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Abstract

AIM: To evaluate long-term survival after the Whipple
operation with superior mesenteric vein/portal vein re-
section (SMV/PVR) in relation to resection length.

METHODS: We evaluated 118 patients who underwent
the Whipple operation for pancreatic adenocarcinoma
at our Department of Hepatobiliary Pancreatic Surgery
between 2005 and 2010. Fifty-eight of these patients
were diagnosed with microscopic PV/SMV invasion by
frozen-section examination and underwent SMV/PVR.
In 28 patients, the length of SMV/PVR was < 3 cm. In
the other 30 patients, the length of SMV/PVR was > 3
cm. Clinical and survival data were analyzed.

RESULTS: SMV/PVR was performed successfully in 58
patients. There was a significant difference between the
two groups (SMV/PVR < 3 cm and SMV/PVR > 3 cm)
in terms of the mean survival time (18 mo vs 11 mo)
and the overall 1- and 3-year survival rates (67.9% and
14.3% vs 41.3% and 5.7%, P < 0.02). However, there
was no significant difference in age (64 years vs 58
years, P = 0.06), operative time (435 min vs 477 min,
P = 0.063), blood loss (300 mL vs 383 mL, P = 0.071)
and transfusion volume (85.7 mL vs 166.7 mL, P =
0.084) between the two groups.
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CONCLUSION: Patients who underwent the Whipple
operation with SMV/PVR < 3 cm had better long-term
survival than those with > 3 cm resection.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Pancreatic adenocarcinoma can infiltrate the
portal vein (PV) or superior mesenteric vein (SMV). In
order to achieve negative surgical margins, the Whipple
operation combined with SMV/PV resection (SMV/PVR)
is usually performed. The long-term survival rate of
patients with SMV/PV involvement in relation to the
length of resection remains controversial.
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INTRODUCTION

Pancreatic adenocarcinoma is a malignant neoplasm that
is one of the most common causes of cancer-related
death. Unfortunately, there are no symptoms in the early
period of the disease, so fewer patients have the chance
of achieving negative matgin resection. The reason for
the lower treatment rate is that many patients have liver
metastases, lymph node involvement, invasion of retro-
petitoneal tissue, and portal vein (PV)/superior mesen-
teric vein (SMV) invasion when they are diagnosed'"™.
Since the Whipple operation combined with SMV/PV
resection (SMV/PVR) and reconstruction for pancreatic
adenocarcinoma was first reported in 19517 the value
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of SMV/PVR has remained controversial™”. In the past,
tumor invasion of the PV/SMV was considered a con-
traindication to tumor resection because of the high rate
of recurrence and poor prognosis. Recently, some de-
partments have argued that combination of the Whipple
operation with SMV/PVR can achieve similar long-term
survival to the Whipple operation alone without any in-
crease in morbidity and mortality®”,

However, the suitable length of SMV/PVR is under
discussion. In this study, we evaluated the outcome in pa-
tients who underwent the Whipple operation with SMV/
PVR < 3 cm compated with > 3 cm. We aimed to clarify
long-term survival of patients with SMV/PV invasion in
relation to the depth of venous involvement.

MATERIALS AND METHODS

Patients and methods

From January 2005 to December 2010, 118 consecutive
patients who underwent the Whipple operation for pan-
creatic adenocarcinoma were analyzed at the Department
of Hepatobiliary Pancreatic Surgery, Sichuan University.
There were 70 men and 48 women with a median age
of 53 years (range, 23-78 years). According to preopera-
tive image evaluation and intraoperative frozen-section
examination, 60 patients with pancreatic adenocarcinoma
underwent the Whipple operation alone. Twenty-eight
patients underwent the Whipple operation combined
with SMV/PVR < 3 cm. Thirty patients underwent the
Whipple operation with SMV/PVR > 3 cm.

Preoperative evaluation

Preoperative evaluation included a careful physical ex-
amination; a seties of blood tests such as tumor markers
(carcinoembryonic antigen and carbohydrate antigen 19-9),
liver function, and thrombin; and chest radiography, ab-
dominal ultrasonography, contrast computed tomography,
and electrocardiography. Sometimes magnetic resonance
cholangiopancreatography or endoscopic retrograde chol-
angiopancreatography was selectively performed.

Indications and operative technique

The exclusion criteria were as follows: (1) extrapancreatic
disease such as liver and peritoneal metastases; (2) Whip-
ple operation with SMV/PVR tangential resection; and
(3) Whipple operation combined with adjuvant chemo-
therapy or chemoradiotherapy. We also excluded patients
with a previous unsuccessful attempt at pancreatectomy
because they could be exposed to different eatly morbid-
ity or distant prognosis.

The Whipple operation was performed in all of the
consecutive patients. Hemigastrectomy was performed,
and the bile duct was divided above the cystic duct. An
end-to-side pancreaticojejunostomy, end-to-side hepati-
cojejunostomy, and side-to-side gastrojejunostomy were
performed as classic reconstruction after the Whipple
operationm. Vascular consecutiveness was recovered by
a direct end-to-end anastomosis. None of the patients in
our group used low-molecular-weight heparin after ve-
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Table 1 Comparison of characteristics between the two groups

Demographics SMV/PVR <3 cm SMV/PVR > 3 P value
(n = 28) cam (n = 30)
Sex (M/F) 21/7 20/10 0.082

Age (yr) 64 (range 31-78) 58 (range 38-77) 0.063
Tumor size (cm) 3.1 (range 2-6) 3.7 (range 3-7) 0.051
Tumor stage 0.056

I 5 2

I 16 6

il 7 22

\Y% 0 0
Curability 0.067

RO 26 22

R1+ 2 8
Depth of venous 0.032
involvement

Tunica adventitia 4 2

Tunica media 14 12

Tunica intima 10 16
Lymph node 25% 73% 0.043
invasion
Operative time (min) 435 477 0.064
Blood loss (mL) 300 383 0.071
Transfusion (mL) 85.7 166.7 0.084

SMV/PVR: Superior mesenteric vein/ portal vein resection.

nous reconstruction.

Statistical analysis

Perioperative data such as pathological data, length of
hospital stay, operative blood loss, volume of blood
transfusion, morbidity, and mortality were obtained from
medical records. The long-term survival outcomes were
obtained through postoperative follow-up at outpatient
clinics or on the telephone. The outcomes in the two
groups were analyzed using the ZZ test. All statistical
analyses were performed using SPSS version 19.0, when
P < 0.05 was considered statistically significant.

RESULTS

The demographic and operative characteristics of the
patients who underwent SMV/PVR < 3 cm and > 3 cm
are shown in Table 1. The median age of the two groups
was 64 years (range, 31-78 years) and 58 years (range,
38-77 yeats), respectively. The median size of the pancre-
atic tumors was 3.1 cm (range, 2-6 cm) and 3.7 cm (range,
3-7 cm), respectively. The median length of venous resec-
tion was 2.5 cm (range, 1-3 cm) and 3.8 cm (range, 3.5-5
cm), respectively. The mean operation time for patients
with SMV/PVR < 3 cm and > 3 cm was 435 and 477
min, respectively. The mean blood loss was 300 and 383
ml, respectively. There was no significant difference in
operative time, blood loss, transfusion volume, and tu-
mor stage between the two groups. However, there were
significant differences in lymph node invasion, depth of
venous involvement, and length of SMV/PVR between
the two groups. By multivariate analysis, the length of ve-
nous resection was the most important prognostic factor.

The postoperative complication and mortality rates
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Table 2 Surgical mortality and morbidity in 58 patients who

underwent standard Whipple operation with portal vein resection

Morbidity SMV/PVR <3 cm SMV/PVR > 3 cm
(n = 28) (n = 30)

Hemorrhage 1 2

Hypertension with upper 0 1

gastrointestinal bleeding

Pancreatic fistula 2 8

Wound infection 1 1

Reoperation 1 1

Recurrence 21 27

Median hospital stay (d) 18 (range 8-32) 18 (range 11-43)

SMV/PVR: Superior mesenteric vein/portal vein resection.

are shown in Table 2. Hemorrhage from the surgical site
occurred in three patients after the operation, and one
of these died 7 d after surgery. Two patients underwent
reoperation. In the patients with SMV/PVR < 3 cm, hy-
pertension with upper gastrointestinal bleeding occurred
in one patient who underwent spleen vein transection
without vascular remodeling,

The overall 1- and 3-year survival rates for patients
who underwent the standard Whipple operation com-
bined with SMV/PVR < 3 cm (7 = 28) and SMV/PVR
>3 cm (7 = 30) were 67.9% and 14.3%, and 41.3% and
5.7%, respectively. The mean survival of patients with
SMV/PVR < 3 cm and SMV/PVR > 3 cm was 18 and
11 mo, respectively. There was a significant difference in
survival between the two groups (Figure 1; P = 0.02).

DISCUSSION

Pancreatic adenocarcinoma is a malignant disease and neg-
ative resection margin is still the best treatment option at
present. In the past, only 10%-20% of patients with pan-
creatic adenocarcinoma could undergo surgery because of
distant metastases and vascular involvement' . Due to
the intimate relationship of the pancreatic head and un-
cinate, the PV is always infiltrated”. Surgeons previously
considered that pancreatic adenocarcinoma with venous
involvement was a contraindication to surgery. They also
considered that venous invasion always hindered complete
tumor removal. Recent improvements in preoperative im-
aging and surgical techniques have resulted in the standard
Whipple operation with SMV/PVR offering the possibil-
ity of achieving negative margin resection in patients with
pancreatic adenocarcinoma and SMV or PV involvement,
without a relevant increase in morbidity and mortality"*"".
Our study also supports this. However, the suitable length
of SMV/PVR is under discussion.

The main conclusion of our retrospective analysis
was that patients who underwent the standard Whipple
operation with SMV/PVR (Group 1) had similar survival
rates and negative resection matgins when compared with
patients without PV involvement (Group 2). In out study,
the median survival time in Group 1 (#z = 58) and Group
2 (n = 60) was 19 and 21 mo, respectively. In addition, the
1- and 3-year survival rates in the two groups were 63.3%
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Figure 1 Survival of patients with portal vein resection. A: Patients with
superior mesenteric vein/portal vein resection (SMV/PVR) < 3 cm (Dotted line,
n = 28) had more risk factors compared with patients with > 3 cm resection (solid
line, n = 30); B: SMV/PVR < 3 cm (Dotted line, n = 28) was significantly better
than > 3 cm resection (solid line, n = 30).

and 14.3%, and 69.3% and 18.4%, respectively. There
were no significant differences in survival between the
two groups (P > 0.05). At the same time, the blood loss,
volume of transfusion, and surgical mortality and mot-
bidity did not increase obviously in Group 1. However,
venous resection combined with reconstruction (Group
1) cost more compared with Group 2, but there was no
significant difference in survival between the two groups
(P > 0.05). Therefore, we considered that patients with
SMV/PVR had similar long-term survival to those with-
out SMV/PVR.

Another conclusion is that patients who underwent
the Whipple operation with SMV/PVR < 3 cm (Group
3) achieved better long-term survival than those with
SMV/PVR > 3 cm (Group 4). Median survival time in
Group 3 (# = 28) and Group 4 (# = 30) was 18 and 11
mo, respectively. There was a significant difference in sur-
vival between the two groups (P < 0.02). Meanwhile, the
patients with SMV/PVR < 3 cm had more risk factors
compared with those with SMV/PVR > 3 cm (P < 0.05)
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(Figure 1). For example, the ratio of lymph node invasion
between the two groups was 25% and 73%, respectively,
and this difference was significant (P < 0.05). Therefore,
we consider that 3 cm is a suitable length of SMV/PVR.

Tluminati ez a/'” reported that standard Whipple op-
eration combined with PV or SMV resection can be pet-
formed when venous involvement does not exceed 2 cm.
They have suggested that more complex vein reconstruc-
tion could lead to a greater rate of postoperative compli-
cations. They have also clarified that 2 cm is the maximal
extent that allows one to achieve margin-free resection
with simple vascular reconstruction and tension-free anas-
tomosis. However, in our study, we achieved tension-free
end-to-end anastomosis by dissociating the root of the
SMV when the length of PVR was about 5 cm. Recently,
some institutions have suggested that a distance of up to 8
cm can achieve primary anastomosis by this procedure[(”m].
Thus, we believe that the main factor influencing the length
of venous resection is not the sutgical technique itself but
the long-term survival. Our study indicated that patients
who underwent the Whipple operation with SMV/PVR <
3 cm achieved better long-term survival.

Some studies have reported the use of venous inter-
position graftlw’m’z”. They have proposed that SMV/PVR
> 5 c¢m and venous collateral formations should use
venous interposition graftingmj. The autogenous venous
graft often uses the internal jugular and the greater saphe-
nous veins. The prosthetic venous reconstruction mate-
rial is usually polytetrafluoroethylene. However, Riediger
et al” considered that the Whipple operation has a risk of
abdominal infection, and the use of venous prostheses
might increase this complication. In our series, all the pa-
tients with PVR had a primary end-to-end reconstruction
without any autogenous graft or venous prosthesis.

Shibata ez a/'" divided SMV/PVR into four types: (1)
above and below the level of the splenic vein; (2) above the
level of the splenic vein; (3) below the level of the splenic
vein; and (4) tangential resection. In our present series,
among the 58 patients who underwent the Whipple opera-
tion and venous resection, 10 underwent PVR above and
below the level of the splenic vein. Among these 10 pa-
tients, 4 patients underwent vena lienalis ligatured and tran-
sected without splenic vein reconstruction, and six patients
had vena lienalis ligation and resection with splenic artery
wedge resection in order to reduce the blood flow to the
spleen. In the four patients without splenic vein reconstruc-
tion, one had local hypertension and upper gastrointestinal
bleeding and died in the 14 d after the operation. It has
also been reported that division of the splenic vein without
splenectomy might lead to portal thrombosis™ >, but this
did not occur in our study. Our experience suggests that
splenic vein ligatured and transected with splenic artery
reconstruction should be performed when the confluence
of spleen vein is involved.

Shibata e a/'” have proposed that the degree of ve-
nous involvement can be divided into three types: no
mural invasion, intramural invasion without tunica intima
involvement, and transmural invasion. Several documents
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have reported that patients with tunica intima infiltration
could not obtain good long-term survival’™. In our
study, no patient survived beyond 8 mo, when the tunica
intima was involved.

Bao ¢t al” have suggested that mesenteric artery in-
volvement > 90°, as visualized by computed tomography,
implies that we cannot achieve disease-free resection. Today,
most surgeons agree that tumor invasion of the mesenteric
artery is a contraindication to the Whipple operationm’zs’%].
It is considered that the mesenteric artery is often encircled
by a neural plexus and lymph nodes. Therefore, artery
involvement is always combined with neural plexus and
lymph node invasion, and it is difficult to achieve a nega-
tive resection margin. It has also been reported that patie-
nts with positive lymph nodes have worse overall survival
than patients without lymph node invasion, and extensive
lymphadenectomy and nerve plexus resection might lead
to serious diarrhea and poorer quality of life. Therefore,
other treatments such as neoadjuvant and adjuvant che-
motherapy could be used in patients with arterial inva-
sion.

In conclusion, we showed that patients with pancreatic
adenocarcinoma and venous invasion who underwent the
standard Whipple operation with SMV/PVR had similar
long-term survival than patients without venous involve-
ment. In addition, patients who underwent the Whipple
operation with SMV/PVR < 3 cm achieved better long-
term survival than those with > 3 cm resection.
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