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type of infections. Approximately 7%–9% of peo‑
ple encounter postsurgical complications due to 
an infection.4 The infection rate shows substan‑
tial variability depending on patient‑related fac‑
tors, such as socioeconomic status, medical dis‑
orders, weakened immune systems, use of ste‑
roids, hemorrhage, body mass index, duration 
of operation, lack of preventive measures, and 
emergency surgical procedures.5 Multiple exoge‑
nous factors influence the occurrence of SSIs, in‑
cluding the patient’s skin preparation, hand hy‑
giene practices, operating room conditions, in‑
strument sterilization procedures, and the use 
of hospital supplies.6,7 Hence, choosing a suit‑
able pre‑operative antiseptic for skin prepara‑
tion is a crucial factor in preventing SSIs. Medical 
professionals generally acknowledge and consider 

INTRODUCTION  Surgery is a medical discipline 
that employs manual and instrumental tech‑
niques to diagnose or treat pathological condi‑
tions, alter bodily functions, reconstitute or im‑
prove esthetics and appearance, or eliminate un‑
desirable tissues or foreign bodies.1 Minimally
‑invasive surgery is currently a preferred meth‑
od resulting in quicker recovery and smaller 
incisions. Despite the benefits of smaller blood 
loss, decreased discomfort, and minimized scar‑
ring, as compared with standard surgery, there 
is still a risk of surgical site infections (SSIs).2 
SSI is the most common postsurgery complica‑
tion, and is associated with increased morbidi‑
ty, mortality, and hospital expenses.3 Approxi‑
mately 14%–16% of all hospital‑acquired infec‑
tions are SSIs, making it the second most common 
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ABSTRACT

INTRODUCTION  Surgical site infection (SSI) is a predominant postoperative complication that mark‑
edly increases health care expenses. Published systematic reviews, meta‑analyses and international 
guidelines vary in their recommendations for the most effective preoperative skin antiseptic solutions 
and their concentrations.
AIM  The aim of this study was to assess the efficacy of different preoperative antiseptics for prevent‑
ing the risk of SSIs.
MATERIALS AND METHODS  A complete search was conducted using PubMed, EMBASE, Scopus, and 
Cochrane Library databases to collect peer‑reviewed articles.
RESULTS  This meta‑analysis included 10 587 surgical patients from 18 randomized clinical trials to 
determine the effectiveness of chlorhexidine in alcohol (CHA; 0.5%, 2%–2.5%, and 4%) with aqueous or 
alcoholic iodine in preventing postoperative SSIs. This meta‑analysis found that 2%–2.5% CHA is the most 
effective preoperative antiseptic for preventing SSIs, with significant reduction in their incidence and 
significant antimicrobial activity.
CONCLUSIONS  The  findings of this meta‑analysis indicate that for patients undergoing any type of 
surgery, the use of 2%–2.5% CHA for skin preparation is the most effective method for preventing SSIs.
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were no limitations regarding language or year 
of the publication. We searched the scientific lit‑
erature databases of Embase, PubMed, Scopus, 
and Cochrane CENTRAL for publications pub‑
lished until March 30, 2024. The search terms 
used were: “postoperative surgical site infections” 
OR “surgical site infections” OR “SSI” OR “skin 
antiseptic” OR “preoperative skin antiseptics” OR 
“chlorhexidine‑alcohol” OR “CHA” OR “2%–2.5% 
CHA” OR “4% CHA” or “0.5% CHA” OR “aqueous 
iodine” OR “alcoholic iodine” OR “preoperative 
care” OR “postoperative wound infection” OR “an‑
tiseptic” OR “general surgery” OR “caesarean sec‑
tion” OR “clean surgery” OR “nonclean surgery” 
OR “incidence / rate of surgical site infection” OR 
“adverse events” OR “RCT” OR “randomized con‑
trolled trial” OR “wound classification” OR “sys‑
tematic review” OR “meta‑analysis”. Following 
the PICO (Patient, Intervention, Comparison, 
Outcome) criteria,35 we identified and assessed 
keywords for agreement in both the Medline and 
EMBASE databases. The specified keywords were 
entered into the title / abstract / keyword field dur‑
ing the Scopus search. The search terms “surgical 
site infections,” “preoperative skin antiseptics,” 
and “incidence of postoperative surgical site in‑
fections” were used in the Cochrane database.

The utilization of the PICO framework allowed 
us to create specific selection criteria. The letter 
“P” was used to designate patients who under‑
went surgery. The intervention group utilized dif‑
ferent concentrations of CHA (0.5%, 2%–2.5%, 
or 4%) to prevent SSIs. The letter “C” was used 
for a control group treated with alcoholic or aque‑
ous iodine. The primary clinical outcomes, denot‑
ed by “O”, consisted of the overall incidence of 
SSIs, antimicrobial effects of the antiseptic, and 
any adverse events associated with its use. Our 
study only included RCTs. Additional publications 
were identified by conducting backward and for‑
ward citation monitoring on previously published 
meta‑analyses and included research. The com‑
prehensive search approach is defined in TABLE 1. 
Two reviewers independently assessed the titles, 
abstracts, and full texts of papers that potential‑
ly met the inclusion criteria. Any inconsistencies 
were resolved through a discussion and, if nec‑
essary, the senior author (MAB) was consulted.

Data analysis  This work includes studies that 
provided comparative data on the effectiveness 
of different concentrations of CHA and aqueous 
or alcoholic iodine solutions in preventing SSIs. 
The studies were chosen based on full texts meet‑
ing the inclusion criteria and having sufficient 
data for a 2 × 2 table. Outdated, anecdotal, or en‑
tirely expert‑based bibliographic references were 
excluded from the examination process. Two re‑
searchers independently collected the demograph‑
ic profiles of the patients and event data, includ‑
ing relevant components, from the studies includ‑
ed in the analysis. The data were obtained using 
a predetermined form and included information 
on the author, year and country of publication, 

preoperative skin antiseptics a routine practice 
due to their efficacy in preventing SSIs, but there 
is an ongoing discussion about the most effec‑
tive preoperative antiseptic. The recommenda‑
tions provided by the World Health Organiza‑
tion (WHO),8 the United Kingdom National In‑
stitute for Health and Care Excellence (NICE),9 
and the United States Centers for Disease Con‑
trol and Prevention (US CDC)10 offer conflicting 
guidance regarding appropriate surgical skin prep‑
aration methods. The NICE and WHO guidelines 
recommend chlorhexidine combined with alco‑
hol (CHA), whereas the US CDC advises the use 
of any solution, including alcohol. Several ran‑
domized controlled trials (RCTs) have been con‑
ducted to provide recent evidence on this top‑
ic.11,12 These RCTs often evaluated various for‑
mulations and concentrations of skin antiseptics. 
Several meta‑analyses have been completed, in‑
cluding those carried out for the development of 
the NICE and WHO guidelines.13,14 Nevertheless, 
these evaluations demonstrated discrepancies in 
both the choice of studies and the data, and none 
of the guidelines offer a precise prescription re‑
garding a suitable concentration of the suggested 
antiseptics. Previous studies showed that alcohol
‑based preoperative skin antiseptics significant‑
ly reduce the occurrence of SSIs. Povidone‑iodine 
(PI) and CHA are well‑studied skin disinfectants 
thanks to their efficacy against a broad spectrum 
of pathogens, encompassing gram‑positive bac‑
teria, gram‑negative bacteria, viruses, fungi, and 
Mycobacterium tuberculosis.15 Therefore, we con‑
ducted a meta‑analysis and systematically re‑
viewed the findings of 18 RCTs,16-33 which com‑
pared different concentrations of CHA (0.5%, 
2%–2.5%, and 4%) with aqueous or alcoholic io‑
dine, selected according to pre‑established inclu‑
sion and exclusion criteria.

AIM  The purpose of this systematic review and 
meta‑analysis was to evaluate the effectiveness 
of various preoperative antiseptics in reducing 
the likelihood of SSIs.

MATERIALS AND METHODS  Search strategy and se-
lection criteria  This systematic review and meta
‑analysis adhered to the reporting guidelines out‑
lined in the Preferred Reporting Items for Sys‑
tematic Reviews and Meta‑Analysis statement.34 
We conducted a systematic review of RCTs that 
compared the effectiveness of 2 antiseptic skin 
preparations, namely CHA and iodine in aque‑
ous and alcohol‑based solutions. The study fo‑
cused on the effects of different concentrations 
of CHA in preventing the SSIs in patients aged 
at least 18 years undergoing surgery. The prima‑
ry outcome of interest was the reported incidence 
or rates of SSIs, antimicrobial effect of the anti‑
septics, and adverse events associated with their 
use. We excluded trials involving children, ani‑
mal studies, studies that were not randomized, 
and those that did not provide normal preoper‑
ative intravenous antibiotic prophylaxis. There 
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and categorized as “uncertain risk,” “high risk,” 
or “low risk.” Small‑study effects and publication 
bias were assessed using a comparison‑adjusted 
funnel plot.37 The significant effect of this bias 
was confirmed using the Egger regression test38 
conducted with MDCalc software.39

Statistical analysis  The software program Review 
Manager (RevMan) 5.440 was employed to eval‑
uate and analyze the influence of different con‑
tinuous and dichotomous results. For each study, 
risk ratio (RR) and 95% CIs41 were computed to as‑
sess binary outcomes. The DerSimonian and Laird 
method42 was employed to calculate the RR us‑
ing a 2 × 2 table43 consisting of event data. Stud‑
ies that did not report any SSIs in either group 
were omitted from the quantitative evaluation. 
Forest plots44 were designed to evaluate the influ‑
ence of different outcome determinants. Statisti‑
cal methods, such as the I2 test45 and the χ2 test,46 
accompanied with a P value, were used to assess 
heterogeneity. Since the investigations were con‑
ducted under different settings, a random effect 
model47 was used. The P value below 0.05 was 
deemed significant.48 A hierarchical summary 
receiver operating characteristic curve (HSROC) 
plot49 was generated to evaluate the test accuracy 
of all included studies. A subgroup analysis was 

primary outcomes, secondary outcomes, number 
of patients in each study group, type of surgery, 
number and type of SSIs, adverse events, defini‑
tion of SSI, and surgical wound classification. If 
the data provided by the authors were inadequate 
or unclear, they were contacted to obtain addi‑
tional information. For example, if the concen‑
tration of the antiseptic solution was unknown, 
clarification was sought. The main result assessed 
was the overall incidence or occurrence of SSIs, 
antimicrobial activity of the antiseptics, and any 
adverse effects resulting from the intervention, 
such as allergic reactions, pain, skin irritation, 
or erythema.

Risk of bias assessment  The researchers utilized 
a standardized questionnaire to assess the in‑
cluded studies for any possible bias. Two au‑
thors independently evaluated the risk of bias 
utilizing the  Cochrane risk‑of‑bias tool, ver‑
sion 2.36 The tool consisted of 5 components: 
randomization‑induced bias, bias due to devia‑
tions from intended interventions, bias attribut‑
ed to missing outcome information, bias during 
outcome evaluation, and bias in selecting the re‑
ported outcomes. An additional reviewer took on 
the responsibility of resolving any arising con‑
flicts. Ultimately, a possible bias was assessed 

TABLE 1  Database search strategy

Database Search strategy

Scopus 1. “postoperative surgical site infections” OR “surgical site infections” OR “SSI” OR “skin antiseptic” OR “preoperative skin 
antiseptics” OR “chlorhexidine alcohol” OR “CHA” OR “2%–2.5% CHA” OR “4% CHA” or “0.5% CHA” OR “aqueous iodine” OR 
“alcoholic iodine” OR “preoperative care”
2. “postoperative wound infection” OR “antiseptic” OR “general surgery” OR “caesarean section” OR “clean surgery” OR “nonclean 
surgery” OR “incidence / rate of surgical site infection” OR “adverse events” OR “RCT” OR “randomized controlled trial” OR “wound 
classification” OR “systematic review” OR “meta‑analysis”
3. 1 AND 2

PubMed 1. “postoperative surgical site infections” OR “surgical site infections” OR “SSI” [MeSH Terms] OR “skin antiseptic” OR 
“preoperative skin antiseptics” [All Fields] OR “chlorhexidine alcohol” [MeSH terms] OR “CHA” [All fields] OR “2%–2.5% CHA” OR 
“4% CHA” or “0.5% CHA” OR “aqueous iodine” [All Fields] OR “alcoholic iodine” [All Fields] OR “preoperative care” [All fields]
2. “postoperative wound infection” [MeSH Terms] OR “antiseptic” [All Fields] OR “general surgery” [All Fields] OR “caesarean 
section” [All Fields] OR “clean surgery” OR “nonclean surgery” OR “incidence / rate of surgical site infection” [All Fields] OR 
“adverse events” [All Fields] OR “RCT” [All Fields] OR “randomized controlled trial” [All Fields] OR “wound classification” OR 
“systematic review” [All Fields] OR “meta‑analysis” [All Fields]
3. 1 AND 2

Embase 1. “postoperative surgical site infections” / exp$ OR “surgical site infections” / exp$ OR “SSI” / exp$ OR “skin antiseptic” / exp$ OR 
“preoperative skin antiseptics” / exp$ OR “chlorhexidine alcohol” / exp OR “CHA” / exp OR “2%–2.5% CHA” / exp OR “4% CHA” / exp 
or “0.5% CHA” / exp OR “aqueous iodine” / exp OR “alcoholic iodine” / exp OR “preoperative care” / exp
2. “postoperative wound infection” / exp OR “antiseptic” / exp OR “general surgery” / exp OR “caesarean section” / exp OR “clean 
surgery” / exp OR “nonclean surgery” / exp OR “incidence / rate of surgical site infection” / exp OR “adverse events” / exp OR 
“RCT” / exp OR “randomized controlled trial” / exp OR wound classification” OR “systematic review” / exp OR “meta‑analysis” / exp
3. 1 AND 2

Cochrane
library

1. “postoperative surgical site infections): ti, ab, kw OR “surgical site infections”: ti, ab, kw OR “SSI”: ti, ab, kw OR “skin 
antiseptics”: ti, ab, kw OR “preoperative skin antiseptics”: ti, ab, kw OR “chlorhexidine alcohol” ti, ab, kw OR “CHA”: ti, ab, kw OR 
“2%–2.5% CHA”: ti, ab, kw OR “4% CHA”: ti, ab, kw OR “0.5% CHA”: ti, ab, kw OR “aqueous iodine”: ti, ab, kw OR “alcoholic 
iodine”: ti, ab, kw OR “preoperative care”: ti, ab, kw (word variations were searched)
2. “postoperative wound infection”: ti, ab, kw OR “antiseptic”: ti, ab, kw OR “general surgery”: ti, ab, kw OR “caesarean section”: 
ti, ab, kw OR “clean surgery”: ti, ab, kw OR “nonclean surgery”: ti, ab, kw OR “incidence / rate of surgical site infection”: ti, ab, kw 
OR “adverse events”: ti, ab, kw OR “RCT”: ti, ab, kw OR “randomized controlled trials”: ti, ab, kw OR “systematic review”: ti, ab, 
kw OR “meta‑analysis”: ti, ab, kw OR (word variations have been searched)
3. 1 AND 2

Abbreviations: ab, abstract; CHA, chlorhexidine alcohol; kw, keyword; MeSH terms, medical subject heading; $ exp: explosion in Emtree searching of 
selected subject terms and related subjects; ti, title
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Two studies16,17 compared the effectiveness of 4% 
CHA vs aqueous iodine, 7 studies18-24 of 2%–2.5% 
CHA vs 9 of aqueous iodine16,18-21,24,25,28,29, 
5 studies25-29 of 2%–2.5% CHA vs alcoholic io‑
dine, 2 studies30,31 of 0.5% CHA vs aqueous io‑
dine, and the remaining 2 studies32,33 of 0.5% 
CHA vs alcoholic iodine in preventing the in‑
cidence of SSI. Demographic characteristics of 
the patients included in this meta‑analysis are 
detailed in TABLE 2. Furthermore, event data for 
the 2 × 2 table were retrieved from the studies 
to perform this meta‑analysis.

Quality assessment of the included studies  A risk 
of bias was evaluated with a predetermined 
questionnaire to ascertain the study’s over‑
all quality score. TABLE 3 displays the results of 
the risk of bias assessment for each of 18 in‑
cluded RCTs. Our meta‑analysis exhibits a min‑
imal risk of bias, as indicated by the traffic light 
plot (FIGURE 2) and the summary plot for bias as‑
sessment (FIGURE 3). The risk of bias was low for 
13 RCTs and moderate for 3.21,22,26 This is attrib‑
uted to issues with missing outcome data, ran‑
domization method, and the selection of report‑
ed outcomes. The other 2 RCTs27,33 demonstrat‑
ed a high risk of bias pertaining to the random‑
ization method and bias in the selection of re‑
ported outcomes, respectively.

Findings derived from the statistical investigation  In 
all, 10 587 surgical patients from 18 RCTs were 
included in the current meta‑analysis to eval‑
uate the efficacy of different concentrations of 

performed to assess the effectiveness of various 
concentrations of CHA and aqueous / alcoholic 
iodine in terms of overall incidence of SSI, anti‑
microbial effects, and associated adverse events 
in different types of surgeries.

Ethics  All procedures performed in the study 
were in accordance with the institutional and / or 
national research committee standards (IRB 
20241095) and with the 1964 declaration of Hel‑
sinki and its later amendments or comparable 
ethical standards.

RESULTS  Study selection outcomes  An exhaus‑
tive electronic survey was conducted across mul‑
tiple databases, and 257 studies were identi‑
fied as meeting the inclusion criteria outlined 
in the PICO paradigm. A total of 214 articles 
were selected for consideration, while 53 papers 
were excluded due to duplicate content and in‑
applicable titles and abstracts. Following fur‑
ther screening, 165 papers were assessed for el‑
igibility. However, after applying the inclusion
‑exclusion criteria, 120 studies were found in‑
eligible and were excluded. The remaining 45 
articles were then evaluated to ascertain their 
eligibility. Of those, 27 were excluded for fail‑
ing to meet the inclusion criteria, lacking suf‑
ficient data to generate 2 × 2 tables, or lacking 
significant outcome measures. Finally, as shown 
in FIGURE 1, 18 RCTs that satisfied the predeter‑
mined inclusion‑exclusion criteria were includ‑
ed in this meta‑analysis. They investigated a to‑
tal of 10 587 participants aged at least 18 years. 

FIGURE 1�  Preferred 
Reporting Items for 
Systematic Reviews and 
Meta-Analyses (PRISMA) 
study flow diagram

Records idendifed trough database searching
n = 257

Records after duplicate removal
n = 214

Records excluded due to irrelevant  
title and abstract

n = 120

Full text articles excluded
n = 27

• Studies not reporting required outcome, 
n = 12

• Studies not comparing chlorhexidine-al-
cohol with aqueous / alcoholic iodine 
outcome, n = 8

• Studies not containing sufficient data for 
2 × 2 tables outcome, n = 7

Records screened
n = 165

Full text articles assessed for eligibility
n = 15

Studies included in quantitative synthesis 
(meta-analysis)

n = 18In
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preoperative antiseptic (0.5%, 2%–2.5%, and 4% 
CHA) vs aqueous / alcoholic iodine for prevention 
of postoperative SSIs. The conclusions on the pri‑
mary study outcomes are listed below.

Effect on overall incidence of postoperative surgical site 
infections  The risk ratio (RR) of SSI incidence in 
the CHA and iodine group (IG) was calculated us‑
ing event data from the included studies (FIGURE 4). 
The patients treated with CHA demonstrated a low‑
er incidence of postoperative SSIs than those treat‑
ed with iodine. For a comparison between 4% CHA 
and aqueous iodine, the RR was 0.37 (95% CI, 
0.21–0.64; tau2 = 20.1; χ2 = 2.7; degree of freedom 
[df] = 1; Z = 3.53; I2 = 63%; P <0.01). In comparison 
with aqueous iodine, the RR for the 2%–2.5% CHA 
group was 0.32 (95% CI, 0.2–0.51; tau2 = 20.23; 
χ2 = 16.92; df = 6; Z = 4.84; I2 = 65%; P <0.01). 
For 2%–2.5% CHA vs alcoholic iodine, the RR was 
0.26 (95% CI, 0.13–0.53; tau2 = 20.31; χ2 = 8.76; 
df = 4; Z = 3.73; I2 = 54%; P <0.01). The RR was 0.37 
(95% CI, 0.2–0.7; tau2 = 20.14; χ2 = 3.21; df = 1; 
Z = 3.07; I2 = 69%; P = 0.002) for 0.5% CHA vs 
aqueous iodine and 0.35 (95% CI, 0.15–0.84; 
tau2 = 20.14; χ2 = 1.56; df = 1; Z = 2.35; I2 = 66%; 
P = 0.02) for 0.5% CHA vs alcoholic iodine. Fur‑
thermore, a symmetrical shape of all funnel plots 
in FIGURE 5 and insignificant results of the Egger test 
(P = 0.141 for 4% CHA, P = 0.214 for 2%–2.5% CHA 
vs aqueous iodine, P = 0.225 for 2%–2.5% CHA vs 
alcoholic iodine, P = 0.158 for 0.5% CHA vs aque‑
ous iodine, and P = 0.301 for 0.5% CHA vs alcohol‑
ic iodine), indicated a low risk of publication bias.

Antimicrobial effect of different concentrations of chlorhex‑
idine alcohol  To assess the effect of different con‑
centrations of CHA and aqueous or alcoholic io‑
dine on antimicrobial activity, event data extract‑
ed from the included studies were used to calcu‑
late RR (FIGURE 6). The patients treated with CHA 
were shown to have a reduced growth of microor‑
ganisms on a swab taken from the surgical sites, as 
compared with those treated with iodine. For 4% 
CHA vs aqueous iodine, the RR was 0.77 (95% CI, 
0.3–1.96; tau2 = 20.45; χ2 = 39.22; df = 1; Z = 0.55; 
I2 = 67%; P = 0.01). For CHA 2%–2.5% vs aque‑
ous iodine, the RR was 0.64 (95% CI, 0.55–0.74; 
tau2 = 20.02; χ2 = 12.32; df = 6; Z = 5.95; I2 = 51%; 
P <0.01), while for CHA 2%–2.5% and alcoholic io‑
dine it was 0.42 (95% CI, 0.23–0.75; tau2 = 20.22; 
χ2 = 8.51; df = 4; Z = 2.93; I2 = 53%; P = 0.003). 
For 0.5% CHA vs aqueous iodine the RR was 0.66 
(95% CI, 0.48–0.92; tau2 = 20.01; χ2 = 1.33; df = 1; 
Z = 2.49; I2 = 60%; P = 0.01), and for 0.5% CHA vs 
alcoholic iodine it was 0.62 (95% CI, 0.41–0.95; 
tau2 = 20.05; χ2 = 2.23; df = 1; Z = 2.19; I2 = 55%; 
P = 0.03). Moreover, a symmetrical shape of all 
associated funnel plots in FIGURE 7 and insignif‑
icant results of the Egger test (P = 0.13 for 4% 
CHA; P = 0.37 for 2%–2.5% CHA vs aqueous io‑
dine; P = 0.12 for 2%–2.5% CHA vs alcoholic io‑
dine; P = 0.26 for 0.5% CHA vs aqueous iodine; 
and P = 0.37 for 0.5% CHA vs alcoholic iodine) con‑
firmed a low risk of the publication bias.TA

BL
E 

2 
Ch

ar
ac

te
ris

tic
s 

of
 th

e 
in

cl
ud

ed
 ra

nd
om

ize
d 

co
nt

ro
lle

d 
tri

al
s 

(c
on

tin
ue

d 
fro

m
 th

e 
pr

ev
io

us
 p

ag
e)

Au
th

or
To

ta
l 

pa
rti

ci
pa

nt
s

Ag
e,

 y
Pa

rti
ci

pa
nt

s 
in

 
CH

G/
IG

 g
ro

up
s

SS
I/N

 to
ta

l
Tr

ea
tm

en
t 1

Tr
ea

tm
en

t 2
Ty

pe
 o

f s
ur

ge
ry

W
ou

nd
 c

las
sif

ic
at

io
n

Pr
im

ar
y 

an
d 

se
co

nd
ar

y 
ou

tc
om

es
SS

I 
de

fin
iti

on
a

Ab
br

ev
ia

tio
ns

: A
E,

 a
dv

er
se

 e
ve

nt
; A

M
E,

 a
nt

im
ic

ro
bi

al
 e

ffe
ct

; C
DC

, U
ni

te
d 

St
at

es
 C

en
te

rs
 fo

r D
is

ea
se

 C
on

tro
l a

nd
 P

re
ve

nt
io

n;
 C

HG
, c

hl
or

he
xi

di
ne

-a
lc

oh
ol

 g
ro

up
; I

, i
od

in
e;

 IG
: i

od
in

e 
gr

ou
p;

 IP
A

, i
so

pr
op

yl
 a

lc
oh

ol
; O

AI
 S

SI
, o

ve
ra

ll 
in

ci
de

nc
e 

of
 S

SI
s;

 R
CT

, r
an

do
m

ize
d 

co
nt

ro
lle

d 
tri

al
; S

SI
, s

ur
gi

ca
l s

ite
 in

fe
ct

io
n

a 
  S

SI
 d

ef
in

iti
on

s:
 C

DC
, p

at
ho

ge
ns

 re
pl

ic
at

in
g 

w
ith

in
 th

e 
w

ou
nd

 c
au

se
 in

fe
ct

io
n 

at
 th

e 
su

rg
ic

al
 s

ite
, r

es
ul

tin
g 

in
 ti

ss
ue

 d
am

ag
e;

 B
, p

ur
ul

en
t d

is
ch

ar
ge

 fr
om

 th
e 

in
ci

si
on

 s
ite

, w
ou

nd
 d

eh
is

ce
nc

e,
 lo

ca
liz

ed
 p

ai
n 

or
 te

nd
er

ne
ss

, 
lo

ca
liz

ed
 s

w
el

lin
g,

 a
nd

 e
ry

th
em

a 
or

 h
ea

t w
ith

in
 3

0 
da

ys
 fo

llo
w

in
g 

ca
es

ar
ea

n 
se

ct
io

n;
 C

, f
or

 e
xa

m
pl

e,
 p

ur
ul

en
t /

 s
er

ou
s 

di
sc

ha
rg

e 
fro

m
 th

e 
w

ou
nd

, r
ed

ne
ss

 o
f t

he
 s

ur
ro

un
di

ng
 a

re
a,

 p
ai

n 
as

so
ci

at
ed

 w
ith

 d
is

ch
ar

ge
, i

nc
re

as
ed

 
lo

ca
l t

em
pe

ra
tu

re
 w

ith
in

 1
0 

da
ys

 o
f t

he
 s

ur
ge

ry
; D

, n
ee

d 
fo

r a
nt

ib
io

tic
s 

or
 s

ur
gi

ca
l i

nt
er

ve
nt

io
n 

w
ith

in
 6

 w
ee

ks
 o

f t
he

 s
ur

ge
ry

; E
, p

re
se

nc
e 

of
 p

ur
ul

en
t d

ra
in

ag
e,

 c
el

lu
lit

is
, o

r t
he

 n
ee

d 
fo

r i
nc

is
io

n 
an

d 
dr

ai
na

ge
, o

r t
re

at
m

en
t w

ith
 

an
tib

io
tic

s 
fo

r a
 c

lin
ic

al
 d

ia
gn

os
is

 o
f i

nf
ec

tio
n,

 w
ith

in
 2

 w
ee

ks
 o

f t
he

 s
ur

ge
ry

; F
, w

ou
nd

 h
ea

lin
g 

di
so

rd
er

s:
 w

he
n 

CD
C 

cr
ite

ria
 w

er
e 

m
et

; S
SI

 a
re

 d
ia

gn
os

ed
 w

he
n 

CD
C 

cr
ite

ria
 p

lu
s 

1 
of

 th
e 

fo
llo

w
in

g 
cr

ite
ria

 a
re

 m
et

: 1
) n

ee
d 

fo
r 

an
tib

io
tic

 th
er

ap
y,

 2
) n

ee
d 

fo
r s

ur
gi

ca
l i

nt
er

ve
nt

io
n,

 3
) p

os
iti

ve
 m

ic
ro

bi
ol

og
ic

al
 c

ul
tu

re
 o

f s
w

ab
s 

ta
ke

n 
in

tra
op

er
at

iv
el

y;
 G

,  
pa

tie
nt

 re
po

rti
ng

 a
 n

ee
d 

to
 u

se
 a

n 
an

tib
io

tic
 fo

r a
 w

ou
nd

 in
fe

ct
io

n 
or

 d
oc

um
en

te
d 

w
ou

nd
 in

fe
ct

io
n 

in
 

th
e 

m
ed

ic
al

 re
co

rd
 a

t t
he

 o
ut

pa
tie

nt
 v

is
it 

w
ith

in
 3

0 
da

ys
 o

f d
is

ch
ar

ge
; H

, p
ur

ul
en

t d
is

ch
ar

ge
 fr

om
 th

e 
su

rg
ic

al
 w

ou
nd

 o
r i

f a
 s

ur
ge

on
 ju

dg
es

 it
 to

 b
e 

in
fe

ct
ed

 a
nd

 o
pe

ns
 it

 (i
nc

is
io

na
l),

 w
ith

in
 1

 m
on

th
 o

f t
he

 s
ur

ge
ry



VIDEOSURGERY AND OTHER MINIINVASIVE TECHNIQUES  2024; 19 (3)314

TA
BL

E 
3 

Ri
sk

 a
ss

es
sm

en
t o

f t
he

 in
cl

ud
ed

 s
tu

di
es

St
ud

y
Ge

ze
r 

et
 a

l16

Pa
oc

ha
ro

en
 

et
 a

l17

Bi
bi

 
et

 a
l18

Da
na

se
ka

ra
n 

et
 a

l19

Ku
nk

le
 

et
 a

l20

Lu
w

an
g 

et
 a

l
Br

oa
ch

 
et

 a
l22

Sp
rin

ge
l 

et
 a

l23

Xu
 

et
 a

l24

N
ga

i 
et

 a
l25

Ri
tte

r 
et

 a
l26

Si
st

la
 

et
 a

l27

Sa
va

ge
 

et
 a

l28

Tu
ul

i 
et

 a
l29

Ab
re

u 
et

 a
l30

Sr
in

iv
as

 
et

 a
l31

Pe
re

k 
et

 a
l32

Sh
ad

id
 

et
 a

l33

W
as

 a
 c

on
se

cu
tiv

e 
or

 ra
nd

om
 s

am
pl

e 
of

 p
at

ie
nt

s 
en

ro
lle

d?

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Di
d 

th
e 

st
ud

y 
av

oi
d 

in
ap

pr
op

ria
te

 
ex

cl
us

io
ns

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Di
d 

al
l p

at
ie

nt
s 

re
ce

iv
e 

th
e 

sa
m

e 
re

fe
re

nc
e 

st
an

da
rd

?

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

W
er

e 
al

l p
at

ie
nt

s 
in

cl
ud

ed
 in

 
th

e 
an

al
ys

is
?

N
N

N
N

N
N

N
N

N
N

N
N

N
N

N
N

N
N

W
as

 th
e 

sa
m

pl
e 

fra
m

e 
ap

pr
op

ria
te

 
to

 a
dd

re
ss

 
th

e 
ta

rg
et

 
po

pu
la

tio
n?

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

W
er

e 
th

e 
st

ud
y 

pa
rti

ci
pa

nt
s 

sa
m

pl
ed

 in
 

an
 a

pp
ro

pr
ia

te
 

w
ay

?

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

W
er

e 
th

e 
st

ud
y 

pa
rti

ci
pa

nt
s 

an
d 

th
e 

se
tti

ng
 

de
sc

rib
ed

 in
 d

et
ai

l?

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

W
er

e 
va

lid
 m

et
ho

ds
 

us
ed

 fo
r 

id
en

tif
ic

at
io

n 
of

 
th

e 
co

nd
iti

on
?

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

W
as

 th
e 

co
nd

iti
on

 
m

ea
su

re
d 

in
 

a 
st

an
da

rd
, r

el
ia

bl
e 

w
ay

 fo
r a

ll 
pa

rti
ci

pa
nt

s?

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Ab
br

ev
ia

tio
ns

: N
, n

o;
 Y,

 y
es



META-ANALYSIS  General surgery  Preoperative antiseptics in SSI prevention 315

The CHA‑treated patients exhibited lower in‑
cidence of adverse effects, such as skin irrita‑
tion, erythema, allergic reactions, and pain, as 
compared with the iodine‑treated individuals. 
RR for 4% CHA vs aqueous iodine was 0.71 
(95% CI, 0.32–1.56; tau2 = 20.31; χ2 = 26.32; 
df = 1; Z = 0.85; I2 = 56%; P = 0.01). RR for 
aqueous iodine vs 2%–2.5% CHA was 0.61 

Adverse effects associated with the use of dif ferent 
preoperative antiseptics on the surgical sites  To 
evaluate the adverse events associated with 
the use of various concentrations of CHA and 
either aqueous or alcoholic iodine, the data 
extracted data from the  included studies 
were utilized to calculate the RR for the pa‑
tients treated with CHA and iodine (FIGURE 8). 

FIGURE 2�  Risk of bias 
summary plot
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FIGURE 4 � Forest plot 
for overall incidence of 
surgical site infections for 
different concentrations of 
chlorhexidine alcohol vs 
aqueous or alcoholic 
iodine 
Abbreviations: df, degree 
of freedom; M-H, Mantel–
Haenszel fixed-effects 
model; others, see 
TABLE 2

0.01 0.1 1 10 100
Favors (4% CHG)

Risk ratio
M-H, random (95% Cl)

Risk ratio
M-H, random (95% Cl)Weight, %Study or subgroup

4% CHG alcohol vs aqueous iodine

Gezer et al16

Paocharoen et al17
47.9 0.27 (0.16–0.45)

0.48 (0.31–0.76)52.1

Total (95% Cl)
Total events
Heterogeneity: Tau2 = 0.1, χ2 = 2.7, df = 1 (P = 0.1); l2 = 63%
Test for overall effect: Z = 3.53 (P = 0.0004)

0.37 (0.21–0.64)100

Favors (control)

0.01 0.1 1 10 100
Favors (2%–2.5% CHG)

Risk ratio
M-H, random (95% Cl)

Risk ratio
M-H, random (95% Cl)Weight, %Study or subgroup

2%–2.5% CHG alcohol vs aqueous iodine

Bibi et al18 15.5 0.2 (0.1–0.4)
Broach et al22 20.6 0.22 (0.15–0.32)
Danasekaran et al19 6.2 0.4 (0.08–1.98)
Kunkle et al20 15.6 0.19 (0.1–0.38)
Luwang et al21 12.9 1.22 (0.51–2.93)
Springel et al23 11.3 0.31 (0.11–0.85)
Xu et al24 0.43 (0.24–0.75)17.8

Total (95% Cl)
Total events
Heterogeneity: Tau2 = 0.23, χ2 = 16.92, df = 6 (P = 0.01); l2 = 65%
Test for overall effect: Z = 4.84 (P <0.00001)

0.32 (0.2–0.51)100

Favors (control)

0.01 0.1 1 10 100
Favors (2%–2.5% CHG)

Risk ratio
M-H, random (95% Cl)

Risk ratio
M-H, random (95% Cl)Weight, %Study or subgroup

2%–2.5% CHG alcohol vs alcoholic iodine

Ngai et al25 32.8 0.31 (0.18–0.54)
Ritter et al26 9.4 0.06 (0.01–0.41)
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Hierarchical summary receiver operating charac-
teristic curve plot for test accuracy of the included 
studies   We assessed the subjective accuracy 
of all included studies using the HSROC plot, 
as illustrated in FIGURE 10. The curve is presented 
as a straight line, with each research area rep‑
resented by a circular shape. The square repre‑
sents the point estimate that corresponds with 
the summary sensitivity and specificity, while 
the dashed line indicates the associated 95% 
CI. The regression line represents the curve 
that summarizes the overall diagnostic accura‑
cy. The included studies demonstrated a high 
level of test accuracy as inferred by the cluster‑
ing of all the data points in the upper left cor‑
ner, wherein the sensitivity values are near 1 
and the specificity values are near 0. The area 
under the curve of the HSROC was 0.92, with 

(95% CI, 0.33–1.13; tau2 = 20.58; χ2 = 46.17; 
df = 6; Z = 1.59; I2 = 58%; P = 0.02), and for 
2%–2.5% CHA and alcoholic iodine it was 0.52 
(95% CI, 0.38–0.7; tau2 = 20; χ2 = 2.46; df = 4; 
Z = 4.24; I2 = 70%; P <0.01). For 0.5% CHA, 
RR was 0.79 (95% CI, 0.61–1.03; tau2 = 20; χ2 

= 0.35; df = 1; Z = 1.77; I2 = 57%; P = 0.03) for 
aqueous iodine and 0.78 (95% CI, 0.48–1.27; 
tau2 = 20; χ2 = 0.79; df = 1; Z = 0.99; I2 = 50%; 
P  <0.01) for alcoholic iodine. In addition, 
the symmetrical shape of all associated fun‑
nel plots in FIGURE 9, along with insignificant re‑
sults of the Egger test (P = 0.31 for 4% CHA, 
P = 0.24 for 2%–2.5% CHA vs aqueous iodine, 
P = 0.28 for 2%–2.5% CHA vs alcoholic iodine, 
P = 0.13 for 0.5% CHA vs aqueous iodine, and 
P = 0.22 for 0.5% CHA vs alcoholic iodine), 
indicated a low risk of the publication bias.

FIGURE 5 � Funnel plot for overall incidence of surgical site infections for different concentrations of chlorhexidine 
alcohol vs aqueous or alcoholic iodine 
Abbreviations: RR, risk ratio; SE, standard error; others, see TABLE 2
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FIGURE 6 � Forest plot 
for antimicrobial effect of 
different concentrations of 
chlorhexidine alcohol vs 
aqueous or alcoholic 
iodine 
Abbreviations: see 
FIGURE 4
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allows for producing smaller scars, accelerates 
discharge from a hospital, reduces pain during 
healing, shortens recovery, and limits the risk 
of SSIs and hemorrhage.52,53

Numerous studies have indicated that 
minimally‑invasive laparoscopic surgery reduc‑
es the prevalence of SSIs as a consequence of fast‑
er healing and small incisions.54-56 However, this 
decrease does not entirely prevent SSIs. Conse‑
quently, it is imperative to cleanse the skin to 
minimize the risk of SSIs by removing as many 
microorganisms as possible. The skin cleans‑
ers or skin antiseptics help prevent SSIs by re‑
moving debris from the skin and cleansing it, 
reducing the number of resident and transient 
microbes to an irreducible minimum, and pre‑
venting the growth of microbes that could po‑
tentially enter the cuts incurred during a surgi‑
cal procedure.57,58

95% CI of 0.81–0.97. This indicates the inher‑
ent reliability of our assessment.

DISCUSSION  The rationale for hospital sur‑
geries may differ. They may involve removal or 
repair of diseased tissues or organs, relieving 
an obstruction, reposition of structures to their 
normal position, and redirection of blood ves‑
sels via bypass surgery. Additionally, they may 
be aimed at alleviating or preventing pain, di‑
agnosing a problem, or improving a body func‑
tion.50,51 Laparoscopic surgery, which was one 
of the first types of minimally‑invasive sur‑
gery, is preferred by health care providers for 
a wider range of everyday operations due to its 
improved surgical outcomes and lower cost. 
The procedure entails performing small inci‑
sions and insertion of a tube equipped with 
a camera and a light source (laparoscope). It 

FIGURE 7 � Funnel plot for antimicrobial effect of different concentrations of chlorhexidine alcohol vs aqueous or 
alcoholic iodine 
Abbreviations: see TABLE 2 and FIGURE 5
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FIGURE 8 � Forest plot 
for adverse events 
associated with different 
concentrations of 
chlorhexidine alcohol vs 
aqueous or alcoholic 
iodine 
Abbreviations: see 
FIGURE 4
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concentrations on the incidence of SSIs in adult 
patients undergoing any type of surgical proce‑
dures. We evaluated the efficacy of 2 types solu‑
tions: CHA and aqueous or alcoholic iodine. Ad‑
ditionally, we investigated the impact of differ‑
ent concentrations of CHA on the rate of SSIs. 
We evaluated the efficacy of aqueous or alcohol‑
ic iodine solutions in preventing postoperative 
SSIs in comparison with 0.5%, 2%–2.5%, and 
4% CHA. While 0.5% and 4% CHA was efficient, 
the most effective CHA concentration was 2%–
2.5%, as confirmed by lower RR, significant P val‑
ues, and 95% CIs. In comparison to aqueous io‑
dine, the effects of aqueous chlorhexidine and 
alcoholic iodine were comparable. Furthermore, 
2%–2.5% CHA was determined as equally effica‑
cious in both clean and nonclean surgical proce‑
dures, as it provides high and broad‑spectrum an‑
timicrobial activity and durable effects.

The use of preoperative skin antiseptics is 
a widely accepted and prevalent practice demon‑
strated as beneficial in the prevention of SSIs.59 
Nevertheless, there is an ongoing debate regard‑
ing the most effective antiseptic that can be used 
to prevent SSIs. Various guidelines recommend 
CHA as a prospective surgical skin preparation to 
prevent SSIs. Chlorhexidine efficacy is attribut‑
ed to its dual mode of action, which encompass‑
es both bacteriostatic and bactericidal activity. 
The efficacy of chlorhexidine in removing bacte‑
rial cells depends on its concentration, as it dis‑
rupts the bacterial cell membranes. Chlorhexi‑
dine can virtually eradicate all gram‑positive and 
gram‑negative microorganisms within 30 seconds 
of in vitro treatment.60-62

Therefore, this systematic review and meta
‑analysis examined the efficacy of different pre‑
operative skin antiseptic solutions and their 

FIGURE 9 � Funnel plot for adverse events associated with different concentrations of chlorhexidine alcohol vs aqueous 
or alcoholic iodine 
Abbreviations: see FIGURE 5
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participants, with 55% belonging to the PI group, 
Kunkle et al20 discovered that women in the PI 
group were 7 times more likely to have a positive 
culture than women in the CAG group (16/33; 
48.5% vs 3/27; 11.1%), with odds ratio (OR) of 
7.53 (95% CI, 1.67–38.83; P = 0.002). Addition‑
ally, they reported that the prevalence of positive 
bacterial cultures obtained at the site of the skin 
incision was higher in the PI group. Luwag et al21 
reported Escherichia coli, Klebsiella pneumoniae, 
and Acinetobacter baumannii, as the microorgan‑
isms most frequently isolated from a SSI. The rate 
of SSI in the CHA group was below 5.4%, while in 
the PI group it was 8.6%.

In a cohort of 788 patients, Broach et al22 found 
that the overall SSI rate varied between iodine 
in isopropenyl acetate (IPA; 18.7%) and CHA 
(15.9%). Additionally, they determined that IPA 
did not meet the criteria for overall SSI preven‑
tion in clean contaminated surgery when com‑
pared with CHA. In a study of 932 participants 
(461 assigned to CHA and 471 to PI disinfec‑
tion), Springel et al23 reported a SSI rate of 6.3% 
in the CHA group and 7% in the PI group. Simul‑
taneously, Xu et al24 discovered that in a cohort 
of 159 patients aged above 18 years, the overall 
risk of SSI in the 2%–2.5% CHA group (3.8%) 
was lower than in the aqueous iodine group 
(23%). Ngai et al25 reported that the overall SSI 
rate was lower in the CHA group (4.5%) than in 
the PI group in their trial involving 1404 wom‑
en (n = 463 in the PI group, n = 474 in the CHA 
group, or n = 467 in both groups). Ritter et al26 
reported that the SSI rate was considerably high‑
er in the povidone-iodine group (12.6%) than in 
the CAG group (4.5%) (P = 0.02).

Sistla et al27 found that the infection rates in 
the PI and CHA groups were not substantially dif‑
ferent (9.5% vs 7%). Additionally, both antisep‑
tics significantly reduced the skin bacterial colony 
counts. Comparing 2%–2.5% CHA with alcohol‑
ic iodine Savage et al28 discovered that chlorhex‑
idine was equally effective in eradication of com‑
mon bacterial infections in 100 participants aged 
over 18 years. In their study of 1147 patients, 
Tuuli et al29 discovered that SSIs were diagnosed 
in 23 patients (4%) in CAG and in 42 individ‑
uals (7.3%) in the IG group (RR, 0.55; 95% CI, 
0.34–0.9; P = 0.02). They also showed that using 
CHA as preoperative skin antiseptic significant‑
ly decreased SSI probability.

Abreau et al30 conducted an RCT that includ‑
ed 70 patients who underwent open surgery for 
benign prostatic hyperplasia. The authors report‑
ed that skin antisepsis with CHA was more effec‑
tive than that with 0.5% PI. Srinivas et al31 ran‑
domly assigned 351 patients aged 18–70 years 
to chlorhexidine or PI skin preparation group. 
They found that the incidence of SSIs following 
clean‑contaminated upper‑abdominal surger‑
ies was lower with chlorhexidine than with PI. 
Perek et al32 conducted a randomized trial that 
involved 91 consecutive patients, at a mean (SD) 
age of 66.2 (9.9) years, undergoing elective cardiac 

Below we summarize the main conclusions 
from the included studies.

In a cohort of 220 patients undergoing sur‑
gery for malignant or premalignant conditions, 
Gezer et al16 compared 10% PI at 25 °C, 10% PI 
at 37 °C (warm PI), 4% chlorhexidine gluconate 
with alcohol at 25 °C (CH), and 4% chlorhexi‑
dine gluconate with alcohol at 37 °C (warm CHA). 
The antiseptic effect was not demonstrated for 
chlorhexidine solutions, but the authors report‑
ed that SSI rates can be reduced by reheating PI. 
In malignant and premalignant gynecologic op‑
erations, no significant difference in SSI preven‑
tion efficacy was observed when both groups 
of PI were compared to both groups of CHA. 
Paocharoen et al17 investigated 500 patients ran‑
domly assigned to PI and chlorhexidine treat‑
ment. Colonization by bacteria and postopera‑
tive surgical wound infections were substantial‑
ly diminished in the chlorhexidine group.

Bibi et al18 reported on 2 groups of patients 
from different hospitals (n = 220 and n = 168), 
in which SSIs were identified in 22 individu‑
als (10%) from the first group treated with PI 
and 12 patients (7.1%) from the second group 
treated with chlorhexidine gluconate in alcohol 
(P = 0.32). The primary bacterium associated with 
SSIs was Pseudomonas aeruginosa (23.5%), fol‑
lowed by Staphylococcus aureus (17.6%). Similarly, 
Danasekaran et al19 reported that a S. aureus infec‑
tion was initially present in 1.67% of the chlorhex‑
idine-alcohol group group (CAG) and in 10% of 
the iodine group. Bacterial colonization was re‑
duced in both groups following application of 
the antiseptic agents, with the CAG group ex‑
hibiting greater decrease. In their study of 60 

FIGURE 10�  Hierarchical summary receiver operating characteristic curve (SROC) plot
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CONCLUSIONS  The evidence presented in this 
meta‑analysis supports the efficacy of all concen‑
trations of CHA antiseptics in preventing SSIs in 
adult patients undergoing surgery, as compared 
with conventional aqueous or alcoholic iodine. 
However, we found that the number of SSIs could 
be reduced more effectively by utilizing 2%–2.5% 
CHA instead of 4% or 0.5% CHA. The former con‑
centration exhibited a more potent antimicrobial 
effect and induced fewer adverse effects. We did 
not observe any disparities in the efficacy of CHA 
for clean and nonclean surgery. Thus, we can infer 
that preoperative skin cleansing with chlorhex‑
idine effectively reduces the risk of postopera‑
tive SSIs and bacterial colonization in any type 
of surgery. Nevertheless, the study is restricted 
by the inclusion of a relatively small number of 
RCTs. Therefore, future research ought to include 
a greater number of RCTs and larger sample sizes 
in order to validate these findings and strength‑
en the overall evidence.
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