
among 22 patients operated with PV resection for pan
creatobiliary cancer without NACRT during the same 
period. A relationship between PV stenosis and NACRT 
is suspected, but further investigation is required to de
termine whether NACRT has relevance to PV stenosis.
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Core tip: Intraoperative radiation therapy for pancre
atic cancer with/without portal vein (PV) resection is 
reported to be associated with PV stenosis. However, 
there has been no report of PV stenosis after pan
createctomy following neoadjuvant chemoradiation 
therapy (NACRT). Here we report the cases of three 
patients with PV stenosis after pancreatectomy and 
PV resection following gemcitabinebased NACRT for 
pancreatic cancer and their successful treatment with 
stent placement. We have performed pancreatectomy 
with PV resection following NACRT in 8 patients with 
borderline resectable pancreatic cancer since 2005. 
The ratio of postoperative PV stenosis is 37.5% in this 
series.
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INTRODUCTION
Extrahepatic portal vein (PV) stenosis can occur due to 
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Abstract
Extrahepatic portal vein (PV) stenosis has various causes, 
such as tumor encasement, pancreatitis and as a post
surgical complication. With regard to postpancreatico
duodenectomy, intraoperative radiation therapy with/
without PV resection is reported to be associated with 
PV stenosis. However, there has been no report of PV 
stenosis after pancreatectomy following neoadjuvant 
chemoradiation therapy (NACRT). Here we report the 
cases of three patients with PV stenosis after pancre
atectomy and PV resection following gemcitabinebased 
NACRT for pancreatic cancer and their successful treat
ment with stent placement. We have performed NACRT 
in 18 patients with borderline resectable pancreatic 
cancer since 2005. Of the 15 patients who completed 
NACRT, nine had undergone pancreatectomy. Combined 
portal resection was performed in eight of the nine 
patients. We report here three patients with PV steno
sis, and thus the ratio of postoperative PV stenosis in 
patients with PV resection following NACRT is 37.5% 
in this series. We encountered no case of PV stenosis 
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tumor encasement[1], pancreatitis[2] and as a post-surgical 
complication-especially post-liver transplantation[3]. With 
regard to post-pancreaticoduodenectomy (PD), intraop-
erative radiation therapy (IORT) with/without PV resec-
tion is reported to be associated with PV stenosis[4-6]. 
The incidence rate for PV stenosis is reported to be 11% 
to 23%[5,6].

Portal hypertension secondary to PV stenosis causes 
gastrointestinal bleeding from gastroesophageal or jejunal 
varices, and refractory ascites[1]. Gastrointestinal bleed-
ing is the most serious life-threatening complication. 
Refractory ascites is not fatal but affects the patient’s  
quality of  life.

Here we provide the case reports of  three patients 
with PV stenosis after pancreatectomy and PV resection 
following neoadjuvant chemoradiation therapy (NACRT) 
for pancreatic cancer, and we discuss the relationship 
between PV stenosis and NACRT and the indications 
for stent placement. To the best of  our knowledge, PV 
stenosis after pancreatectomy following NACRT has not 
been described in the literature.

CASE REPORT
Case 1
A 54-year-old man underwent PD and PV resection for 
pancreatic cancer following NACRT. The protocol con-
sisted of  external-beam radiotherapy to the pancreatic 
bed and regional lymphatics for a total dose of  50.4 Gy 
in 28 fractions. Concomitant chemotherapy consisted of  
gemcitabine at a dose of  150 mg/m2 once weekly. The 
reconstruction between the PV and the superior mes-
enteric vein (SMV) was end-to-end anastomosis using a 
continuous running suture of  6-0 prolene. The splenic 
vein was not reconstructed.

Refractory ascites and malnutrition were recognized 
at 9 postoperative months (POMs). Computed tomogra-
phy (CT) showed short segmental stenosis of  the PV in 
the region of  the anastomosis, severe ascites, and liver at-
rophy (Figure 1). Intraoperative portography through the 
catheter via the ileocolic vein and balloon dilation were 
performed but were not sufficiently effective because 
the region had elastic stenosis. Therefore, an expand-
able metallic stent (EMS; 1 cm diameter, 3 cm length) 
was inserted into the stenotic region. The portal venous 
pressure decreased from 14.5 to 8.6 cm H2O, and the 
pressure gradient of  6.5 cm H2O across the PV stenosis 
disappeared. Anticoagulant therapy was initiated imme-
diately after stent placement. Heparin was administered 
at a dose of  10000 IU/d by intravenous infusion for 3 
d initially, and then oral warfarin was administered. The 
warfarin was switched to aspirin 3 mo later. After the 
stent placement, a follow-up CT showed that the patient’s 
ascites decreased and his liver atrophy improved (Figure 2). 
Stent patency is maintained at present, 5 years after the 
placement.

Case 2
A 44-year-old man underwent distal pancreatectomy and 

PV resection simultaneously with splenectomy and total 
gastrectomy for pancreatic cancer following NACRT us-
ing the same protocol as that described for Case 1. The 
PV was preoperatively occluded by tumor thrombus, and 
a cavernous transformation was identified. The recon-
struction between the PV and the SMV was end-to-end 
anastomosis using the same procedure as that described 
for Case 1. Refractory diarrhea, ascites and malnutrition 
were recognized at 5 POMs. Initially, malabsorption was 
suspected, and thus total parenteral nutrition support 
was initiated. There was no improvement in symptoms 
after the improvement in nutrition status. CT showed 
short segmental stenosis of  the PV in the region of  
the anastomosis, collateral circulation through the cav-
ernous transformation of  the pancreatic head, severe 
ascites, and thickness of  the intestinal wall (Figure 3).  

Figure 1  Computed tomography showed short segmental stenosis of the 
portal vein in the region of the anastomosis, severe ascites, and liver at-
rophy. A, B: Computed tomography (CT) scan shows severe ascites and liver 
atrophy (arrow) (A), and stenosis of the portal vein (arrow) behind the superior 
mesenteric artery (B); C: The image of the 3D reconstruction of the portal vein 
shows short segmental stenosis in the region of the anastomosis (arrow).
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We suspected portal hypertension secondary to PV ste-
nosis, even though the portal venous flow seemed to be 
sustained by the collateral circulation. Percutaneous tran-
shepatic direct portography was performed (Figure 4A).  
The portal venous pressure was 31.0 cm H2O, and the 
pressure gradient across the PV stenosis was 21.0 cm 
H2O. An EMS (1 cm diameter, 4 cm length) was inserted 
into the stenotic region (Figure 4B). The portal venous 
pressure decreased to 17.0 cm H2O, and the pressure 
gradient decreased to 2.0 cm H2O. Anticoagulant therapy 
was performed as that described for Case 1 After a stent 
placement, the patient’s diarrhea and ascites improved. 
Stent patency is maintained at present, 1.5 years after the 
placement.

Case 3
A 68-year-old woman underwent PD and PV resection 
for pancreatic cancer following NACRT using the same 
protocol as that described for Case 1. The reconstruction 
between the PV and the SMV was end-to-end anastomo-
sis using the same procedure as that described for Case 
1. Malnutrition and ascites were recognized at 5 POMs. 
Total parenteral nutrition support and repeated drainage 
of  ascites were performed, but there was no improve-
ment of  the ascites. Cytology of  the ascites showed no 

evidence of  malignancy. CT showed short segmental 
stenosis of  the PV in the region of  the anastomosis. 
Percutaneous transhepatic direct portography was per-
formed (Figure 4C). The portal venous pressure was 24.5 
cm H2O, and the pressure gradient across the PV stenosis 
was 12.0 cm H2O. An EMS (1 cm diameter, 3 cm length) 
was inserted into the stenotic region (Figure 4D). The 
portal venous pressure decreased to 11.5 cm H2O, and 
the pressure gradient disappeared. Anticoagulant therapy 
was performed as that described for Case 1. After the 
stent placement, the patient’s ascites improved. Stent pa-
tency is maintained at present, 4 mo after the placement.

DISCUSSION
Despite considerable research, the prognosis for pancre-
atic cancer remains poor. For all stages combined, the 1- 
and 5-year relative survival rates are 25% and 6%, respec-
tively[7]. Complete surgical resection is the only therapy 
to afford a chance of  cure[8], but patients with borderline 
resectable pancreatic cancer are at high risk of  having 
positive surgical margins due to vascular involvement[9]. 
NACRT for borderline resectable pancreatic cancer is ex-
pected to increase the margin-negative resection rate and 
improve survival[10].

Figure 2  Computed tomography scan 3 mo after the expandable metallic stent placement. A: Shows that the ascites decreased and the liver atrophy improved; 
B: The stent placed in the portal vein remained patent.

Figure 3  Computed tomography showed short segmental stenosis of the portal vein in the region of the anastomosis, collateral circulation through the 
cavernous transformation of the pancreatic head, severe ascites, and thickness of the intestinal wall. A: Computed tomography scan showing severe portal 
vein stenosis (arrow) in the region of the anastomosis; B: Multiplanar reconstruction revealed the collateral circulation through the cavernous transformation of the 
pancreatic head (arrow), severe ascites and thickness of the intestinal wall.
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We have performed gemcitabine-based NACRT in 
18 patients with borderline resectable pancreatic cancer 
since 2005. Of  15 patients who completed the NACRT, 
nine had pancreatectomy. Combined portal resection 
was performed in 8 of  the 9 patients. We report here the 
cases of  three patients with PV stenosis (Table 1), and 
thus the ratio of  post-operative PV stenosis in patients 
with PV resection following NACRT increases to 37.5% 
in our patient series.

There was no case of  PV stenosis among 22 patients 
who underwent PV resection for pancreatobiliary cancer 
without NACRT in the same period in our department. 
The incidence of  PV obstruction after PD with PV re-
section has been reported as 1.5%[11] and 25%[12]. The 
incidence of  PV stenosis after PD with PV resection 
is rarely reported. Leach et al[12] reported the incidence 
18% (5 of  29 patients), but the 18% includes 14 patients 

who received IORT. Mitsunaga et al[5] suggested that 
the mechanism of  the development of  extrahepatic PV 
occlusion after IORT is associated with the periportal 
changes induced by IORT and periportal fibrosis. We did 
not find any reports of  PV stenosis after pancreatectomy 
following NACRT for pancreatic cancer because most 
papers about NACRT for pancreatic cancer report only 
perioperative complications[13,14]. However, it seems pos-
sible that the periportal changes are induced by neoad-
juvant radiation, similar to those induced by IORT, and 
they increase the risk of  the development of  PV stenosis.

The first choice of  treatment for PV stenosis after 
liver transplantation is balloon dilation[15]. The indication 
of  stent placement is limited to elastic stenosis and re-
current stenosis. Case 1 had an elastic stenosis, and thus 
the EMS placement was done after the venoplasty. How-
ever, we placed the stents in Cases 2 and 3 before the 

Figure 4  Percutaneous transhepatic direct portography showing short segmental stenosis of the portal vein in the region of the anastomosis. A: Collateral 
circulation of the pancreatic head; B: After the expandable metallic stent (EMS) placement, the stenosis was improved, and the collateral circulation disappeared; C: 
The blood flow of the umbilical portion of the left portal vein was unclear; D: The stenosis was improved, and the blood flow of the umbilical portion became clear after 
the EMS placement.
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Table 1  The clinical characteristics of three patients

Pt. 
No.

Age 
(yr)

Sex Operative 
procedure

Symptoms Months 
before onset

Procedure of stent placement Pressure gradient 
(cmH2O)

Improvement in 
symptoms

Before After

1 54 M PD Ascites, malnutrition 9 Intraoperative, via ileocolic vein   6.5 0 Yes
2 44 M DP Ascites, malnutrition, diarrhea 5 Percutaneous transhepatic 21.0    2.0 Yes
3 68 F PD Ascites, malnutrition 5 Percutaneous transhepatic 12.0 0 Yes

PD: Pancreaticoduodenectomy; DP: Distal pancreatectom; M: Male; F: Female.
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venoplasty. Placing a stent for benign stenosis before a 
venoplasty is controversial. Takaki et al[16] speculated that 
stent placement is essential for the treatment of  early 
anastomotic stenosis because such stenosis is caused by 
reactive edema or technical problems, and balloon an-
gioplasty fails to dilate the vessel due to recoil. The onset 
of  the stenosis in the three cases presented here was 
also early (5-9 POMs). Considering the poor prognosis 
of  pancreatic cancer, early improvement of  a patient’s 
symptoms and quality of  life is important.

In Case 1, we placed the stent via ileocolic vein because 
massive ascites interfered with transhepatic puncture. 
However, in Cases 2 and 3, we could safely performed per-
cutaneous transhepatic stent placement after draining the 
ascites.

In conclusion, we have reported the cases of  three 
patients with PV stenosis after pancreatectomy and PV 
resection following NACRT for pancreatic cancer. A rela-
tionship between PV stenosis and NACRT is suspected, 
but further investigation is required to determine whether 
NACRT has relevance to PV stenosis.
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