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ATIONAL HEALTH EXPENDI-

tures for surgical procedures

are estimated to cost $400 bil-

lion annually and are ex-

pected to outpace economic growth dur-
ing the next 10 years."* The rate of
inpatient surgical complications is sig-
nificant, with estimates ranging from 3%
to 17.4%, depending on type of proce-
dure, type of complications, length of
follow-up, and data analyzed.*® In ad-
dition to patient harm, major compli-
cations add substantial costs, previ-
ously estimated at $11 500 per patient.’
Effective methods for reducing surgi-
cal complications have been identified.**°
However, hospitals have been slow to
implement them."' Resource constraints
may be a factor. Quality improvement ef-
forts often require expenditures for staff
time and technologies, and financial ben-
efitsare uncertain.'>"* Improvements can
reduce revenues under per diem reim-
bursement schemes and even diagnosis
related group—based reimbursement be-
cause complications can result in sever-
ityadjustments or diagnosis related group
changes that increase revenues. For ex-

For editorial comment see p 1634.

Author Video Interview available at
www.jama.com.

Importance The effect of surgical complications on hospital finances is unclear.

Objective To determine the relationship between major surgical complications and
per-encounter hospital costs and revenues by payer type.

Design, Setting, and Participants Retrospective analysis of administrative data
for all inpatient surgical discharges during 2010 from a nonprofit 12-hospital system
in the southern United States. Discharges were categorized by principal procedure and
occurrence of 1 or more postsurgical complications, using International Classification
of Diseases, Ninth Revision, diagnosis and procedure codes. Nine common surgical
procedures and 10 major complications across 4 payer types were analyzed. Hospital
costs and revenue at discharge were obtained from hospital accounting systems and
classified by payer type.

Main Outcomes and Measures Hospital costs, revenues, and contribution mar-
gin (defined as revenue minus variable expenses) were compared for patients with
and without surgical complications according to payer type.

Results Of 34256 surgical discharges, 1820 patients (5.3%; 95% Cl, 4.4%-6.4%)
experienced 1 or more postsurgical complications. Compared with absence of com-
plications, complications were associated with a $39017 (95% Cl, $20 069-$50 394;
P <.001) higher contribution margin per patient with private insurance ($55 953 vs
$16936) and a $1749 (95% Cl, $976-$3287; P<.001) higher contribution margin
per patient with Medicare ($3629 vs $1880). For this hospital system in which private
insurers covered 40% of patients (13 544), Medicare covered 45% (15 406), Medic-
aid covered 4% (1336), and self-payment covered 6% (2202), occurrence of com-
plications was associated with an $8084 (95% Cl, $4903-$9740; P<.001) higher con-
tribution margin per patient ($15 726 vs $7642) and with a $7435 lower per-patient
total margin (95% Cl, $5103-$10507; P<.001) ($1013 vs —$6422).

Conclusions and Relevance In this hospital system, the occurrence of postsurgi-
cal complications was associated with a higher per-encounter hospital contribution mar-
gin for patients covered by Medicare and private insurance but a lower one for pa-
tients covered by Medicaid and who self-paid. Depending on payer mix, many hospitals
have the potential for adverse near-term financial consequences for decreasing post-
surgical complications.
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ample, a colectomy patient’s diagnosis
could change from code 148 (major bowel
procedure with complications) to 483
(tracheostomy with mechanical ventila-
tion >96 hours), triggering a 5-fold
increase in Medicare reimbursement.'*
On the other hand, some complications—
such as certain “never event” compli-
cations—are no longer reimbursed by
many payers.">'° Previous estimates sug-
gest thatreducing surgical complications
could harm hospital financial results but
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SURGICAL COMPLICATIONS AND HOSPITAL FINANCES

Box. Definitions of Costs
and Margins

Variable costs: Costs that vary with
patient volume (ie, supplies and
nurse staffing).

Fixed costs: Costs that do not vary
with patient volume (ie, costs for the
hospital building, utilities, and main-
tenance).

Total margin: Revenue minus vari-
able costs and fixed costs.
Contribution margin: Revenue mi-
nus variable costs. These are rev-
enues available to offset fixed costs.

have been limited by use of small data sets
or simplified surrogates such as patient
length of stay.'"*°

We therefore conducted a study to
measure the financial implications as-
sociated with postsurgical complica-
tions, using internal claims-adminis-
tration and cost-accounting data of a
nonprofit southern US hospital sys-
tem with both higher- and lower-
volume facilities located in urban and
suburban/rural areas that included aca-
demic and nonacademic surgical de-
partments. The goal was to evaluate the
fixed and variable hospital costs and
revenues associated with the occur-
rence of 1 or more major postsurgical
complications for 4 primary payer
types—private insurance, Medicare,
Medicaid, and self-payment.

METHODS
Study Population and Procedures

Harvard School of Public Health and the
nonprofit hospital system provided in-
stitutional research approval. The study
population was generated from the ad-
ministrative data of 12 hospitals in 1
southern hospital system for inpatient
surgical patients who were discharged
during the 2010 calendar year. Both
elective and emergency procedures
were included. Certified professional
coders coded all data, following the In-
ternational Classification of Diseases,
Ninth Revision, Clinical Modification
(ICD-9-CM).*!
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For each patient encounter, age, sex,
admission status (emergency or elec-
tive/scheduled), length of stay, dis-
charge status, insurance payer, and all
ICD-9 procedure, diagnosis, and pres-
ent-on-admission codes were col-
lected. The first listed diagnosis and
procedure code were identified as the
principal diagnosis and principal pro-
cedure, respectively.

Patients were entered into the study
if they had inpatient status, a charge for
the minimum unit of 60 minutes of op-
erating room time, validated charges of
more than $0.10, at least 1 coded di-
agnosis and 1 coded procedure, a date
of discharge in calendar year 2010, and
no principal procedure code for cesar-
ean delivery (ICD-9-CM procedure
codes 74.00, 74.10, 74.40, and 74.99).

Nine common procedure groups were
identified with Clinical Classifications
Software—defined grouping of proce-
dure codes*?*: craniotomy, colorectal re-
section, total or partial hip replace-
ment, knee arthroplasty, coronary artery
bypass graft, spinal surgery (laminec-
tomy, excision of intervertebral disk, or
spinal fusion), hysterectomy (abdomi-
nal or vaginal), appendectomy, and cho-
lecystectomy and common bile duct
exploration. The specific clinical classi-
fication software—defined groups are
listed in eTable 1, available at http:/www
.Jama.com. Patient encounters were in-
cluded in a procedure group according
to their principal procedure code.

Complications and Comorbidities

A subset of 10 potentially prevent-
able, severe surgical complications was
identified in our data set. This subset
is referred to as “complications” in this
article, does not capture all possible
complications, and includes surgical site
infection, wound disruption, sepsis/
severe inflammatory response syn-
drome/septic shock, pulmonary embo-
lism or deep vein thrombosis, stroke,
myocardial infarction, cardiac arrest,
pneumonia, ventilator use of 96 hours
or longer, and infections (other than
surgical site).®1#2>27 Each complica-
tion was identified by a predefined set
of ICD-9-CM codes (eTable 2) and con-

firmed to be absent on admission ac-
cording to ICD-9 codes for present on
admission. In addition, for the post-
surgical complication of mechanical
ventilation for 96 hours or longer, ad-
ditional exclusion ICD-9 diagnosis
codes (listed in eTable 2) were also ap-
plied. In-hospital mortality for pa-
tients who had inpatient surgery was
captured separately from postsurgical
complications, using discharge status.

Patient comorbidities were assessed
with modified Charlson comorbidity
scores,?3% which were incorporated
into propensity score models.

Financial Information

For each inpatient surgical discharge, fi-
nancial information (net revenue, total
cost, fixed cost, and variable cost) was
extracted from the hospital system’s EPSI
cost accounting system (Allscripts Inc).
EPSI uses actual payroll and general led-
ger expenses and categorizes them as
either fixed or variable costs. Fixed costs
are defined as those that do not vary with
patient volume, whereas variable costs
are those that do. Examples of fixed costs
include the cost of constructing park-
ing or purchasing a computed tomogra-
phy scanner. In this hospital system’s
implementation of EPSI, fixed costs are
allocated to each revenue department
that treats patients. A patient discharge
is allocated a portion of the fixed costs
from revenue departments whose ser-
vices were accessed by that patient, ac-
cording to the specific charges in-
curred. Variable costs are those incurred
during treatment of patients; examples
include knee implant hardware and nurs-
ing labor. For each discharge, total hos-
pital costs were calculated according to
expenses accrued from both fixed and
variable costs. Net revenue was based on
actual reimbursement from the payer.
(Gross revenue is sometimes defined as
hospital charges; we do not use this ter-
minology and revenue is always used to
correspond to net revenue.) Physician
professional fee or salary data were not
collected.

We calculated and report both con-
tribution margin and total margin but
focus on the former (Box). Hospital
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managers seeking to improve finan-
cial performance work to maximize
contribution margin. As long as it is
positive and hospital and operating
room capacity exists, a hospital is fi-
nancially motivated to provide care,
even if total margin is negative.”!
However, hospitals with negative
total margins will ultimately go bank-
rupt. To calculate total margin, hospi-
tal managers must allocate a portion of
fixed costs to each patient. As activi-
ties in a hospital increase, the total fixed
costs remain the same but the propor-
tion of fixed costs attributed to each ac-
tivity decreases. We report total mar-
gin because eventually it reflects the
comprehensive financial outlook of a
hospital. We focus on contribution mar-
gin analysis because it drives hospital
decision making in the near term.

Statistical Analysis

We calculated results with means, to-
tals, medians, and proportions, with
95% Cls for each. Because the continu-
ous outcome variables (eg, revenue,
costs, margin) were right skewed, 95%
CIs for unadjusted and adjusted to-
tals, means, medians, and differences
were calculated with a nonparametric
bootstrap percentile method, which
does not assume normality,** with re-
sampling to account for clustering at the
facility level. For testing whether a con-
tinuous outcome variable had the same
underlying probability distribution for
patients with and without complica-
tions, the nonparametric Wilcoxon rank
sum test adjusting for clustering at the
facility level®® was used. For dichoto-
mous outcomes (eg, mortality, com-
plications), 95% Cls were calculated
with a modified Wilson CI for clus-
tered binary data.**

Our main analysis concerns differ-
ences in costs by complication occur-
rence and payer. Propensity-score
weighting was used to adjust for case-
mix differences between patients with
and without complications within payer
group. By estimating the propensity for
being in the groups of interest, propen-
sity score methods provide better con-
trol for observed confounding factors

SURGICAL COMPLICATIONS AND HOSPITAL FINANCES

than regression models alone. Propen-
sity methods improve the ability to
compare groups in observational stud-
ies. The propensity for being in the 2
complication groups was calculated
with logistic regression models, with all
demographic covariates available as pre-
dictors: patient age (age and age
squared), sex, Charlson score (0, 1-2,
=3), and risk of death according
to clinical classification software—
defined procedure group (scored as low,
medium, or high).*> We ran logistic re-
gression models for each of the 4 pay-
ers, with noncomplications as the ref-
erence group and main effects for the
covariates. The clinical classification
software—defined covariate was ob-
tained with group-level mortality rate
data from the Nationwide Inpatient
Sample and divided into tertiles. In the
propensity-weighted approach, each pa-
tient’s information was weighted by the
inverse propensity of being in the given
payer/complication group, with the goal
of balancing characteristics across the
complication groups. The Hosmer-
Lemeshow goodness-of-fit statistic was
used to assess the fit of the logistic re-
gression propensity score models.**7

To determine the sensitivity of the re-
sults, we performed sensitivity analy-
ses, including linear mixed-model re-
gression adjustment, as well as other
propensity-score model adjustments
(eTable 3).

All tests and 95% Cls were 2-sided.
P <.05 was considered statistically sig-
nificant. All analysis was completed
with SAS/STAT version 9.2.

RESULTS

There were 35 394 unique surgical in-
patients discharged during calendar
year 2010. We analyzed the 34 256 sur-
gical inpatients who did not have ce-
sarean delivery (eFigure). A total of
1820 procedures (5.3%; 95% CI, 4.4%-
6.4%) were identified as having at least
1 complication (TABLE 1). We identi-
fied 428 postsurgical inpatient deaths,
for a 1.25% inpatient mortality rate
(95% CI, 0.90%-1.75%). The inpa-
tient mortality rate was 0.6% (95% CI,
0.49%-0.82%) for patients without an
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identified complication and 12.3% (95%
CI, 9.31%-15.96%) for patients with a
defined complication. The median
length of stay (TABLE 2) was more than
4 times higher for surgical patients who
developed 1 or more complications (3
vs 14 days; 95% CI for the difference,
8.5-12.0; P<<.001). Table 2 displays the
total hospital revenue, variable costs,
total costs, and resulting contribution
margin and total margin for patients
with and without 1 or more complica-
tions. The occurrence of 1 or more com-
plications was associated with a $22 398
higher per-patient variable cost (95%
CI for the difference, $18097-
$25682; P<.001) and with a $37917
higher per-patient total cost (95% ClI,
$31017-$43 801; P<.001). The occur-
rence of 1 or more surgical complica-
tions was associated with an $8084
higher per-patient contribution mar-
gin (95% CI, $4903-$9740; P<.001)
and with a $7435 lower per-patient total
margin (95% CI, $5103-$10507;
P<.00D).

TABLE 3 displays the detailed hospi-
tal cost and revenue results by proce-
dure. Occurrence of 1 or more compli-
cations was associated with higher
hospital costs in all payer types
(TABLE 4). The relative difference in
hospital revenue varied by payer type.
Patients experiencing 1 or more com-
plications were associated with a higher
contribution margin of $39017 (95%
CI, $20 069-$50 394; P<.001) per pa-
tient with private insurance and $1749
(95% CI, $976-$3287; P<<.001) per
Medicare patient compared with that
of patients without complications. Oc-
currence of surgical complications was
also associated with a higher total mar-
gin of $25 622 per patient with private
insurance (95% CI, $10590-$35057;
P<.001) but a lower total margin of
$9218 per Medicare patient (95% CI,
$6882-$10681; P<<.001).

For this particular hospital system,
private insurers covered 40% of pa-
tients (13 544); Medicare, 45% (15 406);
Medicaid, 4% (1336); and self-
payment, 6% (2202). Other types of in-
surance (eg, worker’s compensation)
constituted 5% of coverage (1768).
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The results in Table 4 are propen-
sity adjusted; the Hosmer-Lemeshow
goodness-of-fit statistic indicated
that the logistic regression models
for the propensity of being in the 2
complication groups were excellent
fits to the data (P> .36 for observed
being different than expected for all
of the 4 payers). Thus, the observed
confounding factors are important to
control for when comparing cost and
revenue across patients with and
without complications. Finally, the
sensitivity analyses for Table 4 (re-
gression adjustments and other

propensity-score model adjustments)
yielded similar results in terms of
estimated revenue to contribution
margin and total margin and their
95% Cls (eTable 3) and thus affirm that
the results presented in this article are
robust and not sensitive to the ap-
proach that we used.

COMMENT

We found that under private insur-
ance and Medicare, which cover the
majority of US patients, the occur-
rence of surgical complications was
associated with higher hospital contri-

bution margins. Depending on payer
mix, efforts to reduce surgical compli-
cations may result in worsened near-
term financial performance.

The financial effects of surgical
complications varied considerably by
payer type. Complications were asso-
ciated with more than $30000
greater contribution margin per pri-
vately insured patient ($16936 vs
$55953) compared with less than
$2000 per Medicare patient ($1880
vs $3629). In contrast, for Medicaid
and self-pay procedures, those with
complications were associated with

- ________________________________________________________________________________________________]
Table 1. Complication Rate by Surgical Procedure and Median Length of Stay by Complication Occurrence and Procedure?

No. (%) [95% CI]

Knee Hi
Spinal Arthro- Replgce- Intracranial Cholecys- Appen-  Colorectal Hyster- All Other
Surgery plasty ment Procedure CABG tectomy dectomy Resection ectomy Procedures Total
Total surgical 3068 3205 2098 502 778 2193 1218 1231 2078 17885 34 256
discharges
Surgical 3002 3131 2013 416 692 2126 1203 1067 2049 16737 32436
discharges
with no
complication
Surgical 66 (2.2) 74 (2.3) 85 (4.1) 86 (17.1) 86 (11.1) 67 (3.1) 15(1.2) 164 (13.3) 29 (1.4) 1148 (6.4) 1820 (5.3)
disﬁhaqges [1.6-3.0] [1.8-3.1] [8.2-5.2] [9.7-28.9] [8.7-14.2]  [2.4-3.9] [0.8-2.2] [11.3-15.8] [0.9-2.3] [5.5-7.5] [4.4-6.4]
with =
complication
Surgical site 3(0.1) 5(0.2) 4(0.2) 4(0.8) 7(0.9) 4(0.2) 8(0.7) 47 (3.8) 3(0.1) 152 (0.9) 237 (0.7)
infection [0-0.4] [0.1-0.5] [0.1-0.6] [0.4-2.3] [0.5-2.0] [0.1-0.5] [0.4-1.4] [3.0-5.1] [0.1-0.5] [0.7-1.0] [0.5-0.9]
Wound 3(0.1) 2(0.1) 0 1(0.2) 6 (0.8) 1(0.1) 0 8(0.7) 3(0.1) 64 (0.4) 88 (0.3)
disruption [0.1-0.3] [0-0.3] [0-0.3] [0.1-1.4] [0.4-1.8] [0-0.3] [0-0.5] [0.4-1.4] [0.1-0.5] [0.3-0.5] [0.2-0.3]
SepsisP 5(0.2) 3(0.1) 11 (0.5) 7(1.4) 14 (1.8) 9(0.4) 4(0.3) 51 (4.1) 5(0.2) 278 (1.6) 387 (1.1)
[0.1-0.4] [0-0.3] [0.3-1.0] [0.8-3.1] [1.2-3.1] [0.2-0.9] [0.2-1.1] [3.2-5.5] [0.1-0.6] [1.3-1.9] [0.9-1.5]
PE or DVT 15 (0.5) 31(1.0) 21(1.0) 11 (2.2) 5(0.6) 8(0.4) 1(0.1) 12 (1.0) 5(0.2) 120 (0.7) 229 (0.7)
[0.3-0.9] [0.5-2.0] [0.4-2.5] [1.4-41] [0.3-1.7] [0.2-0.7] [0-0.6] [0.6-1.8] [0.1-0.8] [0.5-1.0] [0.5-1.0]
Stroke 6 (0.2) 4(0.1) 8(0.4) 16 (3.2) 15 (1.9) 3(0.1) 0 6 (0.5) 0 74 (0.4) 132 (0.4)
[0.1-0.5] [0.1-0.4] [0.2-1.0] [2.1-5.3] [1.3-3.3] [0-0.6] [0-0.5] [0.3-1.2] [0-0.3] [0.3-0.6] [0.3-0.6]
Myocardial 6(0.2) 6(0.2) 14(0.7) 3(0.6) 13 (1.7) 9(0.4) 1(0.1) 10 (0.8) 0 77 (0.4) 139 (0.4)
infarction [0.1-0.5] [0.1-0.4] [0.4-1.2] [0.3-2.0] [0.8-3.9] [0.2-0.8] [0-0.6] [0.5-1.6] [0-0.3] [0.3-0.6] [0.3-0.5]
Cardiac arrest 4(0.1) 1(0.03) 3(0.1) 5(1.0) 13(1.7) 4(0.2) 1(0.1) 12 (1.0) 1(0.1) 73 (0.4) 117 (0.3)
[0.1-0.4] [0-0.2] [0.1-0.5] [0.6-2.6] [0.9-3.7] [0.1-0.5] [0-0.6] [0.6-2.0] [0-0.3] [0.3-0.6] [0.2-0.6]
Pneumonia 22 (0.7) 19 (0.6) 20 (1.0) 20 (4.0) 22 (2.8) 21(1.0) 4 (0. 34 (2.8) 11 (0.5) 305 (1.7) 478 (1.4)
[0.5-1.2]  [0.4-1.0] [0.6-1.5] [2.8-6.3] [2.0-44] [05-1.7] [0.2-1.0]  [1.9-4.2] [0.3-1.3] [1.2-24]  [1.0-1.9]
Ventilator 10 (0.9) 2 (0.1) 4(0.2) 40 (8.0) 26 (3.3) 3(0.1) 2(0.2) 26 (2.1) 1(0.1) 181 (1.0) 295 (0.9)
>096 h¢ [0.2-0.8] [0-0.3] [0.1-0.7] [4.7-13.8] [2.0-5.8] [0-0.4] [0.1-0.7] [1.2-4.0] [0-0.3] [0.6-1.7] [0.5-1.5]
Infection 14 (0.5) 6(0.2) 18(0.9) 15 (3.0) 15(1.9) 16 (0.7) 2(0.2) 32 (2.6) 7(0.3) 249 (1.4) 374 (1.1)
(all o}ger [0.3-0.8] [0.1-0.5] [0.5-1.4] [1.6-6.1] [1.3-3.9] [0.4-1.3] [0.1-0.7] [1.8-3.9] [0.2-0.8] [1.1-1.8] [0.8-1.4]
sites
Median LOS, d
No 3 3 4 6 7 3 2 6 2 4 3
complications (2.0-3.1) (2.9-3.1) (8.0-4.1) (4.0-6.1) (6.9-8.0) (2.0-3.1) (1.0-2.1) (5.9-7.1) (1.9-2.1) (3.0-4.1) (2.9-4.0)
=1 Complica- 10 6 8 14 17 10 9 15 8 15 14
tion (7.0-13.2) (5.0-8.0) (7.0-10.00 (13.0-16.0) (14.0-18.7) (7.0-11.0) (6.0-18.0) (13.0-18.0) (4.0-12.0) (13.0-16.5) (11.5-15.0)
Difference 7 3 4 8 10 7 7 9 6 1Al 1A
(95% CI)® (4.0-10.2) (2.0-5.0) (3.0-6.0) (7.0-12.0)  (7.0-11.7) (4.0-8.5) (4.0-16.00 (6.0-12.0) (2.0-10.00 (10.0-13.0) (8.5-12.0)

Abbreviations: CABG, coronary artery bypass graft; DVT, deep vein thrombosis; LOS, length of stay; PE, pulmonary embolism.

aComplication incidence is listed by procedure for the 9 most common surgical procedures, as well as all other procedures. All surgical procedures listed were defined by /ICD-9 codes
defined by the clinical classification software—defined group(s) (see Methods).

bSepsis: Includes all ICD-9 diagnosis codes covering sepsis, septic shock, and severe inflammatory response syndrome.

CVentilator >96 hours: ICD-9 code for “continuous invasive mechanical ventilation for 96 consecutive hours or more.”

dinfections (all other sites): ICD-9 code for an infections not specified at surgical site as defined in the Methods.

€P <.001 for difference in median LOS for all procedure types.
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significantly lower contribution mar-
gins than those without complica-
tions. As a result, the payer mix will
determine the overall economics of
surgical complications for a given
hospital. The studied hospital sys-
tem’s inpatient surgical payer mix
(Medicare, 45%; private, 40%; Medic-

US hospitals, often referred to as
safety net hospitals, treat populations
primarily covered by Medicaid or self-

SURGICAL COMPLICATIONS AND HOSPITAL FINANCES

payment, and complication reduction
efforts might improve their financial
performance.

]
Table 2. Patient Age, Average Length of Stay, Revenue, and Variable Costs, With and
Without Complications

Unadjusted (95% ClI)

' Without With =1
aid, 4%; and self-pay, 6%) was compa- _ Complications Complication )
rable to that of an average US hospital Variable (n = 32436) (n = 1820) Difference®
i . g i p Age, mean, yb 57.4 (55.7t10 58.3) 64.8 (63.8t0 67.0) 7.4 (5.81t0 10.7)
in 2010 (Medicare, 40%; private, 41%; .
Length of stay, median, d 3.0 (2.91t04.0) 14.0 (11.5t0 15.0) 11.0(9t0 12)

Medicaid, 9%; and self-pay, 5%)
(Marc Capuano, BS/BA, The Advisory
Board Company, Washington, DC,
October 2012).

Most US hospitals treat patient popu-

Mean, $, in thousands
Net revenue per patient

18.9 (15.8 t0 20.5)

49.4 (40.7 to 54.0

30.5 (23.9 t0 34.5)

Variable costs per patient

11 3(9.4t012.1)

33.7 (27.7 t0 36.8

22 4 (18.1 10 25.7)

Contribution margin per patient

Fixed costs per patient

5.7 10 7.0)

22.1(18.7t0 24.7

155 12.8 10 18.2)

Total costs per patient

(
(
6 (6.1 10 8.9)
6
(

179 156.1t0 19.1)

( )
( )

15.7 (11.0to 18.4)
( )
(

55.8 (46.7 to 61.1)

(
(
14.9109.7)
(
(

37.9 (31.110 43.8)

lations primarily covered by Medicare
or private payers,* and programs to
reduce complications may worsen their
near-term financial performance. Some

Total margin per patient 1.0(0.01t02.2) —6.4 (—10.3t0 —4.4) —7.4(—10.5t0 —5.1)

2P <.,001 for all differences (95% Cls were calculated with a bootstrap method). Comparison of variables between
groups with and without complications was made with a Wilcoxon rank sum 2-sample test, adjusting for clustering
within facility.
DAl ages 90 years or higher reported as equal to 90 years.

]
Table 3. Revenue, Contribution Margin, and Total Margin, by Procedure?

Change, $, in
Without Complications (95% ClI) With =1 Complication (95% CIl) Thousands (95% Cl)
[ 11 1
Contribution Margin Total Margin Contribution Margin Total Margin
[ 11 1 [ 11 1
Per Per Per Per A'in Con-
Net Patient, Patient, Net Patient, Patient tribution A in Total
Revenue, $,in $,in Revenue, $,in $,in Margin  Margin
Procedure No. of $,in $,in Thou- $, in Thou- No. of $, in $,in Thou- $,in Thou- per per
Type Patients Millions Millions  sands Milions sands Patients Millions Millions sands Millions sands Patient Patient
Spinal surgery 3002 103.2 42.2 14.0 16.3 5.4 66 4.9 1.8 26.6 0.3 3.9 12.6 -15
(33.5t0 (14.0 (11.4t0 (5.6to (29to (1.0to (0.3to (174t0  (-02to (=3.3to (5.2 t% (-6.5t0
192.7) 1076.2) 18.4) 30.5) 9.6) 10.4) 3.6) 32.8) 0.9) 13.7) 16 0) 5.0)
Knee 3131 775 30.4 9.7 9.0 2.9 74 2.6 0.8 10.3 -0.2 —24 0.6 -5.2
arthroplasty B06to (10.1to (B.2to (—1.7t0 (-0.9to (0.6to 0.1to B83to (-05to (=7.0to (-58to (-9.9to
141.4) 57.9) 11.6) 22.7) 4.7) 5.6) 1.8) 16.1) 0.1) 1.0) 7.1) —0.4)
Hip replacement 2013 46.9 16.8 8.3 2.2 1.1 85 2.4 0.5 5.6 -0.7 —-7.8 —2.7 -89
(164t0 (4.3to (4.6to (—3.8t0 (—2.6t0 (0.9to (0.0to (0.3to (-1.2to (—-123to0 (-5.3to (—10.4to
86.3) 33.9) 10.9) 9.4) 3.2) 4.5) 1.2) 10.5) -0.2) -3.7) 0.5) —6.4)°
Intracranial 416 14.3 7.3 17.5 24 5.8 86 5.8 2.5 29.2 0.3 3.9 1.7 -1.9
procedure (2.1to (1.2to (156.6t0 (0.6to (4.9to (0.6to (0.2to (19.1to  (-0.1to (-=55to (1.4 t% (=12.1to
34.1) 17.1) 20.0) 5.3) 10.5) 15.2) 6.7) 31.1) 1.1) 5.6) 13.7) 702)b
Coronary artery 692 26.5 12.2 17.7 2.3 3.4 86 6.8 25 29.6 -0.3 -3.4 11.9 -6.7
bypass and (8.7to 8.3to (154t0 (-1.5t0 (—4.1to (2.4to0 (0.7 to (178to (-1.1to (—-1565t0 (B.0to (—16.1to
graft 52.0) 25.0) 19.9) 7.5) 6.6) 12.1) 4.7) 41.6) 0.4) 5.5) 23.6)¢ 3.3)
Cholecys- 2126 19.8 8.1 3.8 -1.2 -0.6 67 1.7 0.4 6.6 -04 —6.2 2.9 -5.6
tectomy (11.2to  (4.5to B2to (-35to (—1.4to (0.9to 0.2to 23to (-11to (—120to (-06to (—10.5t0
28.4) 11.6) 4.5) 0.5) 0.3) 2.5) 0.7) 13.1) 0.1) 1.5) 9.4) 1.8)
Appendectomy 1203 8.6 41 3.4 0.5 0.4 15 0.3 0.0 1.1 -0.2 —13.1 —-2.3 —13.5
B6.7t0 (25t0 (28to (=0.1to (-0.1to (01to (-01to (-83to (-04to (-30.6to (—11.221 (—28.7to
11.9) 5.8) 3.9 1.2) 0.9 0.6) 0.1) 9.4) 0.0) -2.0) 068  —2.7)°
Colorectal 1067 214 10.0 9.3 2.0 1.9 164 7.6 2.7 16.6 -0.7 —4.6 7.2 -6.5
resection (106to  (4.7to (8.0to (0.4to (0.5t0 B.5t0 (1.0to 8.0to (-20to (—105t0 (0.7 t% (—=11.2to
34.3) 16.6) 10.8) 4.5) 3.3) 12.8) 5.0) 27.0) 0.3) 2.0) 18 5) —-1.5)0
Hysterectomy 2049 18.9 9.9 4.8 2.9 1.4 29 0.6 0.2 8.1 0.0 -1.6 3.3 —31
(104to  (6.5t0 (4.3to0 (1.1to (0.6to (0.2to 0.1to (29to (-02to (-81to (-1.8to (-9.5t0
28.8) 15.1) 5.5) 5.2) 2.9) 1.1) 0.4) 13.5) 0.1) 4.2) 8.2) 2.4)
All other 16737 276.6 107.1 6.4 -3.7 -0.2 1148 57.2 171 14.9 -9.7 -85 8.5 -8.3
procedures (104.8t0 (41.5t0 (6.1to (=1567t0 (-09to (196t0  (6.2to (10.3to (-17.0to (-133to (5.2to (—12.0to
507.5)  193.4) 7.4) 6.8) 0.5) 109.9) 33.6) 18.3) -3.8) —5.6) 10.8)¢ —5.1)¢
Total 32436 613.9 247.9 7.6 32.8 1.0 1820 89.9 28.6 15.7 -11.7 —6.4 8.1 -7.4
(258.8to (101.2to (6.1to  (—3.9to (-0.2to (31.8to (94to (11.0to (-20.3to (—10.3to (49to (—10.4to
1101.2)  439.6) 8.9) 80.8) 2.2) 171.2) 55.4) 18.4) —4.6) —4.4) 9.7)¢ —5.1)°¢

aContribution margin=net revenue-variable cost. Cls for totals, means, and differences were calculated with a nonparametric bootstrap method, resampling facilities (to account for
clustering within facility).

bp< 05.

Cp<.001.

©2013 American Medical Association. All rights reserved. JAMA, April 17, 2013—Vol 309, No. 15 1603



SURGICAL COMPLICATIONS AND HOSPITAL FINANCES

]
Table 4. Propensity-Adjusted Revenue, Contribution Margin, and Total Margin, by Payer?

Change (95% Cl),
Without Complications (95% ClI) With =1 Complication (95% CI) $, in Thousandsb
[ 11 11 1
Contribution Margin Total Margin Contribution Margin Total Margin
[ 11 1 [ 11 1
Per Per Per Per A'in Con-
No. of Net Patient, Patient, No. of Net Patient, Patient tribution A in Total
Patients Revenue, ,in ,in Patients Revenue, ,in $,in Margin  Margin
Procedure (% of ,in $, in Thou- $, in Thou- (% of $,in $, in Thou- $, in Thou- per per
Type Category) Millions Millions  sands Millions sands Category) Millions Millions sands Millions sands Patient  Patient
Private 13146 (41) 3555 222.6 16.9 1441 11.0 398 (22) 34.6 22.3 56.0 14.6 36.6 39.0 25.6
payers (1629to (1042to (14.3to (66.9to 9.1to (11.7t0  (71to 85.0to (4.1to (19.6to (20.1to (10.6to
581.5) 363.3) 18.5) 236.3) 12.1) 63.1) 42.2) 68.9) 29.1) 47.2) 50.4) 35.1)
Medicare 14221 (44) 2102 26.7 1.9 —78.2 -5.5 1185 (65) 38.4 4.3 3.6 -17.4 —-14.7 1.7 -9.2
85.8t0 (9.6t0 (1.1to (—1282to (—6.2t0 (16.4t0  (1.9to (22to (-289to (—-165to (1.0to (-10.7to
358.6) 50.3) 2.6) —35.6) —4.7) 63.0) 7.1) 5.4) —7.5) -12.0) 3.3) —6.9)
Medicaid 1236 (4) 141 -3.1 —-2.5 —-14.7 -11.9 100 (5) 3.2 -2.7 -26.5 —6.6 —66.2 —24.0 —54.3
(43to (=55to (—89to (—-27.2to (—17.6to (05t0 (-59to (-36.1to (—14.5t0 (—91.6to (—33.0to (—74.3t0
26.8) -1.2) —1.5) -5.1) —7.5) 6.9) -0.3 —-11.4) -1.0) -34.2) -9.1) —25.8)
Self-pay 2124 (7) 1.6 —14.9 -7.0 —26.7 -12.6 78 (4) 0.1 -26 —-33.8 -45 -57.3 —268  —448
(08to (—26.7to (—8.0to (—46.7to (—14.0to (Oto (-49to (—-40.2to (—83to (-68.0to (—33.9t0 (—56.4t0
2.4) —6.8) —5.7) -12.4) -10.6) 0.3 -0.9) —24.0) -1.6) —41.6) -18.1)  —30.6)
Others 1709 (5) 37.6 19.7 1.5 9.3 5.4 59 (3) 2.6 1.2 19.6 0.2 3.8 8.1 -1.7
(159t0  (8.1to (9.0to B3.2to (B.4to (1.0to (0.4 to (10.2to  (-03to (=5.7to (01to (=103to
66.1) 34.4) 14.3) 16.3) 7.9) 4.8) 2.2) 29.7) 0.8) 16.0) 17.1) 10.3)

aEstimates calculated with propensity score weights and adjusting for clustering within facility. Cls calculated with a nonparametric bootstrap to resampling facilities (to account for clus-

tering within facility).

bp< 001 forall A except for procedure type=others, where P=.047 for contribution margin per patient and P=.85 for total margin per patient. “Others” is composed of those patients
who did not fit into any of the other categories and included worker’s compensation. Contribution margin change=margin contribution with complications — margin contribution without

complications.

Contribution margin, defined as rev-
enue minus variable costs, describes the
financial resources generated by hos-
pital activities that are available to pay
for a hospital’s fixed costs. Hospital
managers seeking to improve finan-
cial performance typically prioritize
contribution margin when evaluating
hospital activities.” For hospitals with
substantial unused capacity, which
comprises the majority of US hospi-
tals,* any activity with a positive con-
tribution margin is financially benefi-
cial, regardless of total margin.

We also examined the relationship be-
tween occurrence of surgical complica-
tions and hospital financial perfor-
mance on a total margin basis, which
provides an understanding of the long-
term sustainability of hospital opera-
tions. For inpatient procedures covered
by private payers, the occurrence of com-
plications was associated with a more
than $25 000 greater total margin. In
contrast, Medicare, Medicaid, or self-
pay encounters all had negative total mar-
gins whether a complication occurred or
not, and the total margin was worse with
a complication. As a result, some hospi-
tals could financially benefit in the long
run by reducing complications if they
could accept substantial near-term losses.
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We did not estimate the effect of 3
potential factors that could affect the
hospital economics of surgical compli-
cations. First, the shorter lengths of stay
of procedures without complications
could benefit the small percentage of
hospitals operating at full capacity be-
cause they might be able to admit ad-
ditional patients with favorable insur-
ance who were “crowded out.”

Second, reduced complications could
improve hospital reputation, thereby in-
creasing market share. This effect is
unclear, given the absence of public
reporting of surgical complication
rates.”*

Third, reducing surgical complica-
tions is likely to reduce readmission
rates, which may help hospitals sub-
ject to reimbursement penalties, but our
current study was not structured to
study the consequences of this effect.

In contrast to previous financial stud-
ies that focused on smaller surgical pa-
tient pools or fewer procedures, the data
set used here comprises a large num-
ber of surgical inpatient encounters
with a typical mix of surgical proce-
dures.*>* Our identification of post-
surgical complications in administra-
tive data built on previously existing
methods, added new codes, and used

present-on-admission codes to im-
prove the clinical relevance of the ad-
ministrative data, as recommended else-
where.*” Our study also avoided the use
of surrogates for cost data.

Our study has several potential limi-
tations. A number of studies suggest
that administrative data may underes-
timate surgical complication rates.*"*
Furthermore, we did not seek to cap-
ture all complications (and in fact re-
corded postoperative deaths in which
there was no complication captured).
However, the overall rate of surgical
complications we report of 5.3% was
within the range of that of other stud-
ies.>® Rates of specific complications
that we included in our overall com-
plication index were also within the
range of that of other studies.” The con-
sequence of underestimating the num-
ber of surgical complications is that we
would also have underestimated the fi-
nancial influence of complications.

Although we report hospital rev-
enues from Medicare, Medicaid, and
private payers, we were not able to ac-
count for regional or local variation in
reimbursement rates. Variations in
Medicare rates (eg, because of adjust-
ments for local wage index) would need
to be corrected for in applying our re-

©2013 American Medical Association. All rights reserved.



sults to individual hospitals.”® Private
payer rates and contracting structures
vary widely across the country and even
in the same region or city.”! For ex-
ample, private payer reimbursement rates
range from 100% to 250% of Medicare
rates, depending on local market fac-
tors.”* Our results thus must be inter-
preted in light of these factors. It is pos-
sible that with certain combinations of
insurances and procedures, findings will
differ from our conclusions. However, we
believe the hospital system studied re-
flects a fairly typical set of procedures and
payer contracting rules.

All payers benefit financially when
surgical complications are avoided be-
cause they are associated with higher
average payments to hospitals.”®

The present study suggests that strat-
egies such as payers bundling the av-
erage costs of complications into the
base diagnosis related group payment
for a surgical procedure or limiting the
hospital’s ability to recode retrospec-
tively into a higher-paying diagnosis
related group may give hospitals a
stronger financial incentive to avoid
complications.

CONCLUSIONS

In this hospital system, the occurrence
of postsurgical complications was asso-
ciated with higher per-encounter hos-
pital contribution margin for patients
covered by Medicare and private insur-
ance but lower contribution margin for
patients covered by Medicaid and self-
payment. Depending on payer mix, some
hospitals have the potential for adverse
near-term financial consequences for de-
creasing postsurgical complications.
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