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BACKGROUND
Preoperative skin antisepsis has the potential to decrease the risk of surgical-site 
infection. However, evidence is limited to guide the choice of antiseptic agent at 
cesarean delivery, which is the most common major surgical procedure among 
women in the United States.

METHODS
In this single-center, randomized, controlled trial, we evaluated whether the use of 
chlorhexidine–alcohol for preoperative skin antisepsis was superior to the use of 
iodine–alcohol for the prevention of surgical-site infection after cesarean delivery. 
We randomly assigned patients undergoing cesarean delivery to skin preparation 
with either chlorhexidine–alcohol or iodine–alcohol. The primary outcome was 
superficial or deep surgical-site infection within 30 days after cesarean delivery, on 
the basis of definitions from the Centers for Disease Control and Prevention.

RESULTS
From September 2011 through June 2015, a total of 1147 patients were enrolled; 
572 patients were assigned to chlorhexidine–alcohol and 575 to iodine–alcohol. In 
an intention-to-treat analysis, surgical-site infection was diagnosed in 23 patients 
(4.0%) in the chlorhexidine–alcohol group and in 42 (7.3%) in the iodine–alcohol 
group (relative risk, 0.55; 95% confidence interval, 0.34 to 0.90; P = 0.02). The rate 
of superficial surgical-site infection was 3.0% in the chlorhexidine–alcohol group 
and 4.9% in the iodine–alcohol group (P = 0.10); the rate of deep infection was 
1.0% and 2.4%, respectively (P = 0.07). The frequency of adverse skin reactions was 
similar in the two groups.

CONCLUSIONS
The use of chlorhexidine–alcohol for preoperative skin antisepsis resulted in a 
significantly lower risk of surgical-site infection after cesarean delivery than did 
the use of iodine–alcohol. (Funded by the National Institutes of Health and Wash-
ington University School of Medicine in St. Louis; ClinicalTrials.gov number, 
NCT01472549.)
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Cesarean delivery is the most com-
mon major surgical procedure among 
women in the United States.1 In 2013, 

more than 32.7% (1.3 million) of the 3.9 million 
births were by cesarean section.2 Surgical-site 
infections complicate 2 to 5% of all surgical 
procedures and 5 to 12% of cesarean deliver-
ies.3-6 Infection occurring after delivery places an 
extra burden on the new mother and may impair 
mother–infant bonding and breast-feeding. The 
average attributable hospital cost per surgical-
site infection after cesarean delivery is estimated 
to be $3,529.7

The skin is a major source of pathogens that 
cause surgical-site infections. Therefore, preop-
erative skin antisepsis has the potential to de-
crease the risk of surgical-site infection.8 Unfor-
tunately, there is a paucity of evidence to guide 
the choice of antiseptic agent at cesarean deliv-
ery.9 Three small trials, involving a total of 189 
participants, have been published comparing 
antiseptic agents for preoperative skin prepara-
tion at cesarean delivery; these trials showed no 
significant between-group differences in the rate 
of surgical-site infection.10-12 Moreover, data from 
observational studies are conflicting.13-15 The cur-
rent guidelines on strategies to prevent surgical-
site infection recommend the use of an alcohol-
containing preoperative skin-preparatory agent, 
but they note that the most effective disinfectant 
to combine with alcohol is unclear.3

Randomized trials that have predominantly 
involved patients undergoing general surgical 
procedures have suggested the superiority of 
chlorhexidine-based antiseptic agents over iodine-
based antiseptic agents for the prevention of 
surgical-site infection.16-18 However, most trials 
compared a chlorhexidine–alcohol combination 
with iodine alone, which raises the question of 
whether the apparent superiority of chlorhexi-
dine–alcohol is attributable to the chlorhexidine, 
the alcohol, or the combination.19,20 The unique 
dual microbial source of pathogens from both 
skin and vaginal origins in surgical-site infections 
after cesarean delivery and the immune modula-
tion in pregnancy raise questions about whether 
the results of trials of preoperative skin antisep-
sis for general surgical procedures can be ex-
trapolated to cesarean delivery.21 Therefore, we 
designed this pragmatic randomized, controlled 
trial to test the hypothesis that preoperative skin 
antisepsis with chlorhexidine–alcohol would be 

superior to iodine–alcohol for the prevention of 
surgical-site infection after cesarean delivery.

Me thods

Trial Design

Patients were randomly assigned to preoperative 
skin antisepsis with chlorhexidine–alcohol or 
iodine–alcohol in a pragmatic trial to determine 
the comparative effectiveness of the two preop-
erative skin preparations for the prevention of 
surgical-site infection after cesarean delivery. 
We used broad inclusion criteria and routine 
clinical procedures, and we analyzed outcomes 
according to the intention-to-treat principle.22 
The full trial protocol is available with the full 
text of this article at NEJM.org.

The funders had no role in the design or con-
duct of the study, the collection, management, 
analysis, or interpretation of the data, or the 
preparation, review, or approval of the manuscript. 
The decision to submit the manuscript for publica-
tion was made by all the authors. All the authors 
take responsibility for the accuracy and complete-
ness of the reported data and analyses and for 
the fidelity of the report to the trial protocol.

Patient Selection and Study-Group 
Assignment

All the participants provided written informed 
consent. Pregnant women undergoing cesarean 
delivery at Washington University Medical Cen-
ter in St. Louis from September 2011 through 
June 2015 were eligible. We excluded women 
who had known allergy to chlorhexidine, alco-
hol, iodine, or shellfish or who had a skin infec-
tion adjacent to the operative site.

Once the decision was made to perform a 
cesarean section, enrolled patients underwent 
randomization, in a 1:1 ratio, with the use of a 
computer-generated random sequence produced 
by the study statistician. Patients were assigned 
to receive one of two antiseptic regimens for 
skin preparation: a chlorhexidine–alcohol com-
bination (2% chlorhexidine gluconate with 70% 
isopropyl alcohol) or an iodine–alcohol combi-
nation (8.3% povidone–iodine with 72.5% iso-
propyl alcohol).

Trial Procedures

Skin preparation was performed by the circulat-
ing nurse following the manufacturer’s instruc-
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tions, which were similar for the two antiseptic 
agents. In brief, the prepackaged antiseptic ap-
plicator was opened and used to scrub the op-
erative site. A wait time of 3 minutes was al-
lowed between the application of the antiseptic 
agent and skin incision except in emergency 
cases in which this step was skipped. Patients 
also received standard infection-prevention mea-
sures, including body weight–based preoperative 
antibiotic prophylaxis.

Patients were followed daily until discharge 
from the hospital. They were then contacted by 
telephone within 30 days after delivery to assess 
whether they had symptoms of surgical-site in-
fection and inquire whether they had had a 
physician office or emergency department visit 
for wound complications. Medical records were 
obtained from physician office or emergency 
department visits or hospital admissions and 
were reviewed by the principal investigator, who 
was unaware of the study-group assignments, to 
determine the diagnosis at each postoperative 
visit or readmission. We collected demographic 
information, obstetrical and medical history, 
and details of the surgical procedure. Data were 
collected by means of direct interview with the 
patients and were supplemented with data ab-
stracted from the patients’ charts.

Trial Oversight

The study was approved by the institutional re-
view board at the Washington University in St. 
Louis and was overseen by an independent data 
and safety monitoring board. Two interim analy-
ses were conducted, after 50% and 75% of the 
participants were evaluated. The principal inves-
tigator was not informed of the results of the 
interim analyses. The Haybittle–Peto rule was 
used as a guide for stopping the trial early for 
efficacy23,24; it required a P value of less than 
0.001 for the difference between groups to jus-
tify stopping early. This rule has the advantages 
that the exact number and timing of interim 
analyses need not be specified and that the type 
I error at the end of the trial is preserved at 0.05.

Trial Outcomes

The primary outcome was superficial or deep 
surgical-site infection within 30 days after ce-
sarean delivery, on the basis of the National 
Healthcare Safety Network definitions of the 
Centers for Disease Control and Prevention (CDC)25 

(see  the Supplementary Appendix, available at 
NEJM.org). The diagnosis was made by the 
treating physician and verified by means of 
chart review by the principal investigator, who 
was unaware of the study-group assignments. 
Prespecified secondary outcomes were length of 
hospital stay, physician office visits and hospital 
readmissions for infection-related complications, 
endometritis, positive wound culture, skin irrita-
tion, and allergic reaction. We also assessed, post 
hoc, other wound complications (including skin 
separation, seroma, hematoma, and cellulitis), 
emergency department visits for wound complica-
tions, additional wound surgery, use of home 
health services or services of a wound clinic, and 
duration of wound care.

Statistical Analysis

We estimated the sample size for the trial as-
suming a baseline rate of surgical-site infection 
of 8%, on the basis of a prior study conducted at 
our institution,5 and we anticipated a clinically 
significant 50% lower risk of surgical-site infec-
tion in the chlorhexidine–alcohol group than in 
the iodine–alcohol group. We estimated that the 
study needed to enroll 1084 participants, 542 in 
each group, in order to have 80% power to de-
tect a 50% difference in the rates of surgical-site 
infection (at a two-tailed alpha level of 0.05). To 
accommodate a 10% loss to follow-up, we an-
ticipated enrolling at most 1192 participants.

The primary data analyses followed the inten-
tion-to-treat principle, in which data from all the 
participants were analyzed in the group to 
which the participants were randomly assigned, 
regardless of whether they received the assigned 
intervention.26 Descriptive and univariable statis-
tics were used to characterize the study partici-
pants and to compare the baseline characteris-
tics of the two groups.

We compared the primary outcome and other 
categorical outcomes between groups and calcu-
lated relative risks with 95% confidence inter-
vals. We conducted four prespecified subgroup 
analyses of the primary outcome in subgroups 
defined according to status with respect to cesar-
ean delivery (scheduled vs. unscheduled), status 
with respect to obesity (obese vs. nonobese), 
skin-closure type (subcuticular suture vs. staple 
closure), and presence or absence of chronic 
medical conditions (diabetes, chronic hyper-
tension, or renal disease). Obesity was defined 
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as a body-mass index (the weight in kilograms 
divided by the square of the height in meters) 
of 30 or more. We also performed one post hoc 
subgroup analysis involving patients with dia-
betes versus those without diabetes. All the 
patients with diabetes (pregestational or gesta-
tional) were considered as a single group. We 
used the Mantel–Haenszel test of homogeneity 
to test for interaction; this test assessed wheth-
er the relative effectiveness of the antiseptic 
agents differed across subgroups. We also con-
ducted a prespecified analysis in which we in-
cluded only patients who completed the 30 days 
of follow-up.

Two-sided P values of less than 0.05 were 
considered to indicate statistical significance. 
Data analysis was conducted with the use of 
Stata software, version 12.1 (StataCorp).

R esult s

Trial Participants

A total of 1636 pregnant women were screened 
for eligibility; 489 women were excluded from 
the study because they did not meet the inclu-
sion criteria, they declined to participate, or 
study staff were not available to obtain informed 
consent. The remaining 1147 women were ran-
domly assigned to receive preoperative skin 
preparation with either chlorhexidine–alcohol 
(572 women) or iodine–alcohol (575) and were 
included in the primary intention-to-treat analy-
sis (Fig. 1). All the patients except for 14 (7 pa-
tients [1.2%] in each group) received their as-
signed intervention. The most common reason 
in either group that the assigned intervention 
was not received was the discovery after ran-
domization that the participant had an allergy to 
the antiseptic agent. A similar number of par-
ticipants in each group — 34 (5.9%) in the 
chlorhexidine–alcohol group and 31 (5.4%) in 
the iodine–alcohol group — were lost to follow-
up. There were no significant differences be-
tween the two groups in the characteristics at 
baseline (Table  1, and Table S1 in the Supple-
mentary Appendix).

Primary Outcome

A total of 23 patients (4.0%) in the chlorhexi-
dine–alcohol group and 42 (7.3%) in the iodine–
alcohol group received a diagnosis of surgical-
site infection (relative risk, 0.55; 95% confidence 
interval [CI], 0.34 to 0.90; P = 0.02) (Table  2). 
The absolute difference in the rate of surgical-site 
infection between the chlorhexidine–alcohol group 
and the iodine–alcohol group was −3.3 percentage 
points (95% CI, −6.0 to −0.6). The rate of super-
ficial infection was 3.0% in the chlorhexidine–
alcohol group and 4.9% in the iodine–alcohol 
group (P = 0.10); the rate of deep infection was 
1.0% and 2.4%, respectively (P = 0.07).

In the subgroup analyses, four prespecified 
and one post hoc, the risks of surgical-site infec-
tion were lower in the chlorhexidine–alcohol 
group than in the iodine–alcohol group in all 
subgroups. The reductions in risk were not ma-
terially affected by whether cesarean delivery 
was scheduled versus unscheduled, by the pres-
ence or absence of obesity, by the type of skin 
closure, by the presence or absence of chronic 

Figure 1. Randomization and Follow-up of Study Participants.

1147 Underwent randomization

1636 Patients were assessed for eligibility

489 Were excluded
229 Did not meet inclusion

criteria
241 Declined to participate
19 Did not have study staff 

available to obtain consent

572 Were assigned to receive chlor-
hexidine–alcohol

565 Received assigned intervention
7 Did not receive assigned

intervention
6 Had allergy to chlorhexidine
1 Had emergency cesarean

575 Were assigned to receive iodine–
alcohol

568 Received assigned intervention
7 Did not receive assigned

intervention owing to allergy
to iodine

34 Were lost to follow-up
29 Did not have postoperative

follow-up
5 Discontinued study

31 Were lost to follow-up
28 Did not have postoperative

follow-up
3 Discontinued study

 572 Were included in the analysis 575 Were included in the analysis
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medical conditions, or by status with respect to 
diabetes (Fig. 2).

A total of 1082 patients (94.3%) completed 
the 30 days of follow-up (538 patients in the 
chlorhexidine–alcohol group and 544 in the io-
dine–alcohol group). Among the patients with 
complete follow-up, the rate of surgical-site in-
fection was significantly lower among those 
who had preoperative skin preparation with 
chlorhexidine–alcohol than among those who 
had preoperative skin preparation with iodine–
alcohol (4.3% vs. 7.7%; relative risk, 0.55; 95% 
CI, 0.34 to 0.91; P = 0.02) (Table S2 in the Supple-
mentary Appendix).

Secondary Outcomes
Key Secondary Outcomes

There were no significant differences between 
patients who were randomly assigned to the 
chlorhexidine–alcohol group and those ran-
domly assigned to the iodine–alcohol group 
with respect to rates of endometritis, hospital 
readmission for infection-related complica-
tions, or length of hospital stay (Table 2). Pa-
tients assigned to the chlorhexidine–alcohol 
group were significantly less likely than those 
assigned to the iodine–alcohol group to have 
physician office visits for wound concerns 
(7.9% vs. 12.5%; relative risk, 0.63; 95% CI, 
0.44 to 0.90; P = 0.009).

Wound Cultures
Specimens for culture were obtained from 32 of 
the 65 patients with surgical-site infection, and 
in 27 of these 32 patients (84%) the cultures 
were positive for bacterial growth. A total of 14 
of 27 positive cultures (52%) were polymicrobial. 
There was no significant difference in the rate 
of positive bacterial growth between patients 
assigned to chlorhexidine–alcohol and those as-
signed to iodine–alcohol (6 of 8 patients [75%] 
and 21 of 24 [88%], respectively; P = 0.58). Staph-
ylococcus aureus was the most common isolate (in 
10 of 27 patients [37%]). Methicillin-resistant 
S. aureus was present in 1 of 8 cultures (12%) in 
the chlorhexidine–alcohol group and in 4 of 24 
(17%) in the iodine–alcohol group (P = 0.10).

Adverse Skin Reactions
Overall, the rates of adverse skin reactions were 
low. Erythema at the operative site was the most 

common skin reaction, and the rate did not 
differ significantly between the chlorhexidine–
alcohol group and the iodine–alcohol group 
(2.3% and 1.9%, respectively; P = 0.67). The rates 
of skin irritation and allergic skin reactions also 
did not differ significantly between the two 
groups (Table 2).

Characteristic

Chlorhexidine– 
Alcohol 

(N = 572)

Iodine– 
Alcohol 

(N = 575)

Maternal age — yr 28.3±5.8 28.4±5.8

Gestational age at delivery — wk 37.6±2.8 37.7±3.1

Race — no. (%)†

Black 324 (56.6) 312 (54.3)

White 224 (39.2) 238 (41.4)

Other 24 (4.2) 25 (4.3)

Insurance — no. (%)

Public insurance or Medicaid 376 (65.7) 339 (59.0)

Private insurance 178 (31.1) 216 (37.6)

None 18 (3.2) 20 (3.5)

Body-mass index‡ 35.1±8.9 34.1±8.1

Current tobacco use — no. (%) 92 (16.1) 98 (17.0)

Chronic hypertension — no. (%) 69 (11.9) 49 (8.5)

Renal disease — no. (%) 3 (0.5) 1 (0.2)

Diabetes mellitus — no. (%) 55 (9.6) 65 (11.3)

Prior MRSA infection — no. (%) 3 (0.5) 1 (0.2)

Primiparous — no. (%) 151 (43.9) 240 (41.7)

Chorioamnionitis — no. (%) 17 (3.0) 24 (4.2)

Type of cesarean delivery — no. (%)

Scheduled 334 (58.4) 335 (58.3)

Unscheduled 238 (41.6) 240 (41.7)

Median duration of surgery (IQR) — 
min

55 (42–70) 55 (43–70)

Preincision prophylactic antibiotics — 
no. (%)

567 (99.1) 572 (99.5)

Skin-closure type — no./total no. (%)

Staples 108/572 (18.8) 107/574 (18.6)

Subcuticular suture 464/572 (81.2) 467/574 (81.4)

Estimated blood loss — ml 848.6±258.0 859.3±258.8

*	�Plus–minus values are means ±SD. There were no significant between-group 
differences in the characteristics at baseline. IQR denotes interquartile range, 
and MRSA methicillin-resistant Staphylococcus aureus.

†	�Race was self-reported.
‡	�The body-mass index is the weight in kilograms divided by the square of the 

height in meters.

Table 1. Characteristics of the Study Participants at Baseline.*
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Additional Outcomes

In a post hoc analysis, the use of other health 
care services (including emergency department 
visits, additional wound surgery, and use of 
home health services or the services of a wound 
clinic) did not differ significantly between the 
chlorhexidine–alcohol group and the iodine–
alcohol group (Table S3 in the Supplementary 
Appendix). Skin separation was the most com-
mon wound complication (assessed post hoc) 
and occurred in 11.5% of the patients in each 
group (P = 0.97). The groups also did not differ 
significantly with respect to the rates of other 
wound complications (including seroma, hema-
toma, and cellulitis). The median duration of 
wound care did not differ significantly between 
the two groups (5 weeks in each group, P = 0.55). 

There were no cases of fire or chemical skin 
burn in either group.

Discussion

In this randomized, controlled trial, we found 
that the risk of surgical-site infection after ce-
sarean delivery was significantly lower when 
chlorhexidine–alcohol was used for preoperative 
skin preparation than when iodine–alcohol was 
used. The rates of surgical-site infection were 
low overall, and the absolute difference between 
groups was relatively modest.

In addition, patients who were assigned to 
chlorhexidine–alcohol were significantly less 
likely than those who were assigned to iodine–
alcohol to have physician office visits for wound 

Outcome

Chlorhexidine– 
Alcohol 

(N = 572)

Iodine– 
Alcohol 

(N = 575)
Relative Risk 

(95% CI) P Value*

Primary outcome

Surgical-site infection — no. (%) 23 (4.0) 42 (7.3) 0.55 (0.34–0.90) 0.02

Superficial incisional 17 (3.0) 28 (4.9) 0.61 (0.34–1.10) 0.10

Deep incisional 6 (1.0) 14 (2.4) 0.43 (0.17–1.11) 0.07

Secondary outcomes

Median length of hospital stay (IQR) — 
days

4 (3–4) 4 (3–4) — 0.24

Physician office visit — no. (%) 45 (7.9) 72 (12.5) 0.63 (0.44–0.90) 0.009

Hospital readmission — no. (%) 19 (3.3) 25 (4.3) 0.76 (0.43–1.37) 0.37

Endometritis — no. (%) 8 (1.4) 11 (1.9) 0.73 (0.30–1.80) 0.49

Adverse skin reaction — no. (%)

Erythema at operative site 13 (2.3) 11 (1.9) 1.19 (0.54–2.63) 0.67

Skin irritation 0 3 (0.5) — 0.08

Allergic skin reaction 2 (0.3) 1 (0.2) 2.02 (0.18–22.11) 0.56

Skin irritation or allergic skin reaction 2 (0.3) 4 (0.7) 0.51 (0.09–2.73) 0.42

Additional outcomes

Other wound complication — no. (%)

Skin separation 66 (11.5) 66 (11.5) 1.01 (0.73–1.39) 0.97

Seroma 24 (4.2) 28 (4.9) 0.87 (0.51–1.47) 0.58

Hematoma 7 (1.2) 5 (0.9) 1.41 (0.45–4.41) 0.56

Cellulitis 5 (0.9) 10 (1.7) 0.50 (0.17–1.46) 0.20

Fire or chemical skin burn — no. 0 0 — —

*	�P values are based on chi-square tests or Fisher’s exact test for categorical variables and on the Mann–Whitney U test 
for continuous variables.

Table 2. Prespecified Primary and Secondary Outcomes and Post Hoc Additional Outcomes, According to Treatment 
Group, in the Intention-to-Treat Analysis.
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complications. The length of hospital stay and 
the rates of hospital readmission for infection-
related complications, endometritis, and adverse 
skin reactions were similar in the two groups, as 
were the rates of other wound complications.

The results of this trial can be compared only 
with trials involving nonobstetrical patients, 
because none of the three small randomized tri-
als comparing antiseptic agents for the preven-
tion of surgical-site infection after cesarean de-
livery compared chlorhexidine–alcohol with 
iodine–alcohol.10-12 One trial involving 79 women 
that compared alcohol scrub and iodophor drape 
with iodophor scrub only showed no wound in-
fection in either group.10 Another trial involving 
50 women compared parachlorometaxylenol 
plus iodine with iodine alone and showed no 
significant difference in the risk of wound infec-
tion.11 A recent trial that was designed primarily 
to test the effects of antiseptic agents on skin 

culture randomly assigned 60 women to 
chlorhexidine gluconate or povidone–iodine and 
showed no significant difference in surgical-site 
infection.12

Several studies involving patients undergoing 
general surgical procedures have shown the su-
periority of chlorhexidine–alcohol over povidone–
iodine for the prevention of surgical-site infec-
tion. A multicenter, randomized trial comparing 
these agents in adults undergoing clean-contam-
inated surgery (defined by the investigators as 
colorectal, small intestinal, gastroesophageal, 
biliary, thoracic, gynecologic, or urologic opera-
tions performed under controlled conditions with-
out substantial spillage or unusual contamina-
tion) showed a significantly lower risk of 
surgical-site infection with chlorhexidine–alco-
hol than with povidone–iodine (9.5% vs. 16.1%; 
relative risk, 0.59; 95% CI, 0.41 to 0.85; 
P = 0.004)17; risks were lower with chlorhexidine–

Figure 2. Risk of Surgical-Site Infection in Subgroups.

The analyses were performed according to the intention-to-treat principle. Four subgroup analyses were prespeci-
fied: scheduled versus unscheduled cesarean delivery, obese (body-mass index [the weight in kilograms divided by 
the square of the height in meters], ≥30) versus nonobese, subcuticular suture versus staple closure, and presence 
versus absence of chronic medical condition (diabetes, chronic hypertension, or renal disease). One subgroup analysis 
was post hoc (diabetes vs. no diabetes). Estimates for the relative effect of chlorhexidine–alcohol versus iodine–
alcohol on the risk of surgical-site infection in each subgroup are presented as relative risks with 95% confidence 
intervals. P values for interaction are from the Mantel–Haenszel test of homogeneity. Data on the skin-closure type 
were missing for one patient in the iodine–alcohol group. The arrow indicates that the lower limit of the 95% confi-
dence interval is less than 0.2.
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Chlorhexidine–Alcohol
Better

Type of cesarean delivery

Scheduled

Unscheduled

Obese

Yes

No

Skin-closure type

Staples

Suture

Chronic medical condition

Yes

No
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No

Chlorhexidine–
Alcohol Relative Risk (95% CI)

Iodine–
AlcoholSubgroup

0.56 (0.33–0.94)

0.47 (0.10–2.34)

0.59 (0.34–1.04)

0.43 (0.15–1.19)

0.99 (0.41–2.40)

0.43 (0.23–0.79)

0.72 (0.38–1.36)

0.38 (0.17–0.85)

0.58 (0.33–1.02)

0.2

0.46 (0.17–1.28)

P Value for
Interaction

  8/334
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  5/170
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14/464

  5/107

18/465

2/55

21/517

21/335

21/240

30/387

12/188

9/107

33/467

11/101

31/474

5/65

37/510

0.22

0.70

0.12

0.59

0.84

no. of events/total no.

The New England Journal of Medicine 
Downloaded from nejm.org at CHULALONGKORN UNIV FACULTY OF MED on February 26, 2016. For personal use only. No other uses without permission. 

 Copyright © 2016 Massachusetts Medical Society. All rights reserved. 



n engl j med 374;7  nejm.org  February 18, 2016654

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

alcohol for superficial and deep incisional infec-
tions but not for organ or space infections.17 A 
subsequent meta-analysis that included this trial 
and five other trials showed a significantly 
lower risk of surgical-site infection with 
chlorhexidine-based antiseptics than with iodine-
based antiseptics.16 Although these data sug-
gested the superiority of chlorhexidine-based 
antiseptics, it remained unclear whether the su-
periority was attributable to the chlorhexidine, 
the alcohol, or the combination and whether 
these results would apply to cesarean delivery.

Our results are consistent with those of the 
prior studies that suggested the superiority of 
chlorhexidine-based antiseptics over iodine-
based antiseptics for the prevention of surgical-
site infection. However, our findings differ from 
the results of a large, nonrandomized, sequen-
tial-implementation study that showed a lower 
rate of surgical-site infection with iodine–alco-
hol than with chlorhexidine–alcohol.27 The rea-
sons for the different findings in that trial are 
unclear, but differences in the types of surgical 
procedures and potential confounding by un-
measured variables are plausible explanations.

Chlorhexidine has a number of properties 
that may lead to greater effectiveness than iodine 
as an antiseptic. It has strong affinity for bind-
ing to skin, high antibacterial activity against 
gram-positive and gram-negative bacteria includ-
ing methicillin-resistant S. aureus, and longer re-
sidual effects than are observed with iodine.28,29 
Unlike iodine, chlorhexidine is not inactivated 
by organic matter such as bodily fluids and does 
not require a wait time between application and 
surgical incision. However, chlorhexidine is more 
expensive than iodine and has been linked to 
allergic reactions.16,29 We found no differences in 
the rates of pruritus or allergic reactions between 
patients randomly assigned to chlorhexidine–
alcohol and those assigned to iodine–alcohol, a 
finding that is consistent with the results of a 
prior trial.17

This trial has several limitations. First, we 

conducted the trial at a single site, which raises 
a question about the potential generalizability of 
our findings. However, the study population was 
racially and socioeconomically diverse; 55% of 
the participants were black, and 62% had public 
insurance. The obstetrical providers were also 
diverse (academic specialists and subspecialists, 
private physicians, and resident physicians), and 
we included scheduled as well as unscheduled 
cesarean deliveries. Subgroup analyses suggested 
a consistent superiority of chlorhexidine–alcohol 
across subgroups, which increases the general-
izability of our findings.

Second, the lack of blinding among the par-
ticipants and providers could potentially have 
introduced bias. However, any such bias would 
be expected to be nondirectional. Furthermore, 
we used similar standard skin-preparation pro-
cedures for the patients in the two groups. We 
used active surveillance, including telephone 
calls, to minimize loss to follow-up and to 
track the incidence of surgical-site infection; 
this point is important because most infections 
after cesarean delivery occur after discharge 
from the hospital.6 We reviewed medical re-
cords in a blinded fashion to verify the primary 
outcome and used the CDC National Health-
care Safety Network definitions to ensure ob-
jective ascertainment.25

In conclusion, this randomized, controlled 
trial showed that the use of chlorhexidine–alco-
hol for preoperative skin antisepsis at cesarean 
delivery was associated with a significantly 
lower risk of surgical-site infection than was the 
use of iodine–alcohol.
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