Surg Today (2015) 45:1378-1384
DOI 10.1007/s00595-014-1078-y

CrossMark

@

ORIGINAL ARTICLE

Comparison of the efficacy of chlorhexidine gluconate
versus povidone iodine as preoperative skin preparation
for the prevention of surgical site infections in clean-contaminated

upper abdominal surgeries

Anirudh Srinivas - Lileswar Kaman - Prithivi Raj -
Vikas Gautam - Divya Dahiya + Gurpreet Singh -
Rajinder Singh - Bikash Medhi

Received: 19 October 2013 / Accepted: 3 October 2014 / Published online: 9 November 2014

© Springer Japan 2014

Abstract

Purpose  To compare the efficacy of chlorhexidine-gluco-
nate versus povidone iodine in preoperative skin prepara-
tion in the prevention of surgical site infections (SSIs) in
clean-contaminated upper abdominal surgeries.

Methods This was a prospective randomized controlled
trial conducted on patients undergoing clean-contaminated
upper abdominal surgeries. A total of 351 patients 18—
70 years old were randomized into two groups; chlorhex-
idine and povidone iodine skin preparation before surgery.
Results The incidence of SSIs in the chlorhexidine group
was 10.8 %, in comparison to 17.9 % in the povidone
iodine group. The odds ratio was 0.6 in favor of chlorhex-
idine use, but the results were not statistically significant
(P = 0.06). In the first postoperative week, SSIs developed
in 7 % of patients in the chlorhexidine group and 14.1 %
in the povidone iodine group (P = 0.03), and in the sec-
ond postoperative week, SSIs were present in 4.1 % of the
patients in the chlorhexidine group and 4.4 % in the povi-
done iodine group, which was not statistically significant
(P =0.88).

Conclusions The incidence of SSIs after clean-contami-
nated upper abdominal surgeries was lower with the use of
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chlorhexidine skin preparation than with povidone iodine
preparation, although the results were not statistically sig-
nificant. However, the odds ratio between the two groups
favored the use of chlorhexidine over povidone iodine for
preventing SSIs.

Keywords Surgical site infection - Chlorhexidine -
Povidone iodine - Clean-contaminated surgeries -
Skin preparation solutions

Introduction

Surgical site infections (SSIs) are one of the major compli-
cations that develop in surgical patients, and are the most
common nosocomial infection in patients undergoing sur-
gery, carrying significant morbidity, and mortality rates
[1]. SSIs are the third most frequently reported health care-
associated infection based on data derived from the Cent-
ers for Disease Control and Prevention’s (CDC) National
Healthcare Safety Network [1]. There are considerable
medical and health care implications associated with SSIs,
including increased mortality, longer lengths of hospitali-
zation, higher rates of re-operation and re-admission, and
ultimately, higher health care costs [1-3]. A surgical infec-
tion is defined as an infection that arises from a surgical or
invasive procedure or an infection that requires a surgical
intervention to remedy, occurring within 30 days of surgery
[4]. The CDC has recognized and differentiated SSIs into
superficial incisional (above the fascia), deep incisional (at
or below the fascia), and organ space SSIs [4, 5]. There are
numerous risk factors associated with the development of
SSIs related to the patient, the environment, and the treat-
ment provided [6-8]. It has been recognized that the most
important source of pathogens causing SSI is neither the
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operating surgeon and instruments, nor the environment,
but the patient’s own microbial flora [9]. The primary
source of contamination and cause of SSIs is patient skin
flora and endogenous contamination, particularly when sur-
gery involves the respiratory, urogenital, or the alimentary
tract [9].

Strict antisepsis of the surgical site, which is the major
source of pathogens, and optimization of preoperative anti-
sepsis may decrease the incidence of postoperative SSIs.
The prevention of an SSI is easier and more economical, as
well as scientifically more feasible than treating an estab-
lished SSI. Prophylactic antibiotics are obviously less use-
ful in the setting of a polymicrobial infection, and there
is the risk of emergence of resistance associated with the
frequent use of broad-spectrum antibiotics in the routine
prophylaxis of SSI [10].

Preoperative skin preparation of the surgical site using
appropriate antiseptic products is one of the important
interventions to prevent SSIs [11]. Several antiseptic agents
are available for preoperative preparation of the skin at the
incision site, including iodophors and alcohol-containing
products like chlorhexidine gluconate (CHG). Povidone
iodine (PVI) and CHG are well-known antiseptics which
are used for surgical-site skin preparation. An effective pre-
operative skin antiseptic is an agent that rapidly (i.e., within
10 min of application) reduces the number of transient and
resident microorganisms in the surgical field before wound
incision and suppresses rebound growth for six hours after
application [12—17]. The antimicrobial activity of CHG, as
measured by skin surface microbial log reduction, has been
found to persist several hours after application compared
with PVL

Several studies have been conducted wherein the preop-
erative preparation of the patients’ skin with chlorhexidine-
alcohol-based solutions has been found to be superior to
PVI solutions for preventing SSI [18-25]. These studies
were done in a wide variety of surgeries with a heterogene-
ous group of patients. There have been no studies that have
specifically reported a comparison of the efficacy of CHG
versus PVI for surgical-site antisepsis in reducing SSI in
clean-contaminated upper abdominal surgeries, which are
the most common surgeries performed in General Surgery.
The present study was conducted to compare the efficacy
of CHG versus PVI for the prevention of SSIs in clean-con-
taminated upper abdominal surgeries.

Methods

This study was a prospective randomized controlled
trial conducted in the Department of General Surgery in
PGIMER, Chandigarh, India, from January 2011 to June
2012. Clearance from the host Institute Ethical Committee

(PGIMER, Chandigarh, India) was obtained before start-
ing the study. Random allocation of patients to one of the
two groups was achieved by the sealed envelope method.
Patients undergoing clean-contaminated upper abdomi-
nal surgeries in the elective setting were explained the
details about the study, and written informed consent was
obtained. The surgeries included hepatobiliary surgeries,
including gall bladder surgeries, pancreatic surgeries, and
gastroesophageal surgeries.

Patients

The group A patients included those who were preopera-
tively painted three times, around the site of the incision,
using an applicator containing chlorhexidine-alcohol
(0.5 % CHG in 70 % isopropyl alcohol). Group B included
those who were preoperatively painted with 5 % PVI solu-
tion three times. A total of 351 patients aged 1870 years
old were randomized to group A or group B (Fig. 1). In
both groups, when drains were required, they were brought
out through separate stab incisions, well away from the sur-
gical, and were covered with sterile gauze. Patients not fit-
ting the inclusion criteria, who did not provide the required
consent for surgery or patients lost to follow-up were
excluded from the study.

The numbers of subjects were decided depending on the
incidence of SSIs in clean-contaminated surgeries, which
was considered to be about 22 % in our country [6]. We
presumed the use of chlorhexidine-alcohol would decrease
the incidence of SSI by about 30 %. For a power of 80 %,
we had planned to include at least 350 subjects in each
group. However, since our study was time bound, we could
study 351 subjects; 163 in the chlorohexidine gluconate
group and 188 in the PVI group in 18 months, including a
one-month follow-up for all patients.

All of the included patients underwent a preoperative
soap and water shower on the day of surgery and had their
hair shaved prior to the surgery. Retractors were uniformly
used in all cases where indicated. All patients received pre-
operative antibiotic treatment (Injected cefuroxime 1.5 g
i.v. stat) at the time of induction of anesthesia. If the dura-
tion of surgery exceeded four hours, the antibiotic treat-
ment was repeated.

All patients undergoing upper abdominal clean-con-
taminated surgeries in the elective setting, who had given
consent for the above-mentioned study, and who uniformly
received the preoperative antibiotic during the induction
of anesthesia were enrolled in the study. Patients with any
one of the following were excluded from the study: (1)
No consent given for participation in the trial, (2) a his-
tory of allergy to chlorhexidine, alcohol, or iodophors, (3)
clinical/microbiological evidence of infection at/adjacent to
the surgical site, (4) ongoing systemic sepsis, (5) patients
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351 patients selected for
the study and randomized
into study groups

163 patients assigned into
CHG group and included in
the analysis

5 excluded from the
study

-3 lost to follow up

-2 had contaminated
surgery

158 patients completed
the study during 30 day
follow up

Fig. 1 Study population

who died intra-operatively or before the completion of the
30-day follow-up period, (6) patients who left the hospi-
tal against medical advice or who were lost to follow-up,
and (7) those who required a second operation within two
weeks of the first operation.

Evaluations

Following surgery, the primary dressing was opened after
24 h and was assessed for any evidence of a SSI. During
hospitalization, the wound was assessed daily for any SSI
or if the patient was discharged, the patient was called once
a week on an outpatient basis and assessed for SSI. The
SSIs were diagnosed on the basis of the CDC criteria [4].
When there were doubts, clinically relevant microbiologi-
cal samples were sent and assessed for evidence of a SSI.
If a serous discharge appeared, it was swabbed and cul-
tured, and the wound was classified according to the cul-
ture results. The primary endpoint was the occurrence of
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188 patients assigned
into PVI group and
included in the analysis

4 excluded from the study
2 lost to follow up

— | 1underwent
contaminated surgery

1 underwent redo surgery

184 patients completed
the study during the 30
day follow up

a SSI within the 30-day follow-up period. The secondary
endpoints assessed were the occurrence of individual types
of SSIs, the length of hospital stay, and any additional pro-
cedure done for SSIs. Both the patients and the clinicians
who diagnosed the surgical-site infections on the basis of
the criteria developed by the CDC remained blinded to the
group assignments.

Statistical analysis

The statistical analysis was carried out using the SPSS soft-
ware package, version 17 (SPSS Inc., Chicago, IL). Differ-
ences between parameters in the different patient groups
were evaluated using Fisher’s exact test and Student’s ¢
test where appropriate. Differences between proportions
were evaluated using the Chi-square test. We conducted
univariate and multivariate analyses to assess whether the
risk factors contributed to the occurrence of SSIs. The uni-
variate analysis for categorical factors was performed using
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Table 1 Demographics profile, comorbidities, and surgical character- = ath week
istics in the two groups 100% - / I~
90% 1 H 3rd week [~
Characteristic CHG PVI p value
N =158 N=184 80% 1 2nd week |
70% - -

Age 447 £ 13737 474 +13.1 0.063 60% - W istweek

Males 38 % 38 % 0.99 50% - HnoSsl [T

Females 62 % 62 % 0.99 40% 1

ASA Score: N (%) 30% 1
1 36 (2278 %) 48(26.08%)  0.684 20% 1
2 94 (59.49 %) 110 (59.78 %) 12; ] . . .

3 24 (1518 %) 24 (13.04 %) CHG VI
4 4(2.53 %) 3 (1.08 %)
5 0 0 Fig. 2 Superficial surgical site infection rates of both groups

BMI 23.09 £2.265 23.124£2227 0.907

Diabetes 16 (10.1%) 20 (10.9 %) 0.823 the study, 158 in the CHG group and 184 in the PVI group.

Hypertension 11(7%) 15 (8.2 %) 0.679 All of the selected patients underwent clean-contaminated

Smoking 1332%) 2212 %) 0.257 upper abdominal surgeries (including hepatopancreaticobil-

Others 117 %) 6.3 %) 0.116 iary and upper gastrointestinal surgeries (Table 1)).

Duration of surgery The patients in both groups were comparable with
<2 HRS 110 (69.6 %) 117(66.4 %) 0238 respect to demographic variables (age and sex), body mass
>2HRS 48 (30.4 %) 67 (33.6 %) index, co-existing illnesses, and other risk factors for SSIs,

Type of surgery namely diabetes mellitus, smoking, the use of drains, dura-
Hepato biliary 117 (74.1 %) 130(70.7%) 0611 tion of surgery, and also the type of surgery performed
Pancreatic 16 (10.1 %) 25(13.6 %) i.e., hepatobiliary surgeries, including gallbladder surger-
Gastro esophageal 25(15.8 %) 29 (158 %) ies and pancreatic surgeries or gastroesophageal surgeries
Pre op antibiotic use 100 % 100 % 0.99 (Table 1). All patients received preoperative antibiotic treat-
Post op antibiotic use 100 % 100 % 0.99 ment during induction of anesthesia and received postop-
Drain usage 99 (62.7 %) 115(62.5 %)  0.976 erative antibiotic treatment when indicated.

Fisher’s exact test. For continuous factors, we used a sin-
gle-variable logistic regression model. A multivariate logis-
tic regression analysis was performed to assess the factors
deemed significant (P < 0.10) by the univariate analysis
or considered to be clinically important. The assessed risk
factors were prespecified in the protocol, and the statistical
methods were preplanned.

Results

A total of 351 patients were randomly assigned to the study
groups; 163 to the chlorhexidine gluconate—alcohol (CHG)
group and 188 to the PVI group, and were qualified for
the intention-to-treat analysis (Fig. 1). Nine patients were
excluded from the study, five from the CHG group (three
patients were lost to follow-up, two patients underwent con-
taminated surgeries rather than clean-contaminated surger-
ies) and four were excluded from the PVI group (two patients
were lost to follow-up, one patient underwent re-operation
less than one week after surgery and one patient underwent
contaminated surgery). Thus, 342 patients were selected for

The patients in both the groups were assessed for SSIs
after a 30-day follow-up period. The primary endpoint
was the incidence of SSIs in both groups, with other sec-
ondary endpoints assessed. The rate of SSIs was 10.8 %
in the CHG group and 17.9 % in the PVI group. Although
the incidence of SSIs was lower in the CHG group com-
pared to the PVI group, the difference was not statistically
significant (P = 0.061). Similarly, the rate of superficial
SSIs was lower in the CHG group (10.8 %) compared to
the PVI group (16.84 %), but this differences was also not
significant (P = 0.3) (Fig. 2). No cases of deep SSIs were
noted in the CHG group, whereas two cases of deep SSIs
occurred in the PVI group (1.3 %). Fisher’s test indicated
that the difference in the incidence between the two groups
was not significant (P = 0.54). No cases of organ/space
SSIs were noted in either of the groups (Table 2). The
odds ratio between the CHG group and the PVI group for
the occurrence of a SSI was 0.6. The SSIs predominantly
occurred during the first week after surgery (74 %), while
36 % occurred in the second week. There were no SSIs that
occurred after the second week.

It was noted that the incidence of SSIs in the first post-
operative week was significantly lower in the CHG group
(7 %) compared to the PVI group (14.1 %) (P = 0.033).
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Table 2 Superficial, deep, and organ space infections of the surgical

sites in both groups

Table 4 Analysis of risk factors by multivariate logistic regression
model

Type of infection CHG PVI P value Regression analysis (multivariate analysis)
Any SSI 17 (10.8 %) 33 (17.9 %) 0.061 Effect Model fitting criteria  Likelihood ratio tests
Superficial SSI 17 (10.8 %) 31 (16.84 %) 0.3 —2 Log likelihood of ~Chi-square df Sig.
Deep SSI 0 2(1.3) % 0.542 reduced model
Organ space SSI 0 0 - Drain usage 164.455 8.134 1 0.004
DM 158.333 2.012 1 0.156
Skin preparation used 160.896 4.574 1 0.032
Table 3 .Superﬁcial surgical site infection rates of both groups in Sex 161.621 5.300 1 0021
consecutive weeks
HTN 156.728 0.407 1 0523
SSI 24h  1st week 2nd week  3rd week  4th week BMI 160.413 4.092 2 0.129
CHG _ 11(7 %) 6(41%) - _ Age 158.930 2.609 1 0.106
PVI 3 26 (14.1%) 7(44%) - _ Smoker 156.371 0.050 1 0.822
Pyalue  — 0.033 0.88 B B ASA 158.214 1.164 3 0.904
Duration of surgery  159.813 3.492 4 0479

However, in the second postoperative week, the incidence
of SSIs was similar between the two groups at 4.1 and
4.4 % in the GHG and PVI groups, respectively (P = 0.88).
There were no SSIs in the third or fourth weeks in either
group (Fig. 2) and (Table 3).

A multivariate logistic regression model was applied to
analyze the risk factors for SSIs. The analysis revealed that
male sex, the use of drains and the use of PVI contributed
significantly to the development of SSIs (Table 4). Since an
analysis of risk factors other than the assigned intervention
constitutes an exploratory analysis, which involves multiple
simultaneous statistical tests, it could inflate the probabil-
ity of a false positive finding (type II error). There were no
adverse events observed during the study in either group.
Wound swabs were obtained from the surgical sites in 25
patients. Thirteen cultures revealed Gram-negative organ-
isms, five were Gram-positive organisms, and seven were
polymicrobial. E. coli were the predominant Gram-negative
organism isolated. Contamination by E. coli may be attrib-
uted to minor leaks from the hollow viscus under controlled
conditions or from the external atmosphere, including the
hands of the medical personnel.

Discussion

The selection of the most appropriate antiseptic product is
an essential step in preoperative skin preparation. Povidone
iodine (polyvinylpyrrolidone iodine) has been used as a
multivalent, local, broad-spectrum antiseptic having bacte-
ricidal, fungicidal, sporicidal, protocidal, and viricidal prop-
erties [13]. Molecular iodine is a well-established and effec-
tive disinfectant, the use of which has not been associated
with the development of bacterial resistance [14]. It is the
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most widely used antiseptic in surgical practice. Povidone
iodine has a potent and persistent bactericidal effect toward
bacteria on healthy skin [14]. PVI may be less effective in
the presence of blood, necrotic tissue, and pus [12].

Alcohols are broad-spectrum, fast-acting antimicrobials.
They are ineffective against bacterial spores, but generally
effective against fungal species and some viruses. Although
alcoholic antiseptics have excellent immediate antimi-
crobial action, they have limited persistence and residual
effects [12]. The combination of alcohol with chlorhexidine
shows an improvement in immediate antimicrobial proper-
ties that provides excellent clinical efficacy as a skin anti-
septic agent. The chlorhexidine component of this combi-
nation results in persistent antimicrobial action [12]. As an
antiseptic agent, chlorhexidine exhibits a broad spectrum of
antibacterial activity that is effective against both Gram-pos-
itive and Gram-negative non-spore forming bacteria [15].
The antiviral activity of CHG also encompasses selected
enveloped viruses, including HIV [26]. Its antimicrobial
spectrum of activity is similar to that of PVI; however, as an
added advantage, CHG is not inactivated by blood or serum
protein and exhibits a residual antimicrobial activity on the
surface of the skin, suppressing microbial growth for several
hours after application [26-28]. In one previous study, pre-
operative cleansing of the patients’ skin with chlorhexidine-
alcohol was found to be superior to PVI for preventing SSIs
in patients undergoing clean-contaminated surgery [26].
The application of CHG to the skin surface has been dem-
onstrated to result in a greater microbial log reduction com-
pared with PVI. Furthermore, the antimicrobial activity of
CHG, as measured by the skin surface microbial log reduc-
tion, has been found to persist several hours after applica-
tion compared with povidone-iodine [15].
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Although several studies have been conducted compar-
ing the efficacies of different skin antiseptic agents, the
methods used in these studies have differed, as have the
endpoints. Our present study aimed to compare the efficacy
of CHG and PVI for preventing SSIs. The unique features
of our study are that it was conducted at a single institute,
and was limited to only clean-contaminated upper abdomi-
nal surgeries in order to avoid the influence of other factors
on the results. Multiple risk factors common to both groups
were matched.

The overall incidence of SSIs in our study was 14.62 %.
In a multicentre study by Darouiche et al. [24], the inci-
dence of SSIs in clean-contaminated upper abdominal sur-
geries was 10.45 %. Other authors have reported that the
incidence of SSIs in clean-contaminated surgery ranged
from 22-35 % [6, 7].

The overall incidence of SSI in the CHG group (10.8 %)
was lower than that in the PVI group (17.9 %), although the
difference was not statistically significant (P = 0.061). In
addition, the incidence of superficial SSIs was lower in the
CHG group (10.8 %) than in the PVI group (16.8 %), but
this difference was not statistically significant. There were
no deep SSIs in the CHG group, whereas two cases were
reported in the PVI group. There were no organ/space SSIs
in either of the groups.

The microbiological analysis of the skin site cultures
revealed Gram-negative bacteria outnumbering the Gram-
positive bacteria, with E. coli being predominantly isolated.
This was in contrast to what was reported in an earlier
study, where Gram-positive bacteria were most frequently
isolated [24]. Several studies and meta-analyses have
been conducted in order to compare the efficacy of CHG
and PVI as skin antiseptics in preventing SSIs [22-26].
Although many studies have proven that CHG is more
effective than PVI in preventing SSIs, there were also stud-
ies which found no significant difference between the two
[27, 28]. In addition, the study methodologies and end-
points have been different in these studies, confounding a
comparison of the results. The percentage of CHG used has
been different in these studies, where 0.5, 2, and 4 % CHG
have been used [27, 28].

Darouiche et al. demonstrated that the incidence of SSIs
in patients undergoing clean-contaminated surgeries was
significantly lower in the CHG group (9.5 %) than in the
PVI group (16.1 %) (P = 0.004) [24]. However, in that
study, various clean-contaminated non-abdominal surgeries
were included, unlike in our study. In addition, 2 % chlo-
rhexidine was used for skin preparation. Although the pre-
vious trial was not powered to compare the rates of infec-
tion in the sub-categories, the rate of SSIs was significantly
lower in the CHG group than in the PVI group for small
intestinal surgeries (P = 0.04) and abdominal surgeries as
a whole (P = 0.009). However, our study included only

patients undergoing upper abdominal clean-contaminated
surgeries, including hepatopancreaticobiliary surgeries and
gastroesophageal surgeries.

Similarly, in a recent study comparing the efficacy of
CHG and PVI skin antisepsis, the rates of SSI were sig-
nificantly lower in the CHG group (4.5 %) than in the PVI
group (14.5 %), P = 0.011 [27]. However, that study was
retrospective, and included patients undergoing gynecolog-
ical procedures. In a meta-analysis of six eligible studies by
Noorani et al. in 2010, it was deduced that chlorhexidine
reduced the postoperative SSIs compared with povidone—
iodine (pooled odds ratio 0.68, 95 % confidence interval
0.50-0.94; P = 0.019) [26]. However, the meta-analysis
included studies with differing characteristics, such as
those related to the study population, the study methodol-
ogy, the concentrations of antiseptics used and the types
of surgeries included (clean, clean contaminated, contami-
nated and dirty), with varying rates of SSIs.

In a study by Swenson et al., three different skin prepa-
rations were compared for their efficacy in preventing SSIs.
Povidone iodine 10 %, chlorhexidine 2 % in 70 % alcohol
and iodine povacrylax in alcohol were used in three dif-
ferent phases of the study [28]. Although the final result
favored iodine povacrylax in reducing SSIs, the odds ratio
between PVI and CHG favored PVI in preventing SSI
(OR = 1.06). However, that the study included all classes
of surgical patients, and it was not a randomized controlled
trial.

There were no cases of adverse events in either of the
skin preparation groups in our study (CHG 0.5 % and PVI
5 %), which is in contrast to the study by Darouiche et al.,
who reported an incidence of 0.7 % with 2 % CHG and
10 % PVI [24]. This may have been because the antisep-
tics were used at lower concentrations, although this needs
further validation. In our study, it was also noted that the
incidence of SSIs was highest during the first postoperative
week (74 %), with the remaining 36 % of SSIs occurring
during the second week after surgery. It was also found in
our study that the incidence of SSIs in the first postopera-
tive week was significantly lower in the CHG group (7 %)
compared to the PVI group (14.1 %), P = 0.03. However,
the incidence of SSIs in the second postoperative week,
although marginally lower in the CHG group (4.1 %) than
in the PVI group (4.4 %), was not statistically significant.
There were no new SSIs beyond two weeks.

Based on these findings, we can conclude that chlorhex-
idine-alcohol was more effective than PVI in preventing
SSIs during the initial postoperative period, probably by
virtue of its residual effects. However, during the second
week post-surgery, although the rate of SSIs was lower than
that during the first week, the efficacy of CHG was similar
to that of PVI in preventing SSIs. Since this issue has not
been addressed in other studies, it needs to be evaluated in
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further studies to validate the present results. Although it
is logical that a reduction in skin flora might translate into
reduced SSI rates, we could find no studies that validated
this assertion.

Conclusions

The overall incidence of SSIs in clean-contaminated upper
abdominal surgeries was lower with the use of chlorhex-
idine-based skin preparation than preparation using PVI;
the results were not statistically significant. However, the
odds ratio between the two groups favored the use of chlo-
rhexidine in preventing SSIs compared to PVI. Moreover,
the incidence of SSIs in the initial postoperative period was
significantly lower with the use of chlorhexidine than with
PVIL
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