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Abstract

Background: A systematic literature review (SLR) and meta-analysis of surgical site infections (SSIs) after
surgical incision closure with triclosan-coated sutures (TS) compared with non-antibacterial coated sutures
(NTS) previously published by the authors suggested that fewer SSIs occurred in the TS study arm. However,
the results were vulnerable to the removal of one key randomized control trial (RCT) because of insufficient
data. Furthermore, recently published RCTs highlighted the need for an update of the SLR to challenge the
robustness of results.

Methods: The protocol for the new SLR included more stringent tests of robustness than initially used and the
meta-analysis was updated with the results of two new RCTs as well as the count of patients and SSIs by U.S.
Centers for Disease Control and Prevention (CDC) incision class.

Results: The updated SLR included 15 RCTs with 4,800 patients. No publication bias was suggested in the
analysis. The predominant effect estimated a relative risk of 0.67 (95% CI: [0.54, 0.84], p=0.00053) with an
overall lower frequency of SSI in the TS arm than in the NTS arm. Results were robust to sensitivity analysis.
Conclusions: The two additional peer-reviewed double-blind RCTs of this update confirmed the predominant
effect found in the authors’ previous meta-analysis and established the robustness of conclusions that were
previously lacking. This SLR and meta-analysis showed that the use of triclosan antimicrobial sutures reduced
the incidence of SSI after clean, clean-contaminated, and contaminated surgery. The Centre for Evidence-based
Medicine (CEBM) evidence concentration Ia of this SLR was reinforced.

Introduction polydioxanone and poliglecaprone 25; and 472 micrograms
per meter in polyglactin 910.[6-8]
RICLOSAN (POLYCHLORO PHENOXY PHENOL) is an anti- Tests and clinical trials have also shown that surgeons

microbial biocide which exhibits broad-spectrum activ- cannot differentiate the presence or absence of triclosan in
ity against Gram-positive and Gram-negative bacteria.[1,2] braided or monofilament sutures, making it possible to design
In-vitro studies have shown that microbial pathogens com- randomized double-blinded trials for clinical compari-
monly associated with surgical site infections (SSIs) are in-  son.[9,10] Several randomized controlled clinical trials
hibited from adhering to the surface of triclosan-coated (RCTs) have compared the frequency of SSIs after closure of
polyglactin 910 braided sutures.[3] Animal studies have also  surgical incisions with triclosan coated sutures (TS) com-
documented the efficacy of polyglactin 910 with triclosan pared with non-triclosan sutures (NTS) in different clinical
less than in-vivo conditions, and further in-vitro and in-vivo  settings, and surgical procedures, to ensure the comparability
studies have shown the efficacy of triclosan when incorpo- of study arms, diagnostic criteria, suture materials, patient
rated in polydioxanone sutures.[4,5] The triclosan dosage demographics, background diseases, and surgical operations.
producing the intended biocidal effect in these absorbable These clinical trials are the subject of this updated systematic
sutures is a maximum of 2360 micrograms per meter in both  literature review (SLR) and meta-analysis.
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An earlier SLR and meta-analysis published by the authors
of this current article, was conducted according to a pre-
defined written protocol, and identified 13 peer-reviewed
eligible RCTs that compared TS vs. NTS in different clinical
settings (different surgical operations, suture materials, un-
derlying diseases, concentration of incision contamination,
and methods to assess SSI occurrence).[9,11-23] The result
was a lower risk of SSI in the TS arm with a point estimate
relative risk (RR) of 0.69, and a 95% confidence interval (CI)
of [0.52, 0.92; p<0.011]. Sensitivity analysis showed that
this result was vulnerable to the removal of one trial, resulting
in a borderline p-value, suggesting that the conclusions of the
meta-analysis depended on that trial alone.[16] This article
reports an update of the prior SLR and meta-analysis with
inclusion of new clinical trials as well as additional infor-
mation about the study methods and patient characteristics
communicated by the authors of the previously reported el-
igible trials. The primary objective was to determine if in-
cision closure presented the same risk of SSI when triclosan
was present or absent on the surface of the sutures. The
secondary objectives were to assess potential bias or con-
founding factors that could invalidate the primary conclusion
and to determine the extent to which the primary conclusion
could be generalized to the various types of patients included
in the pooled RCTs.

Methods

The SLR protocol of the first meta-analysis previously
reported was developed according to PRISMA recommen-
dations and is repeated in the current communication with a
number of differences described below.[24]

Study Selection: Embase/Medline, the Cochrane database
(Central Register of Controlled Trials [CENTRAL], Co-
chrane Database of Systematic Reviews [CDRS], Health
Economic Evaluations Database [HEED], and Database of
Health Technology Assessments [HTA]) as well as
www.clinicaltrials.gov were searched on July 30, 2013 using
their own search engines with a syntax that combined the
following keywords: triclosan AND sutur®* AND (random*
OR RCT). Clinicaltrials.gov was also searched with those
keywords to identify potentially completed relevant RCTs.
The ““*’* character at the end of keyword radicals indicated to
search engines to include any character sequence that ended
the keyword. This syntax differed from the previous meta-
analysis by not searching broader keyword combinations that
had proven to retrieve only non-randomized studies or ir-
relevant publications.

Study Eligibility: Study eligibility criteria were the same
as previously reported.[11] The results of the clinical-
trials.gov search and the reference lists of all relevant pub-
lications were meticulously searched to ‘‘catch back’ any
potentially eligible RCTs that might have been missed by the
electronic study extraction and filtering process.

Data Extraction: Data extraction was performed ac-
cording to the same rules as previously described.[11] The
four data items extracted from each study were the number of
patients in the TS group (N_TS) with the number of patients
presenting an SSI in the TS arm (n_TS), and their counter-
parts in the NTS arm (N_NTS, n_NTS).

Whenever a study reported outcomes on both an intention-
to-treat (ITT) basis and a per protocol (PP) basis, ITT results
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were used. Whenever a study reported outcomes PP only, but
indicated the number of randomized patients together with
demographics on an ITT basis, the PP sample size was re-
placed by ITT sample size.

In the case of RCTs reporting outcomes of the closure of
several incisions per patient, only outcomes of the incision
defined with the primary endpoint were included. For ex-
ample, when the primary endpoint was the occurrence of SSI
in the closure of a leg incision, after venous graft harvesting
for coronary artery bypass surgery (CABG), outcomes of
chest closure in the same patient were reported as a secondary
endpoint. Trials where the same patient was systematically
used in the active arm and the control arm were excluded as
these trials were not ‘‘head-to-head’” comparison and did not
provide independence of groups.

Compared with the previous protocol, the extraction also
recorded the blinding method (double-blind, single-blind,
open-label), the SSI diagnostic method used (Center for
Disease Control “CDC” criteria or other) as well as the
number of patients with and without SSI per treatment arm
broken down by class of incision contamination (class I/
clean, class Il/clean-contaminated, class III/contaminated,
class IV/dirty-infected).[25,26] Whenever these data were
not reported in the publications and could not be deducted
from the study context, the reviewers contacted the corre-
sponding authors of the publications to obtain the missing
information.

Quality of Evidence: As performed with the RCTs in-
cluded in the previous SLR, newly published studies were
tested against the eligibility criteria defined in this SLR,
against the concentration of evidence criteria proposed by the
Centre for Evidence-Based Medicine (CEBM) at the Uni-
versity of Oxford, and the Cochrane criteria for quality and
low risk of bias.[27,28] Full publications of all new RCTs
were acquired and reviewed.

Statistical Analysis: The data extracted from eligible
RCTs was analyzed using meta-analytic techniques as pre-
viously, and the same CMA software (Comprehensive Meta-
Analysis v2.2.027, Englewood, NJ, USA) and reproducibility
of calculations was checked by running an auditable script in
STATA 12 (StataCorp LP, College Station, TX, USA). A
rigorous 13-step analytical strategy was formulated (Fig. 1)
and implemented in order to include the additional questions
to be compared to the meta-analysis. Subgroup meta-analysis
was considered to be sufficiently powered if it pooled a
minimum of five estimates. Similarly, the comparison of
subgroups was considered sufficiently powered if all com-
pared subgroups pooled a minimum of five estimates. Sub-
groups that pooled four estimates were considered only to
describe the available evidence and to assess its internal va-
lidity, but not for generalization of conclusions.

Step 1: Calculated the risk ratio (RR) as the measure of
effect between treatment arms in each RCT. RR=(n_TS/
N_TS)/(n_NTS/N_NTS), where in each treatment arm, n is
the number of patients with SSI and N is the number patients
treated.

Step 2: Tested the null hypothesis (HO) of absence of
publication bias. HO was rejected if the Egger intercept test
(significant if p<0.05) detected an asymmetric inverted
funnel shape in the Funnel plot.[29-31]

Step 3: Tested the null hypothesis (HO) of no heteroge-
neity between trials, meaning that the RRs of all RCTs were
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FIG. 1.

drawn from a common population with the same true mean.
HO was rejected if the Cochran’s Q-test was significant (if
p<0.05).[32] The I? estimated the percentage of variability
of study RRs that could not be explained by random error
only.[33,34] Given differences between trials in terms of
methods and clinical settings (blinding, diagnostic criteria,
compared suture materials, types of operations, CDC incision
classes, and site/organ location), the algorithm temporarily
maintained the assumption of heterogeneity between study
populations until all these factors would be ruled out further
in the analysis.

Step 4: Tested the effect between treatment arms across
studies by calculating the random effects pooled RR
(weighted average).[36] This estimated the predominant ef-
fect among the populations from which the RCTs were drawn
but not the true mean RR of any study population in partic-
ular. Under the null hypothesis (HO), the pooled RR is one,

Flowchart of the meta-analysis.

meaning the same frequency of SSIs between treatment arms.
HO would be rejected in favor of the alternative that the
predominant effect was significant if the pooled RR’s 95% CI
included one.

Step 5: Sensitivity analysis of the robustness of meta-
analysis was performed on all eligible RCTs. This consisted
of repeating steps two, three, and four iteratively after re-
moving one RCT at a time, then two RCTs at a time (any pair
of RCTs), then three RCTs at a time, and so on, until 95% CI
of the pooled RR reached one, thus non-significance. This
process enabled to identify the RCTs upon which depended
significance.

Step 6: Assessed the potential bias in the predominant
effect potentially caused by differences in blinding method
between RCTs (double-blind, single-blind, open-label). The
pooled random effects RR and 95% ClIs of each blind-
ing subgroup with more than four individual RRs were
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calculated. The null hypothesis (HO), that subgroups shared
the same population mean RR, was rejected if p<0.05, in
favor of the alternative where subgroups had heterogeneous
population means. Sensitivity analysis of robustness was
planned similarly to step five in the double-blinded subgroup
if the subgroup RR was significant and pooled more than four
individual RRs.

Step 7: Assessed the potential bias in the predominant
effect potentially caused by differences in SSI diagnostic
method between RCTs (CDC criteria, other methods). The
process was similar to step six but no sensitivity analysis was
planned.

Step 8: Assessed potential bias in the predominant effect
caused by differences in compared suture materials between
RCTs (polyglactin 910, polydioxanone, poliglecaprone, com-
binations of various materials, silk sutures) as performed.[25]
The process was similar to step six with sensitivity analysis.

Step 9: Assessed potential bias in the predominant effect
caused by differences in CDC incision class reported either
between RCTs or class of contamination. The process was
similar to step six with sensitivity analysis.

Step 10: Assessment of the potential bias in the predom-
inant effect caused by differences in incision depth or site,
between RCTs or within RCTs, was planned if reviewers
were able to extract that information from publications. In-
cisional and organ/space surgical site definitions were those
proposed by the CDC.[37] The process was similar to step six
with sensitivity analysis.

Step 11: Assessed potential bias in the predominant effect
caused by differences in operation type as reported by RCT
authors. The process was similar to step six with sensitivity
analysis.

Step 12: Assessed the potentially confounding relation-
ship between the RR and the SSI incidence rate (IR) in each
RCT. Incidence rate is an outcome computed with the same
inputs as RR but examines the frequency of SSI as an aver-
age, ignoring differences between treatment arms: IR=
(M_TS +n_NTS)/(N_TS +N_NTYS). In order to enable a lin-
ear comparison of RR and IR, The Log(RR) of each RCT was
plotted against the corresponding RCT’s IR in a meta-
regression. The null hypothesis (HO) that RR was indepen-
dent of IR was tested by testing the slope of Log(RR) as a
function of IR. The alternative hypothesis that RR did vary
with IR was accepted if that slope was (i.e. p <0.05) different
from 0.

Step 13: Conclusion: If previous steps showed that the
overall random-effects pooled RR was robust, and that RR
did not dependent on the IR, four conclusion options were
possible:

i. If the pooled RR of the double-blind RCTs subgroup
was robust AND if no heterogeneity was found
among all RRs, AND all tested potential bias/het-
erogeneity factors were ruled out: The conclusion
was a similar treatment effect across study popula-
tions probably caused by triclosan.

ii. If the pooled RR of the double-blind RCTs subgroup
was robust BUT heterogeneity was found among all
RRs, OR any tested potential bias/heterogeneity
factors was not ruled out: The conclusion was a
significant but parameter treatment effect across
study populations probably caused by triclosan.
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iii. If the pooled RR of the double-blind RCTs subgroup
was not robust BUT no heterogeneity was found
among all RRs, AND all tested potential bias/
heterogeneity factors were ruled out: The conclu-
sion was a similar treatment effect across study
populations but an uncertain role of triclosan in the
effect.

iv. If the pooled RR of the double-blind RCTs subgroup
was robust AND if heterogeneity was found among
all RRs, OR if any tested potential bias/heteroge-
neity factors was not ruled out: The conclusion was
a parameter treatment effect across study popula-
tions and an uncertain role of triclosan in the effect.

Results

Seventy-six references were identified and one additional
reference was caught back.[40] Forty-three duplicate refer-
ences were removed, 34 references were screened and 15 were
confirmed eligible RCTs (Fig. 2). The eligible trials included
the 13 RCTs from the previous meta-analysis and two double-
blind prospective RCTs published later.[11,38,39] The new
RCTs met all eligibility criteria of this SLR protocol as well as
CEBM and Cochrane criteria for quality and low risk of
bias.[27,28] The 19 ineligible references included four ab-
stracts of non-peer reviewed RCTs.[40—43] The eligibility of
those four abstracts could not be determined because of in-
sufficient methods descriptions or incomplete reporting of
results reporting.

The SSI diagnostic method used and CDC incision class
were reported in four RCTs and CDC incision class could be
deducted as clean from the type of surgery in two others. Ten
authors were contacted to obtain or confirm the count of
patients with and without SSI by CDC class and the confir-
mation of the SSI diagnostic method when these were not
specified in the publication. Seven authors responded, two of
whom also added that SSI had been diagnosed using CDC
criteria. The lead author of one trial on colorectal surgery,
who did not use the CDC criteria, responded that all cases
were clean or clean-contaminated so the reviewers assumed
that all cases were clean-contaminated, as in other colorectal
trials.[17] Three authors did not respond. Altogether out-
comes were available by class of incision contamination in 12
RCTs. Table 1 summarizes the characteristics of the eligible
RCTs obtained from publications and authors directly.
Overall, the 15 RCTs enabled the extraction of outcomes in
4,800 patients; (TS: N=2,323 and NTS: N=2,477), with
head-to-head comparisons of a single incision per patient.
There were 453 patients who had an SSI (TS: n=180 and
NTS: n=273). The 13-step analysis revealed the following:

The 15 trial RRs and their 95% CIs were calculated with
data reported (Table 1) on an intention to treat (ITT) basis in
nine RCTs, with data reported per protocol (PP) in four
RCTs, and with the number of SSIs per protocol and the
number of randomized patients according to ITT methods in
two RCTs (Stepl). The funnel plot (Fig. 3) and Egger in-
tercept test (intercept= —(.746, standard error (SE)=0.647,
t-value=1.153, degrees of freedom (df)=13, 2-tailed
p=0.269) suggested no publication bias (Step 2). The Q-test
(Step 3) showed no heterogeneity between the RRs of the 15
trials (Q=18.572, df=14, p=0.182) and the I? estimated
24.6% of variability because of heterogeneity. Given the
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PUBMED: 26 records I—

EMBASE: 33 records

COCHRANE: 17 records
(CENTRAL : 15+ DARE : 1 + HEED : 1)

MERGE ALL SOURCES WITH DUPLICATES
including dupli sources: 76

hat

duplicate records: 43

records without duplicates: + catch back: 34

catch back: 1

Ineligible records: 19

- non-peer-reviewed abstracts of relevant RCTs: 4
- RCTs of TS vs. NTS with ineligible methods: 4

- animal trials: 3

- manuscript & abstract not available: 1

- protocol: 1
- reviews & editorials: 6

Eligible RCTs comparing TS vs. NTS with 551 count: 15

FIG. 2. PRISMA diagram of study extraction and eligibility selection.

heterogeneity between the 15 RCTs in terms of Incidence
Rates (IR) of SSI (Q=123.97, df=14, p<0.00001,
I*=88.7%), the pooled RR continued to be estimated using a
random-effects model until ruling out all identified potential
confounders and factors of bias.

The overall pooled RR was 0.67, 95% CI: [0.54, 0.84],
p=0.00053 (Step 4). The Forrest plot (Fig. 4) showed the
predominant effect to be a lower frequency of SSIs in the TS
arm than in the NTS arm. Sensitivity analysis (Step 5) (Table
2) showed no indicator of publication bias and the pre-
dominant effect was robust to the iterative removal of any
single RCT and any pair of RCTs. When removing three
RCTs at a time, the only combination to result in the bor-
derline p=0.045 found during the previous meta-analysis
was the joint removal of the Thimour-Bergstrom, Galal, and
Justinger trials, with no indicator of associated publication
bias.[38,26,39]

Pooled RR by blinding subgroup (Step 6), showed that
nine RCTs were double-blind, four open-label, and two as-
sessor single-blind (Fig. 5). Because of the low number of
RRs in the open-label and assessor single-blind subgroups,
the mixed-effects analysis (Q=2.688, df=2, p=0.261) was
underpowered to test the heterogeneity of the subgroups and
to rule out potential bias because of the blinding method.
However, the 95% CI of the pooled RR in the open-label
subgroup included one, so open-label RCTs did not cause
an overestimation of the predominant effect compared to
double-blind RCTs. The assessor-blind subgroup consisted

of the two RCTs comparing TS to silk sutures had a lower RR
than the other subgroups, but their impact was small because
of those RCTs’ low relative weights of 1.88 and 0.63 re-
spectively (Fig. 4).[14,15] The nine double-blind RCTs were
the core subgroup that drove the overall pooled RR with no
indicator of publication bias, a pooled RR of 0.65, 95% CI:
[0.51, 0.82], p<0.00024 (Table 3), and conclusions robust to
sensitivity analysis with the removal of any single RCT and
any pair of RCTs. That subgroup was vulnerable to the joint
removal of three RCTs (p=0.107).[16,38,39]

Pooled RR by diagnostic method subgroup (Step 7)
demonstrated that 10 RCTs had used CDC criteria and five
had used other methods. There were thus enough RRs per
subgroup to test their heterogeneity with a mixed-effects
analysis (Q=0.682, df=1, p=0.409) but no heterogeneity
was found. Diagnostic method was thus ruled out as a cause
of bias and heterogeneity in the overall pooled RR. It should
be noted that, the 95% CI of the pooled RR in the “‘other
methods’ subgroup included one, thus did not cause an
overestimation of the predominant effect compared to RCTs
using CDC criteria.

Pooled RR by suture material (Step 8) showed five suture-
material subgroups: polyglactin with versus without triclosan
in eight RCTs, polyglactin and poliglecaprone with versus
without triclosan in three RCTs, polydioxanone with ver-
sus without triclosan in two RCTs, triclosan-polyglactin
versus polydioxanone or versus silk in one RCT, and triclo-
san-polyglactin versus silk in one RCT. Because of the low
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Funnel Plot of Standard Error by Log risk ratio
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FIG. 3. Funnel plot of the risk ratios of eligible RCTs.

number of RRs in all but the first subgroup, the mixed-effects
analysis (Q=4.661, df=4, p=0.324) was underpowered to
test the heterogeneity of the subgroups and to rule out po-
tential bias or heterogeneity in the overall pooled RR because
of comparisons of different suture materials. The 11 RCTs of
the two first subgroups studying polyglactin, with versus
without triclosan, had no indicator of publication bias (Egger
test: p=0.66), yielded a pooled RR=0.68, 95% CI [0.52,
0.88], p=0.003 and sensitivity analysis showed robustness to
the iterative removal of any single RCT. Those results were
vulnerable to the joint removal of the Thimour-Bergstrom
and Galal trials (p=0.066).[16,38]

Pooled RR by incision contamination (Step 9) showed five
subgroups (Fig. 6). Given only clean and clean-contaminated
incisions had at least five RRs to pool, the mixed-effects
analysis (Q=6.560, df=4, p=0.161) was underpowered to
test the heterogeneity of the five subgroups and to rule out
potential bias or heterogeneity in the overall pooled RR be-

DAOUD ET AL.

cause of pooling studies with different incision contam-
ination. However, the 95% CI of the pooled RR in clean,
clean-contaminated, and contaminated incisions (borderline
number of observations with four RRs to pool) were all sig-
nificant with p-values ranging from 0.001 in clean incisions,
0.010 in clean-contaminated incision and 0.026 in contami-
nated incisions. The clean incision subgroup presented no
indicator of publication bias (Egger test: p=0.158) and sen-
sitivity analysis showed conclusions to be robust to the re-
moval of any single RCT, and borderline vulnerable to the
joint removal of the Thimour-Bergstrdm and Justinger trials
(p=0.046).[38,39] The clean-contaminated and contami-
nated subgroups were not robust to the iterative removal of
one RCT at a time.

Pooled RR by incision depth and organ/space infection
(Step 10) could not be conducted because of the inability to
extract the data. Pooled RR by operation type (Step 11) was
performed using all published data and resulted in 13 sub-
groups but only 12 could be analyzed because no SSI was
reported in either arm in the abdominal vascular surgery
subgroup (Fig. 7). Appendectomy was grouped together with
colorectal surgery and the resulting subgroup was the only
one pooling at least five RRs, with a pooled RR of 0.698, 95%
CI [0.476, 1.002], p=0.0536. Because of the low number of
RRs in all but that subgroup, the mixed-effects analysis
(Q=10.233, df =11, p=0.510) was underpowered to test the
heterogeneity of the subgroups and to rule out potential bias
or heterogeneity in the overall pooled RR because of pooling
studies with different operation types.

The heterogeneity of average incidence rate (IR) of SSI in
treatment arms described in step three was visible on the
Forrest plot (Fig. 8). The meta-regression was conducted
using the mixed effects method of moments on the 15 RCTs
with the IR as independent parameter and Log(RR) as
dependent parameter. The regression slope was 3.35, 95% CI

Random-effects pooled RR of SSis - 15 RCTs

Study name Statistics for each study Infections / Total Risk ratio and 95% CI

Risk Lower Upper Relative

ratio limit limit p-Value TS NTS weight
Zhuang 0.064 0.004 1.067 0.056 0/150 15/300 = 063
Rozelle 0.207 0.047 0915 0038 2/46 8/38 = 213
Rasic 0.341 0.114 1.017 0054 4/91 12/93 & T
Zhang 0.392 0.080 1928 0249 2/51 5/50 & 1.88
Nakamura 0.469 0.217 1.012 0054 9/206 19/204 —— 6.67
Galal 0493 0283 0858 0012 17/230 33/220 - 10.63
Justinger 0.565 0.362 0880 0.012 31/485 42/371 - 13.85
Thimour-Bergstrdm 0.625 0.388 1.006 0.053 23/184 38/190 - 12.81
Isik 0.667 0.218 2036 0477 4/170 127340 —_— 3.58
Williams 0.714 0339 1506 0377 10/75 14175 —i— 7.00
Seim 0959 0502 1.831 0899 16/160 177163 8.63
Baracs 1.004 0588 1.716 0988 23/188 24/197 11.12
Turtiainen 1.018 0654 1586 0935 31/139 30/137 13.88
Mingmalairak 1.250 0.356 4.385 0.727 5/50 4/50 291
Ford 3.535 0.186 67.116 0400 3/98 0/49 = 0.57

0671 0536 0.841 0001 180/2323 273 /2477 @

0.01 0.1 1 10 100
Favours TS Favours NTS

RR: Risk Ratio, $SI: Surgical Site Infection, TS: Triclosan Suture, NTS: Non-Triclosan Suture, RCT: Randomized Controlled Trial

FIG. 4. Forrest plot of the risk ratios — Overall.
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12 DAOUD ET AL.
Random-effects pooled RR of SSis - 15 RCTs - Blinding sub-groups
Groupby  Study name _Statistics for each study Intections / Total _Risk ratio and 95% CI
il Risk  Lower  Upper Relative
ratio limit limit p-Value 5 NTS weight
assessor-biind Zhuang 0.08430  0.00387 1.06738  0.05556 07150 15/ 300 o] 2868
assessor-bind Zhang 038216 007975 192834 024938 2151 5150 71.32
assessor-bind 023350 0.04702 1.15960  0.07526 2120 201350 B :::__':—'
double-bind Rozelie 020852 004660 091519 003784 2748 8138 238
double-bind Nakamura 048008 021739 109221 005373 91206 197204 ——— 823
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double-biind 064522 051081 081500 000024 132/1585 200/ 1625 <
open-label Rasic 034066 011407 101734 005371 49 12193 — 1668
open-iabel Seim 095882 050210 1.83009  0.89863 16/ 160 171163 —— 3585
open-label Baracs 1.00421 058763 1.71612 098774  23/188 247197 —T— 4465
open-label Ford 353535 018623 6711612 040044  3/98 0r49 i 272
open-label 085336 052165 139602 052775 46/537 531502 <
Owverall 066700 054108 082223 000015 180/2323 27372477 QT
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FIG. 5. Forrest plot of risk ratios — Blinding subgroup.

[-0.60, 7.31], p=0.096, thus non-significant (Fig. 9). The
null hypothesis that the RR is independent of IR was there-
fore not rejected (Step 12). IR was ruled out as a potential
confounding factor for RR in the studied ranges. One RCT
presented a 22.1% IR (61 SSI in 276 patients), which was an
outlier according to Tukey’s rule.[20,44] That outlier IR had
anegligible effect on the meta-regression of the 15 RCTs, but
led to a borderline significance in the meta-regression of the
nine double-blind RCTs (slope 3.74, 95% CI [0.068, 7.41],
p <0.046). Sensitivity analysis with the removal of the outlier
IR resulted in a meta-regression of the eight other double-
blind RCTs (271 SSI in 2836 patients) with a non-significant
slope (slope 3.05, 95% CI [-4.83, 7.11], p=0.710).

Given the above results, it was concluded that results were
significant with robust conclusions, and that triclosan was the
only known cause of difference in SSI frequency between
treatment arms (Step 13). Certain risk factors could not be
ruled out as potential factors of heterogeneity and bias, so
effect size should continue to be regarded as potentially
heterogeneous across study populations.

Discussion
Internal validity

The two newly included trials increased the number of
double-blind RCTs to nine studies compared with seven in
the previous meta-analysis.[11] The double-blind RCTs,
being designed to ensure equipoise of the patient sample and
comparability of study arms from baseline through follow-up
completion (given TS and NTS made of the same material),
could not be distinguished. All double-blinded RCTs used
CDC criteria of SSI except the Rozelle trial which used mi-
crobiological culture proof of shunt infection.[12] The core
of double-blind studies yielded a highly robust predominant
effect, with a small proportion of heterogeneity (I” close to 0),
no indicator of publication bias and robustness of results to
the removal of up to three RCTs.

Certain potential heterogeneity factors that could have
affected the pooled RR were not ruled out owing to an in-

sufficient number of estimates per subgroup. Such was the
case with suture material and operation type. However, the
proportion of heterogeneity among the nine double-blind
RCTs was close to zero (percentage calculated using the I
statistic). The incidence rate of SSI, which is the expression
of the differences in risk through the trials’ clinical settings,
was ruled out as factor of bias in the double-blind RCTs
below outlier IR of 22% and in the 15 RCTs including the
outlier.[20] Finally, the pooled RR was significant through-
out three incision classes, clean, clean-contaminated, and
contaminated classes, both among the double-blind RCTs
and all 15 RCTs, which included approximately 80% of en-
rolled patients. This distribution of a predominant effect
throughout the incision contamination class case-mix indi-
cated that the overall predominant effect was not biased by
that case-mix. Therefore, the core of double-blind RCTs
enabled this updated SLR to meet the many rigorous criteria
of internal validity that were not met by previous SLRs on
this topic. In addition, no indicator suggested that the con-
clusions of double-blind RCTs should not apply to the entire
set of 15 RCTs.[11,45,46]

The results of this analysis highly suggest that the presence
of triclosan coated sutures within the surgical incision bed
appears to be the predominant factor associated with a re-
duction in the incidence of SSIs reported in the 15 RCTs
included in this meta-analysis. Given the insufficient number
of trials which included the size of effect according to op-
eration type, definition of SSI incisional and organ/space
sites, it would be prudent to continue to report the predomi-
nant effect size obtained with a random-effects model, to
account for potentially underestimated heterogeneity across
study populations.

The two trials where RR was calculated with the number of
SSIs reported per protocol and the number of randomized
patients for whom demographics were also reported, ac-
cording to ITT method avoided decreasing the sample size by
11.9% (12 in 101 patients) yielding an RR of 0.39 ITT instead
of 0.37 PP in the Zhang trial, and avoided decreasing the
sample size by 15.3% (23 in 150 patients) yielding an RR of
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Random-effects pooled RR of SSis - 15 RCTs - RR by CDC class
ﬁ!!‘ Study name Statistics for each study Infections [ Total Risk ratio and 85% CI
class Risk Lower Upper Reiative
ratio  limit limit  p-Value k] NTS weight
1 Rozela | 0207 0047 0015 0038 2748 8738 338
1 Zhang | 0392 0080 1928 0249  2/5 5150 285
1 Galal | 0509 0457 1643 0258  4/17  8/119 —ge 545
1 Justingar | 0545 0285 1042 0086 14/286 22/245 — 1784
1 Thimour-Bergstréen | 0.625 0388 1006 0053  23/184  38/1%0 —t 33.00
1 1sk | 0867 0218 2006 0477 47170 12/340 —_— 801
1 Wiiams | 0714 0339 1508 0377 10/75 14175 g 1347
1 Seim | 0959 D502 1831 0899 16/160 17/163 o 1790
1 0632 0481 083 0001 7571089 12471220 <>
L Rasic 1| 0341 0114 107 0054 4/ 12793 a48
[ Makamura Il 0495 0228 1076 0076 9/205  18/203 — 16.84
] Justinger Il 0524 0288 1026 0058 147162 16197 —— 2249
[ Galal Il 0579 025 1205 0184  8/T1 1172 —_— 15.68
[ Baracs Il 1004 0588 1716 0988 23/188  24/197 e 3533
[ Ford Il 4400 0239 B1159  0M9  3/M 0/ 21 119
1 0656 0477 0902 0010 61/751 847683 <>
[ Mingmalairak Il 0333 0040 2789 0309  1/12 3012 119
[ Hakamura 11l 0333 0027 4188 0365 0/1 111 7.84
" Gadal 1l 0468 0181 1208 0116  5/35 1136 — 5568
1] Justinger Il 0507 0124 2072 0344 3/37 4125 e 2529
1] 0447 0220 0908 002  9/85 19174 -
[ Mingmalairak IV 4.000 0468 34157 0205  4/38 138 - 100.00
v 4000 0468 34157 0205  4/38 1438 —
missing Zhuang missing 0.064 0.004 1.067 0056 07150 15/ 300 243
missing Tutiinen missing  1.018 0654 1586 0935 31/139 307137 97.57
missing 0952 0615 1475 0827  31/280  45/437
" Overall U680 05er 0814 0000 18072252 27372452 ®|
0.0 04 1 10 100
Favours TS Favours NTS
RR: Risk Ratio. S5I: Surgical Site Infections. TS: Triclosan Sutures, NTS: Non-Triclosan Sutures, RCT: Randomized Controlled Trial

FIG. 6. Forrest plot of risk ratios — CDC incision class subgroup

0.71 ITT instead of 0.66 PP in the Williams trial.[15,18] This
approach thus maintained sample size without overestimating
treatment effect.

External validity

The applicability of these pooled results to future patient
care depends on the similarity of the case-mix of future
surgical patient populations based upon the case-mix re-
ported in the 15 RCTs, where case-mix is defined in terms of

incision contamination class. External validity should be
quantifiable when examining patients with incisions classi-
fied as clean, clean-contaminated, and contaminated, with
high confidence that the risk reduction of SSIs found in clean
incisions should apply, given the robustness of that subgroup
but with a lower confidence for clean-contaminated and
contaminated incisions. External validity could not be es-
tablished for the effect of triclosan coated sutures to close
dirty incisions or for operations where incision contamination
was not described.

Random-effects pooled RR of SSI trequency -15 RCTs - operation type subgronps
%?ﬂ Study name Statistics for each study Infections | Total Rigk ratio and 85% CI
Risk Lower Upper Relative
ratio  hmit  limit  p-Value TS NTS weight
abdominal Zhuang 0064 0004 1067 0056 07150 15/300 =21 100.00
abdominal 0084 0004 1006 0058 0/150  15/300 (-=:::'::=—-
braast surgery Zhang 0392 0080 1928 0249 2751 5150 2077
breast surgery Williams 0714 0339 1506 0377 W0/75 14175 —— 7923
breast surgery 0631 0200 1331 0226 12/126  19/135 =
cabg leg Thimour-Bergstrom 0625 0388 1008 0053 23/184  38/190 60.18
cabg leg Seim 0959 0502 1831 0899 16/160 17/183 —— 30.82
cabg leg 0741 0461 1491 0216 39/344  55/353 L
colorectal or appendectomy Rasic 0341 0114 1017 0054 4/91 12193 D — 10.72
0469 0217 1012 0054 9/206 19/204 — 19.50
colorectal or appandectomy Justinger CR 0626 033 1143 0127 AT/143 197100 e 28.24
colorectal or appendeciomy Baracs 1.004 0.588 1.718 0988 23/188 24/197 —— 3317
i 1250 0356 438 07277 5/50 4/50 —_— 837
colorectal or appendeciomy 0687 0470  1.004 0053 53/678 T8/ 644 g
CSF Rozebe CSF 0207 0047 0915 0038 2746 8/38 — 1R 100.00
CSF 0207 0044 0961 0044 2746 8138 B —EmESm——
hipatopan reatobiary Jusinger HPB 0530 0235 1194 0125 9/210 14/173 —_—i 100.00
hepatopanc reatobiary 0530 0216 1301 0188 9/210 147173 T ]
lower limb revascularization Turiiainen 1018 0654 1586 0835 31/139  30/137 ‘g 100,00
lower limb revascuiarization 1018 0567 1830 0951 31/139  30/137
mutiply Galal 0493 0283 085 0012 17/230 33/220 —— 95.08
miltiple Ford 3535 0186 67116 0.400 3/98 0749 492
multiple 0543 0281 1048 0069 20/328  33/289 =
olher abdominal Justinger OA 0176 0021 1453 0107 1/27 4119 = 100.00
other abdominal 0476 0021 1504 0112 1/27 4/19 -
small intestine Justinger S 0246 0028 2120 0202 /19 314 -EE— 100.00
smal intestine 0246 0028 2193 0209  1/19 3014
stermal Isik 0667 0218 2036 0477 4/170  12/340 100.00
sternal 0667 0205 2471 0501 47170 12/340
upper GI Justinger UGH 1042 0182 5964 0963  3/50 2041 100.00
upper Gl 142 0475 8218 0.964 k-] 2ia
Overal 0664 0535 0823 0000 18072206 273/2453 L
001 01 1 10 100
Favours TS Favours NTS
RR: Risk Ratio. SSI: Surgical Site Infecti TS: Trich S NTS: Non-Tric! Sut RCT: Randomized C lled Trial
FIG. 7. Forrest plot of risk ratios — Operation type subgroup.
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Random-effects pooled Incidence Rate (IR) of SSI - 15 RCTs

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Relative
rate limit limit Total weight
Ford 0.0204 0.0066  0.0613 37147 T 3.83
Isik 0.0314 0.0193  0.0506 16 /510 B 6.67
Zhuang 0.0333 0.0202  0.0545 15 / 450 = 6.59
Nakamura 0.0683 0.0476  0.0971 287410 = 7.18
Zhang 0.0693 0.0334  0.1383 77101 - 5.38
Justinger 0.0853 0.0683  0.1059 73 /856 = 7.70
Rasic 0.0870 0.0540  0.1372 16/ 184 B 6.60
Mingmalairak 0.0900 0.0475  0.1640 9/100 —— 578
Seim 0.1022 0.0735  0.1402 33/323 - 7.27
Galal 01111 00852  0.1436 50 / 450 - 7.52
Rozelle 0.1180 0.0653  0.2073 10/ 84 —— 5.89
Baracs 0.1221 0.0930  0.1587 47/ 385 -~ 7.48
Williams 0.1600 0.1096  0.2276 24 /150 6.95
Thimour-Bergstrom  0.1631 0.1200  0.2041 61/374 _-r 7.59
Turtiainen 0.2210 01759  0.2738 61/276 e 7.56
0.0901 0.0678  0.1188 453 / 4800 a4
0.00 0.15 0.30
SSI: Surgical Site Infection, RCT: Randomized Controlled Trial

FIG. 8. Forrest plot of the incidence rates of SSI — Overall.

Conclusion

This systematic literature review (SLR) and meta-analysis
identified 15 randomized controlled trials and produced a risk
ratio of 0.67, 95% CI: [0.54, 0.84], p= <0.00053, demon-
strating a highly statistically significant, lower risk of SSI
following operative procedures in incisions which were
closed with triclosan coated sutures compared to non-
antimicrobial closure technology. This result was robust to
the removal of up to three trials. Similar results, yielded by
the core of nine double-blind randomized controlled trials,
supported the hypothesis that triclosan coated sutures were
responsible for the reported reduction in SSI.

Trials comparing triclosan polyglactin to polyglactin
demonstrated a robust risk ratio in favor of triclosan. Sub-
group analysis was underpowered to determine heterogeneity
between studies comparing different suture materials.

Diagnostic method was ruled out as a cause of bias and the
incidence of SSIs, which ranged between 2% and 22%, had no
significant effect on risk reduction effect of the triclosan coated
sutures and was therefore ruled out as a cause of bias. Based
upon this analysis there was a high concentration of confi-
dence that a 20% to 50% reduction in SSIs should be expected
in surgical procedures involving clean surgical incisions. A
smaller and statistically significant reduction could be ex-
pected in clean-contaminated and contaminated incisions but
these results were not robust when considered separately from
the clean incisions. No conclusions could be drawn based upon
this analysis on the impact of triclosan sutures as a risk re-
duction strategy for SSIs involving dirty incisions or surgical
procedures where the composite incidence rate of infections
exceeded 17%. The two additional peer-reviewed double-
blind RCTs reinforced the evidence concentration of this SLR
as CEBM evidence concentration Ia.

Regression of S5l Incidence Rate on Log risk ratio
2.00
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5 0.50 -
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S8l Incidence Rate

FIG. 9. Meta-regression of (Log) risk ratio depending on incidence rate.
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