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Abstract

Aim: Surgical site infection (SSI) is one of the most common postoperative complica-
tions in gastrointestinal surgery. To clarify the superiority of 1.5% olanexidine, we
conducted a randomized prospective clinical trial that enrolled patients undergoing
gastrointestinal surgery with operative wound classes II-1V.

Methods: To evaluate the efficacy of 1.5% olanexidine in preventing SSls relative to
10% povidone-iodine, we enrolled 298 patients in each group. The primary outcome
was a 30-day SSI, and the secondary outcomes were incidences of superficial and deep
incisional SSI and organ/space SSI. In addition, subgroup analyses were performed.
Results: The primary outcome of the overall 30-day SSI occurred in 38 cases (12.8%)
in the 1.5% olanexidine group and in 53 cases (18.0%) in the 10% povidone-iodine
group (adjusted risk ratio: 0.716, 95% confidence interval: 0.495-1.057, p=0.083).
Organ/space SSI occurred in 18 cases (6.1%) in the 1.5% olanexidine group and in
31 cases (10.5%) in the 10% povidone-iodine group, with a significant difference (ad-
justed risk ratio: 0.587, 95% confidence interval: 0.336-0.992, p=0.049). Subgroup
analyses revealed that SSl incidences were comparable in scheduled surgery (relative
risk: 0.809, 95% confidence interval: 0.522-1.254) and operative wound class Il (rela-
tive risk: 0.756, 95% confidence interval: 0.494-1.449) in 1.5% olanexidine group.
Conclusion: Our study revealed that 1.5% olanexidine reduced the 30-day overall SSI;
however, the result was not significant. Organ/space SSI significantly decreased in the
1.5% olanexidine group. Our results indicate that 1.5% olanexidine has the potential

to prevent SSI on behalf of povidone-iodine.
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1 | INTRODUCTION

In gastrointestinal surgery, surgical site infection (SSI) is one of
the most common postoperative complications.l’3 In general, SSI
prolongs hospitalization and increases medical costs for wound
care, antibiotics, and interventions. The 2021 annual report of
Japan Nosocomial Infections Surveillance (JANIS) showed that
SSI incidence rates after upper gastrointestinal, colorectal, and
hepatobiliary-pancreatic surgeries were 6.0%-16.7%, 8.5%-10.4%,
and 6.3%-22.7%, respectively.* Multiple management protocols
have been implemented to prevent SSI; among these, appropriate
prophylactic antibiotics and preoperative skin antiseptics are the
most important to minimize the risk of $51.13

In current clinical practice across the world, povidone-iodine
and chlorhexidine are widely used as preoperative antiseptics.
Furthermore, povidone-iodine has been popularly used in daily clin-
ical practice for more than 50years. In contrast, some clinical trials
have demonstrated that the application of chlorhexidine to patients
before clean or clean-contaminated surgery is associated with lower
SSlincidence relative to patients with povidone-iodine antisepsis.>¢
Based on this evidence, chlorhexidine is the most widely used an-
tiseptic in the United States and Europe. However, the quality of
these studies is not sufficient to provide a strong recommendation
for the choice of preoperative antiseptics.

Recently, 1.5% olanexidine (Olanedine; Otsuka Pharmatceutical
Factory, Tokushima, Japan) has been commercially available as a
preoperative antiseptic in Japan. In addition, some prospective
and retrospective comparative studies have been conducted on
gastrointestinal surgery.”** However, the indications of all stud-
ies are limited to clean-contaminated (operative wound class Il)
gastrointestinal surgery. To clarify the true superiority of 1.5%
olanexidine, we conducted a randomized prospective clinical trial
to enroll patients undergoing gastrointestinal surgery with op-
erative wound classes II-1V, including emergency surgery. Using
the abovementioned clinical trials, the present study assessed the
SSl-preventing effects of 1.5% olanexidine compared with 10%

povidone-iodine.

2 | METHODS

2.1 | Study design

We conducted a single-center, prospective, randomized, open-
endpoint trial to evaluate the efficacy of 1.5% olanexidine in
preventing SSIs compared with the 10% povidone-iodine group
in gastrointestinal surgery. This clinical trial was approved by
the institutional ethics committee of Morioka Municipal Hospital
(H30-1), here in accordance with the Declaration of Helsinki and
the National Clinical Trials Registry (UMINOO0033830) before
patient recruitment. As a prospective randomized controlled trial,
the study strategy was constructed following the CONSORT 2010

statement.!?

2.2 | Eligibility criteria
Eligible participants were aged 20years or above and underwent
either classes I1-1V scheduled or emergency gastrointestinal, hepa-
tobiliary, or pancreatic surgery. In the present study, surgical pro-
cedures with intestinal resections were defined as eligible surgical
procedures; therefore, cholecystectomy, splenectomy, and hepa-
tectomy without intestinal resections were excluded. In contrast,
appendectomy, perforated peritonitis, and other emergency surgical
procedures with intestinal resection were also included as class Il or
IV surgeries. All patients provided written informed consent before
randomization.

Exclusion criteria were as follows: (1) allergy to olanexidine glu-
conate or povidone-iodine, (2) antimicrobial therapy the day before
surgery, and (3) patients who were deemed by surgeons to be inap-

propriate for participation.

2.3 | Randomization and sample size setting

We employed three adjustment factors for randomization: age,
gender, and type of surgery. Both olanexidine and povidone-iodine
were recognized by color after antisepsis; therefore, blinding was
not employed.

Regarding the sample size, an enrollment ratio was set at 1:1,
and 298 patients for each group were required to follow the back-
grounds and calculations. The average SSl incidence rate for gastro-
intestinal surgery was 3.7%-22.7% (average 10.9%), according to the
2021 SSI open report of JANIS.* Previous reports revealed that the
SSl incidence of contaminated and infected abdominal surgery was
about 15%-20%%1% hence, the SSI incidence rate for povidone-
iodine was set as 18% by including contaminated and infected sur-
geries. We assumed that olanexidine can reduce the SSI incidence

rate to 10%, with a power of 80% and an alpha error of 5%.

2.4 | Study protocol

A preoperative culture of the umbilicus was routinely performed
after final preoperative bathing. Culture sampling was performed
after bed bathing the patients who required an emergency opera-
tion. Following the induction of general anesthesia, hair removal was
performed using a clipper, if necessary. Surgical skin antisepsis with
1.5% olanexidine or 10% povidone-iodine was then administered to
cover the entire surgical site. In the present study, the entire surgical
site was defined as the area from the level of the papilla to the upper
thighs. Antiseptics were allowed to dry for 3min, and we then began
to perform the surgery.

We used other procedures to prevent SSI along with bundles
as follows: (1) Antibiotic prophylaxis was administered within
60min before incision via intravenous dripping. A repeated dose
of antibiotic prophylaxis was administered 3h after starting the
surgery. We used cefazoline for upper gastrointestinal surgery,
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cefmetazole for colorectal surgery, and a combination of cefoper-
azone and sulbactam for hepatobiliary and pancreatic surgery. (2)
We routinely employed the double gloves technique and changed
gloves before closure. (3) We routinely used plastic double-ring
wound protectors in both open surgery and small incisions for lap-
aroscopic procedures. (4) We used new surgical suturing instru-
ments for wound closure. (5) Triclosan antibacterial monofilament
sutures were employed for wound closure. (6) Intraoperative nor-
mothermia was maintained by continuously monitoring body tem-
perature and warming devices.

After abdominal wall closure, we checked the intraoperative cul-
ture of the wound to evaluate the causative bacteria of the SSls.
Wound irrigation was performed with 500mL of sterilized normal
saline before skin closure, and skin closure was routinely performed
using absorbable monofilament buried sutures for laparoscopic sur-

gery and a barbed suture device for open surgery.

2.5 | Evaluation of SSI
Regarding usual wound checking, responsible surgeons examined
the presence or absence of SSI daily during the hospital stay and at
every outpatient visit until 30days after surgery. The wound condi-
tion was diagnosed as superficial SSI when it satisfied all the fol-
lowing criteria: (1) infection must be confirmed within 30days after
surgery; (2) the extent of the infection is limited within the skin and
subcutaneous tissue; and (3) organisms were isolated from an asepti-
cally obtained culture of fluid or tissue from the superficial incision,
and purulent discharge (with or without laboratory confirmation),
signs of infection (pain, tenderness, localized swelling, redness, and
heat), and a superficial incision, which was deliberately opened by
the surgeon unless the incision was culture-negative, were observed.
In contrast, organ/space SSI was also diagnosed by the following
criteria: (1) infection should be confirmed within 30days after sur-
gery, (2) organisms were isolated from an aseptically obtained cul-
ture of fluid or tissue from the organ/space infection site, and (3) the
infection site, including the abscess cavity, must be detected in the
operative area by multimodal diagnostic tools. When organ/space
SSI and other wound complications were found in the same patient,
we counted as organ/space SSI; therefore, duplicated count of every
SSlincidence was strictly avoided.

2.6 | Outcome and data collection

The primary outcome was a 30-day SSI after surgery, here following
the Centers of Disease Control and Prevention guidelines.’ In the
present study, incidences of superficial and deep incisional SSI and
organ/space SSI| were also analyzed as secondary outcomes.

We preoperatively collected the following laboratory data: serum
albumin and white blood cell (WBC), a fraction of neutrophil, lympho-
cyte, and platelet counts. In addition, patient background, body mass
index (BMI), prevalence of diabetes, smoking habit, physical status
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approved by the American Society of Anesthesiologists (ASA-PS),*
timing of surgery (scheduled or emergent), types of surgery (upper
gastrointestinal, lower gastrointestinal, hepatobiliary-pancreatic,
and overlapping), types of approach (open or laparoscopy), risk index
(0-3) approved by JANIS,* and operative wound class (1, Ill, and V)
were collected. Operative parameters, operating time, amount of
blood loss, administration of intraoperative blood transfusion, and
duration of hospital stay were also measured.

We performed wound cultures in all enrolled cases for a max-
imum of three times: umbilical skin culture before surgery, wound
culture before skin closure during surgery, and SSI diagnosis.

2.7 | Statistical analysis

All data are presented as numbers for categorical variables and as
means+SD for continuous variables. Statistical analysis was per-
formed using chi-square tests for categorical variables and Student's
t-tests or Mann-Whitney U tests for continuous variables. We used
paired t-tests and Wilcoxon tests for continuous variables to enable
a comparison of all parameters between pre- and postoperative
measures.

The primary outcome was analyzed with Fisher's exact test, and
the Mantel-Haenszel test was also employed to adjust for the types
of surgery. We also performed subgroup analyses using stratified
Mantel-Haenszel tests to investigate the risk factors of SSI inci-
dence. The stratified parameters for subgroup analyses were as
follows: gender (male vs. female), BMI (<25kg/m? vs. =25kg/m?),
age (younger than 5years vs. 65years or older), types of surgery
(upper gastrointestinal, lower gastrointestinal, and hepatobiliary-
pancreatic), risk index (0, 1, and 2), types of approach (open vs. lap-
aroscopy), the timing of surgery (scheduled surgery vs. emergency
surgery), intraoperative blood loss (<100 mL vs. 2100mL), operative
wound class (Il vs. Il and V), ASA-PS (1 and 2 vs. 3 and 4), preop-
erative serum albumin level (<3.0g/dL vs. 23.0g/dL), prevalence of
diabetes (yes vs. no), smoking habit (yes vs. no), and administration
of intraoperative blood transfusion (yes vs. no).

All p values less than 0.05 using two-sided analyses were consid-
ered significant. All statistical analyses were performed using JMP

statistical software version 15 (SAS Institute).

3 | RESULTS

3.1 | Patient flowchart and characteristics

Between July 1, 2018, and December 31, 2020, we enrolled 596 pa-
tients at Morioka Municipal Hospital, and 298 patients were assigned
to the 1.5% olanexidine group and 298 to the 10% povidone-iodine
group. The patient flowchart of this study is shown in Figure 1. We
excluded patients who did not meet the inclusion criteria; patients
with an ASA-PS of 5 or a history of iodine allergy before enroliment
were also excluded. Therefore, 298 patients in each group were
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(Gastrointestinal surgery with intestinal resections)
From July 1, 2018 to December 31, 2020, n =596

Operative wound class II-IV surgeries at Morioka Municipal Hospital

FIGURE 1 Patients flowchart of this
study.

Informed consent for enrollment of this study

Enrolled patients, n =596

Adjustment factors for randomization:
age, gender, type of surgery

1.5 % olanexidine group, n =298 I

| 10 % povidone-iodine group, n =298

included in the full-analysis set. We then used an intention-to-treat
analysis.

Table 1 shows the patient characteristics and operative out-
comes of each group. No significant differences were observed in
the adjusting factors, prevalence of diabetes, serum albumin, neu-
trophil count, lymphocyte count, platelet count, or ASA-PS. By con-
trast, significant differences were observed in WBC (7162.6 WBC/
uL vs. 7898.8 WBC/uL, p=0.025), operative wound class (p=0.048),
operating time (p=0.026), and timing of emergency surgery (12.4%
vs. 24.8%).

3.2 | Primary and secondary outcomes

The incidences of SSIs in each group and the statistical results
are shown in Table 2. The primary outcome of the overall 30-day
SSI assessed in the full-analysis set occurred in 38 cases (12.8%)
in the 1.5% olanexidine group and in 53 cases (18.0%) in the 10%
povidone-iodine group (odds ratio: 0.676, 95% confidence interval:
0.431-1.059, adjusted risk ratio: 0.716, 95% confidence interval:
0.495-1.057, p=0.083).

No significant difference was found in the incidence of superfi-
cial incisional SSI (6.7% vs. 7.5%, odds ratio: 0.857, 95% confidence
interval: 0.460-1.596, adjusted risk ratio: 0.925, 95% confidence
interval: 0.643-1.228, p=0.630). In the present study, deep inci-
sional SSI was not found in either group. Organ/space SSI occurred
in 18 cases (6.1%) in the 1.5% olanexidine group and in 31 cases
(10.5%) in the 10% povidone-iodine group, here showing a signifi-
cant difference in organ/space SSl incidence (odds ratio: 1.813, 95%
confidence interval: 1.015-3.324, adjusted risk ratio: 0.587, 95%
confidence interval: 0.336-0.992, p=0.049).

3.3 | Subgroup analyses

The results of the subgroup analyses are shown in Figure 2. We
analyzed whether SSI incidence was associated with both the type
of antisepsis and other background characteristics. The overall SSI
rate was low in the 1.5% olanexidine group. The incidence of SSI
was significantly low in patients who underwent open surgery in
the 1.5% olanexidine group (13.0% vs. 45.6%, relative risk: 0.327,

95% confidence interval: 0.155-0.649). Higher intraoperative blood
loss (26.4% vs. 45.0%, relative risk: 0.587, 95% confidence interval:
0.334-0.977), lower serum albumin levels (11.9% vs. 29.4%, relative
risk: 0.405, 95% confidence interval: 0.160-0.966) and the preva-
lence of diabetes (12.5% vs. 30.8%, relative risk: 0.431, 95% confi-
dence interval: 0.269-0.862) were also associated with higher SSI
incidence in the 10% povidone-iodine group. The incidence of SSI
in patients who underwent scheduled surgery was comparable in
1.5% olanexidine group (12.6% vs. 15.2%, relative risk: 0.809, 95%
confidence interval: 0.522-1.254). Furthermore, overall SSI rate was
comparable in patients with operative wound class Il in 1.5% olanex-
idine group (11.8% vs. 15.6%, relative risk: 0.756, 95% confidence
interval: 0.494-1.449).

3.4 | Comparison between SSl-causing
bacteria and preoperative wound cultures

A positive bacterial culture of SSI was observed in 20 patients
(52.6%) in the 1.5% olanexidine group and in 19 patients (39.6%)
in the 10% povidone-iodine group. Table 3 shows the concordance
rate between SSl-causing organisms and preoperative or wound cul-
tures in the 1.5% olanedexidine group. Preoperative umbilical cul-
ture revealed that most cultured bacteria were coagulase-negative
Staphylococcus sp., Corynebacterium sp., and Micrococcus sp.
However, some bacteria in the gut microbiota, such as Enterobacter
aerogenes, Enterococcus faecalis, Escherichia coli, Pseudomonas aerugi-
nosa, and Serratia marcescens, were found. A positive wound culture
just before skin closure was observed in 22 patients (57.9%) in the
1.5% olanexidine group. The breakdown of the cultured bacteria was
as follows: p-Streptococcus sp. in two patients, coagulase negative
Staphylococcus sp. in seven patients, Enterococcus faecalis in three
patients, Enterococcus sp. in three patients, Enterobacter cloacae in
two patients, Pseudomonas aeruginosa in two patients, and other
bacteria in one to two patients. Regarding SSlI-causing bacteria,
Enterococcus faecalis and Enterococcus sp. were the dominant bacte-
ria. Furthermore, 80.0% of these bacteria continued to infect after
surgery. Enterobacter cloacae, methicillin-resistant Staphylococcus
aureus, and Pseudomonas aeruginosa were detected as persistent
infection-type bacteria, despite using 1.5% olanexidine. Table 4
also shows the concordance rate between SSl-causing organisms
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TABLE 1 Baseline characteristics and operative outcomes.

All patients (n=596) Olanexidine (n=298)

Povidone-iodine (n=298) p Value

Age, years 69.3+15.9 69.1+15.0 69.5+16.8 0.740
Gender
Male, n (%) 323(54.2) 167 (56.0) 156 (52.3) 0.366
Female, n (%) 273 (45.8) 131 (44.0) 142 (47.7)
BMI, kg/m? 22.3+4.2 22.3+39 22.4+4.4 0.748
Prevalence of diabetes, n (%) 137 (23.0) 72 (24.2) 65 (21.8) 0.539
Smoking habit
Yes, n (%) 95(15.9) 48 (16.0) 47 (15.8) 0.911
No, n (%) 501 (84.1) 250 (84.0) 251(84.2)
Serum albumin, g/dL 3.8+0.7 3.8+0.7 3.7+0.7 0.526
WBC, /pL 7528.8+3997.8 7162.6+3435.5 7898.8+4470.5 0.025°
Neutrophile count, /uL 5392.2+3836.1 5104.1+3435.5 5669.4+4122.8 0.091
Lymphocyte count, /uL 1550.1+1004.0 1552.1+895.7 1548.2+1099.8 0.965
Platelet count, ><104/pL 26.7+10.9 26.7+10.9 26.6+11.0 0.930
ASA-PS, n (%)
1 110 (18.5) 58 (19.5) 52 (17.4) 0.235
2 269 (45.1) 139 (46.6) 130 (43.6)
3 198(33.2) 96(32.2) 102 (34.3)
4 19 (3.2) 5(1.7) 14 (4.7)
Risk index, n (%)
0 366 (61.4) 189 (63.3) 177 (59.4) 0.413
1 203 (34.1) 98 (33.0) 105 (35.2)
2 27 (4.5) 11(3.7) 16 (5.4)
Timing of surgery, n (%)
Scheduled 485 (81.4) 261 (87.5) 224 (75.2) <0.001°
Emergent 111 (18.6) 37 (12.4) 74 (24.8)
Type of surgery, n (%)
Upper gastrointestinal 87 (14.6) 41 (13.7) 46 (15.4) 0.613
Lower gastrointestinal 438 (73.5) 221 (74.2) 217 (72.8)
Hepatobiliary-pancreatic 59 (9.9) 28 (9.4) 31(10.4)
Overlapping 12 (2.0) 8(2.7) 4 (1.4)
Type of approach, n (%)
Open 111 (18.6) 54(18.1) 57(19.1) 0.281
Laparoscopy 485 (81.4) 244 (81.9) 241 (80.9)
Operative wound class, n (%)
Il 542 (91.0) 280 (94.0) 262 (88.0) 0.048*
1] 24 (3.9) 8(2.7) 16 (5.3)
\Y 30(5.1) 10(3.3) 20 (6.7)
Operating time, min 158.8+80.9 166.2+79.6 151.4+81.7 0.026%
Blood loss, mL 83.8+196.7 77.4+183.0 90.3+209.9 0.427
Intraoperative blood transfusion
Yes, n (%) 36 (6.0) 16 (5.4) 20 (6.7) 0.491
No, n (%) 560 (94.0) 282 (94.6) 278 (93.3)
Postoperative hospital stay, days 10.5+9.9 10.0+9.5 11.0+10.2 0.256

Note: Values are the mean +SD.

Abbreviations: ASA-PS, physical status approved by the American Society of Anesthesiologists; WBC, white cell count.

2Parameters with p <0.05.
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TABLE 2 The results of primary outcome.

30-day SSI, n (%)

Incisional, n (%)

Organ/space, n

(%)

Olanexidine (n=298)
38(12.8)

20 (6.7)

18(6.1)

Abbreviation: SSI; surgical site infection.

Note: Values are the mean +SD.

#Parameters with p <0.05.
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Povidone-iodine
(n=298)

53(18.0)
22(7.5)
31(10.5)

Odds ratio
(95% confident interval)

0.676 (0.431-1.059)
0.857 (0.460-1.596)
0.547 (0.301-0.997)

Adjusted risk ratio

(95% confident interval)
0.716 (0.495-1.057)
0.925 (0.643-1.228)
0.587 (0.336-0.992)

p Value
0.083
0.630
0.049°

n Olanexidin Povidone-iodine Relative risk Interaction
e (n/N) m/N) 95% CI) p value
22/167 33/156 0.623
Male 55 (13.2) @11 f (0.380 — 1.013)
Gender 16 /131 20/142 0.804 0512
——— :
Female 36 (12.2) (14.1) — (0.546 - 1.182)
<5 66 27/228 39/233 | 0.701
(11.8) (16.7) (0.445 - 1.100)
BMI, kg/m? 0.630
>25 25 11/70 14/65 | 0.740
= 15.7) 21.5) f (0.364 — 1.492)
<65 29 11/84 18/95 ‘ | 0.691
3.1 (18.9) f 1 (0.347 - 1.356)
Age, years 27/214 35/203 0.732 0574
o X
=65 62 (12.6) 17.2) —— (0.461 - 1.159)
Upper 7 1/41 6/46 } { 0.183
gastrointestinal 2.4 (13.0) (0.029 - 1.087)
e
Type of surgery* Lower 7 33/229 38/221 0.849 0.542
gastrointestinal (14.4) 17.2) N | (0.550 — 1.308)
1
Hepatobiliary- 13 4/28 9/31 0.492
pancreatic (14.3) (29.0) | + ; (0.171 - 1.335)
0 " 23/189 22/177 0.956
(12.2) (12.4) . | (0.556 — 1.646)
N 12/98 22/105 0.584
Risk index ! 34 (12.2) (21.0) | . | (0.306 — 1.099) 0.724
) 2 3/1 9/16 0.485
27.3) (56.3) (0.164 — 1.224)
7154 26/57 0.327
Open 33 (13.0) (45.6) ) (0.155 - 0.649)
Type of approach + | 0.640
Laparoscopy ss 30/244 28/241 1.054
P Py 12.3) (11.6) (0.652 - 1.704)
Scheduled P 33/261 35/224 0.809
. (12.6) (15.2) (0.522-1.254)
Timing of surgery 437 19774 f + | 0.433 0.902
Emergent 3 (10.8) @5.7) ‘ ‘ (0.159 — 1.088)
247245 26/238 ! N ! 0.889
<100 50 9.8) (10.9) (0.528 — 1.496)
Blood loss, mL —_— 0.629
>100 a 14/53 27/60 0.587
= (26.4) @5.0) (0.334-0.977)
I 74 33/280 41/262 A 0.756
Operative wound (11.8) (15.6) ‘ | (0.494 - 1.154) 0.847
class 5/18 12/36 I ! 0.810 ’
I or IV 17 @78 33.3) (0.327 - 1.811)
<3 % 22/197 24/182 f + { 0.847
(11.2) (13.2) (0.494 — 1.449)
ASA-PS 0.646
>3 s 16/101 29/116 ] 0.628
= > (15.8) (25.0) (0362 - 1.074)
<30 20 5/42 15/51 _ 0.405
Alb. o/dLL : 11.9) (29.4) (0.160 — 0.966) 0.565
"8 530 - 33/256 38/247 —_— 0.838 ’
: (12.9) (15.4) (0.544 - 1.286)
Yes 2 9/72 20/65 [ — 0.431
Prevalence (12.5) (30.8) (0.269 — 0.862) 0542
of diabetes No . 29/226 33/223 [FO—— 0.853 ’
(12.8) (14.8) (0.548 - 1.324)
8/48 12 /47 I | 0.653
I 1
) . Yes 3 16.7) (25.5) (0.294 — 1.421)
Smoldng habit 30/250 41/251 0.735 0657
e :
No 52 (12.0) (16.3) (0.475-1.133)
Yes 2 4/16 8/20 | . | 0.875
Intraoperative (25.0) (40.0) ‘ | (0306-2284) 0.390
blood transfusion No 79 34/282 45/278 - 0.745 ’
(12.1) (16.2) (0.493 - 1.122)
0.0 0.5 1.0 1.5 2.0

FIGURE 2 Subgroup analyses of overall SSI in the full-analysis set. Abbreviation: BMI; body mass index, ASA-PS; physical status approved
by the American Society of Anesthesiologists, Cl, confident interval. *All patients of overlapping surgeries underwent lower gastrointestinal
surgeries; therefore, these patients were stratified in the lower gastrointestinal group in this analyses.
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TABLE 3 Concordance rate between
SSl-causative organisms and preoperative
or wound cultures in 1.5% olanexidine

group.
Negative

Acinetobacter sp.
Bacteroides sp.
pB-Streptococcus sp.
Coagulase negative

Staphylococcus sp.

Corynebacterium sp.

y-Streptococcus. sp.

Enterobacter aerogenes

Enterobacter cloacae

Enterococcus faecalis

Enterococcus sp.

Escherichia coli

Klebsiella oxytoca

Klebsiella pneumoniae

Methicillin-sensitive

Staphylococcus aureus

Methicillin-resistant

Staphylococcus aureus

Micrococcus sp.

Morganella morganii

Peptostreptococcus sp.

Porphyromonas sp.

Proteus mirabilis

Pseudomonas aeruginosa

Serratia marcescens

Yeast-like fungus
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Concordance rate
preoperative/SSl, n

Preoperative Wound Ssli (%) wound/SSl, n (%)

2 16 18

1 0 0

0 0 2

0 2 0

27 7 1 1/1(100.0)
0/0(0.0)

20 0 2 2/2 (100.0)
0/2 (0.0)

0 1

1 1

0 3 0/0 (0.0)
2/2(100.0)

1 S 8 0/0,0.0
2/3, 66.7

0 3 5 0/0(0.0)
2/3(66.7)

2 1 S

0 1 0

0 1 0

1 1 0

1 1 1 0/1 (0.0)
1/1 (100.0)

1 0 0

0 0 1

1 0 0

1 0 0

1 0 0

1 2 4 0/1(0.0)
1/2 (50.0)

1 0 0

1 0 0

Note: Duplicated cultured bacteria in the same patients are counted separately.

Abbreviation: SSI, surgical site infection.

and preoperative or wound cultures in the 10% povidone-iodine
group. Preoperative umbilical culture revealed that some bacteria in
the gut microbiota were similar to those found in the 1.5% olanex-
idine group. A positive wound culture just before skin closure was
observed in 34 cases (58.6%) of the 10% povidone-iodine group.
The culture-positive SSl rate in the 10% povidone-iodine group was
55.2%, and no significant difference was found compared with what
was found that in the 1.5% olanexidine group (47.8%, p=0.291).
Regarding SSl-causing bacteria, Enterococcus faecalis and Escherichia
coli were the dominant bacteria in the gut microbiota. In contrast,
coagulase-negative Staphylococcus sp. and Corynebacterium sp. were
also detected more frequently in the 10% povidone-iodine group

compared with the 1.5% olanexidine group. In the present study,
10% povidone-iodine could not maintain its antiseptic effects dur-
ing surgery because a high concordance rate was observed in some

SSl-causing bacteria.

4 | DISCUSSION

The present randomized controlled trial presents two major re-
sults. First, 1.5% olanexidine reduced the overall SSI incidence rela-
tive to 10% povidone-iodine as a preoperative antisepsis; however,
the result was not significant (p=0.083). Second, 1.5% olanexidine
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Preoperative Wound SSl

Negative 4 24 32
Acinetobacter sp. 1 0 1
Alcaligenes sp. 1 0 0
a-Streptococcus sp. 0 1 0
Bacteroides fragilis 0 0 1
Bacteroides sp. 0 0 1
p-Streptococcus sp. 0 1 0
Citrobacter freundii 0 1 0
Citrobacter koseri 0 1 0
Citrobacter sp. 2 1 0
Clostridium sp. 0 0 0
Coagulase negative 39 5 4
Staphylococcus sp.
Corynebacterium sp. 28 20 4
y-Streptococcus. sp. 0 0 1
Enterobacter cloacae 0 1 3
Enterobacter sp. 0 1 0
Enterococcus faecalis 1 8
Enterococcus sp. 1 2 1
Escherichia coli 2 9 5
Klebsiella oxytoca 0 3 0
Klebsiella pneumoniae 1 3
Methicillin- sensitive 1 0 0
Staphyrococcus aureus
Morganella morganii 1 1 1
Proteus mirabilis 0 0 1
Proteus vulgaris 0 1 0
Proteus sp. 1 0 0
Pseudomonas aeruginosa 5 1 2
Serratia marcescens 1 0
Stenotrophomonas maltophilia 1
Yeast-like fungus 1 4 2

TABLE 4 Concordance rate between
SSl-causative organisms and preoperative
or wound cultures in 10% povidone-iodine
group.

Concordance rate
preoperative/SSl, n
(%) wound/SSI, n (%)

2/4 (50.0)
2/4 (50.0)
3/4(75.0)
0/4 (0.0)

0/0(0.0)
1/1(100.0)

0/1(0.0)
7/8 (87.5)
0/1(0.0)
1/2 (50.0)
2/2(100.0)
5/5(100.0)

0/1(0.0)
1/3(33.3)

1/2(50.0)
0/1(0.0)

1/1(100.0)
2/2 (50.0)

Note: Duplicated cultured bacteria in the same patients are counted separately.

Abbreviation: SSI, surgical site infection.

significantly (p=0.049) reduced organ/space SSI. In studies that have
clarified the efficacy of antisepsis, the timing of surgery and opera-
tive wound class were considered to exclude selection biases; how-

ever, homogenization in clinical trials diverges from clinical practice.

To compensate for this discrepancy, we enrolled patients undergo-
ing emergency surgery or/with higher operative wound class (con-
taminated and infected) for the present study. Subgroup analyses
revealed that emergency surgery and operative wound class did
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not increase SSI incidence. The present study was the first single-
center randomized prospective trial to investigate the efficacy of
1.5% olanexidine for SSI prevention relative to 10% povidone-iodine
in patients undergoing clean-contaminated (class Il), contaminated
(class Ill), and infected (class 1V) surgeries.

The bactericidal mechanism of olanexidine has a higher affinity
for bacterial surface proteins, such as the lipoteichoic acid of Gram-
positive bacteria and lipopolysaccharide of Gram-negative bacteria,
when compared with chlorhexidine.” In addition, olanexidine has
a stronger disruptive effect on the bacterial membrane compared
with chlorhexidine; therefore, as a bactericidal effect, the bacterial
cell wall ruptures, causing irreversible damage and leakage of intra-
cellular components.?” In contrast, olanexidine also has an inhibitory
action on inflammatory chemokines. Nii et al. reported that 0.1%
olanexidine significantly inhibits the production of inflammatory
chemokines, such as interleukin 8, C-C motif ligand 20, and growth-
related oncogene protein-a, which are stimulated by Porphyromonas
gingivalis lipopolysaccharide in oral epithelial cells in in vitro experi-
ments.'® Furthermore, olanexidine has an immediate disinfectant ef-
fect on a wide range of bacteria within 30s and substantivity until 6h
relative to chlorhexidine and 10% povidone—iodine.19 Olanexidine is
a newly invented antiseptic agent approved in Japan in 2015. Since
then, it has been used as a routine preoperative antiseptic in clinical
practice based on prior basic studies.

To investigate the clinical efficacy of olanexidine as an antiseptic
agent, Asukai et al. first reported a retrospective study in the field of
orthopaedic surgery, with SSl incidence as the primary outcome.?°
However, this study could not demonstrate the superiority of 1.5%
olanexidine compared to the 10% povidone-iodine group (1.80% vs.
2.38%, p=0.500).2° Orthopaedic surgery requires operative wound
class | surgery because osteomyelitis and device-associated infec-
tion should be avoided; therefore, the usual SSI incidence is lower
in orthopaedic surgery than in gastrointestinal surgery, and a signif-
icant difference in clean orthopaedic surgery is difficult to identify.
Table 5 shows a summary of previous studies regarding olanexidine
in gastrointestinal surgeries. In 2020, Obara et al. conducted a mul-
ticenter, randomized, controlled trial in clean-contaminated (class I1)
gastrointestinal and hepatobiliary-pancreatic surgeries and found a
significant difference between 1.5% olanxidine and 10% povidone-
jodine.” In 2022, Kubo et al. also reported a single-center retro-
spective study of stomach and colon cancer surgeries and found
that 1.5% olanexidine is superior in the prevention of overall (2.7%
vs. 10.3%, p=0.020) and superficial incisional SSI (2.2% vs. 8.6%,
p=0.034) incidences compared with that in 10% povidone-iodine.!*
In contrast, two negative propensity score matching studies regard-
ing olanexidine have been conducted; Kojima et al. found no signif-
icant difference in SSI incidence in patients undergoing colorectal
surgery compared with to 10% povidone-iodine (8.6% vs. 8.6%,
p=1.000) Fujita et al. first reported a comparative study using pro-
pensity score matching analysis between 1.5% olanexidine and 1.0%
chlorhexidine in thoracic esophagectomy; however, the study could
not demonstrate any significant differences in SSI incidences.' This
study could not demonstrate any significant decrease in 30-day SSI
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incidence; however, a significant reduction in organ/space SSI inci-
dence was observed (p=0.049).

The Center for Disease Control guidelines recommend the use
of alcohol-containing disinfectants for surgical sites.'® This recom-
mendation was established based on the previous randomized con-
trolled trials on chlorhexidine reported by Darouiche et al. (10% vs.
16%, adjusted risk ratio: 0.59, 95% confidence interval: 0.41-0.85,
p=0.004) and Tuuli et al. (4% vs. 7%, adjusted risk ratio: 0.55, 95%
confidence interval: 0.34-0.90, p=0.020) relative to povidone-
jodine.>® However, these previous studies have heterogeneity in the
concentrations of both chlorhexidine (0.5%-4.0%) and povidone-
iodine (0.75%-10.0%), and the most suitable antisepsis has not been
clearly established. Therefore, the results of the comparative stud-
ies of 1.5% olanexidine, including the present study, may provide a
new interpretation for SSI prevention because the concentration
of olanexidine in every study was the same, and 10% povidone-
iodine was used as a control arm in four of the five studies. In Japan,
povidone-iodine is mostly used as a preoperative antiseptic, not
chlorhexidine, because chlorhexidine contains alcohol; therefore,
it is flammable. The Pharmaceuticals and Medical Devices Agency,
which is a Japanese regulatory agency that works together with the
Ministry of Health, Labour, and Welfare, has strongly warned of the
danger of the ignition of alcohol-based antisepsis because of the use
of electric scalpels.” Because of this, we selected 10% povidone-
iodine as the reference arm for this clinical trial.

Several factors have been previously reported as risk factors for
SSlincidence. The known risk factors for SSI include ASA-PS, BMI,
operating time, intraoperative blood transfusion, colorectal surgery,
prevalence of diabetes, operative wound class, and nutritional sta-
tus.?22% In the present study, the SSlincidence in the 10% povidone-
iodine group was significantly higher in patients who underwent
open surgery, with lower serum albumin, and with a prevalence of di-
abetes. The ultimate impact of new antisepsis is to reduce SSI in pa-
tients having risk factors for SSl as Obara et al. previously reported.”
However, 1.5% olanexidine could not close gaps of SSI incidences
of patients with malnutrition (Alb <3.0g/dL) and/or prevalence of
diabetes. These results might be brought about by disproportion of
timing of surgery and operative wound class.

Subgroup analyses revealed that emergent surgery and opera-
tive wound class IlI/1V did not significantly increase SSl incidence in
10% povidone-iodine group. Emergent surgeries are often a contam-
inated or infected condition in clinical practice, however, it is contro-
versial whether an emergent surgery is a risk factor of SSl incidence
or not.?*2% We placed subcutaneous drain or performed closed
incision negative pressure therapy when the operative wound was
highly contaminated. These treatments might reduce the SSI inci-
dence in patients with operative wound class IlI/1V.

Laparoscopic surgery has been widely accepted as a minimally
invasive surgery because of its small incisions and lower blood loss
compared with open surgery. Another advantage of laparoscopic sur-
gery is a decreased SSI. Obara et al. reported that the laparoscopic
approach significantly decreased SSI incidence in the 1.5% olanex-
idine group (4% vs. 12%, adjusted risk ratio: 0.35, 95% confidence
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interval: 0.17-0.74).” In contrast, Kubo et al. could not demonstrate
an additional effect of the laparoscopic approach in the 1.5% olanex-
idine group (effect size 0.636, 95% confidence interval: 0.138-2.930,
p=0.562).1* Our study also could not demonstrate the advantage
of laparoscopic surgery (12.3% vs. 11.6%, adjusted risk ratio: 1.054,
95% confidence interval: 0.652-1.704); however, some reasons can
explain this result: (1) We enrolled patients undergoing surgical
procedures with intestinal resection. (2) We enrolled patients with
operative wound class Il and IV surgeries. (3) Some patients with
perforated peritonitis and T4b colorectal cancers underwent lap-
aroscopic resection. Therefore, the advantages of laparoscopic
surgery might be neutralized. On the other hand, SSI incidence of
open approach in the 1.5% olanexidine group was significantly lower
compared to that in the 10% povidone-iodine group. This may be
explained by the long-acting bactericidal effect of 1.5% olanexidine,
however, there might be complicated biases increasing SSI incidence
in patients undergoing open surgery in 10% povidone-iodine group.”
Laparoscopic approach for perforated appendicitis significantly de-
creased the incisional SSI, however, organ/space SSl incidences were
similar in both approaches.?” Conversely, we demonstrated a signif-
icant decrease of the organ/space SSl incidence in 1.5% olanexidine
group. To clarify the bactericidal effects of olanexidine for contami-
nated or infected surgery, we suggest further powered, multicenter
prospective clinical trials in the near future.

Theoretically, every antiseptic has a significant impact on su-
perficial incisional SSI because infiltration of antiseptic is limited
in skin. However, this study demonstrated that 1.5% olanexidine
significantly reduced organ/space SSI. Some previous reports
revealed that neoadjuvant chemotherapy, radiotherapy, preop-
erative parenteral nutrition, prolonged intensive care unit stay,
disseminated cancer, preoperative sepsis, prevalence of inflam-
matory bowel syndrome, and bowel obstruction/perforation/
fistula were identified as risk factors of organ/space 551,226
Furthermore, Gomila et al. and Xu et al. also clarified that stoma
creation in colorectal surgery was the risk factor of organ/space
SSI. Although our cohort included the largest number of patients
undergoing lower gastrointestinal surgery, previously mentioned
risk factors were not considered as adjustment factors.?®2?
Combinations of these factors might be confounding biases in 10%
povidone-iodine group.

In this study, we did not adopt timing of surgery and operative
wound class as adjustment factors; therefore, allocation of the en-
rolled patients in 1.5% olanexidine groups was disproportionate to
10% povidone-iodine group. This unequal enrollment might con-
tradict the significant effect of 1.5% olanexidine. Subgroup analy-
sis should be evaluated as underpowered analysis, however, every
result of subgroup analysis revealed that 1.5% onalexidine has a
potential of preventing SSI. Since the results of the subgroup anal-
ysis were only for reference, in the future, a trial limited to elective
surgery and non-contaminated wounds is warranted to verify the
hypothesis.

Regarding the bactericidal spectrum of olanexidine, Seyama
et al. evaluated the bactericidal effects of olanexidine by time-Kkill
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assays, demonstrating that Gram-positive bacteria (Enterococcus
faecalis, methicillin-resistant Staphylococcus aureus, and so on) and
Gram-negative bacteria (Acinetobacter baumannii, Enterobacter
cloacae, extended spectrum f-lactamase-producing Klebsiella
pneumoniae, Escherichia coli, Pseudomonas aeruginosa, Serratia
marcescens, Bacteroides fragilis, and so on) have been promptly
killed within 1min.%° Inoue et al. also compared the minimum
bactericidal concentration of olanexidine, chlorhexidine, and
povidone-iodine against methicillin-resistant Staphylococcus au-
reus and vancomycin-resistant Enterococcus sp. and found that the
minimum bactericidal concentration of olanexidine is equal to or
lower than that of chlorhexidine and povidone-iodine.®* Our study
revealed that 1.5% olanexidine reduced the number of skin flora
and SSl-causing bacteria relative to 10% povidone-iodine. Our
study also demonstrated that 1.5% olanexidine reduced the con-
cordance rate between SSl-causing bacteria and wound-cultured
bacteria relative to 10% povidone-iodine (Enterococcus faecalis:
66.7% vs. 87.5%, Escherichia coli: 0.0% vs. 100.0%). These results
suggest that olanexidine has a substantive disinfectant effect on a
wide range of bacteria during surgery and that it may be a strong
alternative for preoperative antiseptics in preventing intraopera-
tive bacterial colonization to the wound and bacterial growth in
the skin.'’

Our study has several limitations. First, the present study was
a randomized prospective clinical trial conducted at a single center
(Morioka Municipal Hospital). We enrolled several types of gastro-
intestinal surgery with intestinal resection at any time and for any
operative wound class. This concept reflects actual clinical practice,
not only in Japan but also in other countries. However, we could not
adopt timing of surgery and operative wound class as adjustment
factors because these factors were not always preoperatively de-
terminate factors; therefore, there were preoperatively significant
differences in these important factors. We did not enroll patients
who underwent hepatectomy, splenectomy, or cholecystectomy be-
cause these procedures could be achieved without the exposure of
intestinal contents. Regarding esophagectomy, we usually transfer
patients with esophageal cancer to high-volume centers. To resolve
this limitation, various types of surgery, from common diseases to
highly difficult surgery, should be included in the next study. Second,
the full enrollment of the calculated sample size in both groups was
completed in 2.5years. The time span might affect the quality of the
surgical procedure because of personnel changes and perioperative
management of every disease through revised practical guidelines
or concomitant ongoing studies. Third, clinical staging, the extent
of lymph node dissection, preoperative chemotherapy, and adjacent
organ resection were not considered as factors affecting SSI in pa-
tients with malignant diseases. Fourth, the present study was con-
ducted as an investigator-initiated clinical trial, and we performed all
the processes of this trial. Furthermore, the colors of 1.5% olanex-
idine and 10% povidone-iodine are clearly different; therefore, we
could not conduct this study as a double-blinded clinical trial. Finally,
the current comparative studies on olanexidine were from Japan,

and almost all enrolled patients in these studies were Japanese.
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Thus, the use of olanexidine should be expected to spread world-
wide, and further studies of olanxidine are warranted to clarify its

efficacy as a new antiseptic.

5 | CONCLUSIONS

This randomized prospective clinical trial revealed that 1.5% olanex-
idine reduced the 30-day overall SSI incidence relative to 10%
povidone-iodine during gastrointestinal surgery with intestinal
resection; however, the result was not significant. Our study dem-
onstrated that 1.5% olanexidine was associated with significantly
reducing organ/space SSI and subgroup analyses also revealed that
emergency surgery and operative wound class did not increase SSI
incidence. Although the present study enrolled patients undergoing
both emergency surgery and contaminated or infected surgery to
reflect routine clinical practice, our results contribute to SSI man-
agement for patients who have undergone various gastrointestinal
surgeries with any operative wound class and at any time. Further
comparative studies may strengthen the evidence of olanexidine as

a preoperative antiseptic agent.
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