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Effect of Index Hospitalization Costs on Readmission
Among Patients Undergoing Major Abdominal Surgery
Aslam Ejaz, MD, MPH; Andrew A. Gonzalez, MD, JD, MPH; Faiz Gani, MD; Timothy M. Pawlik, MD, MPH, PhD

IMPORTANCE Reduction of postoperative readmissions has been identified as an opportunity
for containment of health care costs. To date, the effect of index hospitalization costs on
subsequent readmissions, however, has not been examined.

OBJECTIVES To identify the effect of index admission costs on readmission rates and to
quantify any potential variation in costs and readmission attributable to the patient,
procedure, and surgeon.

DESIGN, SETTING, AND PARTICIPANTS Retrospective analysis of the medical records of 4114
patients who underwent a colorectal, pancreatic, or hepatic resection from January 1, 2009,
to December 31, 2013, at a tertiary care hospital. Readmission was defined as a second
hospitalization within 30 days of discharge from the index hospitalization. Final follow-up
was completed on April 24, 2014, and data were analyzed from July 1 to August 1, 2015.

MAIN OUTCOMES AND MEASURES Total inpatient costs of the index hospitalization and
readmission rates.

RESULTS Among 4114 patients who met inclusion criteria (2122 women [51.6%] and 1992 men
[48.4%]; median [interquartile range (IQR)] age, 59 [49-69] years), 1760 (42.8%) underwent
colorectal resection; 1660 (40.4%), pancreatic resection; and 694 (16.9%), hepatic
resection. Seven hundred seven patients were readmitted within 30 days (unadjusted
readmission rate, 17.2%), including 328 patients (18.6%) for colorectal procedures, 309
patients (18.6%) for pancreatic procedures, and 70 patients (10.1%) for hepatic procedures
(P < .001). The median cost of surgery during the index hospitalization was $24 992 and
varied by procedure (colorectal, $22 186; pancreatic, $29 175; hepatic, $22 757; P < .001). The
median index length of stay was 7 (IQR, 5-11) days and was higher among patients who were
eventually readmitted (8 [IQR, 6-13] vs 7 [IQR, 5-11] days; P < .001). Readmitted patients had
a higher incidence of perioperative morbidity during the index hospitalization (169 of 707
[23.9%] vs 662 of 3407 [19.4%]; P = .007). On adjusted analysis, an independent association
with a higher risk for readmission was found for African American patients (odds ratio [OR],
1.45; 95% CI, 1.17-1.81), those undergoing pancreatic (OR, 1.99; 95% CI, 1.50-2.63) or
colorectal (OR, 1.93; 95% CI, 1.46-2.55) resection, and patients with an observed-to-expected
index length of stay of greater than 1 (OR, 1.26; 95% CI, 1.05-1.54) (P � .001 for all). Total
index hospitalization costs were higher among patients who were readmitted ($21 312 vs
$24 321; P < .001). Further, among patients without a complication during the index
hospitalization, total costs remained higher among patients who were eventually readmitted
($26 799 vs $22 462; P < .001). At the surgeon level, readmission rates varied among
surgeons performing the same procedure (0%-33% among colorectal surgeons, 13%-38%%
among pancreatic surgeons, and 8%-33% among hepatic surgeons; P < .001). Similarly,
substantial variation in index hospitalization costs was also observed among surgeons
performing the same procedure (coefficient of variation, 118.4% for colorectal, 89.0% for
pancreatic, and 85.0% for hepatic).

CONCLUSIONS AND RELEVANCE Thirty-day readmission rates among patients undergoing
major abdominal surgery vary significantly. Higher index hospitalization costs did not
translate into lower readmission rates.

JAMA Surg. 2016;151(8):718-724. doi:10.1001/jamasurg.2015.5557
Published online February 24, 2016.

Invited Commentary page 725

Supplemental content at
jamasurgery.com

Author Affiliations: Department of
Surgery, University of Illinois Hospital
and Health Sciences System, Chicago
(Ejaz, Gonzalez); Department of
Surgery, Johns Hopkins University
School of Medicine, Baltimore,
Maryland (Gani, Pawlik).

Corresponding Author: Timothy M.
Pawlik, MD, MPH, PhD, Department
of Surgery, Johns Hopkins University
School of Medicine, 600 N Wolfe St,
Blalock 688, Baltimore, MD 21287
(tpawlik1@jhmi.edu).

Research

JAMA Surgery | Original Investigation

718 (Reprinted) jamasurgery.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.5557&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.5557
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.5556&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.5557
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.5557&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.5557
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.5557
mailto:tpawlik1@jhmi.edu
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.5557


Copyright 2016 American Medical Association. All rights reserved.

U nplanned surgical readmissions have been identified
as an opportunity for containment of health care costs
in addition to a potential indicator of quality of care.1-3

Given that patients undergoing major surgery are at risk for
perioperative complications, hospital readmission after sur-
gery is common. Rates range from 5% to 45%, depending on
the type of surgery.4,5 Since 2011, the Centers for Medicare &
Medicaid Services began using readmission rates as a quality
metric and currently imposes a penalty of as much as 3%
against hospital reimbursement for higher than expected risk-
adjusted readmission rates.6,7 As of 2014, patients undergo-
ing hip and knee arthroplasty were included as part of this Hos-
pital Readmissions Reduction Program, and plans have been
made to include patients who undergo coronary artery by-
pass graft surgery beginning in 2017.8

Although the cost of readmission has a significant finan-
cial effect on the use of health care resources, the costs
incurred during the index hospitalization are responsible for
most health care spending.9-11 Efforts to reduce health care
costs have demonstrated that such initiatives can be per-
formed without hindering the quality of patient care.12-14

Given the ballooning costs of health care, improving the
value—outcomes per dollar spent—of health care is impera-
tive. Previous work exploring the relationship between hos-
pital finances and postoperative outcomes9 demonstrated
significant variation by surgeon among patients undergoing
a hepatic or pancreatic resection at Johns Hopkins Hospital.
Further, higher costs of care and the variation in costs did
not translate into improved immediate perioperative
outcomes.9 To our knowledge, however, no study has spe-
cifically analyzed the effect of overall index hospitalization
costs or spending on subsequent hospital readmissions.
Therefore, we sought to analyze the effect of index hospital-
ization costs on hospital readmission. In addition, we sought
to identify and quantify any potential variation in costs and
readmission attributable to the patient, procedure, and sur-
geon among patients undergoing a colorectal, pancreatic, or
hepatic resection.

Methods
Study Population and Data Sources
Patients undergoing a colorectal, pancreatic, or hepatic
resection from January 1, 2009, to December 31, 2013, at
Johns Hopkins Hospital were identified using the corre-
sponding procedure codes from the International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM). Patient-level variables were collected, including
data on age, sex, race/ethnicity, and the presence of a preop-
erative comorbidity. Patient comorbidity was defined
according to the Charlson Comorbidity Index (calculated as
number of comorbidities; range, 0-13).15 In addition to
patient-level variables, data pertaining to length of stay
(LOS), observed-to-expected index LOS (O:E LOS), type of
surgery, and development of in-hospital postoperative com-
plications were collected from each patient record. The
expected LOS was defined as the calculated geometric mean

estimated LOS based on each individual Medicare severity
diagnosis-related group for the fiscal year 2014.16 The pres-
ence of an in-hospital perioperative complication was ascer-
tained through discharge ICD-9-CM diagnosis codes as pre-
viously described17 and included minor infections (urinary
tract infections, surgical site infections and Clostridium dif-
ficile infections), major infections (sepsis, ventilator-
associated pneumonia, and drug-resistant infections), tran-
sient ischemic attack, cerebrovascular attack, myocardial
infarction, venous thromboembolism events (deep vein
thrombosis and pulmonary embolism), and disseminated
intravascular coagulation. Final follow-up was completed
by April 21, 2014. The institutional review board of
The Johns Hopkins University approved this study and
waived informed consent for record review. Data were
deidentified.

Index hospitalization was defined as the hospitalization
in which the procedure of interest was performed. Readmis-
sion was defined as a rehospitalization within 30 days of dis-
charge from the index hospitalization. Rehospitalizations
that occurred more than 30 days after the index hospitaliza-
tion and planned rehospitalizations (ie, chemotherapy or
diagnostic procedures) were excluded. Patients who did not
survive to hospital discharge were also excluded from the
study.

Statistical Analysis
Data were analyzed from July 1 to August 1, 2015. Discrete
variables were described as medians with interquartile
ranges (IQRs), whereas categorical variables were reported
as totals and frequencies. Univariable comparisons were
assessed using the χ2 test, analysis of variance, or Mann-
Whitney test as appropriate. Univariable and multivariable
logistic regression models were constructed to determine
the association of relevant patient and surgeon variables
associated with readmission. The most parsimonious mod-
els were created using a stepwise approach that included
factors of clinical importance or that were statistically sig-
nificant on univariable analysis. Variations in the index hos-
pital costs were compared by calculating the coefficient of
variation (CV). All analyses were performed using STATA
software (version 13.0; StataCorp), and a 2-tailed P < .05 was
considered statistically significant.

Key Points

Question: Do higher index hospitalization costs after colorectal,
pancreatic, or hepatic resection affect the incidence of
readmission?

Findings: This retrospective analysis of 4114 patients found
significant variation in index hospitalization costs and readmission
rates. Furthermore, index hospitalization costs were higher among
patients who were eventually readmitted compared with those
who were not readmitted, even among patients who had no
perioperative morbidity.

Meaning: Higher index hospitalization costs did not translate into
lower readmission rates.
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Results

Baseline Patient Characteristics
and Operative Details
The study identified 4114 patients who underwent a colorec-
tal (1760 [42.8%]), pancreatic (1660 [40.4%]), or hepatic (694
[16.9%]) resection and met the inclusion criteria (eTable in the
Supplement). The median age of the entire cohort was 59 (IQR,
49-69) years. Most of the patients were women (2122 [51.6%])
and white (3211 [78.1%]). Comorbidities were common, with
a median Charlson Comorbidity Index of 2 (IQR, 0-6); 1664 pa-
tients (40.4%) had a median Charlson Comorbidity Index of
greater than 3.

Index Hospitalization Outcomes and Costs
Total LOS among the entire cohort was 7 (IQR, 5-11) days
(Table 1) and varied by resection type (colorectal, 7 [IQR,
5-11] days; pancreatic, 8 [IQR, 6-13] days; hepatic, 5 [IQR,
3-7]; P < .001). Based on the calculated expected LOS, 1733
patients (42.1%) had an O:E LOS of greater than 1. A peri-
operative complication occurred in 831 patients (20.2%) and
was more common after colorectal (390 of 1760 [22.2%])
and pancreatic (336 of 1660 [20.2%]) resections compared
with hepatic resections (105 of 694 [15.1%]; P < .001). At the
time of discharge, most patients were discharged home
(3130 of 4114 [76.1%]), whereas a subset of patients was dis-
charged with home health care services (789 of 4114
[19.2%]) or to a rehabilitation or long-term care facility (194
of 4114 [4.7%]).

Median total index hospitalization costs were $24 992 (IQR,
$19 096-$36 715) for the entire cohort and varied by resection
type (colorectal, $22 186; pancreatic, $29 175; hepatic, $22 757;
P < .001). As expected, increasing LOS and the presence of an
in-hospital complication was associated with an increase in
total costs. Patients who experienced an in-hospital compli-
cation spent 8 days longer in the hospital compared with pa-
tients who did not have a complication (14 [IQR, 9-21] vs 6 [IQR,
5-9] days). The occurrence of a complication resulted in an in-
crease of $19 855 in median hospitalization costs ($42 850 vs
$22 995; P < .001). Furthermore, patients undergoing laparo-

scopic operations had an overall lower median index hospi-
talization cost compared with patients undergoing an open op-
eration ($17 545 vs $24 769), largely owing to an overall shorter
LOS (5 vs 8 days) (P < .001 for both).

Readmission Frequency and Patterns
Among the entire cohort, 707 patients (17.2%) were readmit-
ted within 30 days, most commonly owing to postoperative
infection (208 [29.4%]). Patients were more commonly read-
mitted after a colorectal (328 of 1760 [18.6%]) or a pancreatic
(309 of 1660 [18.6%]) resection compared with a liver resec-
tion (70 of 694 [10.1%]) (P < .001). Patients who were read-
mitted had a higher incidence of in-hospital complications
(169 of 707 [23.9%]) than those not readmitted within 30
days of index hospitalization discharge (662 of 3407 [19.4%];
P < .001).

At the patient level, the incidence of readmission was
higher among patients of minority race/ethnicity (black, 126
of 561 [22.5%]; Asian, 20 of 101 [19.8%]) compared with white
patients (525 of 3211 [16.4%]; P < .001). Furthermore, read-
mission was higher among patients with an O:E LOS of greater
than 1 during the index hospitalization (362 of 707 [51.2%] vs
345 of 707 [48.8%]; P < .001) and among patients discharged
with home health care services (197 of 789 [25.0%]) or to a re-
habilitation or long-term care facility (40 of 194 [20.6%];
P < .001). At the surgeon level, readmission rates varied greatly
among surgeons performing the same procedure. For ex-
ample, surgeon-specific readmission rates ranged from 0% to
33% among colorectal surgeons, 13% to 38% among pancre-
atic surgeons, and 8% to 33% among hepatic surgeons (eFig-
ure in the Supplement).

After accounting for all measurable confounders, several
factors were associated with increased odds of readmission
(Table 2). For example, African American patients demon-
strated 45% greater odds for readmission compared with white
patients (odds ratio [OR], 1.45; 95% CI, 1.16-1.81; P = .001). Simi-
larly, patients undergoing a colorectal (OR, 1.93; 95% CI, 1.46-
2.55; P < .001) or a pancreatic (OR, 1.99; 95% CI, 1.50-2.63;
P < .001) resection also demonstrated increased odds for re-
admission. Furthermore, patients with an index hospitaliza-
tion O:E LOS of greater than 1 (OR, 1.27; 95% CI, 1.05-1.54;

Table 1. Index Hospitalization Quality Measures

Measure

Patient Group

P ValueAll Not Readmitted Readmitted
LOS, median (IQR), d 7 (5-11) 7 (5-11) 8 (6-13) <.001

O:E LOS >1, No. (%) 1733/4114 (42.1) 1371/3407 (40.2) 362/707 (51.2) <.001

Perioperative complication,
No. (%)a

831/4114 (20.2) 662/3407 (19.4) 169/707 (23.9) <.001

Colorectal resection 390/1760 (22.2) 298/1432 (20.8) 92/328 (28.0) .004

Pancreatic resection 336/1660 (20.2) 273/1351 (20.2) 63/309 (20.4) .94

Hepatic resection 105/694 (15.1) 91/624 (14.6) 14/70 (20.0) .23

Disposition, No. (%)b

Home 3130/4114 (76.1) 2660/3130 (85.0) 470/3130 (15.0)

<.001
Home with home health
care services

789/4114 (19.2) 592/789 (75.0) 197/789 (25.0)

Rehabilitation or
long-term care facility

194/4114 (4.7) 155/194 (79.9) 40/194 (20.6)

Abbreviations: IQR, interquartile
range; LOS, length of stay;
O:E, observed to expected.
a Percentages for each resection type

in readmitted and not readmitted
groups are calculated as number of
patients with a complication divided
by the number undergoing the type
of resection.

b Percentages for each type of
disposition in readmitted and not
readmitted groups are calculated as
percentages of row totals.
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P = .02) and patients who incurred costs of greater than the 75th
percentile for their procedure type (OR, 1.41; 95% CI, 1.13-
1.75; P = .002) during the index admission demonstrated in-
creased odds for readmission.

Variability of Index Hospitalization Costs
and Effect on Readmission
Total index hospitalization costs were higher among patients
who were eventually readmitted ($29 312) compared with pa-
tients who were not readmitted within 30 days of the index
hospital discharge ($24 321; P < .001) (Figure 1). This differ-
ence is partially owing to the fact that the median index LOS
was higher among patients who were eventually readmitted
(8 [IQR, 6-13] vs 7 [IQR, 5-11] days; P < .001). Among patients
undergoing laparoscopic operations, patients eventually re-
admitted had higher index hospital costs vs patients who were
not readmitted ($19 160 vs $17 463; P = .002). Furthermore,
among patients who did not experience a complication dur-
ing the index hospitalization, total costs were $4337 higher
among patients who were eventually readmitted ($26 799 vs
$22 462; P < .001).

In a subset analysis of patients undergoing colorectal
resection, 180 (10.2%) of these patients were admitted
directly from the emergency department, potentially indi-
cating an urgent or emergent operation. After excluding this
subset of patients, those undergoing an elective colorectal
operation who were eventually readmitted still had longer
index LOS (8 vs 6 days) and higher index hospitalization
costs ($27 483 vs $21 349) compared with patients who were
not readmitted (P < .001 for both). Furthermore, patients
undergoing resection for malignant disease (341 [19.4%])
also had higher total index costs if they were eventually
readmitted ($27 722 vs $20 048; P < .001).

As represented by the CV, substantial variation in index
hospitalization costs was noted by resection type (Figure 2).
The CV was highest among patients undergoing a colorectal
(118.4%) compared with a pancreatic (89.0%) or a hepatic
(85.3%) resection (P < .001). In addition, even among pa-
tients who did not develop postoperative complications, the
CV for total costs was higher among patients undergoing a co-
lorectal (67.6%) vs a pancreatic (47.8%) or a hepatic (41.6%) re-
section. Substantial variation in index hospitalization costs was
also observed among surgeons performing the same proce-
dure (Figure 3).

Figure 1. Index Hospitalization Costs Among Patients Stratified
by Readmission Status Within 30 Days
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Shaded boxes indicate interquartile range (25th to 75th percentiles); horizontal
lines, maximum and minimum values of data.

Table 2. Univariable and Multivariable Analyses of Factors Associated With Readmission

Factor

Analysis, OR (95% CI)

Univariable P Value Multivariablea P Value

Age, y

<65 1 [Reference] NA NA

≥65 0.98 (0.83-1.16) .79 NA NA

Male sex 1.00 (0.85-1.18) .96 NA NA

Race

White 1 [Reference] NA 1 [Reference] NA

Black 1.48 (1.19-1.85) <.001 1.45 (1.16-1.81) .001

Asian 1.26 (0.77-2.08) .36 1.34 (0.81-2.22) .25

Other 0.90 (0.62-1.30) .57 0.89 (0.61-1.29) .52

CCI >3b 0.93 (0.79-1.10) .40 NA NA

Resection type

Hepatic 1 [Reference] NA 1 [Reference] NA

Colorectal 2.04 (1.55-2.69) <.001 1.93 (1.46-2.55) <.001

Pancreatic 2.04 (1.55-2.69) <.001 1.99 (1.50-2.63) <.001

Perioperative complication 1.30 (1.07-1.58) .007 0.97 (0.78-1.20) .77

Discharge to other than home 0.96 (0.68-1.35) .82 NA NA

O:E LOS >1 1.56 (1.32-1.83) <.001 1.27 (1.05-1.54) .02

Index costs >75th percentile 1.62 (1.35-1.93) <.001 1.41 (1.13-1.75) .002

Abbreviations: CCI, Charlson
Comorbidity Index; LOS, length of
stay; NA, not applicable;
O:E, observed-to-expected; OR, odds
ratio.
a Includes factors that were

statistically significant on
univariable analysis.

b Calculated as number of
comorbidities (range, 0-13).15
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Discussion

Reduction of unplanned hospital readmission after major sur-
gery has been identified by hospitals and health care profes-
sionals as a potential target to reduce unwanted health care
costs.1,3,18 Furthermore, in an era of transparency, surgeon and
hospital readmission rates are publicly reported and used as an
indicator of the quality of care.1-3 Although the utility of indi-
vidual hospital and surgeon readmission rates as an accurate
indicator of quality of care is debatable, as many as 79% of
surgical readmissions have been identified as potentially
preventable.6,19,20 Given the increasing costs of health care, in-
creasing efforts to improve the value of care defined as the out-
comes per dollar spent to deliver high-quality, low-cost care have
been undertaken. Ejaz et al9 previously demonstrated that sig-
nificant variation exists at the surgeon level in index hospital-
ization costs among patients after a hepatic or a pancreatic re-
section. Moreover, the investigators9 found that increased
spending did not translate into improved immediate out-
comes. The present study expands on this work and is, to our
knowledge, the first report to analyze specifically the effect of
overall index hospitalization spending and costs and their ef-
fect on subsequent hospital readmissions. Among patients un-
dergoing major abdominal surgery, we found significant varia-
tion in readmission rates at the patient and surgeon levels.
Furthermore, total index hospitalization costs were also noted
to vary significantly at the patient, surgeon, and procedure lev-
els. Perhaps more importantly, we identified that higher index
hospitalization costs after major abdominal surgery did not yield
a lower rate of readmission, even among patients who did not
experience a perioperative complication.

Previous studies assessing the in-hospital cost of each epi-
sode of surgery have focused largely on the effect of cost on im-
mediate perioperative outcomes.18,19,21 Data from the present
study further expand on these previous studies by demonstrat-
ing that increased index hospitalization costs did not translate
into a lower incidence of readmission after major abdominal sur-

gery. In fact, patients who were readmitted within 30 days of
the index hospital discharge had higher total index hospital-
ization costs by nearly $5000. These results add to the grow-
ing body of literature highlighting the mismatch in health care
spending and perioperative clinical outcomes. For example,
Birkmeyer and colleagues13 previously found that hospitals with
high complication rates had significantly higher Medicare pay-
ments. A subsequent study14 demonstrated that hospitals that
reduced rates of complications over time had significant reduc-
tions in Medicare payments. These data reiterate that quality
improvements can be implemented while decreasing total
health care expenditure (ie, improving the value of health care).
Furthermore, although much attention has been focused on the
variation in readmission, index hospitalization costs are respon-
sible for most health care costs after surgery.11 These costs com-
pound the large cost of readmission, estimated at $300 million
in excess costs annually among patients undergoing colorectal
surgery alone.10 Taken together, our results demonstrate the im-
portance of reducing index hospitalization costs and that do-
ing so may also have a potential positive effect on reducing the
costs associated with readmission.

Unwanted variations in health care are defined as varia-
tions not explained by illness, patient preference, or the dic-
tates of evidenced-based medicine.22 Minimizing this varia-
tion is a key component when attempting to improve the value
of care. Our data demonstrate that significant variation exists
among patients undergoing major abdominal surgery with re-
gard to the incidence of readmission. At the patient level, our
multivariable regression model found that African American pa-
tients were 45% more likely to be readmitted compared with
nonminority patients. These data are consistent with those of
several previous studies21,23 that have identified minority race
as an independent risk factor for readmission. Gani et al21 re-
ported similar findings, suggesting that this disparity in read-
mission may be driven by social factors outside the control of
the hospital or the surgeon. Furthermore, we noted that pa-
tients who had a higher index hospitalization O:E LOS were 1.41
times more likely to be readmitted. These factors remained sig-
nificant even after controlling for the presence of an in-
hospital complication. Collectively, these data should help to
identify patients at increased risk for readmission and prompt
interventions aimed at reducing this potentially preventable
event.

Significant variation was also noted in total hospitaliza-
tion costs after colorectal, pancreatic, and hepatic resections.
Patients undergoing colorectal surgery had a higher CV in in-
dex hospitalization costs (118.4%) compared with patients un-
dergoing a pancreatic (89.0%) or a hepatic (85.3%) resection.
The cost-spending variation likely was owing to the high in-
cidence of perioperative morbidity and varying levels of com-
plexity encompassed in patients undergoing colorectal sur-
gery. Accordingly, this cost variation persisted across surgical
specialties (CV range, 41.6%-67.6%) among patients who did
not have an in-hospital complication after surgery. However,
procedure complexity did not explain the entirety of the cost
variation seen in the data. In fact, significant variation ex-
isted among surgeons performing similar resection types. Al-
though not specifically addressed in this study, a previous

Figure 2. Index Hospitalization Costs for Patients Without
Postoperative Complications

60 000

40 000

20 000

0
Hepatic All

To
ta

l I
nd

ex
 H

os
pi

ta
liz

at
io

n 
Co

st
s,

 $

Resection Type

Colorectal Pancreatic

Shaded boxes indicate interquartile range (25th to 75th percentiles); horizontal
lines, maximum and minimum values of data.

Research Original Investigation Effect of Index Hospitalization Costs on Readmission

722 JAMA Surgery August 2016 Volume 151, Number 8 (Reprinted) jamasurgery.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.5557


Copyright 2016 American Medical Association. All rights reserved.

report24 found that variations in LOS and operating room, labo-
ratory, radiology, and supply costs were the main drivers of this
variation. As such, further studies should be conducted to iden-
tify and potentially target unnecessary spending and conse-
quently improve health care quality and value.

The present study has several limitations that should be
considered when interpreting the data, most of which are ow-
ing to the inherent limitations of administrative data. First, the
data did not reflect all clinical and socioeconomic variables

likely to be associated with health care costs and readmis-
sion. Second, the accuracy of coding for comorbid conditions
has been reported to vary in administrative data sets.17,25,26

Similarly, those patients undergoing robotic operations were
not captured in this data set. Finally, because the study was
performed in a tertiary referral center, readmission rates may
be inaccurate; previous studies27,28 have shown that same-
hospital readmission rates are often lower than all-hospital re-
admission rates. This limitation, however, would only under-

Figure 3. Index Hospitalization Costs Among Surgeons

80 000

60 000

40 000

20 000

100 000

80 000

60 000

40 000

20 000

0

In
de

x 
H

os
pi

ta
liz

at
io

n 
Co

st
s,

 $

Surgeon No.

Pancreatic resectionB

0

In
de

x 
H

os
pi

ta
liz

at
io

n 
Co

st
s,

 $

Surgeon No.

Hepatic resectionC

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 32 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

100 000

80 000

60 000

40 000

20 000

0

In
de

x 
H

os
pi

ta
liz

at
io

n 
Co

st
s,

 $

Colorectal resectionA

Surgeon No.
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 341

Surgeons are stratified by resection
type. The horizontal line within the
box represents the median value for
the index hospitalization costs; the
upper and lower limits of the box
represent the 75th and 25th
percentiles; and the error bars
represent the distribution of the
values, with the horizontal lines at the
ends of the error bars representing
the maximum and minimum values.

Effect of Index Hospitalization Costs on Readmission Original Investigation Research

jamasurgery.com (Reprinted) JAMA Surgery August 2016 Volume 151, Number 8 723

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.5557


Copyright 2016 American Medical Association. All rights reserved.

estimate the true burden of readmission after major surgery
noted in our analyses.

Conclusions
Readmission among patients undergoing a colorectal,
pancreatic, or hepatic resection is common and occurs in

more than 1 of 6 patients. Significant variation exists in hos-
pitalization costs after major surgery with significant varia-
tion noted by procedure and surgeon. Higher index hospi-
talization costs did not translate into lower readmission
rates. Further studies should aim to target this unwanted
variation in health care spending in an effort to lower hospi-
talization costs without reducing the quality of health
care.
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