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ABSTRACT
Introduction Chlorhexidine alcohol (1.0%–2.0%) is 
currently recommended as a skin disinfectant to be used 
prior to catheterisation for preventing catheter- related 
infections. However, chlorhexidine alcohol has various side 
effects and has little antibacterial effect on methicillin- 
resistant Staphylococcus aureus (MRSA). Therefore, MRSA 
remains a concern for catheter- related bloodstream 
infection (CRBSI) prevention. Olanedine, containing 
1.5% olanexidine gluconate in aqueous solution, was 
developed in Japan in 2015 and is structurally similar to 
chlorhexidine. Olanexine has been used as a disinfectant 
against various gram- positive and gram- negative bacteria 
and MRSA. This study aims to compare the efficacy of 
1.5% aqueous olanexidine gluconate and 1% chlorhexidine 
alcohol as skin antiseptics for the prevention of catheter- 
related infections.
Methods and analysis This Apollo study is an open- 
label, multicentre, non- inferiority, two- arm, parallel- group, 
randomised controlled trial conducted at 21 intensive 
care units (ICUs) and high- care units (HCUs) in Japan. 
All patients scheduled to be admitted to the ICU or 
HCU of a facility participating in this study, who require 
central venous catheter insertion are eligible. Eligible 
patients will be assigned to either the 1.5% aqueous 
olanexidine gluconate or 1% chlorhexidine alcohol group 
by randomisation in a ratio of 1:1 with stratification by 
centres. The antibacterial agents are to be used as a skin 
disinfectant before and during catheter placement. The 
primary endpoint is the proportion of catheter- related 
infections, defined as a composite of catheter- related 
sepsis without bacteraemia and CRBSI. A total of 1980 
patients will be included in this study.
Ethics and dissemination This clinical trial was 
approved by the Institutional Review Board of Jichi Medical 
University and the ethics committees of the participating 
institutions. The study results will be disseminated through 
conferences, peer- reviewed publications and meetings 
with interested parties.

Trial registration number University hospital Medical 
Information Network (registration ID: UMIN000042343). 
This registration includes all items in the WHO Trial 
Registration Data Set.
Protocol version This protocol corresponds to the original 
protocol version 5.

INTRODUCTION
Catheter- related bloodstream infections 
(CRBSIs) are common nosocomial infections 
occurring in critically ill patients.1 CRBSIs 
prolong hospitalisation and significantly 
impact health economics.2 The prevention 
of CRBSI is crucial, even more so than its 
treatment. Recently, various clinical trials 
analysing the prevention of CRBSIs have been 
conducted.3 4 Catheters coated with and dress-
ings containing antimicrobials are report-
edly effective in the prevention of CRBSIs; 
however, cost- effectiveness remains a major 
concern.3 Therefore, a recent guideline has 

Strengths and limitations of this study

 ► This study is the first randomised controlled trial to 
evaluate the efficacy of olanexidine gluconate as a 
skin antiseptic before catheter insertion with a large 
sample size.

 ► The outcome of this study is catheter- related infec-
tion, which is considered a clinically important out-
come, and this study may provide clinically relevant 
results.

 ► The concentration of chlorhexidine alcohol used in 
this study is 1%, which is the maximum concentra-
tion available in Japan, rather than the 2% formula-
tion used as the standard in other countries.
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advocated for the use of skin disinfectants at the time of 
catheter insertion as a simple and inexpensive option to 
prevent intravascular catheter- related infections.5

Chlorhexidine alcohol (0.5%–2.0%) is the main drug 
used for skin disinfection prior to catheterisation.6 In 
2011, the Centers for Disease Control and Prevention 
(CDC) recommended that chlorhexidine alcohol be 
used at concentrations >0.5% before inserting central 
venous catheters.7 The validity of this recommendation 
was examined in a subsequent clinical study8 and in a 
network meta- analysis.6 However, chlorhexidine alcohol 
has various side effects. It is an alcoholic solution, and 
therefore cannot be used in patients who are hypersen-
sitive to alcohol. Further, exposure to resistant bacteria, 
such as methicillin- resistant Staphylococcus aureus (MRSA), 
in the intensive care unit (ICU) or the emergency depart-
ment is the leading cause of CRBSIs.9 10 Unfortunately, 
chlorhexidine alcohol has little antibacterial effect on 
MRSA, and this remains a concern for the prevention of 
CRBSIs.11 12

Olanedine (Otsuka Pharmaceutical Factory, 
Tokushima, Japan), containing 1.5% olanexidine gluco-
nate in aqueous solution, was developed in Japan in 2015 
as a new biguanide disinfectant with structural similarity 
to chlorhexidine. It has been used as a disinfectant against 
various gram- positive and gram- negative bacteria, such as 
MRSA, vancomycin- resistant enterococci (VRE), Pseudo-
monas aeruginosa, and Serratia monocytogenes,12 and against 
other bacteria resistant to conventional topical disinfec-
tants.11 12 These two studies showed that 1.5% aqueous 
olanexidine gluconate was more effective in disinfec-
tion than 0.5% chlorhexidine alcohol and 10% aqueous 
povidone- iodine. Therefore, olanexidine gluconate may 
be effective in preventing MRSA infections.

However, no studies have compared a 1.5% olanexi-
dine gluconate solution with other skin disinfectants used 
before catheterisation. As discussed previously, a 1.5% 
olanexidine gluconate solution may be more effective 
than 1.0% chlorhexidine alcohol as a precatheter skin 
disinfectant against MRSA. However, the efficacy against 
other microorganisms may be comparable between the 
two skin antiseptics; thus, the non- inferiority of 1.5% 
olanexidine gluconate solution to 1.0% chlorhexidine 
alcohol may impact future practices for the prevention of 
CRBSI. Therefore, this study aims to compare the efficacy 
of a 1.5% olanexidine gluconate solution to a 1% chlor-
hexidine alcohol solution in preventing catheter- related 
infections.

METHODS AND ANALYSIS
Trial design and setting
This Apollo study is an open- label, multicentre, non- 
inferiority, two- arm, parallel group, randomised controlled 
trial conducted at 21 ICUs and high- care units (HCUs) 
in Japan. ICUs and HCUs are defined by the number of 
patients per nurse; ICUs have two patients per nurse, and 
HCUs have four. Patients scheduled to be admitted to the 

ICU or HCU who require a central venous catheter will 
be randomised to either the olanexidine gluconate group 
or the chlorhexidine alcohol group. The inclusion period 
is planned to be roughly 1 year from July 2021; inclusion 
will be terminated when the target number of patients is 
reached.

Participant eligibility and consent
All patients scheduled to be admitted to the ICU or HCU 
of a facility participating in the study who require inser-
tion of a central venous catheter are eligible, regardless of 
where the catheter is inserted (in the emergency depart-
ment, operating room, general ward, ICU or HCU). 
Consecutively admitted patients who meet all inclusion 
criteria and none of the exclusion criteria are candidates 
for this study. Eligible patients will be enrolled after they 
are provided verbal and written information and after 
obtaining written informed consent from either the 
patient or the next of kin.

Inclusion and exclusion criteria
The inclusion criteria are adult patients (aged≥18 years) 
scheduled to be admitted to either the ICU or HCU who 
require insertion of a central venous catheter. The exclu-
sion criteria are as follows: patients with a disinfectant 
allergy, systemic skin diseases, a skin ulcer wound, anti-
microbial catheters or antimicrobial- containing dress-
ings; patients participating in intervention trials related 
to CRBSI prevention (eg, trials including dressings, 
skin disinfectants, antibacterial catheters, antibacterial 
medications, etc); if the catheter is replaced by guide-
wire; patients who do not provide informed consent; 
and patients in whom it is difficult to obtain consent, for 
instance, due to an emergency.

Interventions
Eligible patients will be randomly assigned to either the 
olanexidine gluconate group (OLG group: 10 mL of 
1.5% Olanedine disinfectant solution using a swab- type 
applicator; Otsuka Pharmaceutical Factory, Tokushima, 
Japan) or the chlorhexidine alcohol group (CHG group: 
1% chlorhexidine gluconate ethanol disinfectant solu-
tion; Toho Yakuhin Co., Tokyo, Japan) in a 1:1 rando-
misation scheme only once with stratification by centres. 
The antimicrobial agents will be used as a skin disinfec-
tant before catheter insertion (once for 30 s in the OLG 
group; twice for 30 s in the CHG group) and during 
catheter maintenance. In Japan, it is generally recom-
mended that disinfection with 1% chlorhexidine alcohol 
be performed twice. In contrast, olanexidine is proposed 
by the manufacturer to be effective with a single applica-
tion. After disinfection, the catheters will be inserted by 
the physicians of participating institutions with maximum 
barrier precautions, including the use of a cap, mask, 
sterile gown, sterile gloves and a sterile full body drape, 
as recommended by CDC guideline.7 Any physician who 
is authorised to insert central venous catheters according 
to the standards of each facility can do so, and no specific 
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rules have been set for the inserters. The selection of the 
site of catheter insertion and the healthcare provider is 
left to the individual facility, while the first choice of punc-
ture site is the internal jugular vein. The insertion site 
of the catheter will be dressed with sterile polyurethane 
film dressing not containing antimicrobials, such as 3M 
Tegaderm Transparent Dressing, to be changed every 7 
d if cleanliness is maintained. If the dressing site is not 
clean, the dressing will be changed, and gauze dressings 
will be used in cases with heavy exudate. A dressing that 
is not completely adherent will also be changed immedi-
ately. The management protocols during and after cath-
eter insertion will be standardised in advance throughout 
the study (see online supplemental file 1). The timeline 
for this study is shown in figure 1.

Study outcomes
Primary endpoint
The primary endpoint is the proportion of catheter- related 
infections, defined as a composite of catheter- related 
sepsis without bacteraemia and CRBSI. This definition is 
a modified version of the definition commonly used in 
previously reported articles, such as the CLEAN study.13 
Catheter- related sepsis without bacteraemia is defined 
as a combination of (1) a fever of 38.5℃ or higher or 
hypothermia of 36.5℃ or lower, (2) improvement in 
fever or hypothermia within 48 hours of catheter removal 
or purulent exudates from the catheter site and (3) no 
other source of infection identified. CRBSIs are defined 
as a combination of (1) a fever of 38.5°C or higher or 
hypothermia of 36.5°C or lower, (2) at least one strain 
identified in blood cultures taken around 48 hours after 
catheter removal (more than one positive blood culture 
is required for coagulase- negative Staphylococci bacter-
aemia) and (3) no other source of infection identified.

Secondary endpoints
The secondary endpoints of this study are as follows:

 ► Incidence of catheter- related infections (rate per 
1000 catheters per day).

 ► In- hospital mortality.
 ► ICU mortality.
 ► Number of outbreaks of antibiotic- resistant bacteria 

(MRSA, multidrug- resistant P. aeruginosa, or VRE).
 ► Number of adverse events (redness, urticaria, anaphy-

laxis, contact dermatitis, etc). Contact dermatitis 
is defined according to the International Contact 
Dermatitis Research Group.14

Sample size calculation
The proportion of catheter- related infections in previous 
studies was approximately 6.3% with 1% chlorhexidine 
alcohol15; no such data have been reported with OLG. 
However, the proportion of CRBSIs with 1% chlorhexi-
dine alcohol is comparable to that with OLG in previous 
studies (unpublished data; 1% vs 0.9%). Therefore, we 
assumed the proportion of catheter- related infections to 
be 5% in both groups. The non- inferiority margin Δ was 
set at 2.5%. Under these assumptions, 940 patients per 
arm (total, 1880 patients) are required to have 80% power 
with one- tailed 5% alpha. Considering a dropout rate of 
5%, a total of 1980 patients (990 patients in each group) 
are needed. The rationale for setting the non- inferiority 
margin Δ at 2.5% was considering the maximum range 
that clinicians involved in infectious diseases, infection 
control and intensive care consider reasonable.

Assignment of interventions and randomisation
Allocation
A block randomisation sequence will be generated 
on a central computer by the final statistician using 
REDCap (Vanderbilt University Medical Center, Nash-
ville, Tennessee). The statistician will not be involved in 
screening patients or assessing outcomes. Patients will be 
assigned to either the OLG group or the CHG group in a 
1:1 randomisation scheme only once. The allocation will 
be stratified and assigned by the clinical research institute.

Blinding
As this study aims to use an applicator- type OLG solution, 
patients and healthcare providers will not be blinded to 
the drugs. However, the drugs will be blinded to outcome 
assessors and statistical analysts. The outcome assessors 
will be blinded to the allocation groups and will inde-
pendently judge the outcomes of this study based on the 
patient data registered on REDCap by each institution.

Data collection
Data will be entered into a web- based electric case report 
form using REDCap and stored electronically on two 
password- protected computers. Hard copies of the data 
(clinical research files) will be stored in a locked and 
secure office. The following data will be recorded:

 ► Baseline patient characteristics
 – Age
 – Sex
 – Date of admission
 – Admission ward (ICU, HCU, other)
 – Height and weight

Figure 1 Timeline of the study.HCU, high- care unit; ICU, 
intensive care unit.
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 – Simplified Acute Physiology Score II
 – Sequential Organ Failure Assessment Score
 – Charlson Comorbidity Index
 – Presence of hypertension and dyslipidaemia
 – Route of admission (general outpatient, emergen-

cy department, ward, operating room/catheter, 
transfer, etc)

 – Hospitalisation category (internal medicine, sched-
uled postoperative, emergency postoperative or 
other)

 – Reasons for admission (nervous system, respiratory 
system, cardiovascular system, digestive system, ne-
phrology, metabolic endocrinology, trauma, hae-
matology, obstetrics and gynaecology, skin and soft 
tissue, orthopaedics or other)

 – Presence of sepsis at admission (none, sepsis or 
septic shock)

 – Ventilator use (none, conventional oxygen thera-
py, non‐invasive positive pressure ventilation, high 
flow nasal cannula or invasive ventilation)

 ► Characteristics of catheters
Date of catheter insertion
Catheter insertion site (femoral vein, jugular vein, 
etc)
Location of catheter insertion (ICU, emergency 
department, etc)
Presence of infection at the time of catheter insertion
Type of antimicrobial agent used at the time of cath-
eter insertion
Presence of infection during catheter insertion
Type of antimicrobial agent used during catheter 
insertion
Type of dressing
How the catheter was secured

 ► Outcome data
Date of catheter removal
Catheter removal and reason for removal
Presence of CRBSI, date of diagnosis (body tempera-
ture at the time of and within 48 hours after catheter 
removal, presence or absence of blood culture collec-
tion, positive blood culture, and name and species of 
bacteria)
Date of ICU discharge
ICU death
Date of hospital discharge
Death at the hospital
Presence of adverse events (contact dermatitis as per 
the International Contact Dermatitis Research Group 
criteria, redness, urticaria, anaphylaxis, purulent 
exudates and others)
Presence of protocol deviation (randomised but not 
admitted to ICU/HCU, used wrong disinfectant at 
‘insertion’, failed to disinfect as prescribed at inser-
tion, failed to disinfect as prescribed at ‘administra-
tion’, failed to dress as prescribed at administration, 
or failed to disinfect as prescribed at ‘removal, death, 
or transfer to a hospital with central venous catheter 
in place’)

Only objective information necessary for deter-
mining the outcome of catheter- related infections will 
be collected by the researchers at each institution. The 
data management centre will blind the assigned disin-
fectant, and the Outcome Evaluation Committee will 
determine catheter- related infections. Three members 
of the Outcome Judging Committee are listed from this 
research group. The outcome judgement method will 
be conducted according to the following procedure: (1) 
outcome judgement will be conducted automatically 
based on the data items required for outcome judge-
ment. (2) If the outcome is found to be positive by the 
automatic judgement, three members of the committee 
will independently evaluate the validity of the judgement. 
(3) If all three members make the same judgement, the 
outcome will be judged as positive or negative. If even 
one member makes a different judgement, the judge-
ment will be made through consultation among the three 
members. Table 1 shows the trial measures to be collected 
and their purpose.

Data monitoring and auditing
The monitoring manager will consistently monitor the 
study to ensure the reliability of the research; that partici-
pant human rights, safety and welfare are protected; that 
the research is conducted in compliance with the research 
protocol; and that the data are collected accurately. The 
monitoring manager will designate one person to oversee 
and ensure monitoring is conducted appropriately in 
accordance with the procedures prepared in advance (see 
online supplemental file 2, written in Japanese). As this 
study is a clinical trial with a minor invasion, only central 
monitoring will be conducted; on- site monitoring will 
not be conducted unless problems are identified during 
central monitoring.

 ► Items for central monitoring: documents related to the 
ethical review, explanatory documents and consent 
forms, drug management, eligibility, accuracy of 
reported data and adverse event reporting.

 ► Items for on- site monitoring: enrolment status, eligibility, 
data entry status and a confirmation of data error 
values and presence of protocol deviation.

Procedures for central and on-site monitoring
On the first day of each month, the above items will be 
monitored on the registered data at the central institu-
tion, and the reports will be submitted to the president 
and principal investigator via the designated report form.

Auditing
The drugs used in this study are skin disinfectants already 
widely used in general hospitals, and as the drugs are not 
administered directly into the body, they are considered 
a minor invasion. Therefore, the incidence of serious 
adverse events is expected to be small and insignificant. 
Additionally, this study will improve data quality assur-
ance by collecting data using electronic data capture. 
The quality of the research and safety of the participants 
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will be maintained, and no audit will be conducted in this 
study.

Statistical analysis
Statistical analysis will be performed after the required 
number of participants is reached. There is no plan for 
interim analysis.

Regarding demographic data, continuous variables 
will be presented as means with SD or medians with 

interquartile ranges and categorical variables as percent-
ages, as appropriate. Student’s t- test and χ2 or Fisher’s 
exact t- test, as appropriate, will be used for comparison.

The primary analysis population is the full analysis set, 
based on the intention- to- treat principle, and excludes 
patients with no efficacy data after randomisation. The 
primary endpoint is the proportion of patients with 
catheter- related infections, wherein the one- tailed 90% 

Table 1 Data collection items and collection timing

Timing
At admission 
to ICU/HCU

At insertion of 
the catheter

At removal of 
the catheter

At discharge 
from hospital

Baseline patient characteristics

  Age ◯       

  Sex ◯       

  Date of admission ◯       

  Admission ward ◯       

  Height and weight ◯       

  SAPS II ◯       

  SOFA score ◯       

  Charlson comorbidity index, presence of hypertension and 
dyslipidaemia

◯       

Route of admission ◯       

  Hospitalisation category ◯       

  Reasons for admission ◯       

  Presence of sepsis at the time of admission ◯       

  Ventilator use ◯       

Characteristics of catheters

  Date of catheter insertion   ◯     

  Catheter insertion site   ◯     

  Location of catheter insertion   ◯     

  Presence of infection at the time of catheter insertion   ◯     

  Type of antimicrobial agent used at the time of catheter insertion   ◯     

  Presence of infection during catheter insertion   ◯     

  Type of antimicrobial agent used during catheter insertion   ◯     

  Type of dressing   ◯     

  How the catheter was secured   ◯     

Catheter outcomes

  Date of catheter removal     ◯   

  Catheter removal and reason for removal     ◯   

  Presence of CRBSI, date of diagnosis     ◯   

  Presence of adverse events     ◯   

  Presence of protocol deviation     ◯   

Patient outcomes

  Date of ICU discharge       ◯

  ICU death       ◯

  Date of hospital discharge       ◯

  Death at the hospital       ◯

CRBSI, catheter- related bloodstream infection; HCU, high- care unit; ICU, intensive care unit; SAPS, Simplified Acute Physiology Score; 
SOFA, sequential organ failure assessment.
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CI for the between- group difference (OLG and CHG 
groups) will be estimated using the normal approxima-
tion method. If the upper limit of the 90% CI is less than 
or equal to the non- inferiority margin (Δ 2.5 %), it will 
demonstrate that OLG is non- inferior to 1% chlorhex-
idine alcohol. For the secondary endpoint of time- to- 
catheter- related infection, the non- inferiority of OLG to 
1% chlorhexidine alcohol will be tested in terms of the 
estimated HR with the Cox regression model and Δ=2.0 
for HR. For other secondary endpoints, proportions will 
be compared between the two groups using Fisher’s exact 
t- test; time- to- event data will be summarised for each group 
using the Kaplan- Meier method and compared using 
the log- rank test. As mortality before catheter removal is 
considered a competing risk, the Fine and Gray subdis-
tribution hazard regression model will be conducted to 
compare the effects of 1.5% aqueous olanexidine and 
1% chlorhexidine alcohol under the competing risk. The 
significance level for the non- inferiority analyses will be 
one- tailed at 5%, and that for other analyses will be two 
tailed at 5%. Statistical analyses will be performed using 
SAS V.9.4 (SAS Institute).

Subgroup analyses
1. Route of admission (medical, surgical).
2. Severity of disease (Simplified Acute Physiology Score 

II score >51, ≤51).
3. Insertion site (femoral, internal jugular or subclavian).
4. Antimicrobial use before and during catheter insertion.

Sensitivity analysis
1. This will exclude clinical research institutions with 

poor quality catheter management practices (to be de-
termined at monitoring).

2. We will evaluate the incidence of catheter- related infec-
tions using a marginal Cox model adjusted for covari-
ates (including study groups) that will be significantly 
imbalanced between the groups (p<0.20 on univariate 
analysis).

Patient and public involvement
There was no patient, public, or community involvement 
in this study design.

ETHICS AND DISSEMINATION
Ethical approval was obtained from the Institutional 
Review Board of Jichi Medical University and the ethics 
committees of the participating institutions. The names 
of the review boards of all participating institutions and 
approval reference numbers are provided in online 
supplemental file 3.

Consent
The physician in charge of the study will properly explain 
the following items to the patient or his/her next of kin 
(spouse, adult children, parents, grandparents, rela-
tives, etc) using the consent and explanation documents 
approved by the study Ethics Review Committee of the 
clinical research organisation before the start of the 

study. After confirming that the patient or his/her family 
has fully understood the contents of the document, the 
free and voluntary consent of the patient to participate in 
the study will be obtained in writing.

Both the physician in charge of the study and the 
patient to whom the study is explained must sign and 
date the consent/explanation document. If supplemen-
tary explanations are provided by a study collaborator, 
the collaborator will also sign and date the document.

After consent is obtained, the physician in charge of the 
study will deliver a copy of the consent form and explan-
atory document with the name, seal or signature and the 
date before the patient participates in the study. The orig-
inal will be kept in the electronic medical record by the 
physician in charge of the study. The storage period will 
be 5 years after the completion of the study or 3 years 
after the final publication, whichever is later.

If information on the efficacy or safety of the antiseptic 
that may affect patient consent is obtained after signing 
the informed consent or if the protocol is revised in a 
way that may affect patient consent, information will 
be provided to patients as soon as possible and their 
willingness to continue to participate in the study will 
be confirmed in advance. The consent and explana-
tion documents will also be revised with prior approval 
from the Ethics Review Committee, and consent will be 
obtained from the patient. The consent form is provided 
as online supplemental file 4, written in Japanese. The 
patient may withdraw their consent at any time; the reason 
for withdrawal will be inquired, and the patient will be 
asked if data collected up to the time of withdrawal can 
be used. If consent is withdrawn, it must be mentioned in 
the consent withdrawal form (online supplemental file 5, 
written in Japanese).

Confidentiality
Data will be handled in a consolidated and anonymised 
manner, and no information (name, address, telephone 
number, etc) will be used to identify the patient outside the 
clinical research institution. When this study is presented 
or published at a conference or in a paper, sufficient 
care will be taken to ensure that the study participant is 
not identified. If it is necessary to refer data to a clinical 
research institution, this will be done through the data 
management centre, and the research patterns will be 
identified using a correspondence chart maintained by 
the participating physicians within the clinical research 
institution. Patient enrolment from each institution will 
be done through REDCap to keep individual patient 
information confidential. When the final registration 
data are shared with each institution, the electronic file 
containing the patient data will be stored in a password- 
protected file by the person in charge at each clinical 
research institution and the data management centre in 
charge of data analysis. Each patient and clinical research 
institution will be assigned an patient identification 
number for this study, and patient data will be consoli-
dated and anonymized. Only the patient identification 
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number and the identification number of the clinical 
research institution will be retained in the patient data-
base, and no data that can identify the patient will be 
retained. Patient identification number will be used when 
communicating with clinical research institutions. At the 
end of the study, investigators at each institution will only 
have access to the data from their institution. The data 
management officer and statistical analyst will have access 
to all enrollment data.

Dissemination policy
The results obtained in this study will be presented at 
domestic and international conferences related to inten-
sive care, infectious diseases or infection control and 
will be published as papers in appropriate journals. The 
results to be published will only be statistically processed, 
and no personal information of the participants will be 
disclosed. The authors of this study will follow the Interna-
tional Committee of Medical Journal Editors guidelines.

Data availability statement
Data will be shared with those who apply for data sharing 
if all study members agree with sharing this study data.

 ► Will individual participant data be available?
Yes

 ► What data in particular will be shared?
All individual participant data collected during the 
trial, after deidentification.

 ► What other documents will be available?
Study Protocol, Statistical Analysis Plan, Informed 
Consent Form, Clinical Study Report, Analytic Code.

 ► When will data be available?
Immediately following publication. No end date.

 ► With whom?
Anyone who wishes to access the data.

 ► For what types of analyses?
Any purpose.

 ► By what mechanism will data be made available?
Proposals should be directed to  yasudahideto@ me. 
com.

DISCUSSION
Although the frequency of CRBSIs has decreased in 
recent years, there remains a high possibility of infections 
caused by indwelling intravascular catheters, even if they 
do not lead to CRBSI,13 and prevention of such infections 
is clinically and medico- economically important.

Catheter- related infections caused by multidrug- 
resistant bacteria affect patient prognosis, and preven-
tion of such infections is crucial in medical practice.9 10 
Olanexidine is a new skin disinfectant developed in Japan 
and is expected to be effective against multidrug- resistant 
bacteria.12 Since its development in 2015, a large clin-
ical trial for the prevention of surgical site infections has 
shown its efficacy versus 10% povidone- iodine solution.16 
However, no randomized controlled studies (RCTs) have 
examined its efficacy in preventing catheter- associated 
infections; this is the first study worldwide to examine the 

efficacy of olanexidine for prevention of catheter- related 
infections. This is the greatest strength of our study. The 
results of this study may provide a new approach to cath-
eter infection prevention.

The primary outcome of this study is catheter- related 
infection that includes not only CRBSI but also local infec-
tion and improvement of clinical symptoms after cath-
eter removal. Although CRBSI is an important outcome, 
fevers and localised infections are also outcomes that 
may necessitate the removal of catheters, and may result 
in increased healthcare costs. Examining the composite 
outcomes, which include fever, local findings at the cath-
eter insertion site, improvement in clinical findings after 
removal, and CRBSI, may be meaningful for clinical prac-
tice. In this study, we will set such composite outcomes as 
primary outcomes, and this examination of more clini-
cally important outcomes may be another strength of our 
study.

However, this study has several limitations. First, the 
definition of CRBSI used in the composite outcome does 
not include catheter colonisation. It is generally believed 
that a positive correlation exists between catheter colo-
nisation and CRBSI,17 and it is common to include cath-
eter colonisation in the definition of CRBSI. However, 
in a previous RCT conducted by our study group, 30% 
of patients were excluded due to missing catheter colo-
nisation outcomes, resulting in incomplete intention- to- 
treat analysis.8 We will not include catheter colonisation 
in the definition of CRBSI to prevent missing outcomes 
in this study because we anticipate that the medical situ-
ation in Japan may make it difficult to properly perform 
catheter tip culture after patients are discharged from 
the ICU or HCU. The impact is both underestimation 
and overestimation of the number of outcome occur-
rences; this may make it difficult to compare our results 
with those of previous studies. Second, the chlorhexidine 
alcohol formulation used in this study is a 1% formula-
tion, not the 2% formulation commonly used globally. 
The maximum concentration of chlorhexidine alcohol 
that can be used clinically for the prevention of catheter- 
related infection in Japan is 1 %, and it is difficult to 
compare 2% chlorhexidine alcohol with 1.5% aqueous 
olanexidine. Therefore, the external validity of this study 
may be reduced in countries where 2% chlorhexidine 
alcohol is used clinically. Finally, in this study, randomi-
sation is not conducted with stratification by catheter 
insertion site or location of catheter insertion, which may 
lead to confounding results. Many of the facilities partic-
ipating in this study are Level 3 emergency centres, and 
we expect that many of the catheters will be inserted in 
the emergency department. In addition, the first choice 
of the central venous catheter insertion site in Japan 
is the internal jugular vein, and many of the catheters 
in the previous RCT conducted by our research group 
were inserted through the internal jugular vein.8 Based 
on these facts, we judged that the difference in catheter 
insertion site or location of catheter insertion would have 
little impact on the results of this study. However, we will 
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be planning to conduct a multivariate analysis including 
potential confounders in a sensitivity analysis.

This study may provide new insights into the preven-
tion of catheter- related infections in patients with central 
venous catheters. In this study, 1% chlorhexidine alcohol 
will be used as a control group, which may reduce the 
external validity of the study, but it is expected that the 
results of this study will lead to further clinical trials 
outside Japan.
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