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Abstract

Background:

Cesarean section is a very common operation carried out to save maternal and fetal lives. Similar to any surgery, a
cesarean procedure carries some complications, including wound infection. The method of closing the wound and the
used material can contribute to the development of wound infection. The most common methods for the closure of
cesarean wounds are staples and subcuticular sutures.

Aim:

To compare the occurrence of wound infection following suturing and stapling for wound colure in cesarean section.
Methods:

The search process was adopted through scientific databases and using related terms. The eligible articles were those
written in English, reported original findings, focused on cesarean procedure, compared staples and suturing, and
reported wound infection rates.

Results:

Twelve studies with 5003 women who underwent cesarean delivery were included based on the determined criteria.
Similar rates of wound infection between both methods were reported in three studies, whereas the remaining nine
studies reported higher rates of infection for the stapling technique.

Conclusion:

Stapler was associated with higher rates of wound infection after cesarean section compared to suturing. However, the
risk estimation couldn't be determined due to the lack of reported risk in the included studies.

Keywords: CS, Wound closure, Suturing, Stapler.
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Introduction

Cesarean section (CS) is a very common
procedure for childbirth globally [1] in order to
save the lives of mothers and their fetuses [2].
Despite the recommendation regarding the rate of
CS not to exceed 15%, several countries reported
much higher rates of CS [3].The rate of CS,
including primary and repeated CS has risen
dramatically over the last decades [2]. The
increased rate of CS is associated with increasing
rates of complications [4].Wound complications
are a main source of morbidity following CS and
are associated with increased hospital stay and
readmission rate [3, 5].Almost 5% of women who
perform CS experience wound complications such
as infection, hematoma, and seroma [6]. Others
reported that wound complications occur among
2.5-16% of CS cases [7].

There are various factors that contribute to wound
complications of CS, including wound closure;
however, the optimal strategy of wound closure to
reduce such complications isn't known [8].
Surgical wound closure refers to closing the
dermal flaps to facilitate rapid healing with few
complications and achieve satisfying cosmetic
outcomes [9].Additionally, professional personnel
have an ongoing debate regarding the most
effective strategy for closing the uterus after CS
[10]. The selection of method and material for
wound closure is affected by the surgery type,
length of the incision, and the wound anatomical
site [11].

The ideal method of closing a wound should
result in minimal postsurgical pain and wound
complications, be rapidly accomplished, and
produce cosmetic outcomes acceptable to women
[12]. The most common methods for the closure
of cesarean wounds are staples and subcuticular
sutures [4].Staple is a disposable skin stapler with
high speed [13]. Suturing is the most frequently
used method for incision site closure [11]. There
are thousands of available suturing materials
which can be synthetic or natural, absorbable or
non-absorbable, braided or monofilament [14].
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Sutures have the disadvantage of increasing the
time of application and having inferior
cosmeticoutcomes with scars [15]. On the other
hand, staplers are superior to suturing due to their
disposable nature, reduced time of wound closure,
reduced risk of contamination [16], and improved
cosmetic outcomes [15].

However, there is a debate regarding skin closure
at CS between skin staples and subcuticular
suturing [17].Previous literature compared staples
and sutures and reported conflicting findings [18-
23].Additionally, the previously reported analysis
that compared between the two methods didn’t
focus on wound infection and reported wound
complications generally or the outcomes of each
closuring method[5].So, this systematic review
was performed to compare the occurrence of
wound infection following suturing and stapling
for wound colure in cesarean section.

Method
Search strategy:

According to the guidance of the PRISMA [24],
this systematic review was written. The first step
involved searching for related studies through the
scientific websites PubMed, Web of Science,
BASE, and Google Scholar. The search was
limited to ten years starting from 2015 till now.
The terms used for searching procedure, included
"Suturing, Stapling, Stapler, Material, Suture,
Techniques, Wound, Infection, Closure, CS, and
Comparison." All produced titles were revised
thoroughly to avoid missing potential research.

Eligibility criteria:

The obtained studies were then checked to
exclude articles reporting suturing and/or stapling
regarding other procedures. Also, articles
reporting one type of closure technique were
excluded. Duplicate articles were excluded to
avoid duplication of data. The abstracts of the
articles were revised, then studies that didn’t
report study design were excluded. However, all
study designs were eligible. The articles that
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compared between the two closure methods and
didn’t report the wound infection for both
techniques were excluded. Therefore, eligible

articles were those written in English, based on
original data, available for full-text. The scheme
of selection criteria is shown in Figure 1.
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Fig 1: Scheme of selection criteria

Data review and analysis:

A preview was performed for all included articles
with a more precise review of the abstract to
determine the data of interest for extraction. The
data was then extracted by precise reviewing of
the full articles and extraction of data using an
Excel sheet. The extracted data was then
summarized in one table under major titles.

Results

Twelve articles fulfilled the particular criteria [25-
36] (Table 1) and were included in this review.
The studies were published between 2016 and
2023. The study designs included comparative
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[25], prospective observational [26], prospective
comparative [27, 28, 35],trials [29-33],and
retrospective [35, 36]. Two studies compared
three techniques of closure, mattress, subcuticular
suture, and stapler [25, 30]. The remaining studies
compared between sutures which were applied
using different types of sutures and staplers.
Suturing was performed using absorbable
subcuticular [26], delayed absorbable [27],
prolene suture [28, 33], subcuticular [31, 36],
undyed [32], subcuticular of poliglecaprone or
polyglactin [34], non-absorbable silk [35], but one
study didn’t state the suture type [29]. Stapler was
specified in one study as absorbable subcuticular
[32].
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Table 1: The summarized extracted data

Author and Study design Closure technique Characteristics Results and main findings
Publication year
Chaurasia et al Comparative *Interrupted Mattress -N=246 *There were no considerable differences between groups
2023 [25] using ethilon 2.0 *A=83 regarding wound infection on day four post-surgery, including
suture (A) *B=82 healthy, induration, and discharge, and regarding day eight
*Subcuticular suture  *C=81 including the same parameters.
using ethilon 2.0 -Primary CS with PI *Staples and suturing are associated with similar wound
suture (B) complications.
*Staple (C)
Shrestha et al Prospective *Stapler -N=353 *Wound was unhealthy among 1.98%; 71.4% of the stapler and
2022 [26] observational * Absorbable *Stapler=91 28.6% of suture groups (P=0.01).
subcuticular suture ~ *Suture=262
-CS
Arpitha et al Prospective *Stapler -N=230 *Wound infection rate was 2.6% in the stapler and 1.7% in the
2022 [27] Comparative *Suturing using 3-0/4- *Stapler=115 suture groups, whereas healthy wound was 94.8% in the stapler
0 delayed-absorbable  *Suture=115 and 95.7% in the suture (P=0.3).
monoacryl -LSCS both
emergency & elective
Jahan et al 2022 Prospective *Stapler (I) -N=216 *17.6% of stapler and 7.4% of suture groups experienced wound
[28] comparative *Prolene suture (II)  *I=108 infection.
*11=108
-Emergency &
elective
Bashir et al 2021 Randomized *Stapler (I) -N=400 The rate of wound infection was 11%; 15% of stapler and 7% of
[29] control trial *Suture (II) *1=200 suture groups experienced infection.
*11=200
-Emergency &
elective
Nayak et al 2020 Randomized *Stapler (A) -N=300 *The rate of wound complication was 16.6% and the infection rate
[30] controlled trial ~ *Subcuticular suturing *A=100 was 14.3% and represented 86% of all wound complications.
using monocrystal 3-0  *B=102 *The rate of infection among group (A) was 27%, (B) was 7.8%,
(B) *C=98 and (C) was 8.2% (P<0.001).
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Zafar et al 2020
[31]

Madsen et al
2019 [32]

Sajid et al 2019
[33]

Fox et al 2018
[34]

Jahan et al 2017
[35]

Zaki et al 2016
[36]

Randomized
controlled trial

Prospective,
randomized,
non-blinded,
parallel-group
trial
Randomized
control trial

Retrospective

Prospective
comparative

Retrospective

*Mattress suture
nylon (C)
*Subcuticular suture
(A)
*Stapler (B)

* Absorbable
subcuticular Stapler
*Suture using 3-0
undyed

*Stapler (A)
*Suture 2/0 prolene
(B)

*Stapler
*Suture using
subcuticular
suture of either 3-0

poliglecaprone or 4-0

polyglactin

*Stapler
*Suture using

nonabsorbable silk 2/0

*Stapler
*Subcuticular Suture

-Emergency CS

-N=500

*A=250

*B=250

-CS

-N=206
*Stapler=103
*Suture=103

-CS via a low
transverse incision
-N=654

*A=327

*B=327
-Emergency &
elective

-N=551
*Stapler=192
*Suture=359
-Tertiary or higher-
order CS.

-N=200
*Stapler=100
*Suture=100
-CS

-N=1147
*Stapler=540
*Suture=607

-CS for obese women

*Wound infection occurred in 7.2% of group A and 14.4% in B
(P=0.009).

*There were no significant variations between both groups
regarding wound complications, including infection; surgical site
infection (4.3%) among sutures, (0%) among staplers (P=0.06).

*Infection was found in 12.2% of staplers and 5.8% of the suture
group (P=0.04).

*Infection occurred among 11.5% of staplers and 4.7% of sutures
(P=0.003).

*Infection occurred in 8% of sutures and 20% of staplers (P=0.01).

*Infection rate among staplers was 6.5% and among sutures was
2.6% with an RR of 2.46.

CS; Cesarean section, PI; Pfannenstiel incision, LSCS; Lower segment cesarean section, RR; Relative risk.
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A total of 5003 women were included; 181
subjects underwent closure using a mattress, 2207
women used stapling and 2615 women used
suturing. The population included women who
underwent primary CS with pfnnenstiel
incision[25], LSCS for emergency and elective
CS [27], and CS via low transverse incision [32].
Other studies enrolled women who underwent
emergency and elective CS [28, 29, 33|,
emergency CS [30], tertiary or higher order CS
[34], and CS for obese women [36], whereas two
studies reported that women underwent CS only
[26, 31, 35].

Regarding the findings of the studies involved
three closure approaches; one study reported no
considerable variations between groups regarding
wound  infection, with  similar  wound
complications among staplers and suturing groups
[25]. Another study reported a wound infection
rate of 14.3% and it was the main wound
complication reported (86%). Additionally, the
rate of infection was significantly higher for the
stapler (27%), compared to the mattress (8.2%)
and finally suturing (7.8%) (P<0.001) [30].

The rates of wound infection were reported in two
studies including 1.98% [26], and 11% [29]. A
significantly higher rate of infection among the
stapler group was reported in five studies with the
significance of P=0.01 [26], P=0.009 [31], P=0.04
[33], P=0.003 [34], and P=0.01 [35]. Other
studies didn't report the significance level but
reported higher rates of infection among the
stapler group compared to the suture one [28, 29,
36]. The relative risk for infection among those
who underwent stapling was 2.46 [36].

On the other hand, comparable infection rates
between both groups were reported in
one[27].Also, the study reported absorbable
staplers reported no significant variation in
infection rate (P=0.06) between stapler (0%) and
suturing (4.3%)[32].

Discussion

CS is a major obstetric procedure and it may be
accompanied by some complications such as
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infection [2]. There are various contributors to
wound complications in CS, including wound
closure [8]. Staples and suturing are the most
commonly used methods for closing the cesarean
wound [4]. However, the optimal strategy of
wound closure to reduce such complications isn't
known [8]. The previously published reviews
compared staplers and suturing either included
heterogeneous studies not focusing on CS [37], or
reported general comparison in CS subjects [1X],
with no focus on wound infection in CS.
Therefore, this review focused on comparing
staples and suturing of CS in terms of wound
infection.

Stapler is superior to suturing due to the reduced
risk of contamination [16]. Also, it was reported
that sutures can elevate the probability of surgical
site infection due to ischemia related to wound
flaps that delay normal healing [38].

However, our findings indicated that staplers were
associated with higher rates of wound infection,
either high rates of wound infection [28, 29, 36]
or significantly higher rates of wound infection
[26, 31, 33, 34, 35] compared to suturing,
regardless of the suturing material. Only three
studies out of twelve reported no significant
differences in the rates of wound infection
between both closuring methods [25, 27, 32].

An earlier analysis included revised databases
from 1966 to 2010 included only six studies. It
was found that stapling the wound was associated
with a twofold increased risk of wound infection
or separation compared to subcuticular suturing
[4].Similarly, we found that the relative risk of
infection among those who underwent stapling
was more than twofold. However, this relative
risk was reported in only one study [36].

A previous analysis included ten studies with
3696 women demonstrated that subcutaneous
tissue closure reduced the probability of wound
infection (OR 0.99). However, there was no data
reported regarding women with high BMI [39].
Such findings were similar to ours; additionally,
one of the included studies in this review was
conducted on obese women and it was found that
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stapling was associated with infection with a
relative risk of more than twofold [36]. However,
there is still inadequate data on the infection rate
of each closure method regarding BMI.

Obesity seems to have a direct influence on the
rate of wound complication [40].It was reported
that the relative risk of developing wound
infection was up to 2.8 when the thickness of the
subcutaneous tissue exceeds 3 cm [41].

In a previous meta-analysis of five trials that
included 877 women, it was found that wound
complication was higher with staples with a
pooled odd ratio of 2.11. However, no finding
regarding wound infection was reported [5].In
another analysis of 26 trials, there was no focus
on wound infection, instead, it was reported that
absorbable suture didn't increase the risk of
wound complications compared to stapler. Wound
complications included the frequency of wound
infection, seroma, reclosure, hematoma, and
others[3]. In our analysis, there were different
materials of sutures were involved; however, all
displayed lower infection rates compared to
staplers. However, the sole study that used an
absorbable stapler displayed no significant
variation regarding infection when compared to
suturing. Additionally, that study also revealed
that despite the non-significant variation in
infection rate between both methods, suturing
using 3/0 undyed material resulted in a slightly
higher infection rate (4.3%) compared to staplers
(0%) [32]. Choosing the right suture material and
the closure technique has a potential role in the
natural healing of the wound and restoring the
normal anatomical structure after operation [42].

In an analysis included several studies comparing
suturing and staplers regarding surgeries of
gynecology, emergency care treatment, general
surgeries, as well as head/neck operation, it was
found that wound infections were significantly
fewer in the staples subjects compared with
suturing [37]. Such findings were in contrast to
ours and the explanation of that could be
attributed to the inclusion of various surgeries in
the previous analysis [37], whereas the current
analysis focused on CS only. A previous review
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included 42 very low to low-quality trials of
11067 reported that due to the lack of high-quality
studies, there is no deduction that can be made
regarding the superiority of sutures over staplers
regarding  wound infection and  other
complications [43].

It was reported that the risk factors of surgical site
infection after CS, include host, pregnancy, and
procedure factors [44]. However, the studies of
this review reported the rate of infection of each
closure method, with no multivariate analysis and
no investigation of other contributing factors of
infection.

Conclusion

This review revealed that a stapler was associated
with higher rates of wound infection after CS
compared to suturing. However, absorbable
stapler seems to be promising as it displayed a
slightly lower infection rate compared to suturing,
but there is no sufficient data regarding
absorbable stapler.

Limitations, strengths, and
recommendations:

The limitation of this review is that the included
studies didn’t report the impact of incision type
on infection rate, the impact of suturing material,
BMI, and the number of previous CS. Also, the
studies didn't determine the relative risk of
infection for each closuring method. The strength
of this analysis is that the focus is on wound
infection in CS. From the limitations, we
recommend the establishment of further studies
that focus on the rate of wound infection with the
determination of the risk of infection regarding
each method of closure.
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