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Abstract
Introduction Pancreaticoduodenectomy with vascular resection remains a controversial approach for patients with local
advanced pancreatic head cancer for the lack of evidences of survival and quality of life benefits. The aim of this study was
to evaluate whether patients of pancreatic head cancer benefit on quality of life, survival, and treatment cost from
pancreaticoduodenectomy with vascular resection compared with palliative therapy.
Materials and Methods Two hundred fourteen patients of pancreatic head cancer whose pancreatic head could not be
dissected free from adjacent vascular were involved in this study. Eighty of these patients underwent pancreaticoduode-
nectomy with vascular resection, whereas other patients underwent palliative therapy.
Results Pancreaticoduodenectomy with artery resection offered worse outcomes on almost all aspects of quality of life and
survival compared with palliative therapy. Pancreaticoduodenectomy with vein resection offered better 5-year survival
compared with palliative therapy, whereas palliative therapy offered better quality of life after surgery.
Conclusion Pancreaticoduodenectomy with artery resection is nonsensical on treatment of pancreatic head cancer with
artery adhesion/invasion. As for patients with vein adhesion/invasion, pancreaticoduodenectomy with vein resection should
be performed cautiously. When actual vein invasion is very possible to have taken place, the choice of treatment strategy
should be considered carefully by the pancreatic surgeons.
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Introduction

Pancreatic cancer is lethal and is one of the leading causes
of cancer death worldwide with rising incidence.1 Despite

of the advancement in its diagnosis and staging, little
progress has been made in overall survival. The 5-year
survival rate of patients is less than 5%, and the median
survival is less than 1 year for the last three decades.2–4

Treatment of pancreatic cancer includes multiple modal-
ities, but surgical resection offers the only potential chance
for cure.5 The first successful regional resection for a
periampullary tumor was performed by Kausch in 1909 and
was popularized by Whipple.6 From 1980s, pancreatico-
duodenectomy (PD) was performed extensively in large
hospitals.7,8 Unfortunately, because of the late diagnosis of
the disease, 80–90% of patients are precluded from surgical
resection for locally advanced or disseminated disease.9 In
patients with locally advanced disease, tumor adherence or
invasion into adjacent structures, particularly the celiac and
superior mesenteric vasculature, makes complete resection
very difficult. To deal with vascular barriers, pancreatic
surgeons performed en bloc resection with vein resection
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(portal vein, superior mesenteric vein, and superiormesenteric-
portal vein confluence; Fortner type I operation) and artery
resection (hepatic artery, superior mesenteric artery, and
celiac artery; Fortner type II operation).10 However, the
extent of resection of pancreatic cancer is still under
discussion.

In recent years at the Union Hospital, Wuhan, some
patients of pancreatic head cancer with vascular adhesion/
invasion being estimated to resectable were treated with PD
with vein resection (VR) and/or artery resection (AR), and
the others were treated with palliative therapy including
surgical bypass, I125 brachytherapy, coeliac plexus block,
and chemotherapy. We report herein the quality of life
(QOL), the survival, and the economic outcomes of radical
resection comparing with palliative therapy.

Materials and Methods

Patients

Nine hundred twenty-six patients with cancer of the
pancreatic head were treated in Pancreatic Center, Union
Hospital, Wuhan from January 1996 to December 2005.
Excluding patients with disseminated disease (identified by
preoperative imaging studies or surgical findings), severe
medical comorbidities (oxygen-dependent obstructive pul-
monary disease, unstable coronary artery disease, other
malignancies, etc.), and Karnofsky Performance Status <40,
214 patients (23.1%) whose pancreatic head and uncinate
process could not be dissected free from adjacent vascular
were involved in this study. The details of these 214
patients were listed in Table 1. To determine the impact of
vascular resection on postoperative complications, 247
patients of local advanced pancreatic head cancer who
underwent PD without vascular resection formed the
control group (PD group).

Preoperative Workup

Preoperative workup included history and physical exami-
nation, routine laboratory testing, chest radiography, elec-
trocardiography, contrast-enhanced computed tomography
(CT; 100%), magnetic resonance imaging (MRI/MRA/
MRCP; 72.8%), and angiography (21.5%). Preoperative
angiography was abandoned in 2000 with increasing
accuracy of MRA and better vessel imaging of CT.

Treatment Strategy

Patients whose pancreatic head and uncinate process could
not be dissected free from adjacent vascular undergoing
radical resection or non-radical resection therapy depended
on the extent of vascular adhesion/invasion according to
preoperative imaging studies (mainly CT) and operative
findings. Between January 1996 and June 2002, PD with
VR was performed in patients whose portal vein (PV)/
superior mesenteric vein (SMV)/superior mesenteric-portal
vein confluence (SMPV) was adhered/invaded but not
totally occluded, and PD with AR was performed in
patients whose celiac axis (CA)/hepatic artery (HA)/
superior mesenteric artery (SMA) was adhered/invaded
but not stenosed. Between July 2002 and December 2005,
with our preliminary findings that vascular resection
(especially AR) played a little role in longer overall
survival but worse QOL, the indication of vascular
resection was limited. For vein invasion/adhesion, complete
encircling of involved veins was also considered as a
contraindication. PD with VR was only performed when
tumor formed a convexity against the vein or tumor
partially encircled the vein but the length of the involved
vein was less then 5 cm. For artery invasion/adhesion,
performance of AR was mainly according to the judgment
of surgeons. AR was performed only when preoperative
imaging studies or surgical findings indicated that actual
invasion of artery have not taken place. Besides stenosis of
the artery, fixation of surrounded lymph nodes, stiffness of
surrounded lymphatic tissue and nerve plexus, and more
than 5 cm of the length of the involved artery were also
considered as the contraindications of PD with AR. Thus,
part of the patients that were estimated to be resectable
according to previous criteria were treated with palliative
therapy. During these 10 years, 61 patients underwent PD
with independent VR (without AR; VR group) and 19
patients underwent PD with AR (with or without VR; AR
group). After surgery, patients were treated with systemic
chemotherapy of gemcitabine (1,000 mg/m2 on days 1, 8,
and 15; every 4 weeks for one cycle) from 1999. Chemo-
therapies were started 4 weeks after radical resection except
for postponed for sustained bone marrow suppression, and
36/80 patients completed all six cycles.

Table 1 Demographic Characteristics of 214 Patients of Pancreatic
Head Cancer with Blood Vessel Adhesion/Invasion

VR group
(n=61)

VP group
(n=89)

AR group
(n=19)

AP group
(n=45)

Age (median
year, range)

52 (28–72) 53 (31–84) 46 (36–70) 58 (30–76)

Male (n, %) 38 (62.3) 50 (56.2) 15 (78.9) 32 (71.1)
Jaundice (n, %) 49 (80.3) 67 (75.3) 16 (84.2) 38 (84.4)
Abdominal
pain (n, %)

32 (52.5) 43 (48.3) 11 (57.9) 27 (60.0)

Weight loss (n, %) 51 (83.6) 72 (80.9) 15 (78.9) 35 (77.7)
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Palliative therapy was performed on 134 patients with
vascular adhesion/invasion (89 with vein adhesion/invasion
but not artery adhesion/invasion, VP group; 45 with artery
adhesion/invasion with or without vein adhesion/invasion,
AP group) who were not treated with radical resection. The
unresectability of these patients, which was suggested by
preoperative imaging, was confirmed by exploratory opera-
tion. Part of these patients were treated with biliary bypass
(n=96) or gastric bypass (n=51) for treatment or prevention
of jaundice or intestinal obstruction. Brachytherapy of I125
interstitial implantation and coeliac plexus block with
alcohol were performed in all these patients. In addition,
systemic chemotherapy of gemcitabine was performed.
Chemotherapy was started 4 weeks after palliative surgery,
except if postponed for sustained bone marrow suppression,
and 70/134 patients completed all six cycles. Besides, biop-
sies were done in some of the patients for final diagnosis.

Assessment of Quality of Life

QOL assessment was initiated prior to surgery and
completed at the 6-month follow-up. Patients were given
questionnaires of the European Organisation for Research
and Treatment of Cancer (EORTC) QLQ-C30, which were
used to assess QOL in this study, before surgery (baseline)
and 3 and 6 months after surgery (including PD with
vascular resection, surgical bypass, I125 interstitial implan-
tation, and coeliac plexus block).11 The EORTC QLQ-C30
is a patient-based questionnaire that includes a total of 30
items and is composed of five functional scales (physical,
role, cognitive, emotional, and social), three symptom
scales (fatigue, pain, and nausea/vomiting), five single
items assessing cancer symptoms (insomnia, dyspnea,
appetite loss, constipation, and diarrhea), a global health
assessment, and a question about perceived financial
difficulties. Following the scoring instructions given by
the EORTC Quality of Life Study group, the raw EORTC
QLQ-C30 scores were linearly transformed to 0–100 scales
before statistical analyses were performed. A higher score
on functional scales and global health assessment represent
a better level of functioning and QOL, whereas high scores
on symptom scales and other single items represent more
symptomatology. A mean change between 0 and 10 on the
transformed scales was regarded as not clinically important;
changes ≥10 were regarded as clinically significant, as
previously described.12

Data Collection of Survival and Treatment Costs

Survival data were generated monthly by direct contact
when patients underwent chemotherapy in Union Hospital,
Wuhan and then every 3 month by telephone interview with
the patient or his or her family until death or the end of data

collection for this study (December 2007). The total
treatment costs including charges of chemotherapy were
calculated from office copies of payment receipts of
patients from the treasurer’s office, Union Hospital, Wuhan.
Costs for treatment of complaints that were not concerned
in pancreatic cancer (e.g. coronary heart disease, odontalgia,
etc.) were excluded.

Statistical Analysis

All data analyses were performed using Statistical Package
for the Social Sciences (SPSS) version 11.0 software.
Analysis of variance was used to compare outcomes of
patients treated with different strategies. All differences
were considered significant at two-sided P<0.05. Data of
QOL were analyzed for the subscales at each of the
assessment points. The change in scores from baseline to
each of the two given time points was calculated by
subtracting the baseline score for each patient from the
subsequent scores for the same patient. Treatment costs
were described in terms of US Dollars with the exchange
rate of 8.27 RMB yuan against 1 US dollar. Data of QOL
and treatment costs were analyzed with analysis of variance
(ANOVA)-Student–Newman–Keuls (SNK) test. Overall
survival was demonstrated using the method of Kaplan
and Meier, and log-rank test was used to evaluate differ-
ences between survival curves. One-, 2-, 3-, and 5-year
survival were estimated by life tables.

Results

Pathological Findings

Surgical pathology demonstrated that the main pathological
diagnosis of pancreatic head cancer was adenocarcinoma
originating from pancreatic duct and bile duct and then was
acinic cell carcinoma. Diagnoses of other carcinomas were
rare. Actual vascular invasion was confirmed in 42 of 61
patients of VR group and 15 of 19 patients of AR group
(Table 2).

Postoperative Course

Morbidity of postoperative complications, reoperation rate,
and hospital stay of patients were shown in Table 3.
Patients undergoing resection (VR group, AR group, and
PD group) suffered a higher complication rate. Although
VR was associated with thrombosis of PV and SMV, the
overall complications of PD with VR were comparable with
that of PD without VR (PD group). Compared with PD
without AR (VR group and PD group), PD with AR
demonstrated a higher complication rate. In addition, the
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postoperative bleeding, which was the main complication
associated with AR, increased the reoperation rate of PD
with AR. Like postoperative complications, the median
length of postoperative hospital stay after resection was
longer than after palliation. Besides, results showed that AR
prolonged the hospital stay of patients undergoing PD.

Quality of Life

Thirty-six of 61 patients in VR group, 78 of 89 patients in
VP group, 12 of 19 patients in AR group, and 31 of 45
patients in AP group completed questionnaires of baseline
and 3 month after surgery, 30 of 61 patients in VR group,
61 of 89 patients in VP group, five of 19 patients in AR
group and 26 of 45 patients in AP group completed all three
questionnaires. The changes in scores compared with
baseline in representative aspects of QOL were shown in
Fig. 1. Increased scores from baseline in Fig. 1a–c means
improvement of global health status, physical functioning,
and emotional functioning, while increased scores from
baseline in Fig. 1d–f means worsening of pain, diarrhea,
and economical impact.

Three months after surgery, VP and AP group demon-
strated better global health status change than VR and AR
group, respectively, although neither of the four groups
showed clinical significance compared with baseline. In
aspects of functional scales, patients undergoing palliative
therapy (VP and AP group) worsened less in physical
function, but patients undergoing radical resection (VR and
AR group) obtained better emotional function. With respect

to symptom scales and single items, patients undergoing
palliative therapy benefited more than those undergoing
radical resection in relief of pain and diarrhea. When
compared with patients without artery adhesion/invasion
(VR and VP group), patients with artery adhesion/invasion
(AR and AP group) obtained comparable changes in scores
in most items.

Six months after surgery, the differences of score
changes in most items between VR and VP group leveled
out, whereas the differences between AR and AP group
widened. Patients in VR group improved in QOL but that in
AR group worsened when compared 3 months after
surgery.

In addition, according to the result of perceived financial
difficulties, the treatment cost exercised severe adverse
impact on economy in all groups.

Survival

Two hundred five of the 214 patients completed the follow-
up until death, five of 214 patients (two in VR group and
three in VP group) completed the follow-up at the end of
data collection for this study, and four of 214 patients (one
in VR group, two in VP group, and one in AP group) lost to
follow-up were censored at the time of last contact. None of
the 214 patients in this study died within 30 days of
surgery, whereas one patient in AR group died 34 days after
surgery for arterial thrombus formation. The median
survival time for the VR, VP, AR, and AP group was 13,
12, 7, and 9 months, respectively. The estimated 1-, 2-, 3-

Table 3 Postoperative Course
of Patients VR group

(n=61)
VP group
(n=78)

AR group
(n=19)

AP group
(n=39)

PD group
(n=247)

Overall complications (n, %) 14 (22.9) 5 (6.4) 7 (36.8) 3 (7.7) 58 (23.5)
Wound infection (n, %) 2 (3.3) 2 (2.6) 0 (0) 1 (2.6) 8 (3.2)
Postoperative bleeding (n, %) 0 (0) 0 (0) 3 (15.8) 0 (0) 2 (0.8)
Intra-abdominal abscess (n, %) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.4)
Thrombosis (n, %) 2 (3.3) 0 (0) 1 (5.3) 0 (0) 0 (0)
Pancreatic fistula (n, %) 10 (16.4) 0 (0) 4 (21.1) 0 (0) 41 (16.6)
Biliary leak (n, %) 2 (3.3) 1 (1.3) 0 (0) 0 (0) 7 (2.8)
Colo-jejunal fistula (n, %) 0 (0) 1 (1.3) 0 (0) 1 (2.6) 1 (0.4)
Delayed gastric emptying (n, %) 0 (0) 1 (1.3) 1 (5.3) 1 (2.6) 4 (1.6)
Reoperation (n, %) 1 (1.6) 0 (0) 3 (15.8) 0 (0) 5 (2.0)
Postoperative hospital stay (days) 16±5 12±2 18±7 12±2 15±4

Table 2 Pathological Findings
in All Four Groups VR group

(n=61)
VP group
(n=78)

AR group
(n=19)

AP group
(n=39)

Adenocarcinoma (n, %) 56 (91.8) 70 (90.0) 18 (94.7) 36 (92.3)
Acinic cell carcinoma (n, %) 3 (4.9) 3 (3.8) 1 (5.2) 2 (5.1)
Other carcinoma (n, %) 2 (3.3) 5 (6.4) 0 (0) 1 (2.6)
Actual blood vessels invasion (n, %) 42 (68.9) 15 (78.9)
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and 5-year survival of all groups obtained with life tables
were listed in Table 4. Survival analysis using the method
of Kaplan and Meier among the four groups were displayed
in Fig. 2. the difference between AR and AP group was
statistically significant (log rank, P=0.008). Although there
was no statistical significance in overall survival between
VR group and VP group (log rank, P=0.103), the estimated
5-year survival of VR group were much higher than that of
VP group.

To evaluate whether patients with actual invasion of
veins benefit on survival from PD with VR, the survival of
these patients was compared with that of patients under-
going palliation. Results showed that these patients acquired
comparable survival with those undergoing palliation. None
of these patients survived more than 5 years.

Treatment Costs

The treatment costs of the four groups were 15.8±2.8
thousands dollars (VR group), 14.1±4.3 thousands dollars
(VP group), 17.2±6.7 thousands dollars (AR group), and
13.7±2.8 thousands dollars (AP group), respectively. There
was no statistical significance among the four groups
according to ANOVA-SNK test.

Discussion

More than three decades ago, PD was associated with a
high perioperative mortality up to 25%; thus, few PD were
performed for the treatment of pancreatic diseases. In recent

Table 4 One, 2, 3 and 5-Year
Survival in All Four Groups 1-year survival

(M±SE)
2-year survival
(M±SE)

3-year survival
(M±SE)

5-year survival
(M±SE)

VR Group 56%±6% 24%±6% 19%±5% 13%±4%
VP Group 52%±5% 23%±4% 11%±3% 1%±1%
AR Group 16%±8% 0%
AP Group 40%±7% 10%±5% 0%

Figure 1 Changes in QLQ-C30 scores compared with baseline
scores. Zero represents baseline. Error bars represent 95% confidence
intervals of means of numerical changes in scores from baseline. Error

bars with positive values represent improvement of functioning or
worsen of symptoms. Error bars with negative values represent
worsen of functioning or improvement of symptoms. *P<0.05.
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years, with advances in surgical technique and perioper-
ative care, the perioperative mortality had decreased to
below 5% in high-volume centers. Thus, PD was performed
frequently by surgeons.7,8 Despite of this fact, only a small
percentage of patients with pancreatic cancer were con-
sidered for PD because of the high morbidity of locally
advanced and disseminated disease.

Because radical resection remains the only potential
curative treatment for carcinoma of the pancreas, many
surgeons sought to perform more radical resections to
broaden indications of PD. To deal with vascular adhesion/
invasion, which is frequently a limiting factor for radical
resection, surgeons attempted to perform PD with infiltrated
vascular resection. The first VR was reported by Moore in
1951, then Fortner further defined the concept of en bloc
pancreatectomy in 1973.10,13 Fortner reasoned that tumor
infiltration to adjacent vessels, which was regarded as a
contraindication of PD, could be overcome by en bloc
resection of involved veins (type 1 resection) and arteries
(type 2 resection). In recent years, experiences per-
forming this radical procedure with VR increased. It
has been reported to be performed with acceptable
perioperative mortality comparably to PD without VR
from many centers, but PD with VR remains a con-
troversial approach because of the lack of evidence of
survival and QOL benefit.14–22 As for artery adhesion/
invasion, it is regarded as a contraindication of PD by
almost all surgeons because of high perioperative mortal-
ity and morbidity of complications.23,24

Our study reached an identical conclusion with previous
studies on AR that it made no sense on patients with
arteries adhesion/invasion. Most of patients undergoing PD
with AR benefited neither on QOL nor on long-term
survival. Although the perioperative mortality could be as

low as 0% with increase of surgeon experience and advance
in perioperative care, the morbidity of complications of PD
with AR was much higher than non-radical resection
therapy. More importantly, the estimated 1-year survival
of patients undergoing PD with AR was only 16%±8%.
The benefit of long-term survival for vascular resection
with PD may be due to adherence to vasculature without
actual invasion. Dismayingly, pathology of surgical speci-
mens confirmed actual artery invasion in 78.9% patients in
AR group. The high incidence of actual invasion may be
due to the fact that arteries are surrounded by lymphatic
tissue and nerve plexus, and tumor spread within these
tissues is almost certain in case of actual artery invasion. In
addition, the radical surgery procedure should also play a
negative impact role in patients when actual invasion have
taken place. Thus, artery adhesion/invasion was considered
as a contraindication of PD in most cases in our hospital
since July 2002.

Although experiences of PD with VR have been reported
by many surgeons, there remains no consensus on its
indications. In our institution, the judgment of resectability
was mainly based on the degree of vein invasion.25,26 We
took up a relative radical position on PD with VR before
June 2002, whereas PD with VR was performed more
selectively after July 2002. The reasons were that (1) little
obvious benefit on survival but damage in QOL was
obtained from this radical resection according to experience
from 1995 in our center and (2) only patients without actual
vein invasion benefited on survival from PD with VR
(Fig. 3), but actual vein invasion took place in more than
two thirds of the patients estimated as “resectable” (Table 2).
Therefore, many patients that can be estimated to resectable
with radical position were treated with palliative therapy. In

Figure 3 Kaplan–Meier survival curve for patients with actual
invasion of veins in VR group and all patients in VP group.

Figure 2 Kaplan–Meier survival curve for all four study groups.

2188 J Gastrointest Surg (2008) 12:2183–2190



review of all patients with vein adhesion/invasion of
10 years in our center, palliative therapy offered compara-
ble 1- and 2-year survival with advances in chemotherapy,
but PD with VR offered better 5-year survival. In spite of
this, it must be pointed out that, besides treatment strategy,
there are other important factors contributing to patient
survival. Patients in VP group were mainly estimated
unresectable, whereas patients in VR group were all
estimated respectable; thus, VP group should be worse
than VR group in tumor grade, tumor size, etc. Considering
these factors, the difference of the effect on patient survival
between PD with VR and palliative therapy should be
smaller than shown. Thus, randomized controlled trial is
needed for further study on the comprehensive evaluation
of different treatment strategies.

QOL is another criterion for treatment strategy of
pancreatic cancer. QOL of patients undergoing palliative
therapy increased to preoperative levels more quickly than
that of patients undergoing PD with VR after surgery. Six
months after surgery, patients undergoing PD with VR and
palliative therapy scored comparably in most items. With
respect to pain assessment, patients undergoing palliative
therapy scored better than patients undergoing PD with VR
3 months after surgery, which confirmed the favorable
effect of coeliac plexus block. With respect to diarrhea
assessment, for the skeletonization of common hepatic
artery, celiac axis, and superior mesenteric artery in PD
with VR and the coeliac plexus block in palliative therapy,
postoperative diarrhea developed in both group but that of
VR group were more serious than VP group. Six months
after surgery, a few patients in VR group still suffered
severe diarrhea. Based on the assessment of financial
difficulties, the treatment costs of pancreatic cancer were
big burden for Chinese patients and played severe adverse
impact on economy, and the impact of both treatment
strategies were equal. Considering the difference of the
morbidity of postoperative complication and the length of
hospital stay between patients undergoing resection and
palliation, we tentatively put forward that PD procedure
plays an important role in the deterioration of postoperative
QOL. However, although results showed that the morbidity
of postoperative complication and the length of hospital
were comparable between patients undergoing PD with VR
and PD only, this study has a limitation on the evaluation of
the impact of VR procedure on postoperative QOL for the
lack of the QOL assessment of patients undergoing PD
only.

Conclusion

Our results showed that, in most cases, patients can benefit
neither on QOL nor on long-term survival from PD with

AR; thus, PD with AR should be performed in exceptional
circumstances only. As for patients with vein adhesion/
invasion, systematic palliative therapy offered better QOL
and comparable 1- and 2-year survival, whereas PD with
VR offered better 5-year survival. However, for the differ-
ences of tumor grade, tumor size, etc. of the PD group and
VP groups, the benefit of PD with VR on survival is
ambiguous. Thus PD with VR should be performed
restrainedly. Because no preoperative examinations can
distinguish actual invasion form inflammatory infiltration to
date, surgeons must evaluate the possibility of actual vein
invasion according to their experiences. When preoperative
imaging studies or surgical findings indicate that actual vein
invasion is very possible to have taken place, the choice of
treatment strategies should be considered carefully by the
pancreatic surgeons.
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