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o r i g i n a l a r t i c l e

Attributable Costs of Surgical Site Infection and Endometritis
after Low Transverse Cesarean Delivery

Margaret A. Olsen, PhD, MPH; Anne M. Butler, MS; Denise M. Willers, MD; Gilad A. Gross, MD;
Barton H. Hamilton, PhD; Victoria J. Fraser, MD

background. Accurate data on costs attributable to hospital-acquired infections are needed to determine their economic impact and
the cost-benefit of potential preventive strategies.

objective. To determine the attributable costs of surgical site infection (SSI) and endometritis (EMM) after cesarean section by means
of 2 different methods.

design. Retrospective cohort.

setting. Barnes-Jewish Hospital, a 1,250-bed academic tertiary care hospital.

patients. There were 1,605 women who underwent low transverse cesarean section from July 1999 through June 2001.

methods. Attributable costs of SSI and EMM were determined by generalized least squares (GLS) and propensity score matched-pairs
by means of administrative claims data to define underlying comorbidities and procedures. For the matched-pairs analyses, uninfected
control patients were matched to patients with SSI or with EMM on the basis of their propensity to develop infection, and the median
difference in costs was calculated.

results. The attributable total hospital cost of SSI calculated by GLS was $3,529 and by propensity score matched-pairs was $2,852.
The attributable total hospital cost of EMM calculated by GLS was $3,956 and by propensity score matched-pairs was $3,842. The majority
of excess costs were associated with room and board and pharmacy costs.

conclusions. The costs of SSI and EMM were lower than SSI costs reported after more extensive operations. The attributable costs
of EMM calculated by the 2 methods were very similar, whereas the costs of SSI calculated by propensity score matched-pairs were lower
than the costs calculated by GLS. The difference in costs determined by the 2 methods needs to be considered by investigators who are
performing cost analyses of hospital-acquired infections.
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Surgical site infections (SSIs) are associated with substantial
morbidity, longer hospital length of stay, and hospital read-
missions.1-3 Most estimates for the costs of SSI come from
older studies that used simple statistical methods or no sta-
tistical comparisons, with only crude estimates for the at-
tributable costs of infection. Attributable costs can vary de-
pending on the type of statistical method used, as shown by
Hollenbeak et al4 for the costs of SSI after coronary artery
bypass surgery.

In many studies, attributable costs were calculated for SSI
that occurred after a variety of different operations, rather
than calculated for SSI after individual surgical procedures.5-10

Not all SSIs are alike, however. SSIs after operations involving
major organ spaces, such as cardiac or orthopedic surgery,
may very well have higher attributable costs than do SSIs

after less extensive operations.4,11,12 In addition, costs of SSI
likely vary according to the depth of the infection. Attrib-
utable costs of SSIs have been reported to be highest for
organ-space infection, compared with attributable costs of
deep incisional or superficial incisional SSIs.2,13-15

Accurate estimates of the attributable costs of SSI are
needed, from the hospital perspective, to weigh the cost-ben-
efit of infection prevention strategies and to determine the
impact of the Deficit Reduction Act and the ruling by the
Centers for Medicare and Medicaid Services. This ruling,
which went into effect in October 2008, denies upgrade to
the higher diagnosis-related group for secondary diagnoses
considered to be “preventable hospital-acquired conditions,”
including some SSIs.16

Most studies that examined hospital costs associated with
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table 1. Selected Characteristics of the Low Transverse Cesarean Section Cohort at Barnes-Jewish Hospital, 1999–2001 (n
p 1,597)

Characteristic

No SSI or EMM

(n p 1,415)

SSI

(n p 80)

P, SSI vs

control patientsa

EMM

(n p 121)

P, EMM vs

control patientsa

Age, mean � SD, years 27.2 � 6.5 26.7 � 6.4 .498 23.2 � 5.8 !.001

BMI, mean � SD 33.7 � 7.8 36.9 � 9.1 !.001 34.9 � 8.6 .105

Race

White 471 (33.3) 29 (36.3) … 22 (18.2) …

Black 870 (61.5) 46 (57.5) .532 97 (80.2) !.001

Other 74 (5.2) 5 (6.3) .853 2 (1.7) .465

Absence of private health insuranceb 825 (58.3) 50 (62.5) .459 94 (77.7) !.001

Antepartum hemorrhage 42 (3.0) 2 (2.5) 1.99 5 (4.1) .412

Postpartum hemorrhage 57 (4.0) 7 (8.8) .078 6 (5.0) .630

Coagulation and hemorrhagic disorders 27 (1.9) 1 (1.3) 1.99 1 (0.8) .720

Chorioamnionitis 133 (9.4) 17 (21.3) .001 26 (21.5) !.001

Pelvic inflammatory disease 23 (1.6) 1 (1.3) .787 0 (0) .250

Gonorrhea or syphilis 16 (1.1) 0 (0) 1.99 1 (0.8) 1.99

Group B Streptococcus 57 (4.0) 8 (10.0) .020 4 (3.3) 1.99

Sepsis 7 (0.5) 3 (3.8) .013 4 (3.3) .008

Urinary tract or kidney infectionc 44 (3.1) 4 (5.0) .321 8 (6.6) .060

Renal disease 12 (0.8) 0 (0) 1.99 0 (0) .615

Pneumonia 15 (1.1) 3 (3.8) .067 3 (2.5) .164

Pulmonary collapse or insufficienciesd 20 (1.4) 4 (5.0) .036 0 (0) .396

Maternal cardiac conditions 40 (2.8) 4 (5.0) .292 7 (5.8) .090

Diabetes mellitus 59 (4.2) 4 (5.0) .576 7 (5.8) .400

Gestational diabetes 104 (7.3) 4 (5.0) .430 6 (5.0) .328

Pre-eclampsia, mild 96 (6.8) 10 (12.5) .053 19 (15.7) !.001

Pre-eclampsia, severe 126 (8.9) 6 (7.5) .667 13 (10.7) .499

Eclampsia 11 (0.8) 1 (1.3) .484 1 (0.8) 1.99

Premature rupture of membranes 58 (4.1) 2 (2.5) .768 11 (9.1) .011

Multiple gestation 89 (6.3) 6 (7.5) .666 3 (2.5) .090

Obstetric laceration and/or trauma 24 (1.7) 1 (1.3) 1.99 2 (1.7) 1.99

Severe complication of delivery 19 (1.3) 2 (2.5) .311 4 (3.3) .101

Fetal distress 589 (41.6) 43 (53.8) .033 68 (56.2) .002

Intrauterine fetal death 9 (0.6) 1 (1.3) .424 1 (0.8) .561

Failed labor 288 (20.4) 20 (25.0) .317 44 (36.4) !.001

Malposition and malpresentation of fetus 367 (25.9) 25 (31.3) .293 28 (23.1) .499

Previous cesarean section 446 (31.5) 25 (31.3) .960 16 (13.2) !.001

Amnioinfusion 131 (9.3) 12 (15.0) .089 29 (24.0) !.001

Labor induction 249 (17.6) 20 (25.0) .094 37 (30.6) !.001

Ovarian procedure 8 (0.6) 3 (3.8) .018 1 (0.8) .523

Tubal ligation 269 (19.0) 17 (21.3) .620 10 (8.3) .003

Laparotomy 3 (0.2) 5 (6.3) !.001 3 (2.5) .008

Tracheostomy ventilation 5 (0.4) 3 (3.8) .007 1 (0.8) .389

Central venous cathetere 17 (1.2) 1 (1.3) 1.99 4 (3.3) .077

note. Data are no. (%) of patients, unless otherwise indicated. BMI, body mass index; EMM, endometritis; SD, standard deviation; SSI,
surgical site infection.
a Comparison vs uninfected control group.
b Presence of public aid, Medicare, Medicaid, or no insurance.
c Diagnosed on or after the day of cesarean section.
d Atelectasis, pulmonary edema, acute respiratory distress syndrome, or respiratory failure.
e Inserted before the onset of SSI and/or EMM in case patients.

SSI have determined total hospital costs attributable to in-
fection. More recently, an argument has been made to focus
on direct costs (primarily consumables), because they are
most subject to savings by implementation of effective in-
fection control interventions.17,18 On the other hand, fixed

costs, such as costs for most nursing staff, electricity, and
maintenance, are not subject to immediate savings through
prevention of infection. Therefore, calculation of the attrib-
utable direct costs of SSI may be necessary to inform cost-
benefit analyses of infection control interventions.
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table 2. Crude Costs Associated With Surgical Site Infection (SSI) and Endometritis (EMM)
in the Cohort Population

Cost

US $2008, median (range)a

SSI
(n p 80)

EMM
(n p 121)

No SSI or EMM
(n p 1,415)

Total 10,317 (4,703–140,478) 11,141 (4,248–57,263) 6,829 (1,642–277,573)
Room and board 7,419 (3,054–73,447) 7,015 (2,960–25,455) 5,762 (1,192–87,004)
Pharmacy 1,722 (200–28,571) 2,627 (343–13,012) 593 (0–39,632)
Laboratory 398 (44–32,908) 618 (43–10,771) 227 (0–32,908)
Otherb 503 (0–22,296) 498 (0–4,505) 115 (0–41,172)
a Median costs for the radiology, respiratory therapy, and physical therapy departments were zero for all
SSI case patients, EMM case patients, and uninfected control patients. For all comparisons, byP ! .001
Mann-Whitney U test.
b Includes all costs not allocated to room and board, pharmacy, laboratory, radiology, respiratory therapy,
or physical therapy departments.

We used administrative claims data from a retrospective
cohort of women who underwent low transverse cesarean
section at our academic tertiary care hospital and 2 different
statistical methods to determine the attributable total and
direct costs for SSI and endometritis (EMM).

methods

This study was conducted at Barnes-Jewish Hospital, a 1,250-
bed tertiary care hospital affiliated with Washington Univer-
sity School of Medicine in Saint Louis, Missouri. All patients
who underwent low transverse cesarean section surgery, de-
fined by an International Classification of Diseases, Ninth Edi-
tion, Clinical Modification (ICD-9-CM) procedure code for
low transverse cesarean section (74.1), from July 1, 1999,
through June 30, 2001, were eligible for the study. For in-
clusion, patients were required to have an operative note that
indicated use of a low transverse uterine incision. Potential
SSI and EMM case patients were identified using ICD-9-CM
discharge diagnosis codes consistent with incisional infection
(998.50, 998.51, 998.59, 674.32, or 674.34) or EMM (670.02
or 670.04) during the original surgical admission or at read-
mission (inpatient, outpatient surgery, or emergency room)
to the hospital within 60 days of surgery and/or excess an-
tibiotics utilization after surgery, as described previously.19-22

Excess antibiotics utilization was defined as 2 or more days
of antibiotics beginning with postoperative day 2, or any
antibiotics at readmission to the hospital within 60 days of
surgery. Hospital medical records were reviewed for all pa-
tients who met the ICD-9-CM or antibiotics criteria, and signs
and symptoms of infection were recorded. EMM was defined
as fever beginning more than 24 hours or continuing at least
24 hours after delivery plus fundal tenderness.22 SSIs were
verified by chart review in accordance with the Centers for
Disease Control and Prevention National Nosocomial Infec-
tions Surveillance system definitions.21,23 During the period
of this study, routine prophylactic antibiotics (cefazolin or
cefotetan) were given at cord clamp.21

Demographic information, microbiology and laboratory

results, and ICD-9-CM diagnosis and procedure codes were
collected for the original surgical admission by means of the
Barnes-Jewish Hospital Medical Informatics database. ICD-
9-CM diagnosis codes used to identify underlying comor-
bidities were also collected for the 12 months preceding the
date of surgery. Comorbidity and procedure variables were
created from claims data with the Healthcare Cost and Uti-
lization Project Clinical Classifications Software.24

Hospital cost data were obtained from the Barnes-Jewish
Hospital cost accounting database (Trendstar; McKesson) for
the surgical admission and any inpatient, outpatient surgery,
and emergency readmission to the hospital within 30 days
after surgery, excluding the costs and hospital days before the
day of the cesarean section. Costs were calculated for each
department (eg, room and board or pharmacy) by multiply-
ing the department’s actual cost components by the charges
for each patient charge code recorded during hospitalizations,
divided by total departmental costs. Departmental costs were
summed to calculate total hospital costs for each patient. All
costs were inflation adjusted to 2008 US dollars by means of
the medical care component of the Consumer Price Index.25

Patient characteristics were compared by the Student t test,
x2 test, or Fisher exact test, as appropriate. Crude costs were
compared by the Mann-Whitney U test. Generalized least
squares (GLS) models were fit to estimate the costs associated
with SSI and EMM (the primary independent variables),
while taking into account the variation of other factors sig-
nificantly associated with costs. Frequency analyses were per-
formed on the claims data to identify diagnoses and proce-
dures that might be important predictors of cost. Variables
that applied to fewer than 10 patients were excluded. Linearity
assessments were performed for continuous variables. The
natural log of total costs was used as the dependent variable
to normalize the highly skewed distribution, and an estimator
(“feasible GLS estimator”) was used to weight the observa-
tions to account for heteroskedasticity.26 The multivariate GLS
model was determined by evaluating all biologically plausible
variables, with use of for entry and for ex-P X .05 P 1 .20
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table 3. Results of the Generalized Least Squares Model for Determining Attributable
Costs of Surgical Site Infection (SSI) and Endometritis (EMM) After Low Transverse
Cesarean Section (n p 1,597)

Variable
Proportion
of patients

Estimated
b coefficient SE P

Variable of interest
SSI 0.05 0.36 0.03 !.001
EMM 0.08 0.39 0.03 !.001

Demographic characteristic
Age !18 years 0.05 0.06 0.03 .088
Age 135 years 0.13 0.04 0.02 .106
Absence of private insurancea 0.60 0.02 0.02 .192

Procedure
Labor induction 0.19 0.04 0.02 .040
Ovarian procedure 0.01 0.26 0.08 .002
Central venous catheterb 0.01 0.51 0.07 !.001

Medical condition
Antepartum hemorrhage 0.03 0.09 0.04 .032
Postpartum hemorrhage 0.04 0.10 0.04 .008
Coagulation and hemorrhagic disorders 0.02 0.08 0.06 .135
Chorioamnionitis 0.11 0.15 0.02 !.001
Pelvic inflammatory disease 0.02 0.12 0.06 .049
Gonorrhea or syphilis 0.01 0.13 0.07 .060
Urinary tract or kidney infectionc 0.03 0.11 0.04 .009
Pneumonia 0.01 0.37 0.07 !.001
Pulmonary collapse or insufficienciesd 0.02 0.16 0.06 .010
Maternal cardiac conditions 0.03 0.13 0.04 .002
Diabetes mellitus or gestational diabetes 0.11 0.05 0.02 .022
Pre-eclampsia (mild) 0.08 0.10 0.03 !.001
Pre-eclampsia (severe) 0.09 0.23 0.03 !.001
Eclampsia 0.01 0.62 0.08 !.001
Multiple gestation 0.06 0.10 0.03 .001
Obstetric laceration and/or trauma 0.02 0.20 0.06 .001
Severe complication of delivery 0.02 0.53 0.06 !.001
Fetal distress 0.43 0.02 0.02 .149
Intrauterine fetal death 0.01 0.19 0.09 .040

note. Adjusted for the model after accounting for natural log transformation of costs.2R p 0.24
SE, standard error.
a Presence of public aid, Medicare, Medicaid, or no health insurance.
b Inserted before the onset of SSI and/or EMM in case patients.
c Diagnosed on or after the day of cesarean section.
d Atelectasis, pulmonary edema, acute respiratory distress syndrome, or respiratory failure.

clusion. All independent variables were checked for colline-
arity. Models were checked for functional form misspecifi-
cation by means of the Ramsey regression specification error
test and for heteroskedasticity by means of the Breusch-Pagan
test.26 Because the GLS model used the natural logarithm of
costs as the dependent variable, an intermediate regression
was performed to predict costs in US dollars.26

Each coefficient obtained in the GLS model represented
the mean difference in the natural logarithm of costs between
individuals with and without that variable, assuming all other
predictors of costs remained constant. To calculate the at-
tributable costs of SSI and EMM, the regression equation was
solved separately for (1) patients with SSI, (2) patients with
EMM, and (3) patients without infection, and was back trans-

formed by exponentiating the result. The attributable costs
of SSI and EMM were calculated by subtracting the difference
in calculated costs between women with SSI or EMM and
women without infection.

The second method for determining attributable costs of
SSI and EMM was a propensity score matched-pairs analysis.27

A logistic regression model was created to predict the prob-
ability of developing SSI. The model was adjusted for all
variables suspected to affect the risk of developing SSI, as
defined by in univariate analysis or biologic plausi-P ! .20
bility. SSI case patients and control patients were matched 1
: 1 on the basis of their propensity to develop SSI by means
of the nearest-neighbor method within calipers of 0.10 stan-
dard deviations.28 SSI case patients without a suitable control
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table 4. Attributable Total Costs of Surgical Site Infection and
Endometritis After Low Transverse Cesarean Section Calculated by
2 Different Methods

Method

Adjusted cost in US $2008, median (95% CI)

Surgical site
infection Endometritis

GLS $3,529 ($3,105–$4,011)a $3,956 ($3,481–$4,496) a

Matched-pairs $2,852 ($2,006–$4,378)b $3,842 ($3,254–$5,111)b

note. CI, confidence interval; GLS, generalized least squares.
a Estimates adjusted for covariates in Table 3.
b Costs are the medians and 95% CIs based on the binomial distribution.
The medians were used for the matched-pairs analyses because the cost
differences were not normally distributed.

patient were excluded from the analysis. Comparisons were
performed between unmatched and matched SSI case patients
by means of the x2 or Fisher exact test, with correction for
multiple testing (a/number of tests). These methods were
repeated to create propensity score matched-pairs for EMM
case patients and control patients. Attributable costs were
calculated as the median of the differences in cost between
matched-pairs. The median difference in cost was compared
with the Wilcoxon signed-rank test, with 95% confidence
intervals [CIs] calculated in Stata.

Statistical analyses were performed using SPSS, version 14.0
(SPSS), and Stata, version 9.2 (StataCorp). Approval for this
study was obtained from the Washington University Human
Research Protection Office.

results

Of 1,605 patients who underwent low transverse cesarean
section during the study period, complete cost data was avail-
able for 1,597 patients (99.5%). Cost data was missing for 1
patient with both SSI and EMM, 2 patients with EMM, and
5 patients without infection. Characteristics of the low trans-
verse cesarean section cohort with complete cost data are
shown in Table 1. Eighty patients (5.0%) developed SSI and
121 (7.6%) developed EMM, including 19 patients (1.2%)
with both SSI and EMM. SSI case patients had significantly
higher body mass index and were significantly more likely to
have ICD-9-CM diagnosis codes for chorioamnionitis, mild
pre-eclampsia, fetal distress, pulmonary collapse or insuffi-
ciencies (atelectasis, pulmonary edema, acute respiratory dis-
tress syndrome, or respiratory failure), group B Streptococcus
infection, or sepsis and to have ICD-9-CM procedure codes
for an ovarian operation, laparotomy, or tracheostomy and/
or mechanical ventilation. Compared with patients without
infection, women with EMM were younger, more likely to
be African American, and less likely to have private medical
insurance. Patients with EMM were significantly more likely
to have ICD-9-CM diagnosis codes for chorioamnionitis, sep-
sis, mild pre-eclampsia, fetal distress, premature rupture of
membranes, or failed labor and to have ICD-9-CM procedure
codes in the surgical admission for amnioinfusion, labor in-

duction, and laparotomy. EMM occurred significantly less
often in patients who had undergone a previous cesarean
section or who had tubal ligation at the time of the cesarean
section. The median length of surgical stay, beginning with
the day of cesarean section, was significantly longer for women
with SSI (4.5 days) or EMM (5.4 days), compared with the
corresponding stay for uninfected control patients (4.0 days;

for both).P ! .001
Table 2 presents crude hospital costs for SSI and EMM

case patients and uninfected patients. Patients with SSI or
EMM had significantly higher unadjusted costs for the sur-
gical admission plus any readmission within 30 days of sur-
gery, compared with such costs for uninfected patients
( for both). Room and board, pharmacy, and labo-P ! .001
ratory departmental costs were also significantly higher for
SSI and EMM case patients, compared with such costs for
uninfected patients ( for all). The crude increases inP ! .001
length of hospital stay (beginning with the date of surgery
and including length of stay during hospital readmissions that
began within 30 days after surgery) were 2.2 days for SSI and
1.8 days for EMM ( for both, Mann-Whitney U test).P ! .001

Both SSI and EMM were independent predictors of hospital
costs ( ) in the GLS model (Table 3). Procedures as-P ! .001
sociated with significantly increased costs included labor in-
duction, ovarian procedures, and placement of a central ve-
nous catheter. Other medical conditions that strongly affected
costs included severe complications of delivery, pneumonia,
pulmonary collapse or insufficiencies, intrauterine fetal death,
chorioamnionitis, maternal cardiac conditions, and obstetric
laceration and/or trauma. There was an increasing dose-re-
sponse relationship between costs and mild pre-eclampsia,
severe pre-eclampsia, and eclampsia, as indicated by the pro-
gressively larger values for the b coefficients.

The attributable costs of SSI and EMM estimated by GLS
are presented in Table 4. After adjustment for the variables
listed in Table 3, the attributable total costs estimated by GLS
were $3,529 for SSI and $3,956 for EMM. In a separate anal-
ysis, the estimated attributable direct cost was $2,054 (95%
CI, $1,797–$2,347) for SSI and $2,726 (95% CI, $2,386–
$3,116) for EMM.

In the propensity score matched-pairs analyses, 68 of the
80 SSI case patients were matched with control patients and
110 of the 121 EMM case patients were matched with control
patients. Twelve SSI case patients and 11 EMM case patients
were excluded because a nearest-neighbor control was not
available. All covariates were balanced between matched SSI
case patients and control patients and matched EMM case
patients and control patients after controlling for multiple
comparisons. Unmatched SSI case patients had significantly
higher median total costs, compared with those for matched
SSI case patients ($16,088 vs $9,973; ). Costs wereP p .008
not significantly different for unmatched versus matched
EMM case patients ($10,262 vs $11,346; ).P p .540

The median difference in total costs between the matched
SSI case and control pairs was $2,852, and the median dif-
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ference in direct costs was $1,675 ( , Wilcoxon signed-P ! .001
rank test). The median difference in total costs between the
matched EMM case and control pairs was $3,842, and the
median difference in direct costs was $2,357 ( , Wil-P ! .001
coxon signed-rank test). The median difference in the hospital
length of stay (beginning with the date of surgery through
the date of discharge, plus inpatient readmissions that began
within 30 days after surgery) for the matched pairs was 2.0
days for SSI and 1.8 days for EMM ( for both, Wil-P ! .001
coxon signed-rank test).

discussion

We used 2 different statistical methods to calculate attrib-
utable total and direct costs associated with SSI and EMM.
We found that the attributable costs of EMM calculated by
GLS and propensity score matched-pairs were virtually the
same (approximately $3,900), whereas the attributable costs
of SSI calculated by GLS ($3,529) were higher than the costs
calculated by the matched-pairs method ($2,852).

GLS modeling is commonly used for econometric analyses
but relies on the careful specification of the model and in-
clusion of factors associated with both hospital costs and
infection to reduce bias of the estimates. The advantage of
the propensity score matched-pairs method is that costs are
compared for individuals with similar likelihood of devel-
oping infection, and the difference in costs should therefore
represent the true incremental costs of diagnosing and treat-
ing the infection. The disadvantage of this method is the loss
of infected case patients due to the inability to find suitable
matched control patients with equivalent likelihood of de-
veloping infection. The unmatched case patients tend to be
individuals with very high probability of infection, because
not as many uninfected patients have high probabilities of
infection. Thus, the attributable costs calculated with this
method exclude the sicker patients with more underlying
comorbidities, and the calculated costs tend to be lower than
the costs calculated by GLS. This was true for the attributable
costs of SSI; in contrast, the attributable costs of EMM cal-
culated with the 2 methods were remarkably similar.

The attributable total costs of SSI after cesarean section
calculated in this study (approximately $3,500) were lower
than costs of SSI reported in most previous studies following
other operations (range, approximately $3,400–$17,700).3-6,

11,12,29 It is not surprising that the total costs we calculated for
cesarean section SSIs are on the low end of the scale of re-
ported SSI costs, because the SSIs were primarily superficial
incisional infections treated with antibiotic therapy and/or
local wound care. To our knowledge, there is only one other
report of the crude costs of SSI after cesarean section. Mug-
ford et al30 found that SSI added £716 (1986–1987 British
pounds), which translates to $2,435 in US 2008 dollars,31

consistent with our findings.
Our calculation of $3,956 in attributable total costs due to

EMM was higher than the costs estimated in previous studies.

To our knowledge, there are only 2 published reports of costs
associated with EMM; one reported in 1980 calculated costs
of $850 in a matched-pairs analysis (approximately $3,085 in
US 2008 dollars25), and the other more recent study estimated
costs of $815 in 2001 US dollars ($688 for treatment of EMM
plus $126 for fever evaluation, approximately $1,087 in US
2008 dollars) due to EMM after elective cesarean section
based on decision tree analysis.32 It is unclear from this anal-
ysis, however, whether costs associated with excess length of
stay were included in the attributable costs.

In the study by Mugford et al,30 76% of the excess costs
due to SSI resulted from staffing due to longer length of
hospital stay in patients with infection. In our study, room
and board costs were also the biggest driver of increased crude
costs for women with SSI, whereas pharmacy costs made the
largest contribution to increased costs for women with EMM.
Excess room and board costs were responsible for 48% of
the increased crude costs in patients with SSI and 29% of the
increased crude costs in women with EMM, compared with
the crude costs of uninfected women. Pharmacy costs made
up 32% of the increased crude costs for women with SSI and
47% of the increased crude costs for women with EMM,
compared with the crude costs of women without infection.
Thus, although the attributable costs of the 2 infections were
very similar, the cost centers driving the increase for the 2
infections were different. In contrast to the 12% higher at-
tributable total costs of EMM, compared with those of SSI
($3,956 vs $3,529), the attributable direct cost of EMM es-
timated with GLS was 33% higher than the direct cost of SSI
($2,726 vs $2,054 direct cost for SSI). This is consistent with
the finding that pharmacy costs (74% of which were direct
costs) contributed more to the total crude costs of EMM. In
contrast, room and board costs made up a higher percentage
of the total crude costs of SSI, and a much smaller proportion
of the room and board costs were in the direct cost category
(40% direct costs).

The limitations of this study are the focus on hospital costs
of infection, rather than total costs from a societal perspective,
including costs of additional clinic visits, outpatient antibiotic
therapy, home health visits, and so forth. We excluded SSIs
that were diagnosed and treated solely in the outpatient set-
ting, because those infections would not be associated with
increased hospital costs. We expect that the exclusion of out-
patient infections has minimal impact on the costs of EMM,
because patients with EMM are almost always hospitalized
for intravenous antibiotic therapy.

In summary, we used 2 different methods to calculate hos-
pital costs attributable to SSI and EMM after low transverse
cesarean section. The costs of EMM calculated by the 2 meth-
ods were very similar, whereas the cost of SSI calculated by
GLS was higher than the cost calculated using propensity
score matched pairs. Investigators can use these results to
determine the most appropriate method for calculation of
attributable costs on the basis of the goal of their cost analyses.
The results of this study can be used to determine the cost-
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benefit of routine prophylactic antibiotic administration and
other infection control interventions to prevent postoperative
infection after cesarean section.

acknowledgments

We thank Preetishma Devkota and Zohair Karmally, for assistance with data
collection, and Cherie Hill and Stacy Leimbach, for data management.

Financial support. Centers for Disease Control and Prevention, Preven-
tion Epicenter Program (grant UR8/CCU715087); and National Institutes of
Health (grant K01AI065808 to M.A.O. and grant K24AI06779401 to V.J.F.).

Potential conflicts of interest. All authors report no conflicts of interest
relevant to this article.

Address reprint requests to Margaret A. Olsen, PhD, MPH, Div of Infec-
tious Diseases, Washington University School of Medicine, Box 8051, 660 S
Euclid Ave, St Louis, MO 63110 (molsen@im.wustl.edu).

The findings and conclusions in this report are those of the authors and
do not necessarily represent the views of the Centers for Disease Control
and Prevention.

Presented in part: 18th Annual Scientific Meeting of the Society for Health-
care Epidemiology of America; Orlando, Florida; April 5–8, 2008 (Abstract
247).

references

1. Herwaldt LA, Cullen JJ, Scholz D, et al. A prospective study of outcomes,
healthcare resource utilization, and costs associated with postoperative
nosocomial infections. Infect Control Hosp Epidemiol 2006;27:1291–1298.

2. Weber WP, Zwahlen M, Reck S, et al. Economic burden of surgical site
infections at a European university hospital. Infect Control Hosp Epidemiol
2008;29:623–629.

3. Kirkland KB, Briggs JP, Trivette SL, Wilkinson WE, Sexton DJ. The impact
of surgical-site infections in the 1990s: attributable mortality, excess length
of hospitalization, and extra costs. Infect Control Hosp Epidemiol 1999;20:
725–730.

4. Hollenbeak CS, Murphy D, Dunagan WC, Fraser VJ. Nonrandom se-
lection and the attributable cost of surgical-site infections. Infect Control
Hosp Epidemiol 2002;23:177–182.

5. Zoutman D, McDonald S, Vethanayagan D. Total and attributable costs
of surgical-wound infections at a Canadian tertiary care center. Infect
Control Hosp Epidemiol 1998;19:254–259.

6. Plowman R, Graves N, Griffin MA, et al. The rate and cost of hospital-
acquired infections occurring in patients admitted to selected specialties
of a district general hospital in England and the national burden imposed.
J Hosp Infect 2001;47:198–209.

7. Perencevich EN, Sands KE, Cosgrove SE, Guadagnoli E, Meara E, Platt
R. Health and economic impact of surgical site infections diagnosed af-
ter hospital discharge. Emerg Infect Dis 2003;9:196–203.

8. McGarry SA, Engemann JJ, Schmader K, Sexton DJ, Kaye KS. Surgical-
site infection due to Staphylococcus aureus among elderly patients: mor-
tality, duration of hospitalization, and cost. Infect Control Hosp Epidemiol
2004;25:461–467.

9. Anderson DJ, Kirkland KB, Kaye KS, et al. Underresourced hospital in-
fection control and prevention programs: penny wise, pound foolish? Infect
Control Hosp Epidemiol 2007;28:767–773.

10. Kaye KS, Anderson DJ, Sloane R, et al. The effect of surgical site infection
on older operative patients. J Am Geriatr Soc 2009;57:46–54.

11. Whitehouse JD, Friedman D, Kirkland KS, Richardson WJ, Sexton DJ.
The impact of surgical-site infections following orthopedic surgery at a
community hospital and a university hospital: adverse quality of life, excess
length of stay, and extra cost. Infect Control Hosp Epidemiol 2002;23:183–
189.

12. Olsen MA, Chu-Ongsakul S, Brandt KE, Dietz JR, Mayfield J, Fraser VJ.
Hospital-associated costs due to surgical site infection after breast surgery.
Arch Surg 2008;143:53–60.

13. Jenney AWJ, Harrington GA, Russo PL, Spelman DW. Cost of surgical
site infections following coronary artery bypass surgery. ANZ J Surg 2001;
71:662–664.

14. Coskun D, Aytac J, Aydinli A, Bayer A. Mortality rate, length of stay
and extra cost of sternal surgical site infections following coronary artery
bypass grafting in a private medical centre in Turkey. J Hosp Infect 2005;
60:176–179.

15. Coello R, Charlett A, Wilson J, Ward V, Pearson A, Borriello P. Adverse
impact of surgical site infections in English hospitals. J Hosp Infect 2005;60:
93–103.

16. Centers for Medicare and Medicaid Services. Medicare program: changes
to the hospital inpatient prospective payment systems and fiscal year
2009 rates: payments for graduate education in certain emergency sit-
uations; changes to disclosure of physician ownership in hospitals and
physician self-referral rules; updates to the long-term care prospective
payment system; updates to certain IPPS-excluded hospitals; and col-
lection of information regarding financial relationships between hospi-
tals; final rule. 73 Fed Regist 48434–49083 (2008).

17. Graves N, Weinhold D, Tong E, et al. Effect of healthcare-acquired in-
fection on length of hospital stay and cost. Infect Control Hosp Epidemiol
2007;28:280–292.

18. Graves N, McGowan JE Jr. Nosocomial infection, the Deficit Reduction
Act, and incentives for hospitals. JAMA 2008;300:1577–1579.

19. Hirschhorn LR, Currier JS, Platt R. Electronic surveillance of antibiotic
exposure and coded discharge diagnoses as indicators of postoperative
infection and other quality assurance measures. Infect Control Hosp Ep-
idemiol 1993;14:21–28.

20. Yokoe DS, Noskin GA, Cunningham SM, et al. Enhanced identification
of postoperative infections. Emerg Infect Dis 2004;10:1924–1930.

21. Olsen MA, Butler AM, Willers DM, Devkota P, Gross GA, Fraser VJ.
Risk factors for surgical site infection after low transverse cesarean sec-
tion. Infect Control Hosp Epidemiol 2008;29:477–484.

22. Olsen MA, Butler AM, Willers DM, Gross GA, Devkota P, Fraser VJ.
Risk factors for endometritis following low transverse cesarean section.
Infect Control Hosp Epidemiol 2010;31:69–77.

23. Horan TC, Gaynes RP. Surveillance of nosocomial infections. In: Mayhall
CG, ed. Hospital Epidemiology and Infection Control. 3rd ed. Philadelphia,
PA: Lippincott Williams & Wilkins, 2004:1659–1702.

24. Agency for Healthcare Research and Quality. HCUP-US home page. http:
//www.hcup-us.ahrq.gov/. Accessed January 8, 2010.

25. US Department of Labor Bureau of Labor Statistics. Consumer price index.
2009. http://www.bls.gov/cpi/home.htm. Accessed August 14, 2009.

26. Wooldridge JM. Introductory Econometrics: A Modern Approach. 2nd ed.
Mason, OH: Thomson Learning, 2003.

27. Rubin DB. Estimating causal effects from large data sets using propensity
scores. Ann Intern Med 1997;127:757–763.

28. Rosenbaum P, Rubin D. The central role of the propensity score in ob-
servational studies for causal effects. Biometrika 1983;70:41–55.

29. Reilly J, Twaddle S, McIntosh J, Kean L. An economic analysis of surgical
wound infection. J Hosp Infect 2001;49:245–249.

30. Mugford M, Kingston J, Chalmers I. Reducing the incidence of infection
after caesarean section: implications of prophylaxis with antibiotics for
hospital resources. BMJ 1989;299:1003–1006.

31. Officer LH, Williamson SH. Measuring Worth exchange rate calculator.
Computing “real value” over time with a conversion between UK pounds
and US dollars, 1830 to present. 2009. http://www.measuringworth.com/
calculators/exchange/result_exchange.php. Accessed August 17, 2009.

32. Chelmow D, Hennesy M, Evantash EG. Prophylactic antibiotics for non-
laboring patients with intact membranes undergoing cesarean delivery:
an economic analysis. Am J Obstet Gynecol 2004;191:1661–1665.


	Washington University School of Medicine
	Digital Commons@Becker
	3-2010

	Attributable costs of surgical site infection and endometritis after low transverse cesarean delivery
	Margaret A. Olsen
	Anne M. Butler
	Denise M. Willers
	Gilad A. Gross
	Barton H. Hamilton
	See next page for additional authors
	Recommended Citation
	Authors


	tmp.1291058387.pdf.HFybl

