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Abstract

Circumcision is one of the most commonly performed operations. It is common to use of antibiotics to prevent
complications after circumcision. However, as awareness of antibiotic resistance increases, it is necessary to con-
sider using other prophylactic drugs. This review aims to evaluate non-antibiotic drugs for wound healing after
circumcision. We conducted a literature search in accordance with the PRISMA guidelines using Google Scholar,
PubMed, and ScienceDirect search engines to find treatment intervention studies comparing circumcision wo-
und healing outcomes and adverse effects after non-antibiotic topical drugs and antibiotics. A total of 2 studies
with 636 participants matched our inclusion criteria. 2-octyl cyanoacrylate and nanosilver gel (AgNPs) were used
for post-circumcision wound treatment. The group with topical non-antibiotic drugs had a lower healing rate.
There was no significant difference between wound healing and significant adverse effects between drug com-
parisons. Antibiotic resistance tests between intervention and control groups were not included in these studies.
Data comparing non-antibiotic drugs and antibiotics for post-circumcision wound healing are still limited. Further
studies conducted in various settings are needed to assess the efficacy of non-antibiotic topical agents for post-
-circumcision wound healing and reducing antibiotic resistance.
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Introduction

Circumcision, one of the most ancient surgical procedures
known to humanity, has been performed for a variety of cul-
tural, religious and medical reasons [1]. Circumcision is often
performed on male children because of lower risks and costs,
less postoperative discomfort and a shorter healing period
compared to adults [1]. In the uncircumcised condition, the
prepuce (commonly referred to as foreskin) is a warm and
moist environment where pathogens can potentially survive
and reproduce [1]. The foreskin can be subject to micro abra-
sion, which increases the risk of acquisition and transmission
of pathogens [1]. Although circumcision can reduce the risk of
infection in children, in adults this procedure can have an im-
pact on sexual function and lead to male body dysmorphia [2].
More studies are needed regarding the benefits of circumci-
sion in various background conditions [2].

Possible complications following circumcision include
bleeding, infection, excessive skin removal, recurring phimo-
sis, epithelial inclusion cysts, penile adhesions and meatal
stenosis [3]. Some complication such as bleeding, ring device
removal and infection are more common in non-therapeutic
circumcision, while meatal stenosis and adhesion are common
in therapeutic circumcision [4]. Effective approaches to reduce
the risk of complications include strict asepsis during surgery,
avoiding the risk of contact with non-communicable diseas-
es, pre-operative and post-operative therapy after circum-
cision and providing a sterile and hygienic environment [3].
Circumcision is considered a clean surgical procedure with
a low risk of wound infection, but in some parts of the world
antibiotics are prescribed as prophylaxis despite the addition-
al costs and lack of guidelines [5]. It is noteworthy that antibi-
otics are indicated for patients with urological abnormalities
such as vesicoureteric reflux (VUR), who are undergoing cir-
cumcision [6].

While the surgical aspects of circumcision are well-doc-
umented and standardized, the post-operative care and the
use of topical treatments for wound healing and prevent com-
plications continue to be areas of ongoing research and clin-
ical interest [4]. In recent years, there has been an increasing
focus on the use of creams in post-circumcision care [7]. Nev-
ertheless, there is a lack of specific data regarding the avoid-
ance of topical antimicrobials after this procedure. Improp-
er use of antibiotics can contribute to antibiotic resistance,
therefore the use of non-antibiotic products has been ex-
plored [8]. This systematic review aims to thoroughly examine
the existing body of literature to assess the effectiveness and
safety of medication options for post-circumcision treatment,
with a particular focus on both antibiotic and non-antibiotic
creams. Through a critical analysis of available evidence, our
goal is to offer insights for healthcare providers, patients and
researchers.

Material and methods

We conducted a literature search using the PubMed,
Google Scholar and ScienceDirect databases between Sep-
tember 2023 and October 2023, in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
-Analysis (PRISMA) guideline [9]. We used the following key-
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words: “ointment”, “wound healing,” “after circumcision”,
“comparative studies” and “post circumcision”. Combine key-
words using “AND” and “OR” to expand or narrow the search.
The literature search was based on the following PICO frame-
work: Patient (elective circumcision patients), Intervention
(ointments other than antibiotics), Comparison (with antibi-
otic ointments) and Outcome (the wound healing outcomes
reported in the particular study).

The inclusion criteria applied in this search were: inter-
vention studies (randomized and non-randomized), full-text
articles written in English language, published within the last
10 years, elective circumcision regardless of surgical method,
a comparison of topical treatment for circumcision wounds
and reporting relevant clinical outcomes (e.g. wound infec-
tion rates, wound closure time, wound complications and
patient-reported outcomes). Conversely, the exclusion crite-
ria were: review articles, systematic reviews, meta-analyses,
lack of full-text articles, non-intervention studies, duplicate
publications or overlapping data from the same study popu-
lation and any other publications not in English, animal stud-
ies, lacking clear comparison between topical non-antibiotic
drugs and antibiotics, treatment with oral antibiotics and in-
sufficient data on wound healing outcomes.

We extracted the following data from the articles: study
type, year of publish, study location, language, sample size,
follow-up period, patients (sex, number, mean of age, inclu-
sion-exclusion criteria, comorbidities), intervention (length of
study, type of intervention and control, route of administra-
tion and dosage), comparison (antibiotic versus non-antibiot-
ic drug) and outcome (time to recovery, quality of recovery,
infection rate, closure time and patient-reported outcomes
and adverse outcomes). After all data were extracted, we
assessed the risk of bias of the study using Version 2 of the
Cochrane risk-of-bias tool for randomized trials (RoB-2) [10].
When there were differing results, two authors discuss the
study together.

In the literature search we identified a total of 319 stud-
ies. Out of these, 314 studies were excluded due to various
reasons, e.g. the unavailability of full-text articles, study type
(reviews, systematic reviews, meta-analyses, case studies).
Most of the studies retrieved were focused on human sub-



jects and discussed the effects observed after the interven-
tion. Following a comprehensive review, we found two studies
that met the inclusion criteria (Figure 1).

Of the 2 studies that were included, Alemayehu et al.
compared 2-octyl cyanoacrylate in the United States [11] and
Balzarro et al. compared nanosilver gel (AgNPs) in Italy [12].
Total 636 participants were included in the 2 studies. When
examining the timeframe required for wound healing, no sig-
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nificant difference between control and intervention groups
was reported. Characteristics and outcomes of each study are
presented in Table 1.

Adverse effects

Alemayehu et al. reported that the number of adverse ef-
fects using the 2-octyl cyanoacrylate group was greater than
that of the antibiotic group (bacitracin),
including the incidence of respiratory dis-

Studies identified through
PubMed (n =19)
Google Scholar (n = 275)
ScienceDirect (n = 25)

Identification

Identification of studies

tress. Meanwhile, Balzarro et al., report-
ed adverse effects in the antibiotic group
(gentamicin) in the form of reactions to
deep or severe wound infections with
or without tissue damage accompanied
by hematomas that required aspiration

Tittle and abstract review
(n=319)

Screening

Reports excluded with reasons
(n=314):

*| - unrelated topic (n =310)

- circumcision with indication (n = 4)

(Southampton Scoring System (SSS)

Grade V).

Risk of Bias

>
= h J
;go Reports assessed for eligibility >
= (=3) (n=3):
l -not RCT (n=3)

Reports excluded with reasons

The results of the risk of bias assess-
ment based on the RoB-2 tool are shown
in Figures 2A and 2B. In study conducted

Studies included in review
(n=2)

Included

by Balzarro et al., “high” concerns are
related to the lack of randomization pro-
cess and the measurement of outcomes.

In the study by Alemayehu et al., “some”

Figure 1. PRISMA flowchart of our systematic review
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Table 1. Summary of included studies

Author Alemayehu et al. [11]

Balzarro et al. [12]

Study

design Prospective, randomized trial

Multicenter, non-randomized study

Number of

sample 119 in the NO GLUE arm)

244 patients (125 in the GLUE arm and

392 patients (194 in intervention group, and
198 in control group)

Treatments RN INTINNN

2-octyl cyanoacrylate (GLUE group) with

A hydrogel cream containing AgNPs, titanium
dioxide, hyaluronic acid, and aloe vera

Antibiotic
comparison

Bacitracin ointment

Gentamicin cream

Endpoint
15.1%)

The number of adhesions in the GLUE
group was greater than controls (16.8 vs

In 10-days early follow-up post circumcision,
the AgNPs group showed a slower healing

rate. At the 30-day follow-up, the difference
normal healing between the two groups was not
significant

Statistics p = 0.86

49.5% vs 58% (p = 0.45) in 10-days follow-up
and and 97.4% vs 98.4% (p = 0.45) in 30-
days follow-up

Adverse
outcome
10 cases.

Intervention group: 13 cases (bleeding,
infection, wound dehiscence, fever, and
respiratory distress) | Bacitracin group:

In antibiotic group, there were 7.6% patients
(15/198) with pus discharge (SSS grade 1V)

2-octyl cyanoacrylate skin does not
Conclusion
after circumcision

decrease the rate of penile adhesions

AgNPs led to a late but safer healing, they were
non-inferior to the antibiotic cream wound
dressing efficacy

patients are loss to follow-up. The concerns reported in each
of these studies are related to the outcomes reported in the
existing studies.

Circumcision is generally a sterile surgical procedure, but
topical antimicrobial agents may be indicated in some situa-
tions [13]. Increasing awareness of antimicrobial resistance
resulting from decades of antibiotic overuse has made ther-
apeutic options increasingly limited [14]. However, patients
with poor hygiene and vulnerable socioeconomic conditions,
antibiotics are still prescribed antibiotics as prophylaxis after
surgical procedures with open wounds or with a high risk of ex-
posure to infection [15]. In addition, antibiotics are an easy-to-
-use and affordable prophylactic treatment for infections [16].
Therefore, alternative antimicrobial options need to be devel-
oped to reduce antibiotic use and antibiotic resistance.

Alemayehu et al. found that 2-octyl cyanoacrylate glue
did not decrease the rate of recurrent penile adhesions after
circumcision. This agent is composed of cyanoacetate and
formaldehyde which can polymerize from exposed skin tis-
sue and has the ability to bind strongly with water, blood and

body tissues [17]. The development of 2-octyl cyanoacrylate
makes it more bio-tolerant and induces less inflammation [17].
2-octyl cyanoacrylate has been widely used in plastic surgery
because it produces minimal wounds with a healing rate that
is not much different from suturing [18]. This condition may
be due to inadequate retraction of the foreskin after the glue
sloughed off. However, most patients with adhesions were
able to be treated with manual retractions. The use of 2-octyl
cyanoacrylate is also reported to have minimal adverse effects
compared to circumcision with suturing [19]. Therefore, the
use of 2-octyl cyanoacrylate can be a better and safer choice
than suturing for wound closure after surgery.

There was no significant difference between the adverse
effects of using 2-octyl cyanoacrylate and bacitracin. Bacitra-
cin works by targeting peptidoglycan inhibition and bacterial
cell wall formation, thereby preventing bacterial adhesion on
the surface [20]. Bacitracin is more effective against gram-pos-
itive bacteria, whereas the majority of infections in the pubic
area are caused by gram-negative bacteria [21-22]. However,
in vitro studies by Lemnaru (Popa) et al. also demonstrated
the efficacy of bacitracin against gram-negative bacteria such
as Escherichia coli [20]. 2-octyl cyanoacrylate has antimicrobi-
al properties by forming an effective barrier against gram-pos-
itive and gram-negative bacteria [23]. Although the Park et al.



(2021) study reported the risk of allergic contact dermatitis due
to 2-octyl cyanoacrylate, such risk level tends to be low [24].
Due to few adverse effects and outcomes that are not signifi-
cantly different, 2-octyl cyanoacrylate can be an alternative to
antibiotics for circumcision wounds

A study by Balzarro et al. found that AgNPs gel was effec-
tive in healing circumcision wounds, but that healing time was
longer compared to gentamicin cream. Adibhesami et al. re-
ported that administering gentamicin combined with AgNPs
can accelerate the wound healing rate compared to AgNPs
alone in an animal model [25]. Gentamicin is one of the most
commonly used antibiotics for post-surgical wounds because
it is effective against gram-positive and gram-negative bacte-
ria, particularly in high infection-risk locations e.g. colorectal
and perineal [26]. Also, gentamicin interacts with skin kerat-
inocytes by increasing laminin a3 and B3 expression [27].
Although it is known that AgNPs can heal wounds by inhibiting
the expression of pro-inflammatory cytokines such as tumor
necrosis factor-a (TNF-a), tumor growth factor-B1 (TGFB1)
and IL-6, while the expression of anti-inflammatory cytokines
such as IL-10, vascular endothelial growth factor (VEGF) and
interferon-A (IFN-A) increases, thereby influencing inflamma-
tory cytokines and proliferation of keratinocytes [25].

Existing literature demonstrates that silver nanoparticle
(AgNPs) gel is an effective and safe alternative to antibiotic
cream for wound healing after circumcision. While AgNPs gel
may lead to a longer healing process, it is less likely to cause
side effects compared to antibiotics. Components of antibiot-
ics that interact mediated by the immune system can index
hypersensitivity reactions that cause various symptoms such
as angioedema, urticaria, or in more severe cases such as
acute tubular necrosis [28]. Although AgNPs also have a risk of
allergies, several approaches include modifying particle size,
surface functionalization and preparing AgNPs components
that have lower inflammatory effects to reduce the negative
impact on cells [29]. In this study, the wound healing rate in
the AgNPs group was lower, although Balzarro et al. also re-
ported that the antibiotic group caused adverse effects. The
healing rate in each group was also not significantly different.
However, this difference in healing ability needs to be inves-
tigated further regarding their interaction at the cellular level
so that AgNPs can be a safer alternative to antibiotics.

The prevalence of antibiotic use is decreasing along with
increasing awareness of antibiotic resistance. Several pro-
grams have shown positive outcomes in reducing the over pre-
scription of antibiotics [30]. Inappropriate use of antibiotics is
most frequent in cases of upper respiratory tract infections
(sore throat and cough), otitis media and sinusitis [31]. The
prescription of antibiotics to patients undergoing obstetric
and gynecological, gastrointestinal, and orthopedic surgery is
reported to be far below the guidelines for antibiotic use [32].
Several studies show that continuation of postoperative anti-
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biotics does not provide more benefits if compliance with an-
tibiotic use was good according to the recommendations [33].
However, the prescription of antibiotics as prophylaxis still
occurs, especially in outpatients [34]. Therefore, it is neces-
sary to develop appropriate strategies for the prescribing an-
tibiotics in various clinical situations, including circumcision.
In our investigation, we encountered a lack of data regard-
ing antibiotic resistance in postoperative circumcision cases.
However, there were instances, such as those involving atopic
dermatitis patients treated with bacitracin, where high levels
of resistance were observed [35]. Additionally, there were
3 documented occurrences of gentamicin-resistant infections
among patients undergoing peritoneal dialysis during each re-
spective study period [36].

Our study has several limitations. The sample size we
analyzed is limited due to the design and study centers we
included, so studies with similar aims in broader and more
diverse populations are needed. Our literature search strategy
led us to exclude similar studies published in other languages.
In addition, both of the analyzed studies were conducted in
developed countries (USA and Italy) where hygiene conditions
are different than in low- and middle-income countries. More
data are needed before non-antibiotic treatment alternatives
can be accepted in clinical settings to reduce the level of an-
timicrobial resistance. Neither of the studies provided data
about bacterial resistance, thus highlighting the potential for
future research to explore the implications of non-antibiotic
drug utilization on resistance risk among circumcision and
other postoperative patients. Furthermore, non-antibiotic
ointments are typically more expensive compared to antibiot-
ics, thus prompting questions about their cost-effectiveness.

The use of non-antibiotic drugs as a substitute for anti-
biotics for post-circumcision wound healing is still limited.
Non-antibiotic agents have a more fewer adverse effects with
no significant differences in healing rates. The included stud-
ies are limited to small sample size and high-income country
settings that have good hygiene infrastructure. Larger studies
are needed to determine the healing effectiveness and safety
of non-antibiotic drugs as an alternative to antibiotic treat-
ment after circumcision.
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