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Abstract

Background Surgical site infections (SSIs) can affect mortality, morbidity, and medical costs. Although it has recently
been reported that washing with antiseptic/antibiotic solution can prevent SSIin clean surgery, the clinical impact

in gastrointestinal surgery is still uncertain. Therefore, we performed a systematic review and meta-analysis to evalu-
ate the efficacy of antiseptic/antibiotic solution during wound irrigation or peritoneal lavage in gastroenterological
surgery.

Methods The database search used PubMed, MEDLINE, and Cochrane Library. The following inclusion criteria were
set for the systematic review. 1) Studies comparing with or without antiseptic/antibiotic irrigation/lavage during gas-
trointestinal surgery. 2) Studies that described surgical site infections and adverse events. 3) Studies conducted

after 2000.

Results A total of 8 randomized controlled studies (RCTs) and 3 observational studies were included in this meta-
analysis. Three RCTs of wound irrigation with povidone iodine (PVI) solution revealed no significant difference
between the PVI and control groups [RR 1.41,95% CI (0.92 to 2.17): p=0.69]. Three RCTs of peritoneal lavage with anti-
biotic solution showed no significant difference between the interventional group and control groups [RR 0.39, 95%
Cl(0.10to 1.55): p=0.18]. Regarding other antiseptic or antibiotic solutions, the number of studies and participants
were too small for evaluation.

Conclusion Wound irrigation and peritoneal lavage with antiseptic/antibiotic solution did not have enough efficacy
for preventing SSI during gastroenterological surgery.
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Introduction

Surgical site infections (SSIs) are a major complication
after surgery that can affect mortality and lead to pro-
longed hospital stays or additional medical costs [1, 2].
Therefore, the prevention of SSIs is a crucial issue not
only during the pre- and postoperative periods but also
during surgery. Generally, peritoneal lavage and wound
irrigation before wound closure are performed to reduce
the microbial burden by removing tissue debris, meta-
bolic waste, and tissue exudate from the surgical site in
gastroenterological surgery. For many years, although
washing with antiseptic or antibiotic solutions has been
shown to be beneficial in selected surgical disciplines
and, recently, to prevent SSI in clean surgery, it has not
had a universal effect in all surgeries [3, 4]. Therefore,
although several randomized controlled studies (RCTs)
and meta-analyses were performed previously, some
guideline recommendations could not state the efficacy
of these washing methods due to a lack of universal evi-
dence [3-8].

Regarding gastroenterological surgery, some meta-
analyses have evaluated the efficacy of washing with anti-
septic or antibiotic solutions to prevent SSI; however,
most of the included studies involved appendectomy and
had been performed before 2000 [5-7]. Therefore, we
performed a systematic review and meta-analysis on the
efficacy of irrigation with antiseptic/antibiotic solutions
during gastroenterological surgery performed after 2000.

Materials and methods

Search strategy

We followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines
[9]. Ethical approval was not necessary because this study
was a meta-analysis. A comprehensive literature search
of PubMed, MEDLINE, and the Cochrane Library for
articles published from January 1, 2000, to April 1, 2024,
was conducted. Only articles published in English were
included. Studies that could be evaluated and other hand-
selected papers were added manually. The search strategy
is described in Supplemental Table 1.

Data extraction and quality assessment

A standard data entry form was designed for the data
extraction. The extracted data included the author, pub-
lication year, study design, conflicts of interest, partici-
pants and outcomes. Four independent authors (MU,

SN, TK and SS) reviewed every article’s title and abstract
based on the following criteria. (1) Participants: Patients
who received gastroenterological surgery. (2) Interven-
tion: Wound irrigation or peritoneal lavage with anti-
septic or antibiotic solution. (3) Comparison: Outcomes
in patients with washing of their surgical sites with anti-
septic/antibiotic solution compared to those in patients
without these agents. (4) Outcomes: Incidence of SSIs.
(5) Study design: RCTs or observational studies (OBSs)
were included. Any disagreement between the reviewers
was resolved by all reviewers at a consensus meeting.

Each piece of evidence could be downgraded according
to its risk of bias [10]. The quality of the evidence was fur-
ther assessed according to the grading of recommenda-
tions assessment, development, and evaluation (GRADE)
approach [11]. Some discrepancies were also resolved
through discussion among all reviewers at a consen-
sus meeting. The publication language was restricted to
English, and studies had to report the incidence of SSI
in order to be included. Articles with in vitro studies or
animal studies and those without the proper number of
events were not included.

Endpoint

The primary endpoint of this systematic review and
meta-analysis was to analyze the association between
washing with antiseptic/antibiotic solution during sur-
gery and the incidence of SSI. Cases of SSI that occurred
within 30 days after surgery were collected and divided
into two categories: incisional (INC) SSI, including
wound infection regardless of the infection depth; and
organ/space (O/S) SSI, including abdominal/pelvic sepsis
or abscess and anastomotic leakage [2].

Statistical analysis

We performed a random-effects meta-analysis for each
outcome of interest. Outcomes were calculated using
Windows Review Manager Software 5.4 (The Nordic
Cochrane Center, The Collaboration, 2014, Copenhagen,
Denmark) for risk ratios (RRs) and odds ratios (ORs).
Secondary outcomes were incidence and kinds of adverse
events. Dichotomous data were analyzed for risk ratios
using a random effects model and the Mantel-Haenszel
method. The RR and OR with the 95% confidence inter-
val (CI) for the incidence of SSI were used to weight
the interval in the RCTs and OBSs, respectively. A P
value <0.05 was considered to indicate statistical signifi-
cance. Heterogeneity was quantified using I-squared and
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tau-squared indices, testing the null hypothesis that all
studies shared a common effect size.

Results

Findings

The PRISMA flow diagram for this review is shown in
Fig. 1. The database search results showed that 382 stud-
ies were eligible. We excluded 353 studies because of
duplication and unrelation after screening the titles and
abstracts. As a result, 10 studies were reviewed in full text
[8, 12—-20]. Finally, 8 RCTs [8, 12-18] and 2 OBSs [19, 20]
were included in the meta-analysis.

Wound irrigation

Summary and characteristics of the studies

The summary of the data in each study regarding wound
irrigation is shown in Table 1.

Among the RCTs, 2 studies used wound irrigation with
PVI as the intervention, 1 study used gentamycin solu-
tion, and 1 study used polyhexanide. The participants in 2
RCTs underwent gastroenterological surgery and gastric
surgery.

In the 3 OBSs, the interventions were PVI, hydrogen
peroxide, and chlorhexidine gluconate respectively in
each study.

Result of wound irrigation with PVI solution in the RCTs

The total number of SSIs in the PVI group (47/640, 7.3%)
was not significantly less than that in the control group
(33/634, 5.2%), without heterogeneity (I2=0%). Total
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SSIs did not significantly differ between the groups [RR
1.41, 95% CI (0.92 to 2.17): p=0.69] (Fig. 2).

Wound irrigation with PVI solution in OBSs

The incidence of SSI in an OBS of PVI irrigation was 3/23
(13.0%), which was not significantly different from that in
the control group (12/33, 36.4%). The SSI incidence was
not significantly different between the groups [OR 0.26,
95% CI (0.06 to 1.07)].

Result of wound irrigation with other antiseptic or antibiotic
solutions

In an RCT of irrigation with gentamycin solution, the
incidence of SSI after gentamycin irrigation was 2/67
(3.0%), which was not significantly different from that in
the control group (3/69, 4.35%). The SSI incidence was
not significantly different between the groups [RR 1.46,
95% CI (0.25 to 8.44)].

In an RCT of irrigation with polyhexanide, the inci-
dence of SSI after polyhexanide irrigation was 39/228
(17.1%), which was significantly less than that in the con-
trol group (67/228, 29.9%). The SSI incidence was sig-
nificantly different between the groups [RR 0.58, 95% CI
(0.41 to 0.83)].

In an OBS of irrigation with hydrogen peroxide, the
incidence of SSI in the interventional group was 17/64
(26.6%), which was not significantly different from that in
the control group (12/33, 36.4%). The SSI incidence was
not significantly different between the groups [OR 0.63,
95% CI (0.26 to 1.56)].

Recordsidentified
through database searching
PubMed (N=174)

Additional records
identified through other sources
(N=5)

Cochrane Library (N=19)
Ichushi web (N=189)

Recordsscreened (1stScreening)

Recordsexcluded based on title,

N=387

abstract after removing of

Studies included in qualitative synthesis
N=10

Studies included in quantitative synthesis
Meta-analysis for 8 RCTs
Meta-analysis for 2 OBSs

duplication
N=358
Full-text articles assessed for eligibility Full-text articles excluded with reasons
(2nd Screening) N=19
N=29 Inadequate intervention or outcome (n=16)
l Review (n=3)

Fig. 1 Flowchart of the literature search according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
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PVI Saline Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random,95%Cl Year M-H, Random, 95% CI

1.1.1 New Subgroup

Maemoto /473 24 468 745% 1.48(0.90, 2.45] 2022 il

Zhao 1M1 167 9 166 255% 1.21(0.52,2.85) 2023 T

Subtotal (95% Cl) 640 634 100.0% 1.41[0.92, 217)

Total events 47 33

Heterogeneity: Tau*= 0.00; Chi*=0.16, df=1 (P = 0.69); F= 0%

Testfor overall effect: Z=1.56 (P=0.12)

Total (95% CI) 640 634 100.0% 1.41[0.92, 2.17] &

Total events 47 33

Heterogeneity. Tau®= 0.00; Chi*=0.16, df=1 (P = 0.69); F= 0% 001 07 1 0 00

Testfor overall effect: Z=1.56 (P=0.12)
Test for subgroup differences: Not applicable

Favours PVl Favours saline

Fig. 2 Forest plot of the incidence of surgical site infection between wound irrigation groups (povidone iodine vs. saline) in randomized controlled

studies

In an OBS of irrigation with chlorhexidine gluconate,
the incidence of SSI in the interventional group was
3/62 (4.8%), which was significantly less than that in the
control group (19/60, 31.6%). The SSI incidence was sig-
nificantly different between the groups [OR 0.11, 95% CI
(0.03 to 0.40)].

Result of other outcomes during wound irrigation

with antiseptic or antibiotic solutions

The length of hospital stay was evaluated in four RCTs
and two observational studies [8, 16—20]. None of these
studies showed significant differences in hospital stay
duration. Furthermore, none of the studies conducted a
sufficient evaluation of adverse events or additional cost
analyses.

Peritoneal lavage
Result of peritoneal lavage with antiseptic or antibiotic
solution

Summary and characteristics of the studies The sum-
mary of the data in each study about peritoneal lavage is
shown in Table 2.

Among the RCTs, 3 studies used lavage with antibi-
otic solution as the intervention, and 1 study used PVIL
The antibiotic solutions were polymyxin B, imipenem,
or gentamicin-clindamycin. Participants in these RCTs
underwent pancreatic surgery, appendectomy, or colonic
surgery.

There was no OBS conducted with antiseptic/antibiotic
peritoneal lavage.

Result of peritoneal lavage with PVI solution in RCTs

The incidence of SSI in the PVI group (6/50, 12.0%) was
not significantly lower than that in the control group
(8/50, 16.0%). The SSI incidence was not significantly
different between the groups [RR 0.75, 95% CI (0.28 to
2.00): p=0.57].

Results of peritoneal lavage with antibiotic solution in RCTs
The total number of SSIs in the antibiotic group (4/141,
2.8%) was not significantly less than that in the con-
trol group (12/141, 8.5%), without high heterogene-
ity (I?=25%). Total SSIs did not significantly differ
between the groups [RR 0.39, 95% CI (0.10 to 1.55):
p=0.18] (Fig. 3).

Result of other outcomes during peritoneal lavage

with antiseptic or antibiotic solutions

The length of hospital stay was evaluated in three RCTs
[12, 13]. In two of these RCTs involving PVI or antibi-
otic solutions, no significant differences in hospital stay
duration were observed. However, a study on lavage
with imipenem during appendectomy showed a benefi-
cial effect on both costs and length of stay [13]. Overall,
evaluations of adverse events and additional cost analy-
ses were insufficient across studies of peritoneal lavage
(Fig. 3).

The study quality and risk of bias
The study quality and risk of bias for each of the studies
are shown in Supplemental Tables 2 and 3.
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Anti-biotics Saline Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95%Cl Year M-H, Random, 95% CI
Ruiz-Tovar 0 82 3 51 187% 0.14[0.01,2.65 2012 * .
Hesami 1 45 6 45 326% 0171(0.02,1.33) 2014 —
Maatman 3 4 3 45 487% 1.02(0.22, 4.80) 2019 —a—
Total (95% CI) 141 141 100.0% 0.39[0.10,1.55) - o
Total events 4 12
Heterogeneity. Tau*= 0.39; Chi*= 2.67, df= 2 (P = 0.26); F= 25% 001 0 10 0

Test for overall effect Z=1.34 (P=0.18)

Favours Anti-biotics Favours Saline

Fig. 3 Forest plot of the incidence of surgical site infection between peritoneal lavage groups (antibiotics vs. saline) in randomized controlled

studies

Discussion
Surgical site infections (SSIs) are the most common
surgical morbidity. To prevent SSIs, prophylactic intra-
operative wound irrigation and peritoneal lavage have
been advocated, although the results, conclusions and
recommendations are equivocal and controversial.
According to World Health Organization (WHO) SSI
prevention guidelines, there is insufficient evidence to
recommend saline wound irrigation for the prevention
of SSI [4]. They suggested that the use of irrigation with
an aqueous PVI solution before wound closure can pre-
vent SSI, particularly in clean and clean-contaminated
surgery. They also stated that antibiotic wound irriga-
tion before closure should not be used to prevent SSI.
Some previous systematic reviews and meta-analyses
have reached disparate conclusions [7, 21]. PVI solution
may prevent SSI, but antibiotic solution may not. Alter-
natively, antibiotic solution may have preventive efficacy
against SSI in supine surgery [21]. There are few studies,
and heterogeneity exists; in addition, the many biases
make the establishment of proper methods of wound irri-
gation difficult [7]. Moreover, the fact that the previous
systematic review and meta-analysis, which included sev-
eral surgeries (including clean and clean-contaminated
surgery) and studies conducted over a decade prior, is a
major problem [7, 21-23]. Currently, the surgical meth-
ods, instruments, and perioperative management are
quite different and are improved. Most previous studies
of wound irrigation during gastroenterological surgery
involved appendectomy. Regarding peritoneal lavage,
most previous studies had been performed with patients
presenting appendicitis or diverticulosis [24—26]. The use
of such lavage could not be recommended because of a
lack of evidence. Therefore, we performed a systematic
review and meta-analysis of SSI prevention in gastroen-
terological surgeries restricted to the recent era to make
recommendations for SSI prevention guidelines.

The performed studies and related evidence on wash-
ing with antiseptic or antibiotic solutions for SSI pre-
vention are limited. No significant efficacy was found in
any meta-analysis, RCTs or OBSs in this review. More-
over, analyses for cost effectiveness or adverse events
were lacking. Therefore, we could not state recommen-
dations for using or prohibiting the use of antiseptic/
antibiotic solutions for preventing SSI.

When washing with antiseptic/antibiotic solutions,
we should consider these concentrations and applica-
tion times. PVI solutions at 10% and 1% concentrations
were applied in 2 RCTs, respectively. The application
time was not stated in either study, nor was informa-
tion about washing out the residual PVI solution [16,
17]. PVI itself can influence fibroblast and wound heal-
ing [27-29]. We should evaluate the proper concen-
tration, application time, or necessity of washing out
residual agents when using antiseptic/antibiotic solu-
tions to prevent SSI in the future.

Most of the included studies involved clean-con-
taminated surgery. The efficacy of antiseptic/antibiotic
solution for preventing SSI was not observed; however,
it may be effective for contaminated or dirty/infected
wound classes. Further studies on gastroenterological
surgeries with higher wound classes, such as perforated
panperitonitis, are needed to evaluate these efficacies.

This systematic review and meta-analysis has some
limitations. Few studies have examined the use of
various antiseptic or antibiotic solutions across differ-
ent types of abdominal surgeries. Each study involved
various disease, surgical procedures, or wound classes,
often with small sample sizes. It remains unclear
whether each intervention was conducted precisely
to reduce bacterial contamination, and we could not
detail the specific methods for each intervention. Addi-
tionally, evaluations of adverse events and cost ben-
efits related to these interventions were insufficient.
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Therefore, more evidence is needed to make a formal
recommendation regarding their use.

Some studies reported significant differences between
intervention and control groups, such as with polyhexa-
nide or chlorhexidine gluconate, but the sample sizes
were too small to confirm efficacy. Moreover, several
studies reported high rates of SSI (over 20-30%). To min-
imize bias, future research should evaluate interventions
in similar disease contexts, with consistent surgical back-
grounds and outcome definitions.

In conclusion, wound irrigation and peritoneal lavage
with antiseptic or antibiotic solutions have not demon-
strated sufficient efficacy in preventing SSI. We cannot
recommend the routine use of these interventions in gas-
troenterological surgery; however, there is no evidence
to contraindicate their use. These facts, due to the lack of
evidence, warrant a demand for further studies.
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