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Abstract
Background Patients undergoing relaparotomy are generally underrepresented in clinical trials, despite how common the pro-
cedure is in clinical practice. Specifically, techniques for re-do abdominal wall closure have never been evaluated in a
randomised-controlled trial. The aim of this trial was to identify the optimal abdominal wall closure technique in patients
undergoing relaparotomy.
Methods In this monocentric, randomised feasibility trial, patients scheduled for elective relaparotomy were randomised to
abdominal wall closure with either the small stitches technique, using Monomax® 2-0, or the large stitches technique, using
PDS II® 1 loop. Patients’ postoperative courses were followed for 1 year after the index operation. Effectiveness and safety
outcomes were compared at a level of significance of 5% between the two techniques.
Results A total of 100 out of 131 patients (76.3%) were evenly randomised to the small stitches and large stitches groups. The
time for abdominal wall closure did not differ between the two techniques (small stitches 27.5 ± 9.5 min versus large stitches 25.3
± 12.4 min; p = 0.334). The overall comprehensive complication index was 14.4 ± 15.5 in the small stitches group and 19.9 ±
23.4 in the large stitches group (p = 0.168). Specifically, rates of surgical site infection (small stitches 30.0% versus large stitches
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36.0%; p = 0.524) and burst abdomen (small stitches 4.0% versus large stitches 0.0%; p = 0.495) did not differ. After 1 year,
incisional hernia rate was 7.5% in the small stitches group and 10.0% in the large stitches group (p > 0.999).
Discussion Both abdominal wall closure techniques investigated in this trial were feasible in relaparotomy patients. This explor-
atory trial revealed no noticeable difference in the effectiveness or safety of the small stitches technique with Monomax® 2-0
versus the large stitches technique with PDS II® 1 loop. Therefore, surgeons should stay with their preferred suture technique in
relaparotomy patients.
Trial registration Deutsches Register Klinischer Studien (www.germanctr.de): DRKS00013001

Keywords Abdominal surgery . Abdominal wall . Fascial closure . Relaparotomy

Introduction

Despite advances in minimally invasive surgery, laparotomy
remains a mainstay strategy for abdominal access.
Relaparotomy is thus frequently necessary, both for malignant
and benign recurrent diseases. About 10% of laparotomies are
therefore relaparotomies, which pose some unique character-
istics [1]. Current evidence suggests that relaparotomy poses a
twofold risk of incisional hernia, resulting in higher costs and
a reduced quality of life [2–4].

Many trials have sought to identify the ideal method of
abdominal wall closure. In 2010, the INLINE meta-analysis
concluded that a slowly absorbable continuous suture is pref-
erable [5]. Occurrence of incisional hernia decreased further;
after a new suture technique, the small stitches technique was
developed [6–8]. However, none of these trials specifically
addressed the population of relaparotomy patients, for which
the large stitches technique is still frequently applied in clini-
cal practice.

The aim of this trial was to fill this gap by gaining evidence
on the feasibility of abdominal wall closure after
relaparotomy, comparing the small stitches technique with
Monomax® 2-0 with the large stitches technique with PDS
II® 1 loop, and to collect data on surgical effectiveness and
safety for future confirmatory trials.

Methods

Trial design

The ReLap study was planned as a monocentric, prospec-
tive, mixed-methods (health care research, translational
research, and randomised-controlled trial) exploratory
study on patients undergoing relaparotomy. The protocol
comprises three steps, the last of which, the randomised-
controlled trial, is represented by this manuscript. The
trial was conducted at the Clinical Trial Center of the
Department of General, Visceral, and Transplantation
Surgery at the University of Heidelberg.

The ReLap study was conducted in accordance with the
current version of the Declaration of Helsinki [9] and the
professional code for physicians in Germany (§15 BOÄ).
The study protocol was reviewed and approved by the ethics
committee of the medical faculty of the University of
Heidelberg (S-442/2017). The study was registered with the
German Clinical Trials Register (www.germanctr.de:
DRKS00013001) before the first patient was enrolled. The
protocol was published in a peer-reviewed open access journal
[10]. The trial is reported according to the CONSORT guide-
lines [11].

Participants

All patients undergoing a laparotomy were assessed for eligi-
bility. Eligibility criteria were chosen to achieve a broad sam-
ple representative of high-volume surgical centres. Patients 18
years or older undergoing any kind of relaparotomy were in-
cluded, with the following exceptions: Those undergoing
relaparotomy for incisional hernia or laparostomy, those hav-
ing an emergency operation or an operation of the
retroperitoneum without transperitoneal access, and incompli-
ant patients were excluded. Before inclusion in the ReLap
study, patients were informed about the study orally and gave
written informed consent prior to surgery.

Interventions

The small stitches technique was compared with the large
stitches technique. Both techniques have been used as stan-
dard forms of closure for primary and relaparotomies at the
investigating institution.

Abdominal closure with the small stitches technique using
Monomax® 2-0

Monomax® 2-0 is an extra slowly absorbing elastic monofil-
ament suture with a thread size of United States Pharmacopeia
(USP) 2-0. The first stitch was anchored cranially and caudal-
ly of the incision with a knot. The distance from the edge of
the fascia was 5 mm and the distance between the two stitches
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was 2 and 5 mm. Overall, two threads were used; one from the
cranial end and the other from the caudal end. Both threads
were separately knotted in the middle.

Abdominal closure with the large stitches technique using
PDS II® 1-loop

PDS II® 1-loop is a slowly absorbing monofilament suture,
with a thread size of USP 1, and is formed as a loop. The first
stitch was anchored cranially and caudally to the incision. The
needle was pulled through the loop so a knot was not neces-
sary. The distance to the edge of the fascia was a maximum of
10 mm and the distance between the two stitches was 15 and
20 mm. Overall, two threads were used; one from the cranial
end and the other from the caudal end. Both threads were
separately knotted in the middle.

Neither subcutaneous sutures nor subcutaneous drainages
were placed in either group. The skin was closed with skin
staples. All patients were treated within the standardised fast
track concept, which includes physiotherapy-assisted early
mobilisation and early transition to a normal diet.

Outcomes

The postoperative course was followed prospectively with
study visits on postoperative days 3 to 7, 10 to 14, and 30.
However, if the patient remained in the hospital longer than
average or was re-admitted, the course was followed until
hospital discharge.

Due to the exploratory nature of this study, there was no
primary endpoint. The feasibility of both techniques was
assessed based on the rate of included patients versus
randomised patients, as determined by the operating surgeon’s
clinical judgement. Existing adhesions were evaluated intra-
operatively, according to the peritoneal adhesion index, which
divides the abdomen into 10 areas to be rated with a number
from 0 (no adhesions) to 3 (strong adhesions) [12]. These
ratings are summed to produce an index between 0 and 30.
Postoperative morbidity and mortality according to the
Clavien-Dindo classification were deemed outcomes of inter-
est [13]. The comprehensive complication index [14] was also
calculated. Complications that were specifically assessed in-
cluded burst abdomen, superficial, deep, and organ/ space
surgical site infection (SSI) according to the CDC criteria
[15], and postoperative haemorrhage. Further, time to first
bowel movement, length of hospital stay, and length of stay
on the intensive care unit were evaluated.

Patients received a follow-up phone call after 1 year and, if
necessary, the patient’s general practitioner was also contacted
by telephone. Patients and their general practitioners were
asked for the clinical occurrence of an incisional hernia and
no radiological proof was demanded. Presence of an incisional
hernia, as well as whether or not the hernia required operative

treatment, was evaluated after 1 year. The quality of life
(EuroQol five-dimensional questionnaire (EQ-5D) [16]) was
assessed preoperatively, at day of discharge and after 1 year.

Sample size

Since no primary endpoint was defined, no sample size was
calculated. A total of 100 patients was considered suitable to
obtain enough data on feasibility and comparative effective-
ness for forming hypotheses for future trials.

Methods for minimising bias

The randomisation sequence was computer-generated, with a
mixture of variable block sizes of 4, 6, 8, and 10.
Consecutively, numbered and sealed opaque envelopes con-
taining a card marked “Monomax®” or “PDS II®” were used
for allocation. Directly before abdominal wall closure, the
operating surgeon evaluated the feasibility of stitching the
fascia with both techniques. Reasons for infeasibility were
recorded; however, if both techniques were considered feasi-
ble, the next envelope in numerical order was opened.

The five study contributors [17] were blinded as follows:
Patients were blinded to the suture material. While the oper-
ating surgeon could not be blinded to the suture technique, the
surgeon played no role in the assessment of outcomes. The
data collectors and outcome assessors were aware of the su-
ture material for short-term and long-term outcomes.
Statisticians were not blinded to the group allocation; howev-
er, the analysis was performed after the closure of the database
and according to the published protocol.

Statistical methods

Data were presented either as mean with standard deviation or
as rate. A descriptive p value was determined by chi-square
test for binary data or Student’s t test for continuous data. For
burst abdomen and incisional hernia, a relative risk with a
95% confidence interval and number needed to harm (NNH)
was calculated to determine the possible futility of future tri-
als. Statistical analysis was performed with R [18].

Results

Recruitment began on September 19, 2017, and the last pa-
tient was enrolled on April 4, 2018. The feasibility of both
techniques was a given, as 100 of 131 patients (76.3%) could
be randomised, indicating a firm conviction of the performing
surgeons that both techniques are applicable. The patients not
randomised were excluded for the following reasons: 10 pa-
tients had an incisional hernia needing a mesh closure, and in
the case of 21 patients, the operating surgeon preferred the
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closure with another technique. Consequently, these 31 pa-
tients were closed with large stitches technique or interrupted
sutures with or without an additional mesh. No patients were
lost to short-term follow-up. However, only 40 of 50 patients
(80%) in the small stitches group and 40 of 50 patients (80%)
in the large stitches group were available for 1-year postoper-
ative visit. The CONSORT flow diagram is shown in Fig. 1.

Baseline data

Despite randomisation, two baseline characteristics differed
between the small stitches and the large stitches groups.
There were more females and more pancreatic resections in
the large stitches group. Baseline data are shown in Table 1.

Operative data

All patients had an elective relaparotomy. Regarding operative
data, there were no differences between the two groups (Table 2).
Neither the length of incision (small stitches 26.8 ± 3.9 cm versus
large stitches 26.3 ± 4.7 cm; p = 0.585) nor the length of the
fascial incision (small stitches 27.1 ± 3.7 cm versus large stitches

27.0 ± 4.6 cm; p = 0.923) differed. Some patients in both groups
had small incisional hernias that were found incidentally, during
laparotomy (small stitches 4.0% versus large stitches 8.0%; p =
674). Adhesions are common in relaparotomy patients. The se-
verity of adhesions as assessed according to the peritoneal adhe-
sion index was 8.8 ± 5.9 in the small stitches group and 11.4 ±
9.0 in the large stitches group (p = 0.095). The time for abdom-
inal wall closure did not differ between the techniques (small
stitches 27.5 ± 9.5 min versus large stitches 25.3 ± 12.4 min; p
= 0.334). Also, the total operative time did not differ (small
stitches 201.8 ± 103.1 min versus large stitches 226.1 ± 116.9
min; p = 0.272). In both groups, intraabdominal drains were
commonly used (small stitches 58.0% versus large stitches
68.0%; p = 0.407). The experience level of the operating surgeon
performing the fascial closure did not differ, either (small stitches
13.6 ± 7.9 years versus large stitches 13.2 ± 7.3 years; p = 0.803).

Postoperative complications

The overall comprehensive complication index did not differ
significantly between the groups (14.4 ± 15.5 in the small
stitches group and 19.9 ± 23.4 in the large stitches group; p

Assessed for
eligibility
(n=224) 

Relaparotomy
(n=131) 

Small stitches
(n=50) 

Analysed
(n=50)

Analysed n=40
Deceased
(n=6)
Lost to follow-up
(n=4)

Large stitches
(n=50) 

Analysed
(n=50)

Analysed (n=40)
Deceased
(n=7)
Lost to follow-up
(n=3)

Excluded (n=93)
- Primary Laparotomy (n=50)
- Not meeting inclusion criteria (n=24)
- Declined to participate (n=12)
- Interference with other study (n=7)

Excluded (n=31)
- Large Hernia n=10
- Surgeon´s preference n=21

Enrollment

Allocation

1 year

30 days

Randomised
(n=100)

Fig. 1 Study flow chart
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= 0.168). None of the Clavien-Dindo classifications differed
(Table 3). Surgical site infection showed no difference be-
tween the groups (small stitches 30.0% versus large stitches
36.0%; p = 0.524), irrespective of whether the SSI was super-
ficial, deep, or at organ space (Table 3).

In the small stitches group, 2 of 50 patients (4%) had a burst
abdomen compared with 0 of the 50 patients in the large
stitches group (p = 0.495). The relative risk of developing a
burst abdomen with small stitches compared with large

stitches was at least 4, with a 95% confidence interval of
0.463 to 34.545. The NNH for the small stitches technique
was 25 patients.

One year after the index operation, 3 of 44 patients (6.8%)
in the small stitches group and 4 of 43 patients in the large
stitches group (9.3%) had an incisional hernia. The relative
risk of developing an incisional hernia with small stitches
compared with large stitches was 0.75, with a 95% confidence
interval of 0.179 to 3.138. The NNH with the large stitches

Table 1 Baseline characteristics
N (%) or mean (SD) Small stitches (n = 50) Large stitches (n = 50)

Sex

Female 16 (32%) 27 (54%)

Male 34 (68%) 23 (46%)

Age (years) 60.2 (13.1) 62 (10.9)

BMI, kg/m2 24.3 (3.9) 23.9 (3.9)

Charlsons comorbidity index 2.6 (1.7) 2.5 (1.8)

ASA ≥ 3 27 (54.0%) 19 (38.0%)

Days since last op 819.6 (1175.5) 1220.4 (1925.3)

Malignancy as indication 40 (80.0%) 42 (84.0%)

Median laparotomy 49 (98%) 44 (88%)

Resected organ systems*

Liver 11 (22.0%) 13 (26.0%)

Pancreas 4 (8.0%) 13 (26.0%)

Stomach 5 (10.0%) 9 (18.0%)

Duodenum 2 (4.0%) 8 (16.0%)

Small intestine 20 (40.0%) 25 (50.0%)

Appendix 0 (0.0%) 25 (50.0%)

Colon 13 (26.0%) 10 (20.0%)

Gall bladder 3 (6.0%) 8 (16.0%)

Spleen 0 (0.0%) 1 (2.0%)

Kidney 3 (6.0%) 0 (0.0%)

Gynecologic 0 (0.0%) 3 (6.0%)

Central vessels 3 (6.0%) 3 (6.0%)

Peritoneum 8 (16.0%) 7 (14.0%)

Other 20 (40.0%) 16 (32.0%)

ASA, American Society of Anesthesiologists; BMI, body mass index

*More than one organ was possible per operation

Table 2 Operative data
N (%) or mean (SD) Small stitches (n = 50) Large stitches (n = 50) p value*

Skin incision (cm) 26.8 (3.9) 26.3 (4.7) 0.585

Fascia incision (cm) 27.1 (3.7) 27.0 (4.6) 0.923

Hernia 2 (4.0%) 4 (8.0%) 0.674

Peritoneal adhesion index 8.8 (5.9) 11.4 (9.0) 0.095

Operative time (min) 201.8 (103.1) 226.1 (116.9) 0.272

Abdominal wall closure (min) 27.5 (9.2) 25.3 (12.4) 0.334

Intraabdominal drainage 29 (58.0%) 34 (68.0%) 0.407

Surgeon’s experience (years) 13.6 (7.9) 13.2 (7.3) 0.803

*Categorical variables, chi-square test; continuous variables, Student’s t test
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technique was 40 patients. All patients in the small stitches
group were operated on for the incisional hernia, whereas
none in the large stitches group were, i.e. the relative risk of
developing an incisional hernia requiring surgery with small
stitches compared with large stitches is at least 3, with a 95%
confidence interval of 0.326 to 27.631. The NNH for the small
stitches technique was 14 patients.

Further outcomes

First bowel movement did not differ between the small
stitches group (2.6 ± 1.4 days) and the large stitches group
(1.6 ± 1.7 days; p = 0.798). The length of hospital stay (small
stitches 12.2 ± 9.6 days versus large stitches12.5 ± 9.4; p =
0.842) as well as the length of stay on the intensive care unit
(small stitches 0.8 ± 2.5 days versus large stitches 2.3 ± 7.7; p
= 0.194) did not differ, either.

Quality of life

None of the five dimensions of the EQ-5D as well as the scale
between 0 and 100 for overall quality of life differed between the
two groups at the preoperative visit or at the time of discharge.
One year after the index operation, the overall quality of life was
better in the large stitches group compared with the small stitches
group (68.1 versus 57.1; p = 0.025). Overall, the patients in the
large stitches group were more independent in their daily living
when compared with the small stitches group (92.5% versus
72.5%; p = 0.039). Electronic supplementary material 1 gives a
detailed overview of quality of life.

Discussion

The optimal technique for abdominal wall closure of patients
undergoing relaparotomy has never been specifically evaluat-
ed. Therefore, this randomised-controlled exploratory trial
compared 50 patients who received abdominal wall closure
with the small stitches technique withMonomax® 2-0 with 50
patients who received abdominal wall closure with the large
stitches technique with PDS II® 1 loop.

The final number of randomised patients was important for
concluding the feasibility of both techniques in daily practice.
Prior to this trial, multiple surgeons in our department had ma-
jor concerns about the feasibility of closing the abdominal wall
with Monomax® thread during relaparotomy. However, this
trial showed that in three out of four relaparotomy cases, the
operating surgeon deemed that abdominal wall closure would
be feasible with either technique. The remaining patients’ inci-
sions were primarily closed with the large stitches technique, as
well as with interrupted sutures with or without additional
mesh. Therefore, the concern that the small stitches technique
with Monomax® was not feasible was unsubstantiated.

The time needed for abdominal wall closure was neither sta-
tistically different nor was the difference clinically meaningful
between the two techniques. The BMI of included patients was
around 24 kg/m2 which is comparable with earlier trials [6, 8].
Maybe, the BMI of the normal population would be higher, but a
lower BMI could be expected in the relaparotomy population
due to malignant recurrent diseases in many cases. There were
no differences between the groups regarding 30-day postopera-
tive complications or incisional hernias after 1 year. The overall
SSI rate in this trial (30–36%) was higher than those of older

Table 3 Postoperative
complications N (%) or mean (SD) Small stitches (n = 50) Large stitches (n = 50) p value*

According to Clavien-Dindo classification

I 19 (0.38 pp) 26 (0.52 pp) 0.159

II 20 (0.40 pp) 29 (0.58 pp) 0.072

IIIa 9 (0.18 pp) 4 (0.08 pp) 0.234

IIIb 5 (0.10 pp) 10 (0.02 pp) 0.161

IVa 0 (0.00 pp) 0 (0.00 pp) > 0.999

IVb 0 (0.00 pp) 0 (0.00 pp) > 0.999

V (mortality) 0 (0%) 1 (2%) > 0.999

CCI 14.4 (15.5) 19.9 (23.4) 0.168

Surgical site infection 15 (30.0%) 18 (36.0%) 0.524

Superficial 6 (12.0%) 11 (22.0%) 0.183

Deep 1 (2.0%) 1 (2.0%) > 0.999

Organ/space 8 (16.0%) 6 (12.0%) 0.564

Burst abdomen 2 (4.0%) 0 (0.0%) 0.495

Incisional hernia at 1 year 3 of 40 patients (7.5%) 4 of 40 patients (10.0%) > 0.999

Operated for hernia 3 of 40 patients (7.5%) 0 of 40 patients (0%) 0.266

CCI, comprehensive complication index; pp, per patient

*Categorical variables, chi-square test; continuous variables, Student’s t test
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trials investigating patients undergoing relaparotomy (6.5–12%)
[2]. This variation might be due to differences in the definition of
SSI. The presented trial used the CDC criteria and
intraabdominal infections, therefore, were considered as SSI.
The rate of superficial and deep SSI was comparable with the
existing literature [19–22].

Several trials and studies identified relaparotomy as a risk
factor for the development of incisional hernia [2, 3, 23, 24].
For example, Lamont et al. described a rate of incisional hernia
following relaparotomy of 12% [2]. For primary laparotomy
with a closure using the small or large stitches technique, the
rate of incisional hernia after 1 year is reported to be 8.5 to
15.7% [5]. In-house data from a trial published 10 years ago
have shown an incisional hernia rate of 16% after 1 year with
the large stitches technique for primary laparotomy [25]. A
multi-centre trial from Germany showed an incisional hernia
rate of 8.4%with PDS II® 1-loop and 12.5%withMonoPlus 2-
0 in primary laparotomies after 1 year [26]. In the present trial,
the incisional hernia rate was between 7.5 and 10%. Therefore,
comparing the findings of this trial to literature, the general
hypothesis that relaparotomies have higher rates of incisional
hernia than primary laparotomies cannot be confirmed.

The evaluation of the quality of life questionnaires showed
that the patients in the large stitches group were more indepen-
dent in their daily living than those in the small stitches group.
This finding is unlikely to be related to suture technique. It is
more likely that it occurred by chance, due to the comparison of
18 items on the QoL assessment. A second, rather unlikely ex-
planation could be that a lower level of independence was asso-
ciated with the more clinically relevant incisional hernias in the
small stitches group. However, the fact that all patients with an
incisional hernia in the small stitches group were operated is very
likely caused by chance due to small numbers.

A central question of this exploratory trial was whether or
not the data gathered would justify further confirmatory trials.
The relative risk for burst abdomen and for a clinically rele-
vant incisional hernia was higher in the small stitches group.
The 95% confidence interval, as well as the NNH, is in an area
of clinically relevant effect estimates. For a confirmatory trial
showing the superiority of the large stitches technique in re-
spect of incisional hernia in relaparotomy patients, about 400
patients would be needed. However, such a study should not
be undertaken now due to the on-going HULC trial, which
investigates the purported benefits of prophylactic onlay mesh
for laparotomy and includes also relaparotomy patients [27].
These results should be obtained before a confirmatory trial
for relaparotomy patients alone is undertaken.

This RCT has several limitations. As this was an exploratory
and monocentric trial, the absence of significant differences
should not be confused with the potential for greater differences
in a confirmatory setting, as discussed above. Further baseline
differences in the PDS II® group, that of more females and
more pancreatic resections, may have confounded results.

Furthermore, all surgeons were asked to perform a minimum
suture length to wound length ratio of 4:1, however, there was
no monitoring of performance. Finally, it is known that
incisional hernia rates increase by about 60% from assessment
at 1 year to assessment after 3 years [28], so these results may
not adequately describe the final incisional hernia rate.
Moreover, this trial assessed incisional hernias only by a phone
call with the patient and his general practitioner. Therefore, the
rate of incisional hernias is limited to clinically obvious hernias.
This pragmatic approach was chosen because of the feasibility
nature of the presented trial but would not be adequate in a
confirmatory setting.

To summarise, both the small and large stitches techniques
are feasible in relaparotomy patients without producing rele-
vant differences in operative time or morbidity. Based on the
presented data, there is no need to advocate a general change
in abdominal wall closure, and surgeons should stay with their
preferred suture technique. However, if surgeons prefer the
small stitches technique during primary laparotomy, there is
no need to switch to another technique or thread for
relaparotomy patients. Due to the on-going interventions in
the ideal type of abdominal wall closure, a confirmatory trial
comparing the small stitches technique using Monomax® 2-0
with the large stitches technique using PDS II® 1 loop is not
recommended at the moment.

Acknowledgements Open Access funding provided by Projekt DEAL.
The introduction and methods section are based on an existing protocol
[10] that was published under a Creative Commons licence (http://
creativecommons.org/licenses/by/4.0).

Step 1 and 2 (the health care research and translational research parts)
of the ReLap study (DRKS00013001) will be published separately. The
presented trial is part of the doctoral thesis (Dr. med.) of Dinh Thien-An
Tran.

Authors’ contributions PP, DTT, and CDH developed the study concept,
acquired, analysed, and interpreted data, and wrote the manuscript. FJH,
JCH, PH, and ASR developed the study concept, interpreted data, and
wrote the manuscript. PK, ALM, MS, MWB, and MKD helped to devel-
op the study concept, interpreted data, and revised the manuscript criti-
cally for important intellectual content. All authors approved the final
version for publication, agreed to be accountable for all aspects of the
work, and ensure that any questions related to the accuracy or integrity of
any part of the work will be appropriately investigated and resolved.

Funding information As this was an investigator-initiated study, no ad-
ditional funding source was available. However, the standard resources
and facilities available to researchers at the University of Heidelberg were
utilised throughout the study.

Compliance with ethical standards

Conflict of Interest The authors declare that they have no competing
interests in relation to this article.

Ethical approval The study protocol was reviewed and approved by the
ethics committee of the medical faculty of the University of Heidelberg
(S-442/2017). The study was registered with the German Clinical Trials

433Langenbecks Arch Surg (2020) 405:427–434

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Register (www.germanctr.de: DRKS00013001) before the first patient
was enrolled.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes weremade. The images or other third party material in this article
are included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Li J, Qian K, Wu H, Zeng Y (2019) Effective preoperative abdom-
inal incision planning on a patient with a history of repeated ab-
dominal operations using a three-dimensional reconstruction tech-
nique: a case report. J Int Med Res 47(3):1359–1364

2. Lamont PM, Ellis H (1988) Incisional hernia in re-opened abdom-
inal incisions: an overlooked risk factor. Br J Surg 75:374–376

3. Hackert T, Büchler WA (2014) The broad view of reoperative
surgery. Reoperative Abdom Surg:10–16

4. van Ramshorst GH, Eker HH, Hop WC, Jeekel J, Lange JF (2012)
Impact of incisional hernia on health-related quality of life and body
image: a prospective cohort study. Am J Surg 204(2):144–150

5. Diener MK, Voss S, Jensen K, Buchler MW, Seiler CM (2010)
Elective midline laparotomy closure: the INLINE systematic re-
view and meta-analysis. Ann Surg 251:843–856

6. Millbourn D, Cengiz Y, Israelsson LA (2009) Effect of stitch length
on wound complications after closure of midline incisions: a ran-
domized controlled trial. Arch Surg 144(11):1056–1059

7. Israelsson LA, Millbourn D (2012) Closing midline abdominal in-
cisions. Langenbeck's Arch Surg 397(8):1201–1207

8. Deerenberg EB, Harlaar JJ, Steyerberg EW, Lont HE, van Doorn
HC, Heisterkamp J, Wijnhoven BP, Schouten WR, Cense HA,
Stockmann HB, Berends FJ, Dijkhuizen FPH, Dwarkasing RS,
Jairam AP, van Ramshorst GH, Kleinrensink GJ, Jeekel J, Lange
JF (2015) Small bites versus large bites for closure of abdominal
midline incisions (STITCH): a double-blind, multicentre,
randomised controlled trial. Lancet 386:1254–1260

9. W.M. Association (2001) World medical association declaration of
Helsinki. Ethical principles for medical research involving human
subjects. Bull World Health Organ 79(4):373

10. Tran DT, Doerr-Harim C, Hüttner FJ, Harnoss JC, Knebel P,
Schneider M, Büchler MW, Diener MK, Probst P (2018) Protocol
of a prospective mixed-methods study of patients undergoing
relaparotomy (ReLap study; DRKS00013001). Int J Surg Protoc
9:6–10

11. Schulz KF, Altman DG, Moher D, CONSORT Group (2010)
CONSORT 2010 statement: updated guidelines for reporting par-
allel group randomised trials. BMJ 340:c332

12. Coccolini F, Ansaloni L, Manfredi R, Campanati L, Poiasina E,
Bertoli P, Capponi MG, Sartelli M, Saverio SD, Cucchi M,
Lazzareschi D, Pisano M, Catena F (2013) Peritoneal adhesion
index (PAI): proposal of a score for the “ignored iceberg” of med-
icine and surgery. World J Emerg Surg 8:6. https://doi.org/10.1186/
1749-7922-8-6

13. Dindo D (2004) Classification of surgical complications: a new
proposal with evaluation in a cohort of 6336 patients and results
of a survey. Ann Surg 240(2):205–213

14. Slankamenac K (2014) The comprehensive complication index: a
novel and more sensitive endpoint for assessing outcome and re-
ducing sample size in randomized controlled trials. Ann Surg
260(5):757–762

15. Centers for Disease Control and Prevention (2018) Surgical Site
Infection https://www.cdc.gov/hai/ssi/ssi.html, (accessed 23rd
February 2020)

16. Rabin R, Gudex C, Selai C, HerdmanM (2014) From translation to
version management: a history and review of methods for the cul-
tural adaptation of the EuroQol five-dimensional questionnaire.
Value Health 17(1):70–76

17. Probst P, Zaschke S, Heger P, Harnoss JC, Hüttner FJ, Mihaljevic
AL, Knebel P, Diener MK (2019) Evidence-based recommenda-
tions for blinding in surgical trials. Langenbeck's Arch Surg 404(3):
273–284

18. R Core Team (2014) R: a language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria. http://www.R-project.org/. (accessed September 12th
2019)

19. Korol E, Johnston K, Waser N, Sifakis F, Jafri HS, Lo M, Kyaw
MHA systematic review of risk factors associated with surgical site
infections among surgical patients. PLoSOne 8:e83743. https://doi.
org/10.1371/journal.pone.0083743

20. Isik O, Kaya E, Dundar HZ, Sarkut P (2015) Surgical site infection:
re assessment of the Risk Factors. Chirurgia (Bucur) 110:457–461

21. Carvalho RLR, Campos CC, Franco LMC, Rocha AM, Ercole FF
(2017) Incidence and risk factors for surgical site infection in gen-
eral surgeries. Rev Lat Am Enfermagem 25:e2848. https://doi.org/
10.1590/1518-8345.1502.2848

22. Cheng H, Chen BP, Soleas IM, Ferko NC, Cameron CG, Hinoul P
(2017) Prolonged operative duration increases risk of surgical site
infections: a systematic review. Surg Infect 18:722–735. https://doi.
org/10.1089/sur.2017.089

23. Bartlett DC, Kingsnorth AN (2009) Abdominal wound dehiscence
and incisional hernia. Surgery 27:243–250

24. Williams ZF, HopeWW (2015) Abdominal wound closure: current
perspectives. Open Access Surg 8:89–94

25. Seiler CM, Deckert A, Diener MK, Knaebel HP, Weigand MA,
Victor N, Büchler MW (2009) Midline versus transverse incision
in major abdominal surgery: a randomized, double-blind equiva-
lence trial (POVATI: ISRCTN60734227). Ann Surg 249(6):913–
920

26. Seiler CM, Bruckner T, Diener MK, Papyan A, Golcher H,
Seidlmayer C, Franck A, Kieser M, Büchler MW, Knaebel HP
(2009) Interrupted or continuous slowly absorbable sutures for clo-
sure of primary elective midline abdominal incisions: a multicenter
randomized trial (INSECT: ISRCTN24023541). Ann Surg 249(4):
576–582

27. Heger P, Feißt M, Krisam J, Klose C, Dörr-Harim C, Tenckhoff S,
Büchler MW, Diener MK, Mihaljevic AL (2019) Hernia reduction
following laparotomy using small stitch abdominal wall closure
with and without mesh augmentation (the HULC trial): study pro-
tocol for a randomized controlled trial. Trials. 20(1):738

28. Fink C, Baumann P, Wente MN, Knebel P, Bruckner T, Ulrich A,
Werner J, Büchler MW, Diener MK (2014) Incisional hernia rate 3
years after midline laparotomy. Br J Surg 101(2):51–54

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

434 Langenbecks Arch Surg (2020) 405:427–434

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/1749-7922-8-6
https://doi.org/10.1186/1749-7922-8-6
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1371/journal.pone.0083743
https://doi.org/10.1371/journal.pone.0083743
https://doi.org/10.1590/1518-8345.1502.2848
https://doi.org/10.1590/1518-8345.1502.2848
https://doi.org/10.1089/sur.2017.089
https://doi.org/10.1089/sur.2017.089

	Randomised-controlled...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Trial design
	Participants
	Interventions
	Abdominal closure with the small stitches technique using Monomax® 2-0
	Abdominal closure with the large stitches technique using PDS II® 1-loop

	Outcomes
	Sample size
	Methods for minimising bias
	Statistical methods

	Results
	Baseline data
	Operative data
	Postoperative complications
	Further outcomes
	Quality of life

	Discussion
	References


