PV resection
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combined with hepatectomy has been frequently performed
for patients with perihilar cholangiocarcinoma. Common PV
resection-reconstruction methods include PV wedge resection
combined with primary repair, and segmental PV resection
with end-to-end anastomosis or interposition vessel graft [4].
Patch venoplasty following PV wedge resection has been rarely
performed due to of its indications. We have previously pre-
sented our experience of hilar PV wedge resection and allograft
patch venoplasty in patients undergoing bile duct resection [5].
We herein present our experience of PV wedge resection and
patch venoplasty using autologous or homologous vessel grafts
for surgical resection of perihilar cholangiocarcinoma, hepato-
cellular carcinoma, and distal bile duct cancer.

CASE PRESENTATION

Case 1
A 68-year-old male patient was referred to our institution
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with the diagnosis of Bismuth-Corlette type IV perihilar chol-
angiocarcinoma (Fig. 1A, 1B). The tumor was centrally located
at the hepatic hilum. The size of the left lateral section was too
small to safely perform right trisectionectomy even after con-
sidering right PV embolization. Thus, it was decided that the
patient would undergo central bisectionectomy.

During hilar dissection, we found that the tumor invaded the
confluence portion of the PV bifurcation and the right anterior
PV branch (Fig. 2A). Thus, the invaded PV portion and the
right anterior PV branch were excised elliptically. The wall de-
fect at the hilar PV was repaired with a cryopreserved iliac vein
allograft patch (Fig. 2B, 2C). Afterwards, segments IV, V, VIII
and caudate lobe were resected through central bisectionecto-
my and caudate lobectomy (Fig. 2D). Roux-en-Y hepaticojeju-
nostomy was performed to the right posterior section and left
lateral section ducts.

The pathology report revealed that the tumor was a 3.5 cm-
sized poorly differentiated adenocarcinoma (Fig. 1C). All bile
duct resection margins were tumor-negative. Regarding the
depth of invasion, the tumor extended beyond the bile duct
with involvement of the liver parenchyma and the perihilar
soft tissue. Lymphovascular invasion and perineural invasion
were also present. Two of five resected lymph nodes showed
metastasis. According to the 8th edition of the American Joint
Committee on Cancer (AJCC) [6], the extent of the tumor was
pT4N1MO, which was regarded as stage IIIC.
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This patient recovered uneventfully from the surgery. The PV
reconstruction site appeared to be slightly stenotic on follow-up
computed tomography scans (Fig. 1D). After the surgery, adju-
vant chemotherapy was performed. However, multiple intrahe-
patic recurrence occurred at 8 months after the surgery. This
patient passed away at 14 months after the surgery due to rapid
progression of tumor metastasis.

Case 2

A 77-year-old male patient was referred to our institution
with the diagnosis of Bismuth-Corlette type IITA perihilar
cholangiocarcinoma (Fig. 3A, 3B). The size of the left liver ap-
peared to be too small to safely perform right hepatectomy even
after considering right portal and hepatic vein embolization [7].
The general condition of this patient was relatively poor with
old age. Thus, we decided to perform parenchyma-preserving
hepatectomy.

During hilar dissection, we found that the tumor invaded the
transverse portion of the left PV. Thus, the PV-invading tumor
was meticulously detached from the left PV. Afterwards, the
segment IV and the caudate lobe were resected through left
medial sectionectomy and caudate lobectomy. After obtaining
a wide-enough operative field through removal of the segment
IV and the caudate lobe, the tumor-invaded left PV wall was
elliptically excised. The defect in the PV wall was repaired with
a cryopreserved iliac vein allograft patch (Fig. 4). Roux-en-Y

Fig. 1. Perioperative findings of Case 1.
(A) Preoperative computed tomography
scan shows advanced perihilar cholang-
iocarcinoma (arrow). (B) Magnetic resonance
cholangiopancreatography shows
extensive involvement of the hilar bile
duct (arrow), indicating Bismuth-Corlette
type IV tumor. (C) Gross photograph of the
surgical specimen is visible after central
bisectionectomy, caudate lobectomy
and bile duct resection. (D) Computed
tomography scan taken at 2 weeks after
surgery shows slightly stenotic portal vein
reconstruction site (arrow) at the portal vein
confluence portion.
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Fig. 2. Intraoperative photographs in
Case 1. (A) Tumor invades the confluence
portion of the portal vein (PV) bifurcation
and the right anterior PV branch (arrow).
(B) The invaded PV confluence portion and
the right anterior PV branch are elliptically
excised and the wall defect is repaired with
a cryopreserved iliac vein allograft patch.
(C) The roofing patch venoplasty is fully
expanded. (D) Central bisectionectomy with
caudate lobectomy and bile duct resection
are completed.

Fig. 3. Perioperative findings of Case
2. (A, B) Preoperative computed tomo-
graphy scan shows advanced perihilar
cholangiocarcinoma (arrows). (C) Gross
photograph of the surgical specimen is
visible after left medial sectionectomy,
caudate lobectomy and bile duct resection.
(D) Computed tomography scan taken at
2 weeks after surgery shows no abnormal
findings. B2 and B3 indicate segment Il and
Il ducts, respectively; LHD, left hepatic duct.
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hepaticojejunostomy was performed with the right liver and
left lateral section ducts.

The pathology report revealed that the tumor was a 5 cm-
sized poorly differentiated adenocarcinoma with sarcomatoid

Fig. 4. Intraoperative photographs in Case 2. The tumor-invaded
transverse portion of the left portal vein is elliptically excised and the
wall defect is repaired with a cryopreserved iliac vein allograft patch
(arrow).
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features (Fig. 3C). All bile duct resection margins except the
periductal radial resection margin were tumor-negative. Re-
garding the depth of invasion, the tumor extended beyond the
bile duct with involvement of the liver parenchyma and the
perihilar soft tissue. Lymphovascular invasion and perineural
invasion were also present. There was no tumor metastasis in
any of 17 resected lymph nodes. According to the 8th AJCC [6],
the extent of the tumor was pT4NOMO, which was regarded as
stage I1IB.

This patient recovered uneventfully from the surgery (Fig.
3D). This patient did not undergo adjuvant therapy because
of his very old age. Multiple intrahepatic recurrence occurred
at 10 months after the surgery. The patient passed away at 17
months after the surgery.

Case 3

A 54-year-old male patient was referred to our institution
with the diagnosis of hepatitis B virus-associated liver cirrhosis
and hepatocellular carcinoma with PV tumor thrombus (Fig.
5A, 5B). This patient had undergone transarterial chemoem-
bolization for hepatocellular carcinoma at the left liver and
external beam radiation therapy for PV tumor thrombus. The
tumor appeared to be resectable, thus we decided to perform
left hepatectomy and PV tumor thrombectomy.

During hilar dissection, we found that the PV tumor throm-
bus encroached the PV confluence portion, which would
result in resection of the tumor thrombus-containing the left

Fig. 5. Perioperative findings of Case 3. (A,
B) Preoperative computed tomography scan
shows hepatocellular carcinoma and portal
vein tumor thrombus (arrows) at the left
liver. (C) Gross photograph of the surgical
specimen is visible after left hepatectomy.
(D) Computed tomography scan taken at
1 week after surgery shows no abnormal
findings.
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PV and leave a sizable defect (Fig. 6A, 6B). The PV wall defect
would not permit primary repair. Thus, we harvested the pa-
tient’s greater saphenous vein from the left thigh to create a
vein patch. A 6-cm-long greater saphenous vein segment was
harvested and paneled to make a rectangular patch of 3 cm x 2
cm in size (Fig. 7). After left PV resection, this autologous vein
patch was then attached to the PV wall defect (Fig. 6C, 6D).
Thereafter, the left liver was resected.

The pathology report revealed that the tumor was a 9 cm-
sized hepatocellular carcinoma with 99% necrosis (Fig. 6C).

Microvascular invasion and satellite nodule were not observed.
According to the 8th AJCC [6], the extent of the tumor was pT-
4NOMO, which was regarded as stage IIIB.

This patient recovered uneventfully from the surgery (Fig.
6D). Multiple intrahepatic recurrence occurred at 3 months
after the surgery. Three sessions of transarterial chemoemboli-
zation were performed. This patient passed away at 11 months
after the surgery due to liver failure and hepatocellular carci-
noma recurrence.

Fig. 6. Intraoperative photographs in Case
3. (A) Hepatocellular carcinoma is located
at the left liver. (B) The left portal vein is
transected at the confluence portion and
intraluminal tumor thrombus is visible
(arrow). (C, D) The portal vein wall defect
is repaired with an autologous greater
saphenous vein patch (arrows).

Fig. 7. Intraoperative photographs showing
the greater saphenous vein patch in Case
3. Two greater saphenous vein segments
are sutured (A) to make a 3 cm x 2 cm-sized
rectangular patch (B).
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Fig. 8. Perioperative findings of Case 4.
(A) Preoperative computed tomography
scan shows distal bile duct cancer
(arrow). (B) Magnetic resonance cholan-
giopancreatography shows complete
obstruction of the distal bile duct (arrow).
(C) Gross photograph of the surgical
specimen is visible after pylorus-preserving
pancreaticoduodenectomy. (D) Computed
tomography scan taken at 3 weeks after
surgery shows a long stenosis at the site
of portal vein reconstruction proximal to
the superior mesenteric vein-splenic vein
confluence portion (arrow).

Fig. 9. Intraoperative photographs in Case
4. (A, B) The main portal vein is invaded by
the tumor (arrow). A cryopreserved iliac
artery allograft is visible. (C, D) The tumor-
invaded main portal vein wall is elliptically
excised and the wall defect is repaired with
a cryopreserved iliac artery allograft patch
(arrow).
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Case4

A 65-year-old female patient was referred to our institution
with the diagnosis of distal bile duct cancer (Fig. 8A, 8B). There
was no distant metastasis. Thus, we decided to perform pylo-
rus-preserving pancreaticoduodenectomy.

During surgery, we found that the main PV was invaded
by the tumor (Fig. 9A, 9B). Because the extent of PV invasion
did not permit en bloc resection, we removed the pancreatic
head and the duodenum after meticulously separating the PV
invasion. Thereafter, the tumor-invaded PV wall was care-
fully excised. The defect in the PV wall was repaired with a
cryopreserved iliac artery allograft patch (Fig. 9C, 9D) because
cryopreserved iliac vein allograft was not available at the tissue
bank of our institution. Afterwards, the standard reconstruc-
tion technique of pylorus-preserving pancreaticoduodenecto-
my was performed.

The pathology report revealed that the tumor was a 5 cm-
sized adenosquamous carcinoma (Fig. 8C). All resection mar-
gins were tumor-negative. Regarding the depth of invasion, the
tumor extended to the periductal soft tissue and the pancreas
(14 mm). Perineural invasion was also present. There was no
tumor metastasis in any of 10 resected lymph nodes. Accord-
ing to the 8th AJCC [6], the extent of the tumor was pT3NOMO,
which was regarded as stage IIB.

This patient recovered uneventfully from the surgery. The
PV reconstruction site appeared to be stenotic on follow-up
computed tomography scans (Fig. 8D). This patient did not
undergo adjuvant therapy because of patient refusal. Multiple
lymphadenopathies occurred at 16 months after the surgery.
This patient passed away at 21 months after the surgery due to
rapid tumor progression.

DISCUSSION

Hepatectomy combined with PV resection for perihilar
cholangiocarcinoma has been often performed to ensure sur-
gical curability. Two high-volume meta-analyses for perihilar
cholangiocarcinoma have revealed that combined PV resection
is safe and feasible for treating perihilar cholangiocarcinoma
[1,2]. As a result, PV resection is recommended if it can lead to
obtaining tumor-free resection margins.

When performing major hepatectomy for hepatobiliary ma-
lignancies, combined PV resection can be performed using
various techniques such as wedge or segmental resection com-
bined with primary repair, patch venoplasty, and vessel inter-
position. The extent of PV resection and reconstruction tech-
niques vary depending on the site and extent of PV invasion.
Meanwhile, when central hepatectomy is performed, segmental
resection of the main or hemihepatic PV branch is particularly
technically demanding due to the difficulty in handling PV for
vascular anastomosis. Consequently, the preferred procedure
is wedge resection of the involved PV portion and subsequent
patch venoplasty, as presented in Cases 1 and 2 of this study.

Unlike primary repair or end-to-end anastomosis, roofing
patch venoplasty essentially requires a vessel patch. A cold-
stored fresh vein allograft such as an external iliac vein is the
best material for patch venoplasty. However, such allograft
veins are usually not available in most centers worldwide. The
next suitable patch material is a cryopreserved vein allograft,
which is stored at the tissue bank. In Cases 1 and 2, we used
cryopreserved external iliac vein allograft patches, which were
preserved at the tissue bank of our institution. On the contrary,
in Case 4, a cryopreserved external iliac artery allograft had to
be used because an iliac vein allograft was not available at that
time.

In the situation where vein allografts are unavailable for use
during surgery, the use of an autologous vein patch can be con-
sidered. As shown in Case 3, the patient’s own greater saphe-
nous vein segment could be converted to a sizable paneled vein
patch through a longitudinal incision of the vein and suturing
to double the patch width [8,9]. Under most circumstances, we
do not recommend the use of any prosthetic vascular graft for
PV patch venoplasty because it is much more thrombogenic
than autologous or homologous vein grafts. The PV is a medi-
um-velocity high-flow vessel. Thus, anticoagulation is usually
not needed if the luminal diameter of the PV is maintained.
On the contrary, the development of focal stenosis can lead to a
high risk of PV thrombosis. Thus, a hemodynamics-compliant
design is essential for PV resection and reconstruction.

Regarding roofing patch venoplasty as shown in Cases 1
and 2, it is important to make the PV wall defect as small as
possible. The size of the vein patch should be 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.

The availability of vein allografts facilitates combined vascu-
lar resection and reconstruction during aggressive surgery for
hepatobiliary malignancies and living donor liver transplanta-
tion [4,10,11]. Currently, cryopreserved femoral vein and artery
allografts are commercially available through the Korea Public
Tissue Bank. All human tissues were donated and stored at the
tissue bank after informed consent was obtained from donors’
family members. All procedures for vascular tissue procure-
ment and processing were complied with Korean legislation
and conformed to the ethical and safety concerns for therapeu-
tic use [12].

Complete resection of the PV invasion through PV wedge
resection and patch venoplasty was successfully performed in
all 4 cases in the present study. However, all 4 patients passed
away within 2 years due to tumor recurrence and rapid tumor
progression. Perihilar cholangiocarcinoma with PV invasion
is regarded as T4 tumor stage based on the 8th AJCC staging
system [6]. Macrovascular PV thrombosis is one of the most
important risk factors for hepatocellular carcinoma [13]. For
distal bile duct cancer, PV invasion is also a significant risk fac-
tor, although the prognostic impact of PV invasion is not listed
in the 7th and the 8th AJCC staging systems [6,14,15].
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In conclusion, we propose that PV wedge resection and patch
venoplasty can be used to facilitate complete tumor resection
in patients undergoing various extents of surgical resection for
hepatobiliary malignancies.
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