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Objectives

To assess the effects of device-based circumcisions compared with standard surgical techniques in adolescent and adult
males (10 years old and above).

Methods

We performed a comprehensive search with no restrictions to the language of publication or publication status. We
included randomised controlled trials (RCTs) of device-based circumcisions compared to standard surgical dissection-based
circumcision conducted by health professionals in a medical setting. We reported study results as risk ratios (RRs) or mean
differences (MDs) using 95% confidence intervals (CIs) and a random-effects model. We used the Grading of
Recommendations, Assessment, Development, and Evaluation (GRADE) approach to evaluate the overall certainty of the
evidence for each outcome.

Results

A total of 18 trials met the inclusion criteria. These trials did not report severe adverse events (AEs; 11 trials, 3472
participants). There may be a slight increase in moderate AEs for devices compared to surgical techniques (RR 1.31, 95%
CI 0.55–3.10; I2 = 68%; 10 trials, 3370 participants; low-certainty evidence); this corresponds to eight more (ranging from
15 fewer to 84 more) moderate AEs per 1000 participants. We are uncertain about the difference in mild AEs between
groups when devices are used compared to surgical techniques (RR 1.09, 95% CI 0.44–2.72; I2 = 91%; 10 trials, 3370
participants; very low-certainty evidence).

Conclusions

We found no serious AEs using a circumcision device compared to surgical techniques. Still, they may slightly increase
moderate AEs, and it is unclear whether there is a difference in mild AEs. High-quality trials evaluating this intervention
are needed to provide further certainty regarding the rates of AEs. Clinicians, patients, and policymakers can use these
results combined with their contextual factors to inform the best approach that suits their healthcare settings.
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Introduction
Circumcisions are among the most common surgical
procedures performed in males [1]. The following foreskin

conditions are usually indications for surgical or dissection
technique-based. Phimosis is a congenital or acquired
constriction of the prepuce, resulting in the inability of
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the foreskin to completely retract and expose the glans
[2]. Phimosis causes swelling, including difficult and
painful erections, candidiasis, and numerous sexually
transmissible infections [3]. Paraphimosis is when the
foreskin is not pulled back over the glans after retracting,
resulting in a tight constricting band that causes swelling
of the distal penis and acute discomfort [1].
Balanoposthitis is erythema and oedema of the prepuce
and glans, and balanitis is when inflammation is confined
to the glans; the foreskin is usually non-retractile [1].
Males receive circumcisions for hygiene, personal, cultural,
and ritual or religious reasons (in Jewish, Muslim and
traditional African cultures) [2]. In addition, males may
receive circumcisions to decrease the risk of sexually
transmitted infections and HIV transmission [4].
Importantly, voluntary medical male circumcision
(VMMC) is a key World Health Organization (WHO)
HIV preventive intervention [5].

Over the last 20 years, researchers have developed
circumcision devices that are an alternative to globally
commonly used standard surgical techniques. The basis of
circumcision devices (irrespective of the individual type of
device) is crushing the foreskin at the proposed tissue
apposition line and simultaneously obtaining haemostasis.
The foreskin is then excised or allowed to slough off by
ischaemic necrosis. The crushed apposed edges are suture
reinforced, glued, or are sometimes left to heal [6]. Of the
20 identified male circumcision devices, three commonly
used devices are the Gomco clamp, the Mogen clamp and
the Plastibell [2,7,8]. These devices are further classified as
ligature devices (i.e. they allow the foreskin to slough off by
ischaemic necrosis with no suturing apposition needed) or
crush devices (i.e. they provide crushing haemostasis and
simultaneous apposition, the foreskin is excised, and edges
are suture re-enforced) [9]. The dissection techniques
involve using sharp dissection, cautery, or ligation of
bleeding vessels and suturing these to the apposed edges.
The types of dissection techniques are the traditional
forceps-guided technique, the dorsal slit technique, and the
inner ring-outer ring (sleeve) techniques.

Adverse events (AEs) may include bleeding, haematoma,
wound infection, wound disruption, and penile injury. The
WHO Framework for Clinical Evaluation of Devices for Adult
Male Circumcision provides standardised definitions for
grading AEs as mild, moderate, or severe [8,9]. In brief, AEs
are categorised as mild if they require little or no intervention
(e.g. mild wound disruption or slight bleeding), moderate if
they require active treatment (e.g. antibiotics or suturing), or
severe if they require transfusion or hospitalisation or result
in permanent damage [10].

Circumcision devices have been developed to shorten the
operative time, simplify techniques, and improve safety

and cosmetic outcomes [11]. Device-based techniques
generally provide protection to the glans. They reliably
circumcise adequate foreskin and provide crush
haemostasis. This technique is supposedly safer and easier
to replicate than the standard dissection techniques [7].
Device-based techniques also allow for task-shifting, as
nurses and other non-physician healthcare providers may
safely perform them, thus allowing for rapid scale-up of
VMMC for HIV prevention in resource-constrained
settings [12,13]. It is important to note that device-based
techniques are precluded in men with penile anatomical
abnormalities, chronic paraphimosis, and active genital
infection [11,14].

Several factors form part of the requirements that need to be
considered when introducing a circumcision device to low-
resource settings for policymakers. First, ease of use (with a
short procedure time), easy and practical removal, and it
should be suitable for mid-level providers to use. Second, it
should be low cost or affordably priced, thus, having a cost
advantage over standard surgical procedures. Third, it needs
to meet regulatory and marketing criteria that support high-
quality clinical data on its safety and effectiveness and
preferably used in age groups relevant for the country
intending to use it [8]. Research indicates that circumcision
devices can reduce the complexity and duration of the male
circumcision procedure; however, the high number of
circumcisions performed can be demanding on both human
and financial resources. One study reported a median (range)
duration of 30 (18–63) min [15]. Therefore, an effective, safe,
inexpensive, and easy-to-use device would assist in easing any
burden [7,8,10]. With more types of devices being
manufactured, albeit, with the same mechanism, it is essential
to categorically compare the efficacy of circumcision devices
with the dissection technique. To date, the WHO Medical
Circumcision Technical Advisory Group has published
guidelines on the use of PrePex� and Shang Ring� (SR)
devices with recommendations made based on comparative
and non-comparative studies [9,16]. This Cochrane Review
assesses the effects of device-based circumcisions compared
with standard surgical techniques in adolescent and adult
males (aged ≥10 years). It considered the benefits and harms
and followed the methodologic standards of a Cochrane
Review, together with the application of Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) and the generation of a ‘Summary of findings’
table.

Material and Methods
This is a published Cochrane Review that is based on a priori
published protocol [17]. We used the search strategy detailed
in the protocol to conduct our searches [17]. Our search was
until 16 April 2020, with no restrictions to the language of
publication or publication status. We searched Cochrane
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Library, MEDLINE (PubMed), Embase, Web of Science,
trials’ registries, grey literature sources, and conference
proceedings. Further, we included potentially eligible trials or
ancillary publications by searching included trials, reviews,
meta-analyses, and health technology assessment reports’
reference lists. We included randomised controlled trials
(RCTs) regardless of their publication status or the
publication language and included adult or adolescent men

aged ≥10 years. The experimental intervention was any crush
or ligature circumcision device used by a health professional
compared to dissection-based circumcision, any recognised
dissection technique (forceps-guided method, dorsal slit
method, or the sleeve method). We had two primary
outcomes, which were serious AEs and moderate AEs. Serious
AEs were defined as events requiring a blood transfusion,
hospitalisation or resulting in permanent damage (e.g. penile
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injury occurring within the intraoperative and early
postoperative period [30 days]). Moderate AEs were defined
as events requiring active treatment such as suturing,
antibiotics, and surgical haemostasis within the intraoperative
and early postoperative period (30 days). Our secondary
outcome was mild AEs. Mild AEs were defined as requiring
little or no intervention (e.g. slight wound disruption, minor
bleeding and occur within the intraoperative and early
postoperative period [30 days]). The Cochrane review assessed
a further four secondary outcomes [18]. Two reviewers
independently screened the potentially relevant records that
they classified, extracted the data, and assessed risk of bias
according to the Cochrane Handbook for Systematic Reviews
of Interventions [19]. We synthesised data using a random-
effects meta-analysis. We performed statistical analyses and
interpreted the findings according to the statistical guidelines
in the Cochrane Handbook for Systematic Reviews of
Interventions [19]. We used Review Manager 5 software to
perform the analyses [20]. We assessed heterogeneity through
visual inspection of the Forest plots to assess the amount of
overlap of CIs and the I2 statistic (which quantifies
inconsistency across studies) to identify the impact of
heterogeneity on the meta-analysis [21,22]. When assessing
reporting biases, where possible, we assessed study protocols
for selective outcome reporting. Where there were 10 trials
that investigated a particular outcome, we used funnel plots to
assess small-study effects. We graded the certainty of the
evidence using the GRADE approach [23].

Results
Our search returned 596 records, of which we included 18
trials [10,14,24–39]. The Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) flow
diagram details the reported search (Fig. 1).

The included trials were conducted in lower- and middle-
income countries and are summarised in Table S1. Their risk
of bias assessments are depicted in Fig. 2. Appendix S1 lists
the excluded studies with reasons for ineligibility.

Effects of Interventions

Table 1 summarises the effects of the interventions for each
of the following outcomes.

Primary outcomes

Trials did not report severe AEs. However, there may be a
slight increase in moderate AEs when devices are used
compared to standard surgical techniques (risk ratio [RR]
1.31, 95% CI 0.55–3.10; I2 = 68%; 10 trials, 3370 participants;
low-certainty evidence). This represents eight more moderate
AEs per 1000 males circumcised with a device (95% CI from

Fig. 2 Risk of bias of the included studies.
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12 fewer to 57 more). We downgraded the certainty of the
evidence due to serious risk of bias and imprecision.

Secondary outcomes

We are uncertain about the difference in mild AEs between
groups when devices are used compared to standard surgical
techniques (RR 1.09, 95% CI 0.44–2.72; I2 = 91%; 10 trials,
3370 participants; very low-certainty evidence). This
represents 10 more mild AEs per 1000 males circumcised
with a device (95% CI from 64 fewer to 195 more). We
downgraded the certainty of the evidence for serious risk of
bias, unexplained heterogeneity, and imprecision.

Operative time is probably about 17 min shorter when using
a device rather than standard surgical techniques, which
constitutes a clinically meaningful decrease in a procedure
time (mean difference [MD] –17.26 min, 95% CI –19.96 to –
14.57; I2 = 99%; 14 trials, 4812 participants; moderate-
certainty evidence). This represents a mean difference of
17.26 min less time spent when males are circumcised with a
device (95% CI from 19.96 less to 14.57 less). We
downgraded the certainty of the evidence one level for serious
risk of bias. There was a high statistical inconsistency
(I2 = 99%), but all times indicated a reduction in procedure
duration when a circumcision device was used compared to
the standard surgical technique. Hence, we did not
downgrade for inconsistency. Furthermore, we deemed it
clinically important for an operative time under 10 min.

There may be less postoperative pain during the first 24 h
when circumcision devices are used compared to standard
surgical techniques (measured using a visual analogue scale
[VAS]; MD 1.30 cm lower, 95% CI 2.37 lower to 0.22 lower;
I2 = 99%; nine trials, 3022 participants; low-certainty
evidence). This represents a mean difference of 1.3 less pain
on the VAS when males are circumcised with a device (95%
CI from 2.37 less to 0.22 less). We downgraded the certainty
of the evidence for serious methodological limitations and
serious unexplained heterogeneity.

There may be little or no difference in postoperative pain
experienced during the first 7 days when compared with
standard surgical techniques (measured using a VAS; MD
0.11 cm higher, 95% CI 0.89 lower to 1.11 higher; I2 = 94%;
four trials, 1430 participants; low-certainty evidence). This
represents a MD of 0.11 more pain on the VAS when males
are circumcised with a device (95% CI from 0.89 less to 1.11
more). We downgraded the certainty of the evidence for
serious methodological limitations and serious unexplained
heterogeneity.

Lastly, participants may slightly prefer circumcision devices
compared to standard surgical techniques (RR 1.19, 95% CI
1.04–1.37; I2 = 97%; 15 trials, 4501 participants; low-certainty
evidence). This represents 143 more participants per 1000

who were satisfied with circumcision devices (95% CI from
30 more to 278 more). We downgraded the certainty of the
evidence for serious risk of bias and unexplained
inconsistency.

Discussion
The present Cochrane review is currently the most rigorous
and up-to-date systematic review that assesses the effects of
circumcision devices to standard surgical techniques. While
our findings may generally be recognised to be applicable to
standard global clinical practice, it is important to note the
following. Of the 18 included trials, all were exclusively
conducted in China and sub-Saharan African countries. Thus,
potentially affecting the applicability of our findings to other
low-middle-income settings and high-income settings.
Although these trials were conducted in resource constraint
settings, where health systems differ in how they operate and
how professionals who perform these procedures might be
trained, there is no reason why these devices would work
differently in other settings. The eligible trials comprised of
medically trained doctors that performed device-based
circumcision with varying levels of experience.

Interestingly, two trials consisting of nurses who carried out
the device-based procedures. Thus, suggesting that this duty
may potentially be shifted to nurses, thereby saving on costs
in the long term. Further insight into the appropriate level of
healthcare practitioner tasked to carry out these procedures
and feasibility of task shifting or sharing requires evaluation
through current and future trials of this nature.

The present review did not cover trials where traditional
healers perform circumcisions in line with their cultural
norms and practices. Furthermore, it was not within the
scope of the present review. Therefore, we do not know how
these circumcision devices would be implemented in
traditional settings, i.e. non-health system settings. This
consideration may have important implications for
implementation across other settings.

Currently, there are no systematic reviews that have applied
rigorous Cochrane methodology with GRADE evaluation to
rate the certainty of the evidence. We only included RCTs
that assessed a wide range of differing circumcision devices
that compared situ and disposable devices to surgical
techniques. Importantly, our search identified four systematic
reviews and meta-analyses [40-43]. Unlike our present review,
these did not combine all devices when comparing against
standard surgical techniques, nor did they include a certainty
of evidence rating. However, they highlighted the
methodological limitations of their included studies. Even
though three systematic reviews assessed AEs, they failed to
classify them according to the WHO Framework for Clinical
Evaluation of Devices for Adult Male Circumcision, which
provides standardised definitions for grading AEs as mild,
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moderate, or severe [8,13,40,42,43]. Contrary to our present
results, three reviews reported that participants in the
circumcision-device groups were less likely to have AEs than
those that received the standard surgical technique. Although,
one review compared disposable circumcision suture devices
and SR separately to surgical techniques [42]. Those in the
SR group are reported to have higher odds of developing AEs
than those in the standard surgical technique group.

Three systematic reviews reported postoperative pain [41-43].
Of these, two reviews measured pain within 24 h [42,43].
One review did not specify a timeframe for measuring pain
[41]. Similarly to our present findings, two reviews reported a
statistically significant difference in participants reporting less
pain in the circumcision-device groups [41,43]. In contrast,
participants in one review reported having experienced pain
similarly across groups [42].

All four reviews consistently reported shorter operative times
with circumcision devices in their meta-analysis [40-43]. Notably,
three reviews reported a >15 min decrease in operative time.
Time-saving may be related to standardised procedures that
make devices such as SR and PrePex easy to use.

Similarly to our present results, the four reviews that
measured participant satisfaction for penile appearance
indicated that participants in the device group were more
satisfied than those that received the standard surgical
technique [40-43].

The difference between our present review and the four
reviews may be due to heterogeneous study populations; the
difference in how devices were categorised in our study
(crush vs ligature) as mechanisms of action; the need for
injectable or topical anaesthesia; device placement and
removal; time in situ and wound closure techniques may
differ between devices within these generic categories [40-43].
One review differed in reporting outcomes such as follow-up
times, pain scores, protocols for pain management,
participant satisfaction rating and AEs or complications [41].
In our present review, healthcare practitioners performing the
procedures did not have similar qualifications across all
included trials. These differences may influence operative
outcomes as a result of varying surgical skills and expertise.

Device-based circumcision procedures compared to standard
surgical techniques are consistently reported to be
significantly quicker to conduct and easier to learn and
execute, thus, minimising surgical skills and requirements
such as injected anaesthesia and suturing. This allows for
task-shifting to other mid-level cadres of staff (nurses and
medical officers) and has the potential for rapid scale-up of
VMMC programmes for HIV prevention in resource-
constrained settings [12,44]. Still, this does not eliminate the
need for surgical VMMC services, as some patients may not
be eligible for a device or would prefer a standard surgical

circumcision. Understandably, surgical interventions would be
needed for some patients with abnormal foreskin anatomy
and in rare instances of device-related complications. Thus,
should complications arise, healthcare providers delivering
VMMC services must acknowledge their limitations in skills
and expertise to know when to refer patients to more
qualified clinicians [9].

Conclusion
We found no differences in serious AEs when circumcision
was performed using a device, and there may be slightly more
moderate AEs than standard surgical techniques.
Encouragingly, circumcision devices probably reduce
operative time by ~17 min. Patients may feel less
postoperative pain within the first 24 h and may slightly
prefer using a device rather than standard surgical
procedures. Therefore, circumcision devices are an option for
clinical practice and may enable task-shifting to different
healthcare workers as they represent a simpler procedure.
However, the results of our systematic review should be
considered in conjunction with other contextual factors such
as cost, patient preferences and values, and access to trained,
skilled healthcare workers and healthcare in some settings.
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