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Abstract

Background The use of absorbable sutures in wound clo-
sure has been shown to reduce the incidence of surgical
site infection (SSI); however, there is no evidence that the
intra-abdominal use of absorbable rather than silk sutures
reduces the incidence of SSI after gastrointestinal surgery.
We report the findings of a phase II trial, designed to evalu-
ate the impact of the intra-abdominal use of absorbable
sutures on the incidence of SSI.
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Methods At 19 Japanese hospitals, 1147 patients under-
going elective gastrectomy, colorectal surgery, hepatec-
tomy, or pancreaticoduodenectomy (PD) were randomly
assigned to absorbable or silk intra-abdominal suture
groups. The primary efficacy endpoint was the incidence of
SSI. The secondary efficacy endpoints were the locations
of SSI, time to resolution of SSI, length of hospital stay,
and the incidence of bile leakage in hepatectomy and pan-
creatic fistula.

Results The incidence of SSI was 11.3%, 15.5%, 11.3%,
and 36.9% after gastrectomy, colorectal surgery, hepa-
tectomy, and PD, respectively. The incidence of SSI was
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higher in the absorbable suture group than in the silk suture
group for all the surgical procedures, but the difference was
not significant.

Conclusion The intra-abdominal use of absorbable
sutures did not have enough of an effect on the reduction of
SSI in this phase II trial to justify the planning of a large-
scale phase III trial.

Keywords Surgical site infection - Absorbable suture -
Silk suture - Surgery - Randomized prospective clinical
trial

Introduction

Surgical site infection (SSI) is the most common noso-
comial infection in surgical patients [1], with a reported
incidence of 10-30% after gastrointestinal and hepato-bil-
iary-pancreatic surgery [2, 3]. SSI causes physical and psy-
chological distress to patients, is a burden to medical staff,
and incurs additional costs to healthcare services.

Many studies have reported a decreasing incidence of
SSI. In 1970, the Centers for Disease Control and Preven-
tion (CDC) in the US set up the National Nosocomial Infec-
tion Surveillance (NNIS) system and established guide-
lines for the prevention of SSI [4-6]. The CDC reported
that surveillance plays an important role in decreasing the
incidence of SSI. The CDC NNIS risk index for SSI has
three components: the American Society of Anesthesiolo-
gists (ASA) classification, the wound classification, and the
length of the operation [7-9]. Other reported significant
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risk factors for SSI are body mass index (BMI) [2], diabe-
tes mellitus [10], smoking [11], emergency surgery [12],
preoperative hair removal [4], perioperative blood glucose
level [13], and perioperative oxygen administration [14].
Good surgical technique and perfusion of the surgical site
are also important for the prevention of SSI [7].

Suture material is a foreign body and the presence of
a foreign body increases the risk of infection. The place-
ment of any foreign body should, therefore, be minimized,
and absorbable suture material may be preferable to non-
absorbable suture material such as silk. The number of
Staphylococcus aureus bacteria required to produce infec-
tion was reported to be much lower when using silk sutures
than when using non-absorbable sutures [15]. In an experi-
mental infection model, electron microscopy showed more
bacteria in the interstices of silk and multifilament nylon
sutures than in monofilament nylon and polyglycolic acid
sutures [16].

Most clinical trials on suture materials have focused on
fascia closure. Since 1970, several studies have compared
complication rates between wounds closed with silk and
those closed with absorbable synthetic sutures. Studies of
gastrointestinal fascia and neurosurgical wounds found that
suture sinuses were more frequent when silk sutures were
used for closure than when absorbable sutures were used,
but these studies found no differences in wound infection
rates among various suture materials [17-19]. In trauma
surgery and auricular surgery, wound infection was more
frequent with silk sutures than with absorbable sutures
[20-22]. Several randomized studies and a meta-analysis
found no difference in the incidence of wound infection
between when absorbable and non-absorbable sutures were
used, although the incidence of suture sinus was signifi-
cantly higher when non-absorbable sutures were used [23,
24]. Because suture sinus was included in the CDC defini-
tion of SSI, the reported incidence of SSI was higher after
the use of non-absorbable than absorbable sutures. How-
ever, the impact of the intra-abdominal use of absorbable
sutures on SSI has not been clarified. Thus, we conducted
a phase II trial to clarify the impact of the intra-abdominal
use of absorbable sutures on the incidence of SSI after gas-
trointestinal and hepatobiliary surgery.

Methods
Study design and participants

This was a multicenter, randomized, open-label phase
IT study, designed to evaluate and compare the impact of
intra-abdominal use of absorbable sutures and silk sutures
on the incidence of SSI after gastrectomy, colorectal resec-
tion, hepatectomy, and pancreaticoduodenectomy (PD).

@ Springer



1062

Surg Today (2017) 47:1060-1071

The incidence of SSI was monitored and analyzed in 19
Japanese first-tier hospitals from February, 2009 to June,
2010, by the Clinical Study Promotion Committee of the
Japan Surgical Society, according to the ethical guidelines
for clinical studies published by the Ministry of Health,
Labour and Welfare of Japan, the fifth revision of the Dec-
laration of Helsinki, 2000, and the CONSORT guidelines.
The protocol was approved by the institutional review
board of each participating centre. All patients gave written
informed consent prior to inclusion in the study. This study
(UMIN 000001544) was registered in the University Hos-
pital Medical Information Network clinical registry, which
is one of the network members of the Japan Primary Reg-
istries Network, which meets WHO registry criteria (http://
www.umin.ac.jp/cir/index/him/).

For all patients, the inclusion criteria were as follows:
age 20-80 years, Eastern Cooperative Oncology Group
performance status 0—1, written informed consent provided,
white blood cell count 3000—10,000/mm?>, neutrophil count
>1500/mm?>, hemoglobin level >9.0 g/dL, platelet count
>70,000/mm’, serum total bilirubin level <1.5 mg/dL,
serum aspartate aminotransferase level <100 IU/L, serum
alanine aminotransferase level <100 IU/L, serum creatinine
level <1.2 mg/dL, and serum albumin level >2.8 g/dL.

For gastrectomy, patients who underwent open partial
gastrectomy (such as proximal or distal gastrectomy) or
total gastrectomy for curative resection of gastric cancer
were included. As for gastrectomy and colorectal resection,
patients who underwent laparoscopically assisted resection
were included, but those who underwent total laparoscopic
gastrectomy were excluded. For hepatectomy, patients who
underwent hepatic resection with biliary resection and
reconstruction were excluded. For patients with liver cir-
rhosis, those with Child—Pugh class A or B liver function
were included. For PD, patients with or without pyloric
resection were included, but those who underwent com-
bined hepatectomy were excluded.

Randomization and masking

Patients were recruited by the investigators and allocated
preoperatively after eligibility was confirmed. Enrolment
was done through a web-based system established for this
trial, and randomization was done by a computer-generated
permuted-block sequence with stratification. Patients were
randomly assigned (1:1) to an absorbable suture group, in
which polyglactin 910 or polydioxanone sutures were used,
or a silk suture group, using the minimization method. For
gastrectomy, the stratification was done according to the
following factors: institution, partial or total gastrectomy,
and open or laparoscopically assisted surgery. For colorec-
tal resection, the stratification was done according to the
following factors: institution, colonic resection or rectal

@ Springer

resection, and open or laparoscopically assisted surgery.
For hepatectomy and PD, the stratification was done only
by the institution. Investigator surgeons were informed
of the suture material allocation via the internet and used
absorbable suture materials or silk accordingly. Patients
and investigators were not masked to the group assignment.
The data centre, EPS Co., Ltd. (Tokyo, Japan) was respon-
sible for allocation, central monitoring, and statistical anal-
yses under the supervision of the statistician in charge.

Procedures

For patients assigned to the absorbable suture group, pol-
yglactin 910 or polydioxanone was used for intra-abdom-
inal ligations and knots and for patients assigned to the
silk suture group, silk was used for intra-abdominal liga-
tions and knots. For PD, there were no restrictions on the
suture materials used for bowel, biliary, and pancreatic duct
reconstruction. For hepatectomy and PD, there were no
restrictions on the suture materials used for the hemostasis
of large vessels. During the operation, the number of intra-
abdominal sutures placed was counted.

All participating institutions were given recommenda-
tions to follow the guidelines about the CDC prevention
of surgical site infections. Surgical gloves and instruments
were changed before wound closure. Absorbable monofila-
ment sutures were used for approximation of the fascia for
wound closure and the method of closure, such as continu-
ous or interrupted suturing, was decided by each institute.
Intra-abdominal drain placement through a separate inci-
sion away from the operative incision was permitted, and
the location and number of drainage tubes were decided
according to each participating institution’s respective
standards.

Primary and secondary outcome

Our primary efficacy endpoint was the incidence of SSI
after each type of surgery. Patients were monitored for any
signs of SSI for 30 days after surgery. Patients in whom SSI
developed were observed until the SSI resolved. The sec-
ondary efficacy endpoints were: the location of SSI accord-
ing to the CDC classification (superficial incisional, deep
incisional, or organ/space); the time to resolution of the
SSI; the length of hospital stay; and the incidence of bile
leakage in hepatectomy and pancreatic fistula in PD.

SSI was identified and classified according to the 1999
CDC guidelines. The CDC definition describes three levels
of SSI:

1. Superficial incisional, affecting the skin and subcu-
taneous tissue. These infections may be indicated by
localized (Celsian) signs, such as redness, pain, heat or
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swelling at the site of the incision or by the drainage of
pus.

2. Deep incisional, affecting the fascial and muscle layers.
These infections may be indicated by the presence of
pus or an abscess, fever with tenderness of the wound,
or a separation of the edges of the incision exposing
the deeper tissues.

3. Organ or space infection, which involves any part of
the anatomy other than the incision that is opened or
manipulated during the surgical procedure; for exam-
ple, joint or peritoneum. These infections may be indi-
cated by the drainage of pus or the formation of an
abscess detected by histopathological or radiological
examination or during re-operation.

Surgeons in participating institutions checked for signs
of SSI every day during the hospital stay and at every out-
patient visit until 30 days after surgery. The diagnosis of
SSI was made by surgeons who knew the allocated arm. To
ensure objectivity, more than one surgeon diagnosed the
SSI, including deep SSI, during the hospital stay, according
to a protocol. Surgeons checked the infected wound until
the SSI resolved.

Statistical analysis

The primary objective of this study was to establish
whether the intra-abdominal use of absorbable sutures
reduced the incidence of SSI as compared with the use of
silk sutures, to justify the planning of a large-scale phase
IIT trial.

The study sample size was calculated as follows: For
gastrectomy and colorectal resection, the expected rate of
SSI was 20% with silk sutures and 10% with absorbable
sutures, as observed in a previous surveillance by one of
the participating hospitals [25]. The same expected rates
of SSI were used for hepatectomy [26, 27]. With one-sided
alpha=0.1, the study was expected to have 81% power
to detect a relative risk reduction of 10% if 270 patients
were included. For hepatectomy, the expected rates of SSI
were 20% for the silk suture group and 7% for the absorb-
able suture group. With one-sided alpha=0.1, the study
was expected to have 81% power to detect a relative risk
reduction of 10% if 320 patients were included. For PD, the
expected rates of SSI were 20% for the silk suture group
and 10% for the absorbable suture group [28]. With one-
sided alpha=0.1, the study was expected to have 76%
power to detect a relative risk reduction of 10% if 240
patients were included; however, 10-20% of patients under-
going PD were ineligible because no sutures were placed
in the abdominal cavity, so it was estimated that 290 PD
patients would be needed.

Cases who start

ITT FAS PPS

protocol
Gastrectomy (0) | Absorbable; 135 134 (1) 134 (0) 132 (2)
(n=271) Silk 136 132 (4) 132 (0) 130 (2)

Colorectal

surgery (1) | Absorbable; 135 134 (1) 134 (0) | | 132(2)
(n=271) Silk 135 132 (4) 132 (0) | ] 130 (2)
Hepatectomy | (1) |Absorbable;168 164 (4) 163 (1) | | 140(23)
(n=337) Silk 168 164 (4) 164 (0) | "] 147(17)
PD (1) | Absorbable;148 145 (0) 145 (0) | |129(16)
(n=295) silk 146 145 (0) 145 (0) | "[114(32)

Fig. 1 Flow diagram of patient inclusion. PD pancreaticoduodenec-
tomy, /7T intention-to-treat analysis, FAS full analysis set analysis,
PPS per-protocol set analysis. The number of excluded cases are
mentioned within parenteses

The full analysis set (FAS) was used for primary
efficacy analysis. The FAS included data from all ran-
domized subjects who underwent at least one of the
included surgical procedures. The incidence of SSI was
compared between groups using Fisher’s exact test. This
study investigated whether the incidence of SSI was sig-
nificantly lower in the absorbable suture group than in the
silk suture group. The null hypothesis was that the inci-
dence of SSI in the absorbable suture group was equal
to or higher than the incidence of SSI in the silk suture
group. The alternative hypothesis was that the incidence
of SSI was 10% or more lower in the absorbable suture
group than in the silk suture group. Because the signifi-
cance was not a major concern if absorbable sutures did
not reduce the incidence of SSI, a one-tailed test with a
significance level of 0.10 was used. Statistical analysis
was performed using SAS ver 9.2 (SAS Institute Inc.).

Role of the funding source

This work was supported by a grant from the Japan
Surgical Society Clinical Investigation Project Award
and a Health Labour Science Research Grant (Rinsho-
Ippan-006). The sponsor of the study had no role in the
study design, data collection, data analysis, data inter-
pretation, or writing of the report. The corresponding
author had full access to all the data in the study and final
responsibility for the decision to submit for publication.
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Results

Figure 1 shows a flow chart diagram of patient inclusion.
For gastrectomy, no patients were excluded from the inten-
tion-to-treat (ITT) FAS analysis; however, five patients
were excluded because the study could not be started
according to the protocol, and four were excluded from
the per-protocol set (PPS) analysis. For colorectal resec-
tion, one patient was excluded from the ITT analysis, and
four were excluded because the study could not be started
according to the protocol. Two patients were excluded
from the FAS analysis and seven were excluded from the
PPS analysis. For hepatectomy, one patient was excluded
from the ITT analysis, and eight were excluded because the
study could not be started according to the protocol. One
patient was excluded from the FAS analysis and 40 were

excluded from the PPS analysis. For PD, one patient was
excluded from the ITT analysis, and four were excluded
because the study could not be started according to the pro-
tocol. No patients were excluded from the FAS analysis and
47 were excluded from the PPS analysis.

Background characteristics of the patients

1. Gastrectomy: A total of 266 patients were enrolled
(absorbable suture group, n=134; silk suture group,
n=132). There were no significant differences in peri-
operative factors or the number of intra-abdominal ties
between the absorbable suture and silk suture groups
(Table 1 and Supplementary Table 1A).

2. Colorectal resection: A total of 264 patients were
enrolled (absorbable suture group, n=131; silk suture

Table 1 Common clinical background characteristics of patients in the absorbable suture versus silk suture groups who underwent gastrectomy,

colorectal surgery, hepatectomy, or pancreatico-duodenectomy

Factors Gastrectomy Colorectal surgery Hepatectomy PD
Absorbable Silk (n=132) Absorbable Silk (n=133) Absorbable Silk (n=164) Absorbable Silk (n=145)
(n=134) (n=131) (n=163) (n=145)
Age (years) 66+ 10 65+9 65+11 65+10 63+13 61+14 67+9 66+9
Sex (males/ 91:43 86:46 77/54 84/49 112/51 126/38 88/57 92/53
female)
ASA physiological status
(Class 97/35/2/0/0 89/40/3/0/0  75/53/3/0/0 70/63/0/0/0  113/46/4/0/0  74/63/8/0/0  72/66/7/0/0
1/2/3/415) 96/63/5/0/0
DM (no/yes) 119/15 117/15 110/21 114/19 121/42 122/42 107/38 106/39
BMI (kg/m?)  22.6+3.5 22.5+3.1 22.6+3.3 23.0+3.8 22.7+39 229+3.4 22.3+3.4 21.8+3.2
Smoking status
(Class 1/2/3/4) 44/24/8/0 33/19/6/0 88/24/12/7 80/21/21/11  82/57/16/8 96/63/5/0 78/50/10/7 77/54/10/4
Albumin (g/dl) 4.2+0.4 42+04 4.1+0.4 4.0+04 4.1+0.8 4.1+0.4 3.9+0.6 39+0.5
Hair removal  112/22 113/26 68/63 71/62 78/85 74/90 96/49 83/62
(nolyes)
Blood loss (g) 369 +359 305+328 210+467 212+359 656 +598 550+ 663* 861+679 931+1251
Operation time 238 +94 235+67 236+93 236+79 348 +135 328 +137 471+151 483 +176
(min.)
Vessel sealing  70/64 59/73 41/90 50/83 95/68 107/57 32/113 31/114
system
Ultrasonic dissector (no/yes)
Number of 70/64 76/56 121/ 10 119/ 14 92/71 94/70 35/110 39/106
drainage tube
(One>/twox)
Number of 35+26 32+23 20+18 22+21 71+£57 79+86 10272 119+83
intra-abdom-
inal sutures
Periods of 7+6 6+6 7+6 7+6 T+8 T+7 18+21 15+20
drainage tube
replacement
(days)

Data are expressed as the mean +SD or number (%). ASA = American Society of Anesthesiologists. Smoking status: class 1: never, class 2: no
smoking >30 days, class 3: no smoking <30 days, class 4: smoking on admission. Blood loss in the silk suture group was significantly less than

that in the absorbable suture group (p =0.0250)
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group, n=133). There were no significant differences
in perioperative factors or the number of intra-abdom-
inal ties between the absorbable suture and silk suture
groups (Table 1 and Supplementary Table 1B).

Hepatectomy: A total of 327 patients were enrolled

combined resection, blood loss >250.5 g, and >30.5
absorbable sutures (Table 2; Fig. 2). The incidence
of SSI was 14.2% in the absorbable suture group and
8.3% in the silk suture group, without a significant dif-
ference between the groups.

(absorbable suture group, n=163; silk suture group, 2. Colorectal resection: SSI developed in 41 of the 264
n=164). The blood loss was significantly greater in the patients (15.4%). The incidence of SSI was signifi-
silk suture group than in the absorbable suture group. cantly higher after rectal resection than after colonic
There was no significant difference in the number of resection (p=0.0097), but there were no other signifi-
intra-abdominal ties between the two groups (Table 1 cant risk factors for SSI (Table 3). The incidence of SSI
and Supplementary Table 1C). was 17-6% in the absorbable suture group and 13.5% in
PD: A total of 290 patients were enrolled (absorbable the silk suture group, without a significant difference
suture material, n=145; silk suture group, n=145). between the groups (Fig. 2).
There were no significant differences in perioperative 3. Hepatectomy: SSI occurred in 37 of the 327 patients
factors or the number of intra-abdominal ties between (11.3%). SSI was significantly associated with blood
the absorbable suture and silk suture groups (Table 1 loss >435 g and an operation time >320 min, but not
and Supplementary Table 1D). with the intra-abdominal use of silk sutures (Table 4).
The incidence of SSI was 12.9% in the absorbable
suture group and 9.8% in the silk suture group. The
incidence of SSI was higher in the absorbable suture
Primary efficacy endpoint group than in the silk suture group, without a signifi-
cant difference between the groups (Fig. 2).
Gastrectomy: SSI developed in 30 of the 266 patients 4. PD: SSI occurred in 107 of the 290 patients (36.9%).
(11.2%). The significant risk factors for SSI were The significant risk factors for SSI were BMI >21.8 kg/
BMI >22.45 kg/m?, open surgery, total gastrectomy, m?, placement of more than two drainage tubes, and
T?hle 2 Relationships petween Factors Subgroup Number SSI number SSI inci- p values
c.hm‘cal fa'ctors and s.urglcal dence (%)
site infection for patients who
underwent gastrectomy Age (years) 65> 113 9 8.0 0.1716
65< 153 21 13.7
BMI (kg/m?) 22.45< 133 7 5.3 0.0031
22.45> 133 23 17.3
Laparo-assisted No 214 29 13.6 0.0138
Yes 52 1 1.9
Drainage tube 0-1 146 10 6.9 0.0187
2< 120 20 16.7
Operation Partial 190 15 7.9 0.0087
Total 75 15 20.0
Lymph node dissection DO,1 106 7 6.6 0.0797
D2, >D2 49 49 14.4
Combined resection No 217 18 8.3 0.0042
Yes 49 12 24.5
Blood loss (g) 250.5> 133 8 6.0 0.0107
250.5< 133 22 16.5
Operative time (min) 225.5> 133 10 6.0 0.0797
225.5< 133 20 15.0
Number of absorbable sutures 30.5> 67 4 6.0 0.0117
30.5< 67 15 22.4
Number of silk sutures 28.5> 66 6.1 0.5308
28.5< 66 7 10.6

SS1 surgical site infection
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Fig. 2 Incidence of SSI for

each type of surgery

Table 3 Relationships

between clinical factors and
SSI in patients who underwent

colorectal resection
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Absorbable Silk

Absorbable Silk

Absorbable Silk

Absorbable Silk

suture suture suture suture suture suture suture suture
group group  group group group group  group group
Gastrectomy Colorectal Hepatectomy PD
(266 cases) (ZZZ'EZQZS> (327 cases) (290 cases)
Risk factor Subgroups Number SSI number SSIinci- p values
dence (%)
Age (years) 67> 125 18 14.4 0.7341
67< 139 23 16.5
BMI (kg/m?) 22.65> 132 21 15.9 1.0000
22.65< 132 20 15.2
Laparo-assisted Open 146 24 16.4 0.7355
Yes 118 17 14.4
Number of drainage tube 0-1 240 35 14.6 0.2312
2< 24 6 25.0
Operative procedures Colon 178 20 11.2 0.0097
Rectum 83 20 24.1
Lymph nodes dissection DO0,1,2 104 13 12.5 0.3012
D3, >D3 160 28 17.5
Combined resection No 242 37 15.3 0.7579
Yes 22 4 18.2
Blood loss (g) 88.5> 132 17 12.9 0.3079
88.5< 132 24 18.2
Operation time (min) 228> 132 22 16.7 0.7343
228< 132 19 14.4
Number of absorbable sutures 10> 65 11 16.9 1.0000
10< 66 12 18.2
Number of silk sutures 10.5> 66 12 18.2 0.1358
10.5< 67 6 10.6
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Table 4 Relgtionship S Factors Subgroups Numbers SSI numbers SSI inci- p values
betV\{een c.hmcal factors and dence (%)
SSI in patients who underwent
hepatectomy Age (years) 65> 161 13 8.1 0.0812
65< 166 24 14.5
BMI (kg/m?) 22.8> 163 17 10.4 0.7275
22.8< 164 20 12.2
Laparo-assisted Open 316 37 11.7 0.6205
No 11 0 0
Number of drainage tube 0-1 186 16 8.6 0.0807
2< 141 21 14.9
Operative procedures Segment> 241 28 11.6 0.8387
Bisegment< 79 8 10.1
Combined resection No 15 0 12.7 0.4892
Yes 177 18 10.2
Blood loss (g) 435> 162 10 6.2 0.0047
435< 165 27 16.4
Operation time (min) 320> 162 10 6.2 0.0047
320< 165 27 16.4
Number of absorbable sutures 34> 81 11 13.6 0.8193
34< 82 10 12.2
Number of silk sutures 36.75> 82 7 8.5 0.7933
36.75< 82 9 11.0
Table 5 R.el?tionships Factors Subgroups Number SSI number SSIinci- p values
betvx{een c.hmcal factors and dence (%)
SSI in patients who underwent
pancreaticoduodenectomy Age (years) 68> 138 47 34.1 0.3839
68< 152 60 39.5
BMI (kg/m?) 21.8> 143 41 28.7 0.0051
21.8< 147 66 44.9
Laparo-assisted Open 285 107 37.5 0.1617
Yes 5 0 0
Number of drainage tube 0-1 74 18 24.3 0.0117
2< 216 89 41.2
Combined resection No 52 20 38.5 0.8742
Yes 238 87 36.6
Blood loss (g) 615> 145 42 29.0 0.0073
615< 145 65 44.8
Operation time (min) 470> 145 52 35.9 0.8078
470< 145 55 37.9
Number of absorbable sutures 67> 71 32 45.1 0.4030
67< 74 28 37.8
Number of silk sutures 75> 71 24 33.8 0.8593
75< 74 23 31.1
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blood loss >615 g (Table 5). The incidence of SSI was
41.4% in the absorbable suture group and 32.4% in
the silk suture group, without a significant difference
between the groups (Fig. 2).

Secondary efficacy endpoints

In the patients who underwent gastrectomy, colorectal
resection, or PD, the incidence of organ/space SSI was
higher in the absorbable than in the silk suture group,
although the difference was not significant (Fig. 3). The
rates of bile leakage [29] after hepatectomy and pancre-
atic fistula [30] after PD in the absorbable and silk suture
groups did not differ significantly (Fig. 4). The mean time
to resolution of the SSI and the mean length of hospital
stay for any of the surgical procedures did not differ signifi-
cantly between the two suture groups (Table 6).

Discussion

This was a multicenter, randomized, phase II trial, with
the primary efficacy endpoint of the incidence of SSI.
The main goal of this study was to prove the hypothesis
that the intra-abdominal use of absorbable sutures would
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significantly reduce the incidence of SSI compared with
using silk sutures. To prove such a hypothesis, a large-scale
phase III trial is usually necessary. However, as there are no
prospective data for evaluating this hypothesis, a pilot study
is necessary to estimate the difference in the incidence of
SSI with use of absorbable vs. silk sutures. When the effect
size has been established, a large-scale phase III trial can
be conducted. This study evaluated the effect size in a mul-
ticenter, randomized, clinical trial, using silk sutures for the
control group. This study was conducted in Japanese first-
tier hospitals and the incidence of SSI was revealed to be
11.3%, 15.5%, 11.3%, and 36.9% after gastrectomy, colo-
rectal resection, hepatectomy, and PD, respectively. These
incidences are acceptable when compared with those of
previous reports [2, 3].

According to SSI surveillance data for Japan in 2004,
non-absorbable sutures were used for seromuscular closure
and silk was commonly used for intra-abdominal sutures
[25]. This may be because silk sutures are cheaper than
absorbable sutures in Japan, and because silk sutures are
technically easier for surgeons to tie and ligate vessels with
than absorbable sutures. Retrospective SSI surveillance
data from 27 Japanese hospitals showed that the intra-
abdominal use of absorbable sutures rather than silk sutures
significantly reduced the incidence of SSI after colorectal
surgery, with incidences of SSI of 13.9 vs. 22.4%, respec-
tively (p=0.03). Togo and colleagues [27] reported that
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Fig. 3 The incidence of superficial, deep and organ/space SSI after surgery
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Fig. 4 Left The incidence of bile leakage after hepatectomy in the absorbable and silk suture group is shown. Right The incidence of pancreatic

fistula after PD between the two groups is shown

Table 6 The secondary
endpoints: days to resolution of
SSI and the length of hospital

stay were compared between
silk and absorbable suture
groups in ITT analysis

Silk suture group Absorbable suture p values
group
Gastrectomy (n=12) (n=19)
Days to resolution of SSI 222+16.8 17.2+10.0 0.3107
The length of hospital stay (days) 24.8+13.3 24.6+11.7 0.9649
Colorectal surgery (n=18) (n=23)
Days to resolution of SSI 17.1+8.1 17.1+10.5 0.9949
The length of hospital stay (days) 25.1+11.2 24.4+10.2 0.8543
Hepatectomy (n=16) (n=23)
Days to resolution of SSI 22.1+20.3 25.1+21.0 0.6517
The length of hospital stay (days) 254+15.8 31.2+19.0 0.3197
PD (n=47) (n=23)
Days to resolution of SSI 30.6+36.2 27.9+19.5 0.6183
The length of hospital stay (days) 41.0+£44.2 41.0+44.2 0.8856

There were no statistically significant differences between two groups in gastrectomy, colorectal surgery,

hepatectomy and PD

the intra-abdominal use of absorbable sutures significantly
reduced the incidence of SSI after hepatectomy. However,
because these findings were based on retrospective data
rather than randomized prospective data, there is still no
consensus regarding the optimal suture materials to use.
Based on these previous retrospective studies, we calcu-
lated the number of patients needed for the present study.
The number had to be large enough to allow us to examine

our hypothesis. The primary efficacy endpoint was selected
as SSI, including superficial, deep incisional, and organ
or space SSI. Theoretically, the intra-abdominal use of
absorbable suture may reduce organ or space SSI. Never-
theless, previous studies have found that the intra-abdomi-
nal use of absorbable suture reduced the incidence of total
SSI, including superficial, deep incisional, and organ or
space SSI. Thus, the total SSI was selected as the primary
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efficacy endpoint in this study. In this kind of exploratory
study, the effects of absorbable sutures on organ or space
SSI would be examined after the stratification of whole
data.

Although the incidence of SSI tended to be higher in the
absorbable suture group for all types of surgery, the differ-
ences were not significant. For gastrectomy, the incidence
of SSI was significantly higher in the subgroup with a
larger number of absorbable sutures than the subgroup with
a smaller number of absorbable sutures. For hepatectomy,
the incidence of bile leakage and organ/space SSI tended
to be higher in the absorbable suture group than in the silk
suture group. These data suggest that the use of absorba-
ble sutures may be related to the occurrence of SSI, which
may be because ties using absorbable sutures are more
technically challenging and the knots may slip more eas-
ily. However, these results are unlikely to be attributed to
the surgeons’ skill, because this study was conducted in 19
Japanese first-tier hospitals, all of which have an accept-
able incidence of SSI. The greater blood loss in the absorb-
able suture group may reflect such technical difficulties. To
compare the effects of the suture material itself, some train-
ing on the tying of absorbable sutures may be necessary to
lower the incidence of SSI following their use. However,
the results after special training cannot be applied to the
general clinical setting and, clearly, the aim of this study
is to clarify the benefit and effectiveness of absorbable
sutures for preventing SSI in the general clinical setting.
Therefore, the results of the present study, without training,
might be acceptable. Another possibility is that the body’s
response to absorbable suture materials may contribute to
the incidence of SSI. The reasons for these findings remain
unclear.

Examining all the patients as one group, the incidence of
SSI was 16.1% (93 of 577 patients) in the silk suture group
and 21.4% (123 of 575 patients) in the absorbable suture
group. This difference was significant (p=0.0235); how-
ever, the aim of this study was to clarify whether the use of
intra-abdominal use of absorbable rather than silk sutures
would reduce the incidence of SSI after gastrointestinal
surgery. Furthermore, an independent randomized prospec-
tive study was designed for each of the fields examined,
namely gastrectomy, colorectal surgery, hepatectomy, and
PD. Therefore, to provide the beneficial effects of using silk
sutures to reduce the incidence of SSI, another prospective
study would be necessary.

The weakness of this study might be that more than 10%
of the patients were excluded from the PPS analysis of
hepatectomy and PD, although most of these patients had
only a few sutures applied, sometimes using other materi-
als. Nevertheless, the results were statistically the same,
even after ITT, FAS, and PPS analysis.

@ Springer

In conclusion, the results of this study show that the
intra-abdominal use of absorbable sutures did not reduce
the incidence of SSI after gastrointestinal surgery. The
statistical null hypothesis that “the incidence of SSI in the
absorbable suture group was equal to that in silk group (or
the incidence in the absorbable group was higher than that
in the silk group)” was not denied but the intra-abdominal
use of absorbable sutures did not have a sufficient effects on
the reduction of SSI to justify the planning of a large-scale
phase III trial.
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