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INTRODUCTION
Pancreatic cancer is the fourth leading cause of cancer 
death in the United States [1] with a 5-year overall 
survival (5-year-OS) of only 9-18 % [2]. Due to the late 
presentation of symptoms, only 10-20% of patients are 
candidates for curative resection (CR). Over 50% of 
patients have distant metastasis, and 35% have locally 
advanced disease at the time of diagnosis [3, 4]. Only 35% 
of patients who have locally advanced disease may benefit 
from a more radical surgery if an R-0 resection, where all 
post resection margins are tumor free, can be achieved. 
Complete surgical resection of a localized pancreatic 
cancer is the only curative treatment, and the 5-year-OS 
in this group of patients has been reported as high as 25% 
[5-8]. The initial enthusiasm for increasing resectability 
by regional pancreatectomy, in patients who have major 
vascular (arterial and venous) involvement, was proposed 

by Fortner in 1973 [9], but this technique has not resulted 
in a lower morbidity or improved patient survival since it 
is difficult to get R-0 resections in such patients. However, 
surgical management of patients with portal vein (PV) or 
superior mesenteric vein (SMV) tumor involvement has 
received more enthusiasm, and it has been claimed that it 
should no longer be considered as a contraindication for 
curative resections [10]. 

The Gastrointestinal Medical Oncology group of the 
University of Texas M. D. Anderson Cancer Center defined 
a group of locally advanced pancreatic tumors with major 
venous involvement as borderline resectable tumors [10]. 
There are several reports from larger centers with expertise 
in pancreatic surgery showing similar morbidity and long 
term survival rates between patients with locally advanced 
pancreatic cancer undergoing en bloc resection of PV/SMV 
in conjunction with pancreatoduodenectomy and patients 
who underwent a conventional pancreatoduodenectomy 
without vascular resections [2, 11-28]; however, others 
have questioned this approach [29-33]. The issue of major 
venous involvement due to tumor location, as opposed to 
biologic aggressiveness [34], was indirectly addressed by 
Illuminati et al. [3] when they resected venous involvement 
of < 2cm if they predicted an R-0 resection with good 
results. Others have shown similar results when limited 
vein resection and reconstruction have been performed 
[35, 36]. Experience with major arterial resection (celiac 
and/or superior mesenteric artery) and reconstruction 
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involvement was excised and primarily repaired (n=12), or repaired using other veins (n=4) or a synthetic patch (n=1). Group-II had a 
significantly larger tumor size and more perineural invasion and peripancreatic soft tissue involvement (P<0.05). While complication rate, 
margin status, and duration of stay were not different between the groups, the median-overall-survival was higher for Group-I (15.34 
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amount of blood transfusion (intra-operative and post-
operative), length of hospital stay (LOS), rate and severity 
of complications (pancreatic leak, biliary leak, bleeding, 
gastroparesis, infection, etc), peri-operative mortality, 
and long-term outcome were studied. In this study, peri-
operative complication was defined as presence of intra- 
or postoperative complications up to 30 days after surgery 
or at the time of patient’s discharge, whichever was longer. 
The severity of peri-operative complications were scored 
based on the revised Clavien-Dindo (CD) classification [40, 
41]. When more than one complication occurred, the score 
of the most sever complication was considered as the 
complication score of the patient. Final pathology reports 
were re-reviewed by another pathologist blinded to patient 
information for evaluation of the number, size and location 
of lesions in the pancreas, type of tumor (cystic or solid), 
lymph node involvement, number of resected and involved 
lymph nodes, resection margin status, tumor grade, and 
tumor stage. Tumor staging was based on the American 
Joint Committee on Cancer (AJCC) 7th edition TNM staging 
system (AJCC Cancer Staging Manual. 7th ed. New York, 
NY: Springer, 2010) and tumor grades were coded as 1 
(well differentiated), 2 (moderately differentiated), 3 
(poorly differentiated), or 4 (undifferentiated).

If CA 19-9 was high before the procedure and decreased 
after surgery, levels were checked regularly for early 
detection of recurrence during follow up. In addition, 
regular imaging, including computed tomography (CT) 
and/or positron emission tomography (PET), was also 
used (every six months for two years and yearly up to five 
years thereafter) for detection of recurrence during the 
follow-ups. Patients were followed indefinitely.

STATISTICS
Descriptive statistics were used to summarize the data. 
Student’s t-test, chi-square test, Kaplan Meier method 
and log-rank test were used for statistical analysis. In 
a multivariate analysis using a Cox regression model, 
variables were assessed in search of independent risk 
factors predicting poor outcome in the patients. A p-value 
of less than 0.05 will be considered significant.

RESULTS

The mean age of the patients was 64.1 + 10.2 years. Sixty 
(50.4%) of patients were male and 89 (74.8%) were 
Caucasian. Age, gender and race were not significantly 
different between Group-I and Group-II patients (P > 0.05 
for all). Ninety-six percent of lesions (N=114) were solid, 
and there were five cases where the tumor had cystic 
appearance. Patient and tumor characteristics of the 
two groups are depicted in Table 1. Types of operations 
performed in the 119 patients are summarized in Table 2. 

The tumor grades were: 1 (N=5, 4.3%), 2 (N=61, 51.7%), 
3 (N=49, 41.5%), and 4 (N=3, 2.5%). The stages were: 
1A (N=5, 4.2%), 1B (N=9, 7.6%), IIA (N=31, 26.0%), IIB 
(N=57, 47.9%), III (N=13, 10.9%), and IV (N=4, 3.4%). 
Mean tumor size was 3.8 + 1.9 cm. More than 59% (N=71) 

is limited by poor outcomes [37]. Improvement in pre-
operative staging, surgical techniques and expertise, 
a multidisciplinary approach to patient selection, and 
perioperative care has led to a reduced morbidity and an 
improved 5-year-OS in high volume pancreatic centers [4, 
13, 22, 32, 38, 39]. We are reporting our experience from 
a medium size center with extensive experience in hepato-
pancreato-biliary (HPB) surgery and transplantations of 
the liver and pancreas. In a group of patients with borderline 
to advanced pancreatic cancer, we compare the outcome 
of patients who underwent CR of the pancreas with venous 
resection and repair to patients who underwent CR but did 
not need vascular resection and reconstruction.

PATIENTS AND METHODS 
Following IRB approval, we reviewed data from patients 
who underwent pancreatic surgery (n=274) by our 
team between February of 1998 and January of 2012. In 
2003, expecting an improved overall survival, we began 
performing en bloc major venous resections in patients 
with borderline resectable pancreatic malignancies if we 
deemed an R-0 resection achievable. After initial work up, 
which included routine blood tests, tumor markers (CEA, 
CA19-9), and either positron emission tomography (PET) 
scan, pancreas protocol computed tomography (CT), 
magnetic resonance cholangio-pancreatography (MRCP), 
endoscopic retrograde cholangio-pancreatography (ERCP) 
and, more recently, endoscopic ultrasound scan (EUS), 
the patients were discussed by a multidisciplinary team 
of oncologists, oncology surgeons, gastroenterologists, 
interventional radiologists, and HPB surgeons. The 
presence of distant metastasis or involvements of celiac 
and superior mesenteric arteries by tumor infiltrate were 
considered as contraindications to curative resection. In 
the situation where CR was contraindicated, palliative 
procedures were performed in case it was necessary. 
Involvement of the SMV or PV, if tumor thrombi were 
not present inside these vessels and involvement of the 
tumor in less than 180 degrees of the vessel wall, were 
not considered as contraindications for CR. Malignant 
causes were present in 175 patients and 119 patients 
underwent CR for pancreatic adenocarcinoma (patients 
with neuroendocrine tumors, those who only had open 
biopsies and palliative surgeries or surgeries which did not 
include the curative resection (n=56) were not included in 
the study). 

One hundred and two (102) patients who did not require 
venous resection / repair at the time of surgery (Group-I) 
were compared with 17 patients in which the tumor 
had infiltrated the SMV / PV and vascular resection / 
repair (Group-II) was performed during the CR. These 
patients (N=17) underwent partial (N=4) or complete 
resection (N=13) of the involved segment of the vein as 
well as primary repair / anastomosis (N=12), repair using 
autologous veins (N=4) or repair using a synthetic patch 
(N=1). 

Demographic data, duration of operation, use of 
hemodilution technique, estimated blood loss (EBL), 
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of the patients had lymph node involvement at the time of 
surgery, and 71.4% (N=85) had peripancreatic soft tissue 
(PST) involvement. A postoperative tumor free resection 
margin (R-0 resection) was achieved in 67.2% (N=80) of 
the patients. Perineural invasion and lympho-vascular 
invasion was seen in 73.1% (N=87) and 56.3% (N=67) of 
the tumors, respectively.

Mean OR time was 320 + 76 minutes for the patients in 
group-I and 400 + 82 minutes for the patients in Group-II 
(P=0.051). Sixty seven patients in group-I (67%) and 15 
patients in group-II (88.2%) received a blood transfusion 
during their hospital stay (intra- and postoperative) 
(P=0.077), and the average amount of the inpatient blood 
transfusion for the patients (N=119) was 3.7 + 7.1 units 
(Range 0-57). Table 3 compares operative and inpatient 
data between the patients in Group-I and Group-II. 

The intra-operative blood transfusion requirement was 
significantly higher in Group-II (3.8 + 3.5) compared with 
Group-I (1.3 + 2.1) patients (P < 0.001). Twelve patients 
in Group-I (11.8%) and six patients in Group-II (35.3%) 
received four or more units of blood intra-operatively 
(P=0.023). Postoperative blood transfusion requirements 
were not significantly different between the two groups 
(P= 0.995). In 30 patients (25.2%), one to two bottles of 
blood was taken pre-operatively from the patient and 
was transfused back after the operation (Hemodilution 
technique). These patients (N=30) required significantly 
less blood transfusion during their hospital stay (1.4 + 2.1) 
compared with the other patients (4.5 + 8.0) (P=0.001). 

Pre-operation CA 19-9 serum levels > 200 U/mL were 
significantly associated with higher risk of vascular 
involvement (PV and SMV) in the patients (P=0.032). Final 

Table 1. Comparison of patient’s and tumor characteristics in the two groups of patients with (VR+) and without (VR-) vascular resection.

VR=Vascular resection; * = t-test; # = Chi square test;  § = Mean + Standard deviation; LN=Lymph node; Positive LN ratio= ratio of positive LN / resected LN.

Patient and tumor Characteristics Group-1
(n=102) VR-

Group-2
(n=17) VR+ P-value

Age § 64.2 + 10.1 63.5 + 11.3 0.804 *

Gender, N (%) Female 49 (48.0) 10 (58.8) 0.410 #
Male 53 (52.0) 7 (41.2) 

Race, N (%) Caucasian 76 (74.5) 13 (76.5) 0.863 #
African American 26 (25.5) 4 (23.5) 

Tumor size (cm) § 3.6 + 1.8 5.1 + 2.6 0.003 *
Perineural invasion N (%) 70 (68.6) 17 (100.0) 0.007 #
Lymphovascular invasion N (%) 54 (52.9) 13 (76.5) 0.070 #
LN involvement N (%) 60 (58.8) 11 (64.7) 0.647 #
Positive LN ratio § 0.19 + 0.25 0.29 + 0.29 0.135 *
Margin positive 33 (32.3) 6 (35.3) 0.811 #
PST involvement 69 (67.6) 16 (94.1) 0.025 #
Tumor Location 
N (%)

Head 69 (67.7) 14 (82.3) 0.365 #
Ampulla 20 (19.5) 1 (5.9) 

Body and tail 13 (12.8) 2 (11.8) 
Tumor stage
N (%)

Stage I-IIA 40 (39.2) 5 (29.4) 0.440 #
Stage IIB-IV 62 (60.8) 12 (70.6) 

Tumor grade
N (%)

Grade 1-2 57 (56.4) 9 (52.9) 0.788 #
Grade 3-4 44 (43.6) 8 (47.1) 

Table 2.Type of operations and severity of complications in the two groups of patients with (VR+) and without (VR-) vascular resection. 
Type of operations and complications Group-1

(n=102) VR-
Group-2
(n=17) VR+

Overall (n=119)

Type of operations Pylorus sparing Whipple 39 (38.2) 2 (11.8) 41 (34.5)
Standard Whipple 44 (43.1) 9 (52.9) 53 (44.6)
Body / distal pancreatectomy 12 (11.8) 1 (5.9) 13 (10.9)

Total pancreatectomy 6 (5.9) 5 (29.4) 11 (9.2)
Ampulectomy 1 (1.0) 0 (0.0) 1 (0.8)

Type of complications No complication CD Grade 0 61 (59.8) 7 (41.2) 68 (57.2)
Mild 
complication

CD Grade I 6 (5.9) 2 (11.8) 8 (6.7)
CD Grade II 13 (12.7) 2 (11.8) 15 (12.6)
CD Grade III-A 6 (5.9) 2 (11.8) 8 (6.7)

Severe
complication

CD Grade III-B 6 (5.9) 2 (11.8) 8 (6.7)
CD Grade IV-A 0 (0.0) 0 (0.0) 0 (0.0)
CD Grade IV-B 0 (0.0) 1 (5.8) 1 (0.8)

Death CD Grade V 8 (7.8) 1 (5.8) 9 (7.6)
Missing information 2 (2.0) 0 (0.0) 2 (1.7)
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pathology reports showed tumor involvement of at least 
one of the resected margins (R-1) in 32.3% of the cases 
in Group-I and 35.3% in Group-II, and the rate was not 
significantly different between the two groups (P=0.811). 

Peri-operative complications were seen in 39 % and 
58.8% of the patients in Group-I and Group-II respectively 
(P=0.126). Severity of complications was not different 
between the two groups. While the majority of reported 
complications were minor, the frequency of severe 
complications (CD grade > IIIb) was not significantly 

different between the groups (p=0.295). No intra-operative 
death was encountered, and there were a total of nine 
peri-operative mortalities [8 cases in Group-I (7.8%) and 
1 cases in Group-II (5.9%), P=0.777]. Table 2 summarizes 
the peri-operative complications in the patients based on 
their CD severity score. 

LOS in Group-I and Group-II patients was 18.5 + 17.2 
and 17.5 + 6.2 days, respectively (P=0.799). While age, 
gender, race, pre-operative CA-19-9 level, type of surgery, 
and lymph node involvement were not predictors of 

§ PST= peri-pancreatic Soft Tissue; VR=vascular resection; CD= ClaveinDindo; * = statistical significance.

* = t-test; # = Chi square test; §= Mean + Standard deviation; BT= Blood transfusion; VR=Vascular resection. 

Table 3.Comparison of patient’s hospital stay and operative data in the two groups.
Demographics   Group-1

(N=102) VR- 
Group-2
(N=17) VR+ 

P-value 

Hospital Stay (days) § 18.5 +17.2 17.5 + 6.2 0.799 * 

Estimated blood loss (milliliter) § 491 + 469 997 + 591 0.004 * 
Operation time (minute) § 320 + 76 400 + 82 0.051 * 
Presence of complication N (%) 39 (39.0) 10 (58.8) 0.126 # 
Patients received BT, N (%) 67 (67.0) 15 (88.2) 0.077 # 
Intra-operative BT (units) § 1.3 + 2.1 3.8 + 3.5 < 0.001* 
Post-operative BT (units) § 2.0 + 6.6 2.0 + 3.7 0.995 * 

Table 4. Univariate analysis of overall survival by patient and tumor characteristics.
Characteristics Factors Median Overall Survival  (months)  P-value *
Gender Male 16.98 0.310

Female 13.38
Age < 60 years 12.96 0.325

> 60 years 13.93
Race Caucasian 14.13 0.637

Non-Caucasian            10.45
Transfusion Transfusion (-)  36.59 0.003 *

Transfusion  (+)   12.03

Complication Complication  (-) 14.72 0.046 *
Complication (+) 10.98

Severity score of Complication CD score (0  )       14.72 0.002 *

CD score (I-IIIA)   17.61
CD score (IIIB-V)   3.74

Preoperative Ca 19-9 < 200 18.53 0.495
> 200 14.13

Type of Surgery Pyloric Sparing  Whipple 13.93 0.756
Whipple 13.38
Total Pancreatectomy 14.13
Distal Pancreatectomy 17.87

Tumor size Tumor size < 3cm  18.69 0.016 *
Tumor size > 3cm 11.93

Margin Margin (-)              16.98 0.006 *
Margin (+)             8.46

Lymph node involvement Lymph Node (-)      18.68 0.105
Lymph Node (+)     12.95

PST involvement § PST (-) 53.80 <0.001 *
PST (+) 11.93

Stage Stage I-IIA 21.67 0.037 *
Stage IIB-IV 12.72

Grade Grade I-II               18.53 0.001 *
Grade III-IV             10.69

Group Group-1 (N=102), VR-      15.34 0.003 *
Group-2 (N=17), VR+ 7.18

Overall --- 13.93 --
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survival in our patients, requirement for transfusion 
(P=0.003), presence of complication (P=0.046), severity 
of complications (P=0.002), larger tumor size (P=0.016), 
resection margin tumor involvement (R1) (P=0.006), 
presence of tumor in the peripancreatic soft tissue (PST 
involvement) (P<0.001), higher tumor stage (P=0.037), 
and higher tumor grade (P=0.001) were all predictors of 
a poor outcome in the patients. Patients in Group-II had 
a significantly lower median overall survival compared 
with Group-I patients (P=003). Figure 1 shows the overall 
survival of the patients in the groups of patients with and 
without vascular resection (Group-II and Group-I patients, 
respectively). A univariate analysis of different patient and 
tumor characteristics and their value in predicting survival 
is listed in Table 4. 

The 5-year overall survival (5-year-OS) for N-0 and N 
(+) was 25.4% and 18.3% (p=0.05), respectively, and the 
5-year-OS for R-0 and R1 was 25.7% and 10.1% (p=0.006) 
respectively. Tumor stages IIB-IV had significantly lower 
median overall survival than stages I-IIA (p=0.037). 
Figures 2A and 2B compare the overall survival of the 
patients based on the surgical resection margin status in 
Group-1 and Group-II patients respectively. Figures 2C 
and 2D compare the outcomes of patients with a negative 
resection margin (2C) or a positive (R1) resection margin 
(2D) between the two groups of patients who required 
vascular resection and those who did not require a vascular 
resection. 

Multivariate analysis using a Cox regression model 
demonstrated that requirement of transfusion and tumor 
grade were the only independent predictors of outcome 

in the patients (P < 0.05 for both). Table 5 shows the 
multivariate analysis of the overall survival in the patients 
based on patient and tumor characteristics. The overall 
mean follow-up time (N=119) has been 18.1 months and 
40 (33.6%) patients are currently alive. The mean follow-
up time for Group-I and Group-II patients have been 19.6 
months and 8.9 months, respectively. Three patients in 
Group-II (17.7%) and 37 patients in Group-I (36.3%) are 
currently alive (P=0.171). 

DISCUSSION
Better patient selection and earlier diagnosis due to 
more accurate diagnostic modalities such as PET CT, EUS, 
and newer generations of CT or MRI/MRCP have been 
instrumental in increasing the curative resectability rate 
in patients suffering from a pancreatic malignancy [4, 5]. 
At the same time, more centralization of these patients in 
high volume centers with adequate expertise in this type 
of surgery, together with better intra- and perioperative 
care, has helped to decrease perioperative mortality 
significantly [6, 42]. All these factors have played a major 
role in improving long term patient survival worldwide. 
In spite of these advances, a majority of patients with 
pancreatic cancer are still diagnosed late. As high as 
50% of these patients have metastasis at the time of 
diagnosis, and curative surgery will not be an option. 
It has been claimed that only those patients who have 
locally advanced disease, even in the form of large venous 
(SMV/PV) involvement (borderline resectable tumors), 
may benefit from a more aggressive surgery. Numerous 
reports have shown similar short and long term results 
when venous resection was performed in conjunction with 

Figure 1. This graph compares the overall survival of the patients in the groups with and without vascular resection (Group-II and Group-I patients 
respectively).
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conventional pancreato duodenectomy [2, 11-28, 43, 44]. 
Indirect evidence suggests that patients with extensive 
venous involvement (larger than 3 cm in length, complete 
circumferential involvement, tumor thrombi in the vessel 
or total occlusion of the vessel) may not get the benefit 
from en-bloc resection of the SMV/PV with the tumor [2, 
3]. This may be due to the aggressive biology of the tumor 
versus location of the tumor, and, possibly, due to the 
hematogenous spread of the tumors.

This retrospective study, like others, has shown that the 
most important factor in achieving long term survival in 
patients with resectable pancreatic cancer is obtaining 
an R-0 resection [45]. At the same time, we have tried 
to increase the resectability rate in patients who had 
borderline resectable tumors. In terms of feasibility and 
safety, we have shown that morbidity and complication 
rates were not significantly different in patients who 
required resection and / or repair of their vascular 
involvement compared to patients who underwent 
conventional pancreatoduodenectomy or other CR. This is 
similar to the observation reported by Aktekin et al. [43]. 
However, Worni [46] and Castleberry [47] groups reported 
higher intraoperative and post operative complication 

Figure 2. A: Compares the overall survival of the patients who did not require a venous resection / reconstruction based on the margin status in the final 
pathology report. B: Compares the overall survival of the patients who required a venous resection /reconstruction based on the margin status in the final 
pathology report. C: Compares the overall survival of the patients who had a negative margin in their final pathology report based on the requirement of 
venous resection / reconstruction. D: Compares the overall survival of the patients who had a positive margin in their final pathology report based on the 
requirement of venous resection / reconstruction.
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rates in the patients undergoing vascular resection. On 
the other hand, the long term follow-up and survival 
analysis in our patients showed that venous resection and 
reconstruction in the patients with borderline resectable 
pancreatic tumors did not offer a comparable outcome to 
those who did not require venous resection even when 
R-0 resection was achieved. This is similar to the reported 
outcome by Ouassi and the multidisciplinary HPB Group of 
Center of Cancer [48]. 

A comparison between the tumor characteristics in the two 
groups of patients with and without venous involvement 
showed that patients with major venous involvement had 
significantly larger tumor size with more aggressive tumor 
characteristics (higher rate of perineural invasion and 
peripancreatic soft tissue involvement). This might explain 
the lower long term overall survival in these patients. This 
finding is also supported by the fact that vascular resection 
as a factor was not an independent predictor of outcome 
in our cohort when we performed a multivariate Cox 
regression analysis.

The percentage of major vascular resections in our study 
seems to be lower than in other studies (14.3 % vs. 25-
70%) [2, 41, 43]. In our series, all of the cases with vascular 

http://www.ncbi.nlm.nih.gov/pubmed?term=Multidisciplary HPB Group of Center of Cancer%5BCorporate Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Multidisciplary HPB Group of Center of Cancer%5BCorporate Author%5D


439JOP. Journal of the Pancreas–http://www.serena.unina.it/index.php/jop–Vol. 15 No. 5 – Sep 2014. [ISSN 1590-8577]

JOP. J Pancreas (Online) 2014 Sep 28; 15(5):433-441

resection (Group-II) had pathological evidence of vessel 
(venous) involvement compared to other published studies 
in which up to only 40-70% of the resected vessels showed 
tumor involvement [21, 22, 43]. This may explain a better 
overall survival in the patients reported in the literature 
compared to our patients. In some of the reported studies, 
all patients who had venous resection did not have 
advanced disease as verified by up to 30-60% lack of 
vessel involvement confirmed by final pathology reports 
[22, 44]. This is in contradistinction to our patients who 
required venous resection, 100% of which showed venous 
involvement by the tumor. One may argue that we may 
have missed some cases with vascular involvement. Even 
though this is a possibility, we have been as aggressive as 
high volume centers in resecting the involved vessels. The 
other explanation could be that centers with high resection 
rates may have a large percentage of patients referred 
to them due to their special interest in treating only the 
locally advanced tumors. 

Jane et al., reported on 48 patients in whom some type 
of vascular resection was performed during Whipple 
procedure, but failed to mention the center’s overall 
activity, so it is not known what percentage of their patients 
required major vascular resection [45]. Additionally, 
histopathological proof of venous invasion was not 

ascertained in their study, so the true incidence of vascular 
involvement in these 48 patients is not known. 

We have not found it necessary either to bypass the SMV to 
PV beyond the resection line or to perform the resection and 
repair of these vessels under SMA occlusion, as practiced 
by Nakao et al. [25]. This originates from our extensive 
experience with liver and pancreas transplantation where 
we occlude the portal vein or SMV for up to 30 minutes 
without any complications. 

In our study, transfusion requirement, presence of 
complication, severity of complications, tumor size, margin 
status, PST status, tumor stage, and tumor grade played a 
significant role in predicting the patient outcomes. This 
was in line with previous studies [6, 8, 13, 16, 20, 21, 24, 
31]. In our experience the only independent predictors of 
lower survival were requirement of transfusion and tumor 
grade, which represent both the aggressiveness of a tumor 
and the subsequent requirement for a very extensive 
resection.

LIMITATIONS OF THE STUDY
This is a retrospective study from a medium size hepato-
pancreato-billiary and transplant center and our findings 
need to be verified by larger series and ideally prospective 
design studies. We also acknowledge that in the current 

# = Wald chi-square test; * = statistical significance; § PST = peri-pancreatic soft tissue; Surg-1 = pyloric sparing whipple, Surg-2 =Whipple, Surg-3 = total 
pancreatectomy; Surg-4= distal pancreatectomy. 

Table 5. Multivariate analysis of overall survival by patient and tumor characteristics.
Characteristics Factors Hazard ratio P-value # *

Gender Male Reference
0.989Female 1.005

Age < 60 years Reference
0.433≥  60 years 1.310

Race Caucasian Reference
0.175Non-Caucasian 1.675

Transfusion Transfusion (-) Reference
0.042 *Transfusion (+) 2.496

Complication Complication (-) Reference
0.303Complication (+) 1.366

Preoperative
Ca-19-9

< 200 Reference
0.590> 200 1.213

Type of Surgery
Surg-2 / Surg-1 1.041 0.914
Surg-3 / Surg-1 0.466 0.195
Surg-4 / Surg-1 1.556 0.440

Tumor size Tumor size <3cm Reference
0.927Tumor size >3cm 1.035

Margin Margin (-) Reference
0.083Margin (+) 1.814

Lymph node involvement
Lymph node (-) Reference

0.167Lymph node (+) 3.596

PST involvement § PST (-) Reference
0.059PST (+) 2.553

Stage Stage I-IIA Reference
0.103Stage IIB-IV 4.521

Grade Grade I-II Reference
0.002 *Grade III-IV 2.988

Vascular involvement
No vascular resection (VR-) Reference

0.190Vascular resection (VR+) 1.876
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study, there are relatively small number of study subjects 
(n=119) for the 14 predictors included in the final model. 
This limitation could be overcome by collaborating with 
other medical centers to acquire more study subjects in the 
future or limiting the study to include smaller number of 
predictors. We believe the currently included risk factors 
were important predictors of the survival of the patients 
and had to be included in the analysis. 

CONCLUSION
In conclusion, better patient selection, intra- and 
perioperative care, center volume and surgeon experience 
have all contributed to recent improvements in the 
outcomes of major pancreatic surgeries. In patients with 
a locally advanced or borderline resectable pancreatic 
malignancy with major venous involvement, en block 
venous resection during Whipple operation or total 
or distal pancreatectomies is technically feasible 
without an immediate increase in morbidity, but 
overall survival was not affected but this approach. In 
our experience the most important and independent 
predictors of long term outcome were tumor grade 
and requirement for blood transfusion in the patients. 
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