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ABSTRACT

Background

The risk of maternal mortality and morbidity is higher after caesarean section than for vaginal birth. With increasing rates of caesarean
section, it is important to minimise risks to the mother as much as possible. This review focused on different skin preparations to prevent
infection. This is an update of a review last published in 2018.

Objectives

To compare the effects of different antiseptic agents, different methods of application, or different forms of antiseptic used for preoperative
skin preparation for preventing postcaesarean infection.

Search methods

For this update, we searched Cochrane Pregnancy and Childbirth's Trials Register, ClinicalTrials.gov, the WHO International Clinical Trials
Registry Platform (ICTRP) (9 July 2019), and reference lists of retrieved studies.

Selection criteria

Randomised and quasi-randomised trials, evaluating any type of preoperative skin preparation (agents, methods or forms). We included
studies presented only as abstracts, if there was enough information to assess risk of bias.

Comparisons of interest in this review were between: different antiseptic agents (e.g. alcohol, povidone iodine), different methods of
antiseptic application (e.g. scrub, paint, drape), different forms of antiseptic (e.g. powder, liquid), and also between different packages of
skin preparation including a mix of agents and methods, such as a plastic incisional drape, which may or may not be impregnated with
antiseptic agents. We mainly focused on the comparison between different agents, with and without the use of drapes.

Only studies involving the preparation of the incision area were included. This review did not cover studies of preoperative handwashing
by the surgical team or preoperative bathing.

Data collection and analysis

Three review authors independently assessed all potential studies for inclusion, assessed risk of bias, extracted the data and checked data
for accuracy. We assessed the certainty of the evidence using the GRADE approach.
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Main results

We included 13 individually-randomised controlled trials (RCTs), with a total of 6938 women who were undergoing caesarean section.
Twelve trials (6916 women) contributed data to this review. The trial dates ranged from 1983 to 2016. Six trials were conducted in the USA,
and the remainder in India, Egypt, Nigeria, South Africa, France, Denmark, and Indonesia.

Theincluded studies were broadly at low risk of bias for most domains, although high risk of detection bias raised some specific concerns
in a number of studies. Length of stay was only reported in one comparison.

Antiseptic agents
Parachlorometaxylenol with iodine versus iodine alone

We are uncertain whether parachlorometaxylenol with iodine made any difference to the incidence of surgical site infection (risk ratio (RR)
0.33, 95% confidence interval (Cl) 0.04 to 2.99; 1 trial, 50 women), or endometritis (RR 0.88, 95% Cl 0.56 to 1.38; 1 trial, 50 women) when
compared with iodine alone, because the certainty of the evidence was very low. Adverse events (maternal or neonatal) were not reported.

Chlorhexidine gluconate versus povidone iodine

Moderate-certainty evidence suggested that chlorhexidine gluconate, when compared with povidone iodine, probably slightly reduces the
incidence of surgical site infection (RR 0.72, 95% Cl 0.58 to 0.91; 8 trials, 4323 women). This effect was still present in a sensitivity analysis
after removing four trials at high risk of bias for outcome assessment (RR 0.87, 95% Cl 0.62 to 1.23; 4 trials, 2037 women).

Low-certainty evidence indicated that chlorhexidine gluconate, when compared with povidone iodine, may make little or no difference to
the incidence of endometritis (RR 0.95, 95% CI 0.49 to 1.86; 3 trials, 2484 women). It is uncertain whether chlorhexidine gluconate reduces
maternal skin irritation or allergic skin reaction (RR 0.64, 95% Cl 0.28 to 1.46; 3 trials, 1926 women,; very low certainty evidence).

One small study (60 women) reported reduced bacterial growth at 18 hours after caesarean section for women who had chlorhexidine
gluconate preparation compared with women who had povidone iodine preparation (RR 0.23, 95% Cl 0.07 to 0.70).

Methods
Drape versus no drape
This comparison investigated the use of drape versus no drape, following preparation of the skin with antiseptics.

Low-certainty evidence suggested that using a drape before surgery compared with no drape, may make little or no difference to the
incidence of surgical site infection (RR 1.29, 95% confidence interval (CI) 0.97 to 1.71; 3 trials, 1373 women), and probably makes little or no
difference to the length of stay in the hospital (mean difference (MD) 0.10 days, 95% Cl -0.27 to 0.46; 1 trial, 603 women; moderate-certainty
evidence). One trial compared an alcohol scrub and iodophor drape with a five-minute iodophor scrub only, and reported no surgical site
infection in either group (79 women, very-low certainty evidence). We were uncertain whether the combination of a one-minute alcohol
scrub and a drape reduced the incidence of metritis when compared with a five-minute scrub, because the certainty of the evidence was
very low (RR 1.62, 95% CI 0.29 to 9.16; 1 trial, 79 women). The studies did not report on adverse events (maternal or neonatal).

Authors' conclusions

Moderate-certainty evidence suggests that preparing the skin with chlorhexidine gluconate before caesarean section is probably slightly
more effective at reducing the incidence of surgical site infection in comparison to povidone iodine. For other outcomes examined there
was insufficient evidence available from the included RCTs. Most of the evidence in this review was deemed to be very low or low certainty.
This means that for most findings, our confidence in any evidence of an intervention effect is limited, and indicates the need for more high-
quality research. Therefore, it is not yet clear what sort of skin preparation may be most effective for preventing postcaesarean surgical
site infection, or for reducing other undesirable outcomes for mother and baby.

Well-designed RCTs, with larger sample sizes are needed. High-priority questions include comparing types of antiseptic (especially iodine
versus chlorhexidine), and application methods (scrubbing, swabbing, or draping). We found two studies that are ongoing; we will
incorporate the results of these studies in future updates of this review.

PLAIN LANGUAGE SUMMARY

Skin preparation for preventing infection following caesarean section
This review is an update of a review that was first published in 2012, and updated in 2014 and 2018.

What is the issue? The aim of this Cochrane Review was to find out what methods of skin preparation before caesarean section were most
effective in preventing infection after the operation. We collected and analysed all studies that assessed the effectiveness of antiseptics
used to prepare the skin before making an incision (or cut) for the caesarean section. We only included analysis of preparations that were
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used to prepare the surgical site on the abdomen before caesarean section; we did not look at handwashing by the surgical team, or bathing
the mother.

Why is this important?

Infections of surgical incisions are the third most frequently reported hospital-acquired infections. Women who give birth by caesarean
section are exposed to infection from germs already present on the mother's own skin, or from external sources. The risk of infection
following a caesarean section can be 10 times that of vaginal birth. Therefore, preventing infection by properly preparing the skin before
the incision is made is an important part of the overall care given to women prior to caesarean birth. An antiseptic is a substance applied
to remove bacteria that can cause harm to the mother or baby when they multiply. Antiseptics include iodine or povidone iodine, alcohol,
chlorhexidine, and parachlorometaxylenol. They can be applied as liquids or powders, scrubs, paints, swabs, or on impregnated 'drapes'
that stick to the skin, which the surgeon then cuts through. Non-impregnated drapes can also be applied, once the skin has been scrubbed
or swabbed, with the aim of reducing the spread of any remaining bacteria during surgery. It is important to know if some of these
antiseptics or methods work better than others.

What evidence did we find? This updated review included 13 trials with 6938 women. Six trials were conducted in the USA; the remaining
trials were in Nigeria, South Africa, France, Denmark, Indonesia, India and Egypt. The review looked at what was best for women and babies
when it came to important outcomes including: infection of the site where the surgeon cut the woman to perform the caesarean section;
inflammation of the lining of the womb (metritis and endometritis); how long the woman stayed in hospital; and any other adverse effects,
such as irritation of the woman's skin, or any reported impact on the baby. Not all of the 13 trials explored all of these outcomes, and the
evidence for each outcome was usually based on results from far fewer than 6938 women.

Much of the evidence we found was of relatively poor quality, due to limits in the ways that the studies were conducted. This means
that we could not be certain about most of the findings. The evidence suggested that in women who had their skin prepared using the
agent chlorhexidine gluconate, there is probably a slight reduction in the incidence of surgical site infection compared to women who had
their skin prepared using povidone iodine. For other outcomes there was little or no difference between the various antiseptic agents and
methods of application in terms of endometritis, skin irritation, or allergic skin reaction in the mother. In one study, there was a reduction
in bacterial growth on the skin at 18 hours after caesarean section for women who received a skin preparation with chlorhexidine gluconate
compared with women who received the skin preparation with povidone iodine, but more data are needed to see if this actually reduces
infections for women.

What does this mean?

The available evidence from the trials that have been conducted was insufficient to tell us the best type of skin preparation for preventing
surgical site infection following caesarean section. More high-quality research is needed. We found two studies that are still ongoing. We
will incorporate the results of these studies into this review in future updates.

Skin preparation for preventing infection following caesarean section (Review) 3
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SUMMARY OF FINDINGS

Summary of findings 1. Parachlorometaxylenol with iodine versus iodine alone for preventing infection following caesarean section

Parachlorometaxylenol with iodine versus iodine alone

Population: women undergoing caesarean section
Settings: a hospital in the USA
Intervention: parachlorometaxylenol with iodine

Comparison: iodine alone

Outcomes Illustrative comparative risks* (95% Cl) Relative effect  No of partici- Certainty of Comments
(95% ClI) pants the evidence
Risk with iodine Risk with parachlorometaxylenol (studies) (GRADE)
alone with iodine
Surgical site infec- Study population RR0.33 50 @000
tion (0.04 to 2.99) (1 study) VERY LOW a,b
120 per 1000 40 per 1000
(5 to 359)
Endometritis Study population RR0.88 50 O
(0.56 to 1.38) (1 study) VERY LOW a,b
640 per 1000 563 per 1000
(358 to 883)

Length of stay - -

This outcome was not re-
ported in the included
study.

Adverse events - -
(maternal or neona-
tal)

This outcome was not re-
ported in the included
study.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
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Very low certainty: we have very little confidence in the effect estimate;the true effect is likely to be substantially different from the estimate of effect.

@ Wide confidence interval crossing the line of no effect, single study with small sample size (imprecision -2).
b Blinding of outcome assessor was at high risk of bias (risk of bias -1).

Summary of findings 2. Chlorhexidine gluconate compared to povidone iodine for preventing infection following caesarean section

Chlorhexidine gluconate compared to povidone iodine

Population: women undergoing caesarean section
Settings: single-centre or multicentre trials in Nigeria, USA, India and Indonesia
Intervention: chlorhexidine gluconate

Comparison: povidone iodine

Outcomes Anticipated absolute effects” (95% Cl) Relative effect  No of partici- Certainty of Comments
(95% Cl) pants the evidence
Risk with povi- Risk with chlorhexidine glu- (studies) (GRADE)
done iodine conate
Surgical site infection Study population RR0.72 4323 B0
(0.58t0 0.91) (8 RCTs) MODERATE @
75 per 1000 54 per 1000
(430 68)
Endometritis Study population RR0.95 2484 DPOO
(0.49 to 1.86) (3RCTs) LOW a,b
14 per 1000 13 per 1000
(7 to 25)

Length of stay - - - - - This outcome was not re-
ported in any of the included
studies.

Adverse events (mater-  Study population RR0.64 1926 lelelo) No neonatal adverse events

nal) - skin irritation or (0.28 to 1.46) (3RCTs) VERY LOW a,c were reported in any of the in-

allergic skin reaction 15 per 1000 9 per 1000 cluded studies.
(4t021)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: Confidence interval; RR: Risk ratio;
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GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

a Selection bias was unclear and blinding of outcome assessor was high risk of bias (risk of bias -1).

b wide confidence interval crossing the line of no effect (imprecision -1).
¢ Wide confidence interval crossing the line of no effect and few events (imprecision -2).

Summary of findings 3. Drape compared to no drape for preventing infection following caesarean section

Drape compared to no drape

Population: women undergoing caesarean section
Settings: hospitals in Denmark (8 hospitals), USA (1 hospital) and South Africa (1 hospital)
Intervention: antiseptic application using drape

Comparison: no drape

Outcomes Anticipated absolute effects” (95% Cl) Relative effect  No of partici- Certainty of Comments
(95% Cl) pants the evidence
Risk with no drape Risk with drape (studies) (GRADE)
Surgical site infec-  Study population RR1.29 1373 300
tion (0.97t0 1.71) (3RCTs) LOW a,b
112 per 1000 144 per 1000
(109 to 191)
Metritis 49 per 1000 79 per 1000 RR 1.62 79 BOOO
(1 study)
(14 to 447) (0.29 t0 9.16) VERY LOW a,c
Length of stay The mean length of stay The mean number of days with a drape - 603 BDDO
(days) with no drape was 5.7 was 0.10 higher (1LRCT) MODERATE b
days (0.27 days lower to 0.46 days higher)
Adverse events - - - - - This outcome
(maternal or was not report-
neonatal) edin any of the
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included stud-
ies.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% Cl).
Cl: Confidence interval; RR: Risk ratio;

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

a Selection bias was unclear and blinding of outcome assessor was at high risk of bias (risk of bias -1).
b wide 95% Cl (imprecision -1).
¢ Single study with small sample size and wide 95% ClI (imprecision -2).
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BACKGROUND

Description of the condition

Caesarean section is an increasingly common major surgical
procedure performed on women (WHO 2015). For example, in 2015,
every third birth (32%) in the USA was a caesarean delivery (Martin
2015). The increasing rate of caesarean birth worldwide in both
high- and low-income countries, is well established, and a concern
to many (Thomas 2001). Between 2000 and 2015, the global rate of
caesarean section almost doubled from 12.1% to 21.1% (Boerma
2018). The risk of maternal morbidity and mortality is higher
in caesarean section birth than in vaginal birth; postoperative
infection isacommon component of morbidity. With the increasein
caesarean sections, it is important that the risks to the mother are
minimised as far as possible (Thomas 2001). This review focused on
different agents, methods and forms of application for preoperative
skin preparation to prevent infection; it did not include studies of
preoperative handwashing of the surgical team and preoperative
bathing.

Women who give birth by caesarean section are exposed to
both endogenous (internal) and exogenous (external) sources of
infection during birth. Exposure to a hospital environment places
these women at risk of developing hospital-acquired infections.
The rate of postcaesarean infection has been estimated to be 10
times greater than that after vaginal birth (Henderson 1995).

The Centers for Disease Control and Prevention (CDC) estimates
that 27 million surgical procedures are performed in the USA
each year. The CDC's National Nosocomial Infections Surveillance
system reports that surgical site infections are the third most
frequently reported nosocomial infection, accounting for 14% to
16% of all such infections (CDC 2005). Preventing infection by
properly preparing the skin before incision is thus a vital part of the
overall care given to women during caesarean birth.

The incidence of abdominal incisional infections following
caesarean section ranges from 3% to 15%. A postcaesarean
surgical site infection is a bacterial infection in the surgical
incision following an abdominal birth. Women who develop
a postcaesarean surgical site infection typically experience a
temperature of 38.0°C (100.4°F) or higher, and lower abdominal
pain (Cunningham 2018). Abdominal incisional abscesses that
develop following caesarean birth usually cause fever on about
the fourth postoperative day. In many cases, these are preceded
by uterine infection, and fever persists from the first or second
postoperative day. Wound redness (erythema) and drainage may
also be present. Organisms causing these infections are usually the
same as those isolated from amniotic fluid at caesarean birth, but
hospital-acquired pathogens may also be the cause (Lewis 2013).

Some women are more likely than others to develop a
postcaesarean surgical site infection. Women at increased
risk include those who are obese; have diabetes
or an immunosuppressive disorder (HIV infection); have
chorioamnionitis (infection of the amniotic fluid and fetal
membrane) during labour; anaemia; or are taking corticosteroids
(by mouth or intravenously (Cunningham 2018)).

In addition to surgical site infections, another common source
of morbidity is postcaesarean metritis, including endometritis,
an infection that develops within the lining of the uterus after

birth. Despite the use of routine antibiotics before or during
surgery (perioperative prophylaxis), estimates of metritis following
caesarean range form 10% to 20% (Normand 2001).

Description of the intervention

Proper preparation of an incision site involves removing surface
dirt and oil with a soap or detergent scrub plus applying a topical
antimicrobial agent that will reduce the bacterial population to
a minimal level. In surgical patients, the choice of surgical scrub
and the duration of scrubbing have not been shown to make
any significant difference in the rate of surgical site infection in
either clean or clean-contaminated wounds (such as caesarean
skin incision (Dumville 2015; Mangram 1999)).The use of plastic
adhesive drape is one of the common method of preventing
surgical site infection.

Antiseptics to prevent infection have been in use for over
150 years. Antiseptic handwash solution was first introduced
by Semmelweis, in 1847, at the Vienna Maternity Hospital, to
reduce maternal mortality due to puerperal sepsis (Loudon
2002). Later, in 1864, Lister introduced carbolic acid spray
preparation for the operative site. Since then, many solutions
(including alcoholic iodine, mercuric compounds, and ether) have
been used to prepare the operative site. However, as another
Cochrane Review has shown, there is uncertainty about which
antiseptic skin preparation is the most effective for preventing
postoperative surgical site infections (Dumville 2015). lodophore
(on its own or as an alcohol-containing agent) and chlorhexidine
gluconate are the primary skin disinfectants used; the CDC's
Prevention Guideline for the Prevention of Surgical Site Infection,
published in 2017, recommends the use of alcohol-containing
preparations unless there is a contraindication to alcohol (CDC
2017). lodophore is effective against bacteria, fungi, viruses and
spore-forming bacteria, and its disinfecting effect lasts for a long
time. However, it cannot be used on mucous membranes and does
not have an immediate antiseptic effect.Chlorhexidine gluconate is
characterised by its immediate antiseptic effect, although it cannot
kill the spores (Johansson 2007).

There are six types of antiseptics that are designed for topical
application: iodine oriodophors, alcohol, chlorhexidine gluconate,
hexachlorophene, parachlorometaxylenol, and triclosan (Dumville
2015; Larson 1988). For the purpose of this review, antiseptic agents
can be applied in the form of liquids, solutions, or powders, or
delivered on impregnated drapes.

How the intervention might work

The removal of transient bacteria and reduction of the number
of existing organisms by antiseptic is recommended prior to
surgery by several organisations, for example, the Royal College of
Surgeons of England (Leaper 2001), the Centers for Disease Control
and Prevention (Mangram 1999), and the Association of Operating
Room Nurses (AORN 2002). Several antiseptic agents are available
for preoperative preparation of skin at the incision site. Leclair
1990 described an antiseptic as 'a chemical agent that reduces
the microbial population on the skin' It is suggested that the
ideal agent would kill all bacteria, fungi, viruses, protozoa, tubercle
bacilli, and spores; be nontoxic, hypoallergenic, and safe to use in
all body regions; not be absorbed; have residual activity, and be
safe for repetitive use (Dumville 2015; Hardin 1997).
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Antiseptics for preoperative skin preparation should be broad-
spectrum and fast-acting, and contain an antimicrobial ingredient
that results in significant reduction in the number of micro-
organisms on intact skin (Larson 1988). The primary action of
antiseptics includes both the mechanical removal and chemical
killing, and the inhibition of both contaminating and colonising
flora.

Why it is important to do this review

There is a Cochrane Review on the use of preoperative skin
antiseptics for preventing infections (Dumville 2015). However,
although the scope of the Dumville 2015 review included clean
and clean-contaminated surgical operations, including caesarean
section, the focus was solely on preventing surgical site infections.
In our review, the focus extended to preventing all types of
infection, such as endometritis or metritis. In this review, we did
not look at different methods of surgical incision for caesarean,
because that was the topic of another Cochrane Review (Mathai
2013).

OBJECTIVES

To compare the effects of different antiseptic agents, different
methods of application, or different forms of antiseptic used
for preoperative skin preparation for preventing postcaesarean
infection.

METHODS

Criteria for considering studies for this review
Types of studies

All published and unpublished randomised controlled trials (RCTs)
and quasi-RCTs, including cluster-RCTs, evaluating any described
type of preoperative skin preparation agents, methods and forms
of application for caesarean section were eligible for inclusion.
No quasi- or cluster-RCTs were identified for inclusion. Cross-
over studies were not eligible for inclusion. We included studies
presented only as abstracts, if they provided enough information.

Types of participants

Pregnant women undergoing elective or emergency caesarean
section.

Types of interventions

Comparisons between different antiseptic agents used for
caesarean section skin preparation (e.g. alcohol, povidone iodine),
different methods of antiseptic application (e.g. scrub, paint,
drape), or different forms of antiseptic (e.g. powder, liquid).

We only included studies involving the preparation of the incision
area. We excluded studies of preoperative handwashing of the
surgical team and preoperative bathing. Other Cochrane Reviews
cover other methods for preventing infection at caesarean section
(e.g. antimicrobial application, skin shaving).

A related Cochrane Review covers vaginal preparation with
antiseptics before caesarean section (Haas 2020).

Types of outcome measures
Primary outcomes

1. Surgical site infection (as defined by trialists)
2. Metritis or endometritis, or both

Secondary outcomes

1. Length of stay

Maternal mortality

Repeat surgery

Re-admission resulting from infection
Reduction of skin bacteria colony count*
Adverse events (maternal or neonatal)*

ok W

*Outcome not prespecified in our published protocol (Hadiati
2008); see Differences between protocol and review.

Search methods for identification of studies

The following search methods section of this review is based on a
standard template used by Cochrane Pregnancy and Childbirth.

Electronic searches

For this update, we searched Cochrane Pregnancy and Childbirth’s
Trials Register by contacting their Information Specialist (9 July
2019)

The Register is a database containing over 25,000 reports of
controlled trials in the field of pregnancy and childbirth. It
represents over 30 years of searching. For full current search
methods used to populate Pregnancy and Childbirth’s Trials
Register including the detailed search strategies for CENTRAL,
MEDLINE, Embase and CINAHL; the list of handsearched journals
and conference proceedings, and the list of journals reviewed via
the current awareness service, please follow this link.

Briefly, Cochrane Pregnancy and Childbirth’s Trials Register is
maintained by their Information Specialist and contains trials
identified from:

1. monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL);

weekly searches of MEDLINE (Ovid);

weekly searches of Embase (Ovid);

monthly searches of CINAHL (EBSCO);

handsearches of 30 journals and the proceedings of major
conferences;

6. weekly current awareness alerts for a further 44 journals plus
monthly BioMed Central email alerts.

A N

Search results are screened by two people and the full text of
all relevant trial reports identified through the searching activities
described above is reviewed. Based on the intervention described,
each trial report is assigned a number that corresponds to a
specific Pregnancy and Childbirth review topic (or topics), and is
then added to the Register. The Information Specialist searches
the Register for each review using this topic number rather than
keywords. This results in a more specific search set that has
been fully accounted for in the relevant review sections (Included
studies; Excluded studies; Ongoing studies).
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In addition, we searched ClinicalTrials.gov and the WHO
International Clinical Trials Registry Platform (ICTRP) for
unpublished, planned, and ongoing trial reports (9 July 2019) using
the methods detailed in Appendix 1.

Searching other resources

We searched the reference lists of all included studies and review
articles.

We did not apply any language restrictions.

Data collection and analysis

For methods used in the previous version, please see Hadiati 2012.

For this update, we used the following methods, which are based
on a standard template used by the Cochrane Pregnancy and
Childbirth.

Selection of studies

Three review authors independently assessed all the potential
studies we identified as a result of the search strategy, for inclusion.
We resolved any disagreement through discussion, or consulted a
fourth person if required.

Data extraction and management

We designed a form to extract data. We also extracted information
on the dates of the study, sources of trial funding, and the trial
authors' declarations of interest. For eligible studies, at least two
review authors extracted the data, using the agreed form. We
resolved discrepancies through discussion, or consulted a third
review author. if required. We entered data into Review Manager 5
software, and checked for accuracy (RevMan 2014).

Assessment of risk of bias in included studies

Two review authors independently assessed the risk of bias for
each study, using the criteria outlined in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011). We resolved any
disagreement by discussion with the third review author.

(1) Random sequence generation (checking for possible
selection bias)

Foreachincluded study, we described the method used to generate
the allocation sequence in sufficient detail to allow an assessment
of whether it should produce comparable groups.

We assessed the method as:

« low risk of bias (any truly random process, e.g. random number
table; computer random number generator);

« highrisk of bias (any non-random process, e.g. odd or even date
of birth; hospital or clinic record number);

« unclear risk of bias.

(2) Allocation concealment (checking for possible selection bias)

For each included study, we described the method used to conceal
the allocation sequence and determine whether intervention
allocation could have been foreseen in advance of, or during
recruitment, or changed after assignment.

We assessed the methods as:

« low risk of bias (e.g. telephone or central randomisation;
consecutively numbered sealed opaque envelopes);

« high risk of bias (open random allocation; unsealed or non-
opaque envelopes, alternation; date of birth);

« unclear.

(3.1) Blinding of participants and personnel (checking for
possible performance bias)

For each included study, we described the method used, if any, to
blind study participants and personnel from knowledge of which
intervention a participant received. We considered that studies
were at low risk of bias if they were blinded, or if we judged that
thelack of blinding could not have affected the results. We assessed
blinding separately for different outcomes or classes of outcomes.

We assessed the methods as:

« low, high, or unclear risk of bias for participants;
« low, high, or unclear risk of bias for personnel.

(3.2) Blinding of outcome assessment (checking for possible
detection bias)

For each included study, we described the method used, if any, to
blind outcome assessors from knowledge of which intervention a
participant received. We assessed blinding separately for different
outcomes or classes of outcomes.

We assessed methods used to blind outcome assessment as:
« low, high, or unclear risk of bias.

(4) Incomplete outcome data (checking for possible attrition
bias through withdrawals, dropouts, protocol deviations)

For each included study, and for each outcome or class of
outcomes, we described the completeness of data, including
attrition and exclusions from the analysis. We stated whether
attrition and exclusions were reported, the numbers included in
the analysis at each stage (compared with the total randomised
participants), reasons for attrition or exclusion where reported,
and whether missing data were balanced across groups, or were
related to outcomes. Where sufficient information was reported,
we re-included missing data in the analyses that we undertook. We
assessed methods as:

+ low risk of bias (e.g. no missing outcome data; missing outcome
data balanced across groups);

« high risk of bias (e.g. numbers or reasons for missing
data imbalanced across groups; 'as treated' analysis done
with substantial departure of intervention received from that
assigned at randomisation);

« unclearrisk of bias.

(5) Selective reporting bias

For each included study, we described how we investigated the
possibility of selective outcome reporting bias, and what we found.

We assessed the methods as:

+ low risk of bias (where it was clear that all of the study’s
prespecified outcomes and all expected outcomes of interest to
the review were reported);
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« highrisk of bias (where not all the study’s prespecified outcomes
were reported; one or more reported primary outcomes
were not prespecified; outcomes of interest were reported
incompletely and so could not be used; study failed to include
results of a key outcome that would have been expected to have
been reported);

« unclear risk of bias.

(6) Other sources of bias

For each included study, we reported any important concerns we
had about other possible sources of bias.

We assessed whether each study was free of other problems that
could put it at risk of bias:

« low risk of bias;
« highrisk of bias;
« unclear whether there is risk of other bias.

(7) Overall risk of bias

We made explicit judgements about whether studies were at
high risk of bias, according to the criteria given in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
With reference to (1) to (6) above, we assessed the likely magnitude
and direction of the bias, and whether we considered it was likely to
impact on the findings. We explored the impact of the level of bias
by undertaking sensitivity analyses (see Sensitivity analysis).

Measures of treatment effect
Dichotomous data

For dichotomous data, we presented results as summary risk ratio
with 95% confidence intervals.

Continuous data

For continuous outcomes, we used the mean difference with 95%
confidence intervals, as outcomes were measured in the same way
between trials. In future updates of this review, if there are trials
that measure the same outcome, but use different methods, we will
use the standardised mean difference.

Unit of analysis issues
Cluster-randomised trials

We did not identify any cluster-randomised trials for inclusion in
our review. In future updates, if we identify any cluster-randomised
trials, we will include them in the analyses along with individually-
randomised trials. We will consider it reasonable to combine the
results from both if there is little heterogeneity between the study
designs and the interaction between the effect of intervention and
the choice of randomisation unit is considered to be unlikely. We
will adjust their sample sizes using the methods described in the
Cochrane Handbook for Systematic Reviews of Interventions, using
an estimate of the intracluster correlation co-efficient (ICC) derived
from the trial (if possible), from a similar trial, or from a study of a
similar population (Higgins 2011). If we use ICCs from other sources,
we will report this, and conduct sensitivity analyses to investigate
the effect of variation in the ICC.

We will also acknowledge heterogeneity in the randomisation unit,
and perform a sensitivity analysis to investigate the effects of the
randomisation unit.

Cross-over trials

Cross-over trials were not eligible for inclusion in this review.

Studies with more than two intervention arms

If studies included multiple intervention groups (Cordtz 1989; Ngai
2015), we included only the arms relevant to our research question
and each arm wasincluded in the analysis only once (Higgins 2011).

Dealing with missing data

For included studies, we noted levels of attrition. We explored the
impact of including studies with high levels of missing data in the
overall assessment of treatment effect with a sensitivity analysis.

For all outcomes, we carried out analyses, as far as possible,
on an intention-to-treat basis, i.e. we included all participants
randomised to each group in the analyses, and all participants were
analysed in the group to which they were allocated, regardless
of whether or not they received the allocated intervention. The
denominator for each outcome in each trial was the number
randomised minus any participants whose outcomes were known
to be missing.

Assessment of heterogeneity

We assessed statistical heterogeneity in each meta-analysis using
the Tau?, I, and Chi? statistics. We regarded heterogeneity as
substantial if the I* was greater than 30%, and either the Tau? was
greater than zero, or there was a low P value (less than 0.10) in the
Chi? test for heterogeneity.

Assessment of reporting biases

In future updates, if there are 10 or more studies in the meta-
analysis, we will investigate reporting biases (such as publication
bias) using funnel plots. We will assess funnel plot asymmetry
visually. If asymmetry is suggested by a visual assessment, we will
perform exploratory analyses to investigate it (Sterne 2017).

Data synthesis

We carried out statistical analysis using Review Manager 5 software
(RevMan 2014). We used fixed-effect meta-analysis for combining
data where it was reasonable to assume that studies were
estimating the same underlying treatment effect: i.e. where trials
were examining the same intervention, and the trials’ populations
and methods were judged to be sufficiently similar. Where there
was sufficient clinical heterogeneity to expect that the underlying
treatment effects differ between trials, or if we detect substantial
statistical heterogeneity, we used a random-effects meta-analysis
to produce an overall summary, where we considered an average
treatment effect across trials to be clinically meaningful. We treated
the random-effects summary as the average of the range of possible
treatment effects, and discuss the clinical implications of treatment
effects differing between trials. If the average treatment effect was
not considered to be clinically meaningful, we would not have
combined the trials.
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In future updates, if we use random-effects analyses, we will
present the results as the average treatment effect with its 95%
confidence interval, and the estimates of Tau? and I2.

Subgroup analysis and investigation of heterogeneity

We planned to investigate substantial heterogeneity by using
subgroup analyses and sensitivity analyses, and if an overall
summary is meaningful, use random-effects analysis to produce
it. The outcome with substantial heterogeneity in this update,
did not include enough trials to make performing these analyses
meaningful. Instead, we used a random-effects analysis for this
outcome, and in future updates, we will carry out the following
subgroup analyses.

1. Risk of infection (high versus low risk)
2. Duration of skin preparation
3. Dose of preparation

We will restrict subgroup analyses to the primary outcomes.

We will assess differences between subgroups by using interaction
tests available in RevMan 2014. We will report the results of
subgroup analyses quoting the Chi? statistic and P value, and the
interaction test 1> value.

To assess the effect of the addition of alcohol to povidone
iodine, we performed a post hoc subgroup analysis comparing
‘chlorhexidine plus alcohol versus povidone iodine plus alcohol'
versus 'chlorhexidine plus alcohol versus povidone iodine alone',
see Analysis 2.1.

Sensitivity analysis

We carried out a sensitivity analysis to explore the effects of
blinded outcome assessment on the results of the review. Studiesin
which blinded outcome assessment (for surgical site infection) was
inadequate (i.e. high risk of bias) were excluded from the analysis
to assess for any substantive difference to the overall result.

In future updates, we will also carry out sensitivity analysis
to explore the effect of allocation concealment on the results
of the review, and exclude studies with are high risk for this

effects of fixed-effect or random-effects analyses for outcomes with
statistical heterogeneity. If, in future updates, we include cluster-
randomised trials along with the individually-randomised trials, we
will carry out sensitivity analysis to investigate the effect of the
randomisation unit.

Summary of findings and assessment of the certainty of the
evidence

We used the GRADE approach to evaluate the certainty of
the evidence, as outlined in the GRADE Handbook (GRADE
Handbook; GRADE Working Group 2004). The GRADE approach
uses five considerations (study limitations, consistency of effect,
imprecision, indirectness, and publication bias) to assess the
certainty of the body of evidence for specific outcomes. The
evidence can be downgraded from ‘'high certainty' by one
level for serious (or by two levels for very serious) limitations,
dependingon assessments for risk of bias, indirectness of evidence,
serious inconsistency, imprecision of effect estimates, or potential
publication bias (GRADE Working Group 2004; Schiinemann 2009).
In this review, we used the GRADE approach to assess the following
outcomes for all comparisons in the review.

1. Surgical site infection

2. Metritis or endometritis, or both

3. Length of stay”

4. Adverse events (maternal or neonatal)*

*Outcome for GRADE assessment was not prespecified in our
previous review (Hadiati 2014); see Differences between protocol
and review.

We used GRADEpro GDT to import data from Review Manager 5 to
create a 'Summary of findings' table, which presents a summary of
the intervention effect and a measure of certainty according to the
GRADE approach for each of the outcomes listed above (GRADEpro
GDT; RevMan 2014).

RESULTS

Description of studies

domain. We will also carry out a sensitivity analysis to explore the Results of the search
See: Figure 1.
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For this update, we assessed six new trial reports and reassessed
the four studies that were still ongoing in the previous version of
the review. We included two new studies (three reports) and added
an additional report to an already included study. We also excluded
four studies and two are ongoing.

Included studies

We included 13 trials with a total of 6938 women. See

Characteristics of included studies.

Method, trial dates, and sample sizes

All of the included studies were randomised controlled trials (RCTs)
(Aworinde 2016; Cordtz 1989; Fahmi 2017; Kunkle 2015; Lorenz
1988; Magann 1993; Ngai 2015; Pello 1990; Saha 2019; Salama 2016;
Springel 2017; Tuuli 2016; Ward 2001). We did notinclude any quasi-
or cluster-RCTs. The trials were conducted between 1983 and 2016.
The trial dates were not provided in three studies (Fahmi 2017;
Magann 1993; Pello 1990). Sample sizes ranged from 22 women
(Pello 1990), to 1404 women (Ngai 2015).

Settings

Six studies were conducted in the USA (Kunkle 2015; Lorenz 1988;
Magann 1993; Ngai 2015; Springel 2017; Tuuli 2016), one study
in Denmark (Cordtz 1989), one in France (Pello 1990), one in
Nigeria (Aworinde 2016), one in South Africa (Ward 2001), one in
Indonesia (Fahmi 2017), one in India (Saha 2019), and one study
was conducted in Egypt (Salama 2016). Of the included trials, 10
were single-centre trials (Aworinde 2016; Kunkle 2015; Lorenz 1988;
Magann 1993; Ngai 2015; Saha 2019; Salama 2016; Springel 2017;
Tuuli 2016; Ward 2001), two were conducted in multiple centres
(Cordtz 1989; Fahmi 2017), and one trial did not provide any details
about the facility (Pello 1990).

Participants

Six of the trials recruited women with either scheduled or
emergency caesarean section (Fahmi 2017; Magann 1993; Saha
2019; Salama 2016; Springel 2017; Tuuli 2016). Magann 1993 did not
include women undergoing caesarean section for fetal distress with
inadequate time for skin preparation. Three trials only recruited
women with scheduled caesarean section (Aworinde 2016; Kunkle
2015; Ngai 2015). The remaining four trials did not specify type
of caesarean section (Cordtz 1989; Lorenz 1988; Pello 1990; Ward
2001). Pello 1990 included women with a male fetus, who were
undergoing caesarean section. Kunkle 2015 recruited women aged
18 to 45 years undergoing scheduled caesarean delivery at 36
gestational weeks or greater. Participants in Ngai 2015 were all
women in their 37th week of gestation, who were undergoing
scheduled or non-emergency caesarean delivery. Most trials stated
that they excluded women with a known sensitivity or allergy to one
of the antiseptics used.

Interventions and comparisons
Different antiseptic agents/preparations

Two different antiseptic preparation comparisons were made in the
12 trials. The Magann 1993 trial compared a five-minute scrub with
parachlorometaxylenol followed by a 10% povidone-iodine scrub
and normal saline irrigation of the pelvis and subcutaneous tissue
at uterine closure and fascial closure (special preparation) in the
experimental group, versus a 7.5% povidone-iodine surgical scrub
followed by 10% povidone iodine and normal saline irrigation of

the pelvis and subcutaneous tissue at uterine closure and fascial
closure (standard preparation) in the control group. Eight trials
compared preoperative application of chlorhexidine gluconate
versus povidone iodine, without the use of a drape in either the
intervention or control arms (Aworinde 2016; Fahmi 2017; Kunkle
2015; Ngai 2015; Saha 2019; Salama 2016;Springel 2017; Tuuli
2016).0f these eight trials, three trials (Fahmi 2017; Saha 2019;
Springel 2017) compared 2% chlorhexidine versus 10% povidone
iodine. Onetrial used antisepticsincluding 70% isopropyl alcoholin
both groups (Fahmi 2017), and the other two trials used antiseptics
including 70% isopropyl alcohol in the chlorhexidine group only
(Saha 2019; Springel 2017).

Different methods

Four trials compared the use of drape versus no drape, and the
drapes used were impregnated with an antiseptic agent (Lorenz
1988; Pello 1990) or without an antiseptic agent (Cordtz 1989; Ward
2001). Cordtz 1989 assessed the effect of incisional plastic drapes
versus no drape, combined with standard iodine disinfection with
2.5% iodine in 70% ethanol for all women. For the purpose of
this review, we did not include data from this trial relating to
additional arms in which women were re-disinfected, because this
secondary disinfection of the skin around the incision took place
shortly before skin closure, not before skin incision. Ward 2001
compared plastic incisional drape with no drape. Before surgery
in all women, the abdomen was washed with chlorhexidine soap,
and then swabbed with 0.5% chlorhexidine in 80% alcohol solution
for 30 seconds. In the Lorenz 1988 trial, the comparison of skin
preparation for caesarean section was between a one-minute scrub
with 70% isopropyl alcohol followed by application of iodophor-
impregnated adhesive film in the experimental group, versus a
five-minute iodophor scrub followed by application of iodophor
solution in the control group. The Pello 1990 trial compared two
skin preparations using different agents and either drape or no
drape (chlorhexidine 0.5% versus 70% alcohol plus an IOBAN 2
drape).

Outcomes
Surgical site infection (as defined by trialists)

Twelve studies reported on our primary outcome of surgical site
infection (Aworinde 2016; Cordtz 1989; Fahmi 2017; Kunkle 2015;
Lorenz 1988; Magann 1993; Ngai 2015; Saha 2019; Salama 2016;
Springel 2017; Tuuli 2016; Ward 2001). Surgical site infection was
assessed from delivery to 30 days postoperative in Aworinde 2016,
Springel 2017, Tuuli 2016 and Saha 2019; at three and seven days
postoperative in Fahmi 2017; at three days and two weeks in
Kunkle 2015; on two separate measurements at least 24 hours
postoperative in Lorenz 1988; on two separate occasions six hours
apart after the first 24 hours in Magann 1993; at two and six weeks
postcaesarean in Ngai 2015; and at seven days and 30 days in
Salama 2016. Cordtz 1989 did not describe the time of assessment
of surgical site infection. Trials used various definitions for surgical
site infections. Cordtz 1989 defined a possible wound infection as
localised erythema, serous secretion, or both without the presence
of pus, and infected as the presence of pus regardless of the results
of bacteriological examination. Kunkle 2015 defined surgical site
infection as the presence of purulent drainage, cellulitis, or the
need for incision and drainage, or treatment with antibiotics
for a clinical diagnosis of infection. In Lorenz 1988, surgical site
infection was defined as infectious morbidity with (1) erythema
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and tenderness of the wound or separation of skin edges, and
(2) no uterine tenderness or malodorous, discoloured lochia.
Magann 1993 defined this outcome as hyperemic skin incision
and a fluctuant mass, which when opened, contained purulent
material. In Ward 2001, surgical site infection was diagnosed if
two of three features were present: (1) erythematous cellulitis,
(2) seropurulent discharge from the wound, and (3) positive swab
culture (organisms and leucocytes). In Salama 2016, surgical site
infection was diagnosis by pain, tenderness, swelling, redness,
heat, purulent discharge from the incision or deliberate reopening
of the surgical wound. Fahmi 2017, Ngai 2015, Springel 2017, Tuuli
2016 and Saha 2019 based the diagnosis of surgical site infection on
Centers for Disease Control and Prevention (CDC) criteria. One trial
did not define surgical site infection in the report (Aworinde 2016).

Metritis or endometritis, or both

Five trials reported on endometritis (Lorenz 1988; Magann 1993;
Salama 2016; Springel 2017; Tuuli 2016). In Lorenz 1988, metritis
was defined as infectious morbidity with either (1) uterine
tenderness on bimanual examination, or (2) no other site of
infection identified on physical examination, urinalysis, or urine
culture, and if indicated, a chest roentgenogram. In Magann
1993, endometritis was identified through physical examination,
urine, and blood cultures. Springel 2017 followed the definition of
endometritis according to the CDC, and Tuuli 2016 and Salama 2016
did not provide any definition for this outcome.

Length of stay

Tuuli 2016 and Ward 2001 reported our secondary outcome, length
of stay. However, Tuuli 2016 reported only median length of
hospital stay, so we only described data in a narrative way.

Re-admission resulting from infection

Three trials reported on re-admission resulting from infection
(Salama 2016; Springel 2017; Tuuli 2016).

Reduction of skin bacteria colony count

Lorenz 1988 reported on reduction of skin bacteria colony counts,
and Kunkle 2015 reported on bacterial growth at 18 hours. Salama
2016 reported on positive post-sterilisation skin cultures.

Adverse events (maternal or neonatal)

Three trials reported on maternal adverse events involving skin
reactions, with two (Aworinde 2016; Tuuli 2016) reporting on
erythema and skin irritation, and one (Salama 2016) reporting
allergic reaction. Only one trial reported on neonatal adverse
events, which was the concentration of iodine in the cord blood
(Pello 1990). No other maternal or neonatal adverse events were
reported.

The other outcomes investigated by this review, maternal mortality
and repeated surgery, were not been reported in any of theincluded
trials.

Sources of trial funding

Seven trials did not mention source of funding (Cordtz 1989; Fahmi
2017; Lorenz 1988; Magann 1993; Ngai 2015; Pello 1990; Ward 2001).
The Obafemi Awowolowo University Teaching Hospital Complex,
Nigeria supported Aworinde 2016. The University of Southern
California supported Kunkle 2015 and Edward Henry Springel, MD
supported Springel 2017. Tuuli 2016 received funding from the
Women’s Reproductive Health Research Career Development grant
from the Eunice Kennedy Shriver National Institute of Child Health
and Human Development of the National Institutes of Health,
and the Department of Obstetrics and Gynecology, Washington
University School of Medicine in St. Louis. The primary investigator
(Dr Luwang) was sponsor in the trial by Saha 2019. The Ain Shams
Maternity Hospital in Cairo, Egypt, was sponsor in the trial by
Salama 2016.

Trialists' declarations of interest

Nine studies did not report declarations of interest (Aworinde 2016;
Cordtz 1989; Fahmi 2017; Lorenz 1988; Magann 1993; Ngai 2015;
Pello 1990; Saha 2019; Ward 2001). Three studies stated no conflict
of interest (Kunkle 2015; Salama 2016; Springel 2017). In Tuuli 2016,
the first author reported having received a grant from the National
Institutes of Health during the conduct of the study, but all other
authors declared no conflict of interest.

Excluded studies

We excluded 10 trials (Bianco 2018; Brown 1984; Jindal 2019; Kosus
2010; Lukabwe 2018; NCT00528008; NCT01700803; NCT02027324;
Nili 2015; Robins 2005). Bianco 2018 was excluded as it focused
on preoperative washing on the surgical site by the surgical
team. The Brown 1984 study was excluded as the trial did
not present the results for caesarean section cases separately
from other surgical cases. Jindal 2019 was excluded as they
compared different antiseptic agents and different surgical closing
techniques. The Kosus 2010 trial was excluded as they used an
antibiotic compared with or without Rifamycin SV (250 mg) before
closure of subcutaneous tissue, in addition to povidone iodine 10%
for preoperative antisepsis and after closure of the skin. Lukabwe
2018 was excluded as they focused on preoperative bathing. One
trial (NCT00528008) was stopped following interim analysis and
results of interim analysis are unclear. Two trials (NCT01700803;
NCT02027324) were excluded as they focused on preoperative
handwashing of the surgical team. We excluded one study because
it was a cohort study and not a randomised controlled trial (Nili
2015). Robins 2005 compared the effectiveness of chlorhexidine
spray and single-use sachets for skin preparation before regional
nerve blockade, not for the preparation of the incision site before
caesarean section.

For further details of the excluded studies, see Characteristics of
excluded studies.

Risk of bias in included studies

See 'Risk of bias' tables and figures for the 13 included studies in
Characteristics of included studies, Figure 2, and Figure 3.
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Figure 2. 'Risk of bias' graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies
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Figure 3. 'Risk of bias' graph: review authors' judgements about each risk of bias item for each included study
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Allocation
Sequence generation

Sequence generation (computer-generated sequence) was
adequate in nine trials (Aworinde 2016; Fahmi 2017; Lorenz 1988;
Magann 1993; Ngai 2015; Saha 2019; Salama 2016; Tuuli 2016; Ward
2001). The remaining four trials provided insufficient or no details
about sequence generation, and therefore, we judged them to be of
unclear risk of bias (Cordtz 1989; Kunkle 2015; Pello 1990; Springel
2017).

Allocation concealment

The majority of included trials provided insufficient or no details
regarding the measures taken to ensure that the treatment
allocation could not be foreseen, and so we assessed them as
unclear risk of bias for this item (Cordtz 1989; Fahmi 2017; Kunkle
2015; Lorenz 1988; Magann 1993; Pello 1990; Springel 2017; Tuuli
2016). In four trials, allocation concealment was performed using
sequentially numbered sealed envelopes, so we assessed the
trials at low risk of bias (Aworinde 2016; Ngai 2015; Salama 2016;
Ward 2001). Saha 2019 used an open list of random numbers
and was therefore judged to be of high risk of bias for allocation
concealment.

Blinding
Blinding of participants and personnel (performance bias)

Although blinding was not reported in most of the trials, it was
unlikely that this lack of blinding could have caused different
treatments or behaviour between groups, such that outcomes
would be affected, and therefore, we judged performance bias to
be low in 11 trials (Aworinde 2016; Cordtz 1989; Fahmi 2017; Kunkle
2015; Lorenz 1988; Magann 1993; Ngai 2015; Salama 2016; Springel
2017; Tuuli 2016; Ward 2001). In Saha 2019 and Pello 1990, the
information provided was too limited to exclude any performance
bias.

Blinding of outcome assessment (detection bias)

Seven trials were at high risk of detection bias (Aworinde 2016;
Cordtz 1989; Kunkle 2015; Lorenz 1988; Magann 1993; Ngai 2015;
Springel 2017). In these trials, outcome assessors were not blinded,
and some outcomes involved an important element of subjective
assessment. It was possible that lack of blinding could have caused
differences in the reported outcomes, especially with respect to
our primary outcome of surgical site infection, and therefore, this
brings into question the certainty of the estimated treatment effect.
Outcome assessment was blinded in four trials, so we judged them
at low risk of bias (Fahmi 2017; Salama 2016; Tuuli 2016; Ward
2001). In Pello 1990, blinding of outcome assessment was not
described, but lack of blinding was unlikely to affect the outcome
because it was objectively measured, and therefore was at low risk
of bias. Saha 2019 did not provide sufficient information to exclude
detection bias and was judged to be unclear.

Incomplete outcome data

In 11 trials, we judged attrition bias to be low, as all women were
followed up until the end of the study, or the number of missing
participants was balanced between intervention groups, and it
was unlikely that the missing data substantially influenced the
outcomes (Aworinde 2016; Cordtz 1989; Fahmi 2017; Kunkle 2015;
Lorenz 1988; Magann 1993; Ngai 2015; Salama 2016; Springel 2017;

Tuuli 2016; Ward 2001). Two studies were judged as unclear risk of
bias, because the number of women in each group was not reported
(Pello 1990; Saha 2019).

Selective reporting

We found no evidence of selective reporting in four trials, and
assessed them at low risk of bias (Aworinde 2016; Kunkle 2015;
Ngai 2015; Springel 2017). Protocols were not available for us to
assess originally planned outcomes in six trials, and so these we
assessed as unclear risk of reporting bias (Cordtz 1989; Fahmi 2017,
Lorenz 1988; Magann 1993; Pello 1990; Ward 2001). Saha 2019 was
also assessed as unclear because only an abstract of this study
was available which may not report all the outcomes assessed.
We judged Salama 2016 and Tuuli 2016 as being at a high risk
of reporting bias, because some prespecified outcomes were not
reported in the trial report.

Other potential sources of bias

Overall, we judged 11 trials to be at low risk of bias for other
potential sources of bias. In the Cordtz 1989 trial, antibiotics for
prophylaxis therapy were given to about 10% of the women in
the study. Even though more women in the drape group (10.7%)
received antibiotics than in the group without drapes (8.2%),
infections were more common in the drape group. Therefore, the
'real' effect of skin preparation may have been different, but this
was likely to be small, because of the overall small difference
between groups. In the Lorenz 1988, Magann 1993, and Kunkle 2015
trials, the use of prophylaxis antibiotics was not specified in the
study report. Saha 2019 and Pello 1990 did not provide enough
information to exclude other bias.

Effects of interventions

See: Summary of findings 1 Parachlorometaxylenol with iodine
versus iodine alone for preventing infection following caesarean
section; Summary of findings 2 Chlorhexidine gluconate
compared to povidone iodine for preventing infection following
caesarean section; Summary of findings 3 Drape compared to no
drape for preventing infection following caesarean section

We included 13 trials, involving 6938 women, in this review.
One small study, involving 22 women, only reported neonatal
outcomes, and did not contribute any data towards any of the
prespecified outcomes of this review (Pello 1990). We were only
able to conduct meta-analyses for Comparisons 2 (8 trials) and 3 (3
trials).

Comparison 1: Parachlorometaxylenol with iodine versus
iodine alone

One trial, involving 50 women, contributed data to this comparison
(Magann 1993). See Summary of findings 1.

Primary outcomes
Surgical site infection

We were uncertain if parachlorometaxylenol with iodine made any
clear difference to the reduction of surgical site infection when
compared with iodine alone, because the certainty of the evidence
was very low (risk ratio (RR) 0.33, 95% confidence interval (Cl) 0.04
t02.99; 1 trial, 50 women; very low-certainty evidence; Analysis 1.1).
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Metritis or endometritis, or both

We were uncertain if parachlorometaxylenol with iodine made any
difference to the reduction of metritis, endometritis, or both, when
compared with iodine alone, because the certainty of the evidence
was very low (RR 0.88, 95% Cl 0.56 to 1.38; 1 trial, 50 women; very
low-certainty evidence; Analysis 1.2).

Secondary outcomes
Length of stay

No data were reported for length of stay.

Maternal mortality

No data were reported for maternal mortality.

Repeat surgery

No data were reported for repeated surgery.

Re-admission resulting from infection

No data were reported for re-admission resulting from infection.

Reduction of skin bacteria colony count

No data were reported for reduction of skin bacteria colony count.

Adverse events (maternal or neonatal)

No adverse events were reported for mother or baby in the included
study.

Comparison 2: Chlorhexidine gluconate verus povidone iodine

Eight trials, involving 4807 women, contributed data to this
comparison (Aworinde 2016; Fahmi 2017; Kunkle 2015; Ngai 2015;
Saha 2019; Salama 2016; Springel 2017; Tuuli 2016). See Summary
of findings 2.

Primary outcomes
Surgical site infection

Moderate certainty of evidence suggested that chlorhexidine
gluconate before caesarean section probably slightly reduces the
incidence of surgical site infection compared with povidone iodine
(RR 0.72, 95% CI 0.58 to 0.91; 8 trials, 4323 women; moderate-
certainty evidence; Analysis 2.1). The effect of chlorhexidine
gluconate compared with povidone iodine was still present in
sensitivity analysis (RR 0.87, 95% CI 0.62 to 1.23; P = 0.44; 4 trials,
2037 women) after removing four trials at high risk of bias for
outcome assessment (Aworinde 2016; Kunkle 2015; Ngai 2015;
Springel 2017). To assess the effect of the addition of alcohol
to povidone iodine we performed a post hoc subgroup analysis
comparing 'chlorhexidine plus alcohol versus povidone iodine plus
alcohol' versus 'chlorhexidine plus alcohol versus povidone iodine
alone'. We found no evidence of a subgroup difference according to
the test for subgroup differences: Chi?=0.25,df=1(P=0.61),1*=0%.
However, it should be noted that there were too few trials included
to carry out any meaningful subgroup analysis.

Metritis or endometritis, or both

Low certainty of evidence indicated that using chlorhexidine
gluconate before caesarean section, when compared with
povidone iodine, may make little or no difference to the reduction

of endometritis (RR 0.95, 95% CI 0.49 to 1.86; 3 trials, 2484 women;
low certainty of evidence; Analysis 2.2).

Secondary outcomes
Length of stay

In Tuuli 2016, a median length of hospital stay of four days
(interquartile range three to four days) was reported for both the
chlorhexidine gluconate group and the povidone iodine group;
there was no difference in these reported data between groups.

Maternal mortality

No data were reported for maternal mortality in any of the included
studies.

Repeat surgery

No data were reported for repeated surgery in any of the included
studies.

Re-admission resulting from infection

The results from three trials reporting on this outcome suggested
that there may be little or no difference in re-admissions due to
infection between the chlorhexidine gluconate and the povidone-
iodine groups (average RR 0.51, 95% Cl 0.25 to 1.02; 3 trials, 2484
women; Analysis 2.3).

Reduction of skin bacteria colony count

Results from one small trial suggested that women who received
chlorhexidine gluconate skin preparation may have slightly
reduced bacterial growth at 18 hours after caesarean section
compared with women who received skin preparation with
povidone iodine (RR 0.23, 95% CI 0.07 to 0.70; 1 trial, 60 women;
Analysis 2.4).

Adverse events (maternal or neonatal)

We are unclear about the effects for skin irritation or allergic skin
reaction (RR 0.64, 95% CI 0.28 to 1.46; 3 trials, 1926 women; very
low certainty of evidence; Analysis 2.5), because the evidence was
very-low certainty. Wide confidence intervals crossing the line of
no effect were also present for skin reactions (RR 0.79, 95% Cl 0.32
to 1.96; 1 trial, 374 women; Analysis 2.5), and erythema (RR 1.13,
95% C10.57 to 2.26; 2 trials, 1521 women; Analysis 2.5). No neonatal
adverse events were reported in the included studies.

Comparison 3: Drape versus no drape

Four trials involving 2046 women contributed data to this
comparison (Cordtz 1989; Ward 2001; Lorenz 1988; Pello 1990). See
Summary of findings 3

Primary outcomes
Surgical site infection

For women undergoing caesarean section, low certainty of the
evidence suggested that using a drape before surgery compared
with no drape may make little or no difference to surgical site
infection (risk ratio (RR) 1.29, 95% confidence interval (Cl) 0.97 to
1.71; 3 trials, 1373 women; low-certainty evidence; Analysis 3.1).

Metritis or endometritis, or both

One trial, involving 79 women, was measured (Lorenz 1988). We
were uncertain whether the combination of a one-minute alcohol
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scrub with an iodophor drape clearly reduced the occurrence
of metritis when compared with a five-minute iodophor scrub,
because the certainty of the evidence was very low (RR 1.62, 95% CI
0.29t09.16; 1 trial, 79 women; very low-certainty evidence; Analysis
3.2).

Secondary outcomes
Length of stay

The length of stay was measured in one trial involving 603 women,
which compared the use of a drape with no drape (Ward 2001).
Moderate-certainty evidence suggested that the use of a drape
probably makes little or no difference to the length of time spent
in hospital (mean difference (MD) 0.10 day, 95% Cl -0.27 to 0.46;
Analysis 3.3).

Maternal mortality

No data were reported for maternal mortality in either of the
included studies.

Repeat surgery

No data were reported for repeated surgery in either of the included
studies.

Re-admission resulting from infection

No data were reported for re-admission resulting from infection in
either of the included studies.

Reduction of skin bacteria colony count

The single trial (Lorenz 1988) providing data on this comparison
suggested that there may be little or no difference between groups
for reduced skin bacteria colony counts (MD 0.07 colony forming
unit per plate, 95% CI -0.34 to 0.48; 1 trial, 79 women; Analysis 3.4).

Adverse events (maternal or neonatal)

Pello 1990 compared skin preparation with chlorhexidine 0.5% and
70% alcohol with a drape (IOBAN 2), and reported the newborn's
exposure to iodine. Cord blood iodine concentration (CBI) was
higher in the IOBAN 2 drape group (18.38 + 20.34 versus 6.44 + 0.66
ug/100 mL; P < 0.05). There was no clear difference between the
two groups in 48-hour urine iodine excretion or thyroid-stimulating
hormone (TSH) blood concentration on the fifth day. No maternal
adverse events were reported in the included study.

DISCUSSION

Summary of main results

This updated review included 13 trials and 6938 women, with 12
trials and 6916 women contributing data to the meta-analyses.
In relation to the primary outcomes of metritis or endometritis,
our analyses suggested that there may be little or no difference
between different skin preparations for caesarean section. In one
comparison, we found that there is probably a slight reduction in
surgical site infection with chlorhexidine gluconate compared to
povidone iodine, based on seven trials including 4323 women. We
assessed the evidence for this result to be of moderate certainty
due to limitations in study design. The effect of chlorhexidine
gluconate compared with povidone iodine was still present in
sensitivity analysis after removing four trials at high risk of bias
for outcome assessment (Aworinde 2016; Kunkle 2015; Ngai 2015;
Springel 2017). The evidence for the other comparisons between

skin preparations in this review all came from only one or two
trials, involved small numbers of women, and also yielded effect
estimates with wide confidence intervals in most cases. There were
also wide-ranging concerns regarding risk of bias. In some studies,
it was not possible to know whether randomisation processes
were adequate, and we were particularly concerned about the
high number of studies where there was no blinding of subjective
assessments relating to infection. Moreover, in assessing surgical
site infection, pooled results may have also been only indirectly
comparable, due to variability between the included studies in the
criteria used to assess surgical site infection.

Regarding the secondary outcomes, we were unclear about the
effect between chlorhexidine gluconate and povidone iodine for
maternal skin irritation or allergic skin reaction because the
certainty of the evidence was found to be very low. However, the
included trials provided either very little or no data for almost all of
our specified secondary outcomes, most notably, adverse neonatal
effects, maternal mortality, or repeat surgery. Therefore, this review
was limited in its power to detect meaningful differences between
antiseptic agents and methods of skin preparation, with respect to
most of the outcomes under consideration.

Overall completeness and applicability of evidence

Of the 13 included trials, seven were reasonably large, while the
othersixtrials each recruited only small numbers of women. Twelve
trials contributed to the evaluation of four main comparisons,
limiting the ability to pool results (we were only able to carry
out meta-analysis for two comparisons). Twelve trials reported on
surgical site infection, while five trials reported on endometritis;
only one to two trials reported on the remaining outcomes, or not
atall. Four trials (Lorenz 1988; Magann 1993; Salama 2016; Springel
2017) used a mix of the co-intervention with scrubbing; we were
unable to assess interventions separately. Therefore, it was not
possible to fully address the objectives of this review.

We are unable to draw robust conclusions regarding the different
agents and methods of skin preparation for preventing infection
following caesarean section. The body of evidence was too
small; although we included 13 studies involving 6938 women,
the evidence available for each comparison and outcome under
investigation reported on too few women and was too limited in
scope.

Quality of the evidence

The included studies were subject to some important
methodological limitations. Regarding the primary outcome of
surgical site infection, most of the studies did not blind outcome
assessors, and we could not always be confident in the adequacy
of randomisation processes. When we assessed the certainty of
the evidence using GRADE criteria, we found it ranged from very
low to moderate. We found very-low certainty of evidence when
comparing parachlorometaxylenol with iodine versus iodine alone,
due to wide confidence intervals crossing the line of no effect and
small sample sizes, and lack of blinding of outcome assessment
for surgical site infection and endometritis (Summary of findings
1). We found moderate certainty of evidence when comparing
chlorhexidine gluconate with povidone iodine, for surgical site
infection, low certainty of evidence for endometritis, and very low
certainty of evidence for adverse events (maternal - skin irritation
or allergic skin reaction), due to wide 95% confidence intervals and
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lack of blinding for outcome assessment (Summary of findings 2).
When comparing the use of a drape versus no drape, we found
low-certainty evidence for surgical site infection, very-low certainty
evidence for metritis and moderate-certainty evidence for length of
stay, with downgrading due to wide confidence intervals crossing
the line of no effect, small sample sizes, and lack of blinding of
outcome assessment (Summary of findings 3).

Potential biases in the review process

We believe it is unlikely that we missed any eligible published
studies, because of the comprehensive search strategy employed
by Cochrane Pregnancy and Childbirth. However, there may
be relevant unpublished trials that we were unable to locate.
Screening of the studies, data extraction, 'Risk of bias' and GRADE
assessments were carried out independently by at least two review
authors, therefore ensuring reliable data were available for the
review. Professor Hadiati is a named author on Fahmi 2017, but was
notinvolved in the screening process and'Rrisk of bias' assessment.

Agreements and disagreements with other studies or
reviews

The Cochrane Review of skin preparation for clean surgery
found preoperative skin preparation with 0.5% chlorhexidine in
methylated spirits was associated with lower rates of surgical site
infections following clean surgery than alcohol-based povidone
iodine, whichis consistent with our findings (Dumville 2015). Rather
than iodine alone, alternate chlorhexidine might be effective,
although the evidence for both comparisons was low certainty of
evidence. We need to interpret the results with caution. However,
caesarean section is regarded as 'clean-contaminated' surgery, and
so the effect of antiseptic skin preparation may be more evident
for this type of surgery because of exposure to both internal and
external sources of infection during birth. Because of the limited
certainty of the evidence presently available, we were unable to
explore this hypothesis further in this review.

AUTHORS' CONCLUSIONS

Implications for practice

Moderate-certainty evidence suggests that preparing the skin with
chlorhexidine gluconate before caesarean section is probably
slightly more effective at reducing the incidence of surgical site
infection in comparison to povidone iodine. For other outcomes
examined there was insufficient evidence available from the
included randomised controlled trials. Most of the evidence in this
review was deemed to be very low or low certainty. This means that
for most findings, our confidence in any evidence of an intervention
effect is limited, and indicates the need for more high-quality
research. Therefore, it is not yet clear what sort of skin preparation
may be most effective for preventing postcaesarean surgical site
infection, or for reducing other undesirable outcomes for mother
and baby.

We found two studies that are ongoing; we will incorporate the
results of these studies in future updates of this review.

Implications for research

There is a need for high-quality, well-designed, randomised
controlled trials in this field, with larger sample sizes. Proper

randomisation, adequate allocation concealment, blinding of
participants, clinicians, outcome assessors (especially where
outcomes involve subjective assessment) and data analysts,
plus clear attrition policies are essential to ensure appropriate
comparisons between groups. The priority comparisons in
superiority or non-inferiority trials could include type of antiseptic
(especially iodine versus chlorhexidine), the timing and duration
of applying the antiseptic (especially previous night versus day
of surgery), and application methods (scrubbing, swabbing, and
draping). Various maternal and neonatal outcome measurements
could be considered, i.e. length of stay, maternal mortality, repeat
surgery, and re-admission resulting from infection, including
surgical site infection, and any adverse events. Furthermore, there
is a need for consistency of definitions in future trials for outcomes,
such as surgical site infection.
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Study characteristics

Methods

Computer-generated randomised control trial

Participants
were randomised into 2 groups.

Allwomen (N =374) who had elective caesarean section with no overt risk for surgical site infection

The trial was carried out in the Department of Obstetrics and Gynaecology of the Obafemi Awolowo
University Teaching Hospitals Complex (OAUTHC), Ile-Ife, Osun State, Nigeria.
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Aworinde 2016 (Continued)

Interventions

All women had a bath with non-antiseptic soap before surgery. Shaving of the lower abdomen was
done on the surgical table, just before commencing antiseptic skin preparation.

For women who fell into the chlorhexidine-alcohol group (N = 188), skin preparation was done with
gauze soaked in Valon® (containing chlorhexidine gluconate 0.3% weight/volume (w/v) and cetrimide
3.0% w/v manufactured by Royal Priesthood Laboratory Ltd), which was diluted with distilled water

in a 1:1 ratio. A centrifugal scrubbing motion was used, starting from the area of the intended incision
and covered the abdomen from the subcostal margin to the midaxillary line down to the middle of the
thigh. This was repeated twice. The area was then dried with a piece of dry gauze in the same centrifu-
gal manner. Moko® (containing Isopropyl alcohol 95% v/v manufactured by New-Health way Co. Limit-
ed) was then applied on the area in the same centrifugal manner and allowed to dry before draping of
the area.

For women in the povidone-iodine group (N = 186), Wosan® (containing 10% povidone iodine manu-
factured by Jawa international limited) was used. The povidone iodine was painted on the aforemen-
tioned area and then left to dry completely before draping the area and commencing the surgery.

Outcomes Surgical site infections in 30 days after delivery. Bacterial culture for wounds assessed as infected. De-
velopment of skin reaction.
Definition of surgical site infection: not provided.
Notes All women were given prophylactic antibiotic (intravenous cefuroxime 750 mg immediately (stat)), ad-
ministered after clamping of the cord.
The surgery was done under spinal anaesthesia.
Pan African Clinical Trials Registry No. PACTR201401000697382
Trial dates: August 2012 to July 2013
Sources of trial funding: Obafemi Awowolowo University Teaching Hospital Complex, Nigeria
Trialist declarations of interest: not reported
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Quote: "...computer generated random sequence".
tion (selection bias)
Allocation concealment Low risk Quote: "...sequentially numbered sealed packets..." and "The sealed en-
(selection bias) velopes were placed in the labour ward theatre and were drawn from serially
by the surgeons just before the procedure".
Blinding of participants Low risk Quote: "Blinding both patients and physicians to the antiseptic used for skin
and personnel (perfor- preparation (double-blinding) would have been ideal, however, it was not fea-
mance bias) sible in this trial".
All outcomes
Comment: unlikely that this lack of blinding of participants and personnel
could have caused different treatments between groups.
Blinding of outcome as- High risk Quote: "Blinding both patients and physicians to the antiseptic used for skin

sessment (detection bias)
All outcomes

preparation (double-blinding) would have been ideal, however, it was not fea-
sible in this trial".

Comment: it is possible that this lack of blinding of outcome assessors could
account for the different treatment effects between groups, because surgical
site infection involves subjective assessment.
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Aworinde 2016 (Continued)

Incomplete outcome data

(attrition bias)

Low risk Quote: "Ten were excluded from the analysis due to the fact that they were lost

to follow-up or ended up having a midline scar".

Comment: the number of excluded women was similar between intervention
groups: chlorhexidine-alcohol group 4/192 (2.1%) and povidone-iodine group
6/192 (3.1%).

Selective reporting (re- Low risk The same outcomes reported in the trial registry

porting bias)

Other bias Low risk Other bias was not noticed during review
Cordtz 1989

Study characteristics

Methods Randomised multicentre 4-group trial

Participants

All women undergoing caesarean section (N = 1340)

The trial was a Danish multicentre trial in which 8 Danish hospitals participated under supervision of
the National Center for Hospital Hygiene, Statens Seruminstitut.

Interventions

The study had 4 experimental groups: with or without drape and with or without re-disinfection. For
the purpose of this review we only included a comparison of drapes versus no drapes, with standard
disinfection, not re-disinfection.

Experimental group (N =337) incisional plastic drape was applied to the skin after preoperative skin
disinfection.

Control group (N =354) no drape was used. All women received preoperative skin disinfection of 2.5%
iodine in 70% ethanol.

Outcomes

Surgical site infection in 14 days after delivery

Definition of surgical site infection: (1) Possible wound infection: localised erythema, serous secretion,
or both, without presence of pus; (2) Infected: presence of pus, regardless of the results of bacteriolog-
ical examination. Pus could be classified as superficially or subfascially located. Incision for drainage
was also reported.

Notes

We did not include the re-disinfection group, as it was defined as disinfection of the skin around the in-
cision shortly before skin closure.

Antibiotics for prophylaxis therapy were used in 36 of 337 women (10.7%) in the drape group and 29 of
354 women (8.2%) in the no drape group.

Trial dates: September 1985 to May 1986
Type of anaesthesia not described
Sources of trial funding: not reported

Trialist declarations of interest: not reported

Risk of bias

Bias

Authors' judgement Support for judgement
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Cordtz 1989 (continued)

Random sequence genera-  Unclear risk Quote: "blocks of eight consecutive patient numbers were labelled... in ran-
tion (selection bias) dom order".

Comment: although the method of determining random order was not spec-
ified, given the numbers in the trial, it is probable that this was generated by
computer or random tables.

Allocation concealment Unclear risk Not stated
(selection bias)

Blinding of participants Low risk Blinding was not described, but is likely that participant and personnel could
and personnel (perfor- identify different interventions. Unlikely that this lack of blinding could have
mance bias) caused different treatments between groups.

All outcomes

Blinding of outcome as- High risk No blinding stated, and some outcome measurements were subjective.
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Outcome data were reported for all women.
(attrition bias)

Selective reporting (re- Unclear risk There was no protocol to access, so we did not know the originally planned
porting bias) outcomes.
Other bias Low risk Antibiotics for prophylaxis therapy were used in this study. Even though more

women in the drape group (10.7%) received antibiotics than in the without
drape group (8.2%), but there were more infections in the drape group, so we
might underestimate the effect. This effect is likely to be small because of the
small difference.

Fahmi 2017
Study characteristics
Methods Multicenter, randomised clinical trial
Participants All women undergoing scheduled or emergency caesarean section
The study was conducted in Dr Sardjito Hospital and 2 affiliated hospital (Saras Husada Hospital and
Panembahan Senopati Hospital), Indonesia.
Interventions Alcohol-chlorhexidine group (N = 87) and alcohol-povidone-iodine group (N = 87)
Outcomes Surgical site infections on day 3 and day 7 after caesarean section
Definition of surgical site infection: diagnosed based on Centers for Disease Control and Prevention
(CDC) criteria
Notes We have the full thesis from the author in Indonesian
All women received preoperative prophylactic antibiotic cefotaxime 1 hour before skin incision.
Type of anaesthesia not described
Trial dates: June 2013 to May 2014
Sources of trial funding: not reported
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Fahmi 2017 (continued)

Trialist declarations of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "...subjects were randomly divided into two groups...".

tion (selection bias)
Comment: computer-generated random sequence (information provided by
trial author)

Allocation concealment Unclear risk Allocation concealment was not described.

(selection bias)

Blinding of participants Low risk Blinding was not described, but is likely that participants and personnel could

and personnel (perfor- identify different interventions. Unlikely that this lack of blinding could have

mance bias) caused different treatments between groups.

All outcomes

Blinding of outcome as- Low risk Researchers and outcome assessors did not know the type of intervention (in-

sessment (detection bias) formation provided by trial author).

All outcomes

Incomplete outcome data  Low risk All women were followed until the 7th day after caesarean section.

(attrition bias)

Selective reporting (re- Unclear risk There was no protocol to access, so we did not know the originally planned

porting bias) outcomes.

Other bias Low risk Other bias was not noticed during review.

Kunkle 2015
Study characteristics
Methods Asingle-centre, randomised controlled trial

Participants

Women aged 18 to 45 years, undergoing scheduled caesarean delivery at 36 gestational weeks or later.

The trial was conducted at the University of Southern California Los Angeles County Medical Center,

USA.

Interventions

60 participants were included: chlorhexidine gluconate group (N = 27) versus povidone-iodine group (P

=33)

Outcomes Surgical site infection at 3 days and 2 weeks. Positive bacterial culture rates at 3 minutes and 18 hours
Definition of surgical site infection: the presence of purulent drainage, cellulitis, or the need for incision
and drainage, or treatment with antibiotics for a clinical diagnosis of infection

Notes Type of anaesthesia not described.

Clinical Trials.gov. identifier: NCT01975805

Trial dates: January 2010 to March 2012

Sources of trial funding: University of Southern California

Skin preparation for preventing infection following caesarean section (Review)
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Kunkle 2015 (continued)

Trialist declarations of interest: reported, no conflict of interest

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: "The choice of disinfectant was determined by simple randomization

tion (selection bias) where each participant was independently assigned to either Pl or CG without
any regard for previous patient assignments".
Comment: no specific randomisation methods stated

Allocation concealment Unclear risk Comment: no information provided

(selection bias)

Blinding of participants Low risk Quote: "The operating surgeons could not be blinded because both agents

and personnel (perfor- possess distinctly different coloring when applied to the skin".

mance bias)

All outcomes Comment: unlikely that this lack of blinding could have caused different treat-
ments between groups

Blinding of outcome as- High risk No blinding stated, but outcome assessment of surgical site infection was sub-

sessment (detection bias) jective, while bacterial culture rates were objective measurements.

All outcomes

Incomplete outcome data  Low risk Outcome data were reported for all women.

(attrition bias)

Selective reporting (re- Low risk The same outcomes reported in the trial registry

porting bias)

Other bias Low risk Other bias was not noticed during review.

Lorenz 1988

Study characteristics

Methods

Randomised clinical trial using a table of random numbers

Participants

All women undergoing caesarean section. The women were excluded if they were allergic to iodine,
younger than 18 years of age, had chorioamnionitis, refused to participate, emergency clinical circum-
stances prevented adequate informed consent, or no culture plate available.

The trial was conducted at Pennsylvania State University, Hersey, USA

Interventions

Atotal of 79 women were included.

Experimental group (N = 38) received a 1-minute scrub with 70% isopropyl alcohol followed by applica-
tion of iodophor-impregnated adhesive film.

Control group (N =41) received a 5-minute iodophor scrub followed by application of iodophor solu-
tion.

Outcomes Metritis, surgical site infection (assessed on 2 separate measurements at least 24 hours postoperative-
ly), and reduction of skin bacteria colony counts. All participants had skin bacterial counts before skin
preparation and immediately postoperatively.
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Lorenz 1988 (Continued)

Definition of surgical site infection: infectious morbidity (body temperature > 38°C on 2 separate mea-
surements at least 24 hours postoperatively) with (1) erythema and tenderness of the wound or separa-
tion of skin edges, and (2) uterine tenderness or malodorous, discoloured lochia

Notes Type of anaesthesia not described

Trial dates: June 1983 to April 1984

Sources of trial funding: not reported

Trialist declarations of interest: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "Each patient was randomly assigned, using a table of random num-
tion (selection bias) ber...".
Allocation concealment Unclear risk The allocation was not described
(selection bias)
Blinding of participants Low risk Blinding was not described, but is likely that participants and personnel could
and personnel (perfor- have identified the different interventions. It is unlikely that lack of blinding
mance bias) could have caused different caesarean treatment relevant to the outcomes.
All outcomes
Blinding of outcome as- High risk No blinding stated and some outcome measurements were subjective.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk All women were followed up to the end of the study.
(attrition bias)
Selective reporting (re- Unclear risk There was no protocol to access, so we did not know the originally planned
porting bias) outcomes.
Other bias Low risk Other bias was not noticed during review.

Magann 1993

Study characteristics

Methods

Randomised trial using a table of random numbers

Participants

All women undergoing caesarean section.

The exclusion criteria were chorioamnionitis, emergency for caesarean section for fetal distress with in-
adequate time for skin preparation, and refusal to participate.

The trial was conducted at the University of Mississippi Medical Center, USA.

Interventions

Atotal of 100 women were included and divided into 4 subgroups of 25 women. For the purpose of this
review the following 2 groups were included.

Experimental group (N = 25) received a 5-minute scrub with parachlorometaxylenol followed by povi-
done-iodine solution and normal saline irrigation of the pelvis and subcutaneous tissue at uterine clo-
sure and fascial closure.
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Control group (N =25) received a povidone-iodine surgical scrub (7.5%) followed by povidone iodine
(10%) and normal saline irrigation of the pelvis and subcutaneous tissue at uterine closure and fascial
closure.

Outcomes Endometritis and surgical site infection
Definition of surgical site infection: hyperemic skin incision and a fluctuant mass, that when opened,
contained purulent material
Notes Type of anaesthesia: general, spinal or epidural
Trial dates: not reported
Sources of trial funding: not reported
Trialist declarations of interest: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "This randomised study ... with group appointment derived from a ran-
tion (selection bias) dom number table".
Allocation concealment Unclear risk Quote: "Random assignment was achieved by card selection from sealed
(selection bias) opaque envelopes...".
Comment: it was unclear what 'card selection' involved, and therefore,
whether investigators could have foreseen assignment.
Blinding of participants Low risk Blinding was not described, but it is likely that participants and personnel
and personnel (perfor- could identify different interventions. It is unlikely that this lack of blinding
mance bias) could have caused different caesarean treatment relevant to the outcomes.
All outcomes
Blinding of outcome as- High risk No blinding stated and some outcome measurements were subjective.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk All women were followed up to the end of the study.
(attrition bias)
Selective reporting (re- Unclear risk There was no protocol to access, so we did not know the originally planned
porting bias) outcomes.
Other bias Low risk Other bias was not noticed during review.
Ngai 2015
Study characteristics
Methods Computer-generated randomisation through www.radomisation.com with alternating block sizes of 6

and 12

Participants

All women at 37 weeks of gestation, based on best obstetric estimate, who were undergoing scheduled
or non-emergent caesarean delivery.
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Women were excluded if they had a urogenital tract infection within 2 weeks of delivery and if they
were younger than 18 years old.

The trial was conducted at 2 Montefiore Medical Center, Einstein Medical College, NY, USA.

Interventions

The 1404 participants were enrolled in a 1:1:1 fashion to 1 of 3 groups: povidone iodine with alcohol
group (PA group: N =462), chlorhexidine with alcohol group (CA group: N =467), and combination of
povidone iodine with alcohol, and chlorhexidine with alcohol used together (BOTH group: N = 465).

For the purpose of this review, we compared the PA group and CA group.

Outcomes Surgical site infections on 2 and 6 weeks postcaesarean
Definition of surgical site infection: according to Horan and colleagues. and the Centers for Disease
Control and Prevention. A surgical site infection outcome was defined as the patient reporting the
requirement of antibiotic use for a wound infection, or documented wound infection in the medical
record at the outpatient visit within 30 days of discharge.

Notes All women received preoperative prophylactic antibiotics within 1 hour of skin incision. Surgical drapes
were placed after a minimum of 4 minutes drying time.
All women had regional anaesthesia, a spinal, epidural, or combined spinal and epidural.
ClinicalTrials.gov Identifier: NCT01870583
Trial dates: January 2013 to July 2014
Sources of trial funding: the study provided no support for a particular method of skin preparation
Trialist declarations of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Randomization was computer-generated through www.randomiza-

tion (selection bias) tion.com with alternating block sizes of six and 12".

Allocation concealment Low risk Quote: "The randomization allocation was concealed in identical, opaque, se-

(selection bias) quentially numbered, sealed envelopes".

Blinding of participants Low risk Blinding was not described. but it is likely that participants and personnel

and personnel (perfor- could identify different interventions. It was unlikely that this lack of blinding

mance bias) could have caused different treatments between groups.

All outcomes

Blinding of outcome as- High risk No blinding stated, but it is possible that this lack of blinding could account for

sessment (detection bias) the different treatment effects between groups, because surgical site infection

All outcomes involves subjective assessment.

Incomplete outcome data  Low risk Postrandomisation exclusions were reported in the study due to protocol

(attrition bias) breach or loss to follow-up: PA group 8/463 (1.7%), CA group 18/474 (3.8%),

and BOTH group 11/467 (2.4%). It is unlikely that this number of missing par-
ticipants was enough to affect the outcome of surgical site infection.

Selective reporting (re- Low risk The same outcomes reported in the trial registry.

porting bias)

Other bias Low risk Other bias was not noticed during review.
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Pello 1990

Study characteristics

Methods

Open comparative randomised trial

Participants

Women with male fetus undergoing caesarean section.

The trial was conducted in Paris, France.

Interventions

Skin preparation with chlorhexidine 0.5% was compared with 70% alcohol plus drape (IOBAN 2). A total
of 22 women were randomised, but the number allocated to each group was not stated.

Outcomes Newborn exposure to iodine, measured from cord blood iodine concentration, 48-hour urine iodine ex-
cretion, and thyroid stimulating hormone blood concentration on the 5th day.
Notes Only abstract available
Type of anaesthesia: not described
Trial dates: not reported
Sources of trial funding: not reported
Trialist declarations of interest: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "Twenty-two women had the skin preparation randomly allocated...".
tion (selection bias)
Allocation concealment Unclear risk No allocation concealment stated
(selection bias)
Blinding of participants Unclear risk No blinding stated
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk No blinding stated. Evaluation of outcome was diagnosed by objective signs.
sessment (detection bias)
All outcomes
Incomplete outcome data ~ Unclear risk Number of women in each group not reported
(attrition bias)
Selective reporting (re- Unclear risk Only abstract available, so we did not know the originally planned outcomes.
porting bias) The key outcome for this review was not reported (i.e. surgical site infection)
by this study, however the abstract made it clear that the study examined the
effect of iodine on newborns, so the lack of data reporting on women was not
deemed to be of concern.
Other bias Unclear risk There was too little information provided to exclude other bias.
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Study characteristics
Methods Randomised trial using computer-generated randomisation.

Participants

Allwomen (N =311) undergoing scheduled or emergency caesarean section. The trial was conducted in

Chandigarh, India.

Interventions

Chlorhexidine 2% and isopropyl alcohol 70% group (N = 153)

Povidone-iodine 10% group (N = 158)

Outcomes Surgical site infection (a period of 30 days to monitor)
The definition of SSl is followed from the CDC.
Notes Only abstract available
Type of anaesthesia: not reported
Trial dates: start July 2016, end date not reported
Sources of trial funding: primary sponsor Dr Luwang (principle investigator)
Trialist declarations of interest: not reported
Clinical Trials Registry: CTRI/2018/05/014294.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "Computer generated randomization".
tion (selection bias)
Allocation concealment High risk Quote: "An open list of random numbers".
(selection bias)
Blinding of participants Unclear risk Blinding was not described.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Blinding was not described.
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Number of women in each group not reported.
(attrition bias)
Selective reporting (re- Unclear risk More outcomes reported in the trial registry.
porting bias) The abstract may reported limited outcome.
Other bias Unclear risk There was not enough information provided to exclude other bias.
Salama 2016
Study characteristics
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Randomised, prospective, controlled clinical trial using computer-generated randomisation.

Participants

All women (N =390) undergoing scheduled or emergency caesarean section

The trial was carried out in Ain Shams University Maternity Hospital and Manshiet ElBakry General Hos-
pital in Cairo, Egypt.

Interventions

Chlorhexidine and 70% alcohol group (N = 196) were prepared similarly by 3 applications of 2%
chlorhexidine solution followed by drying with a sterile towel after 30 seconds and 3 applications of
70% alcohol (Alkanol; Hikma Pharmaceutical Industries, Cairo, Egypt).

Povidone-iodine and 70% alcohol group (N = 194) were scrubbed preoperatively with an applicator that
contained 10% povidone-iodine scrub solution (3 consecutive applications), followed by drying with a
sterile towel after 1 minute and 3 application of 10% povidone-iodine in 70% alcohol (sBetadine; Nile
Company for Pharmaceuticals and Chemical Industries, Cairo, Egypt).

Outcomes Surgical site infection within 1 week after surgery (as evidenced by pain, tenderness, swelling, redness,
heat, purulent discharge from the incision, or deliberate reopening of the surgical wound), endometri-
tis, hospital readmission due to sepsis, allergic reactions, post sterilisation skin cultures.

Notes All patients in both groups had swabs for skin cultures using sterile cotton swabs taken from their skin
at the site of the caesarean section immediately before and after skin sterilization to assess the rate of
skin decontamination.

All patients in both groups received a single dose of an intravenous third generation cephalosporin
(ceftriaxone) 1 g as a prophylactic antibiotic 1 hour before the operation.

The area scrubbed in all patients in both groups was from the xiphoid to the knee, reaching the midaxil-
lary line laterally.

Type of anaesthesia: not described

Trial date: June 2014 to December 2014

Sources of trial funding: Ain Shams Maternity Hospital

Trialist declarations of interest: reported, no conflict of interest

clinical trials.gov protocol registration system under the number NCT02396329

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Quote: "...study were randomized by an independent statistician using a com-

tion (selection bias) puter-generated randomization sheet into two groups in the ratio 1: 1",

Allocation concealment Low risk Quote: "Another research coordinator who was not involved in assessing the

(selection bias) outcome assigned the participants to the interventions".

Blinding of participants Low risk Quote: "Each woman in the study received a closed envelope that contained

and personnel (perfor- arandom number corresponding to which group she will be enrolled to in the

mance bias) randomization table. The envelope was opened by the surgeon immediately

All outcomes before the operation".

Blinding of outcome as- Low risk Quote: "A third research coordinator who was blinded to the interventions in

sessment (detection bias) either groups assessed the outcomes and followed up the patients".

All outcomes

Incomplete outcome data  Low risk Postrandomisation exclusions were reported in the study due to withdrawn

(attrition bias)

consent or loss to follow-up: chlorhexidine and 70% alcohol group 8/204
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Salama 2016 (Continued)

(3.9%), Povidone-iodine and 70% alcohol group 7/201 (3.5%), and BOTH
group 15/405 (3.7%). It is unlikely that this number of missing participants was
enough to affect the outcome of surgical site infection.

Selective reporting (re- High risk More outcomes reported in the trial registry.
porting bias)

Other bias Low risk Other bias was not noticed during review.

Springel 2017

Study characteristics

Methods Open-label, parallel-design, unmasked randomised controlled trial

Participants All women undergoing caesarean section, who met eligibility criteria: caesarean delivery, age 18 to 65
years, and ability to consent in English or Spanish

Exclusion criteria were: inability or unwillingness to consent to study participation in English or Span-
ish, currentincarceration, pre-operative diagnosis of chorioamnionitis, perceived inability to complete
follow-up for data collection, or any prior known allergy or adverse reaction to either study preparation

The trial was conducted in an urban tertiary care institution (MetroHealth Medical Center, Cleveland,
OH), USA

Interventions 932 women were randomly assigned to either chlorhexidine-isopropyl alcohol (CA group, N = 461) or
povidone-iodine scrub and paint (Pl group, N = 471). Both interventions were applied to the skin pre-
operatively for surgical site anti-sepsis.

Outcomes Surgical site infection (composite SSI) occurring within 30 days, endometritis, re-admission to hospital
for management of SSI, non-SSI wound complications

Definition of surgical site infection: > 1 of superficial, deep, and organ space (endometritis in the case
of caesarean delivery) infection as defined by the US National Healthcare Safety Network (NHSN) of the
CcDC

Notes General anaesthesia for some women
ClinicalTrials.gov Identifier: NCT02202577
Trial dates: February 2013 to May 2016
Sources of trial funding: Edward Henry Springel, MD

Trialist declarations of interest: reported, no conflict of interest

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: "... subjects were ... randomized ..."

tion (selection bias)
Comment: random sequence generation was not described

Allocation concealment Unclear risk Allocation concealment was not described.
(selection bias)
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Springel 2017 (Continued)

Blinding of participants Low risk Quote: "Masking: none (open-label)".

and personnel (perfor-

mance bias) Comment: blinding of participants and personnel was not done, but it is un-

All outcomes likely that this lack of blinding could have led to different treatments between
groups.

Blinding of outcome as- High risk Quote: "Masking: none (open-label)".

sessment (detection bias)

All outcomes Blinding of outcome assessment was not done, and it was possible that this
lack of blinding could account for the different treatment effects between
groups, because assessment of surgical site infection involved subjective as-
sessment.

Incomplete outcome data  Low risk Quote: "Rates of follow-up for evaluation after 30 days were 97% in the CA

(attrition bias) group and 96% in the PI group".

Comment: the loss to follow-up was balanced between the 2 intervention
groups

Selective reporting (re- Low risk The same outcomes reported in the trial registry.

porting bias)

Other bias Low risk Other bias was not noticed during review.

Tuuli 2016
Study characteristics
Methods Single-centre, randomised, controlled trial

Participants

This study recruited pregnant women undergoing scheduled or unscheduled caesarean delivery at
Washington University Medical Center in St. Louis, USA.

Women who had known allergy to chlorhexidine, alcohol, iodine, or shellfish, or who had a skin infec-
tion adjacent to the operative site were excluded.

Interventions

1147 women were randomly assigned to receive preoperative skin preparation with either chlorhex-
idine-alcohol (N =572 women) or iodine-alcohol (N = 575). Chlorhexidine-alcohol combination con-
tained 2% chlorhexidine gluconate with 70% isopropyl alcohol, and iodine-alcohol combination con-
tained 8.3% povidone-iodine with 72.5% isopropyl alcohol.

Outcomes

Primary outcome: superficial or deep surgical site infection within 30 days after caesarean delivery

Prespecified secondary outcomes: length of hospital stay, physician office visits and hospital readmis-
sions for infection-related complications, endometritis, positive wound culture, skin irritation, and al-
lergic reaction

Posthoc secondary outcomes: other wound complications (including skin separation, seroma,
haematoma, and cellulitis), emergency department visits for wound complications, additional wound
surgery, use of home health services or services of a wound clinic, and duration of wound care

Definition of surgical site infection: on the basis of the National Healthcare Safety Network definitions
of the Centers for Disease Control and Prevention

Notes

Women also received standard infection-prevention measures, including body weight-based preopera-
tive antibiotic prophylaxis.

Type of anaesthesia not described
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ClinicalTrials.gov Identifier: NCT01472549
Trial dates: September 2011 to June 2015

Sources of trial funding: supported by a Women’s Reproductive Health Research Career Development
grant from the Eunice Kennedy Shriver National Institute of Child Health and Human Development of
the National Institutes of Health (1K12HD063086-01, to Drs Tuuli and Macones), and the Department of
Obstetrics and Gynecology, Washington University School of Medicine in St. Louis

Trialist declarations of interest: reported. Dr Tuuli reported grant support from the National Institutes
of Health during the conduct of the study. All other authors declared no conflict of interest.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote "... computer-generated random sequence produced by the study sta-
tion (selection bias) tistician".

Allocation concealment Unclear risk Not described

(selection bias)

Blinding of participants Low risk No blinding of participants and personnel, but it is unlikely that this lack of
and personnel (perfor- blinding could have caused different treatments between groups.
mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "The diagnosis of surgical-site infection within 30 days after cesarean

sessment (detection bias) delivery "... was made by the treating physician and verified by means of chart

All outcomes review by the principal investigator, who was unaware of the study-group as-
signments".

Incomplete outcome data  Low risk Quote: "A similar number of participants in each group — 34 (5.9%) in the

(attrition bias) chlorhexidine-alcohol group and 31 (5.4%) in the iodine-alcohol group —

were lost to follow-up".

Comment: reason for loss to follow-up were 'did not have postoperative fol-
low-up' or 'discontinued study'. Numbers in each group, and for each reason,
were similar between the 2 interventions.

Selective reporting (re- High risk Compared to the trial registration, more outcomes were reported in the final
porting bias) report, and some predefined outcomes, such as proportion of women with
skin contamination after skin prep or cost savings were not reported.

Other bias Low risk Other bias was not noticed during review.
Ward 2001

Study characteristics

Methods Randomisation using a table of random numbers

Participants All women undergoing caesarean section

The trial was conducted at Livingston Hospital, Eastern Province of South Africa.
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Ward 2001 (continued)

Interventions

Allwomen (N =605) were prepared before the incision by washing the abdomen and perineum with 4%
chlorhexidine soap. On the operating table, the abdomen was swabbed with 0.5% chlorhexidine in 80%
alcohol solution for 30 seconds. After the preparation:

the experimental group (N = 305) received incisional plastic drape;

the control group (N =300) did not receive a drape.

Outcomes Surgical site infection and length of hospital stay
Definition of surgical site infection: diagnosed if 2 of 3 features were present: (1) erythematous celluli-
tis, (2) seropurulent discharge from the wound, (3) positive swab culture (organisms and leucocytes).
Notes All women received preoperative antibiotics administration of 1 g cephazolin intravenously, unless an-
tibiotics were already being administered. In addition, a 1 g metronidazole suppository was inserted
preoperatively, and repeated after 12 hours.
Women received general anaesthesia
Trial dates: August 1992 to January 1993
Sources of trial funding: not reported
Trialist declarations of interest: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "...taken from a random number table".
tion (selection bias)
Allocation concealment Low risk Quote: "On deciding that a woman was to undergo caesarean section, the
(selection bias) surgeon removed an opaque unmarked envelope from a box of identical en-
velopes. Inside was a card, inscribed with an integer taken from a random
number table. If the number was even, a drape was to be used and if odd, then
no drape was used. The card was then resealed in the envelope and stapled to
the patient’s folder, and opened only when she left the study".
Blinding of participants Low risk Quote: "...patients received general anesthesia as part of normal hospital prac-
and personnel (perfor- tice and the drape was applied after induction and removed before extuba-
mance bias) tion".
All outcomes
Comment: although not explicitly stated in the study, we assumed that the
medical personnel were not blinded, as they could see the different interven-
tions. It was unlikely that this lack of blinding could have caused different cae-
sarean treatment relevant to the outcomes.
Blinding of outcome as- Low risk Quote: "Assessor bias was avoided because postoperative care was conducted
sessment (detection bias) by staff unrelated to surgery".
All outcomes
Incomplete outcome data Low risk Postrandomisation exclusions were reported in the study, 15 (2.4%) in total
(attrition bias) were excluded due to critical data missing, 2 additional women from the con-
trol group were excluded: 1 due to ruptured appendix and another who re-
quested early discharge on day 2 after caesarean section. Based on a sensi-
tivity analysis, it was unlikely that this number of missing participants was
enough to affect the outcome of surgical site infection.
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Selective reporting (re-

porting bias)

Unclear risk Selective reporting was not noticed during review, but we were unable to con-

sult the trial registry.

Other bias

Low risk Other bias was not noticed during review.

CDC: Centers for Disease Control; SSI: Surgical site infection

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Bianco 2018 Intervention was different. This study focused on preoperative washing with a chlorhexidine glu-
conate cloth by the surgical team.

Brown 1984 Trial compared antiseptics for general surgery that included cases of caesarean section, but the tri-
al did not report separate results for the caesarean section cases.

Jindal 2019 Trial compared the effectiveness of not only antiseptic agent but also use of closing pans.

Kosus 2010 Intervention was different. Rifamycin is an antibiotic, not an antiseptic agent.

Lukabwe 2018 Intervention was different. This study focused on preoperative bathing with chloroxylenol.

NCT00528008 The study was stopped following interim analysis. The details of the result of interim analysis is un-
clear and we could not contact the authors.

NCT01700803 Intervention was different. This study focused on preoperative handwashing by the surgical team.

NCT02027324 Intervention was different. This study focused on preoperative handwashing by the surgical team.

Nili 2015 This is not a randomised controlled trial but a cohort study.

Robins 2005 Trial compared the effectiveness of chlorhexidine spray and single-use sachets for skin preparation

before regional nerve blockade, not for preparation of the incision site before caesarean section.

Characteristics of ongoing studies [ordered by study ID]

NCT02396329
Study name Chlorhexidine versus povidone-iodine antisepsis for reduction of post caesarean section surgical
site infection
Methods Single-blinded (participants) randomised controlled trial conducted in Egypt

Participants

Inclusion criteria

1. Patient 18 years of age or older, who are at term (37 to 41 weeks of gestation), who will undergo
caesarean deliveries

2. Body mass index between 20 kg/m? to 35 kg/m?

3. Ableto communicate well with the investigator, and to comply with the requirements of the entire
study

Exclusion criteria
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1. Rupture of membranes
2. Women who have history of allergy to chlorhexidine, alcohol, and iodophors

3. Documented concomitant infections, like: chorioamnionitis, pyelonephritis, urinary tract infec-
tion, mastitis

Interventions

Chlorhexidine versus povidone iodine

Outcomes

Primary outcome: surgical site infection within 1 week after surgery (time frame: 1 week).

Secondary outcomes: surgical site infection within 30 days after surgery (time frame: 30 days), long
hospital stay, more than 5 days (time frame: 30 days), hospital readmission (time frame: 30 days)
due to sepsis, febrile morbidity (time frame: 10 days) with an oral temperature of 38.0 degree cel-
sius or more, on any 2 of the first 10 days postpartum, exclusive of the first 24 hours

Starting date

June 2014

Contact information

AMR HELMY YEHIA, Ain Shams Maternity Hospital

Notes NCT Number; NCT02396329

NCT02402907
Study name STRIPES Study: Study To Reduce Infection Post caEsarean Section
Methods Masked randomised controlled trial conducted in the USA

Participants

Women (18 years or older) > 24 weeks' gestation, scheduled for a primary or repeat caesarean sec-
tion.

Exclusion criteria: allergy to chlorhexidine, unplanned or emergency caesarean section

Interventions

2% chlorhexidine gluconate cloth versus placebo cloth

Outcomes

Primary outcomes: rate of infectious morbidity (time frame: up to 6 weeks)

Secondary outcomes: incidence of neonatal intensive care unit admissions (time frame: up to 6
weeks), maternal length of stay (time frame: up to 6 weeks), incidence of maternal readmissions
(time frame: up to 6 weeks)

Starting date

April 2015

Contact information

Contact: Brittany Noel Robles, MD

Notes

NCT Number; NCT02402907

DATA AND ANALYSES
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Comparison 1. Parachlorometaxylenol with iodine versus iodine alone

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.1 Surgical site infection 1 50 Risk Ratio (M-H, Fixed, 95% Cl) 0.33[0.04, 2.99]

1.2 Endometritis 1 50 Risk Ratio (M-H, Fixed, 95% Cl) 0.88[0.56, 1.38]

Analysis 1.1. Comparison 1: Parachlorometaxylenol with
iodine versus iodine alone, Outcome 1: Surgical site infection

Parachlorometaxylenol Iodine alone

Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Magann 1993 1 25 3 25 100.0% 0.33[0.04, 2.99] _.__
Total (95% CI) 25 25 100.0% 0.33 [0.04, 2.99]

Total events: 1 3

Heterogeneity: Not applicable
Test for overall effect: Z = 0.98 (P = 0.33)
Test for subgroup differences: Not applicable

001 0.1 1 0 100
Favours parachlorometaxylenol Favours iodine

Analysis 1.2. Comparison 1: Parachlorometaxylenol with iodine versus iodine alone, Outcome 2: Endometritis

Parachlorometaxylenol Iodine alone

Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Magann 1993 14 25 16 25 100.0% 0.88[0.56 , 1.38]

Total (95% CI) 25 25 100.0% 0.88 [0.56 , 1.38]

Total events: 14 16

Heterogeneity: Not applicable
Test for overall effect: Z = 0.58 (P = 0.57)
Test for subgroup differences: Not applicable

Comparison 2. Chlorhexidine gluconate versus povidone iodine

10 100
Favours iodine

001 01 1
Favours parachlorometaxylenol

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

2.1 Surgical site infection 8 4323 Risk Ratio (M-H, Fixed, 95% CI)  0.72[0.58,0.91]

2.1.1 Chlorhexidine plus alcohol 4 2663 Risk Ratio (M-H, Fixed, 95% CI)  0.62 [0.45, 0.87]

versus povidone iodine plus alco-

hol

2.1.2 Chlorhexidine plus alcohol 4 1660 Risk Ratio (M-H, Fixed,95% CI)  0.84[0.61, 1.15]

versus povidone iodine

2.2 Endometritis 3 2484 Risk Ratio (M-H, Fixed, 95% Cl) 0.95[0.49, 1.86]
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Statistical method

Effect size

Risk Ratio (M-H, Random, 95%
Cl)

0.51[0.25, 1.02]

Risk Ratio (M-H, Fixed, 95% CI)

0.23[0.07, 0.70]

Risk Ratio (M-H, Fixed, 95% Cl)

Subtotals only

Risk Ratio (M-H, Fixed, 95% Cl)

0.79[0.32, 1.96]

Risk Ratio (M-H, Fixed, 95% CI)

1.13[0.57, 2.26]

Outcome or subgroup title No. of studies No. of partici-
pants

2.3 Re-admission resulting fromin- 3 2484

fection

2.4 Bacterial growth 18 hours 1 60

2.5 Adverse events (maternal) 3

2.5.1 Any skin reaction 1 374

2.5.2 Erythema 2 1521

2.5.3 Skinirritation or allergic skin 3 1926

reaction

Risk Ratio (M-H, Fixed, 95% CI)

0.64 [0.28, 1.46]

Analysis 2.1. Comparison 2: Chlorhexidine gluconate versus povidone iodine, Outcome 1: Surgical site infection

Chlorhexidine gluconate Providone iodine Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 Chlorhexidine plus alcohol versus povidone iodine plus alcohol
Fahmi 2017 3 87 2 87 1.2% 1.50 [0.26, 8.76] N
Ngai 2015 21 474 21 463 13.1% 0.98 [0.54, 1.76] R S
Salama 2016 7 204 21 201 13.1% 0.33[0.14,0.76] ¢—a——
Tuuli 2016 23 572 42 575  25.9% 0.55[0.34, 0.90] [
Subtotal (95% CI) 1337 1326 53.3% 0.62[0.45, 0.87] ‘
Total events: 54 86
Heterogeneity: Chi? = 5.69, df = 3 (P = 0.13); 12 = 47%
Test for overall effect: Z = 2.79 (P = 0.005)
2.1.2 Chlorhexidine plus alcohol versus povidone iodine
Aworinde 2016 23 188 28 186  17.4% 0.81[0.49, 1.36] R
Kunkle 2015 2 21 1 22 0.6% 2.10[0.20, 21.42] >
Saha 2019 9 153 14 158 8.5% 0.66 [0.30, 1.49] _—
Springel 2017 29 461 33 471 20.2% 0.90 [0.55, 1.45] R —
Subtotal (95% CI) 823 837 46.7% 0.84 [0.61, 1.15] -
Total events: 63 76
Heterogeneity: Chi? = 1.01, df = 3 (P = 0.80); I> = 0%
Test for overall effect: Z = 1.08 (P = 0.28)
Total (95% CI) 2160 2163 100.0% 0.72[0.58, 0.91] ‘
Total events: 117 162
Heterogeneity: Chi2 = 8.09, df = 7 (P = 0.33); I = 13% ook 5 T
Test for overall effect: Z = 2.76 (P = 0.006) Favours chlorhexidine gluconate Favours povidone iodine

Test for subgroup differences: Chi2=1.61, df =1 (P = 0.20), I2 = 37.8%
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Analysis 2.2. Comparison 2: Chlorhexidine gluconate versus povidone iodine, Outcome 2: Endometritis

Chlorhexidine gluconate

Providone iodine

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Salama 2016 0 204 201 8.7% 0.33[0.01, 8.02]

Springel 2017 8 461 5 471  28.4% 1.63[0.54, 4.96] S —

Tuuli 2016 8 572 11 575 62.9% 0.7310.30, 1.80]

Total (95% CI) 1237 1247 100.0% 0.95 [0.49 , 1.86]

Total events: 16 17

Heterogeneity: Chi2 = 1.67, df =2 (P = 0.43); I? = 0% 0.01 01 1 10 100

Test for overall effect: Z = 0.14 (P = 0.89)
Test for subgroup differences: Not applicable

Favours chlorhexidine gluconate

Analysis 2.3. Comparison 2: Chlorhexidine gluconate versus
povidone iodine, Outcome 3: Re-admission resulting from infection

Chlorhexidine gluconate

Providone iodine

Risk Ratio

Favours povidone iodine

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Salama 2016 5 204 20 201 29.3% 0.25[0.09, 0.64] —

Springel 2017 5 461 9 471 25.3% 0.57[0.19, 1.68] R

Tuuli 2016 19 572 25 575  45.4% 0.76 [0.43, 1.37] e

Total (95% CI) 1237 1247 100.0% 0.51[0.25, 1.02] ‘

Total events: 29 54

Heterogeneity: Tau? = 0.19; Chi2 = 3.93, df = 2 (P = 0.14); I> = 49% 0.02 0.1 10 50

Test for overall effect: Z = 1.91 (P = 0.06)
Test for subgroup differences: Not applicable

Favours chlorhexidine gluconate

Favours povidone iodine

Analysis 2.4. Comparison 2: Chlorhexidine gluconate versus povidone iodine, Outcome 4: Bacterial growth 18 hours

Chlorhexidine gluconate

Providone iodine

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kunkle 2015 3 27 16 33 100.0% 0.23[0.07, 0.70] _._

Total (95% CI) 27 33 100.0% 0.23 [0.07,, 0.70] o

Total events: 3 16

Heterogeneity: Not applicable
Test for overall effect: Z =2.57 (P =0.01)
Test for subgroup differences: Not applicable

001 0.1
Favours chlorhexidine gluconate

10 100
Favours povidone iodine
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Analysis 2.5. Comparison 2: Chlorhexidine gluconate versus
povidone iodine, Outcome 5: Adverse events (maternal)

Chlorhexidine gluconate Providone iodine Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.5.1 Any skin reaction

Aworinde 2016 8 188 10 186 100.0% 0.79[0.32, 1.96]

Subtotal (95% CI) 188 186 100.0% 0.79 [0.32, 1.96]

Total events: 8 10

Heterogeneity: Not applicable

Test for overall effect: Z = 0.51 (P = 0.61)

2.5.2 Erythema

Aworinde 2016 4 188 4 186  26.8% 0.99 [0.25, 3.90] —
Tuuli 2016 13 572 11 575 73.2% 1.19[0.54, 2.63]

Subtotal (95% CI) 760 761 100.0% 1.13[0.57, 2.26] t
Total events: 17 15

Heterogeneity: Chi? = 0.05, df = 1 (P = 0.82); I2 = 0%

Test for overall effect: Z = 0.36 (P = 0.72)

2.5.3 Skin irritation or allergic skin reaction

Aworinde 2016 4 188 6 186 42.9% 0.66 [0.19, 2.30] — .
Salama 2016 3 204 4 201 28.7% 0.74[0.17 , 3.26] R E—
Tuuli 2016 2 572 4 575  28.4% 0.50[0.09, 2.73] - =l
Subtotal (95% CI) 964 962 100.0% 0.64 [0.28 , 1.46] ‘
Total events: 9 14

Heterogeneity: Chi? = 0.12, df = 2 (P = 0.94); I> = 0%

Test for overall effect: Z = 1.06 (P = 0.29)

Test for subgroup differences: Chi2 = 1.15, df = 2 (P = 0.56), I = 0% 0'62 0?1 1:0 5:0

Favours chlorhexidine gluconate Favours povidone iodine

Comparison 3. Drape versus no drape

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

3.1 Surgical site infection 3 1373 Risk Ratio (M-H, Fixed, 95% Cl) 1.29[0.97,1.71]

3.1.1lodine 1 691 Risk Ratio (M-H, Fixed, 95% Cl) 1.42[0.98,2.04]

3.1.2 Chlorhexidine 1 603 Risk Ratio (M-H, Fixed, 95% CI) 1.11[0.70, 1.76]

3.1.3Isopropyl alcohol scrub 1 79 Risk Ratio (M-H, Fixed, 95% CI) Not estimable

versus iodophor scrub

3.2 Metritis 1 79 Risk Ratio (M-H, Fixed, 95% Cl) 1.62[0.29,9.16]

3.3 Length of stay 1 603 Mean Difference (IV, Fixed, 95% Cl) 0.10 [-0.27, 0.46]

3.4 Reduction of skin bacteria 1 79 Mean Difference (IV, Fixed, 95% Cl) 0.07 [-0.34, 0.48]

colony counts
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Analysis 3.1. Comparison 3: Drape versus no drape, Outcome 1: Surgical site infection

Drape No drape Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.1.1 Iodine
Cordtz 1989 58 337 43 354 58.0% 1.42[0.98, 2.04] -l
Subtotal (95% CI) 337 354 58.0% 1.42[0.98, 2.04] ‘
Total events: 58 43

Heterogeneity: Not applicable
Test for overall effect: Z = 1.87 (P = 0.06)

3.1.2 Chlorhexidine

Ward 2001 34 305 30 298 42.0% 1.11[0.70, 1.76]
Subtotal (95% CI) 305 298 42.0% 1.11[0.70, 1.76] 1
Total events: 34 30

Heterogeneity: Not applicable
Test for overall effect: Z = 0.43 (P =0.67)

3.1.3 Isopropyl alcohol scrub versus iodophor scrub

Lorenz 1988 0 38 0 41 Not estimable
Subtotal (95% CI) 38 41 Not estimable
Total events: 0 0

Heterogeneity: Not applicable
Test for overall effect: Not applicable

Total (95% CI) 680 693 100.0% 1.29[0.97, 1.71]
Total events: 92 73
Heterogeneity: Chi? = 0.67, df = 1 (P = 0.41); I> = 0% 0102 05 1 2 5 1
Test for overall effect: Z = 1.73 (P = 0.08) Favours drape Favours no drape
Test for subgroup differences: Chi2 = 0.67, df = 1 (P = 0.41), I = 0%
Analysis 3.2. Comparison 3: Drape versus no drape, Outcome 2: Metritis
Drape No drape Risk Ratio Risk Ratio
Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Lorenz 1988 3 38 2 41 100.0% 1.62[0.29, 9.16]
Total (95% CI) 38 41 100.0% 1.62[0.29,9.16]
Total events: 3 2
Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 0.54 (P = 0.59) Favours drape Favours no drape
Test for subgroup differences: Not applicable
Analysis 3.3. Comparison 3: Drape versus no drape, Outcome 3: Length of stay

Drape No drape Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Ward 2001 5.802  2.4596 305 5.7034  2.1176 298 100.0% 0.10 [-0.27 , 0.46]
Total (95% CI) 305 298 100.0% 0.10 [-0.27 , 0.46]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.53 (P = 0.60) 4 ) 0 2 4
Test for subgroup differences: Not applicable Favours drape Favours no drape
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Analysis 3.4. Comparison 3: Drape versus no drape, Outcome 4: Reduction of skin bacteria colony counts

Drape No drape Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Lorenz 1988 -1.16 0.92 38 -1.23 0.95 41 100.0% 0.07 [-0.34, 0.48]
Total (95% CI) 38 41 100.0% 0.07 [-0.34, 0.48]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.33 (P = 0.74) -100 50 0 50 100
Test for subgroup differences: Not applicable Favours drape Favours no drape

APPENDICES

Appendix 1. Search methods for ClinicalTrials.gov and ICTRP
ClinicalTrials.gov

Advanced search

Type of study: Interventional

Condition/disease: Infection; Cesarean Section
Intervention: lodine; Chlorhexidine; Anti-infective

Type of study: Interventional

Condition/disease: Cesarean Section Complications
Other terms: skin preparation; antiseptics; skin cleansing

ICTRP

Each line was run separately
cesarean AND preparation
caesarean AND preparation
cesarean AND prep
caesarean AND prep
cesarean AND cleansing
caesarean AND cleansing
cesarean AND iodine
caesarean AND iodine
cesarean AND chlorhexidine
caesarean AND chlorhexidine
cesarean AND antiseptic(s)
caesarean AND and antiseptic(s)

WHAT'S NEW
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Date Event Description

7 July 2019 New search has been performed There is slighlty more evidence to suggest a benefit for chorhex-
idine gluconate, but for other comparisons the conclusions are
largely unchanged.

7 July 2019 New citation required but conclusions Search updated. We included two new studies (Saha 2019; Sala-
have not changed ma 2016) and excluded four studies (Bianco 2018; Jindal 2019;
Lukabwe 2018; NCT00528008).

HISTORY

Protocol first published: Issue 4, 2008
Review first published: Issue 9, 2012

Date Event Description

27 November 2017 New search has been performed Search updated. We included five new studies (Aworinde 2016;
Fahmi 2017; Ngai 2015; Springel 2017; Tuuli 2016) (including
one previous ongoing trial: Tuuli 2016) and excluded one new
study (Nili 2015). We also identified two new ongoing trials
(NCT02402907; NCT02396329).

27 November 2017 New citation required but conclusions Conclusions have not been changed.
have not changed

26 June 2014 New citation required but conclusions The inclusion of one new trial did not change the conclusions.
have not changed

26 June 2014 New search has been performed Search updated: one new trial added (Kunkle 2015), three new
ongoing trials added and three new trials excluded. Methods up-
dated. 'Summary of findings' tables incorporated for this update.

CONTRIBUTIONS OF AUTHORS

Diah Hadiati wrote the first draft of the protocol. Detty Nurdiati and Hakimi Mohammad contributed to defining the selection criteria and
commented on the draft. All authors contributed to data extraction, preparation of results, and finalisation of the report.

For the 2014 update, Erika Ota prepared the first draft, incorporated the results of the additional new study, and prepared the 'Summary
of findings' tables. All authors approved the final version of the update for publication.

For the 2018 update, Diah Hadiati, Mohammad Hakimi, and Detty S Nurdiati incorporated results of additional new studies. Katharina
da Silva Lopes extracted data and assessed risk of bias for newly added studies, incorporated the results of the additional studies, and
prepared the manuscript. Erika Ota rechecked extracted data and risk of bias assessment, prepared the 'Summary of finding' tables, and
edited the review text. All authors approved the final version of the update for publication.

For the 2019 update, Yuko Masuzawa and Katharina da Silva Lopes screened, extracted data and assessed risk of bias for newly added
studies. Yuko Masuzawa incorporated the results of the additional studies. Yuko Masuzawa and Katharina da Silva Lopes updated the
manuscript. Erika Ota checked the analyses, prepared the 'Summary of finding' tables, and edited the review text. All authors approved
the final version of the update for publication.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

The methods have been updated to reflect the latest Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011), and
Cochrane Pregnancy and Childbirth's methodological guidelines. We added two secondary outcomes; reduction of skin bacteria colony
counts and adverse effects. We used GRADE to assess the certainty of the evidence and included 'Summary of findings' tables.

In the 2018 update, we added a co-author (Katharina da Silva Lopes). We also added a search of ClinicalTrials.gov and the WHO
International Clinical Trials Registry Platform (ICTRP).

We also assessed the certainty of the evidence for two new outcomes, using GRADE criteria.

1. Length of stay
2. Adverse events (maternal or neonatal)

We assessed the certainty of the evidence, and added the two outcomes to the 'Summary of findings' table because length of stay indicates
the severity of the infection, which prolongs the hospital stay after caesarean section, and adverse events are important outcomes for
women's decision making.

In this update, we provided additional information about the included studies: trial dates, sources of trial funding, and trial authors'
declarations of interest.

In the 2019 update, we added a co-author (Yuko Masuzawa).
We also added a post hoc subgroup analysis:

« To assess the effect of the addition of alcohol to povidone iodine we performed a post hoc subgroup analysis comparing 'chlorhexidine
plus alcohol versus povidone iodine plus alcohol' versus 'chlorhexidine plus alcohol versus povidone iodine alone' in comparison 2, Analysis
2.1. We added this subgroup in response to a query from the guideline development team at the World Heatlh Organization (WHO).

INDEX TERMS

Medical Subject Headings (MeSH)

Anti-Infective Agents, Local [adverse effects] [*therapeutic use]; Bandages; Cesarean Section [*adverse effects]; Chlorhexidine
[adverse effects] [analogs & derivatives] [therapeutic use]; Endometritis [epidemiology] [*prevention & control]; Ethanol [therapeutic
use]; lodine [therapeutic use]; lodophors [therapeutic use]; Length of Stay; Povidone-lodine [adverse effects] [therapeutic use];
Preoperative Care [*methods]; Randomized Controlled Trials as Topic; *Surgical Drapes; Surgical Wound Infection [epidemiology]
[*prevention & control]; Xylenes [therapeutic use]

MeSH check words

Adult; Female; Humans; Pregnancy
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