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To reduce bacterial adherence to surgical sutures, triclosan-coated polyglactin 910 suture

materials with antiseptic activity were developed. The aim of this study was to evaluate

whether the incidence of surgical site infections can be reduced when triclosan-coated

sutures are used. Until December 2009, we used conventional polyglactin 910 sutures

(VICRYL, Ethicon) for the closure of the fascia in digestive tract surgery. Therefore, for

the control group we retrospectively collected surveillance data for 1.5 years. In the

control group, 611 patients underwent digestive tract surgery with VICRYL sutures.

Beginning in July 2010, we used triclosan-coated polyglactin 910 sutures (VICRYL Plus,

Ethicon, Tokyo, Japan) for the closure of the fascia in all digestive surgeries. So, we

collected data for the study group from July 2010 until June 2011. In the study group, 467

patients underwent digestive tract surgery with triclosan-coated VICRYL Plus sutures. In

the control group, 75 patients (12.2%) developed wound infections. In the study group, 31

patients (6.6%) developed wound infections, which was significantly lower. Emergency

cases; laparoscopic cases, including some cholecystectomy and colectomy cases;

American Society of Anesthesiologists classification; the use of immunosuppressive

therapy; colostomy cases; wound classification; and suture material were identified as the

risk factors for wound infections. In both groups, as the wound classification worsened,

the wound infection rate increased. Triclosan-coated polyglactin 910 antimicrobial

sutures lead to a significant decrease in the incidence of surgical site infections,

especially in clean/contaminated cases.
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Surgical site infections (SSIs) continue to be one
of the most common complications in conven-

tional surgery. Various risk factors for the develop-
ment of poor wound healing have been identified.1–3

Although patient-related factors, such as sex, age,
body mass index (BMI), complications, prior surgi-
cal procedures, and lifestyle-related factors, are
difficult to control, meticulous surgical technique,
skin antisepsis, appropriate antimicrobial prophy-
laxis, and the identification of strategies for decreas-
ing wound contamination are the most important
surgery-related factors that can help decrease the
risk of SSIs. In addition, the presence of suture
material in wounds increases the susceptibility of
the tissue to infection.4,5 To prevent microbial
colonization of suture materials, triclosan-coated
polyglactin 910 (VICRYL Plus, Ethicon) sutures
were developed. Although several studies have
shown the superiority of VICRYL Plus in in vitro
and in vivo studies, no evaluation was done accord-
ing to the wound classification.6–11

The most widely recognized definition of infec-
tion, which is used throughout the United States
and Europe, is that devised and adopted by the
Centers for Disease Control and Prevention.12 An
SSI is defined as an infection occurring within 30
days of surgery that meets the following criteria: (1)
the diagnosis consists of the infection of an anatomic
plane by one of the following manifestations:
collection, inflammatory signs (pain, edema, tender-
ness, redness), dehiscence, or positive culture; and
(2) classification according to the anatomic plane as
follows13: superficial incisional SSI, infection of the
skin and subcutaneous tissue; deep incisional SSI,
infection of the deep soft tissue (fascia and muscles);
and organ/space SSI, infection of the organ/space.
In this study, SSIs were categorized by the above
classifications.

A system of classification for surgical wounds
that is based on the degree of microbial contamina-
tion was developed by the US National Research
Council group in 1964.14 Four wound classes with
an increasing risk of SSI were described: clean,
clean-contaminated, contaminated, and dirty. In this
study, SSIs were researched based on each of the
wound classes.

The aim of this study was to evaluate whether the
incidence of SSIs can be reduced when triclosan-
coated sutures are used for the closure of the fascia,
and to evaluate the incidence of SSIs according to
each wound classification.

Patients and Methods

Until December 2009, we used conventional poly-
glactin 910 sutures (VICRYL) for the closure of the
fascia in digestive tract surgery. Therefore, for the
control group we retrospectively collected surveil-
lance data for 1.5 years, including the patient age,
sex, BMI, diagnosis, complication data, preoperative
compete blood count, American Society of Anesthe-
siologists (ASA) physical status score as determined
by an anesthesiologist, procedures performed, data
regarding the operation, duration of the operation,
quantity of blood lost, quantity of blood transfused,
and surgical wound classification. Beginning in July
2010, we used triclosan-coated polyglactin 910
sutures (VICRYL Plus) for the closure of the fascia
in all digestive surgeries. So, we collected data for
the study group from July 2010 until June 2011.

Signs of SSIs according to the Centers for Disease
Control and Prevention criteria were monitored
over a period of 30 days. After discharge, patients
were requested to return to the outpatient clinic
about 30 days after surgery.

The analysis was performed using the SAS
statistical software package (SAS Inc, Cary, North
Carolina). The variables were compared using the v2

test and Student t test for categoric and continuous
variables. The univariate analysis and multivariate
logistic regression analyses were used to determine
predictors for the risk of SSIs.

Results

In the control group, 611 patients underwent digestive
tract surgery with Vicryl sutures. Of these patients, 15
were excluded because of complicated organ/space
SSIs. In the study group, 467 patients underwent
digestive tract surgery with triclosan-coated VICRYL
Plus sutures. Twelve patients were excluded from the
study group because of organ/space SSIs.

There were no significant differences between the
groups regarding the age, sex, and other risk factors
for SSI, such as diabetes, smoking, use of immuno-
suppressive therapy, or BMI. The preoperative white
blood cell count and lymphocyte count were not
differentiated, but the C-reactive protein level was
higher in the study group. The patient characteristics
in both groups, as well as the SSI risk factors, are
shown in Table 1. Furthermore, both groups were
comparable with regard to the procedures per-
formed, length of the operation, blood loss, and blood
transfusion. The site of the operation, the use of a
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laparoscope, and the rate of colostomy were also not
significantly different (Table 2), nor were the surgical
sites (Table 3).

Wound infections

In the control group, 72 of 596 patients (12.2%)
developed wound infections. In the study group, 30
of 455 patients (6.6%) developed wound infections.
These rates were significantly different by the v2

test. In the univariate logistic regression analysis,
emergency cases, laparoscopic cases, those with an
ASA classification, those on immunosuppressive
therapy, colostomy cases, a higher wound classifi-
cation, and the suture material were the risk factors
for the development of a wound infection. In the
multivariate logistic regression analysis, laparoscop-
ic cases, ASA classification, and wound classifica-
tion were the risk factors for a wound infection
(Table 4). In both cases, as the wound classification
worsened, the wound infection rate increased.
However, the difference was only significant for
clean/contaminated cases (P ¼ 0.0001; Fig. 1).

Discussion

The surgical materials are the easily changed risk
factor. Triclosan, a widely used antibacterial agent,
possesses potent activity against the most common

bacteria responsible for SSIs. Because triclosan is an
antibacterial agent, and not an antibiotic, the risk of
resistance is very low.15 Triclosan is a broad-
spectrum antibacterial agent that has been used for
more than 30 years in various products, such as soap
and toothpaste. Its mode of action is thought to be
through the nonspecific disruption of the bacterial
cell membrane.16 Galal and El-Hindawy17 reported
a prospective, randomized, double-blind study that
showed that triclosan-coated polyglactin 910 re-
duced the incidence of SSIs from 15% to 7%. In
another study of 2088 patients, the rate of SSIs was
decreased from 10.8% in a polyglactin closed group
to 4.9% in a triclosan-coated polyglactin 910 antimi-
crobial suture (VICRYL Plus) group.

In a sternal wound closure study, the rate of SSI
after the use of VICRYL Plus was found to be 0 of
103 (0%) versus 24 of 376 (6%) after the use of
conventional VICRYL.18 In another study in cere-
brospinal fluid shunt surgery, the shunt infection
rate when triclosan-coated polyglactin 910 antimi-
crobial sutures were used was 4.3% versus 21% in a
conventional polyglactin 910 suture group.19

In a recent study, many kinds of digestive tract
surgery were examined. SSIs occurred in 30 of 455
patients (6.6%) in the study group versus 72 of 596
(12.2%) in the control group. In each wound
classification, the incidence of SSIs was lower in the

Table 1 Characteristics

Control group Study group P

Age, y 64.04 64.02 0.982
Male:female 360:255 274:178 0.983
DM, þ:� 81:511 61:391 0.93
Smoking, þ:� 104:488 61:390 0.076
Steroid, No. (%) 12 (2) 6 (1.33) 0.385
BMI 21.2 21.9 0.280
WBC count 6098 6473 0.051
Lymphocyte % 25.5 24.4 0.661
CRP level 1.042 1.793 0.002

CRP, C-reactive protein; DM, diabetes mellitus; WBC, white
blood cell.

Table 2 Characteristics

Control group Study group P

OR time, min 219.4 216.4 0.777
Blood loss, mL 288.5 282.3 0.887
Transfusion, mL 42.8 49.8 0.622
Laparoscopic, No. (%) 164 (27.5) 136 (30.1) 0.606
Stoma, No. (%) 33 (5.5) 23 (5.1) 0.726
SSIs, % 12.2 6.6 0.002

OR time, operation time.

Table 3 Category of surgery

Control group Study group P

Esophagus 14 11
Stomach 103 79
Small intestine 32 37
Colorectal 197 141
Liver 37 29
Cholecystis 118 109
Other 88 49 0.201

Table 4 Univariate and multivariate logistic regression analyses for
wound infection

Univariate Multivariate

Sex 0.4778
Emergency 0.0086 0.2761
Laparoscope ,0.0001 0.0007
ASA score ,0.0001 0.02
DM 0.7815
Smoking 0.7935
Wound class ,0.0001 ,0.0001
Stoma ,0.0001 0.088
VICRYL Plus 0.0036 0.7067

DM, diabetes mellitus.
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study group. However, in the present study there was
only a significant difference in the clean/contami-
nated cases (4 of 16 versus 5 of 17; P¼ 0.776). These
results suggest that it was difficult to prevent SSIs
with the triclosan-coated polyglactin 910 antimicro-
bial suture in dirty cases. Triclosan may therefore be
most effective in clean and clean/contaminated
cases. To the best of our knowledge, this is the first
time that the effect of antibacterial-coated sutures has
been evaluated for each wound classification. More
studies are needed to reduce the incidence of SSIs in
contaminated and dirty wound cases.

The study was done in a single center in Japan
during two different time periods and used two
different types of suture material. There is no
denying the superiority of a prospective, random-
ized study, but the large number of patients will
support the quality of our data.

The use of triclosan-coated polyglactin 910
antimicrobial sutures leads to a significant decrease
in the incidence of SSIs, especially in clean/
contaminated cases.
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