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Conventional pancreaticoduodenectomy is rou-
tinely performed with mortality rates less than 5% in 
high-volume hospitals (1). Portal vein invasion is one of 
the leading factors affecting surgical resection owing 
to the anatomical location of the pancreas. Invasion of 
the portal vein by a tumor is encountered in 30% of 
the patients, and palliative treatments are mostly per-
formed considering them unresectable (2). The sur-
gery is the only treatment option to prolong the sur-
vival in pancreatic cancer; it may only be achieved in 
these patients by performing portal vein resection and 
reconstruction (PVR). Whether PVR causes an increase 
in postoperative morbidity and mortality rates is still 
a topic of discussion (3). PVR requires more dissection 
and additional vascular surgery compared with con-

ventional pancreaticoduodenectomy. However, the 
impact of portal vein resection on postoperative mor-
bidity and mortality in patients with locally advanced 
pancreatic cancer was examined in the study.

MATERIAL AND METHODS

Study Participants
Patients diagnosed with pancreatic cancer who 

underwent pancreaticoduodenectomy and portal vein 
resection between January 2014 and December 2018 
were retrospectively included in the present study. 
Besides defining the vascular anatomy of all patients, 
triphasic abdominal tomography was preoperatively 
performed to detect metastatic disease. General blood 
analysis and levels of Carbohydrate Antigen (CA) 19-9 
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were documented, in addition to demographic data in-
cluding age, sex, previous surgery, and albumin levels.

Surgical Technique

Two hours before the surgery, 0.1 mg of octreo-
tide (Sandostatin 0.1 mg/mL) was administered sub-
cutaneously to all patients. For embolism prophylaxis, 
anti-embolism stockings and under-patient warmers 
were provided to the patients. The central venous 
catheter and the epidural catheter were also placed. 
The operation started after the regional cleaning. 
All the surgical operations were performed by a sur-
geon experienced in hepatobiliary surgery. Opera-
tions began with a mini-laparotomy. The inverted T 
incision was performed in patients without peritoni-
tis carcinomatosis and metastatic disease during the 
general intra-abdominal exploration. The gastrocolic 
omentum was opened after the Thompson retractor 
installation. The right colon and the small-intestine 
mesentery were ventilated using the Cattel-Braasch 
maneuver.  The duodenum and pancreatic head were 
mobilized with the help of an extended Kocher ma-
neuver. The superior mesenteric artery (SMA) was dis-
sected from the proximal left renal vein and put aside. 
Later, hepatoduodenal ligament dissection was start-
ed. The right, left, and common hepatic arteries were 
dissected. The gastroduodenal artery and the right 
gastric artery were cut after ligation. The choledochus 
was cut by turning over the junction of the cystic duct. 
Lymph nodes around the portal vein and anterior and 
lateral celiac artery were dissected up to the right dia-
phragmatic crus. The coronary vein was preserved for 
the venous drainage of the stomach. Distal subtotal 
gastric resection was performed in all patients.

Further, SMA dissection was performed. All lym-
phatic and nerve plexuses in the posterior, anterior, 
and lateral sides of the SMA were dissected down to 
the level of the first jejunal artery. The first jejunal 
was cut after ligation. The middle colic artery was 
preserved until transverse colon invasion and was li-
gated for colon resection in the case of invasion. The 
superior mesenteric vein (SMV) was secured by turn-
ing back from the lateral side of the SMA. The first 20-
cm jejunal segment was resected with its meso. The 
pancreas was put aside and transected by turning 
along the junction point of the splenic vein with the 

SMV. We waited for 2 min after 5000 units of hepa-
rin administration. If portal vein resection (PVR) was 
to be performed partially, splenic vein ligation and 
liver mobilization would not be necessary. Neverthe-
less, the splenic vein was ligated in patients requir-
ing full-thickness resection of the portal vein, and the 
liver and small-intestine mesentery were completely 
released to perform the tension-free anastomosis. 
Following SMA clamping, resection was completed 
via performing clamping from the distal part of the 
portal confluence to the SMV and portal vein. After 
the piece was removed from the belly, PVR continued. 
In partial PVRs, Goretex graft was detected at the 5/0 
prolene rate. If the end-to-end anastomosis was not 
possible during full-thickness resections, the left re-
nal vein was used for reconstruction. Gastrointestinal 
reconstruction was performed on a single loop with 
pancreaticojejunostomy, hepaticojejunostomy, gas-
troenterostomy, and Braun anastomosis. Following 
the hemostasis process, the surgery was terminated 
by placing a drain in pancreaticojejunostomy and 
hepaticojejunostomy anastomosis lines. Example of 
surgery images of PVRs are presented in Figures 1–2.

Postoperative Follow-Up

All the patients were included for the intensive 
care follow-up after the surgery. Administration of 0.1 
mg/mL Sandostatin, which started subcutaneously 2 
h before the surgery, continued from the postopera-
tive zeroeth day to the fifth day, three times in a day. 
For deep venous embolism prophylaxis, early mobi-
lization and postoperative sixth-hour clexane 4000 
anti-Xa/0.4 mL treatment was initiated. Clexane treat-
ment continued until the seventh day and was then 
replaced by aspirin in maintenance. PVR was checked 
by Doppler ultrasonography on the first day after the 
surgery. Nasogastric drainage was drawn on the first 
day after the surgery, and oral administration of water 
was started. If the amylase levels in the samples sent 
from the drains were less than three times the blood 
amylase value on the third day after the surgery, the 
drains were removed. All the patients whose oral ad-
ministration increased according to their tolerance 
were discharged with their pancreatic enzyme prepa-
rations. All of them were examined in the first month 
after the surgery.
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Postoperative Complications

A diagnosis of the pancreatic fistula was made in 
line with diagnostic criteria of the International Study 
Group of Pancreatic Surgery (ISGPS) in patients with a 
drain amylase level three times higher than the blood 
amylase level on the third postoperative day. When 
the drain bilirubin value was more than three times 
the blood value, the patients were diagnosed with 
the biliary fistula. The gastrojejunostomy anastomot-
ic leak was checked using the methylene blue test. 
Sepsis was diagnosed in line with fever, clinical case, 
and acute-phase reactant height. In line with the his-
topathological examination of the surgical pieces, 
patients were categorized as R0, R1, or R2 based on 
their surgical margin positivity. Computer-controlled 

tomography was performed in the first postoperative 
month, and mortality and morbidity rates in the first 
month were documented.

RESULTS

Among 57 patients who underwent pancre-
aticoduodenectomy for pancreatic adenocarcinoma 
between January 2014 and December 2018, only 17 
patients who underwent extended pancreaticoduo-
denectomy and PVR were included in our study. Pa-
tients who underwent conventional pancreaticoduo-
denectomy were excluded from the study. When the 
demographic data were examined, the average age 
of the patients was found to be 62.4 years. Further, 
of the 17 patients, 11 (65%) were male, and 6 (35%) 

Figure 2 Type 4 (segmental resection and two anastomoses) PVR [A-) Arrow → SMV, Star → Dilated jejunal vein B-) Arrow → 
Autologous renal vein].

Figure 1 Examples for type 3 (segmental resection and single anastomosis) PVR cases.
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were female. No comorbid diseases were reported in 
five patients (29%). The most frequent comorbidities 
were chronic obstructive pulmonary disease in four 
patients (23%) and diabetes in five patients (29%). 
Triphasic abdominal tomography was performed in 
all patients during the preoperative period to detect 
metastatic disease and vascular anatomy. Percutane-
ous biopsy with interventional radiology support was 
performed for neoadjuvant chemotherapy in only one 
preoperative patient. Only one patient among the oth-
ers was diagnosed with pancreatic cancer incidentally 
in the examinations performed for nonspecific com-
plaints, while all patients were diagnosed with pancre-
atic adenocarcinoma as a result of the examinations 
performed for jaundice. The average of the total biliru-
bin levels of the patients during admissions was found 
to be 11.3 mg/dL. A stent procedure was performed 
with preoperative endoscopic retrograde cholangio-
pancreatography (ERCP) in 10 patients (58%) having 
cholangitis. CA 19-9 elevation was observed in all pa-
tients during the diagnosis. The average CA 19-9 level 
in male patients was 1536 U/mL, while it was 1425 U/

mL in female patients. The average Ca19-9 level was 
found to be 1497 U/mL. These preoperative and intra-
operative results showed that pancreatic cancer was 
located in the head of the pancreas most frequently in 
nine patients (52%), followed by uncinate localization 
in seven patients (41%) (Table 1).

Besides the extended lymph node dissection, 
level 3 mesopancreatic dissection was performed in 
all patients having surgery due to a locally advanced 
pancreatic cancer. Total pancreaticoduodenectomy 
was performed in 2 (11.7%) of 17 patients included 
in the study. Hepatic artery resection was also per-
formed in one patient (5.8%) besides the PVR. While 
PVR was partially patched with a Goretex stretch vas-
cular graft in two patients (11.7%), it was in the form 
of end-to-end anastomosis in all the other patients. In 
one of the patients who had end-to-end anastomosis, 
PVR was achieved with an autologous renal vein in-
terposition graft. The average operation duration was 
2350 min, and the average blood loss was 820 mL. Re-
production was observed in 7 (41%) of the bile sam-
ples taken before intraoperative bile duct transection. 

 Table 1 Demographic and preoperative results

PARAMETERS n (%)

Sex
Male 11 (65)

Female 6 (35)

Age Male 60

Female 66,6

Co-morbidity None 5 (29.4)

Diabetes 5 (29.4)

COPD 4 (23.5)

Hypertension 5 (29.4)

Hypertension 2 (11.7)

Chronic hepatitis 2 (11.7)

Hypothyroidism 2 (11.7)

Localization
Head 9 (52.9)

Uncinate 7 (41.1)

Head and neck 1 (5,8)

Total bilirubin Male 11.5 mg/dL

Female 11 mg/dL

CA 19-9 Male 1536 U/mL

Female 1425 U/mL

ERCP and Stent Male 6 ( 54.5)

Female 4 (66.6)
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Escherichia coli was the most reproduced microor-
ganism. The mean tumor diameter was 24 mm in the 
histopathological examination of the postoperative 
pieces; lymph node positivity was found in 15 patients 
(88%). Regarding the TNM stages, the most com-mon-
ly observed stage was T2N1M0 in 11 patients (64%). 
When the surgical specimens of all patients were ex-
amined, the surgical margin negativity was found to 
be achieved. Postopera-tive adjuvant chemoradio-
therapy was not administered to two (11.7%) patients 
having lymph node negativity. Adjuvant chemoradio-
therapy was administered to 10 (58.8%) of the other 12 
patients. Two patients did not receive adjuvant treat-
ment: one because of mortality and the other consid-
ering the patient's request. In 3 (20%) of 15 patients 
who underwent pancreati-cojejunostomy, a diagnosis 
of the pancreatic fistula was made because the drain 
amylase level was more than 3 times the blood amy-
lase level on the third postoperative day. The pancre-
atic fistula was a biochemical Grade A fistula in two 
of these three patients (66%), while the Grade C fis-
tula was observed in one patient. The patient having 
Grade C fistula was re-explored because of intra-ab-
dominal bleeding on the 10th postoperative day. After 
the explo-ration, the gastroduodenal artery aneurysm 
was sutured primarily. Pancreaticojejunostomy anas-
tomosis was spoiled, and the small intestine was tran-
sected with a stapler. The pancreatic stump was closed 
primarily. The patient died on the 27th postoperative 
day because of sepsis and multiorgan failure. Al-
though no other mortality (5.8%) was observed in the 
present study, several postoperative morbidities were 
observed in 10 patients (58.8%). One of the other two 
patients who had re-exploration underwent revascu-
larization surgery on the first postoperative day after 
the detection of thrombus in hepatic artery resection 
and anastomosis. The other patient suffered a gastro-
jejunostomy anastomotic leak that developed on the 
seventh postop-erative day. No clinical problem was 
noted in the subsequent monitoring of these two pa-
tients. The hospitalization period of the patients was 
found to be 12.4 days (Table 2).

DISCUSSION 
Despite current advances in pancreatic cancer, 

the only potentially curative treatment option is still 
surgery. Vascular invasion is frequently observed in a 
vast majority of patients because of the anatomical 
location of cancer during the diagnosis. Therefore, ex-
travascular resections are required to obtain a clean 
surgical margin in this patient group with locally ad-
vanced stage. Although the details of extended pan-
creaticoduodenectomy and portal vein resection were 
first identified theoretically by Moore in 1951, the first 
pancreaticoduodenectomy with PVR was performed 
by Asada in Japan in 1963 (4,5). Today, the impact of 
PVR on postoperative morbidity, mortality, and over-
all survival in pancreatic cancer is still the subject of 
controversy (6,7). Murakami's study showed that PVR 
and adjuvant chemoradiotherapy gained a significant 
survival advantage without increasing postoperative 
morbidity and mortality (8). However, in the same 
journal, F. Giovinazzo published quite opposite re-
sults after a short time (9). In the studies conducted by 
Ramacciato, Carrere, and Kullmann, no difference in 
morbidity, mortality, and long-term survival rates was 
found during the early hospitalization period between 
standard pancreaticoduodenectomy and pancreatico-
duodenectomy with PVR (10-12). Similar results were 
observed in two different studies by Yu XZ and Zhou Y 
(6,13). The common view shared by the authors is that 
PVR can be performed routinely in high-volume hepa-
tobiliary surgery centers without increasing postop-
erative morbidity and mortality. The most significant 
contribution of PVR in pancreatic cancer is that it in-
creases the number of patients benefiting from the 
surgery. The wide margin also allows the negative 
margin to be taken. The most significant prognostic 
factors affecting the survival of patients having pan-
creatic cancer with vascular invasion are the tumor-
negative surgical margin and the depth of tumor 
invasion in the resected portal vein segment (14,15). 
Another criterion for surgical success is proper patient 
selection. The need for vascular resection should be 
met with preoperative imaging methods, and surgical 
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planning should be done properly. Computed tomog-
raphy is the most preferred imaging method in terms 
of revealing vascular anatomy.

While male patients dominated in the present 
study, the elevation of CA 19-9 levels was found in all 
patients. In 7 out of 10 patients provided with biliary 
drainage in preoperative ERCP, early reproduction of 
Gram-negative bacteria was observed within the bile 
culture. In patients without drainage, no reproduction 
was observed in intraoperative bile cultures. Hence, 
using intraoperative bile culture is quite significant 
for the early control of possible sepsis in patients with 
pancreatic cancer undergoing preoperative biliary 
drainage. Pancreatic fistula is often responsible for the 
mortality secondary to the surgery in pancreatic can-

cer. Although the rate of pancreatic fistula differs in 
the literature, it presents with a ratio of 9.9–28.5 in the 
series (16). In the present study, the pancreatic fistula 
was found in three patients, (17.6%) and the rate of 
the pancreatic fistula was similar to the data in the lit-
erature. In Wang's series of 42 patients, the operative 
mortality was 2.4% and the morbidity was 38% (17). In 
Tseng's series of 110 patients, the operative mortality 
was 0.9%, while the perioperative morbidity was 18% 
(18). In Ravikumar's 230 series of cases, the mortality 
rate was 4.6%, while the morbidity rate was 66% (19). 
In the present study, the mortality rate was found to 
be 5.8%, and it was quite similar to the data in the lit-
erature. On the contrary, the morbidity rate of 58.8% 
was higher than the literature data. Two main reasons 

 Table 2 Operative data and postoperative complications

PARAMETERS n (%)

Reconstruction type of portal vein Partial patch with Goretex graft 2 (11.7)

End-to-end anastomosis 14 (82.3)

Renal vein interposition graft 1 (5.8)

Operation time 2350 min

Blood loss 820 mL

Lymph node Present 15 (88)

None 2 (11.7)

Tumor diameter 24 mm

TNM Stage

T1NOMO 2 (11.7)

T1N1MO 2 (11.7)

T2N1MO 11 (64.7)

T3N1M0 1 (5.8)

T4N2MO 1 (5.8)

Morbidity

None 7 (41.1)

Atelectasis 2 (11.7)

Surgical site infection 4 (23.5)

Delayed gastric emptying 1 (5.8)

Hepatic artery thrombosis and 
revascularization

1 (5.8)

Biliary fistula 1 (5.8)

Gastrojejunostomy leak 1 (5.8)

Pancreatic fistula 3 (17.6)

Total 10 patients (58.8)

Mortality 1 (5.8)
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account for this high level. The patient population in 
the present series was relatively limited, and the mor-
bidity classification criteria were not categorized.

PVRs are divided into four different categories by 
the ISGPS (20). Primary closure after partial resection 
makes up the first group, while the partial resection 
and reconstruction with a patch make up the second 
group. Segmental PVR and primary anastomosis were 
defined as the third type, and the group with at least 
two anastomoses with segmental resection and in-
terpositional vascular graft was defined as the fourth 
group.  In the study by Zhang et al., recommendations 
were made for the reconstruction after resection (21). 
They reported that when the invasion was less than 90 
degrees and less than 2 cm, PVR might be performed 
with a primer or patch. They proposed that primary 
anastomosis should be preferred after the resection 
when the invasion was more than 90 degrees and less 
than 2 cm. They reported that if the invasion was more 
than 90 degrees and longer than 2 cm, it would be ap-
propriate to choose vascular grafts for a tension-free 
anastomosis. Despite the technical differences in se-
ries with PVR, the rate of opening of the veins during 
their monitoring was quite high. Although no consen-
sus existed on anticoagulation treatment in series, the 
frequency of venous thrombosis varied between 9% 
and 18% within approximately 1 year of monitoring 
(22-24). In the present series, the number of patients 
with type 2 PVR was 2 (11.7%), the number of patients 
with type 3 PVR was 14 (82.3%), and the number of pa-
tients with type 4 PVR was 1 (5.8%). In the first month 
of follow-ups, the portal vein was observed in all pa-
tients. The limitations of this study were its retrospec-
tive nature and the low number of patients. Prospec-
tive studies are required for more accurate results.

In conclusion, although portal vein resection in-
creases the number of patients benefiting from sur-
gery in pancreatic cancer, PVR in pancreatic cancer 
may be safely performed with morbidity and mortal-
ity rates similar to those of conventional pancreatec-
tomies. The secret of surgical success lies in proper pa-
tient selection and perioperative patient monitoring 
in addition to the technique.
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