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Abstract
Background Data evaluating the financial implications of volume-based referral are lacking. This study sought to compare in-
hospital costs for pancreatic surgery by annual hospital volume.
Methods Eleven thousand and eighty-one patients aged ≥18 years undergoing an elective pancreatic resection for cancer were
identified using the Nationwide Inpatient Sample 2002–2011. Multivariable regression analysis was performed to compare
length-of-stay (LOS), postoperative morbidity and mortality, failure-to-rescue (FTR), and inpatient costs by annual hospital
volume group.
Results Patients undergoing surgery at high-volume hospitals (HVH) demonstrated 23% lower odds (odds ratio [OR] = 0.77,
95% confidence interval [95%CI] 0.63–0.95) of developing a postoperative complication, 59% lower odds of experiencing an
LOS > 14 days (OR = 0.41, 95%CI 0.34–0.50), 51% lower odds of postoperative mortality (OR = 0.49, 95%CI 0.34–0.71), and
47% lower odds of FTR (OR = 0.53, 95%CI 0.37–0.76; all p<0.05). The overall mean in-hospital cost was $39,012
(SD = $15,214) with minimal differences observed across hospital volume groups. Rather, postoperative complications (no
complication vs. complication $26,686 [SD = $5762] vs. $44,633 [SD = $11,637]) and FTR (rescue vs. FTR $42,413
[SD = $8481] vs. $69,546 [SD = $13,131]) were determinant of higher in-hospital costs. While this pattern was observed at
all hospital volume groups, costs varied minimally between hospital volume groups after this stratification.
Conclusions Annual hospital surgical volume was not associated with in-hospital costs among patients undergoing pancreatic
surgery.
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Introduction

The volume-outcome relationshipwas initially described in 1979
by Luft and colleagues.1 In their seminal work, the authors dem-
onstrated an association between increasing hospital volume and
improved postoperative mortality.1 Since then, a large body of
literature has similarly described an inverse relationship between
hospital volume and postoperative clinical outcomes, resulting in
the regionalization of complex, high-risk operations to high-
volume hospitals.2–6 Although the volume-outcome relationship
is well-established and has remained consistent over time, the
financial implications associated with the volume-based referral
of patients remain largely unexplored.7–11 Referral to high-
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volume hospitals may be associated with a higher costs of care
given the greater resource utilization associated with caring for
more complex patients as well as delivering a higher quality of
care.10,11 In particular, these costs may include the costs associ-
ated with maintaining intensivist-staffed ICUs, high nurse-to-bed
ratios, and advanced technologies and specialist services among
others.10 Alternatively, referral to high-volume hospitals may be
associated with lower costs via subsidies achieved through econ-
omies of scale or via potential savings achieved through the
delivery of higher quality care and prevention of costly postop-
erative complications.11–13

Pancreatic surgery represents a complex, high-risk operation
which is frequently associated with a high postoperative morbid-
ity andmortality.14,15 Often the only treatment option for patients
with pancreatic disease, patients undergoing pancreatic resection
have been targeted for volume-based referral to high-volume
hospitals in favor of improved postoperative outcomes.16–18 In
a recent systematic review and meta-analysis assessing the
volume-outcome relationship in pancreatic surgery, Gooiker
and colleagues reported that pancreatic surgery performed at
high-volume hospitals was associated with a 68% lower odds
of postoperative mortality.17 Similarly, van Heek et al., in their
pooled analysis, reported that patients undergoing surgery at
high-volume hospitals were associated with a 24% lower risk
of postoperative mortality.18 In contrast to the well-established
volume-outcome relationship for pancreatic surgery, limited data
exist evaluating the relationship between hospital costs and refer-
ral to high-volume centers. Current studies are limited to
Medicare patients aged >65 years, or state-specific analyses,
and therefore are not generalizable to all patient populations
/hospitals.19,20 Given the need for nationally representative esti-
mates for the potential financial implications of volume based
referral, the objective of the current study was to examine the
relationship between inpatient costs and annual hospital volume
using a nationally representative sample of patients undergoing a
pancreatic resection.

Methods

Data Sources and Patient Population

The current study utilized data from the Nationwide Inpatient
Sample (NIS) from 2002 to 2011. Maintained by the Agency
for Healthcare Research andQuality (AHRQ), theNIS represents
the largest inpatient, all-payer claims based database in the
USA.21 Using a stratified sampling methodology, the NIS is a
20% representative sample of all inpatient admissions in the
United States.21 Patients undergoing a pancreatic resection were
identified using relevant International Classification of Disease,
Ninth Revision (ICD-9-CM) procedure codes (B52.51,^ B52.52,^
B52.53,^ B52.59,^ B52.6,^ and B52.7^). To ensure the compara-
bility of our patient cohort, only patients ≥18 years and patients

undergoing surgery for a primary diagnosis of pancreatic cancer
(ICD-9-CM diagnosis codes B157,^ B157.0,^ B157.1,^ B157.2,^
B157.3,^ B157.4,^ B157.8,^ B157.9,^ and B197.8^) were includ-
ed in our final study population; patients undergoing non-elective
surgery, and patients transferred in from another hospital were
excluded from the final study cohort (Supplemental Fig. 1).
Given the change in sampling methodology for patients included
in the NIS following 2011, the current analysis included only
patients who underwent pancreatic surgery before 2012.21 As this
study utilized deidentified data, patient consent was not required
and this study was approved by the Johns Hopkins University
Institutional Review Board.

For each patient, baseline characteristics including patient age,
sex, race, insurance status, and socioeconomic status (defined
using the median household income for the patient’s zip code)
were recorded. Preoperative patient comorbidity was classified
using the Charlson Comorbidity Index (CCI), and patients were
categorized into three groups based on their CCI score; CCI = 2,
CCI = 3–6, and CCI >6.22 Additionally, hospital level character-
istics including hospital bed size, hospital region, hospital teach-
ing status, and hospital urban vs. rural location were recorded for
each patient. For each hospital, an annual hospital volume was
calculated as the sum of all pancreatic resections performed for
each year of available data. Hospitals were then categorized into
one of three volume groups; low-volume hospitals (1–8 pancre-
atic resections/year), intermediate-volume hospitals (9–30 pan-
creatic resections/year), and high-volume hospitals (≥31 pancre-
atic resections/year). These cutoffs were selected such that ap-
proximately a third of all pancreatic resections were performed
within each hospital volume strata as previously described.3,19

Clinical Outcomes: Postoperative Morbidity,
Length-of-Stay, and Postoperative Mortality

Clinical outcomes of interest for the current study included post-
operative morbidity, hospital length-of-stay (LOS) for the index
admission, in-hospital mortality, and failure-to-rescue.
Postoperative morbidity was defined as the development of one
or more postoperative complications defined using a previously
validated list of conditions including pneumonia, respiratory fail-
ure, acute myocardial infarction, stroke, venous thromboembo-
lism (deep venous thrombosis and pulmonary embolism), renal
failure, gastrointestinal bleeding, surgical site infections, sepsis,
and wound dehiscence.23,24 LOSwas reported and analyzed as a
continuous variable, and was also examined as a binary variable
by dichotomizing LOS at the 75th percentile to represent a
prolonged/extended LOS (eLOS).25 This method has been pre-
viously validated for use in health services research and has been
shown to be associated with resource use and variations in sur-
gical quality between and within hospitals, and is comparable to
previous studies evaluating outcomes for pancreatic surgery.25,26

Postoperative mortality was defined by any inpatient mortality,
while failure-to-rescue was calculated as the proportion of
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patients who died following the development of one or more
postoperative complication.24

Financial Outcomes: Total In-hospital Costs

Total in-hospital costs were estimated from total in-hospital
charges for the index admission using a method previously de-
fined and validated by the AHRQ.27 Total in-hospital charges are
gathered and reported directly from submitted claims. To account
for differences and variations in reporting, submitted charges
undergo a review by the AHRQ to ensure consistency of results
and so as to exclude large outliers.27 Specifically, all values are
reported to the nearest dollar with total charges less than or equal
to zero being set to missing. Further, outliers as defined by total
charges between $25 and $1.0 million, for years 1998 to 2006;
between $100 and $1.5 million, for years 2007 to 2010; and
between $100 and $5.0 million, for years 2011 and later, are
removed/not reported.27 In general, these charges do not include
professional fees and non-covered charges. In the instance where
the source provides total charges with professional fees, the pro-
fessional fees are removed from the charge during processing by
the AHRQ.27

Total in-hospital charges as reported by the AHRQ were
first inflation adjusted using the US Department of Labor in-
flation calculator and reported to 2016 dollars.28 Next, infla-
tion adjusted charges were multiplied by hospital specific
cost-to-charge ratios to calculate the total in-hospital cost as
previously described by the AHRQ.27 Cost-to-charge ratios
represent the ratio between the cost and charge and are calcu-
lated using data obtained from the CMS Healthcare Cost
Reporting Information System (HCRIS) reports which in-
clude data on hospital charges, net revenues, expenses, and
payer mix for each hospital.29

Statistical Analysis

Categorical variables were reported as whole numbers with per-
centages and compared using Pearson’s chi-squared test.
Continuous variables were reported as means with standard de-
viations (SD) or as medians with corresponding interquartile
range (IQR) and compared using a one-way analysis of variance
(ANOVA) with Bonferroni correction or the Kruskal-Wallis test,
as appropriate.Multivariable logistic regression analysis was per-
formed to explore the relationship between hospital volume and
binary postoperative clinical outcomes (postoperative morbidity,
eLOS, postoperative mortality, and failure-to-rescue). All multi-
variable logistic regression analyses adjusted for patient age, sex,
race, CCI score, insurance, socioeconomic status, use of mini-
mally invasive surgery, type of pancreatic resection, hospital re-
gion, and hospital location. Results from multivariable logistic
regression analyses were reported as odds ratios (OR) with cor-
responding 95% confidence intervals (95%CI).

To examine the association between hospital volume and total
in-hospital costs, exploratory data analysis was first performed to
examine the underlying distribution of financial data. As total in-
hospital costs were right-skewed, financial data were log-
transformed to obtain a more symmetrical distribution. Log-
transformed costs were then entered into a multivariable linear
regression analysis that adjusted for patient characteristics includ-
ing patient age; sex; race; preoperative comorbidity defined by
the CCI, insurance status, and income quartile; and operative
characteristics including the type of pancreatic resection and the
operative approach (open vs. MIS resection). Given differences
in reimbursement methodologies and therefore costs, our multi-
variable model also accounted for hospital level characteristics
including hospital region, and hospital teaching status.
Additionally, given that postoperative outcomes may also affect
hospital costs, our final model also adjusted for hospital LOS, in-
hospital mortality, and the development of one or more postop-
erative complication. Results from the multivariable linear re-
gression were then used to calculate covariate adjusted, log-
transformed costs which in turn were then exponentiated to cal-
culate covariate adjusted costs reported to the nearest dollar.
Robust standard errors were used for all multivariable analyses
to account for clustering of patients within individual hospitals.

To adjust for any potential differences in clinical and finan-
cial outcomes by the type of surgical resection, additional
sensitivity analyses were performed among patients who
underwent an open pancreaticoduodenectomy. Comparable
analyses could not be performed for other types of pancreatic
resections given inadequate statistical power due to a limited
number of events. For all analyses, statistical significance was
defined as p < 0.05. All analyses were performed using
STATA version 14.0 statistical software (StataCorp, College
Station, TX).

Results

Patient and Hospital Characteristics by Hospital Volume
Group

A total of 11,081 patients were identified who met inclusion
criteria. The median age of all patients was 66 years (IQR 57–
73)with an equal number ofmale and female patients included in
the final study population (Table 1). Approximately two thirds of
the patient population were Caucasian (n = 7355, 66.4%), while
African-American patients and non-white Hispanics comprised
6.3% (n = 697) and 5.3% (n = 586) of the patient cohort, respec-
tively. Comorbidities were commonly observed with 51.4%
(n = 5693) of patients presenting with a CCI score between 3
and 6. Medicare was the most common payor accounting for
50.1% (n = 5550) of patients followed by private payors
(n = 4592, 41.5%) and Medicaid (n = 471, 4.3%). A majority
of patients underwent a pancreaticoduodenectomy (n = 7290,
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Table 1 Patient, operative, and hospital characteristics by hospital volume group

Low volume
(1–8 pancreatic
resections/year)

Intermediate volume
(9–30 pancreatic
resections/year)

High volume
(≥31 pancreatic
resections/year)

p value All patients

Patient age 0.843

18–44 185 4.9% 204 5.6% 199 5.4% 588 5.3%

45–64 1514 40.0% 1460 40.3% 1459 39.8% 4433 40.0%

65–74 1255 33.1% 1167 32.2% 1204 32.8% 3626 32.7%

≥75 835 22.0% 795 21.9% 804 21.9% 2434 22.0%

Sex 0.253

Male 1885 49.8% 1779 49.1% 1869 51.1% 5533 50.0%

Female 1901 50.2% 1841 50.9% 1792 49.0% 5534 50.0%

Race <0.001

White 2262 59.7% 2355 65.0% 2738 74.7% 7355 66.4%

Black 302 8.0% 187 5.2% 208 5.7% 697 6.3%

Non-white Hispanic 208 5.5% 189 5.2% 189 5.2% 586 5.3%

Other 173 4.6% 158 4.4% 146 4.0% 477 4.3%

Missing 844 22.3% 737 20.3% 385 10.5% 1966 17.7%

Charlson Comorbidity Index <0.001

2 1003 26.5% 1040 28.7% 977 26.7% 3020 27.3%

3 to 6 1917 50.6% 1905 52.5% 1871 51.0% 5693 51.4%

>6 869 22.9% 681 18.8% 818 22.3% 2368 21.4%

Insurance status 0.492

Private insurance 1519 40.2% 1539 42.5% 1534 41.9% 4592 41.5%

Medicare 1929 51.0% 1792 49.5% 1829 49.9% 5550 50.1%

Medicaid 167 4.4% 153 4.2% 151 4.1% 471 4.3%

Other 167 4.4% 139 3.8% 151 4.1% 457 4.1%

Household income quartilea 0.038

Low 691 18.6% 655 18.5% 662 18.6% 2008 18.6%

Medium 871 23.4% 781 22.0% 861 24.2% 2513 23.2%

High 967 26.0% 992 28.0% 867 24.4% 2826 26.1%

Highest 1189 32.0% 1119 31.6% 1163 32.7% 3471 32.1%

Type of resection <0.001

Pancreaticoduodenectomy 2288 60.4% 2463 67.9% 2539 69.3% 7290 65.8%

Proximal Pancreatectomy 51 1.4% 34 0.9% 30 0.8% 115 1.0%

Distal pancreatectomy 1081 28.5% 828 22.8% 812 22.2% 2721 24.6%

Radical subtotal pancreatectomy 35 0.9% 45 1.2% 18 0.5% 98 0.9%

Other partial pancreatectomy 192 5.1% 127 3.5% 134 3.7% 453 4.1%

Total pancreatectomy 142 3.8% 129 3.6% 133 3.6% 404 3.7%

Operative approach <0.001

Open 3600 95.0% 3403 93.9% 3234 88.2% 10,237 92.4%

MIS 189 5.0% 223 6.2% 432 11.8% 844 7.6%

Hospital location N/A

Rural hospital 152 4.0% 121 3.4% 0 0.0% 273 2.5%

Urban hospital 3612 96.0% 3495 97.0% 3666 100.0% 10,773 97.5%

Hospital teaching status <0.001

Non-teaching hospital 1535 40.8% 270 7.5% 50 1.4% 1855 16.8%

Teaching hospital 2229 59.2% 3346 92.5% 3616 98.6% 9191 83.2%

Hospital region <0.001

South 1339 35.3% 1187 32.7% 1174 32.0% 3700 33.4%

Midwest 848 22.4% 601 16.6% 1008 27.5% 2457 22.2%
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65.8%) while a distal pancreatectomy was performed in 24.6%
of patients (n = 2721); minimally invasive surgery was per-
formed in 7.6% (n = 844) of patients.

Approximately, one third of patients underwent a pancreatic
resection at either a low-, an intermediate-, or a high-volume hos-
pital (Supplemental Fig. 2). In contrast, 84.0% (n = 1540) of
hospitals were categorized as low-volume hospitals, while
12.4% (n = 228) and 3.6% (n = 66) of hospitals were categorized
as either intermediate- or high-volume hospitals, respectively. Of
note, a significant increase in the regionalization of care was ob-
served over the study time period with the number of patients
undergoing surgery at a low-volume hospital decreasing from
47.3% (n = 1195) in the time period between 2002 and 2004 to
23.6% (n = 1026) in the time period between 2009 and 2011
(Supplemental Fig. 3). Conversely, the proportion of patients un-
dergoing surgery at a high-volume hospital increased from 19.2%
(n = 486) between 2002 and 2004 to 44.0% (n = 1911) between
2009 and 2011.

While patient age, sex, and insurance status were comparable
between the three hospital volume groups, several differences in
patient and operative characteristics were observed across these
strata. Specifically, patients undergoing surgery at a high-volume
hospital were proportionally more likely to be Caucasian (low vs.
intermediate vs. high 59.7 vs. 65.0 vs. 74.7%; p < 0.001), more
likely to undergo a pancreaticoduodenectomy (60.4 vs. 67.9 vs.
69.3%; p<0.001), andwere proportionallymore likely to undergo
surgery via a minimally invasive approach (5.0 vs. 6.2 vs. 11.8%;
p < 0.001). Similarly, differences in hospital level characteristics
were also observed across the three volume groups with low-
volume hospital being more likely to be located in a rural setting
(4.0 vs. 3.4 vs. 0.0%) and being designated as a non-teaching
hospital (40.8 vs. 7.5 vs. 1.4%; p < 0.001) compared with
intermediate- and high-volume hospitals.

Postoperative Clinical Outcomes
and the Volume-Outcome Relationship

Among all patients, 37.9% (n = 4197) of patients developed one
ormore postoperative complicationwith postoperativemorbidity
being highest at low-volume hospitals compared with intermedi-
ate and high-volume hospitals (41.3% vs. 38.6% vs. 33.7%;
p < 0.001; Table 2). After adjusting for patient and hospital level

characteristics, patients undergoing surgery at a high-volume
hospital demonstrated 23% lower odds (OR = 0.77, 95%CI
0.63–0.95; p = 0.014) of developing a postoperative complica-
tion compared with patients undergoing surgery at a low-volume
hospital (Table 3; Supplementary Table 1). A similar volume-
outcome relationship was also observed when evaluating LOS,
and postoperative mortality. Specifically, the proportion of pa-
tients experiencing an eLOS (LOS > 14 days 31.4 vs. 24.3% vs.
17.4%; p < 0.001), postoperative mortality (5.2 vs. 3.1 vs. 1.9%;
p < 0.001), and failure-to-rescue (11.1 vs. 7.1 vs. 5.4%;
p < 0.001) were all observed to decrease with an increase in
annual hospital volume. This effect was also observed on multi-
variable analysis with patients undergoing surgery at a high-
volume hospital demonstrating 59% lower odds of experiencing
an eLOS (OR = 0.41, 95%CI 0.34–0.50; p < 0.001;
Supplemental Table 2), 51% lower odds of postoperative mor-
tality (OR = 0.49, 95%CI 0.34–0.71; p < 0.001; Supplemental
Table 3), and 47% lower odds of failure-to-rescue (OR = 0.53,
95%CI 0.37–0.76; p = 0.001; Supplemental Table 4). On a sen-
sitivity analysis among patients undergoing an open
pancreaticoduodenectomy, a similar volume-outcome relation-
ship was also observed with patients undergoing an open
pancreaticoduodenectomy at a high-volume hospital demonstrat-
ing a 28% lower odds of developing a postoperative complica-
tion (OR = 0.72, 95%CI 0.57–0.92), 65% lower odds of
experiencing an eLOS (OR = 0.35, 95%CI 0.28–0.44), a 63%
lower odds of dying during the inpatient admission (OR = 0.37,
95%CI 0.25–0.55), and a 50% lower odds of failure-to-rescue
(OR = 0.50, 95%CI 0.32–0.77) compared with patients under-
going surgery at a low-volume hospital (Supplementary Table 6).

Total Hospital Costs by Hospital Volume Group

The mean covariate-adjusted inpatient cost for all patients was
$39,012 (SD = $15,214). While average adjusted costs were
observed to be only slightly higher at low-volume hospitals com-
pared to high-volume hospitals ($40,276 [SD = $16,648] vs.
$38,969 [SD = $13,687], Δ = −3.2%; Supplemental Table 5),
the average adjusted costs were almost twofold higher among
patients who developed a postoperative complication compared
with those who did not (no complication vs. complication
$26,686 [SD = $5762] vs. $44,633 [SD = $11,637],

Table 1 (continued)

Low volume
(1–8 pancreatic
resections/year)

Intermediate volume
(9–30 pancreatic
resections/year)

High volume
(≥31 pancreatic
resections/year)

p value All patients

West 985 26.0% 1103 30.4% 509 13.9% 2597 23.4%

Northeast 617 16.3% 735 20.3% 975 26.6% 2327 21.0%

MIS minimally invasive surgery
a Defined used AHRQ categorization based on median household income of patient’s ZIP code
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Δ = +67.3%; p < 0.001; Supplemental Fig. 4); this pattern was
consistently observed across all hospital volume groups (Fig. 1).
Interestingly, despite this stratification by the development of a
postoperative complication, minimal differences in the average
adjusted costs were observed across hospital volume groups.

To further understand the relationship between inpatient costs,
hospital volume and postoperative complications, patients were
stratified according to whether they were rescued following a
postoperative complication. Among all patients who developed
a postoperative complication, patients who were rescued demon-
strated markedly lower covariate-adjusted costs compared with
patients who died following a postoperative complication, which
is failure-to-rescue (rescue vs. failure-to-rescue $42,413
[SD = $8481] vs. $69,546 [SD = $13,131], Δ = +64.0%;
p < 0.001, Fig. 2). Of note, while this trend was observed at all
hospital volume groups, inpatient costs varied minimally be-
tween hospital volume groups after this stratification.
Furthermore, a similar pattern in covariate-adjusted costs was
also observed on sensitivity analysis performed among patients
who underwent an open pancreaticoduodenectomy with the de-
velopment of a postoperative complication and failure-to-rescue
being strongly associated with higher covariate-adjusted costs
(Supplementary Table 7).

Discussion

Although the well-established volume-outcome relationship for
pancreatic surgery has led to policy makers and healthcare ad-
ministrators to advocate for the regionalization of surgery, limited
data exist evaluating the financial implications of volume-based
referral.14,17,18 In the current study, we sought to compare inpa-
tient hospital costs relative to hospital volume for patients under-
going pancreatic surgery for a primary diagnosis of cancer. In our
analysis of 11,081 patients undergoing pancreatic surgery, we
observed that high-volume hospitals were associated with im-
proved in-hospital clinical outcomes in the form of improved
postoperative morbidity, a shorter length-of-stay, a lower
failure-to-rescue rate, and consequently a lower in-hospital mor-
tality. In contrast, covariate-adjusted costs were observed to be
comparable across all hospital volume groups. Rather, the devel-
opment of a postoperative complication and failure to be rescued
following the postoperative complication was associated with a
higher in-hospital cost following pancreatic surgery.
Interestingly, in a stratified analysis, while differences in costs
were observed by the development of a postoperative complica-
tion and failure-to-rescue, in-hospital costs remained comparable
across all hospital volume groups.

Table 2 Unadjusted postoperative clinical outcomes and inpatient cost by hospital volume group

Low volume (1–8
pancreatic
resections/year)

Intermediate volume
(9–30 pancreatic
resections/year)

High volume
(≥31 pancreatic
resections/year)

p value All patients

Postoperative complication 1563 41.3% 1399 38.6% 1235 33.7% <0.001 4197 37.9%

Length-of-stay, days,
median (IQR)

11 (8–16) 10 (7–14) 9 (7–12) <0.001 10 (7–14)

Extended length-of-stay 1191 31.4% 881 24.3% 636 17.4% <0.001 2708 24.4%

In-hospital mortality 196 5.2% 112 3.1% 71 1.9% <0.001 379 3.4%

Failure-to-rescue 174 11.1% 99 7.1% 67 5.4% <0.001 340 8.1%

Unadjusted inpatient costs,
$, median (IQR)

$29,048
($20,266–$45,423)

$28,535
($20,248–$42,020)

$30,395
($23,367–$41,392)

<0.001 $29,392
($21,416–$42,722)

IQR interquartile range

Table 3 Results from multivariable analysis examining postoperative clinical outcomes by hospital volume group

Postoperative complication Extended LOS In-hospital mortality Failure-to-rescue

OR 95%CI p value OR 95%CI p value OR 95%CI p value OR 95%CI p value

Low volume Reference Reference Reference Reference

Intermediate volume 0.94 (0.81–1.09) 0.399 0.62 (0.53–0.74) <0.001 0.66 (0.49–0.88) 0.005 0.62 (0.46–0.83) 0.002

High volume 0.77 (0.63–0.95) 0.014 0.41 (0.34–0.50) <0.001 0.49 (0.34–0.71) <0.001 0.53 (0.37–0.76) 0.001

Annual hospital volume groups defined as low (1–8 pancreatic resections/year), intermediate (9–30 pancreatic resections/year), and high (≥31 pancreatic
resections/year) volumes. All models adjusted for patient age, patient sex, patient race, Charlson Comorbidity Index (CCI) score, insurance status, patient
income quartile by ZIP code, hospital region, hospital location, and hospital teaching status. All models accounted for clustering of patients to hospital by
using robust standard errors. Complete regression analyses are presented in Supplemental Tables 1–4

OR odds ratio, 95%CI 95% confidence interval, LOS length-of-stay, Extended LOS LOS > 14 days
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Results of the current study are consistent with previous liter-
ature evaluating the volume-outcome relationship for patients
undergoing pancreatic surgery. Specifically, a recent series of
systematic reviews and meta-analyses demonstrated that high-
volume hospitals were associatedwith a 24–68% lowermortality
compared with low-volume hospitals.17,18 Similarly, previous
research from our group has also demonstrated that high-
volume hospitals are associated with a lower odds of failure-to-
rescue and therefore an improved postoperative mortality.30

Collectively, while these data have supported calls for the region-
alization of pancreatic surgery, the financial consequences of
such policies remain largely undetermined. High-volume hospi-
tals may achieve the observed improved surgical outcomes at
significantly higher costs due to greater utilization of resources.10

In turn, these costs may be passed on to payors or patients
resulting in an overall increase in healthcare spending due to
volume based referral of patients. Alternatively, referral to high-
volume hospitalsmay be able to decrease the overall costs of care
via quality improvement and prevention of costly postoperative
complications or via subsidies achieved through economies of
scale.10,31,32 Interestingly, in the current study, we observed no
clinically significant differences in the covariate-adjusted in-

hospital costs between high-, low-, and intermediate-volume hos-
pitals with in-hospital costs varying by 3.0–6.0% across hospital
volume groups. Consistent with our findings, Nathan et al. re-
ported comparable costs between low- and high-volume hospi-
tals in their analysis of Medicare enrollees undergoing pancreatic
surgery for cancer.19 Furthermore, Ho and colleagues in their
statewide analysis of patients undergoing pancreatic surgery also
reported no differences in costs between hospital volume
groups.20 Taken together with previous reports, results of the
current study suggest that although the volume based referral
may result in improved postoperative outcomes, the improved
clinical outcomes may not translate to significant cost savings as
a result of volume based referral strategies.

In the current study, rather than hospital volume, other postop-
erative clinical factors were associated with an increase in in-
hospital costs following pancreatic surgery. For example, the de-
velopment of a postoperative complication was associated with a
67.3% in the total in-hospital cost. These findings are consistent
with previous research from our own group as well as others
demonstrating a strong association between postoperative compli-
cations and a higher in-hospital cost.12,13,33,34 Collectively, results
of the current study reiterate the need to further refine processes of

Fig. 2 Comparison of covariate-
adjusted inpatient costs by the
rescue following a postoperative
complication stratified hospital
volume group: low (1–8 pancre-
atic resections/year), intermedi-
ate (9–30 pancreatic resections/
year), and high (≥31 pancreatic
resections/year) volume

Fig. 1 Comparison of covariate-
adjusted inpatient costs by the
development of a postoperative
complication stratified hospital
volume group: low (1–8 pancre-
atic resections/year), intermedi-
ate (9–30 pancreatic resections/
year), and high (≥31 pancreatic
resections/year) volumes
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care so as to identify and/or prevent postoperative complication in
a timely manner, examples of which may include the implemen-
tation of standardized practices and pathways.35,36 Perhaps more
interestingly, we also observed significant differences in hospital
costs when stratified by whether or not patients were rescued
following a postoperative complication. Of note, patients who
were rescued following the development of a postoperative com-
plication demonstrated 64% lower costs than those patients who
died following a postoperative complication—an effect that
was uniformly observed across all hospital volume strata.
Although hospitals are increasingly benchmarked and reim-
bursed on their ability to deliver high-quality care, limited data
exist evaluating the financial impact of how well a hospital
can manage patients who develop a postoperative complica-
tion. Results of the current study add to a limited body of
evidence demonstrating an association between the failure-
to-rescue and hospital costs, and are consistent with a recent
report by Pradarelli and colleagues demonstrating wide vari-
ation in hospital payments by the ability of hospitals to rescue
Medicare patients undergoing surgery.37,38 In their study, the
authors reportedwide variation in in-patient and postdischarge
related payments and demonstrated that significant cost sav-
ings can be achieved by referring patients to hospitals demon-
strating low costs for failure-to-rescue.37 Although the authors
did not explicitly evaluate hospital characteristics associated
with a lower cost of rescue, in our analysis, no clinically sig-
nificant differences in in-hospital costs were observed relative
to the hospital volume suggesting that although high-volume
hospitals may achieve improved clinical outcomes, limited if
any, cost savings would be achieved via volume-based referral
to high-volume hospitals.37 As we move towards an era of
value based payment and large, horizontal hospital networks,
it remains to be seen whether limiting complex, high-risk op-
erations to high-volume hospitals will result in the delivery of
higher valued care to patients. Moving forward, further re-
search is therefore required to better understand the
microsystems within hospitals that lead to improved surgical
care and to identify variations for future cost containment.

Results of the current study should be considered with several
limitations. As with all analyses using administrative datasets,
results of the current study are subject to the limitations inherent
to administrative data that include potential discrepancies in cod-
ing practices and a lack of granular clinical details.39 Specifically,
data pertaining to preoperative patient tumor stage, tumor grade,
and invasion of and/or resection of adjacent structures was not
available in the current dataset. As such, wewere unable to adjust
for these variable in our multivariable analysis and were unable
to comment on differences in patient case mix between hospital
volume groups and the effect of these differences in patient case
mix on in-hospital costs. As a result of this, some residual con-
foundingmay exist in the analyses, although tominimize this, we
identified a homogenous study population targeted for volume-
based referral and utilized previously validated ICD-9-CM codes

to identify postoperative complications.23 Second, given our use
of administrative data, the severity/grade of postoperative com-
plications could not be determined. For example, patients under-
going surgery at high-volume hospital may have incurred more
severe postoperative complications compared with those under-
going surgery at low-volume hospitals, thereby offsetting any
potential cost-savings that may have been achieved by quality
improvement at high-volume hospitals. Furthermore, given that
data pertaining to the exact area of spending is not recorded
within the NIS, we were unable to identify specific areas of
spending between hospitals. Specifically, in our analysis, we
were unable to discern whether the driver of cost was the actual
surgery or the postoperative management of these patients.
Lastly, given that the NIS collects data only for the inpatient
admission, long-term clinical outcomes such as survival and re-
currence as well as patient-reported outcomes and measures of
quality-of-life could not be compared between hospital volume
groups. Additionally, financial data associatedwith postdischarge
care and subsequent admissions could not be compared across
hospital volume groups; however, previous studies have demon-
strated minimal differences in postdischarge/postacute care
spending between hospital volume groups.19

In conclusion, in our analysis of 11,081 patients, annual hos-
pital surgical volumewas not associatedwith in-hospital costs for
pancreatic surgery. In contrast, in-hospital costs were observed to
vary by the development of a postoperative complication and the
ability of a hospital to successfully rescue a patient following the
development of a postoperative complication. Costs associated
with postoperative complications and rescue were comparable
across hospital volume groups. Although policymakers are in-
creasingly advocating for the regionalization of complex, high-
risk surgery to high-volume hospitals, it remains to be seen
whether these policies will translate in cost savings for patients
and health systems alike.
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