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Objective: To assess trends in the frequency of con-
comitant vascular reconstructions (VRs) from 2000
through 2009 among patients who underwent pancre-
atectomy, as well as to compare the short-term out-
comes between patients who underwent pancreatic re-
section with and without VR.

Design: Single-center series have been conducted to
evaluate the short-term and long-term outcomes of VR
during pancreatic resection. However, its effectiveness
from a population-based perspective is still unknown. Un-
adjusted, multivariable, and propensity score—adjusted
generalized linear models were performed.

Setting: Nationwide Inpatient Sample from 2000 through
20009.

Patients: A total of 10 206 patients were involved.
Main Outcome Measures: Incidence of VR during pan-
creatic resection, perioperative in-hospital complica-

tions, and length of hospital stay.

Results: Overall, 10 206 patients were included in this
analysis. Of these, 412 patients (4.0%) underwent VR,

with the rate increasing from 0.7% in 2000 to 6.0% in
2009 (P<.001). Patients who underwent pancreatic re-
section with VR were at a higher risk for intraoperative
(propensity score—adjusted odds ratio, 1.94; P=.001) and
postoperative (propensity score—adjusted odds ratio, 1.36;
P=.008) complications, while the mortality and median
length of hospital stay were similar to those of patients
without VR. Among the 25% of hospitals with the high-
est surgical volume, patients who underwent pancreatic
surgery with VR had significantly higher rates of post-
operative complications and mortality than patients with-
out VR.

Conclusions: The frequency of VR during pancreatic sur-
gery is increasing in the United States. In contrast with
most single-center analyses, this population-based study
demonstrated that patients who underwent VR during
pancreatic surgery had higher rates of adverse postop-
erative outcomes than their counterparts who under-
went pancreatic resection only. Prospective studies in-
corporating long-term outcomes are warranted to further
define which patients benefit from VR.
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ANCREATIC ADENOCARCI-
noma is known as one of the
most aggressive neoplasms in
the gastrointestinal tract,
which in 2012 alone will ac-
count for an expected 37 390 deaths in the
United States.! Although nonoperative
therapy can marginally prolong survival,
surgical resection of the tumor remains the
only potentially curative treatment strat-
egy, with reported overall 5-year survival
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rates of between 14% and 23%.>° The cur-
rent National Comprehensive Cancer Net-
work guidelines' describe tumors as bor-

derline resectable if they meet any of the
following criteria: (1) involvement of the su-
perior mesenteric vein and/or portal vein but
with “suitable vessel proximal and distal to
the area of vessel involvement, allowing for
safe resection and reconstruction,” (2) no
more than short-segment encasement of the
hepatic artery, or (3) no greater than 180°
involvement of the superior mesenteric ar-
tery. For these patients, neoadjuvant therapy
is recommended—based on nonuniform
National Comprehensive Cancer Network
consensus—followed by surgical resec-
tion if there is no distant progression and
no great likelihood of a positive margin.
Since the first description in 1951 of a
reconstruction of the superior mesen-
teric vein during a pancreatic resection,'!
this method has been increasing in popu-
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larity. Owing to substantial improvements in surgical tech-
niques and perioperative management, a number of single-
center studies have demonstrated that vascular
reconstruction (VR) during pancreatectomy can be safely
performed, with short-term outcomes comparable with
those of pancreatectomy without VR.'*'7 Most of these
studies were performed in highly specialized centers, and
it remains unknown whether short-term outcomes for
patients undergoing pancreatectomy with and without
concomitant VR are also comparable when evaluated in
a population-based setting.

Therefore, the aims of this study were to (1) assess
trends in the frequency of concomitant VR in patients
with pancreatic cancer who underwent pancreatic resec-
tions from 2000 through 2009 and (2) compare the short-
term adverse outcomes among patients with and with-
out concomitant VR overall and in the subgroup of
high-volume centers. We hypothesized that outcomes
with and without concomitant VR would be superior in
high-volume centers.

DR METHODS R

The Duke University institutional review board approved the
study protocol. We conducted a secondary analysis of data from
2000 through 2009 from a national administrative database,
the Nationwide Inpatient Sample (NIS), which is part of the
Healthcare Cost and Utilization Project sponsored by the Agency
for Healthcare Research and Quality.'® In the United States, the
NIS is the largest all-payer inpatient database; 5 million to 8
million patients are included annually. Data from the NIS are
based on both clinical discharge diagnoses and resource use
for about 20% of all patient discharges per year from non-
federal, short-term, general, and specialty hospitals in the United
States. The data set is stratified by various hospital character-
istics such as hospital region, urban/rural locations, teaching
status, number of beds, and ownership. All hospital dis-
charges are included in this publicly available, accredited da-
tabase. No personal identifiers are contained in the NIS.
Patients aged 18 years and older with malignant pancreatic
neoplasms who underwent pancreatic resection were in-
cluded in this analysis. First, patients with pancreatic cancer
were identified through the following International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM) diagnosis codes: 157.0 (malignant neoplasm of the head
of the pancreas), 157.1 (body), 157.2 (tail), 157.3 (pancreatic
duct), 157.8 (other specified sites of pancreas), and 157.9 (pan-
creas, part unspecified). Patients who underwent a pancreatic
resection were identified using the following ICD-9 procedure
codes: 52.7 (pancreaticoduodenectomy); 52.53 and 52.6 (sub-
total and total pancreatectomy, respectively); and 52.51, 52.52,
and 52.59 (proximal, distal, and other partial pancreatec-
tomy, respectively). Vascular reconstructions were identified
using the following ICD-9 procedure codes: vascular resection
with anastomosis (38.36 [abdominal arteries] and 38.37 [ab-
dominal veins]), vascular resection with replacement (38.46
[abdominal arteries] and 38.47 [abdominal veins]), and
other excision of vessel (38.66 [abdominal arteries] and
38.67 [abdominal veins]). Patients were then divided into 2
treatment groups: (1) patients who underwent pancreatec-
tomy without VR or (2) patients who underwent pancreatec-
tomy concomitant with VR. Patients admitted through the
emergency department were excluded from the analyses to
assure a homogenous sample of patients undergoing elective
pancreatic resection for malignant neoplasm of the pancreas

including both adenocarcinomas and malignant neuroendo-
crine tumors.

To account for case-mix differences, patient characteristics
were extracted from the data set including age, sex, race/
ethnicity (white, African American, Hispanic, and other), ZIP
code—-related household income ($1-$34999, $35000-
$44 999, and =$45000), and primary insurance (Medicare,
Medicaid, private [health maintenance organization], and other).
A comorbidity score was assigned to every patient using the
Deyo categorization,” a modified comorbidity index adapted
from the Charlson Comorbidity Index.* The Deyo score was
especially developed for administrative data where its accu-
racy has been validated.”! We grouped patients by 3 Deyo score
categories (2-3,4-8, or >8). Increasing values of the Deyo score
represent patients with quantitatively increasingly severe co-
morbidities. We also extracted information about hospital re-
gion (Northeast, West, Midwest, or South), hospital location
and teaching status (urban teaching, urban nonteaching, or ru-
ral), and hospital operation volume (in quartiles).

The short-term outcomes available in the NIS that were
considered included in-hospital mortality, discharge status
(nonroutine vs routine), and length of hospital stay in days.
We also assessed intraoperative and postoperative complica-
tions, as well as reinterventions defined by ICD-9 diagnosis
and procedure codes as previously described by others (eTable,
http://www jamasurg.com).?>*

Differences in characteristics between patients who under-
went pancreatectomy with and without VR were assessed
using the ¢ test for continuous data and x* test for count data.
The unadjusted comparison of postoperative adverse out-
comes between the 2 treatment groups was performed using
logistic regression analyses, with the adverse outcome of
interest as outcome variable and treatment group as predictor.
To assess differences among the sum of postoperative compli-
cations, we applied negative binomial regression. The pre-
dicted length of hospital stay was estimated using linear
regression models after converting the values to their natural
logarithm. This conversion was necessary because length of
hospital stay was highly right skewed. The predicted values
were then retransformed and are provided as medians and
95% confidence intervals.?* The time trend from 2000
through 2009 of concomitant VR was estimated using logistic
regression with year of operation (continuous) as predictor
and treatment group as outcome.

All unadjusted analyses were repeated 2-fold through (1)
multivariable risk adjustment and (2) propensity score (PS) ad-
justment. For risk adjustment, the potential confounders in-
cluded were age, sex, race/ethnicity, ZIP code-related in-
come, insurance status, Deyo category, hospital location/
teaching status, hospital region, hospital volume, type of
pancreatic resection, and year of operation. Propensity score—
adjusted analyses were performed to improve information about
causal inference between treatment group and outcomes of in-
terest, mimicking a randomized controlled trial. The PS for each
subject represents the conditional probability of undergoing vas-
cular resection during pancreatic surgery based on all mea-
sured covariates.”” We included all potential confounders used
in the multivariable risk-adjusted analyses to calculate the PS
owing to their potential association with the outcome and treat-
ment selection.?

To assess short-term outcome differences between patients
undergoing pancreatectomy with vs without VR in high-
volume hospitals, we performed subgroup analyses restricted
to the highest hospital volume quartile using the same statis-
tical methods as just described. We also conducted subgroup
analyses among the patients who underwent pancreaticoduo-
denectomy, the patients most likely to undergo VR during pan-
creatic surgery.
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A significance level (alpha) of 0.05 was used for all analy-
ses; P values for all tests were 2-sided. All statistical calcula-
tions were performed using Stata/SE version 11.2 (Stata Corp).

B RESULTS

Overall, 10206 patients who underwent pancreatic re-
section owing to malignant pancreatic neoplasm were in-
cluded in this analysis. A total of 5069 patients (49.7%)
were female and 6198 (60.7%) were white (Table 1).
Most patients underwent a pancreaticoduodenectomy
(n=7283; 71.4%) for pancreatic head tumors (n=6156;
60.3%). In total, 412 patients (4.0%) underwent VR, while
the rate among the hospital volume quartiles increased
from 1.2% for the lowest quartile to 6.5% for the highest
quartile (P<<.001 for trend). The rate of VR among pa-
tients who underwent pancreatic resection for malig-
nant pancreatic disease increased from 0.7% in 2000 to
6.0% in 2009 (PS-adjusted odds ratio [OR] per year, 1.11;
95% CI, 1.06-1.16; P<.001) (Figure).

In unadjusted analyses, the overall rate of intraopera-
tive complications was higher in patients who under-
went pancreatectomy with VR (8.7%) than in patients
without VR (5.8%), resulting in an OR of 1.56 (95% ClI,
1.10-2.22; P = .01) (Table 2). The rate of any postop-
erative complication was higher in the group with VR
(49.0%) than in the group without VR (43.4%) (OR, 1.26;
95% CI, 1.03-1.53; P = .02). Using negative binomial re-
gression, the predicted number of complications was
greater among patients who underwent pancreatectomy
with VR than among those who underwent pancreatec-
tomy only (P =.008) (Table 3). However, no differ-
ences in in-hospital mortality (4.6% with VR and 5.1%
without VR; P = .64) or the reintervention rate (7.8% with
VR and 6.1% without VR; P = .18) were found (Table 2).
The use of blood transfusions did not differ between the
2 groups, although patients with VR received more trans-
fusions of platelets and coagulation factors (OR, 2.88; 95%
CI, 1.57-5.28; P = .001, and OR, 1.81; 95% CI, 1.27-
2.59; P = .001, respectively). No difference was de-
tected between pancreatectomies with VR and without
VR for median length of hospital stay (11.9 days; 95%
CI, 11.2-12.6,and 12.2 days; 95% CI, 12.1-12.4, respec-
tively; P = .34).

Given the unadjusted results, we performed multi-
variable and PS-adjusted analyses (Table 2). Overall, the
estimates from multivariable and PS-adjusted analyses
were very similar. The rate of intraoperative complica-
tions was higher in patients with VR than patients with-
out VR (PS-adjusted OR [PSOR], 1.94; 95% CI, 1.31-
2.86; P =.001), mainly because of the higher rate of
intraoperative hemorrhages (PSOR, 2.67;95% CI, 1.70-
4.20; P < .001). Postoperative complications were more
frequent in patients with VR than without VR (PSOR, 1.36;
95% CI, 1.09-1.72; P = .008). Higher rates of postopera-
tive urinary/renal, pulmonary, and gastrointestinal com-
plications were found in patients with VR compared with
patients without VR. The predicted number of compli-
cations was also lower in the group without VR (P = .002)
(Table 3). No differences were found between the 2 groups
with respect to mortality and reintervention rate, al-

though the use of blood products was higher in patients
with VR than patients without VR. The median length
of hospital stay was similar, even after PS adjustment (12.3
days; 95% CI, 11.5-13.2, and 12.3 days; 95% CI, 12.1-
12.4, respectively; P = .87).

We then performed subgroup analyses on the high-
est hospital volume quartile; in total, 166 of those pa-
tients (6.5%) underwent VR and 2377 (93.5%) under-
went pancreatectomy only (Table 4). Among VR patients,
48% (n = 79) were coded as having undergone vascular
resection alone, 20% (n = 34) vascular anastomosis, and
32% (n = 53) vascular replacement. While there was a
trend toward more complex vascular surgery in the high-
est quartile, the overall distribution of the 3 VR sub-
groups was not significantly different compared with the
lower 3 quartiles (P = .11). The rate of intraoperative hem-
orrhage was again greater in patients with VR than pa-
tients without VR (PSOR, 2.74; 95% CI, 1.33-5.61;
P =.006), although the overall intraoperative complica-
tion rates were similar (Table 4). Postoperative compli-
cations were more frequent in patients with VR than pa-
tients without VR (PSOR, 1.43; 95% CI, 1.00-2.04;
P =.05), mainly because of a higher rate of urinary/
renal (PSOR, 3.33;95% CI, 1.85-6.01; P < .001) and gas-
trointestinal (PSOR, 1.84; 95% CI, 1.15-2.96; P = .01)
complications in the group with VR. Finally, in the high-
est volume quartile, the mortality rate was greater in the
group with VR compared with the group without VR
(PSOR, 4.32; 95% ClI, 2.04-9.18; P < .001). While the
mortality rate of patients with VR of the highest quartile
was similar to those without VR in the other 3 quartiles
(adjusted OR, 1.61;95% CI, 0.56-4.65; P = .38), the mor-
tality rate was significantly lower for patients without VR
in the highest quartile compared with the others (ad-
justed OR, 0.36; 95% CI, 0.25-0.52; P < .001).

Among patients who underwent pancreaticoduode-
nectomies (n = 7283),4.5% (n = 330) underwent VR. Our
analysis of in-hospital adverse outcomes conducted
through PS adjustment in the context of sensitivity analy-
ses demonstrated similar results for the whole cohort in
regard to both OR estimates and P values. The only ex-
ception was the necessity for blood transfusions (OR, 1.30;
95% CI, 0.99-1.73; P = .06), which was no longer sig-
nificant in this subgroup.

BN COMMENT Ry

To our knowledge, there have been no published popu-
lation-based analyses to date investigating short-term out-
comes among patients with pancreatic cancer who un-
derwent pancreatic resection with vs without VR in the
United States. We found that the annual rate of concomi-
tant VR during pancreatic surgery has increased during
the last decade and that these more extensive opera-
tions were associated with higher rates of intraoperative
and postoperative complications, increased need for blood
products, but overall comparable short-term mortality and
hospital stay.

The results from the NIS data for both intraoperative
and postoperative complications support the claim that
these events are more frequent in patients who undergo
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Table 1. Patient and Hospital Characteristics for Patients Who Underwent Pancreatic Resection With or Without VR
No. (%)
Without VR P
With VR (n = 412) (n = 9794) Value
Female 207 (50.2) 4862 (49.6) .86
Age, mean (SD), y 63.9 (10.8) 64.9 (11.8) 10
Race/ethnicity
White 280 (68.0) 5918 (60.4)
African American 15 (3.6) 660 (6.7) 004
Other 31 (7.5) 1047 (10.7) '
Unknown 86 (20.9) 2169 (22.2) _
Zip code-related income, $
1-34 999 72 (17.5) 2056 (21.0) ]
35000-44 999 91 (22.1) 2340 (23.9) 15
=45000 240 (58.3) 5160 (52.7) '
Unknown NS? 238 (2.4) |
Insurance status
Medicare 187 (45.4) 4976 (50.8)
Medicaid 13 (3.2) 487 (5.0) 01
Private/HMO 194 (47.1) 3878 (39.6) '
Other/unknown 18 (4.4) 453 (4.6) _|
Deyo category
2-3 122 (29.6) 4276 (43.7) ]
4-8 102 (24.8) 2771 (28.3) - 001
>8 188 (45.6) 2747 (28.1) '
Unknown 0 0 _
Hospital location/teaching status
Rural 3(0.7) 284 (2.9) 7
Urban, nonteaching 40 (9.7) 2007 (20.5) - 001
Urban, teaching 369 (89.6) 7474 (76.3) '
Unknown 0 29(0.3)
Hospital region
Northeast 71 (17.2) 1973 (20.1)
Midwest 111 (26.9) 2027 (20.7)
South 134 (32.5) 3400 (34.7) .02
West 96 (23.3) 2394 (24.4)
Unknown 0 0 =
Hospital volume quartile
1 32(1.2) 2728 (98.8) ]
2 79 (3.3) 2301 (96.7)
3 135 (5.4) 2388 (94.6) <.001
4 166 (6.5) 2377 (93.5)
Unknown 0 0 =
Tumor location
Head 299 (72.6) 5857 (59.8) ]
Body 32 (7.8) 629 (6.4)
Tail 9(2.2) 1270 (13.0) <Ll
Duct/unknown 72 (17.5) 2038 (20.8) _
Pancreatic resection
Pancreaticoduodenectomy 330 (80.1) 6953 (71.0) 7
Total pancreatectomy 40 (9.7) 488 (5.0) - 001
Other partial resection 42 (10.2) 2353 (24.0) '
Unknown 0 0 _
Type of vascular surgery
Resection 207 (50.2)
Anastomosis 95 (23.1)
Replacement 110 (26.7)
Vascular resection
Arterial 40 (9.7)
Venous 372 (90.3)

Abbreviations: HMO, health maintenance organization; NS, not shown; VR, vascular reconstruction.
2The number of patients is not shown as it is below that cited in the Privacy Protection Rule (<10).

VR than those who undergo pancreatectomy only. In con-
trast, most single-center experiences in the literature re-
port that VR during pancreatectomy does not increase
postoperative complication rates.'*>17:273% This higher

rate of postoperative complications did not translate into
an increased length of hospital stay; overall, we found
no significant difference in mortality between patients
with and without VR, which is in agreement with most
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of the previous literature.'>!*!>17:2831 Only 1 previous
study, in which no difference in overall in-hospital mor-
tality was found, reported higher 30-day mortality among
patients who underwent concomitant VR.*" A recent sys-
tematic review and meta-analysis, focused only on arte-
rial resections, also found increased mortality rates among
patients who underwent VR compared with pancreatec-
tomy alone.*

Acknowledging that case-mix differences between these
studies and ours may exist, our study is substantially larger
than any previous report in the literature. For example, to
our knowledge, the largest single-center report was pro-
vided by Yekebas and colleagues'? and evaluated 136 pa-
tients with VR compared with 412 patients with VR in our
study. This increased statistical power to detect outcome
differences might partly explain the divergent results of our
current study. One might also speculate that, while the NIS
database includes all patients independent of their out-
come, single-center experiences are more commonly re-
ported if they have outcomes that are similar between pa-
tients with and without VR, a phenomenon well known
as reporting bias. A recently presented investigation based
on the American College of Surgeons National Surgical
Quality Improvement Program also suggested higher mor-
bidity in patients with VR vs patients without VR; addi-
tionally, higher overall mortality rates were found in that
study.”® While the National Surgical Quality Improve-
ment Program is based on voluntary participation, the NIS
sampling design was specifically aimed at representing the
US population. Therefore, trends identified in the NIS can
be considered to have a greater degree of external validity,
allowing for the evaluation of surgical trends as well as in-
ference in relation to their association with hospital vol-
ume, location, and teaching status.

We anticipated that this difference in outcomes would
be less apparent among patients who underwent surgi-
cal procedures at hospitals within the highest volume
quartile. However, not only did the difference in post-
operative complications persist, but also mortality risk
was significantly increased for patients with VR (6%) com-
pared with patients without VR (<2%) in this sub-
group. Therefore, this difference was attributable pri-
marily to decreased mortality in the highest volume
quartile of the pancreatectomy-only subgroup relative to
lower volume quartiles. Why there was no parallel de-
crease in mortality in the subgroup of patients with VR
cannot be conclusively assessed. More specific informa-
tion on tumor stage and cause of death is not available
from the NIS data set, but the fact that slightly more com-
plex VR cases were performed in the highest quartile might
contribute to the relatively higher mortality for patients
with VR in this subgroup.

Although there is much controversy regarding the roles
of neoadjuvant and adjuvant therapy in localized pancre-
atic cancer, there is general agreement that complete (RO)
resection is necessary for long-term survival. The current
National Comprehensive Cancer Network consensus guide-
lines advocate vascular resection and/or reconstruction when
necessary to achieve a RO resection.'® Although there is not
universal acceptance of this practice, these more liberal rec-
ommendations represent a paradigm shift away from vas-
cular involvement being a contraindication to resection. This

Proportion of All Pancreatectomies, %

0 T T T T T T T T T T
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Year

Figure. Trend of the rate of vascular reconstruction among patients who
underwent pancreatic resections from 2000 through 2009 in the Nationwide
Inpatient Sample database.

shift is reflected in the finding that the use of concomitant
VR during pancreatectomy significantly increased from 2000
through 2009. National database studies have revealed that
only about 30% of patients with locoregional disease un-
dergo tumor resection.”*?** The more liberal application of
VR might help increase the proportion of patients who are
able to undergo complete resection, thus have the poten-
tial for long-term survival. Several recent series have dem-
onstrated that long-term survival does not differ when VRs
are performed in addition to pancreatectomy.'»!#17:27.2831
A recent systematic review and meta-analysis involving pa-
tients who underwent arterial resection concomitant with
pancreatectomy showed that 1-year and 3-year survival rates
were lower than for patients who underwent pancreatec-
tomy only.** In response to these findings, we would ar-
gue that the best comparison group for long-term survival
studies is not patients undergoing resection without VR but
rather patients with locally advanced disease undergoing
palliative chemotherapy and/or chemoradiation therapy
without resection. Even in modern prospective trials of non-
surgical therapy, median survival in locally advanced pa-
tients does not exceed 1 year.’**” The most compelling way
to prove that VR has longer-term benefits would be through
a randomized controlled trial comparing surgery vs non-
surgical therapy in patients with vascular involvement. How-
ever, it is unlikely that such a trial could be conducted ow-
ing to the lack of equipoise on this topic perceived by most
clinicians.

Despite the strong external validity of our results, the
analysis of administrative data is associated with some
inherent limitations. First, we were limited to covari-
ates available within the data set. To mitigate this limi-
tation, we used propensity-scoring techniques, creating
a quasirandomized experiment. However, information on
variables such as tumor stage, neoadjuvant therapy, and
body mass index were not available, and other confound-
ing factors may have been present. For example, it is not
possible to ascertain retrospectively whether VR was in-
tended or the result of an intraoperative injury. This un-
certainty may have contributed to the increased rates of
intraoperative hemorrhage and complications in the VR
group. Second, the de-identified nature of the data does
not allow confirmation of the type of VR performed. The
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Table 2. Short-term Outcomes After Pancreatectomy With VR and Without VR?
Propensity
No. (%) Unadjusted Multivariable-Adjusted Score-Adjusted
’ Analysis, OR Analysis, OR Analysis, OR
With VR Without VR (95% ClI) P Value (95% C1)® P Value (95% CI)© P Value
Intraoperative 17 (4.1) 263 (2.7) 1.56 (0.94-2.57) .08 1.78 (1.02-3.09) .04 1.83 (1.05-3.18) .03
injury
Intraoperative 0 6(0.1) NA .62 NA NA NA NA
retained foreign
body?
Intraoperative 28 (6.8) 329 (3.4) 2.10 (1.41-3.13) <.001 2.55 (1.63-4.00) <.001 2.67 (1.70-4.20) <.001
hemorrhage
Intraoperative 36 (8.7) 567 (5.8) 1.56 (1.10-2.22) .01 1.87 (1.23-2.75) .002 1.94 (1.31-2.86) .001
complication
Wound 21 (5.1) 348 (3.6) 1.46 (0.93-2.29) 10 1.03 (0.57-1.88) 91 1.07 (0.59-1.96) .82
complication
Infection 64 (15.5) 1593 (16.3) 0.95 (0.72-1.24) .69 1.00 (0.73-1.38) .97 1.01 (0.74-1.38) .97
Urinary/renal 39 (9.5) 574 (5.9) 1.68 (1.19-2.36) .003 2.07 (1.41-3.05) <.001 2.03 (1.39-2.97) <.001
complication
Pulmonary 74 (18.0) 1328 (13.6) 1.40 (1.08-1.81) .01 1.65 (1.23-2.22) .001 1.60 (1.20-2.15) .002
complication
Gastrointestinal 81 (19.7) 1612 (16.5) 1.24 (0.97-1.59) .09 1.51 (1.14-2.01) .004 1.54 (1.16-2.03) .002
complication
Acute pancreatitis 12 (2.9) 395 (4.0) 0.71 (0.40-1.28) .26 0.73 (0.37-1.45) 37 0.74 (0.37-1.46) .38
Cardiovascular 41 (10.0) 725 (7.4) 1.38 (0.99-1.93) .06 1.00 (0.66-1.54) .99 0.96 (0.63-1.47) .86
complication
Systemic 9(2.2) 200 (2.0) 1.07 (0.55-2.10) .84 1.65 (0.82-3.30) .16 1.59 (0.79-3.19) 19
complication
Any postoperative 202 (49.0) 4246 (43.4) 1.26 (1.03-1.53) .02 1.38 (1.09-1.74) .006 1.36 (1.09-1.72) .008
complication
Mortality 19 (4.6) 502 (5.1) 0.89 (0.56-1.43) .64 1.62 (0.96-2.71) .07 1.58 (0.94-2.63) .08
Blood transfusion 106 (25.7) 2274 (23.2) 1.15(0.91-1.44) .24 1.37 (1.05-1.77) .02 1.36 (1.06-1.75) .02
Platelet transfusion 12 (2.9) 101 (1.0) 2.88 (1.57-5.28) .001 3.39 (1.74-6.61) <.001 3.21 (1.65-6.25) .001
Transfusion 35 (8.5) 477 (4.9) 1.81 (1.27-2.59) .001 1.83 (1.23-2.73) .003 1.84 (1.24-2.73) .002
of coagulation
factors/serum
Reintervention rate 32 (7.8) 600 (6.1) 1.29 (0.89-1.87) 18 1.20 (0.77-1.87) 42 1.24 (0.80-1.94) §58

Abbreviations: NA, not applicable; OR, odds ratio; VR, vascular reconstruction.

2Unadjusted, multivariable, and propensity score—adjusted analyses were performed (pancreatectomy only: reference group).

b Adjustment for year of operation; age; sex; race/ethnicity; ZIP code-related income; primary insurance; Deyo score; hospital location, teaching status, region,
and volume; and type of pancreatic resection.

CPropensity score calculation based on the prediction of having pancreatectomy with VR including year of operation; age; sex; race/ethnicity; ZIP code-related
income; primary insurance; Deyo score; hospital location, teaching status, region, and volume; and type of pancreatic resection.

d0wing to the small number of events for retained foreign body, no adjusted analyses were performed.

Table 3. Predicted Complications After Pancreatectomy With and Without VR
%
Postoperative Unadjusted Analysis, No. (%)? Multivariable-Adjusted Analysis2:? Propensity Score-Adjusted Analysis?:¢
Complications, Pancreatectomy Pancreatectomy Pancreatectomy
No. VR Only P Value VR Only P Value VR Only P Value
0 210 (51.0) 5548 (56.7) ] 50.1 56.0 7 50.8 56.2 7
1 116 (28.2) 2559 (26.1) 28.6 275 28.0 27.1
2 47 (11.4) 1051 (10.7) 12.7 10.6 12.6 10.7
3 27 (6.6) 465 (4.8) 52 3.8 5.2 3.9
4 10 (2.4) 144 (1.5) — 2.1 1.3 AL 2.1 1.4 e
5 2 (0.5) 20 (0.2) 0.8 05 0.8 05
6 0 6 (0.1) 0.3 0.02 0.3 0.2
7 0 1(0.01) _| 0.1 0 _ 0.1 0 _

Abbreviation: VR, vascular reconstruction.

2Based on negative binomial regression.

b Adjustment for year of operation; age; sex; race/ethnicity; ZIP code-related income; primary insurance; Deyo score; hospital location, teaching status, region,
and volume; and type of pancreatic resection.

CPropensity score calculation based on the prediction of having pancreatectomy with VR including year of operation; age; sex; race/ethnicity; ZIP code-related
income; primary insurance; Deyo score; hospital location, teaching status, region, and volume; and type of pancreatic resection.
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Table 4. Adverse Postoperative Outcomes for Subgroup of Patients Operated on in the Highest Hospital Volume Quartile

No. (%) P i
ropensity
Pancreatectomy Unadjusted Multivariable-Adjusted Score-Adjusted
VR Only Analysis, OR Analysis, OR Analysis, OR
(n = 166) (n = 2377) (95% CI) P Value (95% CI)@ P Value (95% C1)b P Value
Intraoperative 5(3.0) 56 (2.4) 1.29 (0.51-3.26) .59 2.36 (0.87-6.43) .09 2.47 (0.93-6.59) .07
injury
Intraoperative 0 0 NA NA NA NA NA NA
retained foreign
body®
Intraoperative 10 (6.0) 66 (2.8) 2.24 (1.13-4.45) .02 2.80 (1.35-5.80) .006 2.74 (1.33-5.61) .006
hemorrhage
Intraoperative 10 (6.0) 119 (5.0) 1.22 (0.63-2.37) .56 1.68 (0.83-3.39) 15 1.70 (0.85-3.40) 13
complication
Wound 9(5.4) 77 (3.2) 1.71 (0.84-3.48) 14 0.92 (0.32-2.63) .87 0.96 (0.34-2.73) .94
complication
Infection 30 (18.1) 335 (14.1) 1.34 (0.89-2.03) 16 1.20 (0.74-1.95) 45 1.17 (0.73-1.89) .51
Urinary/renal 19 ( 99 (4.2) 2.97 (1.77-5.00) <.001 3.79 (2.06-7.00) <.001 3.33 (1.85-6.01) <.001
complication
Pulmonary 24 (14.5) 229 (9.6) 1.59 (1.01-2.50) .05 1.26 (0.73-2.17) A1 1.24 (0.72-2.13) 44
complication
Gastrointestinal 30 (18.1) 256 (10.8) 1.83 (1.21-2.77) .005 1.83 (1.13-2.95) .01 1.84 (1.15-2.96) .01
complication
Acute pancreatitis 6 (3.6) 85 (3.6) 1.01 (0.44-2.35) .98 0.89 (0.32-2.54) .83 0.89 (0.31-2.51) .82
Cardiovascular 22 (13.3) 192 (8.1) 1.74 (1.08-2.79) .02 1.26 (0.71-2.24) 43 1.24 (0.70-2.19) A7
complication
Systemic 2(1.2) 33 (1.4) 0.87 (0.21-3.64) .85 0.95 (0.22-4.15) .94 0.94 (0.21-4.12) .93
complication
Any postoperative 82 (49.4) 868 (36.5) 1.70 (1.24-2.33) .001 1.46 (1.02-2.09) .04 1.43 (1.00-2.04) .05
complication
Mortality 10 (6.0) 46 (1.9) 3.25 (1.61-6.56) .001 4.94 (2.27-10.74) <.001 4.32 (2.04-9.18) <.001
Blood transfusion 28 (16.9) 440 (18.5) 0.89 (0.59-1.36) .60 1.17 (0.74-1.87) .50 1.15 (0.74-1.79) .54
Platelet transfusion 3 (1.8) 22 (0.9) 1.97 (0.58-6.65) .28 2.51(0.69-9.14) .16 2.24 (0.63-7.95) .21
Transfusion of 12 (7.2) 114 (4.8) 1.55 (0.83-2.87) a7 1.52 (0.77-2.96) .23 1.57 (0.81-3.05) 18
coagulation
factors/serum
Reintervention rate 15 (9.0) 123 (5.2) 1.82 (1.04-3.19) .04 1.40 (0.70-2.80) .34 1.39 (0.70-2.77) .35

Abbreviations: NA, not applicable; OR, odds ratio; VR, vascular reconstruction.
aAdjustment for year of operation; age; sex; race/ethnicity; ZIP code—related income; primary insurance; Deyo score; hospital location, teaching status, and

regbion; and type of pancreatic resection.

Propensity score calculation based on the prediction of having pancreatectomy with VR including year of operation; age; sex; race/ethnicity; ZIP code—related
income; primary insurance; Deyo score; hospital location, teaching status, and region; and type of pancreatic resection.
¢Qwing to the small number of events for retained foreign body, no adjusted analyses were performed.

NIS database relies exclusively on ICD-9 procedure codes
assigned by administrative coders. A broad range of tech-
niques are used for VR, from simple venorrhaphy to of-
ten complex interposition vein grafting. Given the in-
consistencies in how these techniques are used and
described by surgeons in their operative reports, coding
inaccuracies certainly exist and limit our ability to ana-
lyze the type of reconstruction as a factor. Third, the small
number of arterial resections (n = 40) precluded spe-
cific subgroup analysis. Because there are technical and
oncologic issues that differ between venous and arterial
reconstructions, this important topic requires further in-
vestigation. Finally, our analyses are limited to in-
hospital complications, as our data set does not allow as-
sessment of 30-day or 90-day morbidity. However, we
believe that our claims about short-term outcomes are
still highly relevant.

In conclusion, in contrast to most single-center analy-
ses, postoperative adverse outcomes following VR were
more frequent than following pancreatectomy only in this
population-based analysis. This finding persisted in a sub-

group analysis focusing on the highest quartile of hos-
pital volume. However, if complete (RO) resection can
be achieved through vascular resection, a reasonable in-
crease in perioperative adverse outcomes can be toler-
ated because this is the only treatment that offers any
chance of a cure. Future studies investigating shared de-
cision-making between patients and physicians should
be conducted given the trade-offs imposed by the imme-
diate risk for mortality and the potential benefit of long-
term survival. Additional population-based investiga-
tions including information on long-term survival are also
warranted to better understand in which settings vascu-
lar resections should be recommended to patients with
pancreatic cancer.
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