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Abstract 

Background:  The proportion of pregnant women delivered by cesarean section has increased steadily during the 
past three decades. The risk of infection is 10-fold augmented after elective cesarean section compared to vaginal 
delivery. Antibiotic prophylaxis may reduce endometritis by 62% and superficial wound infection by 38% after elec‑
tive cesarean section. International guidelines recommend antibiotic prophylaxis in elective cesarean section, but 
this procedure is not routinely followed in Sweden. Studies of costs of antibiotic prophylaxis in cesarean section show 
conflicting results and are based on substantially different incidence of postoperative infections. No study of costs 
of antibiotic prophylaxis in elective cesarean section in a Swedish or Nordic context has been pursued. The aim of 
this study was to investigate if antibiotic prophylaxis is cost-reducing in elective cesarean section in Örebro County, 
Sweden.

Methods:  All women undergoing elective cesarean in the Region Örebro County health care system during 2011–
2012 were eligible for inclusion. Postoperative infections and risk factors for infections were registered. A hypothetical 
situation in which all participants had received antibiotic prophylaxis was compared to the actual situation, in which 
none of them had received antibiotic prophylaxis. The reduction in the risk of postoperative infections resulting 
from antibiotic prophylaxis was based on a meta-analysis. Costs for in-patient care of postoperative infections were 
extracted from the accounting system, and costs for out-patient care were calculated according to standard costs. 
Costs for antibiotic prophylaxis were calculated and compared with the cost reduction that would be implied by the 
introduction of such prophylaxis.

Results:  The incidences of deep and superficial surgical site infection were 3.5% and 1.3% respectively. Introduction 
of antibiotic prophylaxis would reduce health care costs by 31 Euro per cesarean section performed (95% credible 
interval 4–58 Euro). The probability of cost-saving was 99%.

Conclusions:  Antibiotic prophylaxis in elective cesarean section is cost-reducing in this health care setting. Our 
results indicate that the introduction of antibiotic prophylaxis in elective cesarean section can also be cost-saving in 
low infection rate settings.

Trial registration Ethical approval was given by the Regional Ethical Review Board in Uppsala (registration number 
2013/484).
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Background
The proportion of pregnant women delivered by cesar-
ean section has increased steadily during the past three 
decades [1]. The risk of infection is 10-fold augmented 
after elective cesarean section compared to vaginal deliv-
ery [2]. A large meta-analysis found that the incidence of 
endometritis after elective cesarean section was 7%, but 
the incidence varied remarkably (0–24%) in the included 
studies; the risk of superficial wound infection was 8.5%, 
with a similar variation among the studies [3]. In a Swed-
ish study of primiparas undergoing elective cesarean 
section due to breech presentation or psychosocial indi-
cation, the incidence of endometritis was 3.2% and no 
superficial wound infection was found [4].

Obesity and diabetes increase the risk of postopera-
tive infection by 2 and 1.4 times respectively, but the 
coexistence of both risk factors increases the risk 9-fold 
compared to women with neither [5]. Smoking increased 
the risk of postoperative infection by 2.7 times in an 
extremely obese population of women [6].

According to a meta-analysis, antibiotic prophylaxis 
reduces endometritis by 62% and superficial wound 
infection by 38% after elective cesarean section [7]. Inter-
national guidelines recommend antibiotic prophylaxis 
in elective cesarean section [8], but this procedure is not 
routinely followed in Sweden [9].

Studies of costs of antibiotic prophylaxis in cesarean 
section show conflicting results. While some studies 
show antibiotic prophylaxis to be cost reducing [10–12] 
others demonstrate the opposite [13–15]. The majority of 
the studies consider either emergency cesarean section 
[13] or a mix of emergency and elective cesarean sec-
tion [10, 12, 14]. Only two studies specifically consider 
costs of antibiotic prophylaxis in elective cesarean sec-
tion, one from the United States [11] and one from China 
[15]. The American study showed a cost reduction of 
2% of the total cost per cesarean section, corresponding 
to US$30 per cesarean section. In contrast, the Chinese 
study showed a 12%, or approximately US$147, increase 
in the cost of each cesarean section with the introduction 
of antibiotic prophylaxis. No study of costs of antibiotic 
prophylaxis in elective cesarean section in a Swedish or 
Nordic context has been conducted.

Methods
Aim
The aim of this study was to investigate the incidence of 
superficial surgical site infection and deep surgical site 
infection, and to analyze whether antibiotic prophylaxis 
is cost-reducing in elective cesarean section in Örebro 
County, Sweden. This county has around 270,000 inhab-
itants and is situated in central Sweden.

Participation characteristics
All women undergoing elective cesarean section from 1 
January 2011 to 31 December 2012 at the Departments 
of Obstetrics and Gynecology at Örebro University Hos-
pital and Karlskoga Hospital were eligible for the study. 
The extent of the time period for inclusion was decided 
according to the yearly number of women delivered by 
elective cesarean section at the hospitals and the inci-
dence of postoperative infections earlier described in a 
Swedish population [7]. Exclusion criteria were having 
received antibiotic prophylaxis or having been treated 
with prophylactic antibiotics (for example due to urinary 
tract anomaly), having left Örebro County after delivery 
or not having been followed up by the Region Örebro 
County health care system for any other reason, having 
been reoperated due to causes other than wound infec-
tion, and having undergone other major procedures dur-
ing the cesarean section.

Of a total of 6871 women delivered in Örebro County 
between 2011 and 2012, 365 (5.3%) underwent elective 
cesarean section. Of these, 47 were excluded (Fig.  1). The 
main reason for exclusion was having received antibiotic 
prophylaxis, and another important reason was having 
moved out of the county. The mean age was 32.5 years, 24% 
were obese, 4% had diabetes mellitus, and 4% were smokers.

Process
The women were identified through the search function 
in the Obstetrix medical record system (Siemens, ver-
sion 2.14.02.200). Medical records from primary health 

Fig. 1  Excluded women, reasons for exclusion, included women, and 
incidence of surgical site infections. CS cesarean section
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care, maternity health care, specialist maternity health 
care, and obstetric in-patient care in Örebro County 
were studied. The following possible risk factors for 
infection were registered: smoking, any type of diabetes 
mellitus, obesity (BMI > 30  kg/m2), excessive periopera-
tive hemorrhage (> 1000  ml), and postoperative throm-
boprophylaxis; the first three of these were extracted 
from maternity health care records and the others were 
extracted from obstetric in-patient care unit records. 
Postoperative infections were classified as superficial 
surgical site infection and deep surgical site infection 
developing up to 30  days postoperatively, according to 
the Centers for Disease Control definitions of nosocomial 
surgical infections [16]. Deep surgical site infection was 
considered equal to endometritis, which is the term used 
in the two meta-analyses cited previously [3, 7]. Urinary 
tract infections were excluded since there is no evidence 
they are preventable by antibiotic prophylaxis [7].

To minimize the risk of underreporting the incidence 
of postoperative infections, all health care visits during 
the first 30 days after each cesarean section were identi-
fied and studied. One woman with a deep surgical site 
infection and several women with superficial surgical site 
infections were treated in units other than the Depart-
ments of Obstetrics and Gynecology at the two hospitals.

Intervention
All participants were assumed to receive antibiotic 
prophylaxis.

Comparison
The same participants not receiving any antibiotic 
prophylaxis.

Economic analysis
A health care perspective was used in the analysis, mean-
ing that only health care costs were included. The inter-
vention cost and the cost of infections developed during 
the first month after delivery were considered. The care 
costs preventable by an introduction of antibiotic 
prophylaxis were calculated assuming the same effect of 
antibiotic prophylaxis as in the meta-analysis cited ear-
lier [7], namely, a relative reduction in the risk of endo-
metriosis (0.62, or 95% CI 0.47–0.82) and of superficial 
wound infection (0.38, or 95% CI 0.24–0.61) after elec-
tive cesarean section. Finally, the care costs preventable 
by antibiotic prophylaxis were compared to the costs for 
administering antibiotics to all women undergoing elec-
tive cesarean section during the given time period.

Costs for antibiotic prophylaxis were obtained from 
the Swedish Medicines Compendium for health care 
professionals (FASS). Where prices were not fixed, 
costs were obtained from the pharmacy at Örebro 

University Hospital. The costs of administering antibi-
otic prophylaxis (ampicillin 2 g intravenously) included 
both material and personnel costs (the latter including 
salaries and payroll tax). Estimated time required was 
acquired from the head of the ward caring for women 
undergoing elective cesarean section at Örebro Univer-
sity Hospital, and the costs of material and personnel 
time were acquired from Örebro University Hospital 
accounts. It was assumed that two-thirds of an employ-
ee’s time is spent on patient care, and the rest on activi-
ties such as preparation, further education, meetings, 
and breaks.

Costs for the in-patient care of the postoperative 
infections were extracted from the Region Örebro 
County accounting system (ECOMED). Costs for all in-
patient care are registered in this system according to 
a Swedish system called cost per patient (KPP), which 
is mainly used for debiting patient costs from other 
counties. The KPP encompasses all hospital health care 
in Sweden, and is used to produce national average 
costs for a certain treatment of a certain disease. Costs 
for out-patient care were calculated using the stand-
ard prices for out-patient visits that are used to debit 
patient costs from other counties.

Costs were calculated at the 2014 price level and 
expressed in Euro, transformed from Swedish Crowns 
using exchange rate 1 Euro = 9 Swedish Crowns. Over-
head costs for the health authority were included in 
the costs for care of postoperative infections but not 
in the costs for administering antibiotic prophylaxis. 
To ensure comparability, proportions of overhead costs 
were estimated and then excluded from the costs of 
care for postoperative infections.

Three alternative assumptions were tested in a sensi-
tivity analysis:

•	 Half of an employee’s time instead of 2/3 is spent on 
patient care.

•	 15% of overhead costs instead of 9%.
•	 The effect of antibiotic prophylaxis is reduced 

according to the lower end of 95% confidence inter-
val presented in the meta-analysis [7]; 47% instead 
of 62% for endometritis and 24% instead of 38% for 
superficial wound infection.

Statistics analysis
Descriptive data are presented as absolute numbers and 
percentages. The risk of infection was calculated in a uni-
variate analysis as odds ratios (ORs) with 95% confidence 
intervals (CIs). Version 22 of the IBM SPSS software 
package was used for the statistical calculation. Statistical 
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uncertainty of the incidence of infections was calculated 
using release 11 of the STATA software package (STATA, 
TX, USA). Average cost reductions and corresponding 
95% credible intervals as well as probability of cost-saving 
were estimated using a resampling method with replace-
ment and 10,000 replications in version 3.2.2 of the R sta-
tistical software package [17].

Results
The incidence of superficial surgical site infection was 
1.3% and the incidence of deep surgical site infection was 
3.5%, giving a 4.8% total incidence of surgical site infec-
tions (95% CI 2.7–7.7). Table  1 presents  distribution 
of  potential risk factors for infections and their corre-
spondig Odds ratios. The only risk factor that proved to 
be statistically significant was smoking (OR 4.08; 95% CI 
1.05–15.94).

Figure 2 presents the risk of infection with and without 
antibiotic prophylaxis.

The health care cost of surgical site infections was 
27,307 Euro, consisting of 4560 Euro for superficial sur-
gical site infections and 22,747 Euro for deep surgical 
site infections. Women subject to superficial surgical 
site infection were exclusively treated as out-patients, 
whereas most women subject to deep surgical site infec-
tion were mainly treated as in-patients. The costs for 
in-patient care were considerably higher than those for 
out-patient care (Table 2).

Table 3 presents the cost of care preventable by antibi-
otic prophylaxis based on a primary estimation of 9% for 
overhead costs of in-patient care, while Table 4 presents 
the cost of administering antibiotic prophylaxis using 
a primary estimation that two-thirds of an employee’s 
time is spent on patient care. Based on these estimations, 
introduction of routine antibiotic prophylaxis would 
deliver a saving of 31.2 Euro (45.3 minus 14.1) per patient 

(95% credible interval 4–58 Euro). Probability of cost-
saving was 99%.

In a sensitivity analysis, alternative estimations were 
made under the assumptions that the overhead costs of 
in-patient care are 15% of the total, half of an employee’s 
time is spent on patient care, and with lower effect of 
antibiotic prophylaxis. The cost of administering antibi-
otic prophylaxis using these estimations is presented in 
Table  4. Calculations based on these alternative estima-
tions deliver savings of 15–29 Euro per patient, with a 
probability of cost-saving of 87–98% (Table 5).

Discussion
This cost-minimization analysis shows that an introduc-
tion of antibiotic prophylaxis in elective cesarean section 
would reduce health care costs by 31.2 Euro per cesarean 
section (95% credible interval 4–58 Euro), and a probabil-
ity of cost-saving of 99%. The incidence of postoperative 
surgical site infection was 4.8% in this material, compris-
ing 3.5% deep surgical site infections and 1.3% superficial 
surgical site infections. The only risk factor showing a 
significantly elevated risk for postoperative infection was 
smoking (OR: 4.08; 95% CI 1.05–15.94).

This study shows that antibiotic prophylaxis in elec-
tive cesarean section is cost-reducing even in this con-
text where the incidence of postoperative infections is 
low. Since the introduction of prophylactic antibiotics in 
elective cesarean section would imply less suffering for 
the women, and there is no evidence that the risk of anti-
biotic resistance is greater with antibiotic prophylaxis, 
this speaks in favor of an introduction in this health care 
context.

Table 1  Risk factors for  infections and  odds ratios (ORs) 
with  95% confidence intervals (CIs) for  surgical site 
infection

DSI deep surgical site infection, SSI superficial surgical site infection

Number % OR 95% CI No 
information 
available

Smoking 13 4.0 4.08 1.05–15.94 3

Diabetes 12 3.8 1.90 0.27–13.16 0

Obesity (BMI > 30) 77 24 0.99 0.33–2.98 4

Excessive periop‑
erative hemorrhage 
(> 1000 ml)

46 15 1.51 0.44–5.14 1

Thromboprophylaxis 143 45 1.42 0.53–3.82 0

Elective cesarean 
section

No antibiotic 
prophylaxis

Deep infectionp 
p = 0.035

Superficial infection 
p = 0.013

No infection 
p = 0.952

Antibiotic 
prophylaxis

Deep infection
p = 0.013

Superficial infection
p = 0.008

No infection
p = 0.979

Fig. 2  Risk of infection with and without antibiotic prophylaxis
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The economic favorability of antibiotic prophylaxis can 
be explained by the fact that it is a relatively simple meas-
ure in a woman already admitted for a surgical procedure. 
This can be compared to the high costs of postoperative 
infections, which can be explained by the expensive in-
patient care that many of the women with deep surgical 
site infections are subject to.

The incidence of postoperative surgical site infections 
in this study is low in an international perspective. The 
incidences of deep surgical site infection and superficial 
surgical site infection were 3.5% and 1.3% respectively, 

which can be compared to 7% and 8.5% respectively in 
the Cochrane Library meta-analysis [3]. The incidence 
of deep surgical site infection is comparable to that in 
a Swedish study of 247 primiparas undergoing elective 
cesarean section due to psychosocial indication or breech 
presentation, which reported an incidence of endometri-
tis of 3.2%; however, no superficial surgical site infection 
was found in that study [4].

Smoking was a significant risk factor for postoperative 
infection in this study. A PubMed search specifically on 
this subject revealed only one study examining smoking 
as a risk factor for infection in cesarean section [6].

The cost reduction of 31.2 Euro per cesarean section is 
comparable to the reduction of costs seen by Chelmow 
et al. [11], which was US$30 per cesarean section. Hong 
et  al. on the other hand, found a cost-increase of ¥924, 
or approximately US$147, per cesarean section [15]. The 
incidence of postoperative infection is crucial for the 
cost-effectiveness of antibiotic prophylaxis in a certain 
setting since a high incidence of postoperative infections 
favors the cost-reducing effect of antibiotic prophylaxis, 
whereas a low incidence disfavors the effect. Chelmow 
et al. used an incidence of endometritis of 4.8% in their 
model, whereas the incidence found by Hong et  al. was 
1.2%, which can partly explain the difference seen in 
effect on costs. The incidence of endometritis in the pre-
sent study is in between the two cited studies. Transfer 
of results of cost-effectiveness from one study to another 
context must thus be made with caution.

The study design we have chosen has some limitations. 
This is an observational study where we have used the 
reduced risk reported in a meta-analysis [7] to calculate 
the cost reduction.

The meta-analysis is based on a review of studies 
including a total of 15,000 women and extending over 
more than 40 years. The evidence was judged as moder-
ate using the GRADE approach. The studies differed in 
many aspects, such as setting, antibiotic regimen, and 

Table 3  Health care costs of 318 women for the preventable 
proportion of  surgical site infections based on  a  primary 
estimation of 9% overhead costs

All costs are in Euros

DSI deep surgical site infection, SSI superficial surgical site infection

Total cost for care of SSI 4560

Cost for care of SSI excluding overhead costs 4150

Proportion of costs of SSI preventable by antibiotic prophylaxis 
(38%)

1577

Total cost for care of DSI 22,747

Cost for care of DSI excluding overhead costs 20,698

Proportion of costs of DSI preventable by antibiotic prophylaxis 
(62%)

12,833

Total cost preventable by antibiotic prophylaxis 14,410

Total cost per women 45.3

Table 4  Costs to administer antibiotic prophylaxis

All costs are in Euros

Cost 
per woman

Personnel 7.1

Antibiotics 6.4

Other material 0.6

Total cost per woman 14.1

Table 5  Sensitivity analysis based on  estimations of  overhead costs of  9% and  15% respectively and  assumptions 
that two-thirds or half of an employee’s time is spent on patient care, respectively

All costs are in Euros

OH overhead costs

Preventable infections 38% and 62% 24% and 47%

Overhead excluded 9% 15% 9% 15%

Time spent on patient care 2/3 1/2 2/3 1/2 2/3 1/2 2/3 1/2

Care costs that are preventable 45.3 45.3 42.3 42.3 33.7 33.7 31.5 31.5

Costs to administer antibiotic prophylaxis 14.1 16.4 14.1 16.4 14.1 16.4 14.1 16.4

Cost reduction per woman 31.2 28.9 28.2 25.9 19.6 17.3 17.4 15.1

Probability of cost saving 0.986 0.980 0.984 0.976 0.920 0.885 0.904 0.865
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risk of infection, but the authors found no evidence of 
statistically important heterogeneity in the effect of anti-
biotic prophylaxis. Studies including emergency and elec-
tive cesarean section were both included, but the effects 
of antibiotic prophylaxis in different subgroups of cesar-
ean section were analyzed and reported separately. Based 
on this, we assume that the effect of antibiotic prophy-
laxis would be comparable in our setting.

The limited sample size of 318 women means that con-
clusions about the incidence of postoperative infections 
are uncertain. The total incidence of postoperative infec-
tion was 4.8% (95% CI 2.7–7.7). The confidence interval 
calculated implies that the true incidence might differ 
somewhat from what we found. This is of importance 
since our cost calculations are based on the incidence of 
postoperative infections.

The impact a postoperative infection can have on qual-
ity of life was also not taken into account in this study. 
As most postoperative infections are mild and of short 
duration, one might assume that the impact on quality of 
life in terms of quality-adjusted life years is small in the 
majority of patients.

There has been debate whether antibiotic prophylaxis 
administered preoperatively affects the fetus negatively. It 
is known that the first generation of cephalosporin (cefa-
zolin) is transferred to the fetus [18], and hence some 
authors have argued that antibiotic prophylaxis should be 
administered after the umbilical cord has been clamped, 
in order to avoid unnecessary fetal exposure to anti-
biotics [19]. However, a meta-analysis by Hessen et  al. 
showed no difference in neonatal outcome when admin-
istering antibiotic prophylaxis preoperatively compared 
to administering antibiotics after clamping the umbilical 
cord, whereas the risk of endometritis was significantly 
decreased [20].

There is no evidence regarding the extent to which 
antibiotic prophylaxis contributes to development of 
antibiotic resistance [7]. It is thus hard to make a sci-
entific comparison between antibiotic prophylaxis and 
antibiotic treatment regarding the risk of antibiotic 
resistance. However, the issue of antibiotic prophylaxis is 
of great importance. When comparing the risks of devel-
opment of antibiotic resistance, relevant factors include 
the efficiency of antibiotic prophylaxis, how many doses 
an antibiotic treatment includes, and the incidence of 
postoperative infections.

Conclusions
This is the first study to show that antibiotic prophylaxis 
in elective cesarean section is cost-reducing in a Swed-
ish and Nordic context. Specifically, antibiotic prophy-
laxis in elective cesarean section is cost-reducing with the 

incidence of postoperative infections and in the health 
care context of Örebro County, Sweden. Our results indi-
cate that the introduction of antibiotic prophylaxis in 
elective cesarean section can also be cost-saving in low 
infection rate settings.
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