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BACKGROUND: This study aims to describe the magnitude of hospital costs among patients undergoing elective
colectomy, cholecystectomy, and pancreatectomy, determine whether these costs relate as expected
to duration of care, patient case-mix severity and comorbidities, and whether risk-adjusted costs
vary significantly by hospital. Correctly estimating the cost of production of surgical care may help
decision makers design mechanisms to improve the efficiency of surgical care.

STUDY DESIGN: Patient data from 202 hospitals in the ACS-NSQIP were linked to Medicare inpatient claims.
Patient charges were mapped to cost center cost-to-charge ratios in the Medicare cost reports
to estimate costs. The association of patient case-mix severity and comorbidities with cost was
analyzed using mixed effects multivariate regression. Cost variation among hospitals was
quantified by estimating risk-adjusted hospital cost ratios and 95% confidence intervals from
the mixed effects multivariate regression.

RESULTS: There were 21,923 patients from 202 hospitals who underwent an elective colectomy
(n ¼ 13,945), cholecystectomy (n ¼ 5,569), or pancreatectomy (n ¼ 2,409). Median cost
was lowest for cholecystectomy ($15,651) and highest for pancreatectomy ($37,745). Room
and board costs accounted for the largest proportion (49%) of costs and were correlated with
length of stay, R ¼ 0.89, p < 0.001. The patient case-mix severity and comorbidity variables
most associated with cost were American Society of Anesthesiologists (ASA) class IV (estimate
1.72, 95%CI 1.57 to 1.87) and fully dependent functional status (estimate 1.63, 95%CI 1.53 to
1.74). After risk-adjustment, 66 hospitals had significantly lower costs than the average hospital
and 57 hospitals had significantly higher costs.

CONCLUSIONS: The hospital costs estimates appear to be consistent with clinical expectations of hospital
resource use and differ significantly among 202 hospitals after risk-adjustment for preopera-
tive patient characteristics and procedure type. (J Am Coll Surg 2015;220:207e217. � 2015
by the American College of Surgeons)

The amount of money the US spends on health care is
typically expressed as charges or costs.1-4 In some studies,
cost is the amount of money a payer, such as Medicare or
Blue Cross, pays for health care. In other studies, costs
might represent the amount of resources a geographically
based population uses on health care, such as how much
money is expended on health care in California.
Rarely discussed is how much it costs for a hospital to

provide care for an individual patient with a specific prob-
lem, such as a patient undergoing a cholecystectomyd
what herein will be referred to as hospital costs. Hospital
costs are the sum of the hospital’s expenditures in caring
for the patient. This can be derived in at least 2 ways. One
is directly through the hospital’s accounting database.5,6
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This is done by calculating individual patient costs based
on the itemized clinical care activity recorded for each pa-
tient in the database. In addition, costs for hospital infra-
structure such as administration, billing, and electricity
are included. However, because access to these data is usu-
ally available only to personnel within the hospital organi-
zation, studies based on accounting databases have
typically been limited to single hospitals or hospital sys-
tems. A second way to estimate hospital costs is to convert
patient charges reported in publicly available Medicare
claims data to costs using hospital cost-to-charge ra-
tios.7-12 This method has the substantial advantage that
it can be used to determine the hospital costs for patients
cared for in diverse hospitals. These individual patient
costs can be disaggregated into cost centers.9

There were 3 aims for this work. The first was to
describe the distribution and magnitude of costs a hospital
incurs to care for patients with 1 of 3 common surgical
conditions, in aggregate and by cost center. The second
was to examine whether costs varied with length of stay,
operating room time, patient case-mix severity, and other
patient comorbidities (measured using ACS-NSQIP
data), as was anticipated from clinical experience. The third
was to assess the extent to which there was significant
residual variation in hospital cost after risk adjusting for pa-
tient case-mix severity, comorbidities, and procedure type.

METHODS

Data sources and measures

Three data sources were used: a clinical data source, an
administrative data source, and Medicare cost reports.
The clinical data source was the American College of Sur-
geons’ National Surgical Quality Improvement Program
(ACS-NSQIP). The ACS-NSQIP is a voluntary clinical
registry that uses dedicated full-time trained surgical clin-
ical reviewers who use strict data definitions to collect pre-
operative demographic and comorbidity patient variables,
procedural, and postoperative 30-day patient outcomes
data. Regular audits of a sample of hospitals are per-
formed to ensure accuracy of data collection. This clinical
dataset was merged with an administrative dataset, the
Medicare Provider Analysis and Review File (Medpar),
from 2005 to 2008, using indirect patient identifiers
and a deterministic linkage algorithm, previously

described.13 The data elements in this file included demo-
graphics (sex, race or ethnicity, and age), dates of admis-
sion and discharge, ICD-9 diagnosis codes, ICD-9
procedure codes, and disaggregated cost-center charges.
The third data source was the Medicare cost reports
that are an annual compilation of all hospitals’ reported
costs and charges by cost centers. These data can be
used to generate a cost-to-charge ratio for each cost center
for each hospital for each fiscal year. These hospital, fiscal
year, cost center-specific cost-to-charge ratios were
merged with the Medicare claims data and used to esti-
mate hospital costs from patient disaggregated cost-
center charges in the Medicare inpatient claims file.

Primary outcome

The primary outcome was the estimated cost of the inpa-
tient surgical hospitalization from the hospital’s perspec-
tive. The claims data in the Medicare inpatient claims
data file contain the disaggregated patient charges in 32
cost centers. Hospitals annually report all of their costs
and charges by 44 cost centers to Medicare. These pub-
licly available cost and charge data (by 44 cost centers)
were aggregated into 12 discrete cost centers, as has
been done in previous work (Appendix 1, online only),
and were used to generate cost-to-charge ratios for each
cost center for each hospital for each fiscal year. Extreme,
unfeasible outliers in the cost-to-charge ratios were
observed, as have been previously reported.9 Cost-to-
charge ratios within each of the 12 cost centers were there-
fore pulled in (winsorized) to the 2.5 and 96 percentiles,
as previously done with these data.9 These hospital, fiscal
year, cost center-specific cost-to-charge ratios were
merged with the Medicare claims data and used to esti-
mate hospital costs from disaggregated patient charges
in the Medicare inpatient claims file. All costs were
inflated to 2013 dollars using the Medicare Market Basket
Index. Regional differences in wage rates were adjusted for
using the regional wage index. Finally, all patient costs at
the cost center level were winsorized to the 0.25 percentile
and the 99.75 percentile cost, to minimize the influence
of extreme cost outliers.
Hospital cost allocation to cost centers was then exam-

ined by calculating the proportion of total annual hospital
costs allocated to 5 of 12 of the largest cost centers: inten-
sive care, operating room, supply, pharmacy, and labora-
tory. Although the variation in proportion of total annual
hospital costs depended on the cost center, the interquar-
tile ranges (IQR) were fairly narrow. A median of 5% of
total hospital annual costs were attributed to intensive
care, with a narrow IQR of 4% to 6%. A median of
10% of total hospital annual costs were attributed to oper-
ating room, with an IQR of 8% to 14%. A median of 8%

Abbreviations and Acronyms

ASA ¼ American Society of Anesthesiologists
CBSA ¼ core-based statistical area
IQR ¼ interquartile range
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