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Subcuticular sutures versus staples for skin closure after open
gastrointestinal surgery: a phase 3, multicentre, open-label,
randomised controlled trial

Toshimasa Tsujinaka, Kazuyoshi Yamamoto, junya Fujita, Shunji Endo, junji Kawada, Shin Nakahira, Toshio Shimokawa, Shogo Kobayashi,
Makoto Yamasaki, Yusuke Akamaru, Atsushi Miyamoto, Tsunekazu Mizushima, junzo Shimizu, Koji Umeshita, Toshinori ito, Yuichiro Doki,
Masaki Mori, for the Clinical Study Group of Osaka University on Section of Risk Management

Summary

Background Staples have been widely used for skin closure after open gastrointestinal surgery. The potential advantages
of subcuticular sutures compared with staples have not been assessed. We assessed the differences in the frequency of
wound complications, including superficial incisional surgical site infection and hypertrophic scar formation, depending
on whether subcuticular sutures or staples are used.

Methods We did a multicentre, open-label, randomised controiled trial at 24 institutions between June 1, 2009, and
Feb 28, 2012. Eligible patients aged 20 years or older, with adequate organ function and undergoing elective open upper
or lower gastrointestinal surgery, were randomly assigned preoperatively to either staples or subcuticular sutures for skin
dosure. Randomisation was done via a computer-generated permuted-block sequence, and was stratified by institution,
sex, and type of surgery (ie, upper or lower gastrointestinal surgery). Our primary endpoint was the incidence of wound
complications within 30 days of surgery. Analysis was done by intention to treat. This study is registered with UMIN-
CTR, UMIN000002480.

Findings 1080 patients were enrolled and randomly assigned in a one to one ratio: 562 to subcuticular sutures and 518 to
staples. 1072 were eligible for the primary endpoint and 1058 for the secondary endpoint. Of the 558 patients who.
received subcuticular sutures, 382 underwent upper gastrointestinal surgery and 176 underwent lower gastrointestinal
surgery. Wound complications occurred in 47 of 558 patients (8 4%, 95% CI 6-3-11-0). Of the 514 who received staples,
413 underwent upper gastrointestinal surgery and 101 underwent lower gastrointestinal surgery. Wound complications
occurred in 59 of 514 (11-5%, 95% CI 8-9~14-6). Overall, the rate of wound complications did not differ significantly

between the subcuticular sutures and staples groups (odds ratio 0709, 95% CI 0-474-1-062; p=0-12).

Interpretation The efficacy of subcuticular sutures was not validated as an improvement over a standard procedure for
skin closure to reduce the incidence of wound complications after open gastrointestinal surgery.

Funding Johnson & Johnson.

introduction

Wound complications are among the most common
issues reported after surgery, and are often very prob-
lematic for patients in terms of cosmetic appearance,
decreased quality of life, prolonged hospital stays, and
increased health-care costs.* Several publications have
addressed ways to reduce the risk of wound complications
associated with surgery such as intraoperative adminis-
tration of antimicrobial prophylaxis,** skin preparation,
barrier retractional wound protection, use of absorbable
sutures during intraperitoneal procedures,* and pulsatile
lavage irrigation of wounds before closure® Triclosan-
coated sutures significantly reduced the rate of surgical
site infections compared with conventional uncoated
sutures in various types of surgery.”

Because of the increase in the number of patients with
preoperative comorbidities that are risk factors for wound
complications, such as malnutrition,” diabetes mellitus,*
and obesity,” new, innovative approaches will be necessary
to decrease the risk of wound complications after surgery.

wwwi.thelancet.com Vol382 September 28, 2013

Subcuticular suturing for skin closure is an attractive
alternative for skin approximation in most types of surgery.
It is often used in plastic surgery because of the low
incidence of wound complications and good cosmetic
appearance.™*® Compared with staples, several clinical
trials have shown that subcuticular sutures are associated
with a significantly lower incidence of wound comph-
cations and better cosmetic results after orthopaedic sur-
gery,® cardiovascular surgery,®* and caesarean section.”*
In 242 patients undergoing coronary artery bypass graft
surgery, Johnson and colleagues® prospectively closed half
of each sternal and saphenous vein harvest wound with
staples and half with intradermal sutures. The incidence of
wound infection was similar with both methods, but
significantly fewer wound complications were noted with
subcuticular sutures than with staples. Additionally,
patients who expressed a preference preferred sutures to
staples. Basha and investigators® randomly assigned
435 patients undergoing caesarean delivery to stainless
steel staples or subcuticular 40 monocryl sutures. They
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reported that staple closure was associated with a four
times increased risk of wound separation (adjusted odds
ratio [OR] 4-66, 95% CI 2-07-10-52; p<0-001) and poor
patient satisfaction.’

These trials had been done for class 1 surgical pro-
cedures—ie, clean surgery. However, the benefit of sub-
cuticular sutures in gastrointestinal surgery, a class 2
(clean-contaminated) surgery that is associated with a high
incidence of wound complications, ¥ has not been fully
examined.”® Staples are the most commonly used tech-
nique for skin closure during gastrointestinal surgery
because of convenience and speed. Because no consensus
has been reached about how to apply findings from class 1
surgery to class 2 surgery, an optimum method of skin for
gastrointestinal surgery remains to be established.

We investigated differences in prevention of wound
complications between subcuticular sutures and staples
after elective upper and lower gastrointestinal open

surgery.

Methods
Study design and participants
We did a large-scale, multicentre, open-label,

phase 3 randomised controlled trial at 24 institutions in
Japan from June 1, 2009, to Feb 28, 2012. The study was
organised by the Clinical Study Group of Osaka
University on Risk Management (OSGO-RM), which is
composed of hospitals affiliated from the Department
of Gastroenterological Surgery, Graduate School of
Medicine, Osaka University.

Eligible patients were undergoing elective upper or lower
gastrointestinal surgery, aged 20 years or older, and had
adequate organ function. Patients undergoing abdomino-
perineal resection for rectal cancer were also eligible, but
we only assessed abdominal wounds for outcomes. We
excluded patients needing emergency or laparoscopic
surgery, with a history of laparotomy with a midline
incision, or with long-term corticosteroid use; active
infection such as peritonitis, pneumonia, or urinary tract
infection; massive ascites; coagulopathy or other disorders
that would preclude study participation; uncontrolled or
insulin-treated diabetes; mental illness, poor general
condition; severe cardiopulmonary disease; or who were
deemed by surgeons to be inappropriate for participation
in a randomised trial. The institutional review board of
each hospital approved the protocol. All patients provided
written informed consent before randomisation. We did
not collect data on the number of patients approached and
assessed for eligibility.

Randomisation and masking
Patients were recruited by the investigators and treat-
ment allocation was made preoperatively after confirm-
ing eligibity.

Enrolment was done through a web-based system
established for this trial and randomisation by a
computer-generated permuted-block sequence. The size of

the blocks used for randomisation was four. Patients were
randomly assigned (1:1) to either subcuticular sutures or
staples for skin closure and balanced according to
institution, sex, and type of surgery (ie, upper or lower
gastrointestinal open surgery). Investigator surgeons were
informed of the treatment allocation via the internet and
did the procedures. Patients and investigators were not
masked to group assignment. The data centre, based at the
Multicenter Clinical Study Group at Osaka University was
responsible for treatment allocation, central monitoring,
and statistical analyses under the supervision of the
statistician in charge.

Procedures

In the subcuticular suture group, surgeons used inter-
rupted subcuticular sutures with 3-0 or 4-0 monofilament
absorbable suture (polydioxanone; PDS-1I Ethicon, Tokyo,
Japan). The interval of the sucuticular sutures was
15-25 mm and the length of the bite of sutures was
15~25 mm from the edge of the skin. Under this condition,
the skin could be closed tightly. Use of sterile strips or skin
glue for epidermal approximation in addition to sub-
cuticular sutures was an institutional choice. In the staples
group, metallic skin staples, which were the choice of
individual institutions, 10-15 mm apart were used.
Approximation of the fat layer was not allowed in the either
group. Before the trial, investigators from participating
institutions were instructed on how to do subcuticular
sutures during the trial. A video in which a plastic surgeon
used the subcuticular suturing technique (adopted as the
standard) was provided to each participating institution.
The standard procedure was also demonstrated at each
investigator meeting. Investigators and physicians in
training met yearly to examine how subcuticular sutures
were done.

All participating institutions were asked to follow the
guidelines about prevention of surgical site infections
issued by the US Centers for Disease Control and Pre-
vention (CDC).” Surgical gloves and instruments were
changed before wound closure. Absorbable monofilament
sutures were used for approximation of the fascia, and
the subcutaneous space was irrigated with saline with-
out added antibiotics. Intra-abdominal drain placement
through a separate incision away from the operative
incision was permitted but drainage of the wound was not
allowed. Skin preparation techniques, prophylactic anti-
biotic administration, the volume of saline used for
intra-abdominal irrigation, dressing methods, and timing
of postoperative staple removal, perioperative care, and
wound management were according to each participating
institution’s respective standards.

Our primary outcome was incidence of wound com-
plications within 30 days of surgery. The secondary out-
come was the incdence of hypertrophic scar formation
6 months after surgery Wound complications were
defined as the presence of at least one of several signs or
symptoms necessitating treatment: wound disruption,
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stitch abscess, abscess caused by metal allergy, seroma or
haematoma, or superficial incisional surgical site infec-
tions. Superficial incisional surgical site infections are
defined by the CDC?® as infections occurring within
30 days of surgery that implicate only the skin or sub-
cutaneous tissue of the incision. Diagnosis of superficial
incisional surgical site infection must satisfy one or more
of several criteria: purulent drainage (with or without
laboratory confirmation) from the superficial incision,
organisms isolated from an aseptically obtained culture of
fluid or tissue from the superficial incision, or at least one
of the signs or symptoms of infection (pain or tenderness,
localised swelling, redness or heat, and superficial incision
deliberately opened by the surgeon, unless the incision is
culture-negative). Infection control personnel monitored
and detected surgical site infections during patients’
hospital stays. Changes noted in the wound were not
defined as wound complications if they did not necessi-
tate treatment. When superficial incisional surgical site
infections and other wound complications coexisted in the
same patient, we defined the complication as superficial
incisional surgical site infections. We defined hypertrophic
scar as a widened or elevated unsightly scar with erythema
or pigmentation.

Responsible surgeons checked for the presence or
absence of wound complications every day during the
hospital stay and at every outpatient visit until 30 days after
surgery. They were also responsible for checking for the
presence or absence of hypertrophic scar formation at
6 months after surgery, and measured the width and
length of detected hypertrophic scars. Before starting the
trial, the principal investigator showed typical cases of
various wound complications and hypertrophic scars, and
consensus about all types of wound complications was
reached by the investigators.

Statistical analysis
We planned a sample size of 530 patients per treatment
group when we designed the trial. Such a sample size
would provide power of 80% with a two-sided significance
level of 0-05 to detect superiority in the reduction of the
frequency of wound complications. Wound complications
were anticipated in 119 of patients in the staples group
and 6% in the subcuticular sutures group, allowing for a
loss to follow-up of roughly 10%. The projected accrual
period was 2 years and no interim analyses were planned.

We did the analysis on a modified intention-to-treat
basis. We expressed continuous numerical data as medians
and IQRs or means and SDs, when appropriate, and
distribution of dichotomous data in percentages with
95% Cls. We used Fisher's exact test to compare binary
variables and the Mann-Whitney U test to compare
continuous variables. All p values of less than 0-05 were
deemed significant.

The primary outcome was analysed with Fisher's exact
test, and we used the Mantel-Haenszel test to adjust for the
type of surgery, a potential confounding factor, which was
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not prespecified in the protocol. We used Fisher’s exact test
to analyse the secondary outcome and to calculate and
compare outcomes as a post-hoc analysis on the basis of
type of surgery.

We analysed thickness of subcutaneous fat (objectively
classified by the surgeon as either thin, normal, or thick),
American Society of Anesthesiologists {ASA) physical
status classification,” operative time, intraoperative blood
loss volume, duration of prophylactic antibiotics, presence
of drainage tube and duration of drainage, and use of
postoperative anticoagulant therapy as variables. Sub-
groups were analysed with logistic regression to assess for
statistical interactions between treatments in various
subgroups. Because of the exploratory nature of subgroup
comparisons, we report test results without multiplicity
adjustments for type I error. This study is registered with
UMIN-CTR, UMIN000002480. UMIN-CTR is one of the
network members of the Japan Primary Registries
Network, which meets WHO registry criteria.

Role of the funding source

The sponsor had no roles in the study design; data
collection, analysis, or interpretation; or writing of the
Article. The corresponding author had full access to all
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Figure 1: Trial profile
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ex
Male 388 (69-0%) 365 (70-5%)
Female 174 (31.0%) 153 (29-5%)

Thickness of subcutaneous fat*
Thick 143 (25-6%) 109 (21-2%)
Standard 328 (58-8%) 317 (61-6%)
Thin 87 (15:6%) 89 (17-3%)

228 (180-270)

Wound protectiont
Surgical drape 535 (95-9%) 497 (96:3%)

Gauze 10 (1-8%) 6 (1-2%)
None 13(2-3%) 13 (2-5%)

Duration of drain insertion (days)*
0 {ie, nodrain) 118 (21-1%) 108 (21.0%)
1-3 50 (9-0%) 34 (6-6%)
24 390 (69-9%) 373 (72-4%)

Anticoagulation therapyi
130 (23:3%) 96 (18-6%)
No 429 (76-7%) 420 (81-4%)

the data and was responsible for the decision to submit
for publication.

Results

Figure 1 shows the trial profile. 1080 patients from
24 institutions were enrolled and randomly assigned—
562 to subcuticular sutures and 518 to staples. Assessment
of case report forms showed that four patients in each
group were ineligible for inclusion, and thus the modified
intention-to-treat population comprised 558 patients in the
subcuticular sutures group and 514 in the staples group

éast;lccéncer \ V ~37»5(97‘4%) o 403 (96-6%) & |
* Gastric submucosal tumour 6 (1-6%) 9(2-2%) -
4(1-0%) 5(1-2%)

149 (387%) 143 (34:3%
186 (48-3%) 219 (52:5%)
19 (4:9%) 16(3-8%)
4(1:0%) 4(1:0%)
27 (7-0% 35 (8-4%)
/ s

,

98 (55-4%) 51(50:5%)
71(40-1%) 48 (47:5%)
2(11%) 1(1:0%)
6 (3-4%) 1(1:0%)

Right hemicolectomy 41 (23-2%) 28 (27.7%)
Left hemicolectomy 44(24-9%) 8(7-9%)
Low anterior resection 61 (345%) 38 (37-6%)
Abdominoperineal resection 11 (6-2%) 10(9-9%)
Partial resection of colon 9(5-1%) 10(9-9%)
Other 11 (6-2%) 7(6:9%)

225

(figure 1). Ten patients in the subcuticular sutures group
and three in the staples group needed reoperation with-
in 30 days, which met the exclusion criterion, a history of
laparotomy, and thus were not assessed for wound
complications.

Distribution of most demographic and clinical charac-
teristics of enrolled patients was balanced between groups
except type of surgery (table 1). Tables 2 and 3 show details
of the diseases and surgical procedures in the two groups.
417 patients who underwent upper gastrointestinal surgery
were allocated to the staples group and 385 to the sub-
cuticular sutures group, and 177 patients who underwent
lower gastrointestinal surgery were allocated to the sub-
cuticular sutures group and 101 to the staples group.

In the subcuticular sutures group, wound complications
occurred in 47 of 558 (8-4%, 95% CI 6-3-11-0) patients,
including 36 (6-4%, 4-6-8-8) patients with superficial
incisional surgical site infections. In the staples group,
wound complications occurred in 59 of 514 patients
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(0-47.

59 (11-5%)

36(7:0%) 0928

 (superficial incisional) (0-558-1-543)
11(20%)  23(45%) 0435 0.0238
(0-189-0-940)
3(05%)  8(1-6%) 0346 013
(0-059-1-453)
- 5(09%) 12(23%) 0383 0-09
: (0-105-1:179)
. Haematoma 1(02%)  2(04%) 0466 061
(0-008-8-969)
: Other 2(04%)  1(02%) 1867 1.00

(0-097-110358)

(11-5%, 8-9-14-6), including 36 (7-0%, 5-0-9-6) with
superficial incisional surgical site infections (table 4). As
a primary outcome, the number of wound complica-
tions did not differ significantly between the two groups
(OR 0-709, 95% CI .0-474-1-062; p=0-12). Since we
identified confounding with the stratified factor, type of
surgery, adjustment was done to show a significant
difference (0-658, 0-438-0-988; p=0-0438), although
this was not prespecified.

Post-hoc exploratory analyses showed that wound
complications excepting surgical site infections occurred
significantly less often in the subcuticular suture group
than in the staples group overall (OR 0-435, 95% CI
0-189-0-940; p=0-0238) and in patients who underwent
upper gastrointestinal surgery (0-331, 0-107-0-875;
p=0-0149). In patients who underwent lower gastro-
intestinal surgery, significantly fewer wound compli-
cations (0-463, 0-217-0-978; p=0-0301) and superficial
incisional surgical site infections (0-425, 0-179-0-992;
p=0-0399) were noted in the subcuticular sutures than in
the staples group (table 4).

Table 5 summarises secondary outcomes. Significantly
fewer hypertrophic scars formed in the subcuticular
sutures group than in the staples group overall
(OR 0:726, 0-528-0-998; p=0-0429) and specifically in
patients who underwent upper gastrointestinal surgery
(0-672, 0-465-0-965; 0-0282).

We did a post-hoc subset analysis to identify potential
interactions between wound complications and back-
ground factors (figure 2). Significant risk reduction for
wound complications was noted with subcuticular sutures
compared with staples in male patients (vs female patients),
lower gastrointestinal surgery (vs upper gastrointestinal
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0788
(0-459-1:339)

29 (7-6%) 39 (9-4%) 038 18 (10-2%)

23(60%)  20(48%) 1259 053 13(74%) 16 (158%)
(0-649-2-461)

6(16%)  19(46%) 0331 00149  5(28%)  4(4-0%)
(0-107-0-875)

1(03%) 6(15%) 0178 013 2(1:1%) 2(2:0%)
(0-004-1-480)

3(08%)  11(27%) 0290 006 2(11%) 1(1:0%)
(0-052-1-108)

0(0-0%) 1(02%) 1(0-6%)  1{1-0%)

2(05%) 1(02%) 2166 061 0(0:0%)  0(0:0%)

(0-112-128-141)

surgery), cases with operative time of 220 min or greater
(vs those with operative times <220 min), and patients
receiving postoperative anticoagulant therapy (vs those not
receiving such therapy). We did not identify any important
treatmentrelated adverse events for stapling or sub-
cuticular sutures.

Discussion

Subcuticular sutures for skin closure have been advocated
instead of staples in cdean (cdass 1) surgery, includ-
ing cardiovascular surgery® orthopaedic surgery,” and
caesarean delivery,” on the basis of the results of random-
ised studies. Whether these results can be applied to
class 2 surgery, as represented by gastrointestinal surgery,
is of concern. Classification of the types of surgery is
described in panel 1. Our results show that subcuticular
sutures did not significantly reduce the frequency of

20 (19-8%)

0-463
(0-217-0-978)

0-425

(0-179-0-992)

0710 073
(0-149-3-666)

0570 062
(0-041-7-979)

1149 1.00
(0-059-68-457)

0573 1.00

(0-007-45:300)
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