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Introduction: Wound closure with triclosan-coated sutures (TCS) appears to reduce the
risk of surgical site infection (SSI). Because there is a strong association between
postoperative SSI and the development of acute abdominal wall dehiscence (AWD)
after laparotomy, we hypothesized that the use of TCS for wound closure after
laparotomy may also reduce the risk of AWD.

Methods: The MEDLINE, Embase, and CENTRAL databases were searched from their
inception to 01 November 2022. Randomized trials that compared the use of TCS with
identical but uncoated sutures for fascial closure were eligible if they could provide
individual participant data (IPD) on AWD. From these trials, we only included in the
analysis those subjects who underwent open abdominal surgery. The primary outcome
was the incidence of AWD within 30 days postoperatively, requiring emergency
reoperation. The certainty of evidence was assessed using the GRADE methodology
(PROSPERO: CRD42019121173.

Results: We identified twelve eligible trials. Eight studies shared IPD. The incidence of AWD
within 30 days after surgery was 27/1,565 (1.7%) in the TCS group vs. 40/1,430 (2.8%) in the
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control group (Relative Risk: 0.70 [95% confidence interval (CI) 0.44–1.11, I2 = 0%, τ2 = 0.00]).
The certainty of evidence was moderate after downgrading for imprecision. The incidence of
incisional SSI was 163/1,576 (10.3%) vs. 198/1,439 (13.8%), RR 0.80 (95% CI 0.67–0.97).

Conclusion: We found no conclusive evidence to support the use of triclosan-coated
sutures for the prevention of acute abdominal wall dehiscence after laparotomy. In these
selected studies, a significant reduction in incisional SSI was observed.

Keywords: wound closure, fascial closure, fascial dehiscence, coated sutures, triclosan-coated sutures

INTRODUCTION

Acute abdominal wall dehiscence (AWD) or burst abdomen is a
severe complication of open abdominal surgery. The reported
incidence of AWD after laparotomy is as high as 3.8% [1–3]. It is
associated with a high risk of mortality and generally requires
emergency reoperation [4]. Patient characteristics such as age and
pulmonary disease are associated with AWD, but the most
important risk factor is surgical site infection (SSI) [4, 5].

Wound closure with triclosan-coated sutures (TCS) appears to
reduce the risk of SSI [6–8]. Because this was not confirmed by a
recently published large RCT, some controversy about the true
effect of TCS on SSI remains [9]. Considering the association
between SSI and AWD, we hypothesized that the use of TCS after
open abdominal surgery may also reduce the risk of AWD. Two
RCTs that primarily investigated the effect of TCS on SSI,
reported a reduction in AWD. However, due to the low
incidence of AWD and the relatively small sample size,
uncertainty remains about the true effect [10, 11]. More data
are needed to separate these findings from chance. Because of its
major clinical consequences, AWD is generally well documented,
and it is likely that existing trials have data on AWD available.

An individual participant data meta-analysis (IPDMA) is a
meta-analysis of original trial data. Advantages of IPDMA
include the possibility to include unpublished trial data, to in-
or exclude individual participants, and to standardize the method
of analysis to optimize statistical power. We aimed to investigate
the effect of using TCS for wound closure after open abdominal
surgery on the incidence of AWD using individual participant
data from RCTs.

METHODS

Study Registration
This study is registered in the International Prospective Register
of Systematic Reviews (PROSPERO: CRD42019121173). Details
of the protocol have been previously published [12]. We report
according to the PRISMA-Individual Participant Data
Statement [13].

Eligibility Criteria
Randomized controlled trials that compared the use of TCS with
the exact same but uncoated suture for wound closure (fascia, and
possibly skin) after abdominal surgery were eligible for inclusion.
Principal investigators of trials that reported only SSI incidence

were contacted and asked if AWD incidence was registered and
available. Trials were only included if the investigators could
provide either IPD or aggregate data on the incidence of AWD.
Exclusion criteria on the study level were prespecified and
concerned trials that investigated the use of TCS as part of a
bundle of interventions, trials that investigated the use of TCS
after right lower quadrant incision for appendectomy, and trials
that exclusively investigated children.

Study Identification
The MEDLINE (PubMed), Embase (Ovid), and the Cochrane
Central Register of Controlled Trials were searched with the aid of
a clinical librarian. The complete search strategy is described in
the Supplementary Material, page 2. The search was not
restricted to publication date or language and was last updated
on 01 November 2022. Backward citation tracking of previously
published meta-analyses and included studies was performed.
Furthermore, the International Clinical Trials Registry Platform
was searched and corresponding authors of ongoing trials were
asked if they were able to share unpublished data. In addition, all
collaborating investigators were asked if they were aware of any
other ongoing trials.

Study Selection and Data Collection
Duplicate studies were removed and the titles and abstracts of the
remaining studies were independently screened by two
investigators. Subsequently, they retrieved and assessed the full
texts of potentially eligible trials. The principal investigators of
eligible trials were contacted. If the trial met the inclusion criteria,
we invited the investigators to participate in the IPDMA. We
proposed a set of data items with definitions that were finalized
during an online collaborative meeting, as described in the study
protocol [12]. Participating investigators were asked to de-
identify the IPD before sharing. From the shared datasets, we
only selected and analyzed participants who had undergone open
abdominal surgery. The IPD from all studies was checked for
missing, invalid, and out-of-range data, and for consistency
compared to the published data. In case of concerns regarding
data integrity we contacted the principal investigator. If
significant issues could not be resolved after consultation with
the principal investigator, the data were not included in the
primary analysis.

Risk of Bias Assessment
Two investigators independently assessed the risk of bias of the
included trials using the Cochrane risk-of-bias tool for
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randomized trials (Rob2) [14]. The risk of bias was assessed using
study protocols, published aggregated data, and shared IPD.
Discrepancies were resolved through discussion. The presence
of publication bias was assessed with a contour enhanced
funnel plot [15].

Outcomes
The primary outcome was the incidence of acute abdominal wall
dehiscence (AWD), requiring emergency reoperation. Acute
dehiscence was defined as spontaneous dehiscence of the
abdominal fascia, with or without dehiscence of the skin,
within 30 days after surgery. In case of reoperation for any
indication other than AWD and when data were available,
follow up continued until 30 days regardless of the suture
used at the second procedure to avoid selective loss to follow
up. The definition of AWDwas established during a collaborative
meeting and therefore universal across all trials.

The primary aim of our study is to investigate the effect of TCS
on the risk of abdominal wall dehiscence. Study selection and all
other aspects of the systematic review are based on this outcome
and its availability. Secondary outcomes are merely exploratory
and include incisional SSI within 30 days after surgery according
to the Centers for Disease Control and prevention (CDC) criteria
[16], skin dehiscence, length of hospital stay (days), all-cause
reoperations, and all-cause mortality within 30 days after surgery.

Missing Data
Missing data at participant level were imputed using multiple
imputation by chained equations (MICE) for each trial separately
[17, 18]. We performed five rounds of imputation and the
number of missing data were recorded for each variable. If
original trials imputed SSI, this imputed data set was used for
imputation of AWD to ensure consistency and accuracy, as the
original imputation had the most detailed data set available.
Systematically missing data were not imputed.

Data Analysis
Outcomes were analysed according to the intention-to-treat-
principle in a one-step approach using a generalised linear
mixed model framework. We accounted for clustering of
participants within trials and potential baseline imbalances
according to VanderWeele’s principles for confounder
selection based and published literature on AWD risk factors
[4, 5, 19]. Only variables that were available in all trials were
eligible for confounder selection. We used a log-binomial model
for binary outcomes and a linear regression model with bias
corrected accelerated bootstrapping to estimate 95% confidence
intervals (CI) for continuous outcomes with a non-normal data
distribution. Treatment effects were expressed as relative risk
(RR) and weighted mean differences (MD), with corresponding
95% CI for binary and continuous outcomes, respectively.

Several pre-specified additional analyses were performed. An
as-treated analysis was done in which participants were analysed
according to the actual suture that was used rather than the
randomisation allocation. A per-protocol analysis was
performed, according to the as-treated principle, and in which
participants that underwent a reoperation for any reason other

than AWD were excluded, because the suture - and thereby the
intervention under investigation - was removed during a
reoperation. Analyses were also conducted in a two-step
approach. First, treatment effects were analysed for each trial.
Subsequently, the aggregated data from all trials were analysed
using a random-effects meta-analysis model (DerSimonian and
Laird). Between study heterogeneity was assessed using the I2 and
Tau2 statistic (τ2).

We performed multiple sensitivity analyses on the primary
outcome: a complete case analysis, midline incisions only, the use
of TCS for both fascia and skin closure, studies that adequately
blinded participants and personnel, exclusion of trials with high risk
of bias, inclusion of all trials (regardless of data integrity concerns),
and the addition of potential confounders that were not available in
all trials and therefore not included in the primary analysis.

To explore heterogeneity and test for potential effect
modification, pre-specified subgroup analyses were performed
based on the specific type of suture (polyglactin 910 or
polydioxanone), and wound classification according to the
CDC criteria (CDC1 or CDC2-4) [16]. All analyses were
performed using R version 4.0.3.

Evidence Appraisal
We used the Grading of Recommendations Assessment
Development and Evaluation (GRADE) working group
methodology to evaluate the certainty of evidence for all
outcomes [20]. As described in the study protocol, imprecision
was evaluated using the optimal information size and the limits of
the CI. Prior to data collection and analysis, we collaboratively
defined a RR of 25% or more as clinically important threshold
that would warrant rating down.

RESULTS

Study Selection
The study selection process is presented in Figure 1. The search
strategy yielded 1,486 results. After full text assessment of
40 studies, 12 trials remained for which data on AWD were
sought. The principal investigators from four trials (n = 7,312)
declared that IPD on AWD from their trial was not available and
could not be retrieved [9, 21–23]. The aggregate incidence of
AWD was not reported in these trials. Eight trials shared IPD, of
which two reported the incidence of AWD in their original
publication [10, 11].

Study Characteristics
Study characteristics of the eight trials are presented in Table 1.
Trials were conducted in Europe (n = 6) and East Asia (n = 2) and
published between 2011 and 2020. All trials used standardised
preoperative antibiotic prophylaxis. Five trials [10, 11, 24–26]
compared polydioxanone (PDS) Plus with PDS II and three trials
[27–29] compared polyglactin 910 Plus with polyglactin 910, for
closure of the abdominal fascia. Two trials [26, 27] also performed
skin closure with TCS or control suture according to the same
randomisation allocation. The primary outcome in all trials was
SSI, assessed 30 days after surgery.
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Risk of Bias
Four trials [10, 27, 28, 29] including 2,049 participants were
assessed at low risk of bias. One trial including
967 participants was assessed at moderate risk of bias due
to the randomisation process [25]. Three trials including

651 participants could not share data of all randomised
participants because of exclusion for reoperation, passing
away or unknown reasons, and were therefore judged at
high risk of bias [11, 24, 29] (Supplementary
Material, page 4).

FIGURE 1 | PRISMA Flow Diagram. * Reasons are shown in the Supplementary Material, page 3, ** A detailed description is provided in the Supplementary
Material, page 6.
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Individual Participant Selection
Combined, the eight trials included 4,727 participants. We
excluded 1,060 participants because they underwent a
laparoscopic procedure (n = 859), received a non-comparative
suture in a three-arm trial (n = 50) [11], were excluded from the
original trial (n = 141), or had a missing case report form (n = 10).
Exclusion on participant level was independent from
randomisation allocation. One trial [25] excluded participants
that were reoperated. Data of these participants were retrieved by
the principal investigator and included in this study.

During the data verification process we detected possible
integrity concerns in three trials. A detailed description of the
integrity check is presented in Supplementary Material, page 5.
Two trials were not registered before participant inclusion, and
one of these contained a perfect distribution of operative
indications across three trial arms [11, 29]. The principal
investigator of these two trials provided us with the original
study protocols, dated and signed before the trials had started.
This included a description of a stratified randomisation that
explained the distribution. Both trials were included in the
primary analysis. In the third trial (n = 458) we detected
discrepancies between the number of participants and the
number of SSI between the IPD and the published data [24].
Because we were not able to resolve these differences with the
principal investigator, data from this trial were excluded from the
primary analysis but accounted for in a sensitivity analysis.

RESULTS OF SYNTHESIS

Summary results of the baseline and surgical characteristics are
shown in Table 2. There were slightly more active smokers and

patients with a previous midline incision in the TCS group, and
slightly more patients with COPD in the control group. Other
baseline characteristics where comparable between the two
groups. The primary analysis contained 3,209 participants
from seven trials; 1,670 allocated to the TCS group and
1,539 allocated to the control group.

Primary outcome results are presented in Table 3. Data on
AWD were missing for 214 participants from two trials [10, 25].
For the remaining participants, the incidence of AWD within
30 days after surgery was 27/1,565 (1.7%) in the TCS group
compared to 40/1,430 (2.8%) in the control group, resulting in a
RR 0.70 [95% CI 0.44–1.11, I2 = 0%, τ2 = 0.00].

The as-treated and per-protocol analyses resulted in a RR of
0.67 [95% CI 0.41–1.07], and 0.58 [95% CI 0.34–0.99],
respectively. Results of the additional analyses are presented in
the Supplementary Material, page 7. Sensitivity analyses showed
similar results to the primary analysis. The addition of (slightly)
imbalanced baseline variables that were not available in all trials
did not significantly change the effect estimate in analyses of trials
that had these variables available. Subgroup analyses showed no
evidence of interaction between either suture type nor wound
classification and treatment effect.

Secondary outcome results are presented in Table 3. The
incidence of incisional SSI was 163/1,576 (10.3%) vs. 198/1,439
(13.8%), RR 0.80 (95% CI 0.67–0.97). Importantly, this is the
pooled treatment effect from trials that were able to share data on
AWD and not from all published trials investigating TCS.
Additional analyses on SSI are presented in the
Supplementary Material, page 8. The incidence of skin
dehiscence [RR 0.94 (95% CI 0.69–1.27)] and all-cause
mortality [RR 0.67 (95% CI 0.38–1.19)] were lower in the TCS
group. Length of hospital stay was longer [MD 2.76 days (95% CI

TABLE 1 | Study characteristics of the included trials.

Study (year) Country (no. of
participating

centers)

Surgery type Intervention vs.
control for fascial

closure

Intervention vs.
control for skin

closure

Primary trial
outcome

Eligible
participants for

IPDMAa

Diener et al.
(2014)

Germany (24) Elective midline laparotomy PDS Plus vs. PDS II n.a. SSIc 1,185

Ichida et al.
(2018)

Japan (1) Gastroenterological surgery Polyglactin Plus vs.
polyglactin

PDS Plus vs. PDS II SSIc 426

Justinger et al.
(2013)

Germany/
Switzerland (1)

Elective open abdominal surgery PDS Plus vs. PDS II n.a. SSIc 967

Mattavelli et al.
(2015)

Italy (4) Elective clean-contaminated
colorectal surgery

PDS Plus vs. PDS II Polyglactin Plus vs.
polyglactin

SSIc 246

Nakamura
et al. (2013)

Japan (1) Elective colorectal surgery Polyglactin Plus vs.
polyglactin

n.a. SSIc 192

Ruiz-Tovar
et al. (2015)

Spain (2) Surgery with intra-operative
diagnosis of fecal peritonitis

Polyglactin Plus vs.
polyglactin

n.a. SSIc 101

Ruiz-Tovar
et al. (2020)

Spain (3) Emergency surgery for infection
or peritoneal contamination

PDS Plus vs. PDS II n.a. AWD and SSIc 92

Baracs et al
(2011)b

Hungary (7) Elective colorectal laparotomy PDS Plus vs. PDS II n.a. SSId 458

Abbreviations: TCS, triclosan-coated sutures; AWD, abdominal wall dehiscence; SSI, surgical site infection; PDS, polydioxanone, n.a. = not applicable.
aReasons for exclusion of participant: laparoscopic surgery (n = 859), use of a non-comparative suture (n = 50), excluded in the original trial (n = 141), missing case report form (n = 10) (see
Figure 1).
bData from this trial were not included in the primary analysis due to unresolved data integrity concerns (Supplementary Material, page 6).
cAccording to the Centers for Disease Control and Prevention criteria, within 30 days after surgery.
dAssessed by telephone follow-up 30 days after discharge. Patients with wound related symptoms were invited for clinical assessment.
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TABLE 2 | Baseline and surgical characteristics of the 3,209 participants from eight trials.

TCS group (n = 1,670) Control group (n = 1,539)

Baseline characteristics
Age - years (mean, SD)
missing
not measured

65.0 (±12.3)
0
0

65.4 (±12.6)
0
0

Sex ratio – no M:F (ratio)
missing
not measured

1,023/647 (1.6)
0
0

954/585 (1.6)
0
0

ASA Physical Status score – no, (%)
1
2
3
4
missing
not measured

130/1,544 (8.4)
890/1,544 (57.6)
506/1,544 (32.8)
18/1,544 (1.2)

31
95

140/1,353 (10.3)
790/1,353 (58.4)
411/1,353 (30.4)
12/1,353 (0.9)

88
98

BMI - kg/m2 (mean, SD)
missing
not measured

25.4 (±4.7)
27
95

25.2 (±4.7)
32
98

Active smoking– no, (%)
missing
not measured

245/1,009 (24.3)
7

654

205/1,018 (20.1)
15
506

Diabetes mellitus (any type) – no, (%)
missing
not measured

252/1,668 (15.1)
2
0

252/1,538 (16.4)
1
0

COPD – no, (%)
missing
not measured

83/988 (8.4)
0

682

113/1,006 (11.2)
2

531
Previous midline incision – no (%)
missing
not measured

159/680 (23.4)
0

990

148/696 (21.3)
1

842

Surgical characteristics
Incision type – no, (%)
Midline
Non-midline
missing
not measured

1,553/1,670 (93.0)
117/1,670 (7.0)

0
0

1,443/1,539 (93.8)
96/1,539 (6.2)

0
0

Procedure type – no, (%)
Elective
Emergent
missing
not measured

1,572/1,670 (94.1)
98/1,670 (5.9)

0
0

1,432/1,539 (93.0)
107/1,539 (7.0)

0
0

Type of surgery – no, (%)
Upper gastrointestinal
Small intestine
Colorectal
HPB
Other
missing
not measured

228/1,668 (13.7)
63/1,668 (3.8)

831/1,668 (49.8)
330/1,668 (19.8)
216/1,668 (12.9)

2
0

213/1,539 (13.8)
51/1,539 (3.3)

792/1,539 (51.5)
276/1,539 (17.9)
207/1,539 (13.5)

0
0

Wound classification (CDC criteria) – no, (%)
1
2
3
4
missing
not measured

470/1,547 (30.4)
921/1,547 (59.5)
79/1,547 (5.1)
77/1,547 (5.0)

0
123

406/1,416 (28.7)
864/1,416 (61.0)
63/1,416 (4.4)
83/1,416 (5.9)

0
123

Duration of surgery – min (mean, SD)
missing
not measured

188 (±106)
7

218

192 (±106)
9

221

Abbreviations: CDC, centers for disease control and prevention; BMI, body mass index; COPD, chronic obstructive pulmonary disease; HPB, hepatopancreatobiliary.
Data are presented as mean and standard deviation (SD) or as count with percentage of the available data.Missing presents the number of participants with missing data at random. Not
measured presents the number of participants for which a complete variable was not recorded in one or more trials.
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2.72–2.81)], and incidence of all cause reoperation [RR 1.18 (95%
CI 0.93–1.48)] were higher in the TCS group. The reasons for all-
cause reoperation on participant level are presented in
Supplementary Material, page 9.

Certainty of Evidence
We only included RCTs, therefore the starting certainty of evidence
was high. A contour-enhanced funnel plot did not indicate presence
of publication bias (Supplementary Material, page 10). Trials with
high risk of bias contributed less than 10% of the total data for the
primary analysis. Furthermore, a sensitivity analysis without these
trials provided a comparable relative risk [0.71 (95% CI 0.44–1.14)].
Overall risk of bias was therefore assessed as not serious. There was no
evidence of serious inconsistency as statistical heterogeneity was low
(I2 = 0%). All trials provided IPD on the primary outcome; there was
no indirectness. We assessed imprecision to be serious because the
optimal information size was not met, and the CI overlapped
appreciable benefit. Therefore, we downgraded the certainty of
evidence with one level. As a result, the overall certainty of
evidence for AWD was moderate (Supplementary
Material, page 11).

DISCUSSION

In this individual participant data meta-analysis of 3,209 randomised
participants, we found no conclusive evidence on the effectiveness of

triclosan-coated sutures to reduce the risk of abdominal wall
dehiscence after laparotomy, although a significant reduction in
incisional SSI was observed. The certainty of evidence for AWD
was moderate after downgrading for imprecision.

To date, only two RCTs have investigated the effect of TCS
on AWD. Although both trials reported fewer AWD after the
use of TCS, the findings were ascribed to chance as the sample
size of both trials was based on an expected effect on SSI rather
than AWD [10, 11]. As several meta-analyses show that TCS
are effective in preventing SSI, their use has been
conditionally recommended by the CDC, NICE, and the
World Health Organization [30, 31]. Such effect of TCS on
incidence of SSI was confirmed by the observations in the
present study. Considering the strong association between SSI
and AWD, these data support a potential biological
mechanism for the effect of TCS on AWD [5]. However,
contrary to our hypothesis, the combined data did not
suffice to find conclusive evidence. We observed a
considerably lower AWD incidence in the control group
than the two trials that reported on AWD; 12.8% and 4.5%
[10, 11]. This is likely attributable to the strict definition
applied in our study. Only AWD that required reoperation
were counted as event. The two previous trials applied a wider
definition that also included AWD that did not require
immediate reoperation and even asymptomatic AWD
determined by radiologic imaging [10, 11]. Although a
stricter definition with less events may impair statistical

TABLE 3 | Primary and secondary outcomes.

No. of studies
analysed

Incidence in TCS
group*

Incidence in control
group*

Relative risk or mean difference
(95% CI)**

Primary outcome: AWD
Intention-to-treat
missing

7 1.7% (27/1,565)
105

2.8% (40/1,430)
109

0.70 (0.44–1.11)a

As-treated†

missing
7 1.7% (26/1,562)

104
2.9% (41/1,432)

110
0.67 (0.41–1.07)a

Per-protocol‡

missing
7 1.5% (23/1,492)

42
2.9% (40/1,402)

52
0.58 (0.34–0.99)a

Secondary outcomes
Incisional SSI
missing

7 10.3% (163/1,576)
94

13.8% (198/1,439)
100

0.80 (0.67–0.97)a

Skin dehiscence
missing

3 10.4% (83/797)
91

11.6% (94/810)
100

0.94 (0.69–1.27)a

Hospital stay (days)§ median, IQR
missing

7 12 (9–19)
75

12 (9–17)
78

2.76 (2.72–2.81)b

All-cause reoperation¶ (30 days)
missing

6 9.7% (158/1,623)
63

8.4% (125/1,490)
57

1.18 (0.93–1.48)a

All-cause mortality (30 days)
missing

6 1.2% (19/1,625)
0

1.9% (28/1,491)
0

0.67 (0.38–1.19)c

* Based on crude IPD.
** Missing data at participant level were imputed.
† According to the suture that was actually used during surgery. One participant received both TCS, and control suture and was excluded from the as-treated analysis.
‡ According to the as-treated principle and excluding participants that were reoperated for any reason other than AWD.
§ Presented as median and interquartile range and analysed using bootstrapping because of a non-normal data distribution.
¶ Three participants from one trial deceased within 30 days after surgery and data on reoperation were not available. These data were not imputed.
Variables included in the model:
agender, age, procedure type, type of surgery, diabetes mellitus
bno adjustment
cgender, age, procedure type, diabetes mellitus.
Bold indicates statistically significant results
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power and precision, it also minimises between-study
variation and subjectivity in outcome definition. We
deemed the latter more important.

It remains possible that clinically meaningful AWD - that
did not require emergency reoperation but resulted in
incisional hernias and long-term complications - were
overlooked with the present approach. Long-term follow-up
on the incidence of incisional hernia and reoperations may
help understand the impact of TCS on these outcomes. Despite
standardisation of the outcome, surgeons may still differ in
their choice to perform a reoperation for AWD, potentially
leading to bias. Because the main outcome of the trials was SSI,
selective reoperation for AWD in any of the two groups is
however unlikely. Furthermore, a sensitivity analysis
investigating trials that adequately blinded participants and
personnel for treatment allocation, was consistent with the
primary analysis.

The cause of AWD is multifactorial. Technical errors such
as tearing of sutures through the fascia, broken sutures after
mishandling, or loose knots can result in AWD. Also, severe
abdominal infection or ascites and postoperative coughing -
leading to increased intra-abdominal pressure - or deep SSI are
associated with AWD. On the other hand, it has been shown
that fascial closure with small suture bites reduces the risk to
develop an incisional hernia [32]. It could very well be that this
specific technique also reduces the risk of AWD.
Unfortunately, these data were not available for most of the
trials. Due to inclusion of randomised data only, we have no
reason to believe that disease severity or specific surgical
techniques were imbalanced between the two arms and
consider the observed effect independent of these aspects.
However, it is unlikely that TCS use completely overcomes
the risk of AWD due to gross technical errors or severely
increased intra-abdominal pressure. Avoidance of AWD can
only be achieved by addressing both patient and
technical issues.

An unexpected finding is that all-cause reoperations occurred
more frequently in the TCS group and hospital stay was slightly
longer. We collected data on the reasons for reoperations to
explore this difference, but they remained largely unknown
because the two largest trials were unable to provide these
data. Data from three smaller trials that could provide these
data, revealed that all reoperations were performed for intra-
abdominal complications unrelated to the suture used for fascial
closure (Supplementary Material, page 9). This suggests that this
difference may be a chance finding. Importantly, all-cause
mortality was lower in the TCS group, suggesting that the
difference in AWD was more consequential than reoperations
for other reasons. Reoperation poses a further challenge in the
interpretation of the data. Because the allocated suture - the
intervention under investigation - is removed and the follow up of
the wound resulting from the index operation is terminated.
Whether these wounds would have healed without dehiscence
had the intervention and follow up been left uninterrupted
remains unknown.

In this individual participant data meta-analysis of
randomised controlled trials, we found no conclusive evidence

to support the use of triclosan-coated sutures for the prevention
of abdominal wall dehiscence after laparotomy.

AUTHOR CONTRIBUTIONS

AT, NW, MB, and SdJ conceived the study, drafted the study
protocol, and wrote the manuscript. AT and NW performed the
literature search, study selection, and statistical analyses. All
authors contributed to the article and approved the
submitted version.

FUNDING

The authors declare that financial support was received for the
research, authorship, and/or publication of this article. This study
was supported by a grant from Ethicon. The funder of this study
had no role in study design, data collection, data analysis, data
interpretation nor writing of the report.

CONFLICT OF INTEREST

MB reports receiving grants from J&J/Ethicon, 3M, and New
Compliance; and MB is an advisor and/or speaker and/or
instructor for 3M, Johnson & Johnson/Ethicon, BD Bard,
Gore, TelaBio, Medtronic, GD Medical, Molnlycke, and Smith
& Nephew.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

ACKNOWLEDGMENTS

We thank all trial participants, trial investigators, and other
persons that were involved in conducting the individual trials.
We thank F. S. van Etten-Jamaludin for the support to the
search strategy.

PUBLISHER’S NOTE

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article,
or claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontierspartnerships.org/articles/10.3389/jaws.2024.
13337/full#supplementary-material

Journal of Abdominal Wall Surgery | Published by Frontiers September 2024 | Volume 3 | Article 133378

Timmer et al. Triclosan-Coated Sutures for Wound Closure

https://www.frontierspartnerships.org/articles/10.3389/jaws.2024.13337/full#supplementary-material
https://www.frontierspartnerships.org/articles/10.3389/jaws.2024.13337/full#supplementary-material


REFERENCES

1. van Ramshorst GH, Eker HH, van der Voet JA, Jeekel J, Lange JF. Long-Term
Outcome Study in Patients With Abdominal Wound Dehiscence: A
Comparative Study on Quality of Life, Body Image, and Incisional Hernia.
J Gastrointest Surg (2013) 17(8):1477–84. doi:10.1007/s11605-013-2233-2

2. Walming S, Angenete E, Block M, Bock D, Gessler B, Haglind E. Retrospective
Review of Risk Factors for Surgical Wound Dehiscence and Incisional Hernia.
BMC Surg (2017) 17(1):19. doi:10.1186/s12893-017-0207-0

3. Webster C, Neumayer L, Smout R, Horn S, Daley J, Henderson W, et al.
Prognostic Models of Abdominal Wound Dehiscence After Laparotomy.
J Surg Res (2003) 109(2):130–7. doi:10.1016/s0022-4804(02)00097-5

4. Carlson MA. Acute Wound Failure. Surg Clin North Am (1997) 77(3):607–36.
doi:10.1016/s0039-6109(05)70571-5

5. van Ramshorst GH, Nieuwenhuizen J, Hop WC, Arends P, Boom J, Jeekel J, et al.
Abdominal Wound Dehiscence in Adults: Development and Validation of a Risk
Model. World J Surg (2010) 34(1):20–7. doi:10.1007/s00268-009-0277-y

6. de Jonge SW, Atema JJ, Solomkin JS, Boermeester MA. Meta-Analysis and Trial
Sequential Analysis of Triclosan-Coated Sutures for the Prevention of Surgical-Site
Infection. Br J Surg (2017) 104(2):e118–e133. doi:10.1002/bjs.10445

7. Henriksen NA, Deerenberg EB, Venclauskas L, Fortelny RH, Garcia-Alamino JM,
Miserez M, et al. Triclosan-Coated Sutures and Surgical Site Infection in
Abdominal Surgery: The TRISTAN Review, Meta-Analysis and Trial Sequential
Analysis. Hernia (2017) 21(6):833–41. doi:10.1007/s10029-017-1681-0

8. Uchino M, Mizuguchi T, Ohge H, Haji S, Shimizu J, Mohri Y, et al. The
Efficacy of Antimicrobial-Coated Sutures for Preventing Incisional Surgical
Site Infections in Digestive Surgery: A Systematic Review and Meta-Analysis.
J Gastrointest Surg (2018) 22(10):1832–41. doi:10.1007/s11605-018-3832-8

9. Surgery NGRHUG. Reducing Surgical Site Infections in Low-Income and
Middle-Income Countries (FALCON): A Pragmatic, Multicentre, Stratified,
Randomised Controlled Trial. Lancet (2021) 398(10312):1687–99. doi:10.
1016/S0140-6736(21)01548-8

10. Diener MK, Knebel P, Kieser M, Schuler P, Schiergens TS, Atanassov V, et al.
Effectiveness of Triclosan-Coated PDS Plus Versus Uncoated PDS II Sutures
for Prevention of Surgical Site Infection After Abdominal Wall Closure: The
Randomised Controlled PROUD Trial. Lancet (2014) 384(9938):142–52.
doi:10.1016/S0140-6736(14)60238-5

11. Ruiz-Tovar J, Llavero C, Jimenez-Fuertes M, Duran M, Perez-Lopez M,
Garcia-Marin A. Incisional Surgical Site Infection After Abdominal Fascial
Closure With Triclosan-Coated Barbed Suture vs Triclosan-Coated
Polydioxanone Loop Suture vs Polydioxanone Loop Suture in Emergent
Abdominal Surgery: A Randomized Clinical Trial. J Am Coll Surg (2020)
230(5):766–74. doi:10.1016/j.jamcollsurg.2020.02.031

12. Timmer AS, Wolfhagen N, Pianka F, Knebel P, Justinger C, Stravodimos C,
et al. Effect of Triclosan-Coated Sutures for Abdominal Wound Closure on the
Incidence of Abdominal Wound Dehiscence: A Protocol for an Individual
Participant Data Meta-Analysis. BMJ Open (2022) 12(2):e054534. doi:10.1136/
bmjopen-2021-054534

13. Stewart LA, Clarke M, Rovers M, Riley RD, Simmonds M, Stewart G, et al.
Preferred Reporting Items for Systematic Review and Meta-Analyses of
Individual Participant Data: The PRISMA-IPD Statement. JAMA (2015)
313(16):1657–65. doi:10.1001/jama.2015.3656

14. Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB
2: A Revised Tool for Assessing Risk of Bias in Randomised Trials. BMJ (2019)
366:l4898. doi:10.1136/bmj.l4898

15. Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushton L. Contour-Enhanced Meta-
Analysis Funnel Plots Help Distinguish Publication Bias From Other Causes of
Asymmetry. J Clin Epidemiol (2008) 61(10):991–6. doi:10.1016/j.jclinepi.2007.11.010

16. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR. Guideline for
Prevention of Surgical Site Infection, 1999. Hospital Infection Control
Practices Advisory Committee. Infect Control Hosp Epidemiol (1999) 20(4):
250–78. quiz 79-80. doi:10.1086/501620

17. van Buuren S. Flexible Imputation of Missing Data. Boca Raton, Florida: CRC
Press (2012).

18. van Buuren S, Groothuis-OudshoornK.Mice:Multivariate Imputation by Chained
Equations in R. J Stat Softw (2011) 45(3):1–67. doi:10.18637/jss.v045.i03

19. VanderWeele TJ. Principles of Confounder Selection. Eur J Epidemiol (2019)
34(3):211–9. doi:10.1007/s10654-019-00494-6

20. Schünemann HBJ, Guyatt G, Oxman A, editors. GRADE Handbook for
Grading Quality of Evidence and Strength of Recommendations. The
GRADE Working Group (2013).

21. Galal I, El-Hindawy K. Impact of Using Triclosan-Antibacterial Sutures on
Incidence of Surgical Site Infection. Am J Surg (2011) 202(2):133–8. doi:10.
1016/j.amjsurg.2010.06.011

22. Olmez T, Berkesoglu M, Turkmenoglu O, Colak T. Effect of Triclosan-Coated
Suture on Surgical Site Infection of Abdominal Fascial Closures. Surg Infect
(Larchmt) (2019) 20(8):658–64. doi:10.1089/sur.2019.052

23. Rasic Z, Schwarz D, Adam VN, Sever M, Lojo N, Rasic D, et al. Efficacy of
Antimicrobial Triclosan-Coated Polyglactin 910 (Vicryl* Plus) Suture for Closure of
the Abdominal Wall After Colorectal Surgery. Coll Antropol (2011) 35(2):439–43.

24. Baracs J, Huszar O, Sajjadi SG, Horvath OP. Surgical Site Infections After
Abdominal Closure in Colorectal Surgery Using Triclosan-Coated Absorbable
Suture (PDS Plus) vs. Uncoated Sutures (PDS II): A Randomized Multicenter
Study. Surg Infect (Larchmt) (2011) 12(6):483–9. doi:10.1089/sur.2011.001

25. Justinger C, Slotta JE, Ningel S, Graber S, Kollmar O, Schilling MK. Surgical-Site
Infection After Abdominal Wall Closure With Triclosan-Impregnated
Polydioxanone Sutures: Results of a Randomized Clinical Pathway Facilitated
Trial (NCT00998907). Surgery (2013) 154(3):589–95. doi:10.1016/j.surg.2013.04.011

26. Mattavelli I, Rebora P, Doglietto G, Dionigi P, Dominioni L, Luperto M, et al.
Multi-Center Randomized Controlled Trial on the Effect of Triclosan-Coated
Sutures on Surgical Site Infection After Colorectal Surgery. Surg Infect
(Larchmt) (2015) 16(3):226–35. doi:10.1089/sur.2014.005

27. 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.
doi:10.1016/j.surg.2017.12.020

28. Nakamura T, Kashimura N, Noji T, Suzuki O, Ambo Y, Nakamura F, et al.
Triclosan-Coated Sutures Reduce the Incidence of Wound Infections and the
Costs After Colorectal Surgery: A Randomized Controlled Trial. Surgery
(2013) 153(4):576–83. doi:10.1016/j.surg.2012.11.018

29. Ruiz-Tovar J, Alonso N, Morales V, Llavero C. Association Between Triclosan-
Coated Sutures for Abdominal Wall Closure and Incisional Surgical Site
Infection After Open Surgery in Patients Presenting With Fecal Peritonitis:
A Randomized Clinical Trial. Surg Infect (Larchmt) (2015) 16(5):588–94.
doi:10.1089/sur.2014.072

30. Allegranzi B, Zayed B, Bischoff P, Kubilay NZ, de Jonge S, de Vries F, et al. New
WHO Recommendations on Intraoperative and Postoperative Measures for
Surgical Site Infection Prevention: An Evidence-Based Global Perspective.
Lancet Infect Dis (2016) 16(12):e288–e303. doi:10.1016/S1473-3099(16)
30402-9

31. Berrios-Torres SI,UmscheidCA,BratzlerDW,LeasB, StoneEC,KelzRR, et al.Centers
for Disease Control and Prevention Guideline for the Prevention of Surgical Site
Infection, 2017. JAMA Surg (2017) 152(8):784–91. doi:10.1001/jamasurg.2017.0904

32. Deerenberg EB, Harlaar JJ, Steyerberg EW, Lont HE, van Doorn HC,
Heisterkamp 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(10000):1254–60. doi:10.
1016/S0140-6736(15)60459-7

Copyright © 2024 Timmer, Wolfhagen, Pianka, Knebel, Justinger, Stravodimos,
Ichida, Rikiyama, Baracs, Vereczkei, Gianotti, Sandini, Ruiz-Tovar, Marc-
Hernández, Nakamura, Dijkgraaf, Boermeester and de Jonge. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Journal of Abdominal Wall Surgery | Published by Frontiers September 2024 | Volume 3 | Article 133379

Timmer et al. Triclosan-Coated Sutures for Wound Closure

https://doi.org/10.1007/s11605-013-2233-2
https://doi.org/10.1186/s12893-017-0207-0
https://doi.org/10.1016/s0022-4804(02)00097-5
https://doi.org/10.1016/s0039-6109(05)70571-5
https://doi.org/10.1007/s00268-009-0277-y
https://doi.org/10.1002/bjs.10445
https://doi.org/10.1007/s10029-017-1681-0
https://doi.org/10.1007/s11605-018-3832-8
https://doi.org/10.1016/S0140-6736(21)01548-8
https://doi.org/10.1016/S0140-6736(21)01548-8
https://doi.org/10.1016/S0140-6736(14)60238-5
https://doi.org/10.1016/j.jamcollsurg.2020.02.031
https://doi.org/10.1136/bmjopen-2021-054534
https://doi.org/10.1136/bmjopen-2021-054534
https://doi.org/10.1001/jama.2015.3656
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1016/j.jclinepi.2007.11.010
https://doi.org/10.1086/501620
https://doi.org/10.18637/jss.v045.i03
https://doi.org/10.1007/s10654-019-00494-6
https://doi.org/10.1016/j.amjsurg.2010.06.011
https://doi.org/10.1016/j.amjsurg.2010.06.011
https://doi.org/10.1089/sur.2019.052
https://doi.org/10.1089/sur.2011.001
https://doi.org/10.1016/j.surg.2013.04.011
https://doi.org/10.1089/sur.2014.005
https://doi.org/10.1016/j.surg.2017.12.020
https://doi.org/10.1016/j.surg.2012.11.018
https://doi.org/10.1089/sur.2014.072
https://doi.org/10.1016/S1473-3099(16)30402-9
https://doi.org/10.1016/S1473-3099(16)30402-9
https://doi.org/10.1001/jamasurg.2017.0904
https://doi.org/10.1016/S0140-6736(15)60459-7
https://doi.org/10.1016/S0140-6736(15)60459-7
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	The Effect of Fascial Closure With Triclosan-Coated Sutures on the Incidence of Abdominal Wall Dehiscence: An Individual Pa ...
	Introduction
	Methods
	Study Registration
	Eligibility Criteria
	Study Identification
	Study Selection and Data Collection
	Risk of Bias Assessment
	Outcomes
	Missing Data
	Data Analysis
	Evidence Appraisal

	Results
	Study Selection
	Study Characteristics
	Risk of Bias
	Individual Participant Selection

	Results of Synthesis
	Certainty of Evidence

	Discussion
	Author Contributions
	Funding
	Conflict of Interest
	Acknowledgments
	Publisher’s Note
	Supplementary Material
	References


