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Introduction

Cesarean section (CS) is the most common obstetrical proce-
dure performed worldwide, including India. Despite its high 
prevalence, data regarding the preferred surgical techniques, 
including those for skin closure, are limited. Skin closure is 
an integral step of CS; it influences cosmesis and patient 
and surgeon satisfaction and is associated with the absence 
or presence of wound complications [1,2]. As the national 
and international CS rates are increasing continuously, the 
number of wound complications, such as seroma, hema-
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toma, infection, separation, and dehiscence, in CSs may 
also be expected to increase. In developing countries, such 
as India, the exact rate of wound complications following 
CS is not known, and there are limited data regarding the 
effect of specific skin closure techniques on wound healing 
at the time of CS. Underlying medical maternal disorders, 
immunosuppression, steroid intake, obesity, frequent vaginal 
examinations, emergency CS, and failure to close or drain 
the subcutaneous tissue more than 2 cm in thickness are the 
common risk factors for CS wound complications. The ideal 
skin closure technique should be safe, effective, and inex-
pensive, take less time, and yield minimal patient discomfort 
and good cosmetic outcomes. It should also require minimal 
follow-up evaluation and yield a low rate of wound compli-
cations [3,4].

In our center, the commonly used techniques for skin clo-
sure include the use of interrupted non-absorbable sutures 
(monofilament nylon, 2-0), subcuticular sutures (monocryl 
2-0), and staples. Mattress sutures have the advantages of 
being inexpensive, easily available, and comfortable for use 
among surgeons and of having good tissue-holding strength 
at a deeper level and less risks of wound dehiscence. How-
ever, they have the disadvantages of being associated with 
increased risks of infection (higher with silk than with mono-
filament nylon) and poor cosmesis and of having the need 
for stitch removal [5-8]. Staples are preferred because of their 
rapid applicability, easy compatibility, and good cosmetic 
outcomes but are costly and may be associated with a higher 
rate of wound dehiscence [8,9]. Subcuticular sutures using 
monocryls yield good cosmetic outcomes; however, their use 
has the disadvantage of being time-consuming and costly [8,9].

Only a few randomized controlled trials have compared 
different skin closure techniques after abdominal surger-
ies and their wound complications; however, none of them 
have concluded which technique is the best for Pfannenstiel 
incision closure following CS. A Cochrane review in 2012 
also found no conclusive evidence on the best technique for 
skin closure after CS [9]. Hence, we compared different skin 
closure techniques during emergency CS to identify the tech-
nique associated with minimal wound complication rates.

Materials and methods

This study was a randomized controlled trial conducted in 

the Department of Obstetrics and Gynecology, Postgradu-
ate Institute of Medical Education and Research, Chandigarh 
over a period of 14 months (January 2013 to February 2014). 
The study was approved by our Institutional Ethics Commit-
tee (reference number: NK/755/MD/1686-1687). Written 
consent was obtained from all patients at recruitment. In this 
trial, there were 1,514 women who were screened, and a 
total of 307 patients fulfilled the inclusion criteria and were 
then enrolled in the study after randomization. Seven wom-
en dropped out of the study at the time of CS. Women aged 
18–40 years undergoing primary emergency CS via Pfannen-
stiel incision and at gestation of more than 28 weeks with 
a maternal weight of less than 75 kg were enrolled in the 
study. Women with previous uterine scars or hypersensitivity 
to suture materials; active lesions on the anterior abdominal 
wall; and history of other medical conditions, such as uncon-
trolled diabetes mellitus, abnormal renal function test results, 
coagulopathy, clinical icterus, human immunodeficiency 
virus/hepatitis B surface antigen/hepatitis C virus infection, 
anemia (hemoglobin level of <7 gm%), shock, fever due to 
any cause, clinical chorioamnionitis, autoimmune disorders, 
immunosuppression, and drug addiction were excluded from 
the study; those with chronic steroid use and who were 
smokers were also excluded.

Detailed obstetrical and medical histories were noted. The 
patients underwent thorough examinations, including an-
thropometric evaluation (height and weight), and their infor-
mation was recorded in detail.

The patients’ baseline hemoglobin level was assessed, and 
other antenatal investigations were performed as per the 
existing protocol and according to the individual case. The 
types of onset of labor (induced/spontaneous), duration of 
term/preterm rupture of membranes (if present), number of 
vaginal examination, duration of labor, and indication for the 
emergency CS were noted. Preoperative medications, such 
as ampicillin (2 g), ranitidine (150 mg), and metoclopramide  
(10 mg; bolus) were administered via intravenous (IV) injec-
tion 30 minutes before surgery after checking the antibiotic 
test dose as per the hospital protocol. An alternative anti-
biotic, i.e., cefazolin 2 g, was injected intravenously in the 
patients sensitive to ampicillin.

A total of 300 women were randomized using the tip-
pet random number table method into 3 groups (group A, 
n=100; group B, n=102; and group C, n=98) after the de-
cision to perform CS. All surgeries were performed by the 
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consultant or senior resident. The surgical procedure was the 
same for all 3 groups until closure of the rectal sheath, which 
was conducted using No. 1 polydioxanone.

In group A, the subcutaneous fat was closed using plain 
catgut (2-0) and interrupted sutures and the skin using sta-
ples (material: stainless steel; Covidien, Dublin, Ireland).

In group B, the subcutaneous fat was closed using inter-
rupted sutures of monocryl (polyglecaprone 25, 3-0; Ethicon, 
Somerville, NJ, USA) and 3/8 circle cutting needles; the skin 
was closed via the subcuticular technique using the same su-
ture material.

In group C, subcutaneous fat was closed using plain catgut 
(2-0) when it was >2 cm in thickness, followed by skin clo-
sure using mattress sutures of monofilament nylon (2-0) with 
a reverse cutting needle.

A pressure bandage was applied after spirit cleansing in all 
patients.

1. Wound complications 
Herein, hematoma was defined as a mass of usually clotted 
blood that forms in a tissue organ or body space as a result 
of a broken blood vessel. Seroma was classified as a mass 
or tumefaction caused by localized accumulation of serum 
within a tissue or organ. Wound separation was defined as 
any separation of the wound that was identified as such by 
the patient or via medical record review and varied in size 
from small skin defects to separation of the entire wound [10].

2. Intraoperative details
The thickness of the subcutaneous fat at the midline of the 
skin incision and time taken for surgery, subcutaneous fat 
closure, and skin closure were noted. The estimated blood 
loss amount, number of units of blood transfused (if any), 
and any intraoperative complications (e.g., postpartum hem-
orrhage and bladder or bowel injury) were noted in each 
patient. Immediate postoperative IV fluids (oxytocin drip), 
analgesics (diclofenac), and antibiotics (ampicillin 500 mg IV 
6th hourly or cefazolin 1 g IV 8th hourly for the patients sen-
sitive to ampicillin) were administered on postoperative day 0. 
Immediate postoperative problems, such as fever, soakage of 
dressing, and any anaphylactic reaction, were noted. The IV 
cannula and Foley catheter were removed on postoperative 
day 1. IV antibiotic was switched to oral amoxicillin 500 mg 
8th hourly (capsule) and analgesic to diclofenac 50 mg 8th 
hourly (tablet), which were administered up to postopera-

tive day 5. At postoperative day 2, the aseptic dressing was 
opened, and the suture line status was assessed. During this 
time, any discharge from the stitch line (details regarding 
type and amount, if present), any induration present, hema-
toma, and any other signs of inflammation were recorded. 
As a part of the routine hospital protocol, hemogram, routine 
urinary examination, and urinary culture were performed. If 
any discharge from the stitch line was present, a swab was 
taken in a sterile condition and sent for microbiological cul-
ture and sensitivity analysis. If required, additional antibiotics 
were added as per the treating clinician’s decision. If added 
for induration, any serratiopeptidase derivatives were noted, 
and any systemic signs of infection, such as fever, tachy-
cardia, and myalgia, were recorded. If indicated, additional 
investigations, including workup for fever, were performed 
on an individual basis. Any fever, discharge from the wound, 
wound gaping, and induration present from postoperative 
day 2 to day 7 were noted and managed accordingly. The 
patients were discharged as per the treating clinician’s deci-
sion any time after postoperative day 2. The duration of 
postoperative hospital stay was recorded.

All patients who were discharged earlier than postopera-
tive day 7 were advised to visit for follow-up on postopera-
tive day 7. Staple removal was conducted in group A, suture 
removal in group C, and stitch line assessment in all groups. 
Pain on the stitch line was assessed using a 10-point pain 
scale in which patients were asked to rate their pain and 
their responses were then noted [11]. Patient satisfaction 
was measured using a Likert scale [12] (poor, fair, good, and 
very good) based on the technique of skin closure, its cost, 
wound outcome, suture/staple removal, pain perception, and 
whether patients would desire to receive the same skin clo-
sure technique for future delivery. Thereafter, patients were 
followed up via telephone interviews up to 6 weeks. Deci-
sions regarding additional antibiotics, frequency of dressing, 
readmission, and secondary suturing (if required) were made 
as per the treating clinician’s decision. The total cost associ-
ated with the technique used and management of its as-
sociated wound complications were assessed in each patient 
by summing up individual costs for the material used for 
incision closure, additional antibiotics used, and additional 
hospital stay required owing to wound concerns. Other 
costs, such as those for the dressing material and staffing, 
were not included. Data on readmission, if performed owing 
to wound concerns, were noted, including the postoperative 
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day of readmission, need for additional antibiotics, frequency 
of dressing needed, and details of resuturing, if required.

The primary outcomes measured were the number of 
patients who had seroma, hematoma, skin separation, and 
wound infection and those who needed additional antibiot-
ics and resuturing. The secondary outcomes measured were 
the skin closure time, pain perception on postoperative day 7, 
patient satisfaction (Likert scale) [12], and cost analysis.

3. Statistical analysis

Statistical analysis was conducted using the SPSS software, 
version 15.0 for Windows (SPSS Inc., Chicago, IL, USA). 
Means and medians were calculated for quantitative vari-
ables and standard deviations or standard errors for mea-

sures of dispersion. For skewed data, the Mann-Whitney test 
was applied. Proportions were compared using the χ2 test 
or Fisher’s exact test, as applicable. One-way analysis of vari-
ance was applied to compare the means of quantitative data 
among the 3 groups with Bonferroni correction for the post 
hoc multiple comparison test. All statistical tests were 2-sided 
and performed at a significance level of α=0.05 (P-value). For 
Bonferroni correction for multiple comparisons among the  
3 groups, the significance level was adjusted to P<0.017.

Results

The baseline and clinical characteristics of the study popula-
tion are described in Table 1. All 3 groups were comparable 

Table 1. Baseline and clinical characteristics of 3 study groups

Characteristics Group A (n=100) Group B (n=102) Group C (n=98) P-value

Baseline characteristics

Age 27.0±4.3 26.5±3.8 26.5±4.1 0.16

Primigravida (%) 59 61 45 0.04

Period of gestation 36.3±2.7 36.2±2.5 36.6±2.5 0.96

Maternal weight (kg) 60.2±6.6 60.7±6.3 60±6.2 0.63

Clinical characteristics

Hemoglobin (gm/dL) 10.8±1.5 11.1±1.5 11±1.6 0.31

Induction of labour (%) 43 41 47 0.63

P/V examination 2.57±1.6 2.04±1.3 2.19±1.1 0.06

DROM (hr) 9.6±16.3 7.3±7.1 14.9±22 0.07

Duration of labour (hr) 6.57±5.3 5.72±5.2 5.64±4.3 0.41

GDM/DM (%) 4 7 7 0.58

Data are given as mean±standard deviation not otherwise specified.
P/V, pervaginal; DROM, duration of rupture of membrane; GDM, gestational diabetes; DM, diabetes mellitus.

Table 2. Surgical characteristics

Surgical characteristics Group A (n=100) Group B (n=102) Group C (n=98) P-value

Subcutaneous fat depth (cm) 2.75±0.30 2.68±0.30 2.69±0.40 0.61

Subcutaneous fat closure (min) 1.61±0.50 1.60±0.40 1.58±0.50 0.71

Duration of surgery (min) 55.9±9.0 52.0±9.7 54.5±11.5 0.69

Indication for cesarean

Fetal distress 69 67 72

Meconium 10 13 09

Malpresentation 14 13 11

Others 07 09 06

Data are given as mean±standard deviation not otherwise specified.
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in terms of age, booking status, maternal weight, and period 
of gestation. There were 59%, 61%, and 45% primigravidas 
in groups A, B, and C, respectively; however, the difference 
was not significant. There was also no significant difference 
among the 3 groups in terms of the mean hemoglobin level, 
induction of labor, duration of rupture of membranes, num-
ber of vaginal examination prior to lower segment CS, dura-
tion of labor, and number of women with diabetes mellitus 
(P≥0.05).

Surgical characteristics, including subcutaneous fat depth, 
subcutaneous fat closure time, and surgical duration (Table 2), 
were assessed and were found to be comparable among the 
3 groups.

To compare the primary outcomes among the 3 study 
groups, the Pearson χ2 test was applied (Table 3). The overall 
composite wound complication rate for the entire cohort 
was 16.6% (n=50); the complication rate was significantly 
higher in group A than in the other groups. Out of the total 
of 50 women with wound complications, 60% were from 
group A; this was highly significant when group A was com-
pared with group B and group C (P=0.002 and P<0.001, re-

spectively). Infection was the most common wound compli-
cation observed in the entire study group, and the infection 
rate was significantly higher in group A than in groups B and 
C (P≤0.001). Nine of the 27 women and 2 of the 8 women 
with wound infection in groups A and B developed wound 
gaping, respectively. In group C, 8 had wound infection, and 
3 had wound gaping. Resuturing was required in 4 women 
with wound gaping; the remaining cases were allowed to 
heal by secondary intention.

In group A, 1 woman developed 5-cm wound gaping just 
above the rectal sheath, which was managed with daily 
dressing and additional antibiotics. The wound swab culture 
was sterile in this patient. Three women developed complete 
wound dehiscence just above the rectal sheath along with 
high-grade fever, which required wound debridement and 
administration of antipyretics and additional antibiotics. The 
wound swab culture of 1 of these 3 women showed growth 
of Acinetobacter, which was sensitive to amikacin. However, 
the blood cultures of all 3 women were sterile. All of them 
required secondary resuturing on postoperative day 14, and 
2 of them required readmission. The cost associated with 

Table 3. Primary outcomes in 3 different groups

Primary outcomes Group A (n=100) Group B (n=102) Group C (n=98) P-value

Wound complications 30 12 8 <0.001b)

Seroma 3 4 0 0.78

Haematoma 0 0 0 0.99

Wound gapinga) 9 2 3 0.11

Wound infection 27 8 8 <0.001b)

Resuturing 3 1 0 0.07

Additional antibiotics 11 2 4 0.01
a)All women of wound gaping had infection in all 3 groups; b)P<0.05 were considered statistically significant.

Table 4. Secondary outcomes in different groups

Secondary outcomes Group A (n=100) Group B (n=102) Group C (n=98) P-value

Skin closure time(min) 0.68±0.30 5.68±0.70 4.29±1.00 <0.001a)

Pain perception (D7)

A) Mild 76 91 92 0.009

B) Moderate 18 10 5 0.009

C) Severe 6 1 1 0.009

Good patient satisfaction 63 76 47 <0.001

Total cost (Rs) 543.20±410.41 371.10±120.75 186.20±144.75 <0.001

Rs, Rupee (currency of India).
a)P<0.05 were considered statistically significant.
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wound complication management was 5 times higher than 
that in the women in the same group with no complications.

In group B, 1 of the 2 women with wound gaping required 
multiple dressings, administration of additional antibiotics 
and antipyretics, and secondary resuturing. The cost associ-
ated with wound complication management was 4 times 
higher than that in the patients in the same group with 
no complications. In group C, 3 women developed wound 
gaping, which was managed conservatively and healed by 
secondary intention. The number of patients who needed 
additional antibiotics was significantly higher in group A 
than in the other groups (P=0.01). When associated factors, 
i.e., hemoglobin level, onset of labor, duration of rupture of 
membranes, number of vaginal examination, indication and 
duration of surgery, and amount of blood loss, were com-
pared between the women with and without wound compli-
cations, no significant difference was found.

The secondary outcomes are presented in Table 4. Al-
though the skin closure time was the shortest with closure 
using staples, the women who received such reported sig-
nificantly higher pain levels at postoperative day 7. The mean 
total cost for the skin closure technique and its associated 
wound complications was much higher in group A than in 
groups B and C.

Discussion

The best skin closure technique and material to use and the 
outcome associated with each remain unclear. Initial small 
studies comparing various skin closure techniques reported 
contradictory results. Previous studies mainly focused on the 
potential impact of CS skin closure techniques on pain or 
cosmesis [13,14]. Recently, some studies, including clinical 
trials and meta-analyses, have compared various techniques 
of skin closure and addressed wound morbidities [5,15-17].

The composite wound complication rate calculated in our 
study was 16.6%, which is in line with that reported by 
Basha et al. [5] Generally, we observed that surgical staples 
were associated with a significantly higher incidence of com-
posite wound morbidity than were subcuticular and mat-
tress sutures. The higher rate of wound infection in group A 
may be attributed to the allergic or inflammatory reactions 
owing to the metallic nature of staples and greater wound 
disruptions. Our observation is in agreement with that of 

few studies that the rate of wound separation is higher with 
the use of staples [5,16]. The higher rate of wound separa-
tion was attributed to early staple removal in few studies 
[5,14]. However, in our study, staple removal was performed 
on postoperative day 7. Most of the wound separation cases 
were minor and superficial and needed only few additional 
dressings without readmission.

Herein, we considered seroma, hematoma, wound gap-
ing, and wound infection as wound complications. There is 
a wide range of wound complications cited in the literature; 
this is attributed to the various definitions of wound infec-
tion and several associated factors among various studies 
[15,18,19]. Conversely, lower wound complication rates have 
been reported in studies with broad exclusion criteria than in 
studies with stringent exclusion criteria, and there is no uni-
formity regarding antibiotic prophylaxis. In our study, we con-
tinuously administered prophylactic antibiotics to all women 
until postoperative day 7. Since the completion of this study, 
we started to administer only prophylactic antibiotics within 
1 hour before the surgery. A high complication rate was 
found in our study despite the broad exclusion criteria and 
antibiotic coverage; this could be attributed to the fact that 
our institute is a tertiary care center with majority of cases re-
ferred from other hospitals, and all patients included under-
went emergency CSs unlike in other studies [5,13,14,20-22]. 
Further, 2.3% of the women in our study had wound se-
roma; this was not measured as an outcome in other studies. 
We think our data on the different wound complications are 
accurate, as wound assessment was performed objectively, 
unlike in other studies where it was conducted subjectively 
[5]. No woman in our study group developed wound hema-
toma; however, this could be because of the small sample 
size. Thus, it is difficult to form any conclusions on this rare 
outcome. The higher wound complication rate observed in 
the patients who received closure using staples than in those 
who received such via the subcuticular technique (30% vs. 
12%) is in accord with that of a previous systematic review 
and meta-analysis, where it was concluded that subcuticular 
sutures are associated with lower risks of wound complica-
tions in CS [16].

Various studies have shown staples to be superior in terms 
of the closure time; however, the findings related to postop-
erative pain, cosmesis, and cost-effectiveness are not consis-
tent [5,14,23]. Indexed studies reported shorter skin closure 
time and higher pain levels on postoperative day 7, which 
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are in line with most reports [5,19,20].
Only a few studies have compared the cosmetic outcomes 

of different types of sutures. Yang et al. [24] concluded that 
intradermal vertical mattress sutures are superior cosmeti-
cally to subcuticular sutures. Greater patient and physician 
satisfaction and better cosmetic outcomes were observed 
with the suture closure method than with the staple closure 
method [25].

The strength of our study was that it was a randomized 
controlled trial conducted in a tertiary care teaching institute. 
We could not compare the wound infection rates in groups 
with different body mass indices; however, the mean weights 
of all 3 groups were similar. We observed a 4-fold greater 
financial cost incurred when staples were used for skin clo-
sure. Basha et al. [5] had similar observations that sutures 
were 4 times cheaper than staples.

We also observed that skin incisions closed using staples 
were more likely to have wound complications than those 
closed using monocryl subcuticular sutures and nylon mat-
tress sutures when placed according to our aforementioned 
protocol. The plausibility of this association may be attributed 
to the increased bacterial colonization in the gaps between 
staples or to the less tissue remodeling and healing with sta-
ples as a result of decreased inflammatory response. Another 
possible explanation may be the better approximation and 
increased tensile strength with sutures.

We conclude that the use of staples for skin closure for CS 
is associated with an increased risk of wound complications 
and postoperative visits. Despite patients’ preferences for 
subcuticular sutures, our data suggest no difference in pa-
tient satisfaction after wound healing between subcuticular 
and mattress sutures. As the present study was a pilot study, 
the small sample size can be considered our limitation. Fur-
ther studies with larger sample sizes are needed to delineate 
our findings.
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