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Abstract 

Background The recent guidelines from the European and American Hernia Societies recommend a continuous 
small-bite suturing technique with slowly absorbable sutures for fascial closure of midline abdominal wall incisions 
to reduce the incidence of wound complications, especially for incisional hernia. However, this is based on low-cer-
tainty evidence. We could not find any recommendations for skin closure. The wound closure technique is an impor-
tant determinant of the risk of wound complications, and a comprehensive approach to prevent wound complica-
tions should be developed.

Methods We propose a single-institute, prospective, randomized, blinded-endpoint trial to assess the superior-
ity of the combination of continuous suturing of the fascia without peritoneal closure and continuous suturing 
of the subcuticular tissue (study group) over that of interrupted suturing of the fascia together with the perito-
neum and interrupted suturing of the subcuticular tissue (control group) for reducing the incidence of midline 
abdominal wall incision wound complications after elective gastroenterological surgery with a clean-contaminated 
wound. Permuted-block randomization with an allocation ratio of 1:1 and blocking will be used. We hypothesize 
that the study group will show a 50% reduction in the incidence of wound complications. The target number of cases 
is set at 284. The primary outcome is the incidence of wound complications, including incisional surgical site infection, 
hemorrhage, seroma, wound dehiscence within 30 days after surgery, and incisional hernia at approximately 1 year 
after surgery.
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Introduction
Background and rationale {6a, 6b}
Wound complications are among the most common 
morbidities for patients after gastroenterological sur-
gery [1–4]. Short-term postoperative wound complica-
tions include incisional surgical site infection (SSI) [1, 2], 
hematoma, seroma, and wound dehiscence. Incisional 
hernia (IH) accounts for the majority of long-term post-
operative wound complications [3, 4]. Both short-term 
and long-term wound complications are associated with 
a decreased quality of life, increased risks of morbidity 
and mortality, and dramatically increased medical costs 
[1–5]. Obesity, smoking, and old age are well-known risk 
factors for IH and highly overlap with the risk factors 
for SSI and wound dehiscence. Furthermore, SSI itself is 
an important risk factor for IH, and wound dehiscence 
may predict IH [6]. Thus, the pathogenesis and develop-
ment of all wound complications may be correlated with 
each other, and a comprehensive approach to reduce 
the overall incidence of wound complications should be 
developed.

The wound closure technique that is used to close an 
abdominal wall incision is an important determinant of 
the risk of developing wound complications, especially 
in IH [3, 4]. The European Hernia Society proposed 
guidelines on the closure of abdominal wall incisions in 
2015 [3], and it was recently updated by the European 
and American Society in 2022 [4]. For closure of the 
fascia, they recommend the combined use of a continu-
ous small-bite suturing technique with slow absorbable 
sutures to reduce the risk of IH [3, 4].

Although the guidelines recommend the continu-
ous suture technique, there has been no high-quality 
evidence suggesting the superiority of the continuous 
suture technique to the intermittent suture technique for 
the prevention of wound complications. Reliable recent 
meta-analyses that compared the interrupted and con-
tinuous suture techniques showed that there was no dif-
ference in the incidence of HH, wound dehiscence, or 
SSI [7, 8]. These meta-analyses included many smaller 
and older studies of low-certainty evidence; therefore, 

the evidence is of poor quality [7, 8]. Accordingly, for the 
establishment of high-quality evidence of wound closure 
techniques, further studies should be conducted to com-
pare the impact of interrupted and continuous suture 
techniques in the prevention of wound complications.

For the closure of a midline abdominal wall incision 
(MAWI) in elective surgery, single-layer aponeurotic 
closure is recommended, but not mass closure in an all-
in-one approach that includes the fascia, muscle, and 
peritoneum [3]. In a systematic review, there was no 
evidence of any short-term or long-term advantages of 
peritoneal closure during the closure of the laparotomy 
incision [9], and it was not recommended in the guide-
lines [3]. However, there was no evidence that mass 
versus layered closure increased the risk of IH, and no 
clinical studies directly comparing mass closure and a 
single-layer aponeurotic closure were found [3]. Thus, the 
recent recommendation appears to be based on low-cer-
tainty evidence, and further research is required to make 
strong recommendations [3, 4].

For skin closure, we could not find any recommenda-
tion for the prevention of wound complications. Sub-
cuticular sutures for skin closure have been revealed to 
be associated with a lower incidence of wound compli-
cations and better cosmesis in clean wounds [10, 11]. 
In clean-contaminated wounds after gastroenterologi-
cal surgery, subcuticular sutures were associated with a 
lower incidence of incisional SSI in comparison to sta-
ples in sub-analyses in some trials, but the effect of sub-
cuticular sutures for preventing wound complications, 
including incisional SSI, has been controversial [12, 13]. 
A systematic review suggested that the use of continuous 
subcuticular sutures may reduce the risk of superficial 
wound dehiscence in comparison to interrupted sutures; 
however, there is uncertainty because of the quality of the 
evidence [14].

In gastroenterological surgery, MAWIs are widely used 
because they enable access to the whole abdominal cav-
ity in open surgery. With the development of surgical 
technology since the 1990s, surgical procedures have 
progressed from open surgery to minimally invasive 

Discussion This trial will provide initial evidence on the ideal combination of fascial and skin closure for midline 
abdominal wall incision to reduce the incidence of overall postoperative wound complications after gastroenterologi-
cal surgery with a clean-contaminated wound. This trial is expected to generate high-quality evidence that supports 
the current guidelines for the closure of abdominal wall incisions from the European and American Hernia Societies 
and to contribute to their next updates.
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surgery, such as laparoscopic surgery and robotic sur-
gery. With current surgical practices in developed 
countries, the proportion of minimally invasive surgery 
among gastroenterological surgeries is reported to be 
approximately 70% [15, 16]. Minimally invasive surgery 
has been revealed to reduce IH as an SSI [4]. However, 
the use of an MAWI as a specimen extraction site was 
found to be associated with a higher incidence of IH in 
comparison to nonmidline incision sites [4]. An MAWI 
is most frequently used as a site for specimen extraction 
in minimally invasive surgery because it achieves better 
cosmesis; thus, the development of an ideal method for 
MAWI closure after gastroenterological surgery is neces-
sary for both open and minimally invasive surgery.

Objective {7}
This single-center, prospective, randomized controlled 
trial (RCT) is being performed to evaluate the superior-
ity of the combination of MAWI closure with continu-
ous suturing of the fascia using a single-layer aponeurotic 
technique and continuous suturing of the subcuticu-
lar tissue for skin closure. The purpose of this trial is to 
establish the ideal combination of fascial closure and 
skin closure for reducing the overall incidence of MAWI 
wound complications after gastroenterological surgery.

Study design {5a, 8}
This is a single-institute, prospective, randomized, 
blinded-endpoint trial being conducted to evaluate the 
superiority of the combination of continuous sutur-
ing of the fascia without peritoneal closure (single-layer 
aponeurotic closure) and continuous suturing of the sub-
cuticular tissue over that of interrupted suturing of the 
fascia, together with the peritoneum and interrupted 
suturing of the subcuticular tissue, for reducing the 
incidence of MAWI wound complications after elective 
gastroenterological surgery with a clean-contaminated 
wound. This trial was designed and is being conducted by 
Saitama Medical Center, Jichi Medical University, and the 
present protocol follows the recommendations outlined 
in the Standard Protocol Items: Recommendations for 
Interventional Trials guidelines for RCTs (Supplementary 

Material 1) [17]. This trial was registered in the UMIN-
CTR, and the WHO Trial Registration Data Set is 
included and can be found within the registry.

Methods: participants, intervention, and outcomes
Study setting {9}
Patients who receive elective gastroenterological surgery 
in the Department of Surgery, Saitama Medical Center, 
Jichi Medical University, and who are able to understand 
the extent and nature of this trial are eligible for inclu-
sion in this study. This trial was approved by the Bioeth-
ics Committee for Clinical Research, Saitama Medical 
Center, Jichi Medical University (S22-001).

Eligibility criteria {10}
The inclusion criteria are as follows:

1.Scheduled to undergo elective surgery for the 
esophagus, stomach, duodenum, jejunum, ileum, 
colorectal, pancreas, liver, or biliary tract with a class 
II (clean-contaminated) surgical wound (Table 1)
2. Age ≥ 18  years at the time of consent being 
obtained by nonblinded investigators.
3. Scheduled to undergo computed tomography 
1 year after surgery.
4. Written informed consent provided.

The exclusion criteria are as follows:

1. Emergency surgery.
2. Age < 18 years.
3. A history of midline abdominal wall incision.
4. A history of abdominal incisional hernia or fascial 
tear.
5. Identification of bacterial infection in the surgi-
cal field or the use of antibiotic therapy prior to the 
operation.
6. Presence of a contaminated abdominal cavity due 
to stoma, intestinal fistula, or drainage tube.
7. Open wound management for prior operation.

Table 1 Definition of the wound classes

Class I (clean) An uninfected operation wound in which no inflammation is encountered and the respiratory, alimentary, and genitou-
rinary tract is not entered

Class II (clean-contaminated) An operative wound in which the respiratory, alimentary, and genitourinary tracts are entered under controlled condi-
tions and without unusual contamination provided no evidence of infection or major break in technique is encountered

Class III (contaminated) A wound in which gross contamination/spillage and a break in sterile technique occurs, and an incision in which acute, 
nonpurulent inflammation is encountered

Class IV (dirty-contaminated) A wound that is already considered infected, such as old traumatic wounds with retained devitalized tissue or perforated 
viscera
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8. Synchronous operation for more than two targeted 
organs.
9. Current immunotherapy (≥ 40 mg of a corticoster-
oid per day or azathioprine).
10. Chemotherapy within 14 days prior to surgery.
11. A history of abdominal radiotherapy.
12. Pregnancy.
13. Registered for another clinical trial.
14. Conditions that make the patient unsuitable for 
inclusion according to the judgment of nonblinded 
investigators.

Who will take informed consent? {26a}
Nonblinded investigators who received ethics educa-
tion and were approved by the Bioethics Committee for 
Clinical Research, Saitama Medical Center, Jichi Medical 
University, will obtain informed consent for surgery and 
inclusion in the clinical trial after admission, 1–2  days 
before surgery. Adequate time will be given to partici-
pants to consider their decision regarding trial partici-
pation. Subsequently, participants can sign the informed 
consent form, and they can withdraw at any time during 
the trial.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
Patient characteristics, such as sex, age, body mass index, 
serum albumin level, comorbidities, American Society of 
Anesthesiologists-physical status classification and pre-
operative treatment, will be collected. In addition, surgi-
cal data, such as the surgical procedure, operative time, 
estimated blood loss, wound classification, and length of 
postoperative hospital stay, will be collected. Additional 
biological specimens will not be collected for this trial. 
The investigators do not expect to conduct ancillary stud-
ies requiring the use of participant data that is collected 
in this study.

Interventions
Intervention description {11a}
Study group:MAWI closure with continuous suture of 
the fascia without peritoneum (single layer aponeurotic 
technique) and continuous suture of the subcuticular tis-
sue for skin closure.

Control group:MAWI closure with interrupted suture 
of the fascia with the peritoneum and interrupted suture 
of the subcuticular tissue for skin closure.

In the study group, the fascia is sutured continuously 
with 1-STRATAFIX SYMMETRIC PDS plus (Ethicon, 
Johnson & Johnson, Somerville, New Jersey, USA) with-
out the peritoneum. Continuous subcuticular suture is 
then used for skin closure using 4–0 STRATAFIX Spiral 

PDS plus (Ethicon, Johnson & Johnson, Somerville, New 
Jersey, USA). In the control group, the peritoneum and 
fascia are sutured together using interrupted sutures 
with 1-PDS plus (Ethicon, Johnson & Johnson, Somer-
ville, New Jersey, USA). Interrupted subcuticular sutures 
are then used for skin closure using 4–0 PDS plus (Ethi-
con, Johnson & Johnson, Somerville, NJ, USA). In both 
groups, narrow and closed fascia sutures, where each 
suture will be placed approximately 5–9  mm from the 
edge of the fascia and approximately 5 mm from the adja-
cent fascia suture, are recommended. Suturing of the fas-
cia and subcuticular tissue is applied from both ends of 
the incision toward the center or applied from one end to 
the other end according to the operator’s direction dur-
ing the operation.

Criteria for discontinuing or modifying allocated 
interventions {11b}
There are no predominant criteria for discontinuing or 
modifying the intervention assigned to participants. 
All individuals are participating on a voluntary basis, 
and they have the option to withdraw from the study 
at any time for any reason without facing any negative 
consequences.

Strategies to improve adherence to interventions {11c}
All participants who meet the criteria will receive a par-
ticipant information sheet from the investigators before 
giving their written informed consent. By enrolling par-
ticipants who were scheduled to undergo computed 
tomography 1 year after surgery, we ensured that adher-
ence to the study protocol would improve. Furthermore, 
participants will be informed of the significance of com-
pleting follow-up assessments.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
The following measures are used to prevent SSI in our 
protocol:

1. Surgical skin antisepsis with aqueous 10% povi-
done–iodine solution is performed before skin inci-
sion.
2. Standard antibiotic prophylaxis is administered 
30  min before making the skin incision with addi-
tional doses every 3  h for patients with a normal 
renal function.
3. The use of a wound protector is recommended.
4. Surgical gloves are changed before skin suture.
5. Intraoperatively and postoperatively, a normal 
body temperature is maintained using warming 
devices and appropriate oxygenation.
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6. Intraoperative wound irrigation was performed for 
1 min with 40 mL of aqueous 10% povidone–iodine 
(POVIDONE–IODINE solution 10% “MEIJI”; Meiji 
Seika Pharma Co, Ltd, Tokyo, Japan).
7. Perioperative glycemic control is implemented 
with a blood glucose target level of < 200 mg/dL.

All suture materials were antimicrobial-coated slowly 
absorbable monofilaments. Before the initiation of and 
during the trial, investigator meetings were held several 
times, and the treatment protocol was fully disseminated 
to all investigators. Investigators who were not familiar 
with continuous suture techniques were trained in the 
required skills using pig abdominal wall models and per-
formed operations under the direction of surgeons who 
were familiar with the technique before participating in 
the trial. The principal investigator is responsible for all 
trial-related issues and questions.

All participants will receive standard postoperative 
care management during hospitalization and throughout 
the duration of the study.

Provisions for posttrial care {30}
There are no provisions for participants who participate 
in the trial. Posttrial care follows the standards of care 
after surgery.

Outcomes {12, 18a}
Primary outcome
The primary outcome is the incidence of wound compli-
cations, including incisional SSI, hemorrhage, seroma, 
and wound dehiscence within 30 days after surgery and 
IH at approximately 1  year after surgery. Nonblinded 
investigators will check the surgical wound and describe 
the medical records during hospitalization. If wound 
complications are suspected based on the clinical find-
ings, nonblinded investigators will record the treatment 
details in the medical record. After discharge, par-
ticipants will be referred to the outpatient department 
approximately 30  days after surgery. Participants will 
be recommended to contact us and visit the outpatient 
department soon if they experience any symptoms sug-
gesting wound complications. Nonblinded investiga-
tors will examine the patients in the same way as during 
hospitalization. One year after surgery, participants will 
be referred to the outpatient department, and the inci-
dence of incisional hernia will be assessed with a physical 
examination by nonblinded investigators and computed 
tomography (CT) of the abdomen. The blinded assessors 
will determine the presence or absence of wound compli-
cations according to the clinical records.

Incisional SSI is defined according to the standard cri-
teria devised by the CDC [18]. Incisional SSI includes 

superficial and deep incisional SSI that develops dur-
ing the first 30  days after surgery. Superficial incisional 
SSI involves the skin or subcutaneous tissue at the inci-
sion site, and deep incisional SSI affects more internal 
structures of the abdominal layer (such as the fascia or 
muscle). Wound hemorrhage is defined as superficial 
postoperative wound bleeding or subcutaneous hema-
toma. Seroma is defined as a collection of serous fluid 
in the subcutaneous space, detected either clinically 
or by imaging. Wound dehiscence includes superficial 
dehiscence and total dehiscence. Superficial dehiscence 
is defined as skin-only dehiscence. Total dehiscence is 
defined as a dehiscence of the entire abdominal wall. IH 
is defined as any abdominal wall gap with or without a 
bulge in the area of a postoperative scar that is percep-
tible or palpable by clinical examination or imaging 
according to the European Hernia Society guidelines [19].

Secondary outcomes
The secondary outcomes are the duration of abdominal 
wall closure and wound pain on postoperative day (POD) 
7. Nonblinded operating surgeons and nurses will meas-
ure and record the duration of abdominal wall closure, 
wound length after the completion of wound closure, 
and the number of operating surgeons involved in wound 
closure. The duration of wound closure is defined as the 
time from the application of the first suture needle to the 
wound until the suture is finished and the thread is cut. 
A questionnaire using a 10-point numerical rating scale 
is used for the estimation of wound pain [20]. It is docu-
mented by the participant on POD7 and is collected by 
blinded investigators.

Participant timeline {13}
The participant timeline is shown in Table  2. Non-
blinded investigators will obtain informed consent for 
surgery and inclusion in the clinical trial after admission 
1–2 days before surgery. We will confirm and record each 
patient’s medical history, allergies, and physical exami-
nation results. After their written informed consent has 
been obtained, patients eligible for this trial will be rand-
omized into two groups before surgery. The observation 
period will be approximately 1  year after surgery. The 
1-year follow-up visit is defined as a follow-up visit up to 
15 months after surgery. Table 2 shows a summary of the 
schedule and the data collected for this trial.

Sample size {14}
A retrospective cohort of patients who underwent gas-
trointestinal surgery and MAWI closure (in which the 
peritoneum and fascia were sutured together using 
interrupted sutures with 1-PDS plus, with subcutaneous 
interrupted sutures then used for skin closure using 4–0 
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PDS) at our department from June 2019 to December 
2020 was analyzed. The incidence rates of each compli-
cation were as follows: incisional SSI (7.6%), hematoma 
(5.1%), 5.9% seroma (5.9%), superficial dehiscence (1.4%), 
total dehiscence (0%), and IH at approximately 1  year 
after surgery (16.8%). When a patient developed more 
than 2 wound complications, the number of patients 
who developed wound complications was assumed to 
be one. In total, the incidence of wound complications 
was 29.2%. In this trial, we hypothesized that midline 
abdominal wall incision closure with continuous sutur-
ing of the fascia using a single-layer aponeurotic tech-
nique and continuous suturing of the subcuticular tissue 
would achieve a 50% reduction in the incidence of wound 
complications. The expected wound complication rates 
of the study and control groups were 14.6% and 29.2%, 
respectively. Power and Sample Size Calculation version 
3.1.6 was used for sample size estimation [21]. With a 
two-sided alpha level of 0.05, it is estimated that a total 
of 250 patients will be needed for the trial to have 80% 

power to detect superiority in the reduction of the fre-
quency of wound complications. Two percent of cases 
are expected to be excluded after allocation, and 10% of 
cases are expected to drop out during the postoperative 
follow-up period. Thus, the total target number of cases 
is set at 284 (Fig. 1).

Recruitment {15}
This trial was approved by our institutional review 
board on June 30, 2022, and is registered in the Uni-
versity Hospital Medical Information Network Clinical 
Trial Registry (part of the WHO International Clini-
cal Trial Registry Platform) under the identification 
number UMIN-CTR000048442. Patients who receive 
elective gastroenterological surgery will be considered 
candidates for trial enrollment in concordance with the 
inclusion and exclusion criteria. Informed consent will 
be obtained from all participants by investigators. We 
are confident that we can enroll a sufficient number of 
eligible patients, as our institution conducts over 300 

Table 2 Schedule and data collection of this trial

AE, adverse effect

Study period

Before allocation After allocation Follow-up

Timepoint 1–2 days Surgery POD1 POD3 POD4–29 POD30 9–15 months

Screening X

 Eligibility screen X

 Informed consent X

 Randomization X

Interventions X

 Intervention A X

 Intervention B X

Assessments
 Demographic data X

 Medical history X

 Physical examination X

 Blood sample X X X

 Type of operation X

 Time of operation X

 Wound classification X

 Estimated blood loss X

 Blood transfusion X

 Stoma creation X

 Documentation of wound complications X X X X

 Wound swab microbiology X X X X

 Documentation of reoperation X X X X

 Documentation of AE X X X X

 Duration of hospital stay X

 Computed tomography X

 Documentation of incisional hernia X
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elective gastroenterological surgeries with clean-con-
taminated wounds annually.

Assignment of interventions: allocation
Sequence generation {16a}
Participants will be registered, randomized, and allo-
cated by nonblinded investigators. Participants’ data 
will be password-protected and will only be accessible 
by investigators. All access to the secure separate data-
base will be monitored and logged. Permuted-block 
randomization with an allocation ratio of 1:1 and block-
ing will be used. The randomization will be stratified by 
sex, surgical organ (upper gastrointestine, small bowel, 
colorectum, hepatobiliary–pancreas, and others), and 
surgical approach (laparotomy or laparoscopy).

Concealment mechanism {16b}
A web-based block randomization system (Research 
Electronic Data Capture [REDCap]) will be used 
to generate the randomization sequence [22]. Both 
the randomization methodology and the allocation 
sequence will be concealed from both the assessor and 
the participants.

Implementation {16c}
An independent investigator will generate a stratified 
randomization list for the allocation sequence. Investiga-
tors will enroll and assign participants to interventions.

Assignment of interventions: blinding
Who will be blinded {17a}
Patients will be blinded to their assigned group. However, 
the operating surgeons cannot be blinded. The assessors 
will be blinded, as they will not be in the operating room 
and cannot access the randomization results. The data 
on wound complications and analyses will be entered by 
blinded investigators. The biostatistician will be blinded.

Procedure for unblinding if needed {17b}
As investigators are aware of the participant allocation, 
unblinding will not be needed.

Data collection and management
Plans to promote participant retention and complete 
follow-up {18b}
Participants are patients who require regular follow-up 
and are scheduled to undergo computed tomography 

Fig. 1 CONSORT flow chart
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1 year after surgery. We expect that participants will be 
available for follow-up due to concerns about disease 
recurrence.

Data management {19}
The study will be conducted according to good clinical 
practice standards and legal regulations. Prior to inclu-
sion, patients will be informed that any patient-related 
data and materials will be appropriately pseudonymized 
and that these data may be used for analytical and pub-
lication purposes. All information required by the study 
protocol and collected during this trial will be entered in 
the electronic case report form (CRF; encrypted Excel 
database) by investigators. The data entry module con-
tains an online range and logical checks. All data will 
be collected by the investigators in an anonymous and 
encrypted database. The confidentiality of the partici-
pants will be maintained at all times. The investigator will 
maintain all study-related information, including medical 
records, CRFs, written informed consent documents, and 
other pertinent data, for 5 years after trial termination.

Confidentiality {27}
The investigators will obtain the participants’ informa-
tion from medical records and collect the information in 
a password-protected file in the hospital database. The 
participants’ hospital identification will be anonymized. 
Datasets will only include summary data, which cannot 
identify individual participants. These will be presented 
in the manuscript.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
Not applicable as no biological specimens will be col-
lected in this study.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
All analyses will be performed after the termination of 
the main part of the trial, that is, after the last 1-year fol-
low-up visit has taken place. We will perform the primary 
analyses using the full analysis set, from which patients 
who do not undergo surgery or who withdraw their con-
sent before the assessment of the primary endpoint are 
excluded (modified intention-to-treat set). In addition, 
we will repeat the analyses in the per-protocol set, fur-
ther excluding patients with major protocol deviations. 
Student’s t test or the Mann–Whitney U test will be used 
to compare continuous variables with a normal or non-
normal distribution. The χ2 test or Fisher’s exact test will 
be used to compare categorical variables between the 

study group and the control group. P values of < 0.05 were 
considered to indicate statistical significance. All statisti-
cal analyses will be conducted using EZR [23].

Interim analyses {21b}
We have no plans to conduct any interim analyses since 
both interventions are associated with a low degree of 
risk.

Method for additional analyses (e.g., subgroup analyses) 
{20b}
Subgroup analyses will be performed for the surgical 
approach (laparotomy or laparoscopy). P values of < 0.05 
will be considered statistically significant.

Methods in the analysis to handle protocol nonadherence 
and any statistical methods to handle missing data {20c}
If missing data for any variable exceed 5%, multiple impu-
tations will be used to handle missing values.

Plans to give access to the full protocol, participant-level 
data, and statistical code {31c}
The collection of data underlying this article is in pro-
gress. When data collection and follow-up are final-
ized, data from the study will be available on reasonable 
request from the corresponding author.

Oversight and monitoring
Composition of the coordinating center and trial steering 
committee {5d}
The authors will coordinate and steer this study.

Composition of the data monitoring committee, its role, 
and reporting structure {21a}
We do not have the composition of the data monitoring 
committee. During the study period, data monitoring 
and surgical monitoring for this trial will be conducted 
by blinded investigators who are not participating in this 
trial.

Adverse event reporting and harms {22}
Adverse effects can be part of the outcome measures 
detailed earlier in the protocol or other unspecified side 
effects. MAWI closure with continuous or intermittent 
suturing of the fascia and subcutaneous tissue is generally 
performed in daily surgical practice. STRATAFIX SYM-
METRIC PDS plus, 4–0 STRATAFIX Spiral PDS plus, 
PDS plus, and 4–0 PDS plus (Ethicon, Johnson & John-
son, Somerville, New Jersey, USA) are used in a manner 
that is in line with the Pharmaceutical Affairs Law.

Adverse events cover any signs, symptoms, syndrome, 
or illness that appears or worsens in a patient during 
the observation period in the clinical trial and that may 
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impair the wellbeing of the patient. Any adverse events 
that require additional pharmacological, interventional, 
or surgical management within the study periods will be 
collected by non-blinded investigators and monitored 
by blinded investigators who are not participating in 
this trial. Adverse events will be regarded as postopera-
tive complications and graded according to the Clavien-
Dindo classification [24]. A serious adverse event is any 
adverse event that occurs at any time during the obser-
vation period that results in death, is immediately life-
threatening, requires or prolongs hospitalization, results 
in persistent or significant disability or incapacity, or 
causes congenital anomalies in offspring. Each partici-
pant will receive informed consent about notification and 
follow-up of adverse events and will be provided with 
medical care for any potential harm stemming from their 
participation in the trial. Documentation and relevant 
patient data on all serious adverse events will be submit-
ted to the Bioethics Committee for Clinical Research, 
Saitama Medical Center, Jichi Medical University, and 
the committee will decide on the final diagnostic classi-
fication of critical clinical events and make recommenda-
tions on whether this trial should be stopped or not.

Frequency and plans for auditing trial conduct {23}
The progress of the trial will be updated on the web page 
of UMIN-CTR every 6 months, and the Bioethics Com-
mittee for Clinical Research, Saitama Medical Center, 
Jichi Medical University will monitor progress approxi-
mately every year. All data will be collected by the inves-
tigators in an anonymous and encrypted database. The 
confidentiality of the participants will be maintained at 
all times. The investigator will maintain all study-related 
information, including medical records, CRFs, written 
informed consent documents, and other pertinent data, 
for 5 years after trial termination.

Plans for communicating important protocol amendments 
to relevant parties (e.g., trial participants, ethical 
committees) {25}
If the protocol needs to be modified, it will be reviewed 
again by the ethics committee, and upon approval, the 
trial registry and protocol will be updated.

Dissemination policy {31a, 31b}
The final results will be reported in international peer-
reviewed journals immediately after the completion of 
the trial. All authorships will be in accordance with the 
International Committee of Medical Journal Editors 
guidelines. We do not intend to use professional writers.

Discussion
This study is designed to establish the ideal combina-
tion of fascial and skin closure of a clean-contaminated 
MAWI wound after gastroenterological surgery for 
reducing the incidence of overall wound complications. 
No previous studies have evaluated the ideal combina-
tion of fascial and skin closure of MAWI.

High-quality studies adhere to methodological prin-
ciples to minimize errors in surgical trials, including 
adequate randomization, concealment of allocation, 
blinding, performance of an intention-to-treat analysis, 
complete follow-up, reliable accurate outcome meas-
ures, and an a priori sample size calculation [25]. The 
present trial is designed according to these principles. 
Our inclusion and exclusion criteria for participants aim 
to select homogenous patients with clean-contaminated 
wounds. The primary outcome of this trial is the inci-
dence of wound complications, including subcutaneous 
hematoma, seroma, incisional SSI, wound dehiscence, 
and IH. Incisional SSI is defined according to the stand-
ard criteria devised by the CDC, which have been used 
for research, quality improvement, public reporting, and 
pay-for-performance comparisons; the definition is con-
sidered the most reliable [18]. IH is defined according to 
the European Hernia Society guidelines, either clinically 
or by imaging [19]. CT is reliable and reproducible, and 
therefore, the inclusion criteria demand that patients are 
scheduled to undergo CT 1 year after surgery [3, 4, 19]. 
Thus, reliable accurate outcome measures are used. In 
the retrospective cohort of patients used for the calcu-
lation of the target number of this trial, SSI and IH are 
also judged using these definitions. The incidence rates of 
hemorrhage or hematoma, incisional SSI, seroma, wound 
superficial or complete dehiscence, and IH in a retro-
spective cohort are almost equal to the general incidence 
rates [1–4, 7–14]. There have been no studies evaluat-
ing the ideal combination of fascial and skin closure of 
MAWIs for reducing the incidence of wound complica-
tions. Therefore, we hypothesized that MAWI closure 
with continuous suturing of the fascia using a single-
layer aponeurotic technique and continuous suturing of 
the subcuticular tissue achieves a 50% reduction in the 
incidence of wound complications because it is clinically 
meaningful in patients undergoing elective gastroentero-
logical operations. In addition, the number of dropout 
cases was predicted based on two previous RCTs con-
ducted by our department [16, 26, 27] and the protocols 
of previous RCTs for MAWI closure [28–30]. Thus, the 
total number of cases might be as accurate as possible. 
As 50–70% of IHs occur within 1  year after the opera-
tion, we decided that the postoperative follow-up period 
would be 1 year, and the incidence of IH at this time was 
the primary end-point of this trial [28–30]. Because this 
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RCT was conducted in a single center, the follow-up of 
outcomes can be expected to be more complete in com-
parison to multicenter RCTs.

In this trial, multiple perioperative measures for SSI 
prevention are implemented according to clinical guide-
lines [31, 32]. The implementation of a set of evidence-
based practices for the prevention of SSI has been proven 
to reduce the incidence of incisional SSI in gastroentero-
logical surgery [33]. Recent studies have shown that the 
small bite technique for MAWI closure is effective for 
the prevention of IH. These studies were of acceptable 
quality; thus, the technique has been incorporated into 
the updated guidelines [4, 34–36]. In addition, the imple-
mentation of the small bite technique for MAWI closure 
in clinical practice may be correlated with a reduction in 
incisional SSI [37, 38]. Irrespective of the applied suture 
technique, slowly absorbable sutures were revealed to 
be associated with a significantly lower incidence of IH 
in the INLINE study [39]. Therefore, the small bite tech-
nique using slowly absorbable sutures is implemented in 
both groups. The efforts in this trial might determine the 
precise incidence of wound complications under appro-
priate management based on the current guidelines.

The present study is associated with some limitations. 
First, it includes all patients undergoing gastroenterologi-
cal surgery, regardless of the organ, diagnosis, or proce-
dure. Second, the trial is conducted in a single center, 
and single-center RCTs typically show greater treatment 
effects than multicenter RCTs [25]. A well-designed mul-
ticenter RCT will be needed to generalize and demon-
strate the results of this study.

In conclusion, this trial will provide initial evidence 
on the ideal combination of fascial and skin closure for 
MAWI to reduce the incidence of overall postoperative 
wound complications after gastroenterological surgery 
with a clean-contaminated wound. This trial is expected 
to generate high-quality evidence that supports the cur-
rent guidelines for the closure of abdominal wall inci-
sions from the European and American Hernia Societies 
and to contribute to their next updates.

Protocol version and trial status {3}
Recruitment is continuing steadily, and as of December 
25, 2023, 154 participants have been enrolled. The cur-
rent protocol is in operation at version 1.2 (January 4, 
2023). Recruitment is expected to end in December 2024.

Authors’ contributions
SF and YM contributed equally to this study. SF, YM, HN, and ST made substan-
tial contributions to conception and trial design. YM, RK, NM, IA, YE, TF, YT, KI, 
KI, YM, FY, KF, and YM were responsible for the protocol development. YM and 
HN contributed to the data management. SF, YM, and HN performed statistical 
analyses, and all authors interpreted the analytical results. SF, YM, and HN 

wrote the manuscript. HN and TR critically revised the manuscript. All authors 
made critical revisions and approved the final version of the manuscript.

Funding {4}
This trial is supported by Jichi Medical University, but received no specific 
grants from any funding agency in the public, commercial, or not-for-profit 
sectors. No funding source had a role in the design or conduct of the study; 
collection of data; analysis and interpretation; preparation, review, or approval 
of the manuscript; or the decision to submit the manuscript for publication.

Availability of data and materials {29}
Deidentified participant data that underlie the results reported in this article 
will be made available to researchers who provide a methodologically sound 
proposal. Proposals should be directed to Hiroshi Noda (noda164@omiya.
jichi.ac.jp); to gain access, data requestors will need to sign a data access 
agreement.

Declarations

Ethics approval and consent to participate {24}
This trial was approved by the Bioethics Committee for Clinical Research, 
Saitama Medical Center, Jichi Medical University (S22-001), and the trial 
protocol was registered in the UMIN-CTR. All investigators performed this 
study in accordance with the Declaration of Helsinki. Informed consent will be 
obtained from all participants.

Consent for publication{32}
Model consent forms are available from the corresponding author on reason-
able request.

Competing interests {28}
The authors declare that they have no competing interests.

Author details
1 Department of Surgery, Saitama Medical Center, Jichi Medical University, 
1-847 Amanuma-Cho, Omiya-Ku, Saitama 330-8503, Japan. 

Received: 20 July 2023   Accepted: 9 May 2024

References
 1. Collaborative GlobalSurg. Surgical site infection after gastrointestinal 

surgery in high-income, middle-income, and low-income countries: a 
prospective, international, multicentre cohort study. Lancet Infect Dis. 
2018;18:516–25.

 2. Gillespie BM, Harbeck E, Rattray M, Liang R, Walker R, Latimer S, et al. 
Worldwide incidence of surgical site infections in general surgical 
patients: a systematic review and meta-analysis of 488,594 patients. Int J 
Surg. 2021;95:106136.

 3. Muysoms FE, Antoniou SA, Bury K, Campanelli G, Conze J, Cuccurullo D, 
et al. European Hernia Society guidelines on the closure of abdominal 
wall incisions. Hernia. 2015;19:1–24.

 4. Deerenberg EB, Henriksen NA, Antoniou GA, Antoniou SA, Bramer 
WM, Fischer JP, et al. Updated guideline for closure of abdominal wall 
incisions from the European and American Hernia Societies. Br J Surg. 
2022;109:1239–50.

 5. Badia JM, Casey AL, Petrosillo N, Hudson PM, Mitchell SA, Crosby 
C. Impact of surgical site infection on healthcare costs and patient 
outcomes: a systematic review in six European countries. J Hosp Infect. 
2017;96:1–15.

 6. Tansawet A, Numthavaj P, Techapongsatorn T, Techapongsatorn S, Attia J, 
McKay G, et al. Fascial dehiscence and incisional hernia prediction mod-
els: a systematic review and meta-analysis. World J Surg. 2022;46:2984–95.

 7. Patel SV, Paskar DD, Nelson RL, Vedula SS, Steele SR. Closure methods for 
laparotomy incisions for preventing incisional hernias and other wound 
complications. Cochrane Database Syst Rev. 2017;11:CD005661.



Page 11 of 11Fukai et al. Trials          (2024) 25:327  

 8. Henriksen NA, Deerenberg EB, Venclauskas L, Fortelny RH, Miserez M, 
Muysoms FE. Meta-analysis on materials and techniques for laparotomy 
closure: the MATCH review. World J Surg. 2018;42:1666–78.

 9. Gurusamy KS, Cassar Delia E, Davidson BR. Peritoneal closure versus no 
peritoneal closure for patients undergoing non-obstetric abdominal 
operations. Cochrane Database Syst Rev. 2013;2013:CD010424.

 10. Shetty AA, Kumar VS, Morgan-Hough C, Georgeu GA, James KD, Nicholl 
JE. Comparing wound complication rates following closure of hip 
wounds with metallic skin staples or subcuticular vicryl suture: a prospec-
tive randomised trial. J Orthop Surg. 2004;12:191–3.

 11. Basha SL, Rochon ML, Quiñones JN, Coassolo KM, Rust OA, Smulian JC. 
Randomized controlled trial of wound complication rates of subcuticu-
lar suture vs staples for skin closure at cesarean delivery. Am J Obstet 
Gynecol. 2010;203(285):e1-8.

 12. Tsujinaka T, Yamamoto K, Fujita J, Endo S, Kawada J, Nakahira S, et al. Sub-
cuticular sutures versus staples for skin closure after open gastrointestinal 
surgery: a phase 3, multicentre, open-label, randomised controlled trial. 
Lancet. 2013;382:1105–12.

 13. Matsuno Y, Yamazaki S, Mitsuka Y, Abe H, Moriguchi M, Higaki T, et al. Sub-
cuticular sutures versus staples for wound closure in open liver resection: 
a randomised clinical trial. World J Surg. 2021;45:571–80.

 14. Gurusamy KS, Toon CD, Allen VB, Davidson BR. Continuous versus inter-
rupted skin sutures for non-obstetric surgery. Cochrane Database Syst 
Rev. 2014;2:CD010365.

 15. Obara H, Takeuchi M, Kawakubo H, Shinoda M, Okabayashi K, Hayashi K, 
et al. Aqueous olanexidine versus aqueous povidone-iodine for surgical 
skin antisepsis on the incidence of surgical site infections after clean-
contaminated surgery: a multicentre, prospective, blinded-endpoint, 
randomised controlled trial. Lancet Infect Dis. 2020;20:1281–9.

 16. Maemoto R, Noda H, Ichida K, Miyakura Y, Kakizawa N, Machida E, et al. 
Aqueous povidone-iodine versus normal saline for intraoperative wound 
irrigation on the incidence of surgical site infection in clean-contam-
inated wounds after gastroenterological surgery: a single institute, 
prospective, blinded-endpoint, randomized controlled trial. Ann Surg. 
2023;277:727–33.

 17. Chan AW, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin JA, SPIRIT, 
et al. explanation and elaboration: guidance for protocols of clinical trials. 
BMJ. 2013;2013(346):e7586. https:// doi. org/ 10. 1136/ bmj. e7586.

 18. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR, Guideline for 
prevention of surgical site infection,. Centers for Disease Control and Pre-
vention (CDC) Hospital Infection Control Practices Advisory Committee. 
Am J Infect Control. 1999;1999(27):97–132.

 19. Muysoms FE, Miserez M, Berrevoet F, Campanelli G, Champault GG, 
Chelala E, et al. Classification of primary and incisional abdominal wall 
hernias. Hernia. 2009;13:407–14.

 20. McCaffery M, Pasero C. Pain: clinical manual, vol. xix. 2nd ed. St. Louis: 
Mosby; 1999. p. 795.

 21. PS: Power and Sample Size Calculation. https:// biost at. app. vumc. org/ 
wiki/ Main/ Power Sampl eSize. Accessed 25 Dec 2023.

 22. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research 
electronic data capture (REDCap)–a metadata-driven methodology and 
workflow process for providing translational research informatics sup-
port. J Biomed Inform. 2009;42:377–81.

 23. Kanda Y. Investigation of the freely available easy-to-use software ‘EZR’ for 
medical statistics. Bone Marrow Transplant. 2013;48:452–8.

 24. Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD, 
et al. The Clavien-Dindo classification of surgical complications: five-year 
experience. Ann Surg. 2009;250:187–96.

 25. Farrokhyar F, Karanicolas PJ, Thoma A, Simunovic M, Bhandari M, 
Devereaux PJ, et al. Randomized controlled trials of surgical interventions. 
Ann Surg. 2010;251:409–16.

 26. Ichida K, Noda H, Kikugawa R, Hasegawa F, Obitsu T, Ishioka D, et al. Effect 
of triclosan-coated sutures on the incidence of surgical site infection after 
abdominal wall closure in gastroenterological surgery: a double-blind, 
randomized controlled trial in a single center. Surgery. 2018;164:91–5.

 27. Maemoto R, Noda H, Ichida K, Tamaki S, Kanemitsu R, Machida E, et al. 
Superiority trial comparing intraoperative wound irrigation with aque-
ous 10% povidone-iodine to saline for the purpose of reducing surgical 
site infection after elective gastrointestinal surgery: study protocol for a 
randomised controlled trial. BMJ Open. 2021;11:e051374.

 28. Knaebel HP, Koch M, Sauerland S, Diener MK, Büchler MW, Seiler CM, 
et al. Interrupted or continuous slowly absorbable sutures - design of a 
multi-centre randomised trial to evaluate abdominal closure techniques 
INSECT-trial [ISRCTN24023541]. BMC Surg. 2005;5:3. https:// doi. org/ 10. 
1186/ 1471- 2482-5-3.

 29. Fortelny RH, Baumann P, Thasler WE, Albertsmeier M, Riedl S, Steurer W, 
et al. Effect of suture technique on the occurrence of incisional hernia 
after elective midline abdominal wall closure: study protocol for a 
randomized controlled trial. Trials. 2015;16:52. https:// doi. org/ 10. 1186/ 
s13063- 015- 0572-x.

 30. El Charif MH, Hassan Z, Hoballah J, Khalife M, Sbaity E. Protocol for a 
randomized controlled trial comparing wound COmplications in elective 
midline laparotomies after FAscia Closure using two different Techniques 
Of Running sutures: COFACTOR trial. Trials. 2020;21:608. https:// doi. org/ 
10. 1186/ s13063- 020- 04507-8.

 31. Berrios-Torres SI, Umscheid CA, Bratzler DW, Leas B, Stone EC, Kelz RR, 
et al. Centers for disease control and prevention guideline for the preven-
tion of surgical site infection, 2017. JAMA Surg. 2017;152:784–91.

 32. Global guidelines for the prevention of surgical site infection. Geneva: 
World Health Organization; 2016. Available December 25, 2023. https:// 
www. who. int/ gpsc/ ssi- preve ntion- guide lines/ en/

 33. Zywot A, Lau CSM, Stephen Fletcher H, Paul S. Bundles prevent surgical 
site infections after colorectal surgery: meta-analysis and systematic 
review. J Gastrointest Surg. 2017;21:1915–30.

 34. Deerenberg EB, Harlaar JJ, Steyerberg EW, Lont HE, van Doorn HC, Heis-
terkamp J, et al. Small bites versus large bites for closure of abdominal 
midline incisions (STITCH): a double-blind, multicentre, randomised 
controlled trial. Lancet. 2015;386:1254–60.

 35. Albertsmeier M, Hofmann A, Baumann P, Riedl S, Reisensohn C, Kewer JL, 
et al. Effects of the short-stitch technique for midline abdominal closure: 
short-term results from the randomised-controlled ESTOIH trial. Hernia. 
2022;26:87–95.

 36. Fortelny RH, Andrade D, Schirren M, Baumann P, Riedl S, Reisensohn 
C, et al. Effects of the short stitch technique for midline abdominal 
closure on incisional hernia (ESTOIH): randomized clinical trial. Br J Surg. 
2022;109:839–45.

 37. de Vries HS, Verhaak T, van den Heuvel W, Teixeira MB, Heisterkamp J, Zim-
merman DDE. Implementation of the small bites closure of abdominal 
midline incisions in clinical practice is correlated with a reduction in 
surgical site infections. Hernia. 2020;24:839–43.

 38. Grąt M, Morawski M, Krasnodębski M, Borkowski J, Krawczyk P, Grąt K, 
et al. Incisional surgical site infections after mass and layered closure 
of upper abdominal transverse incisions: first results of a randomized 
controlled trial. Ann Surg. 2021;274:690–7.

 39. Diener MK, Voss S, Jensen K, Büchler MW, Seiler CM. Elective midline 
laparotomy closure: the INLINE systematic review and meta-analysis. Ann 
Surg. 2010;251:843–56.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1136/bmj.e7586
https://biostat.app.vumc.org/wiki/Main/PowerSampleSize
https://biostat.app.vumc.org/wiki/Main/PowerSampleSize
https://doi.org/10.1186/1471-2482-5-3
https://doi.org/10.1186/1471-2482-5-3
https://doi.org/10.1186/s13063-015-0572-x
https://doi.org/10.1186/s13063-015-0572-x
https://doi.org/10.1186/s13063-020-04507-8
https://doi.org/10.1186/s13063-020-04507-8
https://www.who.int/gpsc/ssi-prevention-guidelines/en/
https://www.who.int/gpsc/ssi-prevention-guidelines/en/

	Superiority trial for the development of an ideal method for the closure of midline abdominal wall incisions to reduce the incidence of wound complications after elective gastroenterological surgery: study protocol for a randomized controlled trial
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Introduction
	Background and rationale {6a, 6b}
	Objective {7}
	Study design {5a, 8}

	Methods: participants, intervention, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}
	Interventions
	Intervention description {11a}
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for posttrial care {30}

	Outcomes {12, 18a}
	Primary outcome
	Secondary outcomes

	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trialfuture use {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Interim analyses {21b}
	Method for additional analyses (e.g., subgroup analyses) {20b}
	Methods in the analysis to handle protocol nonadherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant-level data, and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating center and trial steering committee {5d}
	Composition of the data monitoring committee, its role, and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g., trial participants, ethical committees) {25}
	Dissemination policy {31a, 31b}

	Discussion
	Protocol version and trial status {3}

	References


