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to prevent surgical site infections in colorectal 
surgical patients: study protocol
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Abstract 

Background  Prophylactic parenteral administration of antibiotics is strongly recommended to prevent surgical site 
infection (SSI). Cefoxitin is mainly administered intravenously in colorectal surgery. The current standard method 
for administering prophylactic antibiotics in adults is to administer a fixed dose quickly before skin incision. The 
percentage of time that the unbound concentration is maintained above the minimum inhibitory concentration 
(fT > MIC) during surgery is used as a surrogate measure for the effectiveness of prophylactic antibiotics. Target-
controlled infusion (TCI) is a method of administration that changes the infusion rate to maintain a constant target 
concentration set by the user in consideration of the patient’s physical characteristics. When cefoxitin is administered 
using the TCI method, it is possible that fT > MIC can be well maintained while reflecting the patient’s physical charac-
teristics compared to the standard method.

Methods  This prospective, single-centre, parallel-arm, single-blinded, randomised controlled trial with a 1:1 alloca-
tion was designed to compare the effectiveness of the TCI method with that of the standard cefoxitin administra-
tion method. We shall enrol 2494 patients scheduled to undergo colon or rectal surgery. Prior to the procedure, we 
shall randomise each patient to the control group (standard administration method) or study group (TCI method). 
In the control group, 2 g of cefoxitin was dissolved in 100 ml of normal saline and administered for approximately 
10 min. Redosing was performed every 2 h from the start of the first dose of cefoxitin. In the study group, 2 g of cefox-
itin was dissolved in 50 ml of normal saline and administered using a commercialised TCI syringe pump until the end 
of surgery. It was administered at a target concentration of 80 μg/ml using the total concentration pharmacokinetic 
model of cefoxitin. In all groups, 2 g of cefoxitin was administered using the standard administration method 12 h 
after the end of surgery. The primary outcome will be the incidence of SSI. The secondary outcome will be the admin-
istered dose of cefoxitin. Preoperative, intraoperative, and postoperative data were collected.
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Discussion  This study will provide evidence for the effectiveness of administering cefoxitin using the TCI method 
compared to the standard method.

Trial registration  ClinicalTrials.gov, NCT05​253339, Registered on February 23, 2022 {2a, 2b}.

Keywords  Cefoxitin, Infection, Infusion, Pharmacokinetic, Prevention

Introduction
Background and rationale {6a}
Surgical site infection (SSI) is defined as an infection 
of the incision site, organ, or space that occurs within 
30 days after surgery [1]. Prophylactic parenteral admin-
istration of antibiotics is strongly recommended to 
prevent SSI [1, 2]. Cephalosporin is widely used as a pro-
phylactic antibiotic [2], and cefoxitin, a second-genera-
tion cephalosporin, is mainly administered intravenously 
in colorectal surgery [3], where the incidence of SSI is 
relatively high [2]. To maintain the appropriate concen-
tration during surgery, it is recommended in the Surgi-
cal Infection Society guidelines to readminister cefoxitin 
every 2 h during surgery [2].

The current standard administration method for pro-
phylactic antibiotics in adults is to administer a fixed 
dose of 2 g quickly before skin incision [2]. The fixed dose 
is a dose that does not take into account the patient’s 
physical characteristics (e.g. weight, kidney function) and 
is known to be determined empirically [4]. This dose was 
also determined empirically rather than based on sci-
entific evidence [4], and there was a strong tendency to 
prioritise user convenience. When antibiotics are admin-
istered quickly, they reach a concentration that is exces-
sively higher than the minimum inhibitory concentration 
(MIC) known to inhibit the occurrence of pathogens that 
cause SSI [5], and this may not have a positive effect on 
patient safety.

The percentage of time that the unbound concentration 
is maintained above the MIC (fT > MIC) during surgery is 
used as a surrogate measure for the effectiveness of pro-
phylactic antibiotics [6]. There is still no clear consensus 
on how to maintain fT > MIC during surgery, but there 
are studies that aim to maintain fT > MIC for 90–100% of 
the dosing interval [7]. If cefoxitin can be administered to 
maintain fT > MIC of 90% or more during surgery while 
taking into account the patient’s physical characteristics, 
it can be a personalised administration method that max-
imises the effect of prophylactic antibiotics. In the field 
of anaesthesiology, hypnotic agents have been admin-
istered via targeted controlled infusion (TCI) for more 
than 25 years [8]. The TCI is a method of administration 
that changes the infusion rate to maintain a constant tar-
get concentration set by the user in consideration of the 
patient’s physical characteristics [9]. It may be expected 
that administering cefoxitin using the TCI method will 

improve the limitations of the current standard adminis-
tration method.

Objective {7}
The purpose of this study is to compare the effectiveness 
of the TCI method with that of the standard administra-
tion method, cefoxitin, which is intravenously admin-
istered to prevent SSI in patients undergoing colorectal 
surgery.

Trial design {8}
This is a prospective, single-centre, parallel-arm, single-
blinded, superiority randomised controlled trial with a 
1:1 allocation.

Methods
Study setting {9}
This single-centre trial is currently being conducted at 
the Asan Medical Center, a tertiary hospital in Seoul, 
Republic of Korea. This study protocol was written in 
compliance with the 2013 SPIRIT reporting guidelines 
[10].

Eligibility criteria {10}
The inclusion criteria are as follows:

•	 Over 20 years old
•	 Patients who are scheduled to undergo colon or rec-

tal surgery
•	 Patients scheduled to receive cefoxitin as a prophy-

lactic antibiotic

The exclusion criteria are as follows:

•	 Known allergies, hypersensitivity, or intolerance to 
cefoxitin

•	 Patients with a history of receiving cefoxitin within 
3 days of the scheduled surgery

•	 Patients receiving therapeutic antibiotics
•	 Estimated glomerular filtration rate (eGFR) < 30  ml/

min/1.73 m2

Who will take informed consent? {26a}
Five doctors registered as researchers in this clinical trial 
will obtain written informed consent from patients the 

https://clinicaltrials.gov/study/NCT05253339
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day before elective surgery. The screening will be con-
ducted after consent will be obtained.

Intervention
Anaesthesia induction and maintenance will be per-
formed according to the standard operating procedure of 
the Asan Medical Center [11]. Cefoxitin will be adminis-
tered before the skin incision.

Explanation for the choice of comparators {6b}
We shall randomly allocate patients to the study group 
(administration of cefoxitin via TCI method) and the 
control group (administration of cefoxitin using standard 
method). We chose standard administration method as 
the comparator because it is the administration method 
currently used around the world.

Control group (standard administration method) {11a}
Two grams of cefoxitin will be dissolved in 100 ml of nor-
mal saline and administered for approximately 10  min. 
Redosing will be performed every 2  h from the start of 
the first dose of cefoxitin. The maximum intraoperative 
dose will be limited to 8 g per day. An additional 2 g of 

cefoxitin will be administered in the general ward 12  h 
after the first cefoxitin dose.

Study group (target‑controlled infusion method) {11a}
Two grams of cefoxitin will be dissolved in 50 ml of nor-
mal saline and administered using a commercialised TCI 
syringe pump until the end of surgery. It will be admin-
istered at a target concentration of 80  μg/ml using the 
total concentration pharmacokinetic model of cefoxitin 
constructed and validated in previous studies [5, 12]. The 
TCI syringe pump (PION TCI®; Bionet Co. Ltd., Seoul, 
Korea) will be connected to a personal computer (PC) 
by an RS232c cable and controlled by a TCI software 
(Asan pump, version 2.1.5; Bionet Co. Ltd., Seoul, Korea, 
https://​www.​ksap.​co.​kr/​html/, last accessed: Decem-
ber 15, 2023) installed on said PC. Figure  1 shows the 
operation of the Asan pump program, which is used to 
administer cefoxitin to a hypothetical patient using the 
TCI method. Plasma concentration, dose infused, and 
infusion rate data will be recorded at 10-s intervals and 
stored in ‘CSV’ format. Twelve hours after starting cefox-
itin administration in the operating room, 2 g of cefoxitin 
will be administered in the general ward using the stand-
ard administration method.

Fig. 1  Operation screenshot of the Asan Pump program. Cefoxitin is administered to a hypothetical patient at a target total concentration of 80 μg/
ml

https://www.ksap.co.kr/html/
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Criteria for discontinuing allocated interventions {11b}
If the study protocol is violated, intraoperative bleeding 
exceeds 1.5 L, or the patients withdraw their informed 
consent, the participants will be dropped from the study.

Strategies to improve adherence to interventions {11c}
Not applicable. The designated intervention will be 
applied only to one method of administration allocated.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
Not applicable. No relevant concomitant care will be per-
mitted or prohibited.

Provisions for post‑trial care {30}
The principal investigator (BM Choi) has clinical trial lia-
bility insurance. This insurance provides coverage for any 
damage to the research participants through injury or 
death caused by the study. Insurance applies to damages 
that became apparent during the study or within 5 days 
after the end of the study.

Outcomes and follow‑up {12}
The primary outcome will be the incidence of SSI. The 
secondary outcome will be the administered dose of 

cefoxitin. The trial endpoint will be established 1 month 
after the discharge of the last included patient. Each 
patient will visit the colorectal surgery outpatient clinic 
1 month after discharge, and the surgeon in charge will 
evaluate the patient for the occurrence of surgical site 
infection.

Participant timeline {13}
The participant timeline is shown in Fig. 2.

Sample size {14}
The primary endpoint of this study is to compare the 
incidence of SSI between the two groups. Since cefoxitin 
will be dosed every 2  h during surgery in the standard 
administration group, the time for which the unbound 
concentration was maintained above the MIC to inhibit 
pathogens did not differ from that in the TCI group dur-
ing surgery. This was confirmed in a stochastic simulation 
using the pharmacokinetic model of a previous study [5, 
12]. Given that there is no difference in the incidence of 
SSI between the two groups, the sample size in which the 
TCI group would show a dose reduction of approximately 
30% compared to the standard dose administration group 
was calculated. Using Bonferroni correction, an alpha of 
0.025 and a beta of 0.1 were applied. The sample size that 

Fig. 2  Participant timeline. POD, postoperative day. Patients will be admitted at least 1 day before surgery. After the surgery schedule will be 
confirmed, informed consent will be obtained from the patients in the general ward the day before surgery. Group allocation will be performed 
on the morning of surgery after confirming whether cefoxitin will be used as a prophylactic antibiotic. In general, patients who underwent 
laparoscopic surgery will be discharged on the 5th day after surgery, and patients who underwent open surgery will be discharged on the 7th day 
after surgery. Approximately 1 month after discharge, the patients will visit the outpatient clinic
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satisfied the first condition that fT > MIC would not differ 
between the two groups was 270 patients per group, and 
the sample size that satisfied the second condition that 
the dose in the TCI group would be reduced by approxi-
mately 30% was 1187 patients per group. To satisfy both 
assumptions, a larger sample size must be selected, and 
considering a dropout rate of 5%, the sample size was 
determined to be 1247 patients per group.

Recruitment {15}
Patients will be admitted at least 1  day before surgery. 
After the surgery schedule was confirmed, written 
informed consent form will be obtained from the patients 
in the general ward the day before surgery.

Assignment of interventions: allocation
Sequence generation {16a}
A computer-generated random allocation sequence will 
be generated by simple randomisation with an allocation 
ratio of 1:1. Patient randomisation will be performed by a 
doctor who was not involved in this study.

Concealment mechanism {16b}
A doctor who is not participating in the study will keep 
the randomisation table. Randomisation was computer-
generated, with allocation concealment ensured by 
opaque sequentially numbered sealed envelopes. The 
allocation will be concealed until the last participant’s 
study protocol ends.

Implementation {16c}
After the participants will be enrolled, a doctor who was 
not involved in the study checked the inclusion/exclusion 
criteria. After confirming final enrolment, randomisation 
will be performed, and the results will be delivered to the 
nurse working in the operating room, where the patient 
would undergo surgery on the morning of the surgery.

Assignment of interventions: blinding {17a, 17b}
When the patient is hospitalised, the occurrence of SSI 
will be initially assessed by nurses assigned to the infec-
tion control unit. The surgeon who operated on the 
patient will make the final assessment of whether an SSI 
occurred. These nurses and surgeons are entirely una-
ware of the randomisation. In Korea, it is stipulated by 
national policy to investigate whether surgical site infec-
tions occur after colorectal surgery. The data analysts will 
be blinded to the group allocation. The anaesthesiologists 
who directly administered cefoxitin were not blinded.

If a severe adverse reaction occurs due to antibi-
otic administration, the administration will be stopped 
immediately, and unblinding will be allowed. Patients for 

whom blinding cannot be maintained will be treated as 
dropouts.

Data collection {18a}
The occurrence of SSI will be assessed by dividing it into 
superficial, deep, and organ/space SSIs according to the 
standards presented in the guidelines (Table  1) [4, 13]. 
The cefoxitin dose in the TCI group will be examined 
through records saved in the Asan pump program after 
the completion of surgery. To evaluate whether acute kid-
ney injury (AKI) occurs, serum creatinine and urine out-
put will be checked and evaluated according to KDIGO 
guidelines [14]. Patients are assigned numerical codes 
instead of their hospital ID to ensure the confidentiality 
of personal information. Preoperative, intraoperative, 
and postoperative data will be collected. Preoperative 
data includes demographic data (age, sex, height, weight, 
American Society of Anesthesiologists (ASA) physi-
cal status), comorbidities, and laboratory test results 
before surgery. Intraoperative data includes total cefoxi-
tin dose, operation duration, anaesthesia duration, esti-
mated blood loss, fluid administration volume, urine 
output, and temperature. Postoperative data includes 
cefoxitin total dose, operation name, postoperative labo-
ratory tests, daily input and output, adverse events, and 
1-month follow-up outcomes.

Plans to promote participant retention and complete 
follow‑up {18b}
The study timeline will be completed on the day of dis-
charge. One-month follow-up is required after discharge. 
The patient will visit the colorectal surgery outpatient 
clinic one month after discharge, and the surgeon in 
charge will make a final evaluation for the occurrence of 
SSI.

Data management {19}
The principal investigator (BM Choi at Asan Medical 
Center) is responsible for recruiting patients and con-
ducting the study. On-site investigators (HJ Kim and KM 
Kim at Asan Medical Center) are recording data on the 
worksheet (paper-based case report form). The records 
will be entered into the electronic case report form 
(http://​210.​122.4.​138:​8080/​OpenC​linica). Data entry and 
verification will be double-checked by two on-site inves-
tigators (HJ Kim and KM Kim).

Statistical methods {20a}
The data will be expressed as the mean ± standard devia-
tions for normally distributed continuous variables, 
medians (25–75%) for non-normally distributed con-
tinuous variables, or counts. Statistical analysis will be 
conducted using the SigmaStat software version 3.5 for 

http://210.122.4.138:8080/OpenClinica
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Windows (Systat Software, Inc., Chicago, IL, USA) or R 
software (version 4.3.2; R Foundation for Statistical Com-
puting, Austria). The intention-to-treat principle will be 
applied for outcomes analysis. The incidences of SSI and 
AKI between the two groups will be compared using the 
χ2 test. The intraoperative dose of cefoxitin will be evalu-
ated using the two-sample t-test or Mann–Whitney rank 
sum test. Differences in other variables, including demo-
graphics, between the two groups will be compared using 
two-sample t-tests, Mann–Whitney rank sum tests, or χ2 
tests, as appropriate. P values less than 0.05 will be con-
sidered to indicate statistical significance.

Interim analysis and method for additional analyses {20b, 
21b}
No interim analysis will be conducted during this study 
period. No additional analysis, such as subgroup analysis, 
is intended for this study.

Methods of analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
The intention-to-treat (ITT) principle will be prioritised 
in the analysis. In the case of protocol nonadherence, a 
per-protocol analysis is also planned. Multiple imputa-
tions will be used to handle missing data.

Table 1  Criteria for defining a surgical site infection (SSI)

a National Nosocomial Infection Surveillance definition: a nonhuman-derived implantable foreign body (e.g. prosthetic heart valve, nonhuman vascular graft, 
mechanical heart, or hip prosthesis) that is permanently placed in a patient during surgery
b If the area around a stab wound becomes infected, it is not an SSI. It is considered a skin or soft tissue infection, depending on its depth

Superficial incisional SSI
Infection occurs within 30 days after the operation and infection involves only skin or subcutaneous tissue of the incision and at least one of the follow-
ing:

  1. Purulent drainage, with or without laboratory confirmation, from the superficial incision

  2. Organisms isolated from an aseptically obtained culture of fluid or tissue from the superficial incision

  3. At least one of the following signs or symptoms of infection: pain or tenderness, localized swelling, redness, or heat and superficial incision is delib-
erately opened by surgeon, unless incision is culture-negative

  4. Diagnosis of superficial incisional SSI by the surgeon or attending physician

Do not report the following conditions as SSI:

  1. Stitch abscess (minimal inflammation and discharge confined to the points of suture penetration)

  2. Infection of an episiotomy or newborn circumcision site

  3. Infected burn wound

  4. Incisional SSI that extends into the fascial and muscle layers (see deep incisional SSI)

Note: Specific criteria are used for identifying infected episiotomy and circumcision sites and burn wounds

Deep incisional SSI
Infection occurs within 30 days after the operation if no implanta is left in place or within 1 year if implant is in place and the infection appears to be 
related to the operation and infection involves deep soft tissues (e.g. fascial and muscle layers) of the incision and at least one of the following:

  1. Purulent drainage from the deep incision but not from the organ/space component of the surgical site

  2. A deep incision spontaneously dehisces or is deliberately opened by a surgeon when the patient has at least one of the following signs or symp-
toms: fever (> 38 °C), localized pain, or tenderness, unless site is culture-negative

  3. An abscess or other evidence of infection involving the deep incision is found on direct examination, during reoperation, or by histopathologic 
or radiologic examination

  4. Diagnosis of a deep incisional SSI by a surgeon or attending physician

Notes:

  1. Report infection that involves both superficial and deep incision sites as deep incisional SSI

  2. Report an organ/space SSI that drains through the incision as a deep incisional SSI

Organ/space SSI
Infection occurs within 30 days after the operation if no implanta is left in place or within 1 year if implant is in place and the infection appears to be 
related to the operation and infection involves any part of the anatomy (e.g. organs or spaces), other than the incision, which was opened or manipu-
lated during an operation and at least one of the following:

  1. Purulent drainage from a drain that is placed through a stab woundb into the organ/space

  2. Organisms isolated from an aseptically obtained culture of fluid or tissue in the organ/space

  3. An abscess or other evidence of infection involving the organ/space that is found on direct examination, during reoperation, or by histopathologic 
or radiologic examination

  4. Diagnosis of an organ/space SSI by a surgeon or attending physician
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Plans to give access to the complete protocol, 
participant‑level data, and statistical code {31c}
The datasets generated and/or analysed during the cur-
rent study are available from the corresponding author 
upon reasonable request.

Confidentiality {27}
The written informed consent forms and worksheets will 
be stored in a locked document storage box, and only 
investigators registered with the IRB will have access. 
After 3  years of storage after the completion of the 
research, the documents will be destroyed.

Monitoring
Composition of the coordinating centre and trial steering 
committee {5d}
The coordinating centre is the Department of Anesthesi-
ology and Pain Medicine of Asan Medical Center, Seoul, 
Korea. The trial steering committee consists of the prin-
cipal investigator (BM Choi) and other investigators (HJ 
Kim and KM KIM), who are responsible for recruiting 
patients, conducting the study, and data entry.

Composition of the data monitoring committee and its role 
and reporting structure {21a}
Data monitoring will be conducted by the clinical 
research coordinator. An internal inspection will be 
conducted at the Clinical Research Protection Center at 
Asan Medical Center in Seoul. Patient safety and the data 
adequacy will be monitored every 6  months under the 
supervision of the principal investigator.

Adverse event reporting and harms {22}
The principal investigator will report any serious adverse 
events to the institutional review board within 14 days of 
notice. The report included the causality, onset time and 
resolution time, severity, provided management, and rel-
evance to the present clinical trial.

Frequency and plans for auditing trial conduct {23}
Self-auditing will be performed by the site management 
organisation every 6  months. This trial may be audited 
at any time by the Ministry of Food and Drug Safety of 
Korea or the institution’s quality assurance team.

Plans for communicating important protocol amendments 
to relevant parties (e.g. trial participants and ethical 
committees) {25}
Any amendment to the protocol will be reviewed by the 
Institutional Review Board of Asan Medical Center. After 
approval, the changes will be reported and reviewed by 
the Ministry of Food and Drug Safety of Korea. These 

changes will be reflected in the public registry site 
(https://​clini​caltr​ials.​gov/​study/​NCT05​253339).

Dissemination plans {31a}
The results will be disseminated via publication in a peer-
reviewed journal, available at the registry site (https://​
clini​caltr​ials.​gov/​study/​NCT05​253339) and presented at 
scientific meetings.

Discussion
Target-controlled infusion is a scientific administration 
method in which a drug is administered to maintain the 
target concentration in the plasma or effect site set by 
the user. To administer a drug through the TCI method, 
a dedicated syringe pump equipped with a pharmacoki-
netic model of the drug is needed. Dosing is tailored to 
each patient according to covariates such as weight and 
age included in the pharmacokinetic parameters of the 
model obtained using population analysis [8]. In other 
words, even if administered at the same target concentra-
tion and for the same period of time, the dosage varies 
depending on the covariates, and this may be considered 
personalised medication. The TCI method is a common 
method for administering hypnotics, including propofol, 
and analgesics, including remifentanil, during surgery. It 
is used in most countries except the United States, and 
its safety has been sufficiently confirmed [15]. However, 
since antibiotics have never been administered via the 
TCI method, various studies are needed to confirm the 
effectiveness of the TCI method in the antibiotic field. 
This study also began from this perspective. When anti-
biotics are used for preventive purposes, the concentra-
tion-related index, such as fT > MIC, acts as a significant 
surrogate measure for effectiveness, so administering 
antibiotics using the TCI method is expected to have an 
advantage over the standard administration method.

To effectively prevent the occurrence of SSI, it is essen-
tial to maintain an unbound concentration above the 
MIC during the surgical period, so it is necessary to set 
an appropriate target concentration. However, in previ-
ous studies, the performance of maintaining a constant 
target concentration was better for the total concentra-
tion than for the unbound concentration [12, 16]. There-
fore, the target concentration should be administered 
based on the total concentration, and the unbound frac-
tion in the plasma (fu) should be considered to maintain 
the unbound concentration above the concentration that 
suppresses the occurrence of pathogens that cause SSI. 
An unbound concentration of 16  μg/ml or more was 
needed [17], and the target concentration was deter-
mined considering the presence of cefoxitin obtained 
in a previous study [12]. A more detailed explanation of 

https://clinicaltrials.gov/study/NCT05253339
https://clinicaltrials.gov/study/NCT05253339
https://clinicaltrials.gov/study/NCT05253339
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setting the target concentration to 80 μg/ml has already 
been described in previous research [12].

This study has several limitations. First, because the 
actual concentration was not measured in the TCI group, 
it was not confirmed whether the unbound concentration 
was greater than 16  μg/ml. Of course, it may be neces-
sary to measure the concentration even once or twice 
during surgery to adjust the target concentration, but in 
the case of antibiotics, it is more meaningful to maintain 
the concentration above the MIC. In a prior study, phar-
macokinetic models for administering cefoxitin using 
the TCI method were constructed [5], and the predictive 
performance of these models was evaluated in another 
population that did not participate in model construction 
[12]. In this external validation study, it was confirmed 
that the unbound concentration remained higher than 
16  μg/ml during surgery in all patients [12]. Therefore, 
although we were unable to measure the unbound con-
centration, we cautiously expect that the unbound con-
centration in most patients would have been maintained 
above 16  μg/ml during the operation. Second, 2  g of 
cefoxitin was additionally administered in the ward 12 h 
after the end of the surgery, and at this time, the standard 
administration method was used for the TCI group. It is 
recommended that additional prophylactic antibiotics 
be administered within 24  h after surgery [18]. Because 
manufacturers do not allow individual users to freely 
load pharmacokinetic models built by commercial TCI 
pumps, a PC equipped with software (i.e. Asan pump) 
that can control the TCI pump is needed. Therefore, 
because it was difficult to use the relevant equipment in 
the hospital room and administer cefoxitin at night, the 
TCI group was also administered cefoxitin using the 
standard administration method. In addition, if cefoxi-
tin was administered using the TCI method in the ward, 
it was also considered that there was a possibility that 
patients and medical staff would be aware of the group 
assignment. Although this may affect the assessment of 
the effectiveness of the TCI method, it is unlikely to fur-
ther exaggerate the efficacy of the TCI.

In summary, through this study, we would like to evalu-
ate whether cefoxitin, which is administered to patients 
undergoing colorectal surgery to prevent surgical site 
infection, is more valuable than the standard administra-
tion method when administered via the target-controlled 
infusion method.

Trial status {3}
The final protocol version is 2.2 (February 15, 2024), 
and the first patient was recruited on April 4, 2022. 
Recruitment is expected to be complete by April 2025. 

For the final analysis, the database will be cleaned and 
checked for completeness before being locked, and sta-
tistical analysis will be carried out.

Final protocol version: v2.2 (date: February 15, 2024)
Recruitment of the first patient: April 4, 2022
Number of patients recruited: 1044 (date: March 14, 

2024)
Expected date for recruitment completion: April 30, 

2025
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