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ABSTRACT

Background: Caesarean delivery (CD) is a major, life-saving surgical procedure, with emergency CDs posing a greater
risk for Surgical Site Infections (SSIs) due to compromised preoperative preparation. SSIs are common hospital-
acquired infections, significantly increasing morbidity and healthcare costs. Preoperative skin antisepsis is critical for
SSI prevention, with recent evidence suggesting Chlorhexidine Gluconate (CG) may be superior to Povidone Iodine
(PI). This study was done to compare the efficacy of CG versus PI for skin antisepsis before emergency CD at AIIMS
Bhubaneswar.

Methods: This was a parallel-arm, single-blinded, randomized controlled trial. Four hundred and fifty women
undergoing emergency CD were randomized to receive either CG or PI for preoperative skin antisepsis. Participants
were observed for 30 days duration postoperatively to assess the primary outcome of SSI development. Secondary
outcomes included hospital stay, re-suturing, readmission, and pyrexia. Statistical analysis involved Chi-square, Fisher's
exact, and Wilcoxon-Mann-Whitney U tests.

Results: SSI occurred in 1.8% (4/225) of the CG group and 6.2% (14/225) of the PI group, a statistically significant
difference (p =0.016). Most SSIs were superficial, with no significant difference in type between groups. No significant
differences were found in secondary outcomes. Higher BMI was significantly associated with SSI in both groups, and
prolonged surgery duration in the CG group.

Conclusions: CG significantly reduced SSI incidence compared to PI in emergency CD. This supports CG's superior
antiseptic properties and suggests its use can effectively mitigate SSI risk in this high-risk population.

Keywords: Antiseptic, Caesarean delivery, Hospital-acquired infection, Randomized controlled trial, Surgical site
infection

INTRODUCTION

Caesarean delivery (CD), defined as the birth of the fetus
via laparotomy and hysterotomy, holds a pivotal role in
global maternal health.! It is recognized as the most
frequently performed major life-saving surgical procedure
for pregnant women worldwide, with reported rates
varying significantly from 6% to 27.2%.? This surgical
intervention is broadly categorized based on urgency:

elective and emergency deliveries. An elective CD is a
planned procedure, typically undertaken for medical
indications that have manifested before or during
pregnancy, ideally after 39 weeks of gestation.’
Conversely, an Emergency CD is necessitated by an
immediate and critical threat to the life of either the fetus
or the woman, demanding rapid intervention.*

The decision to delivery interval (DDI) depends on the
gravity of the indication and a DDI of 15 minutes has been
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achieved in cases such as cord prolapse, whereas a DDI of
around 30 minutes is recommended in cases of fetal
compromise.*® A shorter DDI although necessary for
survival of both mother and fetus, leads to compromising
on pre-operative preparation, infection control and
therefore emergency procedures are also theoretically at
higher risk of leading to post-operative infections.

Surgical Site Infections (SSIs) are defined as “infections
occurring up to 30 days after surgery (or up to one year
after surgery in patients receiving implants) and affecting
either the incision or deep tissue at the operation site”.”
SSIs complicates 2-5% of all surgical procedures and 5 to
12% of CDs. SSIs are the commonest hospital acquired
infections accounting for about 14-16%.%!! Emergency
CD predisposes women to develop SSI as compared to
Elective CD.!? Many studies have showed that occurrence
of SSI following CD depends on many factors like -
maternal age, weight, educational status, antenatal
care(ANC), anaemia, medical illness, duration of labour
prior CD, number of vaginal examinations, premature
rupture of membranes, skin antisepsis, emergency surgery,
surgical techniques, operating time and the amount of
blood loss during the surgery.'>'* Evidence showed that
most of the SSI often occurs between 5" and 10
postoperative days following CD.!> The most common
organism isolated is Staphylococcus aureus, accounting
for 20-30% of SSL’ It remains a substantial cause of
morbidity, prolonged hospitalization, requirement of re-
suturing, re-admission, increased medical costs and
maternal death.'®

As per World Health Organization (WHO), Centers for
Disease Control and Prevention (CDC) and National
Institute for Health and Care Excellence (NICE)
guidelines stated that “preoperative skin antisepsis is one
of the most critical factors and an important intervention
to prevent postoperative SSI” as patients own skin
microbial flora is the important source of pathogens
causing SSI.!7!® Skin preparation by antiseptic solution,
traditionally done by PI, before CD is paramount for SSI
prevention.’® However recent Randomized controlled
trials (RCT) showed Chlorhexidine (CG) being superior to
PI having a higher affinity for skin binding, higher
antibacterial activity with prolonged residual effects with
less incidence of SSI.?! Evidence from Nigeria states that
CG vaginal cleansing significantly reduced post-caesarean
endometritis, though not all showed significant impact on
SSIs. A network meta-analysis ranked 2% alcohol-based
CG as most effective for SSI prevention, closely followed
by alcohol-based povidone-iodine. Despite some
variability, the overall trend points to CG as a slightly more
effective antiseptic, though both agents remain clinically
acceptable for caesarean section antisepsis. Furthermore,
there are no published randomized studies to conclude the
best skin antiseptic in preventing SSIs which are common
in Emergency CDs.?>?* This study was done to assess the
impact of skin antisepsis by CG compared with PI before
an emergency CD for the prevention of SSI in a tertiary
healthcare setting.
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METHODS

A parallel arm, single blinded, randomized controlled
study was conducted where one arm was given CG and the
other arm was given PI as a skin antiseptic in women
undergoing emergency CD. As the interventions involved
application of two distinct antiseptics, blinding of only the
participants was possible. A simple randomization was
performed using a computer-generated random number
sequence. Allocation concealment was performed using
sequentially numbered opaque sealed envelopes to
randomize participants across the two arms.

The trial was conducted in the Obstetrics and Gynecology
department of a government run tertiary care hospital, All
India Institute of Medical Sciences (AIIMS)
Bhubaneshwar, India. Women undergoing Emergency CD
were included with the study duration of 14 months from
June 2020 to August 2021. Antenatal women of more than
equal to 34 weeks of gestational age were included while
those denying consent, diagnosed with chorioamnionitis,
pyelonephritis, urinary tract infection, mastitis and skin
lesions adjacent to operative site were excluded from the
study. The sample size was calculated by assuming a
baseline rate of SSI of 16%, on the basis of a prior study
conducted by Darouiche et al.> Anticipating a clinically
significant reduction of SSI by 50% in the CG group than
in the PI group, we estimated that the study needed to enrol
876 participants, 438 in each group, to have 80% power to
detect a significant difference in the rates of SSI between
the 2 groups, at a two-tailed alpha level of 0.05 or less.

However, the recruitment was restricted to 450
participants due to COVID pandemic. The intervention
arms included Chlorhexidine Gluconate IP (Indian
Pharmacopoeia) equivalent to 0.5% weight/volume (w/v)
of CG and Isopropyl Alcohol 70% volume/volume (v/v)
purified water IP in one arm and PI 10% w/v in the other
arm. Preoperative prophylactic antibiotics  were
administered according to the hospital policy. For women
in the CG group, skin preparation was done by centrifugal
scrubbing motion for 30 seconds if incision site was dry
and 2 minutes if incision site was moist, starting from the
area of the intended incision extending upward towards the
sub costal margin to the midaxillary line and down to the
middle of the thigh. The drying time was for 3 minutes.
For women in the PI group, application was done by 2 step
scrub followed by painting and then left to dry for 3
minutes before draping the area and commencing the
surgery. The drying time of PI (10 minutes) was longer
than to CG (3 minutes).

A total of the 460 patients were recruited where 230 were
assigned to PI group and 230 to CG group using the
randomised sequence. Five patients from each group were
lost to follow up therefore data from 450 participants (225
each in PI and CG group) were analysed according to per
protocol analysis. Figure 1 depicts the Consolidated
Standards of Reporting Trials (CONSORT) flow diagram
of the trial.
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480 patients were assessed for eligibility

20 were excluded
2 had chorioamnnionitis
15 had urinary tract infectic
3 refused consent

460 underwent randomization

230 received chlorhexidine
gluconate for skin antisepsis

230 received povidone
iodine for skin antisepssis

5 patients did not follow up

5 patients did not follow up

225 were included in 225 were included in
analysis analysis

Figure 1: Consolidated Standards of Reporting Trials
(CONSORT) flow diagram of the trial.

Antenatal women at >34 weeks gestational age undergoing
Emergency CD in the Department of Obstetrics and
Gynaecology of AIIMS, Bhubaneswar and willing to be a
part of the study, were given the Patient Information Sheet
(PIS) in English and Odia languages. At recruitment,
detailed history including age, gravida, parity, pre-
pregnancy Body Mass Index (BMI), gestational age at the
time of surgery, medical illness, labour and surgery related
variables such as spontaneous or induced labour, duration
of labour, prolonged duration of rupture of membranes
(<18hours or >/18hours), number of vaginal examinations
(<5 or >/5), indication of CD, type of skin incision
(Pfannenstiel or vertical incision), duration the surgery
(<1hour or >/ 1hour), amount of blood loss during surgery
(<500ml or >/500ml) and skin closure technique (Mattress
or subcuticular sutures) were recorded. As a part of routine
evaluation, complete blood count, coagulation profile,
kidney and liver function tests, serology, thyroid profile
and random blood sugars, urine routine microscopy and
cultures were also performed. The intervention was given
as per the randomised sequence. All women were followed
up after 48hours, 1week and 1month after CD as per CDC
guidelines. During the follow up, thorough examination of
wound was done for any symptoms or signs of SSI, wound
swab was sent for culture and sensitivity if any discharge
from wound. Patients with pyrexia, separated wound

edges, deep SSIs were admitted for daily dressing,
antibiotics were given as per wound swab culture and
sensitivity report and re-suturing was done in relevant
cases.

The primary outcome was development of SSI within 30
days after CD. The principal investigator, unaware of the
study-group assignments, verified the diagnosis of SSI
which was made by treating physician. Secondary
outcomes were duration of hospital stay, requirement of
re-suturing, readmission resulting from infection and

pyrexia.

Data of all participants was collected and entered using
Microsoft Excel 2019. An intention-to-treat approach was
used for the analysis of the trial data. The baseline
characteristics between the two groups were compared
using Wilcoxon-Mann-Whitney U test for continuous
variables and Fisher’s exact test or Chi square test for
categorical variables. The proportions of patients who
developed SSI in the two study groups was estimated and
compared using Chi square test. The secondary outcomes
were compared using the Fisher’s exact test and t-test.
Fisher’s exact test was also used to compare the bacterial
growth across the study groups.

The study protocol was approved by the Institutional
Ethics Committee (IEC) of AIIMS Bhubaneswar with Ref
Number: IEC/AIIMS BBSR/PG Thesis/2019-20/109. All
procedures were conducted according to the ethical
standards of the institutional research committee. A
written informed consent was obtained from all
participants prior to enrolment. This trial was
prospectively registered with the Clinical Trials Registry
of India (CTRI): CTRI/2020/06/025722.

RESULTS

A total of 460 participants were recruited and randomly
assigned to the two groups, of which 230 participants
received CG and 230 received PI. At baseline (Table 1),
both groups were statistically comparable across a wide
range of clinical and demographic variables, including
BMI, maternal age, gestational age at delivery, booking
status, and comorbidities such as anaemia, hypertension,
and diabetes. There were also no significant differences in
labour onset, duration of surgery, blood loss, and skin
closure technique.

Table 1: Characteristics of the study participants at baseline (n=450).

Characteristic

Povidone iodine

Chlorhexidine gluconate P value

(n=225), N (%)

(n=225), N (%)

Maternal age (years)* 27.344+4.63 26.9945.05 0.171"
Gestational age at CD (weeks)* 38.07+1.93 37.98+1.76 0.412!
BMI (Kg/m?) * 23.33+1.42 23.26+1.43 0.646'
Booking status**
Booked 63 (28.0) 70 (31.1) 0.470°
Un-booked 162 (72.0) 155 (68.9)

Continued.
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Povidone iodine

Chlorhexidine gluconate

Characteristic (n=225), N (%) (n=225), N (%) P value
Anemia** 90 (40) 75 (33.3) 0.5232
Hypertensive disorders of pregnancy** 42 (18.6) 45 (20) 0.884°
Diabetes mellitus** 15 (6.7) 27 (12) 0.0832
Onset of labor**

Spontaneous 169 (75.1) 152 (67.6) 0.1513
Induced 29 (12.9) 43 (19.1)

Not in labor 27 (12.0) 30 (13.3)

Prolonged labor** 13 (5.8) 22 (9.8) 0.1133
Number of PV examinations**

<5 204 (90.7) 193 (85.8) 0.108°
>5 21(9.3) 32 (14.2)

Prolonged rupture of membranes** 3(1.3) 7 (3.1) 0.2013
Indication for CD**

Fetal distress 99 (44.0) 85 (37.8) 0.5983
Previous CS not willing for TOLAC 44 (19.6) 45 (20.0)

Failed induction 11 (4.9) 24 (10.7)

Severe pre-eclampsia/eclampsia 13 (5.8) 20 (8.9)

Non progress of labor 11 (4.9) 13 (5.8)

Breech presentation (primigravida) 10 (4.4) 8 (3.6)

Early features of obstruction 8 (3.6) 6 (2.7)

Scar tenderness 8 (3.6) 6 (2.7)

Cephalopelvic disproportion 6 (2.7) 52.2)

Obstructed labor 3(1.3) 6 (2.7)

Placenta previa 4 (1.8) 2 (0.9)

Contracted pelvis 2 (0.9) 2 (0.9)

Transverse lie 2 (0.9) 2 (0.9)

Twin gestation-first twin breach 3(1.3) 1(0.4)

Compound presentation 1(0.4) 0(0.0)

Skin incision** 1.000?
Transverse 223 (99.6) 224 (99.6)

Vertical 1(0.4) 1(0.4)

Duration of surgery (minutes)* 64.63+14.70 65.86=17.09 0.571!
Blood loss** 0.455°
<500 mL 66 (29.5) 73 (32.7)

>500 mL 158 (70.5) 150 (67.3)

Skin closure technique**

Mattress 117 (52.0) 115 (51.1) 0.850°
Subcuticular 108 (48.0) 110 (48.9)

Statistical tests used - 'Wilcoxon-Mann-Whitney U Test, 2Fisher's Exact Test, *Chi-Squared Test. *Mean+SD, **Frequency (percentage)
Table 2: Comparing SSI between PI and CG groups (overall) (n=450).

" Chlorhexidine (n=225), N

: Povidone iodine (n=225), N (%)

Overall

Present 14 (6.2) 4 (1.8) 0.016!
Absent 211 (93.8) 221 (98.2)

Superficial SSI 13 (5.8) 3(1.3) 0.4051
Deep SSI 1(0.4) 1(0.4)

At 48 hours

Present 1(0.4) 0 1.0002
Absent 224 (99.6) 225 (100)

At one week

Present 11 (4.9) 3(1.3) 0.030"
Absent 214 (95.1) 222 (98.7)

Continued.
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Povidone iodine (n=225), N (%)

At one month

Chlorhexidine (n=225), N (%) P value

Present 2 (0.9)

1(0.4) 1.000

Absent 223 (99.1)

224 (99.6)

Statistical tests used - 'Chi-Squared Test, 2Fisher's Exact Test

A total of 4 patients (1.8%) in the CG group and 14 (6.2%)
in the PI group developed SSI. This difference was found
to be statistically significant on chi-square test. (¥2=5.787,
p=0.016), depicted in Table 2. Among the total 18 SSI
recorded in the study, most were superficial infections,
comprising 92.9% (13 of 14) in the PI group and 75% (3
of 4) in the CG group. Deep SSIs were rare, with only 1
case (7.1%) in the povidone group and 1 case (25%) in the
CG group. There was no significant difference between
groups in the type of SSI (p=0.405).

There was one SSI diagnosed at 48 hours in the PI group
and none in the CG group. The difference was not found
to be statistically significant at p=1.000. There were
11(4.9%) SSIs diagnosed in PI group and 3 (1.3%) SSIs
diagnosed in CG group within one week. This difference
was found to be statistically significant (p=0.030). There
were two (0.9%) SSIs diagnosed in PI group and one

(0.4%) SSIs diagnosed in CG group within one month.
This difference was not statistically significant (p=1.000).

Gaping of wound edges was noted in four cases of SSI
(28.6%) in PI group and one case of SSI (25%) in CG
group (Table 3). The difference was not found to be
statistically significant. There were no statistical
differences between patients randomly assigned to the CG
group and those randomly assigned to the PI group with
respect to rates of duration of hospital stay, requirement of
re-suturing, readmission resulting from infection and
pyrexia. Culture specimens were collected from all 18
patients with SSI, of which 16 (88%) showed positive
bacterial growth. Both culture-negative cases (2/18; 7%)
were from the PI group, while all CG group patients had
positive cultures. There was no statistically significant
difference between groups (¥*=0.643, p=1.000).

Table 3: Secondary outcomes in SSI patients between PI and CG Groups (n=18).

Outcomes Povidone iodine (n=14), N (%) Chlorhexidine (n=4), N (%) P value \
Wound gaping 4 (28.6) 1 (25.0) 1.000!
Hospital stay (days)* 9.55+4.61 11.00+4.58 0.658>
Re-suturing** 4 (28.6) 1 (25.0) 1.000!
Readmission due to infection®** 2 (14.3) 0 (0.0) 1.000!
Pyrexia** 2 (14.3) 0 (0.0) 1.000!
Wound culture

Positive 12 (85.7) 4 (100) 1.000!
Negative 2 (14.3) 0

'Fisher's Exact Test, t-test, *Mean+SD, **Frequency (percentage)

Table 4: Characteristics between participants with and without SSI in PI Group (n=225).

Parameters SSI Yes (n=14), N (%) SSI No (n=211), N (%) P value

Maternal age (years)* 28.86+4.20 27.24+4.64 0.218!

Gestational age at delivery (weeks)* 37.67+1.57 38.10+1.96 0.278!

BMI (Kg/m?*)* 24.03£1.08 23.28+1.43 0.060!

BMI**

18.5-22.9 Kg/m? 1(7.1) 67 (32.4) 0.0482

23.0-24.9 Kg/m? 10 (71.4) 127 (61.4)

25.0-29.9 Kg/m? 3(214) 12 (5.8)

30.0-34.9 Kg/m? 0 (0.0) 1(0.5)

Booking status**

Booked 3(21.4) 60 (28.4) 0.7622

Un-booked 11 (78.6) 151 (71.6)

Anemia** 0.096*

Absent 7 (50.0) 128 (60.7)

Mild 5(35.7) 47 (22.3)

Moderate 1(7.1) 35 (16.6)

Severe 1(7.1) 1(0.5)

Hypertensive disorders of pregnancy**

Absent 11 (78.6) 172 (81.5) 0.5902
Continued.
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\ Parameters SSI Yes (n=14), N (%) SSI No (n=211), N (%) P value \
Gestational hypertension 2 (14.3) 15 (7.1)
Chronic hypertension 1(7.1) 9(4.3)
Pre-eclampsia 0 (0.0) 9(4.3)
Eclampsia 0 (0.0) 6(2.8)
Diabetes mellitus**
Absent 12 (85.7) 198 (93.8) 0.175%
Gestational diabetes mellitus on medical
nutritional therapy () )
Overt diabetes mellitus 1(7.1) 2(0.9)
Gestational diabetes mellitus on insulin 0 (0.0) 3(1.4)
Onset of labor**
Spontaneous 10 (71.4) 159 (75.4) 0.7192
Induced 2 (14.3) 27 (12.8)
Not in labor 2 (14.3) 25 (11.8)
Prolonged labor (yes)** 1(7.1) 12 (5.7) 0.5762
Number of PV examinations**
<5 13 (92.9) 191 (90.5) 1.000?
>5 1(7.1) 20 (9.5)
Prolonged rupture of membranes** 0 (0.0) 3(1.4) 1.0002
Skin incision**
Transverse 13 (92.9) 210 (100.0) 0.0622
Vertical 1(7.1) 0 (0.0)
Duration of surgery (minutes)* 78.57+£32.37 63.71£12.33 0.070!
Blood loss**
<500 mL 3(21.4) 63 (30.0) 0.763>
>500 mL 11 (78.6) 147 (70.0)
Skin closure**
Mattress 10 (71.4) 107 (50.7) 0.1333
Subcuticular 4 (28.6) 104 (49.3)

aSignificant at p<0.05, 'Wilcoxon-Mann-Whitney U Test, 2Fisher's Exact Test, 3Chi-Square Test, *Mean+SD, **Frequency (percentage)

Table 5: Characteristics between participants with and without SSI in CG Group (n=225).

\ Parameters SSI Yes (n=4), N (%)  SSI No (n=221), N (%) P value \
Maternal age (years)* 26.75+4.11 27.00+5.07 0.957"
Gestational age at delivery (weeks)* 37.18+1.99 37.99+1.76 0.362!
BMI (Kg/m?)* 25.85+2.11 23.21+1.38 0.015!
BMI**
18.5-22.9 Kg/m? 0 (0.0) 77 (35.2) 0.0032
23.0-24.9 Kg/m? 1 (25.0) 124 (56.6)
25.0-29.9 Kg/m? 3 (75.0) 18 (8.2)
30.0-34.9 Kg/m? 0 (0.0) 0 (0.0)

Anemia

Absent 1 (25.0) 149 (67.4) 0.1222

Mild 2 (50.0) 42 (19.0)

Moderate 1 (25.0) 29 (13.1)

Severe 0 (0.0) 1 (0.5)

Hypertensive disorders of pregnancy

Absent 3 (75.0) 177 (80.1) 0.5932

Gestational hypertension 1 (25.0) 14 (6.3)

Chronic hypertension 0 (0.0) 14 (6.3)

Pre-eclampsia 0(0.0) 8 (3.6)

Eclampsia 0 (0.0) 8 (3.6)

Diabetes mellitus

Absent 4 (100.0) 194 (87.8) 1.000?
Continued.
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Parameters SSI Yes (n=4), N (%) SSI No (n=221), N (%) P value
Gestational diabetes mellitus on medical

nutritional therapy 0(0.0) 19(8.6)

Overt diabetes mellitus 0 (0.0) 7 (3.2)

Gestational diabetes mellitus on insulin 0(0.0) 1(0.5)

Onset of labor**

Spontaneous 4 (100.0) 148 (67.0) 0.7632
Induced 0 (0.0) 43 (19.5)

Not in labor 0 (0.0) 30 (13.6)

Prolonged labor (yes)** 1 (25.0) 21 (9.5) 0.3392
Number of PV examinations**

<5 3 (75.0) 190 (86.0) 0.4612
>5 1(25.0) 31 (14.0)

Prolonged rupture of membranes** 1 (25.0) 6 (2.7) 0.120?
Skin incision**

Transverse 4 (100.0) 220 (99.5) 1.000?
Vertical 0 (0.0) 1(0.5)

Duration of surgery (minutes)** 86.25+22.87 65.49+16.81 0.010!
Blood loss**

<500 mL 1 (25.0) 72 (32.9) 1.000?
>500 mL 3 (75.0) 147 (67.1)

Skin closure**

Mattress 4 (100.0) 111 (50.2) 0.1222
Subcuticular 0 (0.0) 110 (49.8)

aSignificant at p<0.05, 'Wilcoxon-Mann-Whitney U Test, 2Fisher's Exact Test, *Mean+SD, **Frequency (percentage)

In the PI group for skin antisepsis, a significant association
was found between the development of SSI and higher
BMI (p=0.048). No other parameters were found
significantly associated with SSI in the PI group (Table 4).

In CG group for skin antisepsis (Table 5), there was a
significant association between the development of SSI
and higher BMI (p=0.003) and duration of surgery of
86.25+22.87 minutes in those who developed SSI vs
65.49+£16.81 minutes in those who did not develop SSI
(p=0.010).

DISCUSSION

The current randomized controlled trial assessed the
effectiveness of CG compared to PI as a preoperative skin
antiseptic in preventing SSI in women undergoing
emergency caesarean delivery. Our study demonstrated a
significantly lower incidence of SSI in the CG group
(1.8%) compared to the PI group (6.2%), suggesting that
CG is more effective in preventing postoperative wound
infections in this high-risk population. There was no
statistically significant difference between the groups for
secondary outcomes such as duration of hospital stay, need
for re-suturing, or readmission due to infection, likely
owing to the overall low incidence of SSI in both groups.
Literature has concluded that emergency surgery itself is a
risk factor for the development of SSI compared to
electives due of non-optimization of patient general
condition and co-morbidities.!>?® However, especially in
emergency CD, factors like prolonged rupture of
membranes, prolonged labour prior to CD, multiple per
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vaginal examinations further increase the risk of SSI
development.?’”®  Therefore, ~women  undergoing
emergency CD are especially at higher risk of developing
SSI compared to other emergency surgical procedures.

Further, evidence also states that two thirds of SSIs are
confined to the incision, therefore skin antisepsis before
surgery especially in emergency surgeries results in
significant clinical benefit. This study recruited
participants who underwent emergency CD which itself is
a risk factor for the development of SSI. The results
showcased that factors like obesity, anaemia, duration of
the surgery, skin closure technique were significantly
associated with SSI, in either antiseptic groups, which was
similar to the other studies. However, factors like booking
status, prolonged rupture of the membranes, prolonged
labour, multiple per vaginal examinations and amount of
blood loss during surgery were not significantly associated
with the development of SSI compared to the other studies
which showed significant risk. This could have resulted
from a low proportion of SSI in the study sample.?”>-3

Adeyemo et al conducted a randomized trial where vaginal
cleansing with 0.3% CG significantly reduced
postoperative endometritis compared to saline (5.0% vs.
13.3%, p=0.042). However, it did not reduce SSI or post-
op fever.?? Nnagbo et al looked at the impact of vaginal
cleansing with CG, finding a notable reduction in post-
caesarean endometritis, even when standard antibiotics
were used. CG vaginal cleansing shows promise as an
effective adjunct to antibiotics for reducing uterine
infections post-C-section.?® Ghele et al analysed 9 RCTs
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(4 antiseptic regimens) and concluded that 2% CG in
alcohol had the highest likelihood of preventing SSIs,
followed by alcohol-based povidone-iodine. However, the
differences were modest, and credible intervals
overlapped.?*

The results of this trial are similar with those of the prior
studies that demonstrated the superiority of CG based
antiseptics over lodine-based antiseptics for the prevention
of SSI. The superiority of chlorhexidine-based solution is
probably related to its more rapid onset of action,
persistent activity despite exposure to bodily fluids and
residual effect.?!

The strength of this study includes that it is a common
medical problem encountered by almost all healthcare
professionals. Prevention of SSI is a pressing need and this
study evaluates a simple intervention to avoid the same.
There is a paucity of randomized controlled trials
evaluating the efficacy of CG based antiseptic preparations
vs PI for skin antisepsis prior to emergency CD. It adds to
the limited pre-existing evidence in a prospective manner.
The assessment for outcomes was objective, hence,
removing any bias and obviating the need for further
blinding.

This study has a few limitations like low sample size due
to restricted recruitment during COVID-19 pandemic,
giving a low proportion of SSI in the study sample. This
limited occurrence also reduced the statistical power to
detect meaningful differences in the secondary outcome
parameters. SSIs are not specific only to emergency CD,
hence, similar intervention in elective CDs warrant
exploration.

CONCLUSION

This randomized controlled trial specifically evaluated the
antiseptic efficacy in emergency CDs. CG significantly
reduced SSI incidence compared to PI, aligns with its
known properties including, more rapid onset of action,
persistent activity despite exposure to bodily fluids, and
residual effect. While the majority of SSIs were superficial
in both groups, there was no statistically significant
difference in the type of SSI (superficial vs. deep) between
the two antiseptic agents. The study found no significant
differences in secondary outcomes such as duration of
hospital stay, requirement for re-suturing, readmission due
to infection, or pyrexia, likely due to the overall low SSI
incidence in the study population. The results suggest that
optimizing skin antisepsis with CG offers a simple yet
effective intervention to mitigate SSI risk in emergency
caesarean deliveries.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee of AIIMS Bhubaneswar
with Ref Number: IEC/AIIMS BBSR/PG Thesis/2019-
20/109

International Journal of Reproduction, Contraception, Obstetrics and Gynecology

REFERENCES

1. Cunningham FG, Leveno KJ, Dashe JS, Hoffman BL,
Spong CY, Casey BM, eds. Williams obstetrics. 26th
ed. New York: McGraw Hill; 2022.

2. Betran AP, Ye J, Moller A-B, Zhang J, Giilmezoglu
AM, Torloni MR. The increasing trend in caesarean
section rates: global, regional and national estimates:
1990-2014. PLoS One. 2016;11(2):e0148343.

3. Lucas DN, Yentis SM, Kinsella SM, Holdcroft A,
May AE, Wee M, et al. Urgency of caesarean section:
anew classification. J R Soc Med. 2000;93(7):346-50.

4. Soltanifar S, Russell R. The National Institute for
health and clinical excellence (NICE) guidelines for
caesarean section, 2011 update: implications for the
anaesthetist. Int J Obstet Anesth. 2012;21(3):264-72.

5. National Institute for Health and Care Excellence.
Caesarean birth. London: NICE; 2021. Available
at: https://www.nice.org.uk/guidance/ng192.
Accessed 10 November 2025.

6. American  College  of  Obstetricians  and
Gynecologists. ACOG Committee Opinion No. 487:
preparing for clinical emergencies in obstetrics and
gynecology. Obstet Gynecol. 2011;117(4):1032-4.

7. Mangram AJ, Horan TC, Pearson ML, Silver LC,
Jarvis WR. Guideline for Prevention of Surgical Site
Infection, 1999. Centres for Disease Control and
Prevention (CDC) Hospital Infection Control
Practices Advisory Committee. Am J Infect Control.
1999;20(4):247-80.

8. Bratzler DW, Houck PM, Richards C, Steele L,
Dellinger EP, Fry DE, et al. Use of antimicrobial
prophylaxis for major surgery: baseline results from
the National Surgical Infection Prevention Project.
Arch Surg. 2005;140(2):174-82.

9. Anderson DJ, Podgorny K, Berrios- Torres SI,
Bratzler DW, Dellinger EP, Grenne L, et al. Strategies
to prevent surgical site infections in acute care
hospitals: 2014 update. Infect Control Hosp
Epidemiol 2014;35(S2):S66-88.

10. Conroy K, Koenig AF, Yu YH, Courtney A, Lee HJ,
Norwitz ER. Infectious morbidity after cesarean
delivery: 10 strategies to reduce risk. Rev Obstet
Gynecol. 2012;5(2):69-77.

11. Wloch C, Wilson J, Lamagni T, Har- rington P,
Charlett A, Sheridan E. Risk factors for surgical site
infection following caesarean section in England:
results from a multicentre cohort study. BJOG
2012;119(11):1324-33.

12. Ketema DB, Wagnew, F, Assemie MA, Ferede A,
Alamneh AA, Leshargie CT, et al. Incidence and
predictors of surgical site infection following cesarean
section in North-west Ethiopia: a prospective cohort
study. BMC Infect Dis. 2020;20(1):902.

13. Olsen MA, Butler AM, Willers DM, Devkota P, Gross
GA, Fraser VJ. Risk factors for surgical site infection
after low transverse cesarean section. Infect Control
Hosp Epidemiol. 2008;29(6):477-84.

14. Jalil MHA, Hammour KA, Alsous M, Awad W,
Hadadden R, Bakri F, et al. Surgical site infections

Volume 15 - Issue 4 Page 1285



15.

16.

17.

18.

19.

20.

21.

22.

23.

International Journal of Reproduction, Contraception, Obstetrics and Gynecology

Gabbeta S et al. Int J Reprod Contracept Obstet Gynecol. 2026 Apr;15(4):1278-1286

following caesarean operations at a Jordanian
teaching hospital: frequency and implicated factors.
Sci Rep. 2017;7(1):12210.

Ferraro F, Piselli P, Pittalis S, Ruscitti LE, Cimaglia
C, Ippolito G, et al. Surgical site infection after
caesarean  section: space for post-discharge
surveillance improvements and reliable comparisons.
New Microbiol. 2016;39(2):134-8.

Weigelt JA, Lipsky BA, Tabak YP, Derby KG, Kim
M, Gupta V. Surgical site infections: Causative
pathogens and associated outcomes. Am J Infect
Control. 2010;38(2):112-20.

Allegranzi B, Bischoff P, de Jonge S, Kubilay NZ,
Zayed B, Gomes SM, et al. New WHO
recommendations on pre- operative measures for
surgical site infection prevention: an evidence-based
global perspective. Lancet Infect Dis.
2016;16(12):¢276-87.

Berrios-Torres SI,Umscheid CA, Bratzler DW, Leas
B, Stone EC, Kelz RR, et al. Centers for disease
control and prevention guideline for the prevention of
surgical site infection, 2017. JAMA Surg.
2017;152(8):784-91.

National Institute for Health and Care Excellence.
Surgical site infections: prevention and treatment.
London: NICE; 2019. Available at:
https://www.nice.org.uk/guidance/ng125. Accessed
10 November 2025.

Malangoni MA, Cheadle WG, Dodson TF, Dohmen
PM, Jones D, Katariya K, et al. Roundtable
discussion: new opportunities for reducing risk of
surgical site infection. Surg Infect.
2006;7(1_suppl):23-9.

Tuuli MG, Liu J, Stout MJ, Martin S, Cahill AG,
Odibo AO, et al. A randomized trial comparing skin
antiseptic agents at cesarean delivery. N Engl J Med.
2016;374(7):647-55.

Adeyemo M, Oyeneyin L, Irinyenikan T, Gbala M,
Akadiri O, Bakare B, et al. Pre-caesarean section
vaginal preparation with chlorhexidine solution in
preventing puerperal infectious morbidities: a
randomized controlled trial. West Afr J Med.
2022;39(4):369-74.

Nnagbo EJ, Obi NS, Umeh AU. Effectiveness of
Chlorhexidine vaginal cleansing in reducing post-

24.

25.

26.

27.

28.

29.

30.

caesarean endometritis at two tertiary hospitals in
Enugu, Nigeria: A randomized controlled trial. Trop
Doct. 2023;53(1):50-6.

Aho Glele LS, Simon E, Bouit C, Serrand M, Filipuzzi
L, Sagot P, et al. Which antiseptic to use for a
caesarean section? A systematic review and network
meta-analysis of randomized controlled trials. J Hosp
Infect. 2024;148:119-28.

Darouiche RO, Wall MJ Jr, Itani KM, Otterson MF,
Webb AL, Carrick MM, et al. Chlorhexidine-alcohol
versus povidone-iodine for surgical-site antisepsis. N
Engl J Med. 2010;362(1):18-26.

Onyegbule OA, Akujobi CN, Ezebialu IU, Nduka AC,
Anahalu IC, Okolie VE, et al. Determinants of post-
caesarean wound infection in Nnewi, Nigeria.
BIMMR. 2015; 5(6):767-74.

Yerba, K, Failoc-Rojas V, Zefia-Nafiez S, Valladares-
Garrido, M. Factors Associated with Surgical Site
Infection in Post-Cesarean Section: A Case-Control
Study in a Peruvian Hospital. Ethiop J Health
Sci.2020;30(1):95-100.

Gelaw KA, Aweke AM, Astawesegn FH, Demissie
BW, Zeleke LB. Surgical site infection and its
associated factors following cesarean section: a cross
sectional study from a public hospital in Ethiopia.
Patient Saf Surg. 2017;11(1):18.

Wodajo S, Belayneh M, Gebremedhin S. Magnitude
and factors associated with post- cesarean surgical site
infection at hawassa university teaching and referral
hospital, southern Ethiopia: a cross-sectional study.
Ethiop J Health Sci. 2017;27(3):283-90.

Farret TC, Dallé J, Monteiro Vda S, Riche CV,
Antonello VS. Risk factors for surgical site infection
following cesarean section in a Brazilian Women’s
Hospital: a case-control study. Braz J Infect Dis.
2015;19(2):113-7.

Cite this article as: Gabbeta S, Sethi P, Jena SK,
Mahapatra A, Selvan A, Baji D. Efficacy of
chlorhexidine gluconate in reducing surgical site
infections after emergency caesarean delivery: a
randomized controlled trial. Int J Reprod Contracept
Obstet Gynecol 2026;15:1578-86.

Volume 15 - Issue 4 Page 1286



