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Abstract Previous studies examining short- and long-term outcomes of pancreaticoduodenectomy with vascular resection for
pancreatic adenocarcinoma have not graded perioperative complication severity. These studies may provide incomplete assess-
ments of the efficacy of vascular resection. In the current study, we evaluated 36 patients who had pancreaticoduodenectomywith
major vascular resection. These were matched 1:3 by tumor stage and age to patients who had pancreaticoduodenectomy without
vascular resection. Charts were reviewed to identify all complications and 90-day readmissions. Complications were graded as
either severe or minor adverse postoperative outcomes, taking into account the total length of stay. There were no statistical
differences in patient demographics, comorbidities, or symptoms between the groups. Patients who had vascular resection had
significantly increased rates of severe adverse postoperative outcomes, readmissions, lengths of hospital stay, as well as higher
hospital costs. Hypoalbuminemia and major vascular resection were independent predictors of severe adverse postoperative
outcomes. On multivariate Cox-regression survival analysis, patients who had vascular resection had decreased recurrence-free
(12 vs. 17 months) and overall (17 vs. 29 months) survival. Major vascular resection was a predictor of mortality, may be an
independent prognostic factor for survival, and may warrant incorporation into future staging systems.
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Introduction

Vascular resection for pancreatic adenocarcinoma with porto-
venous involvement is being utilized with increasing
frequency.1 Most of the evidence evaluating the safety and

efficacy of vascular resection in these cases comes from single
institutional retrospective studies. These studies have shown
mixed results in terms of both complications and survival.
Some have demonstrated increased perioperative complica-
tion rates2 and decreased survival3

, 4 with major vascular re-
section, while others have reported similar short- and long-
term outcomes with and without vascular resection.5

–7

There have been two recent large retrospective evaluations of
the approach. A multicenter trial from the UK demonstrated that
pancreaticoduodenectomy with vascular resection was compara-
ble to pancreaticoduodenectomy alone in terms of perioperative
complications and that both operations had superior long-term
outcomes than palliative bypass alone.8 In contrast,
pancreaticoduodenectomy with vascular resection was found to
have increased in-hospital perioperative morbidity and mortality
in a National Surgical Quality Improvement Program (NSQIP)
study. No long-term outcomes were available in this study.9

None of the prior reports evaluating outcomes following ma-
jor vascular resection with pancreaticoduodenectomy have grad-
ed perioperative complications or taken into account total hospi-
tal stay including 90-day readmission data. Given this, these
studies may provide an incomplete assessment of the morbidity
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associated with the approach. In the current study, we used a
case-matched cohort analysis to compare a group of patients
who had pancreaticoduodenectomy with vascular resection to a
similar control group without vascular resection with regard to
the grade of their perioperative complications to more accurately
assess the short-and long-term outcomes associated with
pancreaticoduodenectomy requiring vascular resection.

Materials and Methods

Data Source

From May 2007 to December 2014, 345 patients who had
pancreaticoduodenectomy were identified from our IRB-ap-
proved, prospectively collected pancreatic surgery database. Of
these, 36 had pancreaticoduodenectomy with major vascular re-
section (PDVR) for a confirmed diagnosis of pancreatic adeno-
carcinoma. Major vascular resection was defined as a partial or
circumferential portal or mesenteric vein resection reconstructed
with primary closure, end-to-end anastomosis, vein patch, or
interposition graft. Propensity score matching for age and path-
ologic stage was used to match this cohort 1:3 to a total of 108
similar patients who underwent pancreaticoduodenectomy (PD)
without vascular resection for pancreatic adenocarcinoma in the
same time period. Patients with metastatic disease, a diagnosis
other than pancreatic adenocarcinoma, or vascular resection due
to injury unrelated to tumor infiltration were excluded.
Prospectively collected data in our database included demo-
graphic information such as age, race, and gender; patient comor-
bidities; smoking and alcohol use; symptoms including jaundice,
pruritis, pain, weight loss, anorexia, early satiety, nausea, abdom-
inal distention, and change in bowel habits; and preoperative lab
values including serum bilirubin, albumin, CA 19-9, and hemo-
globin. The data also included treatment information such as
preoperative biliary stent placement, use of neoadjuvant therapy,
operative time and estimated blood loss, type of procedure per-
formed, final pathology including TNM staging, tumor grade,
and resection margins. Follow-up data including recurrence,
death, and last follow-up were also available. Retrospective chart
review was used to identify all complications and deviations
from care pathways, 90-day readmission events, and interven-
tions required to manage postoperative complications. For pur-
poses of this paper, delayed gastric emptying was defined as
decreased motility requiring promotility agents, supplemental
enteral nutrition, or parenteral nutrition. Intra-abdominal abscess-
es and pancreatic fistulas were grouped together as one type of
complication. Retrospective chart review was used to classify
patients as resectable or borderline resectable by the MD
Anderson criteria.10 Hospital cost data was available though an
electronic data warehouse which links clinical information from
the electronic medical record to all inpatient and outpatient hos-
pital charges and reimbursements.

Complication Grading

Complications were first classified by the Clavien-Dindo
system11 and then reclassified as severe or minor adverse post-
operative outcomes using a grading system previously described
and published by our research group.12 Severe adverse postop-
erative outcomes (SAPO) were defined as any Clavien-Dindo
grade IIIb, IV, or V complication or a Clavien-Dindo grade IIIa
complication requiring more than one intervention (endoscopic
or interventional). In addition, any Clavien-Dindo grade I, II, or
IIIa complication that resulted in a total length of stay (including
readmissions) greater than 3 standard deviations beyond the
mean for patients without complications were also graded as
SAPO. In a previous review of our inst i tut ion’s
pancreaticoduodenectomy experience, this was defined as
17 days. All other complications were considered minor adverse
postoperative outcomes (MAPO). Patients who had more than
one complication during their recovery (e.g., pneumonia and
pancreatic fistula) were given one grade based on themost severe
complication experienced.

Statistical Analysis

Propensity score matching was done using SAS software (SAS
version 9.3; Cary, NC). All other analyses utilized SPSS software
(Version 19; Chicago, IL). Chi-square andANOVAanalysiswere
used to compare categorical variables. Independent t-tests were
used to compare continuous variables. Univariate and multivari-
ate logistic regressions were utilized to identify predictors of se-
vere adverse postoperative outcomes, with an odds ratio (OR) >1
representing increased odds of SAPO. Multivariate Cox-
regression survival analysis was used to estimate cumulative sur-
vival and generate plots of recurrence-free and overall survival,
with recurrence-free survival being measured from the time of
surgery and overall survival being measured from the time of
diagnosis. Both univariate and multivariate Cox-regression anal-
yses were used to determine predictors of poorer overall survival.
Hazard ratio (HR) >1 represented an increased hazard of mortal-
ity. Variables examined as potential predictors of SAPO and sur-
vival were those felt to be determinants of outcome by the oper-
ating surgeons or identified as significant risk factors in prior
studies of outcome. Statistical significance was set at a p value
of 0.05. Two-sided p values were reported for all variables. All
confidence intervals (CI) are reported at a 95% significance level.

Results

Cohort Characteristics

We identified 36 patients who underwent PDVR for pancreatic
adenocarcinoma at our institution between May 2007 and
December 2014. A propensity score cohort matching of 1:3 by
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pathologic stage and age was utilized to further identify 108
patients who underwent PD during the same time frame for a
total cohort of 144 patients. Of the 36 patients who underwent
vascular resection, 35 (97 %) had superior mesenteric vein or
portal vein confluence involvement (SMV/PV) and 1 had both
SMV/PV and hepatic artery involvement. A total of 18 patients
(50 %) had vascular repair with primary transverse closure, 11
(31%) required end-to-end anastomosis, 3 (8%) had a vein patch
repair, and 4 (11 %) required an interposition graft–1 with a vein
graft and 3 with a PTFE graft.

The mean age of patients in our cohort was 67±10 years old.
There were no significant differences in the demographics be-
tween the PDVR and PD groups. About 50 % of the patients
were male in both groups, 28 % were age 75 or older, and over
80 % were Caucasian (Table 1). There were no significant dif-
ferences in any patient comorbidities, including chronic obstruc-
tive lung disease (COPD), asthma, preoperative coronary artery
disease (CAD), diabetes mellitus (DM), renal failure, pancreati-
tis, bleeding or clotting disorders, cirrhosis, congestive heart fail-
ure, hypertension, hepatitis, history of previous malignancy,
stroke, smoking history, and alcohol history (p>0.05). There
were no significant differences in patient symptoms at presenta-
tion between the groups, with similar rates of jaundice, weight

loss, anorexia, abdominal pain, early satiety, and change in bowel
habits (p>0.05). There was also no significant difference in the
rates of preoperative biliary stenting between the PDVR and PD
groups, with rates of 76 and 79 % respectively. Neoadjuvant
therapy was significantly more common in the PDVR group
(56 % compared to 13 %, p<0.01). This was related to the high
proportion of patients with borderline resectable pancreatic can-
cer in the PDVR category–18 of the 36 patients were initially
classified as borderline resectable on presentation, and 94% (17)
of them received neoadjuvant therapy. Only 8 of 108 patients
were classified as borderline resectable in the PD group, all of
whom received neoadjuvant therapy. The type of
pancreaticoduodenectomy performed was also different between
the two groups, with only 19 % of PDVR patients having a
pylorus-preserving pancreaticoduodenectomy compared to
63 % of the PD patients (p<0.01). Pathologic stage and grade
was equivalent between groups, as the patients were matched by
stage (p>0.05).

Perioperative Outcomes

Estimated operative blood loss (EBL) was significantly higher
in the vascular resection group (1.2±1.0 L vs. 0.5±0.3 L,

Table 1 Cohort characteristics
Characteristic PDVR (n=36) (%) PD (n=108) (%) p value

Demographics

Male 17 (47) 55 (51) 0.42

Age ≥75 years 10 (28) 31 (29) 0.55

Caucasian 30 (83) 95 (88) 0.77

Comorbidities

Preop COPD 2 (6) 8 (7) 0.52

Preop CAD 3 (8) 25 (23) 0.06

Preop DM 13 (36) 26 (23) 0.20

Preop albumin≤3 g/dL 5 (14) 28 (26) 0.17

Symptoms

Jaundice 26 (72) 78 (72) 0.58

Weight loss 28 (78) 75 (71) 0.52

Anorexia 11 (32) 47 (44) 0.24

Treatment

Biliary stent 27 (79) 81 (76) 0.82

Neoadjuvant therapy 20 (56) 14 (13) <0.01

Pylorus preserving PD 7 (19) 68 (63) <0.01

Pathologic staging

Stage I 5 (14) 13 (12)

Stage II 31 (86) 95 (88) 0.78

Positive nodes 22 (61) 82 (76) 0.09

Grade 2 18 (53) 55 (51)

Grade 3 8 (24) 25 (23) 0.98

The italicized p-values represent a significant p-value of p<0.05

COPD chronic obstructive lung disease, CAD coronary artery disease, DM diabetes mellitus, PD
pancreaticoduodenectomy
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p<0.01). The reoperation rate was also higher in the PDVR
group (14 % vs. 4 %, p=0.04). There was no difference in 90-
day mortality between the two groups (3 % vs. 1 %, p>0.05).
Rates of severe adverse postoperative outcomes (56 % vs.
29 %), readmissions (42 % vs. 19 %), and total length of stay
including readmissions (21±14 days vs. 14±8 days) were
significantly higher in the PDVR group compared to the PD
group (all p values ≤0.01). Hospital charges were also signif-
icantly higher in the PDVR group ($190,000±120,000 vs.
$120,000±78,000, p<0.01) (Table 2).

Oncologic Outcomes

The margin negative (R0) resection rates were equivalent be-
tween the PDVR (81 %) and PD (82 %) groups (p=0.80). The
lymph node ratio of positive to examined lymph nodes was
0.08±0.11 in the PDVR group and 0.13±0.16 in the PD group
(p=0.02). The overall recurrence rate was similar between the
groups (56 % vs. 48 %, p=0.56), as was the local recurrence
rate (32 % vs. 29 %, p=0.78). However, at a mean follow-up
of 18 months, the median time to recurrence was significantly
shorter in the PDVR group at 12 months compared to the PD
group at 17 months (p=0.02) (Table 3).

Complications and Severe Adverse Postoperative
Outcomes

The most common postoperative complications were wound
infection (50 %), anemia (41 %), and delayed gastric empty-
ing (35 %). Malnutrition, anemia, intra-abdominal hemor-
rhage, and respiratory failure were more common in the
PDVR group (all p values <0.05). When classified using the
Clavien-Dindo grading scale, there was no statistically signif-
icant difference in the complications between the PDVR and
PD groups; however, when using our modified grading scale
of SAPO and MAPO, patients undergoing PDVR were nearly

twice as likely to have had a SAPO as patients who had PD
alone (56 % vs. 29 %, p<0.01) (Table 4).

We performed logistic regression to identify independent pre-
dictors of severe adverse postoperative outcomes. On univariate
analysis, neoadjuvant therapy (OR 2.21, CI 1.01–4.84),

Table 2 Perioperative outcomes

Outcome PDVR (n=36) PD (n=108) p value

EBL 1.2±1.0 L 0.5±0.3 L <0.01

Reoperations 5 (14 %) 4 (4 %) 0.04

90-Day mortality 1 (3 %) 1 (1 %) 0.44

SAPO 20 (56 %) 31 (29 %) <0.01

Readmissions 15 (42 %) 21 (19 %) 0.01

Total LOS 21±14 days 14±8 days <0.01

Hospital charges $190,000±120,000 $120,000±78,000 <0.01

The italicized p-values represent a significant p-value of p<0.05

EBL estimated blood loss, SAPO severe adverse postoperative outcome,
LOS length of stay, PDVR pancreaticoduodenectomy with major vascular
resection, PD pancreaticoduodenectomy

Table 3 Oncologic outcomes

Outcome PDVR (n=36) PD (n=108) p value

R0 resection 29 (81 %) 87 (82 %) 0.80

Lymph node ratio 0.08±0.11 0.13±0.16 0.02

Recurrence 20 (56 %) 52 (48 %) 0.56

Local recurrence 6/20 (32 %) 20/52 (29 %)

Distant recurrence 14/20 (68 %) 32/52 (62 %) 0.78

Median time to recurrence 12 months 17 months 0.02

The italicized p-values represent a significant p-value of p<0.05

R0margin negative, PDVR pancreaticoduodenectomy with major vascu-
lar resection, PD pancreaticoduodenectomy

Table 4 Postoperative complications

Postoperative complications PDVR (n=36) PD (n=108) p value

Wound infection 17 (47 %) 37 (34 %) 0.17

Pancreatic fistula 8 (22%) 19 (18%) 0.62

Delayed gastric emptying 11 (31 %) 27 (25 %) 0.52

Malnutrition 13 (36 %) 11 (10 %) <0.01

Anemia 18 (50 %) 26 (24 %) 0.01

Pneumonia 2 (6 %) 8 (7 %) 0.52

Intra-abdominal hemorrhage 5 (14 %) 1 (1 %) <0.01

DVT 5 (14 %) 9 (8 %) 0.34

PE 2 (6 %) 2 (2 %) 0.26

Respiratory failure 5 (14 %) 3 (3 %) 0.02

Reintervention 15 (42 %) 26 (24 %) 0.06

Clavien-Dindo grading

I 4 (11 %) 17 (16 %)

II 10 (28 %) 47 (44 %)

IIIa 10 (28 %) 20 (18 %)

IIIb 3 (8 %) 2 (2 %)

IV 4 (11 %) 6 (6 %)

V 1 (3 %) 1 (1 %) 0.20

Modified grading

SAPOa 20 (56 %) 31 (29 %)

MAPOb 12 (33 %) 62 (57 %) 0.01

The italicized p-values represent a significant p-value of p<0.05

SAPO severe adverse postoperative outcome,MAPOminor adverse post-
operative outcome, PDVR pancreaticoduodenectomywith major vascular
resection, DVT deep vein thrombosis, PD pancreaticoduodenectomy, PE
pulmonary embolism
a Clavien-Dindo IIIb-IV, Clavien-Dindo IIIa if >1 intervention was re-
quired, or Clavien-Dindo I-IIIa if total LOS including 90-day
readmissions was >3 SD beyond the mean (17 days)
b Any other complication that is not considered a severe adverse postop-
erative outcome

J Gastrointest Surg (2016) 20:284–292 287



intraoperative blood transfusion (OR 3.11, 95 % CI 1.43–6.76),
and vascular resection (OR 3.11, CI 1.43–6.76) were significant
predictors of SAPO. American Society of Anesthesiologists
(ASA) c l a s s , h ypoa l bum in em i a , ag e , t yp e o f
pancreaticoduodenectomy performed, and tumor size were not
significant. On adjustedmultivariate analysis, the only significant
independent predictors of SAPO were albumin ≤3 g/dL, with an
odds ratio of 2.73 (95 % CI 1.11–6.69) and vascular resection,
with an odds ratio of 2.68 (95%CI 1.05–6.85) (Table 5). Due to
its high correlation with PDVR (56% of PDVR vs. 15 % of PD,
p<0.01), intraoperative blood transfusion was not included as a
covariate in the multivariate analysis.

Survival Analysis

The mean length of follow-up from the time of diagnosis was
20 months. Adjusted multivariate Cox-regression survival anal-
ysis was used to examine recurrence-free and overall survival
trends between the PDVR and PD groups. After adjusting for
age, comorbidities, chemotherapy, complications, vascular resec-
tion, and pathologic stage, there was a significantly shorter
recurrence-free survival in the PDVR group, with a median
recurrence-free survival of 12 months compared to 17 months
in the PD group, p=0.02. A similar difference was noted in our
analysis of overall survival, with a median overall survival of
17 months in the PDVR group compared to 29 months in the
PD group, p=0.04 (Fig. 1). Cox-regression modeling was also
used to identify determinants of overall survival. On univariate
analysis, vascular resection (OR 2.01, CI 1.21–3.36), higher
pathologic stage (OR 2.99, CI 1.09–8.20), and severe adverse
postoperative outcome (OR 1.76, CI 1.10–2.81) were associated
with worse overall survival. However, on multivariate modeling
adjusted for age, comorbidities, chemotherapy, complications,
vascular resection, and pathologic stage, the only independent
predictors that remained significant were vascular resection
(OR 1.79, CI 1.04–3.09) and higher pathologic stage (OR 2.97,
CI 1.03–8.52) (Table 6).

A significant percentage of patients undergoing PDVR were
treated with neoadjuvant chemotherapy. To evaluate the impact
of the neoadjuvant approach, we performed adjusted Cox-
survival analysis for the vascular resection cohort. In patients
who had PDVR, the only significant independent predictor of
overall survival was neoadjuvant chemotherapy, with a HR of
0.19 (95 % CI 0.04–0.94, p=0.04) from the time of diagnosis
(adjusting for age, ASA class, neoadjuvant chemotherapy, adju-
vant chemotherapy, complications, and pathologic stage).

Discussion

In this study, we used a case-matched cohort analysis to com-
pare patients undergoing pancreaticoduodenectomy with vas-
cular resection for pancreatic adenocarcinoma to a pathologic
stage and age-matched cohort of patients undergoing
pancreaticoduodenectomy without vascular resection. We ap-
plied a system for grading postoperative complications that
included all 90-day readmissions to fully evaluate perioperative
morbidity in addition to short- and long-term recurrence and
survival outcomes between groups. Our study demonstrated
that major vascular resection was associated with an increased
rate of severe adverse postoperative outcomes, readmissions,
total length of stay, and hospital costs. Although the rates of
R0 resection and overall recurrence were equivalent between
groups, there was a significantly shorter time to recurrence in
the PDVR group as well as a decreased overall survival. We
found the need for major vascular resection to be the only
independent predictor of mortality on multivariate Cox-
regression survival analysis.

Our findings contrast some of the published series examining
PDVR. The two largest series to date on pancreatic-
oduodenectomy with vascular resection are a multi-
institutional retrospective British study of high-volume cen-
ters and a NSQIP study. The British study examined 230 vas-
cular resections of T3 pancreatic adenocarcinoma. They found
similar overall complication rates between compared groups,
although there were significantly increased rates of delayed
gastric emptying and postoperative blood transfusion in the
PDVR groups in both studies when compared to patients who
underwent PD. Median overall survival was equivalent be-
tween the PDVR and PD groups (approximately 18 months).8

The NSQIP study examined 281 vascular resections for pan-
creatic cancer. They found significantly increased periopera-
tive mortality and increased overall 30-day morbidity rates for
the patients who underwent PDVR compared to patients who
underwent PD alone. No staging or long-term survival data
was available in the study.9 Both studies found similar post-
operative hospital lengths of stay for the two groups. Meta-
analyses of smaller retrospective studies have shown in-
creased operative time and EBL for PDVR compared to PD
with similar overall morbidity rates and overall long-term

Table 5 Predictors of SAPO on multivariate logistic regression
modeling

Predictor Odds Ratio 95 % CI p value

ASA class 3 or 4 1.24 0.48–2.66 0.77

Albumin ≤3 g/dL 2.73 1.11–6.69 0.03

Age ≥75 years 2.35 0.96–5.53 0.05

Neoadjuvant therapy 2.80 0.96–8.15 0.06

Pylorus preserving PD 0.86 0.36–2.04 0.73

Vascular resection 2.68 1.05–6.85 0.04

Size ≥3 cm 0.56 0.26–1.23 0.15

The italicized p-values represent a significant p-value of p<0.05

ASA American Society of Anesthesiologists, SAPO severe adverse post-
operative outcome,CI confidence interval,PD pancreaticoduodenectomy
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survival for venous resections.13
, 14 Increased perioperative

morbidity andmortality as well as decreased long-term overall
survival have been reported for arterial resections.15 However,
none of these studies have taken into account the 90-day re-
admission rates and subsequent complications or graded com-
plications to reflect the overall length of hospital stay.

In our study, we used a modified version of the Clavien-
Dindo system to grade complications in an effort to better reflect
complication severity accounting for readmission events and all
interventional procedures out to 90 days post-resection. Severe
adverse postoperative outcomes included any Clavien-Dindo
IIIb-V complication as well as IIIa complications requiring >1
intervention and I–IIIa complications for which total length of
hospital stay was >3 standard deviations beyond the mean for
patients without complications (17 days). When comparing our
overall complication rates based on the Clavien-Dindo system
alone, there was no difference in the complication rates between
the PDVR and PD groups. There was also no difference in initial
postoperative length of stay between groups. However, when
readmissions were included in our modified grading system,

we found a significantly increased rate of severe adverse postop-
erative outcomes as well as a significantly longer total length of
stay in the PDVR group. This finding demonstrates a potential
pitfall of reporting overall morbidity rates without taking into
account the 90-day readmission data and indicates that such ef-
forts provide incomplete assessments of the morbidity of PDVR.

The underlying etiology for the increased complication sever-
ity profile is not clear. The higher complication profile may be
related to the cross-clamping of the portal vein which might be
expected to result in transient intestinal ischemia and then lead to
increased propensity for delayed gastric emptying, ileus, and
malnutrition. All of these complications were seen in increased
frequency among PDVR patients in our series and have been
seen at higher rates in vascular resection patients in other series
as well.8

, 16 Regardless of the underlying mechanism, the mor-
bidity is not inconsequential. These complications contribute to
the prolonged hospitalization and admission. Longer length of
hospital stay has been shown to be amajor adverse contributor to
the quality of life and patient debilitation and is a known risk
factor for delay to adjuvant chemotherapy.17

, 18
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Fig. 1 Adjusted Cox-regression
survival analysis (adjusted for
age, comorbidities, vascular
resection, pathologic stage,
complications, and
chemotherapy). aRecurrence-free
survival from the time of surgery.
bOverall survival from the time
of diagnosis

Table 6 Cox-regression analysis predicting overall survival

Predictor Univariate Multivariate

Hazard ratio 95 % CI p value Hazard ratio 95 % CI p value

ASA class 3 or 4 1.40 0.83–2.38 0.21 1.14 0.65–1.99 0.65

Albumin≤3 g/dL 1.56 0.93–2.61 0.09 1.33 0.77–2.31 0.31

Age ≥75 years 1.42 0.87–2.32 0.16 1.23 0.73–2.10 0.44

Vascular resection 2.01 1.21–3.36 0.01 1.79 1.04–3.09 0.04

Higher path stage 2.99 1.09–8.20 0.03 2.97 1.03–8.52 0.04

SAPO 1.76 1.10–2.81 0.02 1.51 0.88–2.58 0.13

Any chemotherapy 0.87 0.45–1.71 0.69 0.73 0.36–1.51 0.40

The italicized p-values represent a significant p-value of p<0.05

ASA American Society of Anesthesiologists, SAPO severe adverse postoperative outcome, CI confidence interval
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The decreased recurrence-free and overall survival demon-
strated in our series is likely multifactorial. First, pathologic tu-
mor invasion of the resected vein has been shown to be associ-
ated with decreased long-term overall survival.13

, 19, 20 Although
R1 resection has been associated with decreased survival,21

–23

rates of R1 were equivalent in our cohort groups and thus not
likely to contribute to the survival difference. In addition, many
of our patients in the PDVR group presented with borderline
resectable tumors and received neoadjuvant therapy prior to re-
section. There was likely a pathologic down-staging in some of
these patients. We used pathologic stage to cohort match our
patients and we may be comparing non-equivalent groups as
more of the PDVR patients may have started with more ad-
vanced tumors but have been down-staged by neoadjuvant treat-
ment. Finally, uncinate process and pancreatic neck tumors may
simply be diagnosed at a later point in the course of their disease
due to their anatomic location. These tumors are less likely to
narrow the bile duct and cause jaundice. They may be stage II
tumors pathologically but may more likely harbor subclinical
microscopic metastatic disease at the time of resection than
tumors closer to the ampulla that cause symptoms earlier in
the course of disease. This may result in a degree of lead-time
bias that contributes to decreased survival in these patients.

Limitations of our study include the retrospective nature of the
data and the small sample size. The extent of vascular resection
was variable, with some patients requiring relatively long inter-
position graft reconstruction and others primary repair. The op-
erations in the vascular group were heterogeneous, and the effect
of vascular resection on outcome may be muted by inclusion of
short segment and partial diameter vein reconstruction. All bor-
derline resectable patients were treated with neoadjuvant
therapy;24 however, because of the 7-year time span of our study,
therewas heterogeneity in the type of neoadjuvant chemotherapy
ranging from gemcitabine-based therapy25

, 26 in the earlier years
of the study to FOLFIRINOX therapy currently.27

, 28 Also, there
may be a pathologic bias in the cohort matching. There were a
greater proportion of borderline resectable patients in the vascular
cohort. Patients in the vascular resection group may have had
higher stage tumors at the time of treatment onset and been
down-staged by neoadjuvant therapy. This may impact their
overall survival and contribute to the finding that these patients
have earlier recurrence and die of their disease sooner than the
patients in the PD alone cohort. Finally, overall survival was
calculated from the time of diagnosis. The retrospective nature
of the data and the fact that the analysis includes only patients
who underwent resection almost certainly introduce selection
bias as patients who had cancer progression while on neoadju-
vant therapy and did not undergo resection and ultimately died
early were excluded from the study population.

In spite of these limitations, our investigation has substantive
value. We demonstrate that vascular resection performed in the
context of pancreaticoduodenectomy is associated with an in-
creased complication severity profile and increased costs. The

overall rate of complications is not dramatically different than
that for PD alone and the severity of complications may not
prove to be prohibitive of pursuing resection for these patients;
but our findings do suggest that at least great care in selecting
patients for pancreaticoduodenectomy with vascular resection is
warranted. These findings may also ultimately serve to drive a
better discussion of risks and benefits on an individual case-by-
case basis. Further, our observation that patients with neoadju-
vant chemotherapy prior to vascular resection have improved
overall survival relative to those not receiving neoadjuvant treat-
ment supports the notion that the best therapeutic approach for
these individuals may be upfront chemotherapy/chemoradiation
prior to resection. Given the risk of severe complications and
early recurrence and the associated increased costs, it may make
sense to treat all patients with the potential need for vascular
resection with neoadjuvant chemoradiation for a longer period
than would be done otherwise and to restage prior to resection in
an effort to rightly identify those with more favorable tumor
biology and no subclinical metastatic disease burden. Recent
work by the group at MD Anderson has suggested that all pa-
tients with pancreatic cancer would be better served by undergo-
ing neoadjuvant chemotherapy prior to surgery. In their experi-
ence, this approach does in fact clarify the biologic nature of the
tumor (more definitively, rules out chemo-insensitive disease,
aggressive disease, and patients with subclinical metastatic dis-
ease at the time of diagnosis) and establishes the fitness of the
patient for surgical resection and allow for patients to receive
more complete courses of systemic therapy.29 Our results of de-
creased overall survival in patients who underwent vascular re-
section but did not receive neoadjuvant therapy would support
this argument. Our results in general also suggest that uncinate
and neck tumors requiring vascular resection have more aggres-
sive tumor biology or are prone to later presentation than stage-
matched ampullary lesions and may thus have decreased
recurrence-free and overall survival. The need for vascular resec-
tion may prove to be an independent prognostic indicator of
decreased survival that should be integrated into future patholog-
ic staging systems for pancreatic adenocarcinoma.

Conclusions

Vascular resection is an aggressive surgical approach to bor-
derline resectable pancreatic cancers that is oncologically ef-
fective and frequently achieves negative resection margins
without prohibitive perioperative mortality. It is associated
with an increase in the severity of perioperative complications
and with early disease recurrence and decreased overall
survival. Larger studies that incorporate a graded system
of complications to fully assess perioperative morbidity are
needed to further determine the true value and costs of
these procedures.
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Primary Discussant

Jennifer F. Tseng, M.D. MPH (Boston, MA)
Dr Kantor, Dr. Baker, congratulations on your talk on an important

subject in pancreatic surgery. I have 2 questions.
1). 50% of your 36 patients underwent primary transverse closure and

31 % underwent end-to-end anastomosis over the 7 years of the study.
This 81 % rate of primary reconstruction without patch or graft is higher
than that reported in many studies and may suggest intraoperative deci-
sion making rather than preoperative planning for venous resection ne-
cessitating reconstruction. Were these vascular reconstructions planned a
priori based on imaging or intraoperative necessity due to unexpected
tumor involvement and/or bleeding at the time of operation? This might
influence the increased complications and worse outcomes from the VR
group.

2). You had a 56% rate of neoadjvuant therapy in the VR group versus
13 % in the matched control group. Was survival (time to recurrence)
calculated from diagnosis, as would be appropriate in a study where some
patients received neoadjuvant therapy, or from surgery, which would bias
the survival against the VR group?

Thank you for the opportunity to review.

Closing Discussant

Dr. Kantor
Dr. Tseng, thank you for reviewing our manuscript and your thought-

ful comments.
1). With regard to your first question, for this study we identified all

patients that had vascular resections by a retrospective query of our

institutional pancreatic database. We then reviewed operative notes and
had additional separate discussion with the operating surgeons to clarify
the indications/reasons for the vein resection. For our analysis, we ex-
cluded vein resections that were done for accidental vascular injuries as
well as unplanned vascular resections. .

2). With regard to your second question, overall survival was calcu-
lated from time of surgery.We felt that either choice for the point of origin
for the survival analysis (from date of surgery or date of diagnosis) would
have the potential to introduce bias. We did have many patients that
received neoadjuvant chemotherapy in our vascular resection group. All
of these patients were selected retrospectively and thus were by nature
patients who survived through neoadjuvant therapy to surgery. We felt
that using the time of diagnosis would create bias in the sense that none of
these patients would have had any possibility of mortality during the
course of neoadjuvant chemotherapy. We also do not have data on how
many patients would have dropped out (developed metastatic disease)
during neoadjuvant treatment. For these reasons, in an analysis starting
at time of diagnosis, patients in this cohort would have thus had a built in
survival advantage. On the other hand, using date of surgery, Btakes^ time
away from these individuals in the sense that it excludes the time in
chemotherapy from the survival calculations. At our institution we typi-
cally give short courses of neoadjuvant therapy: approximately two
months of treatment with a third month left for recovery prior to surgery.
While using the starting point for the survival analysis as the date of
surgery could certainly introduce a bias that would reflect negatively on
the survival statistics of patients in the vascular resection cohort, the
observed difference in overall survival between the groups was wide
enough (9 months) that it would be expected to continue to be significant
even if neoadjuvant treatment time was added back to all affected vascu-
lar resection patients. In the end, we felt the least problematic method was
to use the date of surgery as the start point for our survival calculation.
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