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Abstract

Background and Objective Chlorhexidine (CH) and povidone-iodine (PI) are the most commonly used preoperative
skin antiseptics at present. However, the prevention of the surgical site infection (SSI) and the incidence of skin
adverse events do not reach a consistent statement and conclusion. This meta-analysis aimed to evaluate the efficacy
of chlorhexidine and povidone-iodine in the prevention of postoperative surgical site infection and the incidence of
corresponding skin adverse events.

Method Substantial studies related to “skin antiseptic” and “surgical site infection” were consulted on PUBMED,
Web of Science, EMBASE, and CNKI. The primary outcome was the incidence of postoperative SSI. The secondary
outcome was associated with skin adverse events. All data were analyzed with Revman 5.3 software.

Results A total of 30 studies were included, including 29,006 participants. This study revealed that chlorhexidine
was superior to povidone-iodine in the prevention of postoperative SSI (risk ratio [RR], 0.65; 95% confidence
interval [CI], 0.55-0.77; p < 0.00001, I* = 57%). Further subgroup analysis showed that chlorhexidine was superior
to povidone-iodine in the prevention of postoperative SSI in clean surgery (risk ratio [RR], 0.81; 95% confidence
interval [CI], 0.67-0.98; p = 0.03), P= 28%) and clean-contaminated surgery (risk ratio [RR], 0.58; 95% confidence
interval [CI], 0.47-0.73; p < 0.00001, P= 43%). However, there was no statistically significant difference in the
incidence of skin adverse events between CH and PI groups.

Conclusion Chlorhexidine was superior to povidone-iodine in preventing postoperative SSI, especially for the clean-
contaminated surgery. However, there was no statistically significant difference in the incidence of skin adverse
events between CH and PI groups.

Introduction

Surgical site infection has attracted more and more atten-
tion. It is not only associated with delayed recovery and
prolongation of hospitalization, but also adversely affects
the patient’s mental health and endangers society [1]. The
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definition of postoperative surgical site infection is not
clear, but SSI occurs within 30 days postoperation,
including superficial and deep wound infections, which has
reached a consensus [2, 3]. There are several ways to
prevent postoperative surgical site infections, such as strict
hand antiseptic, preoperative antibiotic, strict aseptic
operation and so on. The World Health Organization
(WHO) [4], Centers for Disease Control (CDC) [5], and the
National Institute for Health and Care Excellence (NICE)
[6] have also updated the guidelines for the prevention of
postoperative surgical site infections, suggesting that


http://orcid.org/0000-0003-1062-2682
http://crossmark.crossref.org/dialog/?doi=10.1007/s00268-020-05384-7&amp;domain=pdf
https://doi.org/10.1007/s00268-020-05384-7

World J Surg (2020) 44:1412-1424

1413

Fig. 1 PUBMED (n = 1410);
Web of Science (n = 726);
EMBASE (n = 8685); CNKI

(n = 240) searching

(n=11061)

Records identified via database

Additional records identified via
other sources
(n=7)

A 4

A 4

duplicates articles which need to be removed

(n=9421)

[ Screening ] [Identification]

v

Records screened(n = 1647 )

Read title and abstract

Records excluded

v (n=1584)
Full-text articles assessed for eligibility
(n=63) .
Full-text articles excluded(n=27)
not skin antiseptic =3
study protocol=2
A wash hand, wound irrigation=6

Studies included in qualitative synthesis

vitro. animal study=5

(n=30) compare with placebo=8

skin antiseptic time=1

[ Included ] [ Eligibility ]

l

Studies included in quantitative synthesis (meta-analysis)

(n=30)

preoperative skin antiseptic is one of the most critical
factors for postoperative surgical site infection.

Povidone-iodine is the most commonly used preopera-
tive skin antiseptic in clinical settings. However, in recent
years, there are many studies which show that chlorhexi-
dine provides better results than povidone-iodine for pre-
operative skin antiseptic. The choice of preoperative skin
disinfectants is a puzzling problem for clinicians.

In order to obtain a relatively more objective, credible,
and powerful evidence, the purpose of this meta-analysis
was to evaluate the effects of chlorhexidine and povidone-
iodine on the prevention of postoperative surgical site
infection.

Materials

This research was in accordance with PRISMA and
AMSTAR guidelines.

Systematic literature search

PUBMED, Web of Science, EMBSAE, and CNKI have
been searched, respectively, from inception to September

2019. Language restriction is English. Retrieval strategy is
a combination of keywords, free words, and subject words.

Search strategy

Use the following search strategies:(((“iodine” [MeSH
Terms] OR “iodine” [All Fields] OR “iodides” [MeSH
Terms] OR “iodides” [All Fields]) OR (“chlorhexidine”
[MeSH Terms] OR “chlorhexidine” [All Fields])) OR
((“skin” [MeSH Terms] OR “skin” [All Fields]) AND
(“antisepsis” [MeSH Terms] OR “antisepsis” [All
Fields]))) AND (“surgical wound infection” [MeSH
Terms] OR (“surgical” [All Fields] AND “wound” [All
Fields] AND “infection” [All Fields]) OR “surgical wound
infection” [All Fields] OR (“surgical” [All Fields] AND
“site” [All Fields] AND “infection” [All Fields]) OR
“surgical site infection” [All Fields]).

We have also manually searched the references of
included studies and related reviews for additional eligible
trials.

The process and results of literature retrieved are shown
in Fig. 1.
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Include criteria

1. All patients involved in the surgery had no open
wounds;

2. Povidone-iodine and chlorhexidine as preoperative
skin antiseptics, with or without alcohol;

3. Reported the incidence of skin adverse events or
postoperative surgical site infection;

4. Included literature types: all RCTs (prospective or
retrospective), observational studies, cohort studies, etc.;

Exclude criteria

1. Non-surgical or patients who were intolerance to the
surgeries, or patients who showered, scrubbed or irri-
gated the wounds before surgery;

2. Those who were allergic to chlorhexidine or povidone-
iodine;

3. Animal experiments or in vitro experiences;

4. The type of articles were either reviews or meta-
analysis;

Selection of studies and extraction

The selection of studies was conducted by two independent
authors (Chen jun wu, Guo bin). If the conclusions were
inconsistent, the two authors will make further discussion
to reach a consistent agreement. We extracted data on the
following information: first author, year of publication,
country, type of study, sample size of experimental and
control groups, age, type of skin disinfectant, and side
effects. (Details are shown in Table 1.)

The primary outcome was the incidence of postoperative
surgical site infection, and the secondary was skin adverse
events;

Assessment

The quality of all RCT studies was assessed by the
Cochrane evaluation criteria [7], which includes the fol-
lowing domains: random sequence generation, allocation
concealment, performance bias, detection bias, attrition
bias, reporting bias, and other sources of bias. All retro-
spective, observational and cohort studies were assessed
based on the criteria of Newcastle-Ottawa Quality
Assessment Scale (NOS).

Statistical analysis
Statistical analysis of this study was performed using

Revman 5.3 (Cochrane Collaboration, Oxford, UK). The
risk ratio (RR) was applied as the effect indicators for the
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dichotomous data of the two groups; In addition, the point
estimated value and 95% CI were calculated for each effect
indicators. The heterogeneity between the studies was
analyzed according to the Chi-square test, and the size of
heterogeneity was quantified by combining with /.

Mild heterogeneity: I* < 25%; moderate heterogeneity:
25% < I < 50%:; high heterogeneity: I* > 50% [8]. Meta-
analysis was performed using a random effects model; if
there was statistical heterogeneity between studies, the
source of heterogeneity would be further investigated.
Significant heterogeneity was handled using the following
methods: subgroup analysis, sensitivity analysis, and only
descriptive analysis.

Results
Literature search results

A total of 30 studies including 19 RCTs, 4 retrospective
studies, 7 observational studies and cohort studies in this
meta-analysis were conducted. A total of 29,006 patients
including adult and pediatric were involved, of which
15,263 cases were in chlorhexidine group and 13,437 in
povidone-iodine group. (The basic characteristics and risk
assessment of bias in the included studies are shown in
Fig. 2.)

Clean or clean-contaminated surgery definition

Cleaning surgery is a kind of sterile incision operation,
such as a craniocerebral, visual organ, limb trunk, and
thoracoabdominal incision, etc. There is no open cavity
organ. A clean-contaminated surgery, in which the cavity
organ must be cut or disconnected from the body surface
during the surgery, including operations of the digestive
tract, respiratory tract, urethra, vagina, scrotum, perineum,
etc., in this cases, complete disinfection skin incision
proves to be quite difficult [9].

Twenty-two of included studies identified the types of
surgery: 10 [10-19] reported clean surgeries, and 12
studies [20-31] underwent clean-contaminated surgeries;
five studies [32-36] included both clean surgeries and
clean-contaminated surgeries. And the last three studies did
not classify the type of surgeries [37-39].

Methodological quality assessment

We identified the design type of included study according
to methodology evaluation analysis (RCT vs. non-RCT),
and non-RCT included retrospective studies, observational
studies, and cohort studies. (See Fig. 3 and Table 2 for
details.)
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Table 1 RCT: randomized controlled trial; Not shown: not mention the exact surgery type; mixed: include a variety of surgeries

Author Year Type Mean age of Chlorhexidine  Povidone- Type of surgical
subjects gluconate iodine
No. SSI  No. SSI
Culligan PJ [20] 2005 RCT 45, 42.6 23 27 17 Vaginal surgery
Paocharoen V [20] 2009 RCT 50.5, 56.2 250 250 8 Not shown
Swenson BR [37] 2009 Prospective sequential 53.0, 53.2 994 71 987 63  Mixed
study
Darouiche RO [32] 2010 RCT 58.9, 55.9 409 39 440 71  Mixed
Amer-Alshiek J [33] 2013 Retrospective study 34.6, 35.6 163 5 163 17  Cesarean sections
Barttomiej Perek [21] 2013 RCT 70.2, 62.2 45 2 46 4 Cardiac surgery
Yeung LL [10] 2013 RCT 62.2, 65.1 50 50 16  Genitourinary prosthetic
surgery
ANA LUZIA 2014 Randomized longitudinal / 103 11 102 7 Not shown
RODRIGUES [22] study
Hakkarainen TW [34] 2014 Prospective cohort 55.7, 62.7 1829 73 671 40  Not shown
analysis
Hannan MM [38] 2015 Ambispective cohort 68, 68 480 10 364 17  Cardiac surgery
study
Ngai IM [11] 2015 RCT 29.9, 30.3 474 21 463 21  Cesarean surgery
Srinivas A [23] 2015 RCT 447, 47.4 158 17 184 33  Upper abdominal
Bibi S [12] 2015 RCT 41.32, 404 168 12 220 22 Mixed
Kunkle CM [35] 2015 RCT 31, 29.1 21 22 1 Cesarean delivery
Davies BM [24] 2016 Retrospective study 57, 58 276 654 21  Cranial neurosurgery
Fekria A [13] 2016 RCT 26.7, 26.6 196 194 21  Cesarean sections
Madej T [25] 2016 Prospective sequential 67.9, 68.1 1527 170 1456 153 Sternotomy
study
Methodius Gamuo Tuuli 2016 RCT / 538 23 544 42 Cesarean surgery
[14]
Tuuli MG [26] 2016 RCT 28.3, 284 572 23 575 42 Cesarean delivery
Geetha Danasekaran [27] 2017 RCT 39.8, 39.15 60 2 60 14 Elective abdominal
surgeries
Patrick S [28] 2017 RCT 49, 41 203 59 204 85  Spinal surgery
Guo sumei [15] 2017 Retrospective study 36.3, 36.1 71 71 10 Mixed
Lain 1i [16] 2017 RCT 41.3,40.4 148 170 22 Mixed
Wu yan [36] 2017 RCT 7.94, 8.89 330 230 21  Mixed
Springel EH [39] 2017 RCT / 461 29 471 33  Cesarean delivery
Elshamy E [29] 2018 Prospective observational 25.7, 25.3 712 26 712 33 Elective cesarean section
study
Ghobrial GM [30] 2018 Prospective sequential 59.7, 58.6 3774 36 3185 33  Spinal surgery
study
Shahzad G Raja [17] 2018 Retrospective study / 738 24 738 28  Cardiac surgery
Shou xiaoxia [18] 2018 RCT / 100 6 100 15  Perianal, abdominal
T.N. Peel [31] 2019 RCT 68, 67 390 19 390 15  Hip or knee arthroplasty

Primary outcome

Surgical site infection (SSI) rate

All studies reported postoperative surgical site infection.
Meta-analysis showed that the wound infection rate in
chlorhexidine group was lower than that in povidone-

iodine group (risk ratio [RR], 0.65; 95% confidence inter-
val [CI], 0.55-0.77; p < 0.00001, I* = 57%). (Figs. 4, 5).

Subgroup analysis based on the type of study design
revealed that: RCT group (risk ratio [RR], 0.57; 95%

confidence
= 42%); non-RCT group (risk ratio [RR], 0.82; 95%
confidence interval [CI], 0.66-1.02; p = 0.08, P= 49%). It

interval

(€],

0.47-0.70;

p < 0.00001,
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Fig. 2 Risk of bias graph:
review authors’ judgment about
each risk of bias item presented
as percentages across all
included studies
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Fig. 3 Risk of bias summary: review authors’ judgment in terms of each risk of bias item for each included RCT study. (Cochrane)

indicated that the type of study design had an impact on the
incidence of postoperative surgical site infection. (Figs. 6,
7.

Further subgroup analysis indicated that chlorhexidine
were superior to povidone-iodine in the prevention of
postoperative surgical site infection in both clean surgery
subgroup (risk ratio [RR], 0.81; 95% confidence interval
[CI], 0.67-0.98; p = 0.03, P= 28%) and clean-contami-
nated surgery subgroup (risk ratio [RR], 0.58; 95% confi-
dence interval [C1], 0.47-0.73; p < 0.00001,
I* = 43%),especially for the clean-contaminated surgery
subgroup. (Figs. 8§, 9).

The results of funnel plot on the infection rate showed
that the scatter points were substantially symmetrical,
suggesting no significant publication bias.

Secondary outcomes

Nine of include studies [17, 19, 22, 25, 26, 30, 33, 35, 37]
reported the incidence of skin adverse events. Four studies
[12, 15, 29, 36] found no significant skin adverse events,
and the remaining 17 studies reported no relevant skin
adverse events.

@ Springer

Meta-analysis indicated no statistically significant dif-
ference in the incidence of skin adverse events between
chlorhexidine and povidone-iodine group (risk ratio [RR],
0.89; 95% confidence interval [CI], 0.50-1.59; p = 0.69,
I? = 0%). (Figs. 10, 11).

Discussion

The occurrence of postoperative incision infection results
from the interaction of many factors and is highly associ-
ated with the colonization of intraoperative bacteria. How
to remove bacteria from incision to the maximum extent is
a technical problem worthy of surgeons’ attention. It is an
effective method to disinfect the skin before operation. The
choice of disinfectant remains controversial in clinical
practice.

Povidone-iodine plays a role in antibiosis, on the one
hand, it can be attributed to covalently bonded hydrogen-
containing groups, i.e., -OH, -NH, -SH, -CH; on the other
hand, as a iodine carrier which can interact with oxygen-
containing functional groups. It inhibits microbial protein
synthesis by oxidizing sulfhydryl groups, making it quickly
and extensively to tackle bacteria, viruses, and fungi [40].
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Figs. 4, 5 Forest and funnel plot of comparison: chlorhexidine gluconate versus povidone-iodine

It is the most widely used and lasting classic skin antiseptic
in clinical practice.

Chlorhexidine is a kind of cationic biguanide; it com-
bines with the anions on the surface of bacterial cell walls,
which alters the permeability of cell wall, inducing apop-
tosis due to the leakage of cytoplasmic components [41]. It
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has the same bactericidal activity on both resistant and non-
resistant bacteria and still effective even when exposed to
body fluids. With alcohol as the medium, chlorhexidine
dries faster when disinfecting and wait for surgery shorter.
Therefore, some scholars suggest that chlorhexidine is
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chlorhexidine gluconate

povidone-iodine
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Risk of bias legend
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(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Figs. 10, 11 Forest and funnel plot of skin adverse comparison: chlorhexidine gluconate vs povidone-iodine

better on disinfection effect and more suitable for clinical
application.

Therefore, we conducted this meta-analysis to compre-
hensively evaluate the effectiveness of chlorhexidine or
povidone-iodine for preventing postoperative surgical site
infection.

The results of this study indicated that chlorhexidine as
a main component of antiseptic was superior to povidone-
iodine in reducing the incidence of overall postoperative
wound infection. Further subgroup analysis showed that
chlorhexidine was more conducive to prevent postopera-
tive surgical site infections in clean-contaminated surgery.

Wu yan [39], Patrick [15], Guo [16], and Culligan et al.
[20] investigated the effects chlorhexidine and povidone-
iodine on local bacteria, and found that the inhibition of
chlorhexidine on bacteria was significantly stronger than

that of povidone-iodine; in addition, the disinfection effect
of chlorhexidine on Staphylococcus was faster and more
favorable. Given the diversity of bacterial infections and
the complexity of the clinical research’s setting, none of
the four researchers focused on specific bacteria. However,
studies by Kulkarni and Awode [42] suggested that the
effect of povidone-iodine was more persistent than
chlorhexidine.

Comparison of side effects

The main skin adverse events of chlorhexidine and povi-
done-iodine are allergy and pruritus. However, the inci-
dence of both has not been clearly and thoroughly
investigated. Nine studies of included studies reported skin
side effects, such as pruritus and mild to moderate allergy,
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had no serious life-threatening complications and can be
alleviated by antiallergic or symptomatic treatment. Four
studies found no corresponding skin adverse reactions,
electrotome fire or other adverse events. Meta-analysis
showed that there was no statistically significant difference
in the incidence of skin adverse events between the two
disinfectants.

However, adverse reactions related to chlorhexidine
have also been reported.

As reported [43], chlorhexidine may penetrate into the
patient’s eyes during the operation of cervical spine due to
negligence in the process of disinfection, resulting in cor-
neal damage and sometimes even corneal transplantation.
In view of the damage of chlorhexidine to cornea, it is
highly recommended to take eye protection measures in the
process of skull and neck disinfection, and low concen-
tration disinfectants during ophthalmic surgery; for
instance, in a study of cataract surgery, the concentration of
compound chlorhexidine used by researchers was only
0.02% [44].

One study [45] reported that when the chlorhexidine was
not completely dry, there was a risk of electrotome fire;
although the incidence was very low. Therefore, it is rec-
ommended to wait at least 3 min for the disinfectant to dry
completely before operation. No electrotome fire caused by
chlorhexidine was found in the literature.

Studies by Edmiston et al. [46] suggested that
chlorhexidine was safe for use on intact skin. However,
compound chlorhexidine has an irritation effect on the
nerves on a certain degree. It is suggested that spinal cord
surgery and open surgery with nerve exposure should avoid
using compound chlorhexidine [47].

A study by Zhou and Carlson [48] showed that the cost
of chlorhexidine was higher than that of povidone-iodine.

In the traditional sense, because chlorhexidine contains
alcohol, it can lead to dryness and irritation to the mucous
such as the urethra. Therefore, it shall be used with caution
in the corresponding surgery. Instead, povidone-iodine in a
water solvent was used as a replacement in urinary tract
operation. However, in this study, Yeung [22] implied that
chlorhexidine was more effective than povidone-iodine in
disinfection of male urinary and prostate surgery. In
addition, there was no statistically significant difference in
skin and other related side effects. It is recommended that
chlorhexidine should be used for disinfection in related
urinary surgery. Culligan et al. [20] showed that
chlorhexidine was superior to povidone-iodine, and no skin
complications were found in the literature.

Limitation

There are certain deficiencies in this study: 1. Not all
included studies were RCTs; on the contrary, it included

@ Springer

retrospective studies, observational studies, and cohort
studies. Although the subgroups analysis had been con-
ducted, the results were not significantly biased. However,
there were still certain deviations in the research design. 2.
The surgery types varied between studies. Although the
surgery type was divided into clean surgery and clean-
contaminated surgery, and the corresponding subgroup
analysis has been conducted, potential bias could not be
ruled out. 3. The main components of the disinfectant used
in the experimental and observation groups of this study
were compound chlorhexidine and povidone-iodine.
However, the concentrations of compound chlorhexidine,
povidone-iodine, and solute (such as alcohol, poly-
propanol, and normal saline) were different, which might
weaken the reliability of the results.

Highlight

Some researchers [49, 50] had conducted a meta-analysis
of the skin antiseptic on chlorhexidine and povidone-io-
dine. However, this meta-analysis further integrated the
latest research, with the longest duration and the largest
number of studies, totaling 29,006 research objects. In
addition, the skin adverse events of the chlorhexidine and
povidone-iodine were analyzed systematically. Therefore,
the conclusions of this meta-analysis have a strong guiding
value for the development of clinical practices.

Conclusion

In summary, this study showed that chlorhexidine was
superior to povidone-iodine in preventing postoperative
surgical site infection, and in particular, for clean-con-
taminated surgery, the prevention effect was superior,
which was worth clinical promotion to a certain degree.
There was no statistically significant difference in the
incidence of skin side effects between the two disinfec-
tants. Given the limitation of included studies in quality
and quantity, more high-quality randomized controlled
trials are needed to further confirm the conclusion of this
research.
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