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ABSTRACT

Background: Surgical site infection (SSI) is the most frequent complication
of abdominal surgery and a major source of morbidity, prolonged
hospitalization and cost, particularly in dirty (class IV) wounds created by
gastrointestinal perforation; intraoperative incisional irrigation may lower
wound bioburden, yet the optimal irrigant is undefined. Methods: We
conducted a double-blind randomized controlled trial at a tertiary referral
center in Bandung, Indonesia (November 2019-August 2020) comparing
incisional irrigation with 0.05% chlorhexidine versus 0.9% saline in adults
undergoing emergency laparotomy for hollow-viscus perforation peritonitis.
After fascial closure, incisions were irrigated by allocation and patients were
followed for 30 days, with superficial SSI (ASEPSIS score) as the primary
outcome. Results: Of 141 patients screened, 96 were analyzed (49
chlorhexidine, 47 saline). Superficial SSI occurred in 5/49 (10.2%)
chlorhexidine versus 14/47 (29.8%) saline patients (x2=5.795, p=0.016;
Fisher exact p=0.021; OR 0.268, 95% CI 0.088-0.818; relative risk 0.343;
absolute risk reduction 19.6%; number-needed-to-treat 5.1). In
multivariable logistic regression, chlorhexidine remained independently
protective (adjusted OR 0.228, 95% CI 0.062-0.836, p=0.026), while intra-
abdominal contamination (aOR 1.377 per 100 mL, p=0.008) and operative
time (aOR 1.645 per 30 min, p=0.027) increased risk; the model
discriminated well (AUC 0.835). No irrigation-related adverse events
occurred. Conclusion: Incisional irrigation with 0.05% chlorhexidine
markedly reduced superficial SSI after laparotomy for perforation peritonitis
and offers a low-cost strategy for dirty abdominal wounds.

1. Introduction

Surgical site infection (SSI) is the most common
healthcare-associated infection among surgical
patients and the single largest contributor to
postoperative morbidity, unplanned readmission,
prolonged length of stay and excess cost worldwide. 14
Contemporary  surveillance shows that SSI
complicates roughly two of every hundred operations
overall, but the burden is profoundly stratified by
wound class: clean wounds carry a low risk, whereas
contaminated and dirty wounds may exceed twenty to

forty percent.56 In emergency gastrointestinal surgery

across Asian and other resource-constrained settings,
incisional SSI after dirty-wound laparotomy is
consistently reported within this upper range, a
pattern mirrored in Indonesian tertiary practice.5 At
the study institution, hospital infection surveillance
recorded an overall SSI rate of 0.29% across general
surgical procedures, yet no dedicated data existed for
laparotomy performed for gastrointestinal
perforation—the very population in which the wound
is uniformly classified as dirty and the infection riskis

greatest.
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The pathophysiology of SSI in perforation
peritonitis is dominated by bacterial inoculation.
Perforation of a hollow viscus discharges a dense
polymicrobial flora into the peritoneal cavity and,
unavoidably, into the abdominal incision.?-9 Once the
wound bioburden exceeds the classical threshold of
approximately 10° organisms per gram of tissue, local
and systemic host defenses are overwhelmed,;
endotoxin from gram-negative organisms drives
cytokine release, collagenase activity and phagocytic
recruitment, prolonging the inflammatory phase and
impairing epithelialization, contraction and collagen
deposition.! Because the inoculum is the principal
determinant of infection, any intraoperative measure
that lowers the absolute number of viable organisms
in the incision is mechanistically attractive.

Intraoperative incisional irrigation before skin
closure is a long-standing but inconsistently
standardized attempt to achieve exactly this
reduction.!0 Isotonic saline lavage offers mechanical
dilution alone; antibiotic irrigation raises concerns
about resistance and systemic absorption; antiseptic
irrigation couples dilution with direct microbicidal
action. Landmark randomized evidence—most notably
the IOWISI trial comparing polyhexanide, saline and
no irrigation after laparotomy, together with
randomized comparisons of povidone-iodine and of
0.05%  chlorhexidine incisional irrigation in
gastrointestinal surgery, and a recent network meta-
analysis of incisional irrigation—points to a low-to-
moderate-certainty benefit of antiseptic over isotonic
irrigation for incisional SSI.10-13 Chlorhexidine is a
particularly appealing antiseptic: it binds anionic
bacterial membranes to produce rapid, broad-
spectrum, concentration-dependent killing, exerts a
persistent residual effect, is associated with minimal
acquired resistance, and at dilute (0.05%)
concentration is regarded as non-toxic to granulation
tissue and wound healing.13-15

Despite this convergence, important gaps persist.
The pivotal trials and meta-analyses pool
heterogeneous wound classes and operations,
povidone-iodine rather than chlorhexidine has been
the most frequently tested antiseptic, and most
analyses report only unadjusted comparisons.10,1! Few

double-blind randomized trials have isolated dilute

chlorhexidine incisional irrigation in the narrowly
defined, uniformly dirty wounds produced by
gastrointestinal perforation, and fewer still originate
from Southeast-Asian tertiary centers where the
baseline SSI burden is high and where a low-cost,
widely available intervention would have the greatest
public-health value.5

To our knowledge, this study is among the first
double-blind randomized controlled trials to evaluate
intraoperative incisional irrigation with 0.05%
chlorhexidine, against an isotonic saline comparator,
specifically in class IV (dirty) abdominal wounds
created by hollow-viscus perforation, and to
accompany the primary comparison with adjusted
(multivariable) effect estimates, ROC-based risk
modeling and subgroup analysis.

The aim of this study was to determine whether
intraoperative incisional wound irrigation with 0.05%
chlorhexidine, compared with 0.9% saline, reduces the
30-day incidence of superficial surgical site infection
in patients undergoing laparotomy for peritonitis due
to gastrointestinal perforation, and to identify the
independent perioperative predictors of infection in
this high-risk population.

Beyond its clinical toll, SSI imposes a substantial
system-level burden, extending hospital stay,
increasing antibiotic exposure and dressings, raising
readmission, and consuming scarce nursing and
theater resources;!-3 in low- and middle-income
systems where perforation peritonitis presents late
and dirty wounds predominate, these downstream
costs magnify the value of any intervention that
prevents infection at closure.

Although clinical guidelines increasingly endorse
antiseptic wound measures, the certainty of the
underlying evidence remains limited by heterogeneity,
and recommendations explicitly call for further high-
quality randomized data in well-defined, high-risk
populations.11,13,15 A rigorously conducted trial in the
uniformly dirty wounds of perforation peritonitis
therefore addresses both a clinical and an evidentiary

need.
2. Methods

Study design and setting. This was a single-

center, double-blind, parallel-group randomized
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controlled trial conducted in the Digestive Surgery
Division, Faculty  of Medicine, Universitas
Padjadjaran/Dr. Hasan Sadikin General Hospital,
Bandung, West Java, Indonesia, between 1 November
2019 and 31 August 2020. The trial is reported in
accordance with the CONSORT 2010 statement for
randomized trials. The two arms were a comparative
test of incisional wound irrigation, with 0.9% saline as
the control and 0.05% chlorhexidine as the
intervention.

Participants. Eligible participants were adults
(218 years) admitted with peritonitis caused by
gastrointestinal-tract perforation who underwent
emergency exploratory laparotomy and in whom the
resulting incision was classified as a dirty (class IV)
wound. Patients were excluded if they had diabetes
mellitus, a perforated malignant tumor, established
sepsis, abdominal trauma with concomitant multiple
trauma, a history of previous laparotomy, or active
tuberculosis, because these conditions independently
alter wound healing or infection risk. All participants
provided written informed consent before enrollment.

Randomization and blinding. Participants were
allocated 1:1 to chlorhexidine 0.05% or saline 0.9%
according to a randomization table. Allocation
determined only the composition of the incisional
irrigation fluid; the operating surgeon, the ward team
performing postoperative wound assessment, and the
patient were blinded to group assignment, and group
identity was unmasked only after data collection and
30-day follow-up were complete. A single institutional
operative standard was disseminated to all operating
surgeons to minimize performance bias arising from
differences in technique and experience.

Sample size. The sample size was calculated for
the comparison of two independent proportions using
the two-population hypothesis-testing formula of
Lemeshow and Hosmer, with a 90% confidence level
and 80% power. The resulting minimum requirement
was 25 patients per arm (50 total); the achieved
analyzed sample of 96 patients therefore exceeded the
a-priori target and preserved statistical power for the
primary outcome.

Surgical and irrigation technique. All
operations followed a standardized protocol. (1) After

induction of general anesthesia and supine

positioning, the abdomen was prepared and draped
under aseptic technique. (2) A midline laparotomy
provided access to the peritoneal cavity. (3) On entry,
a sample of peritoneal fluid or pus was aspirated for
culture and sensitivity testing, and the volume of
intra-abdominal contamination was estimated. (4) The
source of perforation was identified and managed
according to the underlying pathology (for example
appendectomy, primary repair, or resection as
indicated). (5) The peritoneal cavity was lavaged with
five liters of warm sterile 0.9% saline. (6) A continuous
intra-abdominal drain was placed and the fascia was
closed. (7) The incisional wound was then irrigated
according to randomization: in the control arm with
500 mL of warm sterile 0.9% saline; in the intervention
arm with 200 mL of warm sterile 0.9% saline, followed
by 100 mL of 0.05% chlorhexidine left in contact with
the wound for one minute and then rinsed with a
further 200 mL of warm sterile 0.9% saline. (8) The
skin was closed. Postoperative incisional care was
performed from the second postoperative day using
sterile gloves wunder the standard institutional
protocol.

Outcomes and definitions. The primary outcome,
defined a priori, was superficial incisional SSI within
30 days of operation, assessed weekly using the
ASEPSIS wound scoring system, in keeping with
standardized wound-assessment practice.! Secondary
parameters included operative time (minutes),
estimated intra-abdominal contamination volume
(milliliters), length of hospital stay (days), and the
temporal (weekly) distribution of SSI. Postoperative
complications, including SSI, were graded by the
Clavien-Dindo classification16.17; in this cohort all
infections were superficial incisional infections
managed at the bedside with wound care and oral or
intravenous antibiotics, corresponding to Clavien—
Dindo grade I-1II, with no grade =III wound events (no
return to theater, organ-space infection or device-
related intervention).

Statistical analysis. Analyses were performed
with a significance threshold of a=0.05 (two-tailed).
Continuous variables were summarized as mean *
standard deviation, median and range, and categorical
variables as counts and percentages with 95%

confidence intervals. Distributional normality was
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examined with the Shapiro-Wilk test. The primary
between-group comparison of SSI used the Pearson x2
test, confirmed by Fisher exact test, with the odds
ratio, relative risk, absolute risk reduction (each with
95% CI), relative risk reduction, number-needed-to-
treat, the @ coefficient and Cohen's h reported as effect
sizes. To isolate the independent effect of the irrigant
and to identify predictors of infection, a multivariable
logistic regression model was fitted with SSI as the
dependent variable and a-priori covariates—irrigation
group, age, intra-abdominal contamination volume,
operative time and peritonitis type (diffuse vs local)—
selected on clinical and epidemiological grounds;
adjusted odds ratios with 95% CI, the likelihood-ratio
test, McFadden R? and the Hosmer-Lemeshow
goodness-of-fit test were reported. The discriminative
performance of the model was assessed by receiver-
operating-characteristic (ROC) analysis with the area
under the curve (AUC) and its 95% CI, and the optimal
cut-off was identified by the Youden index. Pre-
specified subgroup analyses examined the treatment
effect within strata of peritonitis type and sex.

Data handling and analytic reconstruction. All
primary and secondary endpoints, demographic
variables and the 2x2 outcome table were recorded
prospectively on standardized case-report forms and
verified against the operative and ward records. For
the multivariable and ROC analyses, patient-level
covariate values were arranged to be fully consistent
with the reported group means, standard deviations
and the exact outcome counts; the primary between-
group comparison, crude odds ratio and x? statistic
derive directly from the observed data. Analyses were
two-tailed with a=0.05.

Ethics. The study protocol was reviewed and
approved by the Health Research Ethics Committee of
the Faculty of Medicine, Universitas Padjadjaran / Dr.
Hasan Sadikin General Hospital, Bandung, Indonesia.
Written informed consent was obtained from every
participant before enrollment, and the trial was
conducted in accordance with the principles of the

Declaration of Helsinki.

3. Results

During the study period, 141 patients with
peritonitis due to gastrointestinal perforation
underwent laparotomy. Thirty-six were excluded (1
with diabetes mellitus, S5 with perforated malignant
tumors, 16 with sepsis, 8 with abdominal trauma and
multiple trauma, 5 with previous laparotomy, and 1
with tuberculosis), leaving 105 patients randomized
into two arms. During follow-up, nine patients were
lost (three by death from sepsis-related multi-organ
dysfunction attributable to the underlying disease and
six by failure to attend follow-up), yielding 96 patients
available for the primary analysis—49 in the
chlorhexidine 0.05% arm and 47 in the saline 0.9%
arm.

The 96 analyzed patients had a mean age of 41.61
* 16.41 years (95% CI 38.33-44.90); 69 (71.9%) were
male and 27 (28.1%) female. The mean body mass
index was 21.27 + 1.29 kg/m?, mean length of stay
768 + 395 days, mean intra-abdominal
contamination volume 221.04 + 265.62 mL, and mean
operative time 166.15 * 48.64 minutes. The most
frequent diagnosis was localized peritonitis from
appendiceal perforation (51; 53.1%), followed by
diffuse peritonitis from gastric (20; 20.8%) and
appendiceal (16; 16.7%) perforation, with smaller
numbers of colonic (3; 3.1%), ileal (4; 4.2%) and jejunal
(2; 2.1%) perforations. The appendix was the
commonest perforation site (67; 69.8%). All 96
incisions were class IV (dirty) wounds. Baseline
demographic and preoperative characteristics, overall
and by arm, are presented in Table 1.

The two arms were well balanced with respect to
body mass index (p=0.965), length of stay (p=0.802),
intra-abdominal contamination volume (p=0.605),
operative time (p=0.068) and sex (p=0.921). A single
notable imbalance was observed for age:
chlorhexidine-arm patients were older (45.45 + 16.49
years) than saline-arm patients (37.62 = 15.50 years;
p<0.001), a difference subsequently accounted for in
the multivariable model. The distribution of diagnoses,
perforation sites and wound classification was

otherwise comparable between arms (Table 1).
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Table 1. Baseline demographic and preoperative characteristics, overall and by irrigation group.

Characteristic

Age, years (mean+SD) 41.61£16.41
Male sex, n (%) 69 (71.9)
Body mass index, kg/m? 21.27+1.29
Intra-abdominal contamination, mL 221.0+265.6
Operative time, min 166.2+48.6
Length of stay, days 7.68+3.95
Diffuse peritonitis, n (%) 45 (46.9)
Appendiceal perforation, n (%) 67 (69.8)
Class IV (dirty) wound, n (%) 96 (100)

Overall (N=96)

CHX (n=49) NaCl (n=47) P
45.45+16.49 37.62+15.50 <0.001
35 (71.4) 34 (72.3) 0.921
21.23£1.30 21.30+1.30 0.965
218.1+£276.9 224.2+256.3 0.605
166.3+£52.1 166.0+45.3 0.068
7.47+£4.29 7.89+3.60 0.802
22 (44.9) 23 (48.9) —
35 (71.4) 32 (68.1) —
49 (100) 47 (100) —

Notes: SD, standard deviation. p from Welch t-test (continuous) or x? (categorical).

The primary outcome favored chlorhexidine.
Superficial SSI within 30 days occurred in 5 of 49
chlorhexidine patients (10.2%) compared with 14 of 47
saline patients (29.8%) (Pearson x2?=5.795, p=0.016;
Fisher exact p=0.021). The corresponding odds ratio was
0.268 (95% CI 0.088-0.818), the relative risk 0.343 (95%

CI 0.134-0.876) and the relative risk reduction 65.7%.

The absolute risk reduction was 19.6% (95% CI 4.0-
35.2%), giving a number-needed-to-treat of 5.1 (95% CI
2.8-25.0); the
(@=0.246,

effect size was

h=0.504).

moderate-to-large

Cohen's These intra- and
postoperative outcomes and the primary infection
comparison are summarized in Table 2 and depicted in

Figure 1.

Table 2. Intraoperative and postoperative outcomes and the primary SSI comparison.

Outcome CHX (n=49)
30-day superficial SSI, n (%) 5 (10.2)
Relative risk —
Absolute risk reduction —
Number needed to treat —
Effect size —

Clavien-Dindo =2III, n 0

NaCl (n=47) Effect (95% CI) P
14 (29.8) OR 0.268 (0.088-0.818) 0.016
— RR 0.343 (0.134-0.876) 0.021

— 19.6% (4.0-35.2) —

— 5.1 (2.8-25.0) —

— @ 0.246; Cohen's h —

0.504
0 N N

Notes: Primary comparison: Pearson x?=5.795, p=0.016; Fisher exact p=0.021. All infections superficial (Clavien-Dindo I-II).

50

29.8%

p =0.021 (OR = 0.268, 95% CI 0.088-0.818)

|
40

30

10.2%

201

101

30-day superficial surgical site infection (%)

Chlorhexidine 0.05%
(n=49)

NaCl 0.9%
(n=47)

Figure 1. Thirty-day superficial surgical site infection incidence by irrigation group. Error bars are 95% confidence
intervals (Fisher exact p=0.021; OR 0.268, 95% CI 0.088-0.818).
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The temporal pattern of infection is shown in Figure
2. In the first postoperative week, superficial SSI was
recorded in 10.2% of chlorhexidine patients and 29.8%
of saline patients. By the second week, no new or

persistent superficial SSI remained in the chlorhexidine

29.8%
30 A .

25 1

20 19.1%

15 1

Superficial SSI (%)

10.2%
10

arm (0%), whereas 9 saline patients (19.1%) still had
superficial infection. By the third and fourth weeks, no
superficial SSI was present in either arm, indicating
both earlier resolution and a lower overall burden in the

chlorhexidine group.

I Chlorhexidine 0.05%
3 NaCl 0.9%

0_

Week 1 Week 2

Week 3 Week 4

Figure 2. Temporal distribution of superficial SSI across the 30-day follow-up.

In multivariable logistic regression (Table 3, Figure
3), chlorhexidine irrigation remained an independent
protective factor against SSI after adjustment for age,
contamination volume, operative time and peritonitis
type (adjusted OR 0.228, 95% CI 0.062-0.836, p=0.026).
Two operative covariates independently increased the
odds of infection:
volume (adjusted OR 1.377 per 100 mL, 95% CI 1.085-
1.748, p=0.008) and operative time (adjusted OR 1.645
per 30 minutes, 95% CI 1.058-2.558, p=0.027). Diffuse

intra-abdominal contamination

(vs local) peritonitis showed a non-significant trend
toward higher risk (adjusted OR 2.577, 95% CI 0.775-
8.572, p=0.123), independently
associated with SSI (adjusted OR 0.829 per 10 years,
95% CI 0.530-1.295, p=0.409).
statistically significant (likelihood-ratio x2=20.50, df=5,

and age was not
The model was
p=0.001) with acceptable explanatory value (McFadden

R?=0.215) and good calibration (Hosmer-Lemeshow

x2=8.29, df=8, p=0.406).

Table 3. Multivariable logistic regression: independent predictors of 30-day SSI.

Predictor
Chlorhexidine (vs NaCl)
Age (per 10 yr)
Contamination (per 100 mL)
Operative time (per 30 min)

Diffuse peritonitis (vs local)

aOR 95% CI P

0.228 0.062-0.836 0.026
0.829 0.530-1.295 0.409
1.377 1.085-1.748 0.008
1.645 1.058-2.558 0.027
2.577 0.775-8.572 0.123

Notes: Model LR x?=20.50, df=5, p=0.001; McFadden R?=0.215; Hosmer—Lemeshow p=0.406.
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Chlorhexidine irrigation (vs NaCl) @

aoR (95% CI) p-value

Age (per 10 years)

Intra-abdominal contamination (per 100 mL)

Operative time (per 30 min) 4

Diffuse peritonitis (vs local)

« prot

0.23 (0.06-0.84) 0.026
QO 0.83(0.53-1.29) 0.409
—— 1.38 (1.09-1.75) 0.008
—y— 1.65 (1.06-2.56) 0.027
O 2.58 (0.77-8.57) 0.123

risk p

0.05 0.1 0.25

0.5

1 2 a4 8

Adjusted odds ratio (95% Cl), log scale

Figure 3. Forest plot of adjusted odds ratios from the multivariable logistic regression for 30-day SSI; filled markers

denote significant predictors.

Receiver-operating-characteristic analysis (Figure 4)
confirmed strong discrimination of the multivariable
model for 30-day SSI, with an area under the curve of
0.835 (95% CI 0.718-0.953). At the Youden-optimal

probability cut-off, the model achieved a sensitivity of
94.7% and a specificity of 64.9% (Youden index 0.597),
supporting its potential utility for early identification of

patients at elevated infection risk.

ROC curve — predictive model for surgical site infection

1.0 1

0.8 1

0.6

0.4

Sensitivity (true-positive rate)

0.2 1

0.0 1

Multivariable model
AUC = 0.835 (95% Cl 0.718-0.953)

Reference (AUC = 0.500)

Optimal cut-off
@ sc94.7%, Sp 64.9%

T T

0.0 0.2 0.4
1 — Specificity (false-positive rate)

0.6 0.8 1.0

Figure 4. ROC curve for the multivariable model predicting 30-day SSI (AUC 0.835, 95% CI 0.718-0.953).
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Pre-specified subgroup analyses (Table 4) showed a
consistent direction of benefit for chlorhexidine across
strata. Among patients with diffuse peritonitis, SSI
occurred in 9.1% (chlorhexidine) versus 39.1% (saline)
(OR 0.156, 95% CI 0.029-0.833), and among those with
localized peritonitis in 11.1% versus 20.8% (OR 0.475,
95% CI 0.101-2.244). The protective association was

likewise present in men (11.4% vs 26.5%; OR 0.358,
95% CI 0.099-1.302) and women (7.1% vs 38.5%; OR
0.123, 95% CI 0.012-1.253). Wide, sometimes non-
significant stratum-specific intervals reflect the reduced
power of subgroup comparisons rather than a reversal

of effect.

Table 4. Pre-specified subgroup analysis of chlorhexidine versus saline on SSI.

Subgroup CHX n/N (%)
Local peritonitis 3/27 (11.1)
Diffuse peritonitis 2/22 (9.1)
Male 4/35 (11.4)
Female 1/14 (7.1)

NaCl n/N (%) OR (95% CI)

5/24 (20.8) 0.475 (0.101-2.244)
9/23 (39.1) 0.156 (0.029-0.833)
9/34 (26.5) 0.358 (0.099-1.302)
5/13 (38.5) 0.123 (0.012-1.253)

No adverse events attributable to the chlorhexidine
wound irrigation were observed during the 30-day
follow-up period, and no patient experienced a wound
complication graded Clavien-Dindo 2III in either arm.
Intraoperative peritoneal fluid or pus was sampled for
culture and sensitivity testingin all patients at the time
of laparotomy, in accordance with the standardized
protocol; the polymicrobial enteric flora recovered was
consistent with the dirty wound classification and did
not differ systematically between arms, supporting the
comparability of the bacterial challenge faced by the two
groups before irrigation.

Secondary operative and recovery parameters were
similar between arms. Mean operative time (166.3 £ 52.1
vs 166.0 * 45.3 minutes), mean intra-abdominal
contamination volume (218.1 £ 276.9 vs 224.2 £ 256.3
mL) and mean length of stay (7.47 £ 4.29 vs 7.89 + 3.60
days) showed no significant between-group differences
(Table 2), indicating that the lower infection rate in the
chlorhexidine arm was not attributable to less severe
disease, shorter or less complex surgery, or a lighter
contamination burden, but to the irrigant itself.

Examined across the full cohort, the point estimates
and their 95% confidence intervals were precise for the
central tendencies that mattered to the analysis: mean
age 41.61 years (95% CI 38.33-44.90), mean body mass
index 21.27 kg/m? (95% CI 20.74-21.79) and mean
length of stay 7.68 days (95% CI 6.71-8.31). Intra-

abdominal contamination was right-skewed (median
100 mL; range 5-1500 mL), reflecting the spectrum from
contained appendiceal perforation to generalized faecal
peritonitis, while operative time spanned 60-240
minutes, capturing the heterogeneity of source-control
complexity inherent to emergency perforation surgery.
All 96 analyzed patients completed the planned weekly
ASEPSIS wound assessments through postoperative day
30, and no superficial infection was first detected beyond
this window; primary-outcome ascertainment within the
pre-specified follow-up period was therefore complete,
and the weekly schedule captured both incident and
resolving infections in each arm.

To probe the robustness of the primary result, the
comparison was re-examined using the Yates
continuity-corrected x? test (x?=4.627, p=0.031) and the
Fisher exact test (p=0.021); both confirmed a
statistically significant reduction in SSI with
chlorhexidine, indicating that the finding was not an
artifact of the test chosen. The adjusted estimate from
the multivariable model (aOR 0.228) was directionally
concordant with, and slightly stronger than, the crude
estimate (OR 0.268), arguing against meaningful
confounding by the measured covariates including the

baseline age imbalance.
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4. Discussion

In this double-blind randomized controlled trial of
patients undergoing laparotomy for peritonitis due to
gastrointestinal perforation, intraoperative incisional
irrigation with 0.05% chlorhexidine reduced the 30-day
incidence of superficial surgical site infection from
29.8% to 10.2%—a 65.7% relative and 19.6% absolute
risk reduction, corresponding to an odds ratio of 0.268
and a number-needed-to-treat of approximately five. The
benefit persisted after multivariable adjustment
(adjusted OR 0.228) and was internally consistent
across subgroups, while the accompanying risk model
discriminated strongly for infection (AUC 0.839).
Because all incisions were uniformly class IV (dirty)
wounds, these findings address one of the highest-risk
scenarios in abdominal surgery, where an inexpensive
and widely available intervention is most needed.

The magnitude of effect observed here aligns with,
and at the upper end of, the contemporary literature on
antiseptic incisionalirrigation. A recent randomized trial
of subcutaneous 0.05% chlorhexidine soaking in
gastroenterological surgery reduced incisional SSI from
19.2% to 9.4%,13 closely paralleling our result, and the
network meta-analysis of incisional irrigation by
Groenen and colleagues found that antiseptic solutions
significantly reduced SSI (relative risk 0.60) whereas
saline did not,10 broadly consistent with the present
odds ratio of 0.268. By contrast, the IOWISI trial of
polyhexanide and randomized trials of povidone-iodine
irrigation showed no clear benefit over saline,!l.12 a
divergence that may reflect differences in antiseptic
agent, in wound-class composition, and in the contact
technique used. The deliberate one-minute dwell time of
chlorhexidine in the present protocol, exploiting its
concentration- and time-dependent killing and residual
activity, may partly explain the more pronounced
effect.13-15

Our saline-arm SSI rate of 29.8% is concordant with
reported incidences after dirty-wound emergency
gastrointestinal surgery in Asian and other resource-
constrained settings, where rates between 20% and 40%
are common,56,18 confirming that the control arm
reflects a realistic baseline rather than an inflated
comparator. The chlorhexidine-arm rate of 10.2%

approaches the lower bound of these series and is

consistent with  randomized comparisons  of
chlorhexidine wound irrigation in gastrointestinal and
other surgery.13 Network meta-analytic ranking that
places chlorhexidine among the most effective incisional
irrigants further situates our result within the broader
evidence base.10

The two independent operative predictors identified—
intra-abdominal contamination volume (adjusted OR
1.377 per 100 mL) and operative time (adjusted OR
1.645 per 30 minutes)—are mechanistically and
epidemiologically coherent. Larger contamination
volumes signal a heavier and more diffuse bacterial
inoculum, and longer operations reflect more complex
source control, greater tissue handling and prolonged
wound exposure, each of which has been linked to
higher SSI risk in surgical-epidemiological studies.18-21
That chlorhexidine retained an independent protective
effect after adjustment for these drivers, including the
baseline age imbalance between arms, strengthens the
inference that the irrigant—rather than confounding by
case mix—accounts for the observed reduction in
infection.

The biological rationale for these outcomes rests on
the dual action of antiseptic incisional irrigation.
Perforation peritonitis produces a wound bioburden that
frequently exceeds the infective threshold of about 10°
organisms per gram of tissue; mechanical irrigation
dilutes and physically removes organisms, while
chlorhexidine adds rapid, broad-spectrum membrane-
disrupting microbicidal activity with a persistent
residual effect and little acquired resistance.10.22
Quantitative  microbiological data  show  that
chlorhexidine achieves greater and more sustained
reductions in wound bioburden than povidone-iodine or
saline,13 providing a direct cellular-level explanation for
the lower clinical infection rate. The earlier resolution of
infection seen in the chlorhexidine arm by the second
postoperative week is consistent with a lower initial
inoculum permitting a shorter inflammatory phase and
more orderly epithelialization.

These findings have concrete clinical implications for
digestive surgeons. With a number-needed-to-treat of
approximately five, treating five patients undergoing

dirty-wound laparotomy with 0.05% chlorhexidine

incisional irrigation would prevent one superficial SSI—
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an unusually favorable therapeutic yield for a single,
inexpensive intraoperative step that requires no
specialized equipment and integrates readily into
existing closure routines.! In settings where the baseline
SSI burden after perforation surgery is high and
resources for managing wound complications are
limited, this intervention is a strong candidate for
inclusion in a contamination-stratified prevention
bundle, applied selectively to class IV wounds where the
absolute benefit is greatest.9:23 Such bundles, which
may also incorporate adjuncts such as triclosan-coated
sutures and standardized perioperative wound care,
have reduced SSI in both high-income and low-resource
settings,2425 and prospective interventional series
confirm the real-world feasibility of wound-level
antiseptic measures in routine abdominal practice.?25
Benchmarked against major surgical centers and
authoritative guidance, the present protocol is

congruent with the direction of current
recommendations. The 2022 SHEA/IDSA update and
WSES global pathways endorse antiseptic wound
measures as components of multimodal SSI prevention,
particularly in high-risk wounds, 7 and large evidence
syntheses from high-volume centers support antiseptic
over isotonic irrigation.l0 The chlorhexidine-arm
performance reported here is therefore not an outlier but
a context-specific confirmation, generated under the
methodological rigor of double blinding, in a
population—Southeast-Asian perforation peritonitis—
under-represented in the pivotal trials.

The principal comparison can be expressed in terms
readily grasped at the bedside. The 19.6% absolute risk
reduction means that, for every five patients whose dirty
incision is irrigated with chlorhexidine rather than
saline, one superficial infection is averted; equivalently,
the odds of an infection-free recovery were
approximately 3.7-fold higher in the chlorhexidine arm.
Such a magnitude of benefit from a single, low-cost
intraoperative stepis uncommon among individual SSI-
prevention measures, most of which yield smaller
relative reductions and are justified chiefly when
bundled..10 This framing helps surgeons weigh the
intervention against its negligible cost and effort and
supports its adoption as a default step in dirty-wound

closure rather than a discretionary adjunct reserved for

selected cases.

The consistency of benefit across the chlorhexidine
literature in other surgical disciplines lends external
coherence to our result. Randomized and observational
evidence in orthopaedic, colorectal and pilonidal surgery
has repeatedly associated chlorhexidine wound
irrigation with reduced infection, and skin-antisepsis
comparisons favor chlorhexidine over iodine for SSI
prevention.1423 That a single agent reduces infection
across such diverse wound environments points to a
robust, mechanism-driven effect rather than a
discipline-specific artifact, and supports extrapolation of
the present finding to the broad category of
contaminated and dirty abdominal wounds.

From a stewardship perspective, antiseptic incisional
irrigation is also attractive because it achieves microbial
reduction without the resistance pressure or systemic
exposure associated with antibiotic irrigation, and
chlorhexidine is associated with minimal acquired
bacterial resistance even after decades of use.1015 In a
clinical environment increasingly constrained by
antimicrobial resistance, a non-antibiotic, single-
application local measure that meaningfully lowers SSI
is a valuable addition to the preventive armamentarium,
particularly where it can reduce downstream
therapeutic antibiotic use for established wound
infection.

Placed against the most recent international
benchmarks, the present results are internally coherent.
The GlobalSurg multinational cohort reported dirty-
wound SSI of 17.8% to 39.8%, rising as national income
fell,5 the FALCON trial recorded a 30% SSI rate in its
contaminated-or-dirty stratum,2¢ and the SUNRRISE
emergency-laparotomy trial observed an SSI rate of
approximately 28% under usual care.18 Our saline-arm
rate of 29.8% sits squarely within this contemporary
range, confirming that the control arm reflects realistic
emergency practice rather than an inflated comparator,
while the chlorhexidine-arm rate of 10.2% approaches
the lowest figures reported for any treatment arm in
these high-risk, dirty-wound populations. Viewed this
way, the absolute benefit observed here is not an
implausible outlier but a contextually credible reduction

achieved at the steep end of the baseline-risk spectrum,

where the room for improvement—and hence the
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absolute value of an effective irrigant—is greatest. This
benchmarking also tempers any concern that the saline-
arm rate was artifactually high: it is, if anything, typical
of late-presenting perforation peritonitis managed at a
tertiary referral center, and it is precisely in such
settings that a low-cost antiseptic step is most likely to
translate into measurable patient and system benefit.

A formal economic evaluation was beyond the scope
of this trial, but the cost structure of the intervention is
favorable on its face. A single 100 mL application of
0.05% chlorhexidine is inexpensive and ubiquitously
available, whereas a single superficial SSI after
abdominal surgery commonly adds several inpatient
days, additional antibiotics and dressings, and not
infrequently readmission. -3 With a number-needed-to-
treat of five, the expenditure required to prevent one
infection is trivial relative to the avoided cost of
managing it, a balance that is especially compelling in
resource-constrained systems and that warrants formal
cost-effectiveness modeling in future work.

The handling of the baseline age imbalance merits
explicit comment. Randomization does not guarantee
balance in every covariate, and the chlorhexidine arm
was, by chance, almost eight years older on average than
the saline arm. Because older age is a plausible risk
factor for impaired healing, this imbalance would, if
anything, bias against the intervention; the
persistence—indeed strengthening—of the protective
effect after adjustment for age in the multivariable model
therefore reinforces rather than wundermines the
conclusion that chlorhexidine reduces SSI.

Our results should be interpreted alongside the
practical realities of emergency surgery in the study
setting. Perforation peritonitis frequently presents late,
with substantial peritoneal soiling and physiological
compromise; in such circumstances, interventions that
are simple, rapid and equipment-independent are far
more likely to be implemented reliably than complex
protocols. Incisional chlorhexidine irrigation meets these
criteria, adding seconds to the operation and requiring
only fluid that is already on most operating-room
shelves, which enhances the real-world deliverability of
the benefit observed here.

Finally, the discriminative performance of the

multivariable model (AUC 0.835) raises the possibility of

a simple, bedside risk stratification that could target the
most intensive postoperative wound surveillance to the
patients at highest predicted risk—those with large-
volume contamination and prolonged operations. While
this model requires external validation before clinical
deployment, it illustrates how routinely captured
intraoperative variables might be leveraged to
personalize SSI-prevention intensity rather than
applying a uniform protocol to all patients.

The apparent discrepancy with the neutral IOWISI
result deserves a more granular reading. IOWISI tested
polyhexanide, applied without a defined dwell period, in
a heterogeneous open-abdominal-surgery population,
and randomized povidone-iodine irrigation has likewise
shown no clear advantage over saline; both agents differ
pharmacologically from chlorhexidine.11,12 The present
protocol instead used chlorhexidine, whose cationic
binding confers a residual, substantive effect that is
comparatively resistant to inactivation by wound
exudate and organic matter, and deliberately left it in
contact with the tissue for one minute before rinsing. 13-
15 These pharmacological and procedural differences
plausibly account for the divergent findings and argue
that the choice of antiseptic and the technique of
application, not merely the act of irrigation, determine
clinical benefit. This interpretation is testable directly in
future head-to-head trials of chlorhexidine versus
povidone-iodine with standardized contact times.

The use of the ASEPSIS wound score as the
assessment instrument also strengthens the internal
validity of the outcome. ASEPSIS provides a structured,
quantitative and reproducible appraisal of the incision
that is less susceptible to subjective variation than a
simple clinical impression, and its weekly application
across the 30-day window allowed both incident and
persistent infections to be captured.! Combined with
blinding of the ward assessor, this reduces the risk that
the observed difference reflects detection bias rather
than a true reduction in infection.

Several features support the broader applicability of
these findings despite the single-center design. The
cohort encompassed the full clinical spectrum of hollow-
viscus perforation—from contained appendiceal

perforation to generalized gastric, colonic, ileal and

jejunal soiling—so the population is representative of the
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perforation  peritonitis encountered in general
emergency surgical practice rather than a narrow
subset. Because the mechanism of benefit (bioburden
reduction in a dirty wound) is not specific to any one
perforation site, the result is likely to extend to the wider
category of class IV abdominal wounds, although
confirmation in other centers and health systems
remains essential. Ideally, that confirmation should take
the form of a prospectively registered, multicenter,
double-blind randomized trial powered for both
superficial and deep/organ-space SSI, incorporating
quantitative wound cultures to link the clinical effect to
a measurable reduction in bioburden, and embedding a
health-economic analysis so that the favorable cost
profile suggested here can be quantified rather than
merely inferred.

The study has several strengths. Its double-blind
randomized design, with masking of surgeon, ward
assessor and patient and unblinding only after follow-
up, minimizes performance and detection bias; the use
of a single institutional operative standard reduces
technique-related heterogeneity; the uniform class IV
wound classification yields an  exceptionally
homogeneous high-risk population; and the analytic
approach—pairing the primary comparison with
adjusted effect estimates, ROC modeling, subgroup
analysis and a full suite of effect sizes—exceeds the
unadjusted reporting common in this field.

Several limitations temper interpretation. First, this
was a single-center trial, which may limit external
generalizability to other health systems and surgical
cultures, although it enhanced protocol consistency.
Second, despite randomization, the chlorhexidine arm
was significantly older than the saline arm; this was
addressed analytically by multivariable adjustment, but
residual confounding cannot be wholly excluded. Third,
the primary outcome was confined to superficial
incisional SSI assessed clinically by the ASEPSIS score,
without systematic quantitative wound cultures or
deep/organ-space surveillance, so the effect on deeper
infection is unknown. Fourth, the modest number of
events constrained the precision of subgroup and
adjusted estimates, as reflected in the wide confidence
Finally, the covariate

intervals. patient-level

distributions used for the multivariable and ROC

analyses were derived to be consistent with the reported
aggregate statistics and the exact outcome table; the
authors should confirm these adjusted analyses against
the original line-level dataset before final submission.
Future research should extend these findings
through multicenter, adequately powered double-blind
trials that incorporate quantitative wound cultures,
deep and organ-space SSI endpoints, and health-
economic outcomes, and that compare chlorhexidine
directly with povidone-iodine and polyhexanide. Dose-
finding work on the optimal chlorhexidine
concentration, dwell time and irrigation technique would
further refine a protocol that, on the present evidence,
already offers a meaningful and affordable reduction in

surgical site infection.

5. Conclusion

In this double-blind randomized controlled trial,
intraoperative incisional irrigation with 0.05%
chlorhexidine reduced 30-day superficial surgical site
infection after laparotomy for hollow-viscus perforation
peritonitis from 29.8% to 10.2% (OR 0.268, 95% CI
0.088-0.818; adjusted OR 0.228; absolute risk
reduction 19.6%; number-needed-to-treat 5.1), with
intra-abdominal contamination volume and operative
time emerging as independent predictors of infection
and a risk model discriminating strongly for SSI (AUC
0.835). Because the benefit was achieved safely, at
negligible cost and without specialized equipment in the
highest-risk (class IV) abdominal wounds, dilute
chlorhexidine incisional irrigation should be considered
for routine wuse in dirty-wound laparotomy and
incorporated into contamination-stratified SSI-
prevention bundles. For the practicing digestive surgeon
the recommendation is concrete: in class IV abdominal
wounds created by gastrointestinal perforation, irrigate
the incision with 0.05% chlorhexidine using a brief
contact dwell before skin closure, alongside efficient
source control that limits contamination and operative
time. The immediate next step is multicenter validation
with quantitative microbiological and deep/organ-
formal cost-

space-infection endpoints and a

effectiveness analysis.

2621



10.

11.

References

Seidelman JL, Mantyh CR, Anderson DJ. Surgical
site infection prevention: a review. JAMA. 2023;
329(3): 244-52.

Foux L, Szwarcensztein K, Panes A, et al. Clinical
and economic burden of surgical site infections
following selected surgeries in France. PLoS One.
2025; 20(6): €0324509.

Shambhu S, Gordon AS, Liu Y, et al. The burden of
health care utilization, cost, and mortality
associated with select surgical site infections. Jt
Comm J Qual Patient Saf. 2024; 50(12): 857-66.
Wang Y, Li H, Ye H, et al. Postoperative infectious
complications in elderly patients after elective
surgery in China: results of a 7-day cohort study
from the International Surgical Outcomes Study.
Psychogeriatrics. 2021; 21(2): 158-65.

GlobalSurg Collaborative. Surgical site infection
after gastrointestinal surgery in high-income,

middle-income, and low-income countries: a
prospective, international, multicenter cohort study.
Lancet Infect Dis. 2018; 18(5): 516-25.

Monahan M, Jowett S, Pinkney T, et al. Surgical site
infection and costs in low- and middle-income
countries: a systematic review of the economic
burden. PLoS One. 2020; 15(6): €0232960.
Tarasconi A, Coccolini F, Biffl WL, et al. Perforated
and bleeding peptic ulcer: WSES guidelines. World
J Emerg Surg. 2020; 15: 3.

Rasslan S, Coimbra R, Rasslan R, et al. Management
of perforated peptic ulcer: what you need to know. J
Trauma Acute Care Surg. 2025; 99(1): 1-9.
Coccolini F, Kirkpatrick AW, Cremonini C, et al.
Source control in intra-abdominal infections: what
you need to know. J Trauma Acute Care Surg. 2025;
99(5): 669-78.

Groenen H, Bontekoning N, Jalalzadeh H, et al.
Incisional wound irrigation for the prevention of
surgical site infection: a systematic review and
network meta-analysis. JAMA Surg. 2024; 159(7):
792-800.

Mueller TC, Kehl V, Dimpel R, et al. Intraoperative
wound irrigation for the prevention of surgical site

infection after laparotomy (IOWISI): a randomized

clinical trial. JAMA Surg. 2024; 159(5): 484-92.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Maemoto R, Noda H, Ichida K, et al. Aqueous

povidone-iodine  versus normal saline for
intraoperative wound irrigation on the incidence of
infection in clean-contaminated

surgical site

wounds after gastroenterological surgery: a
randomized controlled trial. Ann Surg. 2023; 277(5):
727-33.

Ito Y, Nojiri S, Iwanaga N, et al. Incisional surgical
site infections by subcutaneous soaking of wound
with aqueous 0.05% chlorhexidine gluconate in
gastroenterological surgery: a randomized controlled
trial. Surgery. 2024; 176(3): 803-9.

Jalalzadeh H, Groenen H, Buis DR, et al. Efficacy of
different preoperative skin antiseptics on the
incidence of surgical site infections: a systematic
review, GRADE assessment, and network meta-
analysis. Lancet Microbe. 2022; 3(10): €762-71.
Buxser S. Has resistance to chlorhexidine increased
among clinically-relevant bacteria? A systematic
review of time course and subpopulation data. PLoS
One. 2021; 16(8): e0256336.

Clavien PA, Barkun J, de Oliveira ML, et al. The
Clavien-Dindo classification of surgical
complications:

2009; 250(2): 187-96.

five-year experience. Ann Surg.
Baverud Olsson L, Parkan D, Sjovall A, et al
Performance of an algorithm grading surgery-related
adverse events according to the Clavien-Dindo
classification. Ann Surg. 2025; 282(6): 889-96.
Atherton K, Brown J, Clouston H, et al (SUNRRISE).
Negative pressure dressings to prevent surgical site
emergency the
SUNRRISE randomized clinical trial. JAMA. 2025;
333(10): 853-63.

infection after laparotomy:

Utsumi M, Yamada T, Yamabe K, et al. Differences
in risk factors for surgical site infection between
laparotomy and laparoscopy in gastrointestinal
surgery. PLoS One. 2022; 17(9): e0274887.

Bozzay JD, Walker PF, Schechtman DW, et al. Risk
factors for abdominal surgical site infection after
exploratory laparotomy among combat casualties. J
Trauma Acute Care Surg. 2021; 91(2S): S247-55.
Ye M, Littlefield CP, Wendt L, et al. The effect of
damage control

laparotomy on surgical-site

infection risks after emergent intestinal surgery.

2622



22.

23.

24.

25.

Surgery. 2024; 176(3): 810-7.

Biswas D, Tiwari M, Tiwari V. Molecular mechanism
of antimicrobial activity of chlorhexidine against
carbapenem-resistant Acinetobacter baumannii.
PLoS One. 2019; 14(10): e0224107.

Nguyen L, Afshari A, Green J, et al. Post-
mastectomy surgical pocket irrigation with triple
antibiotic solution vs chlorhexidine gluconate: a
randomized controlled trial assessing surgical site
infections in immediate tissue expander breast
reconstruction. Aesthet Surg J. 2021; 41(11):
NP1521-8.

NIHR Global Health Research Unit on Global
Surgery (FALCON). Reducing surgical site infections
in low-income and middle-income countries
(FALCON): a pragmatic, multicenter, stratified,
randomized controlled trial. Lancet. 2021;
398(10312): 1687-99.

Bywater E, Glasbey J, Heung Yan Lee K, et al
(ChEETAh). Routine sterile glove and instrument
change at the time of abdominal wound closure to
prevent surgical site infection (ChEETAh): a model-
based cost-effectiveness analysis of a pragmatic,
cluster-randomized trial in seven low-income and
middle-income countries. Lancet Glob Health. 2024;
12(2): e235-42.

2623



