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Abstract
Background Although proposed as a means for quality improvement, little is known regarding the economic consequences of
volume-based referral. The objective of the current study was to investigate the relationship between inpatient costs and hospital
volume.
Methods Patients undergoing elective liver surgery were identified using the Nationwide Inpatient Sample from 2001 to 2012.
Multivariable hierarchical regression analyses were performed to calculate and compare risk-adjusted costs and postoperative
outcomes across hospital volume terciles.
Results A total of 27,813 patients underwent surgery at 2207 hospitals. Although costs were comparable across the three volume
groups (all p>0.05), patients who developed a postoperative complication incurred a higher overall cost (complication vs. no
complication; median costs $17,974 [IQR 13,865–25,623] vs. $41,731 [IQR 27,008–64,266], p<0.001). In contrast, while the
incidence of postoperative complications (low vs. intermediate vs. high; 22.0 vs. 19.2 vs. 13.0 %, p<0.001) and subsequent
failure-to-rescue (low vs. intermediate vs. high; 16.6 vs. 24.7 vs. 15.1 %, p<0.001) was lower at high-volume hospitals, costs
associated with Brescue^ were substantially higher at high-volume hospitals (low vs. intermediate vs. high; $39,289 vs. $36,157
vs. $48,559, both p<0.001).
Conclusions Compared with lower volume hospitals, improved outcomes among patients who developed a complication at
high-volume hospitals were associated with an increased cost.
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Introduction

Healthcare costs currently account for 18 % of the US gross
domestic product.1 However, the quality of care in the US
ranks lows.2 A potential strategy to address this mismatch in
value of care is to appropriately match patients to hospitals
that have the expertise, resources, and systems to effectively
manage their respective conditions.3

,4 As such, the selective
referral of patients to high-volume centers has been proposed
for high-risk elective procedures.5

–10 Although these efforts
may serve to reduce operative mortality, little is known regard-
ing the potential economic implications of these volume-
based referral strategies. For example, reports suggest that
higher volume hospitals may achieve lower costs for care
via improved efficiency, economies of scale or via the preven-
tion of costly postoperative complications.11

,12 In contrast,
other studies have raised concerns that high-volume hospitals
may achieve improved postoperative outcomes as a result of
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increased resource utilization, thereby serving to increase
healthcare costs.13

Liver resection represents an ideal procedure for targeted
efforts to improve the value for care. While the number of
liver resections performed annually has steadily increased
over the past two decades, morbidity following liver surgery
still remains high.14

,15 Specifically, up to 40 % of patients
experience postoperative complications with postoperative
complications and subsequent failure-to-rescue (FTR) follow-
ing liver surgery noted to vary by hospital volume.14 Addi-
tionally, as liver resections are performed at hospitals of vary-
ing size and complexity, this heterogeneity represents an op-
portunity to determine whether different subsets of patients
can safely and efficiently be treated at hospitals with varying
levels of resources, size, and expertise.14 Although essential to
understanding the financial consequences of volume-based
referral, data comparing hospital costs at high- versus low-
volume hospitals performing liver surgery are lacking. There-
fore, using a large nationally representative dataset, the current
study sought to evaluate the relationship between inpatient
surgical costs and hospital volume among patients undergoing
elective liver surgery.

Methods

Data Source and Patient Population

This cross-sectional study was performed using patient and
hospital discharge data from the Healthcare Cost and Utiliza-
tion Project (HCUP)-Nationwide Inpatient Sample (NIS) from
January 1, 2001, through to December 31, 2012. Maintained
by the Agency for Healthcare Research and Quality (AHRQ),
the NIS represents the largest in-patient, all-payer database in
the USA, including information from over eight million in-
patient admissions annually, collected from more than 1000
hospitals in 46 states. Using a stratified sampling methodolo-
gy based on hospital-level characteristics (geographic region,
teaching status, hospital size, and urban vs. rural location), the
NIS is a 20 % representative sample of all in-patient hospital
visits in the USA.

International Classification of Disease, Ninth Revision,
Clinical Manifestation (ICD-9-CM) procedure codes B50.22^
and B50.3^ were used to identify patients older than 18 years
undergoing a liver resection. To ensure the homogeneity of the
patient population, patients undergoing any concomitant sur-
gery, or surgery performed on an emergent basis were excluded
from the study population. Patient comorbidity was classified
according to the Charlson comorbidity index (CCI), and
patients were categorized into five groups (CCI; 0, 1, 2, 3,
≥4).16 Using unique hospital identifiers, individual hospitals
were identified. An annual surgical volume was calculated for
each hospital for each active year, categorizing hospitals into

volume terciles representing an equal number of hospitals.
Specifically, hospitals performing 1–4 liver resections per year
were categorized as low-volume hospitals, 5–14 liver resections
per year as intermediate-volume hospitals and hospitals
performing ≥15 liver resections per year as high-volume
hospitals.

Postoperative complications were described using previ-
ously validated ICD-9-CM diagnosis codes.10 Specifically,
postoperative complications included respiratory failure,
pneumonia, acute myocardial infarction, cardiac arrest, acute
renal failure, sepsis, stroke, venous thromboembolism, gastro-
intestinal hemorrhage, and surgical site infections.10 FTR was
defined as in-hospital mortality following the development of
a postoperative complication.10

,14

Statistical Analysis

Continuous variables were described as medians with inter-
quartile range (IQR) and compared using the nonparametric
Kruskal-Wallis test. Categorical variables were expressed as
whole numbers and proportions and compared using the
Pearson’s chi-squared test.

Total hospital charges were inflation adjusted and re-
ported as 2012 US dollars using the consumer price in-
dex maintained by the US Department of Labor.17 As
hospital charges may be confounded by payer policies,
total hospital costs were calculated using hospital-
specific cost-to-charge ratios developed by the Agency
for Healthcare Research and Quality (AHRQ). Multivar-
iable, hierarchical linear regression analyses were per-
formed to calculate risk-adjusted in-patient costs account-
ing for patient case mix and hospital characteristics. Fol-
lowing the hierarchical structure where patients are clus-
tered within hospitals each with their own respective
characteristics and policies, a random effect intercept
was specified at the hospital level. As positively skewed,
total hospital costs were log-transformed and treated as
the dependent variable within the model. The natural log
of costs was subsequently used to calculate risk-adjusted
costs. Secondary binary outcomes such as the develop-
ment of postoperative complications, in-hospital mortali-
ty, and FTR were risk-adjusted using a hierarchical mul-
tivariable logistic regression adjusting for patient- and
hospital-level characteristics while also accounting for
the clustering of patients to hospitals. Similarly, a risk-
adjusted length of stay (LOS) was calculated using a
hierarchical multivariable Poisson regression adjusting
for patient and hospital characteristics. Model discrimi-
nation was assessed using area under the receiver oper-
ating characteristic curve. Statistical significance for all
tests was defined as p < 0.05. All analyses were per-
formed using STATA, version 14.0, for Windows
(StataCorp, College Station, TX).
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Results

Patient Characteristics

A total of 27,813 patients underwent a liver resection at 2207
hospitals and met inclusion criteria. The median age of the
entire cohort was 60 years (IQR, 47–69) with a majority of
patients being male (n=14,934, 53.7 %, Table 1). Preopera-
tive comorbidity was commonly noted among all patients with
more than 58 % of patients presenting with a CCI score ≥4
(n = 16,146, 58.1 %). More than 70 % of patients were

Caucasian (n=16,979, 73.1 %), while 12.7 % (n=2,958) of
patients were black and 5.6 % (n=1,294) Hispanic. Overall,
Medicare was the most common payor (n=13,250, 47.7 %)
followed by private payors (n=10,501, 37.8 %) andMedicaid
(n=2,676, 9.6 %). A partial hepatectomy was performed in
two thirds of patients (n=18,748, 67.4 %) with the remaining
one third of patients undergoing a hepatic lobectomy
(n= 9063, 32.6 %). Minimally invasive surgery was per-
formed in 6.4 % of patients (n=1789).

Among the 2207 hospitals identified in the study cohort,
55.6 % (n=1,223) were large hospitals with a hospital bed

Table 1 Patient disease and sociodemographic characteristics by hospital volume tercile

Characteristic Low-volume
hospital

Intermediate-volume
hospital

High-volume
hospital

Total p value

Age, years, median (IQR) 63 (51–74) 63 (51–73) 60 (47–69) 60 (47–69) <0.001

Age group (years), n (%)

18–45 193 (13.1 %) 296 (14.6 %) 4753 (19.6 %) 5242 (18.9 %) <0.001

46–55 230 (15.6 %) 336 (16.6 %) 4923 (20.3 %) 5489 (19.7 %)

56–65 355 (24.1 %) 424 (20.9 %) 4931 (20.3 %) 5710 (20.5 %)

66–75 396 (26.9 %) 581 (28.6 %) 6974 (28.7 %) 7951 (28.6 %)

76–85 217 (14.7 %) 307 (15.1 %) 2435 (10.0 %) 2959 (10.6 %)

>85 81 (5.5 %) 86 (4.2 %) 293 (1.2 %) 460 (1.7 %)

Male, n (%) 663 (45.0 %) 832 (41.0 %) 13,439 (55.3 %) 14,934 (53.7 %) <0.001

Race, n (%)

White 896 (73.6 %) 1148 (68.7 %) 14,935 (73.5 %) 16,979 (73.1 %) <0.001

Black 109 (9.0 %) 232 (13.9 %) 2617 (12.9 %) 2958 (12.7 %)

Hispanic 128 (10.5 %) 178 (10.7 %) 988 (4.9 %) 1294 (5.6 %)

Other 84 (6.9 %) 114 (6.82 %) 1787 (8.8 %) 1985 (8.6 %)

Charlson comorbidity index, n (%) <0.001

0 234 (15.9 %) 417 (20.5 %) 4878 (20.1 %) 5529 (19.9 %)

1 102 (6.9 %) 114 (5.6 %) 881 (3.6 %) 1097 (3.9 %)

2 127 (8.6 %) 231 (11.4 %) 2807 (11.6 %) 3165 (11.4 %)

3 97 (6.6 %) 144 (7.1 %) 1633 (6.7 %) 1874 (6.7 %)

≥4 912 (62.0 %) 1124 (55.4 %) 14,110 (58.0 %) 16,146 (58.1 %)

Cirrhosis, n (%) 2087 (7.5 %) 119 (8.1 %) 187 (9.2 %) 1781 (7.3 %) 0.006

Insurance, n (%) <0.001

Medicare 739 (50.2 %) 990 (48.8 %) 11,521 (47.4 %) 13,250 (47.7 %)

Medicaid 89 (6.1 %) 141 (7.0 %) 2446 (10.1 %) 2676 (9.6 %)

Private 522 (35.5 %) 743 (36.6 %) 9236 (38.0 %) 10,501 (37.8 %)

Other 121 (8.2 %) 154 (7.6 %) 1106 (4.6 %) 1381 (5.0 %)

Income quartile, n (%) <0.001

Q1 5 (2.5 %) 24 (5.5 %) 200 (9.3 %) 229 (8.2 %)

Q2 46 (22.7 %) 114 (26.0 %) 339 (15.7 %) 499 (17.9 %)

Q3 55 (27.1 %) 103 (23.5 %) 479 (22.2 %) 637 (22.8 %)

Q4 97 (47.8 %) 197 (45.0 %) 1136 (52.7 %) 1430 (51.2 %)

Partial hepatectomy 1250 (84.9 %) 1550 (76.4 %) 15,948 (65.6 %) 18,748 (67.4 %) <0.001

Lobectomy 222 (15.1 %) 480 (23.7 %) 8361 (34.4 %) 9063 (32.6 %) <0.001

MIS, n (%) 63 (4.3 %) 52 (2.6 %) 1674 (6.9 %) 1789 (6.4 %) <0.001

MIS minimally invasive surgery
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size of 100 beds or more.While 85.4% (n=1338) of hospitals
were located in an urban location, only 39.9 % (n=625) of
hospitals were affiliated with a teaching facility (Table 2).
Annual hospital volume for each hospital ranged from 1 to
364 elective liver resections performed per year. A total of 952
hospitals (43.1 %) were categorized as low-volume hospitals
while 590 hospitals (26.7 %) were categorized as
intermediate-volume hospitals and 665 (30.1 %) as high-
volume hospitals (Fig. 1). High-volume hospitals were pro-
portionally more likely to be larger hospitals (low vs. interme-
diate vs. high; 45.0 vs. 57.9 vs. 68.8 %, p<0.001), located in
an urban setting (low vs. intermediate vs. high; 74.1 vs. 89.9
vs. 98.1 %, p<0.001), and affiliated with a teaching hospital
(low vs. intermediate vs. high; 17.5 vs. 37.2 vs. 75.3 %,
p<0.001).

Among all patients undergoing a liver surgery, 87.1 %
(n= 24,309) were treated at high-volume hospitals while
7.5 % (n=2030) were treated at intermediate-volume hospi-
tals and 5.4 % (n=1474) treated at low-volume hospitals
(Fig. 1). Patients treated at high-volume hospitals were youn-
ger (low vs. intermediate vs. high; median age 63 years [IQR
51–74] vs. 63 years [51–73] vs. 60 years [47–69], p<0.001),
and more likely to be male (low vs. intermediate vs. high; 45.0
vs. 41.0 vs. 55.3 %, p<0.001) compared with patients at low-
and intermediate-volume hospitals. Interestingly, while co-
morbidity was commonly noted among all patients, patients
presenting to low-volume hospitals were more likely to pres-
ent with preexisting comorbidity (low vs. intermediate vs.
high; CCI≥4; 62.0 vs. 55.4 vs. 58.0 %, p<0.001). Of note,
patients presenting to high-volume hospital were also more
likely to present with underlying cirrhosis (low vs. intermedi-
ate vs. high; 7.5 vs. 8.1 vs. 9.2 %, p=0.006). Patients present-
ing to high-volume hospitals were proportionally more likely
to be insured by private insurers (low vs. intermediate vs.
high; 35.5 vs. 36.6 vs. 38.0%, p<0.001) and were more likely

to be categorized in the highest income quartile (low vs. inter-
mediate vs. high; 47.8 vs. 45.0 vs. 52.7 %, p<0.001). High-
volume hospitals also treated the greatest proportion of pa-
tients in the lowest income quartile (low vs. intermediate vs.
high; 2.5 vs. 5.5 vs. 9.3 %, p<0.001). Patients presenting to
high-volume centers were more likely to undergo a hepatic
lobectomy compared with low and intermediate hospitals
(low vs. intermediate vs. high; 15.1 vs. 23.7 vs. 34.4 %,
p<0.001), as well as have surgery using a minimally invasive
approach (low vs. intermediate vs. high; 4.3 vs. 2.6 vs. 6.9 %,
p<0.001),

Postoperative Outcomes by Volume

Among all patients who underwent surgery, postoperative
complications were observed in 19.8 % (n=5498) of patients.
Patients treated at high-volume hospitals were less likely to
develop a postoperative complication with the risk-adjusted
incidence of postoperative complications noted to be 20.5 %
at high-volume hospitals versus 25.0 and 26.0 % at low- and
intermediate-volume hospitals, respectively (both p<0.001,
Fig. 2). Of note, volume-based differences in the incidence
of postoperative complications remained on sensitivity analy-
sis when excluding patients with a diagnosis of cirrhosis
(Supplemental Material, Table 1). While the LOS was com-
parable among patients treated at all three volume strata (all
p>0.05), patients who developed a postoperative complica-
tion had a longer risk-adjusted LOS compared with patients
who did not. This trend was noted across all three volume
groups (all p<0.05).

The overall risk-adjusted in-hospital mortality was noted to
be 2.3 % among all patients and decreased across the volume
terciles (low vs. intermediate vs. high; 9.0 vs. 7.6 vs. 1.3 %, all
p<0.05). Further, FTR (calculated as the proportion of the
patients who died among patients who developed a

Table 2 Hospital characteristics by volume tercile

Characteristic Low-volume
hospital

Intermediate-volume
hospital

High-volume
hospital

Total p value

Bed size, n (%) <0.001

Small 183 (19.3 %) 88 (14.9 %) 58 (8.8 %) 329 (15.0 %)

Medium 339 (35.7 %) 160 (27.2 %) 148 (22.4 %) 647 (29.4 %)

Large 427 (45.0 %) 341 (57.9 %) 455 (68.8 %) 1223 (55.6 %)

Urban hospital, n (%) 503 (74.1 %) 382 (89.9 %) 453 (98.1 %) 1338 (85.4 %) <0.001

Teaching hospital, n (%) 119 (17.5 %) 158 (37.2 %) 348 (75.3 %) 625 (39.9 %) <0.001

Hospital region, n (%) 0.035

Northeast 156 (16.4 %) 113 (19.2 %) 135 (20.3 %) 404 (18.3 %)

Midwest 240 (25.2 %) 140 (23.7 %) 138 (20.8 %) 518 (23.5 %)

South 377 (39.0 %) 201 (34.1 %) 235 (35.3 %) 807 (36.6 %)

West 185 (19.4 %) 136 (23.1 %) 157 (23.6 %) 478 (21.7 %)
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postoperative complication) also varied by hospital volume.
Specifically, the rate of FTR was 15.1 % at high-volume hos-
pitals, 24.7 % at intermediate-volume hospitals, and 16.6 % at
low-volume hospitals (both p<0.01).

Inpatient Costs

The median costs for liver surgery among all patients
was $20,097 (IQR 14,023–32,912). Risk-adjusted costs
for surgery were comparable across the volume groups
(low vs. intermediate vs. high; $17,050 vs. $21,473 vs.
$18,342, all p> 0.05, Fig. 2). Of note, the proportion of
procedures performed with a cost greater than 75 % of
the cohort was higher at high-volume centers versus low-
volume centers (low vs. intermediate vs. high; 27.1 vs. 29.9
vs. 32.1 %, p<0.001).

To further explore the relationship between hospital vol-
ume and costs, inpatient costs were compared among patients
who developed a postoperative complication versus patients
who did not. Overall, the cost of liver surgery was over two-
fold higher among patients who developed a postoperative
complication versus patients who had an uncomplicated post-
operative course (complication vs. no complication; median
costs $17,974 [IQR 13,865–25,623] vs. $41,731 [IQR 27,

008–64,266], p<0.001). This pattern of higher costs among
patients with postoperative complications was noted across all
three volume terciles (Fig. 3). Among patients who developed
a postoperative complication, risk-adjusted in-patient costs
were higher at high-volume hospitals compared with low-
and intermediate-volume hospitals (low vs. intermediate vs.
high; $48,868 vs. $37,756 vs. $56,356, both p<0.001). Of
note, among patients discharged alive following a postopera-
tive complication, risk-adjusted costs were higher at high-
volume centers versus low- and intermediate-volume hospi-
tals (low vs. intermediate vs. high; $39,289 vs. $36,157 vs.
$48,559, both p<0.001, Table 3), while the risk-adjusted LOS
was noted to be shorter at high-volume hospitals (low vs.
intermediate vs. high; 11.6 vs. 9.9 vs. 7.7 days, both
p<0.001). In contrast among patients who died following a
postoperative complication (FTR), risk-adjusted time to death
was over twofold shorter at high-volume hospitals compared
with low- and intermediate-volume hospitals (low vs. inter-
mediate vs. high; 15.1 vs. 13.7 vs. 4.9, both p<0.001). When
adjusted for LOS, risk-adjusted costs for patients experiencing
an in-hospital mortality following a postoperative complica-
tion (FTR) was lower at high-volume hospitals compared with
patients treated at low- and intermediate-volume hospitals
(low vs. intermediate vs. high; $109,118 vs. $95,803 vs.
$84,589, both p<0.001, Table 4). Among patients who did
not develop a postoperative complication, differences in costs
were less pronounces across volume strata.

Discussion

In an era of cost-containment, efforts are increasingly focused
on improving the value of surgical care by enhancing quality
while containing rising healthcare costs. One possible ap-
proach to achieving this elusive goal is the selective referral
of patients undergoing high-risk procedures to high-volume
centers.5

–7,13 While the effect of procedural volume on out-
comes such as morbidity and mortality have been well

Fig. 1 Distribution of hospital and patients by annual surgical volume
tercile

Fig. 2 Risk-adjusted
postoperative outcomes and costs
by hospital volume tercile
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described, little is known regarding the potential economic
con s equence s o f t h e s e vo l ume -b a s ed r e f e r r a l
strategies.5

,7,10,12,18–20 The current study is important because
it utilized a nationally representative cohort of 27,813 patients
undergoing elective liver surgery to evaluate the relationship
between hospital volume and total inpatient costs. The current
study demonstrated that patients treated at high-volume hos-
pitals had improved postoperative outcomes in the form of a
lower incidence of postoperative complications, lower FTR
rates, and a lower postoperative mortality. Perhaps more im-
portantly, the data demonstrated that, while postoperative out-
comes were better at higher volume hospitals, the proportion
of patients incurring the highest overall inpatient costs was
also higher at high-volume hospitals versus low- and
intermediate-volume hospitals. The higher costs seen at
high-volume centers were largely attributable to the increased
costs among patients who experienced a complication. In turn,
we noted that patients with complications had an increased
likelihood of being Brescued^ and discharged home earlier at
high-volume hospitals compared with patients who experi-
enced a complication at an intermediate- or low-volume hos-
pital. Collectively, data from the current study suggest that
while global costs for liver surgery were higher at high-
volume centers, the increased cost was largely attributable to
the subset of patients who had a complication. In turn, the

higher costs among patients who had a complication at a
high-volume hospital translated into better outcomes includ-
ing a lower FTR rate compared with low-volume centers.

Data from the current study contributes significantly to the
limited body of research examining the potential economic
impact of volume-based referral among patients undergoing
complex elective surgery. In contrast to previous work that
demonstrated similar costs across hospital volume strata, the
current study noted that, among a subset of patients, risk-
adjusted costs were higher among patients undergoing surgery
at high-volume centers. In their report on patients undergoing
complex, elective cardiac and vascular surgery, Birkmeyer
et al. reported no differences in inpatient costs between high-
and low-volume hospitals.19 The authors did note, however,
that—rather than hospital volume—the development of post-
operative complications was more predictive of higher inpa-
tient costs and therefore accounted for the observed variations
in costs.19 Similarly, while Nathan and colleagues reported no
differences in payments among Medicare enrollees undergo-
ing complex cancer surgery at high- and low-volume hospi-
tals, there were significant differences in payments among
patients who developed a postoperative complication versus
those patients who did not.13 Paradoxically, in the current
study, we noted that despite a lower incidence of postoperative
complications at high-volume centers, inpatient costs were
higher at high-volume hospitals. To explore and account for
this relationship, we performed a stratified sensitivity analysis
comparing costs among patients who developed a postopera-
tive complication versus patients who did not. In addition, we
further compared the costs of patients Brescued^ from a post-
operative complication with the cost of patients who died after
a complication (FTR). We found that, while the cost of care at
high-volume hospitals was comparable to that at low-volume
hospitals among patients who did not develop a postoperative
complication, costs were substantially higher among patients
who did develop a postoperative complication. Specifically,
when compared with low- and intermediate-volume hospitals,
risk-adjusted costs were on average over $8000 higher at
high-volume hospitals among patients discharged alive fol-
lowing a postoperative complication. The higher costs of

Fig. 3 Risk-adjusted inpatient costs by hospital volume tercile among
patients who developed a postoperative complication versus patients who
did not

Table 3 Risk-adjusted outcomes
among patients who developed a
complication and survived to
discharge

Characteristic Low-volume
hospital

Intermediate-volume
hospital

High-volume
hospital

p value

LOSa (days) 11.6 9.9 7.7 <0.001

Total hospital costsb ($) 39,289 36,157 48,559 <0.001

aMultivariable hierarchical Poission regression analyses adjusting for patient age, gender, Charlson comorbidity
index score, race, patient income quartile, insurance status, procedure, postoperative complications, hospital
teaching status, hospital location, and hospital region
bMultivariable hierarchical linear regression analyses adjusting for patient age, gender, Charlson comorbidity
index score, race, patient income quartile, insurance status, procedure, postoperative complications, length of stay
hospital teaching status, hospital location, and hospital region
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Brescue^ at these hospitals reaffirms that the higher quality of
care at high-volume hospitals may be due in part to greater
resource utilization and therefore may serve to increase the
overall costs of care.3

,12,13,19 Data from the current study sug-
gest that while improved outcomes were achieved at higher
volume hospitals, these superior results came at a substantially
increased cost. As such, policy makers and physicians must
ensure the appropriate matching of patients and hospitals
while also promoting policies that target low-quality care
and not just higher spending.

The ACA of 2012 aims to penalize hospitals providing a
low-quality of care via financial penalties for the development
of preventable postoperative complications while also
curtailing spending via the introduction of a bundled payment
system.20 Our data echo growing concerns that under such
paradigms, high-volume hospitals may be disproportionately
penalized for providing a higher level of care.21

,22 For exam-
ple, in the current study, we noted that while overall morbidity
was lower at high-volume centers, the higher rates of res-
cue observed at higher volume centers was associated
with an increased overall cost. It is therefore possible that
new payment parad igms may actual ly serve to
disincentivize the higher level of care provided at these
hospitals. To this point, Rajaram et al. in their report
demonstrated that under current policies, large, teaching
hospitals are up to 2.5 times more likely to incur financial
penalties compared with lower volume, nonteaching
hospitals.23 Further, if payers reduce payments to hos-
pitals for costs related to surgical complications and sub-
sequent rescue, hospitals will be forced to examine how
the increase resource utilization associated with surgical
complications affects their profits and margins. Hospital
and policymakers will have to consider if these Bbundled^
payments are appropriately matched to average patient
episode costs when there are no complications, or in in-
stances with the incremental costs associated with
rescue.21

,22 Therefore, to prevent potentially risk-averse
behavior and selection of patients least predisposed to
surgical complications, it is in the best economic interest
for health care systems to develop adequately risk-

adjusted payment paradigms that focus not only reduction
of surgical complications, but also appropriate financial
remuneration for the complex management necessary to
avoid FTR.

The current study has several limitations. First, the
analyses utilized administrative data that may have lim-
ited our ability to perform adequate risk adjustment.21

Specifically, while the use of NIS allowed for nationally
representative results, the analysis was limited by the
finite number of clinical variables present as well as
the omission of important liver-specific variables from
the dataset. For example, data pertaining to disease se-
verity (e.g., tumor grade), extent of liver resection or
the development of liver specific complications are not
captured within the NIS and therefore may have resulted
in some potential confounding. However, all multivari-
able models demonstrated appropriate discrimination
when assessed using AUC. Further, the dataset lacked
data assessing post-discharge costs, which may have
contributed to greater differences in costs between hos-
pital volume strata.22 Lastly, provider level differences,
which have shown to effect overall variations in out-
comes, could not be accounted for.23

In conclusion, current fee-for-service paradigms may
misalign financial incentives and quality improvement
efforts. As we shift to a value-driven method of reim-
bursement through accountable care organizations and
bundled payments, administrators, healthcare providers,
and policymakers should focus on improving the quality
of patient care via targeting potentially avoidable post-
operative complications, while promoting financial in-
centives to reduce surgical error and lowering costs.
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Table 4 Risk-adjusted outcomes
among patients who developed a
complication and died during
hospital stay (FTR)

Characteristic Low-volume
hospital

Intermediate-volume
hospital

High-volume
hospital

p value

LOSa (days) 15.1 13.7 4.9 <0.001

Total hospital costsb ($) 109,118 95,803 84,589 <0.001

aMultivariable hierarchical Poisson regression analyses adjusting for patient age, gender, Charlson comorbidity
index score, race, patient income quartile, insurance status, procedure, postoperative complications, hospital
teaching status, hospital location, and hospital region
bMultivariable hierarchical linear regression analyses adjusting for patient age, gender, Charlson comorbidity
index score, race, patient income quartile, insurance status, procedure, postoperative complications, length of stay
hospital teaching status, hospital location, and hospital region
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