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Background: Surgical site infections (SSIs) pose a global challenge, impacting patients and healthcare expenditures. This second-
order meta-analysis endeavors to assess the efficacy of antibiotic sutures in averting SSIs by amalgamating data from various meta-
studies.
Materials and methods: This research adhered to the PRISMA 2020 guidelines. The quality and comprehensiveness of the
encompassed meta-analyses were assessed through the QUOROM checklist and AMSTAR techniques. The primary study overlap
was evaluated via measures such as pairwise intersection heat maps, corrected covered area, and the citation matrix of evidence.
The statistical power at the study-level was determined utilizing the meta-meta package. Data synthesis employed random and fixed
effects models at a 95% CI. A meta-regression analysis was conducted to explore potential correlations between the CDC
classification of SSIs, trial types, and the observed effect sizes in the studies.
Results: This investigation revealed a significant reduction in SSI rates due to antimicrobial-coated sutures, evidenced by a relative
risk (RR) of 0.68 (95% CI: 0.59–0.76), with a prediction interval of 0.38–1.19. The analysis encompassed 18 studies with 22 meta-
analyses, demonstrating a median QUOROM score of 13.6 out of 18 and an AMSTAR score of 9.1 out of 11. The presence of
moderate heterogeneity was noted (Q= 106.611, I2=54.038%), with nonrandomized controlled trials exhibiting an RR of 0.56 (95%
CI: 0.39–0.80), and RCTs displaying an RR of 0.71 (95% CI: 0.63–0.81). Subgroup analysis unveiled variable RR reductions for
specific surgical procedures.
Conclusion: Antimicrobial-coated sutures offer a promising approach to mitigating SSIs risk. However, their efficacy is optimally
realized when employed in conjunction with other robust practices.

Keywords: antimicrobial agent, antimicrobial-coated sutures, bacterial infections, hospital-acquired infections, surgical site
infections, triclosan

Introduction

Surgical site infections (SSIs) affect millions of patients every year
worldwide. In Asia and low-income to middle-income countries,
over 11% of surgery patients and 20% of African cesarean
recipients suffer from SSIs annually[1]. Even developed nations
face this predicament; theWHO report underscores that SSIs lead
to an extra 0.4 million hospital days and an added US$10 billion

yearly expenses in the USA[2]. Infections of this nature commonly
manifest within a 30-day postoperative period, specifically where
the surgical intervention occurred. The severity of these infections
may vary[3]. Microbial pathogens, including gram-positive bac-
teria such as Staphylococcus aureus [both methicillin-resistant
(MRSA) and methicillin-sensitive (MSSA)], as well as gram-
negative bacteria like Escherichia coli, Pseudomonas aeruginosa,
Acinetobacter species, and Enterococcus species, can cause
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SSIs[4]. Furthermore, prior research has established that
Staphylococcus epidermidis can establish biofilm colonization on
percutaneous sutures[4]. The dominance of S. aureus in diverse
surgical procedures suggests the potential variability of bacterial
types based on the surgery’s nature and location[4].

One potential solution to SSI is to use antibacterial agents on
medical devices, including surgical sutures. Triclosan, a lipid-
soluble chlorinated phenoxy phenol agent, has been in use for
over three decades in numerous everyday products, exhibiting
bacteriostatic properties at low concentrations (0.025–1.000 mg/
ml) and bactericidal properties at higher concentrations (7.5–8.0
mg/ml)[5–8]. While triclosan-coated sutures have demonstrated
efficacy against a broad-spectrum of bacteria, concerns regarding
developing triclosan-resistant bacteria have arisen due to its
extensive usage in daily life and clinical settings, particularly in S.
aureus[9].

Foreign materials, such as sutures and medical implants, are
employed as supportive structures during surgical procedures,
inadvertently creating a potential reservoir for exogenous bac-
teria. Studies have indicated that sutures can instigate SSIs across
diverse hosts and environments. To address this concern, diverse
types of sutures are presently under exploration, incorporating
biotechnological techniques such as dip-coating, surface mod-
ification, and blending involving antiseptics, nanoparticles, and
antibiotics. In 2002, the US Food and Drug Administration
(FDA) approved incorporating the initial antibacterial agent
with surgical sutures, specifically the polychlorophenoxyphenol
(triclosan) coating. In vitro and in vivo investigations have
demonstrated its broad-spectrum biocidal action against both
gram-positive and gram-negative bacteria. Moreover, the anti-
microbial coating can effectively diminish bacterial adhesion,
inhibit biofilm formation, and impede the development of drug-
resistant pathogens at surgical sites, presenting a promising
approach to mitigate bacterial infections[10].

The occurrence of SSI is influenced by a range of patient-related
factors, encompassing patient status (new or old), sociodemo-
graphic characteristics (sex, age, education, religious affiliation,
marital status, and income status), as well as comorbidities like
type 2 diabetes and heart disease. For instance, research has
revealed that abdominal surgery patients encounter SSIs in 22.1%
of cases within a 30-day period. Orthopedic patients are also
susceptible to developing SSIs due to the potential impairment of
proper physical function[11]. Furthermore, specific risk factors,
including diabetes mellitus, smoking habits, surgeries extending
beyond three hours, the absence of antibiotic prophylaxis, and a
history of prior surgeries, significantly contribute to an escalated
risk of SSIs. Beyond individual patient factors, parameters such as
hospital hygiene conditions, the education level of hospital staff,
infrastructure, and obesity hold significance in the context of
SSI occurrence.

In this study, a second-order meta-analysis, a method that
quantitatively synthesizes findings from multiple meta-analyses
addressing analogous research inquiries, will be implemented.
This approach aims to consolidate outcomes concerning the
impact of antimicrobial-coated sutures on surgical sites and
wound infections into a coherent body of information[12].
Through the application of quantitative synthesis, our objective is
to offer a comprehensive assessment of the potential benefits and
efficacy associated with using antimicrobial-coated sutures to
prevent SSIs.

Methods

Literature search strategy and study selection

The present study followed the requirements established by the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA 2020, Supplemental Digital Content 1, http://
links.lww.com/JS9/B192, Supplemental Digital Content 2, http://
links.lww.com/JS9/B193) to conduct a comprehensive and rigor-
ous literature evaluation[13,14]. A thorough and extensive search
was performed across four databases: Scopus, PubMed, Web of
Science, and Google Scholar. The search used various combina-
tions of relevant keywords, including ʻmeta-analysisʼ, ʻsystematic
reviews and meta-analysisʼ, ʻtriclosanʼ, ʻquantitative synthesisʼ,
ʻantisepticʼ, ʻPDS Plusʼ, ʻAntibacterial agentsʼ, ʻSurgical site
infectionʼ, ʻVicryl Plusʼ, ʻsutureʼ, ʻMonocryl Plusʼ, ʻAnti-infective
agentsʼ, ʻCoated materialsʼ, ʻPDSʼ, ʻBiomimetic materialʼ,
ʻinfect*ʼ, ʻpatients*ʼ, ʻSurgical Wound infectionʼ, ʻbiocompa-
tibleʼ, ʻbiocideʼ, ʻnosocomialʼ, ʻPostoperative Complicationsʼ,
ʻSSIʼ. The specific search criteria used for each database are pre-
sented in Supplementary Table 1 (Supplemental Digital Content
4, http://links.lww.com/JS9/B195). The protocol registration for
this review can be found on the Open Science Framework (OSF)
at osf.io/827r4.

The inclusion criteria for this study were centered around
meta-analyses that particularly examined the effects of anti-
microbial-coated sutures on surgical site or wound infections. To
ensure the selection of high-quality studies, strict exclusion cri-
teria were applied. Excluded from consideration were systematic
reviews without data pooling or meta-analysis, narrative reviews,
reviews without a specified search algorithm, and reviews lacking
clear selection criteria for included studies.

Two authors (S.A. and A.I.) meticulously reviewed and
assessed the titles and abstracts of potential studies, diligently
identifying relevant manuscript titles and abstracts. Any dis-
crepancies among the published articles were thoroughly inves-
tigated and resolved through consensus.

The authors applied the following inclusion criteria to select
studies for the current meta-meta-analysis:
• The study must be a meta-analysis examining antimicrobial-

coated sutures’ impact on surgical sites or wound infections.
• The study must provide the necessary statistical data or effect

sizes required for a meta-analysis of effect sizes.
• The study must be a meta-analysis of controlled trials, either

randomized or nonrandomized.
Studies considered for inclusion were required to present sta-

tistical data that allowed for calculating effect sizes related to the

HIGHLIGHTS

• Surgical site infections are the third severe hospital-
acquired infections in the healthcare system.

• Triclosan-coated sutures can be used in reducing the
severity of such infections.

• A statistically significant result in favor of antimicrobial-
coated sutures was found.

• Different surgery groups failed to achieve statistical
significance.

• Several factors are related to surgical site infections and
research needs to be conducted further.
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effectiveness of antibiotic-infused sutures in preventing SSIs. In
cases where essential information was not immediately apparent
in an article, attempts were made to contact the corresponding
authors via e-mail to request the necessary data.

Studies were excluded from the analysis if they met any of the
following exclusion criteria:
• The studywas classified as a systematic reviewwithout ameta-

analysis.
• The review did not provide precise criteria for the inclusion of

studies.
No restrictions were placed on the type of environment in the

included research, and no limitations were made on the year of
publication. In instances of discord, both authors engage in
reassessing the studies to arrive at a mutually agreed-upon con-
clusion. The authors conducted an in-depth evaluation of the
whole texts of all the included studies. They also reached out to
the respective authors for any more information that was needed.
Subsequently, the authors determined the inclusion or exclusion
of each study. The research management tools utilized in this
study were Zotero (Version 6.0.26) and Herzing’s Publish or
Perish (Version 8.2). The data extraction form has been included
in Supplementary Table 2 (Supplemental Digital Content 4,
http://links.lww.com/JS9/B195).

Data extraction and quality assessment

The data obtained from the meta-analyses included a range of
important components, including the first author, primary stu-
dies, confidence intervals, relative risk (RR) or odds ratio (OR),
study years, sample size for both treatment and control groups,
language, database searches, publication dates, journals, proto-
cols, models, and software[15,16]. To evaluate the validity and
robustness of the included meta-analyses, two well-established
techniques were employed: the Quality of Reporting of Meta-
analyses (QUOROM) checklist and the Assessment of Multiple
Systematic Reviews (AMSTAR)[17] (Supplemental Digital
Content 3, http://links.lww.com/JS9/B194). Additionally, several
measures were utilized to assess the primary study overlap,
including pairwise intersection heat maps, corrected covered area
(CCA), and a citation matrix of evidence[18–21].

To quantify the study-level statistical power across a range of
true effect sizes, a ʻFirepowerʼ plot was generated using functions
from the ‘metameta’ package (Supplementary Fig. 2,
Supplemental Digital Content 5, http://links.lww.com/JS9/
B196)[22]. This analysis provided valuable insights into the sta-
tistical robustness of the included meta-analyses[22].

For the meta-analytical computations, the Comprehensive
Meta-Analysis program (V4) was employed to combine the
outcomes of meta-analyses modeled with random and fixed
effects and 95% CI[23]. The calculations involved various spe-
cifics, such as the prediction interval, the DerSimonian–Laird
estimate for tau2, the Jackson technique for computing the CI of
tau2 and tau, and the Clopper–Pearson CI for individual studies.

Cochran’s Q statistic was employed in order to evaluate the
consistency of impact sizes across studies. Furthermore, Higgins
and Thompson’s I2 index quantified the heterogeneity between
studies. Sensitivity analysis was conducted to balance the influ-
ence of index studies on the overall summary effect, thereby
enhancing the robustness of the findings. Meta-regression was
performed to explore potential associations between CDC clas-
sification of SSI or trial type and study effect sizes[24,25]. This

analysis allowed for identifying any significant links between
these variables, providing further insights into the factors influ-
encing the study outcomes. Finally, data extraction and quality
assessment were carried out rigorously using established meth-
odologies, and statistical analyses were performed to ensure the
reliability and validity of the results obtained from the included
meta-analyses.

Results

Evaluation of meta-analytic studies on antibiotic sutures for
preventing SSIs

Initially, 149 abstracts were identified based on the search criteria
for studies exploring the effects of antibiotic-coated sutures on
SSIs. Following a rigorous selection process adhering to PRISMA
guidelines, 18 studies (encompassing 22 meta-analyses) fulfilled
the eligibility criteria and were included in the analysis[5,9,10,26–38].
Elaborate information about the chosen studies is available in
Table 1, and the study selection procedure is depicted in Figure 1.

The selected studies were published between 2012 and 2022,
encompassing a broad time range to ensure a comprehensive
overview of the research landscape. Concerning the employed
meta-analysis models, the DerSimonian–Laird random effects
model was the prevailing choice, utilized in 15 out of the included
meta-analyses (68.18%). In the study, a total of five examples,
accounting for 22.73% of the sample, employed a combined
approach utilizing both the random effects model and the fixed-
effect model. Additionally, two cases, representing 9.09% of the
sample, exclusively utilized the fixed-effect model (Supplementary
Data 1, Supplemental Digital Content 6, http://links.lww.com/
JS9/B197). The Risk of Bias in Systematic Reviews (ROBIS) tool
was frequently applied in six meta-analyses (27.27%) for evalu-
ating the quality of primary research. Several assessment tools
were utilized in the study. These included GRADE/ROBIS in four
instances, accounting for 18.18% of the cases. GRADE was
employed in two cases, representing 9.09% of the sample. The
Newcastle–Ottawa Scale (NOS) was utilized in two cases,
accounting for 9.09%. The Center for Evidence-Based Medicine
(CEBM) was employed in six cases, making up 4.55% of
the sample. GRADE/NOS, GRADE/Jadad, Jadad, Scottish
Intercollegiate Guidelines Network (SIGN), and not reported
(NR) were each used in one case, representing 4.55% of the cases.

In terms of the software utilized for data synthesis, the most
often utilized tool was RevMan, accounting for 59.09% of the
cases (n= 13). STATA and R software were utilized in 9.09% of
the cases (n=2). ProMeta, CMA, and CMA/STATA were each
used in 4.55% of the cases (n=1), while the software used was
not reported in 4.55% of the cases (n= 1). The meta-analyses
used in this study drew upon primary studies published from
2005 to 2019, including a significant research timeframe in this
particular field. The range of primary studies referenced per meta-
analysis varied from 5 to 34, with an average of 13 primary
studies cited per meta-analysis included in the study (Table 1).

The coated and uncoated sample sizes exhibited variations,
ranging from 252 to 6008 and 241 to 5949, respectively, with an
average of 2191 coated and 2337 uncoated samples per included
meta-analysis. Among the 18 meta-analyses, 12 (66.7%) repor-
ted that antimicrobial-coated sutures significantly reduced the
risk of postoperative SSI, providing substantial evidence of their
efficacy. However, six meta-analyses (33.3%) underscored the
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Table 1
Characteristics of included studies.

Paper
ID Meta-analysis

Publication
Year

Studies included in meta-
analysis

TCSs
(n)

TCSs
(N)2

Uncoated
(n)

Uncoated
(N)3 RR lower upper

Type of
study Protocol

Quality and bias
assessment Model Software

Included Studies
(Range) Journal

P1 Ademuyiwa et al.[27] 2022 5 733 4360 784 4259 0.93 0.84 1.02 RCTs PRISMA ROBIS REM R
software

2013–2021 Lancet Infect Dis

P2 Apisarnthanarak
et al.[28]

2015 26 322 3376 446 3554 0.74 0.61 0.89 RCTs NR ROBIS REM/
FEM

STATA 1986–2014 Infection Control & Hospital
Epidemiology

P3 Apisarnthanarak
et al.[28]

2015 7 127 2426 276 2586 0.53 0.42 0.66 nRCTs NR NOS REM/
FEM

STATA 2009–2014 Infection Control & Hospital
Epidemiology

P4 Wang et al.[29] 2013 17 149 1726 227 1994 0.7 0.57 0.85 RCTs PRISMA ROBIS FEM RevMan 2008–2012 British Journal of Surgery
P5 Chang et al.[26] 2012 7 30 469 35 419 0.78 0.49 1.25 RCTs PRISMA NR REM RevMan 2005–2010 Annals of Surgery
P6 Ahmed et al.[5] 2019 25 420 6008 581 5949 0.73 0.65 0.82 RCTs PRISMA GRADE FEM RevMan 2011–2019 BMJ Open
P7 Edmiston 2013 13 126 1654 190 1914 0.69 0.53 0.92 RCTs NR GRADE/ROBIS REM/

FEM
CMA 2005–2013 Surgery

P8 Elsolh et al.[10] 2017 5 168 1606 196 1511 0.78 0.49 1.25 RCTs PRISMA GRADE REM RevMan 2011–2015 Journal of Gastrointestinal
Surgery

P9 Guoet al.[36] 2016 13 262 2592 349 2664 0.76 0.65 0.88 RCTs PRISMA ROBIS REM/
FEM

RevMan 2009–2014 Journal of Surgical Research

P10 Henriksen et al.[9] 2017 8 179 1797 230 1705 0.76 0.63 0.92 RCTs PRISMA SIGN REM/
FEM

RevMan 2009–2015 Hernia

P11 konstantelias 2017 19 330 3311 427 3436 0.75 0.63 0.91 RCTs PRISMA Jadad REM RevMan 2005–2016 Acta Chirurgica Belgica
P12 konstantelias 2017 11 196 3623 555 5015 0.57 0.4 0.81 nRCTs PRISMA NOS REM RevMan 2009–2016 Acta Chirurgica Belgica
P13 Sandini et al.[30] 2016 6 129 1102 143 1066 0.89 0.71 1.11 RCTs PRISMA ROBIS REM ProMeta 2011–2014 Medicine
P14 Daoud 2013 15 180 2323 273 2477 0.67 0.54 0.84 RCTs PRISMA CEBM REM CMA/

STATA
2005–2013 Surgical Infections

P15 Uchino 2018 10 160 1798 205 1690 0.67 0.48 0.94 RCTs PRISMA GRADE/ROBIS REM RevMan 2011–2017 Journal of Gastrointestinal
Surgery

P16 Uchino 2018 5 77 1091 184 1124 0.47 0.36 0.6 nRCTs PRISMA GRADE/ROBIS REM RevMan 2011–2016 Journal of Gastrointestinal
Surgery

P17 wu 2016 13 267 2661 345 2685 0.8 0.69 0.93 RCTs PRISMA GRADE /NOS REM RevMan 2005–2014 Eur J Clin Microbiol Infect Dis
P18 wu 2016 5 84 965 164 1147 0.64 0.5 0.82 nRCTs PRISMA GRADE/NOS REM RevMan 2011–2014 Eur J Clin Microbiol Infect Dis
P19 Sajid 2012 7 43 760 38 871 0.61 0.37 0.99 RCTs PRISMA GRADE/jadad REM RevMan 2005–2011 Gastroenterology Report
P20 Leaper et al.[34] 2017 34 NR 252 NR 241 0⋅61 0⋅52 0⋅73 RCTs PRISMA NR REM NR 2011–2017 BJS Society
P21 dejonge 2017 21 330 3208 450 3254 0.72 0.6 0.86 RCTs PRISMA GRADE/ROBIS REM CMA/

TSA
2005–2014 Wiley Online Library

P22 Hunger 2018 6 76 1101 169 1856 0.62 0.29 1.31 RCTs PRISMA ROBIS REM R
software

2013–2016 Springer Nature
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necessity for more evidence prior to definitive conclusions,
underscoring the importance of further research in this domain.
In sum, this extensive analysis of the selected studies yields
valuable insights into the characteristics and outcomes of meta-
analyses scrutinizing the impact of antibiotic-coated sutures on
SSIs. The incorporation of multiple meta-analyses enhances the
dependability and applicability of the conclusions drawn from
this investigation.

Study quality and power evaluation

The literature search conducted in the papers included in this
analysis predominantly relied onweb/Medline resources, except for
Daoud et al. 2013 (Supplementary Figure 1, Supplemental Digital
Content 5, http://links.lww.com/JS9/B196). Although there was
significant variation in the utilization of supplementary resources,
every study conducted a search on a minimum of two electronic
databases. It is worth mentioning that a considerable percentage of
the studies included in the analysis (94.4%) did not impose any
restrictions on the languages used in their search criteria[17].

The QUOROM scores ranged from 11 to 15, with a median
score of 13.6 out of a maximum of 18, indicating a moderate-
to-high level of quality in reporting. Similarly, the AMSTAR
scores ranged from 8 to 10, with a median score of 9.1 out of a
maximum of 11, suggesting a good overall methodological

quality of the systematic reviews. However, it is worth noting that
the included studies did not consistently provide detailed infor-
mation about the analyzed studies’ features. Nevertheless, the
majority of studies conducted comprehensive literature searches
and evaluated the methods of study selection and potential
publication bias. Additional details can be found in Table 2.

The included studies showed a range of statistical power rat-
ings from 0.25 to 1. Most studies fell within the range of 0.5
(medium-powered) to 1.0 (high-powered), assuming the sum-
mary effect size represents the true effect size. These findings
indicate that most of the included studies possess sufficient sta-
tistical power to detect a wide range of meaningful effects, espe-
cially when considering studies drawn from a pool of potential
studies. Figure 3 visually represents the distribution of power
values among the included studies.

The literature search methods used in the included studies
primarily utilized web/Medline databases, except for Daoud et al.
2013 (Supplementary Figure 1, Supplemental Digital Content 5,
http://links.lww.com/JS9/B196). Each study searched at least two
electronic databases, demonstrating a consistent and rigorous
approach. Remarkably, a substantial proportion of the included
studies (94.4%) imposed no language limitations on their
search criteria, ensuring a comprehensive review of relevant
literature[16].

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA model) flow map of article selection from the previous literature search.
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Table 2
AMSTAR criteria and QUOROM score.

Paper
ID Items/ study

Priori
design?

Duplicate study
selection and

data extraction?
Comprehensive

search?

Publication
status used as an

inclusion
criterion?

Studies
list

provided?

Characteristics
studies

provided?

Scientific
quality

assessed and
documented?

Scientific
quality used
conclusions?

Methods used
to combine
findings,
correct?

Publication
bias

assessed?

Conflict
of

interest
stated?

Total
AMSTAR

QUOROM
score

P1 Ademuyiwa
et al.[27],
2022

0 1 1 1 1 1 1 1 1 1 1 10 15

P2 Apisarnthanarak
et al.[28],
2015

0 1 1 1 1 1 1 1 1 1 1 10 15

P3 Wang et al.[29],
2013

0 1 1 0 1 1 1 1 1 1 1 9 12

P4 Chang et al.[26],
2012

0 1 1 1 1 1 1 1 1 1 1 10 14

P5 Ahmed et al.[5],
2019

0 1 1 0 1 1 1 1 1 1 1 9 11

P6 Edmiston, 2013 0 1 1 0 1 1 1 1 1 1 1 9 13
P7 Elsolh et al.[10],

2017
0 1 1 1 0 1 1 1 1 1 1 9 14

P8 Guo et al.[36],
2016

0 1 1 1 1 1 1 1 1 1 1 10 14

P9 Henriksen
et al.[9], 2017

0 1 1 0 0 1 1 1 1 1 1 8 13

P10 konstantelias,
2017

0 1 1 0 1 1 1 1 1 1 1 9 14

P11 Sandiniet al.[30],
2016

0 1 1 0 1 1 1 1 1 1 1 9 13

P12 Daoud, 2013 0 1 1 0 1 1 1 1 1 1 1 9 15
P13 Uchino, 2018 0 1 1 0 0 1 1 1 1 1 1 8 14
P14 wu, 2016 0 1 1 0 0 1 1 1 1 1 1 8 12
P15 Sajid, 2012 0 1 0 0 1 1 1 1 1 1 1 8 14
P16 Leaper et al.[34],

2017
0 1 1 1 1 1 1 1 1 1 1 10 14

P17 dejonge, 2017 0 1 1 1 1 1 1 1 1 1 1 10 14
P18 Hunger, 2018 0 1 1 0 1 1 1 1 1 1 1 9 13
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To evaluate the quality of reporting, the QUOROM scores
ranged from 11 to 15, with a median score of 13.6 out of a
possible maximum of 18. This suggests a moderate-to-high level
of reporting quality. Similarly, the methodological quality of the
systematic reviews was assessed using AMSTAR scores, which
ranged from 8 to 10, with a median score of 9.1 out of a max-
imum of 11. This indicates a good overall methodological qual-
ity. It’s worth noting that while some of the included studies
lacked consistent and detailed information about the features of
the analyzed studies, the majority conducted comprehensive lit-
erature searches and evaluated methods for study selection and
potential publication bias. Further information is provided in
Table 2.

Regarding statistical power, the included studies exhibited a
range of values from 0.25 to 1.0. Most studies fell within the
range of 0.5 (medium-powered) to 1.0 (high-powered), assuming
the summary effect size represents the true effect size. These
findings indicate that the majority of included studies possess
sufficient statistical power to detect a wide range of meaningful
effects, especially when considering studies drawn from a pool of
potential studies. Figure 3 visually represents the distribution of
power values among the included studies.

In summary, the study quality and power evaluation results
indicate that the included meta-analyses exhibit good reporting
and methodological quality and adequate statistical power to
detect meaningful effects. The comprehensive nature of the lit-
erature search and assessment of potential biases further
strengthen the credibility and reliability of the findings.

RR of surgical site infection in various surgical procedures

Most of the included meta-analyses cited similar index studies,
resulting in a high overlap in primary studies with a CCA score
greater than 15% (20.51%). Therefore, a direct summary meta-
analysis of meta-analyses was not performed, and data were
pooled directly from index studies instead (Fig. 2). Studies that
computed effects in risk ratios were converted to odd ratios to
ensure uniformity. Both fixed effects and random effects models
were used for data pooling.

The combined analysis encompassed fifty trials of varying
quality (Fig. 3). Antimicrobial-coated sutures exhibited a statis-
tically significant reduction in SSI rates, as reflected by a random
effects RR of 0.68 (95%CI: 0.59–0.76; P= 0.0000), along with a
prediction interval of 0.68 (95% CI: 0.38–1.19). Notably, the
study displayed moderate heterogeneity with Q= 106.611 and
I2= 54.038%. In this context,Q signifies evidence of variation in
the RR, while I2 represents the proportion of variation in true
effects beyond sampling error. Further differentiation based on
study type revealed a RR of 0.56 (95% CI: 0.39–0.80; P=0.00)
for nonrandomized controlled trials (non-RCTs) and a RR of
0.71 (95% CI: 0.63–0.81; P=0.00) for randomized controlled
trials (RCTs).

The computation of summary analysis using OR yielded a
random effect OR of 0.63 (95% CI: 0.54–0.73; I2=52.56%,
Q=84.62, P= 0.0000), accompanied by a fixed-effect OR of
0.72 (95% CI: 0.67–0.79), both favoring antimicrobial-coated
sutures (Supplementary Figure 3, Supplemental Digital Content
5, http://links.lww.com/JS9/B196). Subgroup analysis (Fig. 4)
unveiled the statistical significance of antimicrobial-coated
sutures in reducing SSI rates across diverse surgical procedures.
This included abdominal surgery (RR 0.64, 95% CI: 0.51–0.82;

P= 0.00), arthroplasty (RR 0.59, 95% CI: 0.43–0.81; P=
0.001), cerebrospinal fluid shunt surgery (RR 0.21, 95% CI:
0.05–0.92; P= 0.04), coronary artery bypass grafting (RR 0.55,
95% CI: 0.36–0.85; P=0.01), hepatobiliary surgery (RR 0.45,
95% CI: 0.33–0.62; P= 0.00), multiple surgical wound types
(RR 0.48, 95% CI: 0.33–0.70; P= 0.00), and spinal surgery
(RR 0.13, 95% CI: 0.02–1.02; P=0.05).

Despite the overall reduction in the pooled risk of developing
SSIs within the antimicrobial-coated group, certain types of sur-
geries did not yield statistically significant evidence, including
breast surgery, cardiac surgery, clean-contaminated surgery,
colorectal surgery, dental implant surgery, digestive tract surgery,
gastric cancer surgery, head and neck surgery, hip and knee
arthroplasty, knee arthroplasty, lower-limb revascularization,
pilonidal sinus surgery, sternal surgery, umbilical surgery, and
vaginal prolapse surgery[39,40]. Furthermore, the aggregated RR
for appendicectomy and artery bypass grafting did not provide
substantial support for a reduction in SSIs through the utilization
of antimicrobial-coated sutures.

An in-depth subgroup analysis based on CDC classification
unveiled varying degrees of statistical significance for different
site categories. Specifically, antimicrobial-coated sutures exhib-
ited a statistically significant impact in reducing the rates of SSIs at
a risk ratio of 0.70 for clean sites (95% CI: 0.56–0.88, P= 0.00),
0.86 for clean-contaminated and contaminated sites (95% CI:
0.23–3.23, P= 0.82), 0.71 for clean-contaminated sites (95%CI:
0.60–0.84, P=0.00), and 0.63 for dirty/infected sites (95% CI:
0.48 to 0.84, P=0.00).

Further exploration through meta-regression analysis did not
reveal any statistically significant associations between CDC
classification or trial type and the cohort 2× 2 effect sizes
(P≤ 0.05) (Supplementary Figures 3a to f, Supplemental Digital
Content 5, http://links.lww.com/JS9/B196).

Discussion

In the pursuit of preventing postoperative wound infections,
which result from the complex interplay between introduced
microorganisms, their infectivity, and the host’s immune
response, the conventional approach of administering broad-
spectrum antibiotics has been a common practice[41]. However,
recent research has shifted towards innovative biomaterial
designs to impede microbial colonization. Studies have con-
sistently shown that biomaterials coated with antibacterial agents
exhibit significantly reduced bacterial colonization and adhesion
compared to noncoated materials[42]. In this context, the use of
antibacterial-coated sutures stands out as a promising strategy to
mitigate SSIs. Microbial colonization on surgical sutures has
consistently shown a strong link to the chemical and structural
composition of the sutures, in line with findings from other bio-
material studies[41]. Researchers are actively working on devel-
oping suture materials with improved tensile strength and
controlled absorption properties to minimize epithelial reactivity
and enhance infection prevention.

One crucial antibacterial coating used on surgical sutures is
triclosan, which has been in use since 2003. As supported by
previous research, triclosan coating promotes an optimal envir-
onment for invasive procedures and supports the healing
process[43]. The ongoing efforts to refine biomaterial design and
coating techniques will likely lead to a significant reduction in
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SSIs and improve patient outcomes. These advancements hold
significant potential for enhancing the safety and success of
surgical interventions.

Research into the impact of suture materials containing triclosan
has been conducted across controlled trials involving subjects with
diverse patient-related and procedural risk factors. However, trial
quality and potential biases have hampered the interpretation of
these findings and the ability to draw definitive conclusions. To
address these limitations, establishing rigorous inclusion and
exclusion criteria and subgroup analyses on homogenous cohorts is
crucial. The utilization of meta-analyses and systematic reviews can
further help overcome these limitations.

Despite a multitude of studies and meta-analyses assessing the
efficacy of triclosan-coated sutures in reducing SSIs since their
inception, methodological shortcomings have hindered con-
clusive findings. While guidelines from reputable bodies such as

NICE (2019) and WHO (2018) recommend the use of triclosan-
coated sutures and alcoholic chlorhexidine to lower SSI rates
based on favorable findings from small RCTs, these findings have
been assessed as primarily low or extremely low in reliability
using the GRADE approach[27].

In this study, we conducted the first second-order meta-ana-
lysis and the most extensive meta-analysis of trials investigating
the impact of antimicrobial-coated sutures on surgical outcomes
and wound healing. Our approach involved the inclusion of trials
with varying quality, ranging from low to moderate-to-high,
based on quality assessment and study-level statistical power
evaluations, resulting in a total of fifty studies. This approach was
adopted to address the significant overlap of included meta-
analyses and avoid excluding well-conducted research that may
not have achieved the highest quality reporting standards, con-
sidering potential cost differences compared to alternatives.

Figure 2. Pair wise intersection heat maps of index study overlaps.
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Through a quantitative synthesis of evidence from 50 primary
studies (trials), derived from 18 studies and 22 meta-analyses
with considerable primary study overlap, we assessed the overall
impact of antimicrobial-coated sutures on the risk of patients
developing SSI. Our random effects meta-analysis of these fifty
trials yielded an aggregated RR of 0.68 (95% CI: 0.59–0.76;
P= 0.0000), with a prediction interval of 0.68 (95% CI:
0.38–1.19), favoring the use of triclosan-coated sutures. This
suggests that triclosan reduces organism adhesion, leading to
fewer infections compared to uncoated sutures. Notably, patients
undergoing multiple surgical wound types, including abdominal
surgery, arthroplasty, cerebrospinal fluid shunt surgery, coronary
artery bypass grafting, hepatobiliary surgery, and spinal surgery,
experienced a significant reduction in RR[44].

The variability observed in the reduction of RR across different
surgical/wound site categories might be attributed to the sub-
stantial variation in the microbiota’s composition across different
populations, mainly influenced by patient habits and environ-
mental conditions[45]. Therefore, the presence of various bacterial
strains with different susceptibilities to triclosan’s antimicrobial
effects might contribute to the variation in results among trials.
Understanding these factors will be crucial in tailoring the use of
antimicrobial-coated sutures to specific patient populations and
surgical contexts to optimize their efficacy in reducing SSIs.

However, it is important to consider the potential risk of
widespread use leading to the selection of triclosan-resistant
strains with cross-resistance to antibiotics[26]. This concern

Figure 3. Forest plot of pooled study estimates.
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should be actively monitored to address any emerging challenges
effectively.

In our study, certain moderators examined did not show sig-
nificant effects of triclosan-impregnated sutures on the rate of
SSIs in patients. However, pooling the results of potentially
homogeneous trials based on the level of wound contamination

and surgery type revealed moderate heterogeneity among studies.
Nonetheless, we did not find evidence of publication bias, as
indicated by the symmetric distribution in the funnel plot. This is
significant because, despite the higher costs associated with
coated sutures, the potential cost benefits of reduced SSIs could be
substantial.

Figure 4. Subgroup analysis by suture site.
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As we continue to delve into the effectiveness of triclosan-
coated sutures, it is crucial to account for patient-specific factors,
surgical context, and resistance patterns to optimally tailor the
use of antimicrobial-coated sutures. By integrating these con-
siderations into clinical decision-making, we can maximize the
benefits of triclosan-coated sutures in preventing SSIs while
minimizing the risk of resistance development. Further research
and ongoing vigilance will be paramount in refining our under-
standing of these factors and optimizing patient outcomes.

Based on our investigation, the use of coated sutures demon-
strates a pronounced average effect size, with a mean of 0.68 and
confidence intervals spanning from 0.59 to 0.76 in studies uti-
lizing random-effect modeling. Likewise, studies employing fixed
effects modeling also reveal a favorable mean effect size of 0.78
(95% CI: 0.73–0.831; P=0.000). Our synthesis of estimates
suggests that the RR of all comparable studies should lie within a
prediction interval of 0.382 to 1.193 at a 95% confidence level,
assuming a normal distribution of the logarithm of true RR.
These findings align with a recent meta-analysis conducted by[46]

(unaccounted for in our aggregated data), which reported a mean
effect size of 0.76, falling within this specified range.

A multitude of clinically based research studies and literature
reviews have consistently underscored the efficacy of triclosan-
coated sutures in mitigating SSIs. This finding harmonizes with
endorsements from esteemed international organizations,
including WHO, CDC, NICE, APSIC, SHEA/IDSA, and ACS/
SIS. Despite these encouraging indications, it is imperative to
acknowledge that there remains a scarcity of studies focused
specifically on assessing triclosan’s efficacy against SSIs. Thus, the
conduct of additional randomized controlled trials (RCTs) is a
pivotal endeavor, offering invaluable evidence to reinforce the
effectiveness of triclosan-coated sutures in preventing SSIs. Such
studies would fortify the existing knowledge repository and
enrich patient care and outcomes.

The escalating incidence of SSIs and the concomitant health-
care expenditures underscore the urgency of a holistic and effi-
cacious strategy involving diverse stakeholders, encompassing
hospital personnel, physicians, surgeons, and healthcare practi-
tioners. This comprehensive approach is pivotal in averting and
managing these infections[47]. Preoperative interventions play a
pivotal role in diminishing the SSI risk. These interventions
encompass preoperative hair removal, skin disinfection employ-
ing antiseptics, and prophylactic antibiotic administration.
Rigorous sterilization of the operating environment and surgical
instruments is equally paramount[48].

Encouraging preoperative showers with soap among
impending surgery recipients can significantly curtail the like-
lihood of S. aureus contamination. The hand hygiene of the
surgical team, using alcoholic hand rubs or antibiotics, is of
paramount importance prior to commencing any procedure.
Optimal skin preparation before surgery might necessitate dual
sets of sterile gloves and gowns[2].

For minor surgeries, the adoption of 0.5% chlorhexidine in
70% alcohol is endorsed, while invasive procedures should
employ 2.0% chlorhexidine in 70% alcohol. Recognizing the skin
as a primary source of S. aureus, patients are advised to priori-
tize preoperative soap showers to attenuate bacterial loads.
Cephalosporins are recommended for surgical patients as a pro-
phylaxis against prevalent skin pathogens such as S. aureus and
Streptococcal species. In wound infection cases, flucloxacillin is an
effective treatment option against gram-positive cocci that produce

β-lactamases, encompassing streptococci and staphylococci[49].
Maintaining euglycemia (blood glucose levels between 70 and 150
mg/dl) after the surgery is crucial, and wound dressings should be
changed and disposed of after 48 h. Daily wound cleaning and
chlorhexidine baths should be administered before discharge to
ensure proper healing and reduce the risk of infection. By imple-
menting these preventive measures and adopting strict infection
control protocols, healthcare providers canmake significant strides
in reducing the incidence of SSIs and the associated complications
and costs.

Limitations

Several limitations inherent to our analysis warrant acknowl-
edgement. As a meta-analysis, our conclusions derive from pre-
viously published articles, which in turn relied on observational
data rather than originating from original research. This reliance
on existing literature restricts our capacity for individual patient
data analysis and exposes us to potential heterogeneity across
studies, as well as the inherent risk of incorporating errors or
biases inherent in the original studies[50].

While the fundamental concept of SSI was generally well-
defined and established across most included trials, the classifi-
cation of SSIs remained subject to subjective determination.
Several studies employed outcome classifications that diverged
from or only partially adhered to the globally acknowledged
standards stipulated by the CDC. This divergence in outcome
assessment introduces the potential for misclassification and
inconsistency in delineating and identifying SSIs. Additionally,
considerable disparities existed among the included studies in
terms of trial design, reliability, suture materials implemented,
wound closure methodologies applied, and the specific anatomi-
cal sites where triclosan-coated sutures were administered. These
methodological variations and intervention disparities introduce
clinical heterogeneity, rendering the comprehensive accounting
for all conceivable sources of bias in our analysis challenging.

The selected studies spanned diverse healthcare settings, con-
sequently exposing patients to heterogeneous care practices. This
clinical practice heterogeneity, exemplified by the variability in
routine antibiotic prophylaxis encompassing the choice of agents
and timing, could potentially obscure certain effects and intro-
duce supplementary sources of variability into our findings.
Lastly, the utilization of triclosan-coated sutures exhibited
variability across studies, ranging from their implementation in
full-thickness abdominal wall closure to their exclusive use in
superficial layers. This variability in applying triclosan-coated
sutures introduces an additional layer of complexity and poten-
tial heterogeneity into our analysis. In light of these limitations, a
cautious approach is advised when interpreting our outcomes.

To surmount these limitations, heighten the reliability of out-
comes, and reinforce the overall evidence corpusconducting fur-
ther research throughmeticulously planned randomized controlled
trials is imperative. Such research should encompass studies
included in the previous meta-analysis as well as other previously
published works that were not taken into account previously.

Conclusion

In culmination, this exhaustive study represents a secondary
meta-analysis, standing as the most comprehensive endeavor to
date in scrutinizing the preventive efficacy of antimicrobial-
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coated sutures. While the findings underscore a significant
reduction in the risk of postoperative SSIs, it is imperative to
approach these results judiciously and contextualize them within
the broader landscape of infection prevention strategies. The
amalgamated RR delineating the decrease in SSI incidence is
substantively noteworthy, albeit moderately impactful. This
collective RR underscores compelling evidence supporting the
potential benefits of antimicrobial-coated sutures, albeit within a
moderate scope. However, it remains pivotal to recognize that the
effectiveness of these sutures is most optimally evaluated in
conjunction with established infection mitigation approaches. An
efficacious strategy for SSI prevention necessitates a multifaceted
approach that encompasses meticulous equipment sterilization,
appropriate antibiotic prophylaxis, and stringent adherence to
procedural checklists.

Among the eighteen encompassed meta-analyses, a significant
reduction in SSIs’ risk through the utilization of antimicrobial-
coated sutures was evidenced in twelve (66.7%). Nevertheless, it
is noteworthy that six meta-analyses (constituting 33.3% of the
total) indicated the necessity for further evidence before definitive
conclusions can be drawn. The inclusion of substantial partici-
pant numbers in these meta-analyses bolsters results in con-
fidence. The robust participant count enhances statistical power,
thus elevating the credibility of the findings.

Integral to comprehensive infection control strategies, anti-
microbial-coated sutures deserve a strategic place due to their SSI
risk mitigation capacity. Nevertheless, the onus remains on rig-
orous research to fill existing knowledge gaps and establish more
conclusive insights. Healthcare providers must meticulously
weigh potential benefits against associated costs and logistical
complexities when contemplating the integration of coated
sutures into clinical practices. By incorporating coated sutures
within a broader infection control framework, clinicians possess
the potential to elevate patient outcomes and curtail the pre-
valence of SSIs, thereby enhancing the quality of care delivered.
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