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Abstract

Background Remimazolam is a new alternative drug combining the efficacy and safety advantages of midazolam
and propofol. However, studies comparing remimazolam with midazolam in diagnostic upper gastrointestinal endos-
copy are insufficient. The purpose of this study was to prove the efficacy and safety of remimazolam in diagnostic
upper gastrointestinal endoscopy compared with midazolam.

Methods This study is a randomized, controlled, multicenter trial. Participants who are to receive diagnostic upper
gastrointestinal endoscopy are enrolled and randomly assigned to the remimazolam or midazolam group (con-

trol group) at a 1:1 ratio. Remimazolam is given (with an initial 5 mg plus an additional 2.5 mg, maximum 5 times)

in the remimazolam group for endoscopic sedation and midazolam is given (with an initial 2 mg plus an additional
1~2 mg, maximum 5 times) in the control group. Flumazenil can be given at the discretion of the investigator. Vital
signs, level of consciousness, and adverse events are assessed from the administration of sedatives to the full recovery
of consciousness. The primary endpoint is total procedure time, which is defined as the time from the first administra-
tion of sedatives to discharge. The secondary endpoints include the success rate of sedation, recovery time, induction
time, total endoscopy time, discharge time, sedation time, incidence of hypotension, respiratory depression, tachycar-
dia, bradycardia, participant satisfaction, and paradoxical response incidence.

Discussion The results of this trial are expected to prove the superior efficacy of remimazolam with favorable safety.
Based on the results, a sedation method using remimazolam would be applied preferentially for diagnostic upper
gastrointestinal endoscopy in clinical practice.

Trial registration Clinicaltrials.gov NCT05836545. Registered on April 19, 2023
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Background

Conscious sedation during endoscopy, also known as
endoscopic sedation, uses sedatives to reduce patient
anxiety or discomfort, with the ultimate goal of creat-
ing an amnesic effect to ensure an accurate endoscopic
examination and patient satisfaction during the pro-
cedure [1, 2]. In addition to controlling patient anxi-
ety and discomfort, sedation also serves to maximize
patient comfort and minimize the risk of drug-related
side effects [1, 2]. The use of sedatives during endos-
copy has increased in Korea, and endoscopic seda-
tion has become a common practice in many medical
centers.

In clinical practice, benzodiazepines and opioids are
commonly used for conscious sedation, and the most
common agents are midazolam and propofol [3]. Mida-
zolam is a member of the benzodiazepine family and
the drug of choice for most endoscopists due to its rapid
onset of action, short duration of action, and amnesic
properties [3]. However, midazolam can have adverse
effects such as respiratory depression and paradoxi-
cal reactions sometimes leading to fatal outcomes [3].
Therefore, caution and proper monitoring are required
after administration. Propofol has the advantages of no
cumulative effects, and its short half-life due to rapid
metabolism and excretion enables rapid recovery when
discontinued [4]. However, propofol should be used
with caution because no antagonist is available in cases
of adverse events such as respiratory decompression or
shock [1].

Remimazolam is a new alternative drug that com-
bines the advantages of traditional sedatives such as
midazolam and propofol [5]. Remimazolam has the fol-
lowing advantages over midazolam: little respiratory
depression, little effect on hemodynamics, rapid onset of
action, short half-life, and no accumulation in the body
after long-term infusion, enabling rapid recovery [5].
Therefore, remimazolam might be a promising sedative
that can shorten the overall procedure time. In addition,
while there is no antagonist to reverse sedation after the
administration of propofol, remimazolam has an antago-
nist, flumazenil, that can cause the immediate reversal of
sedation, which is a major advantage of remimazolam in
terms of safety [5].

Several phase III studies have proved that remima-
zolam is an effective agent for sedation induction and
maintenance compared to traditional agents in colo-
noscopy and bronchoscopy with respect to safety and
efficacy [6-11]. However, to the best of our knowledge,
studies comparing remimazolam with traditional ben-
zodiazepines like midazolam in diagnostic upper gas-
trointestinal endoscopy are insufficient yet. Therefore,
we planned this randomized controlled trial to prove the
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efficacy and safety of remimazolam in diagnostic upper
gastrointestinal endoscopy compared with midazolam.

Methods/design

Study design and ethical considerations

This study is a multicenter, prospective, randomized,
single-blind, parallel-controlled clinical trial conducted
for the purpose of comparing and analyzing the efficacy
and safety of sedation with midazolam or remimazolam
in patients who receive diagnostic upper gastrointes-
tinal endoscopy. It is designed as a superiority trial. All
participating institutions are teaching hospitals with a
College of Medicine in Korea. This study was approved
by the Institutional Ethics Review Board (IRB) of Sam-
sung Medical Center, Sungkyunkwan University School
of Medicine (IRB No. 2022-08-031), and then by the IRB
of each institution participating in this study (IRB No.
20-2022-90 in Seoul National University Boramae Medi-
cal Center; IRB No. 2022-09-010 in Dongguk University
Ilsan Hospital; IRB No. 2022-09-002-001 in Chungnam
National University School of Medicine; IRB No. SEUMC
2022-11-013-002 in Ewha Womans University Seoul
Hospital; IRB No. 2022-08-059 in Yeungnam Univer-
sity College of Medicine; and IRB No. 2022-11-012-005
in College of Medicine, Chosun University). The health
and human rights of subjects will be prioritized based on
the Declaration of Helsinki, and voluntary written con-
sent will be obtained from all subjects before they enter
the clinical study. All participants who meet the inclusion
criteria and agree to participate will receive an informa-
tion sheet and consent form. Before signing the informed
consent form, participants can discuss the study details
with the investigators, ask questions, and take as much
time as they need to consider their decision. The investi-
gators conducting the study will obtain informed consent
from the participants. All enrollment in the study will be
subject to obtaining a signed consent form before the ini-
tiation of study procedures. Records identifying the sub-
ject’s identity will be kept confidential.

Inclusion criteria

Participants who meet the following requirements are
eligible for enrollment: (1) scheduled for a sedative upper
gastrointestinal endoscopy for diagnostic purposes, (2)
aged 19 to 60 years; (3) American Society of Anesthe-
siologists (ASA) score<2 (Table 1) [1]; (4) body mass
index (BMI) greater than 18.5 kg/m? and less than 30 kg/
m?; and (5) capable of understanding the information and
signing a written consent voluntarily after listening to an
explanation of the purpose, methods, and effects of the
study.
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Table 1 American Society of Anesthesiologists (ASA) score
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Scores Physical status

I Normal healthy patient

Il Patient with mild systemic disease that does not limit their activities

Il Patient with moderate or severe systemic disease which does limit their activities
% Patient with severe systemic disease that is a constant potential threat to life

\% The patients is morbid and is at a substantial risk of death within 24 h (with

or without procedure)

Table 2 Mallampati Score

Class Visualization

1 Complete visualization of the soft palate

2 Complete visualization of the uvula

3 Visualization of only the base of uvula visible
4 Soft palate is not visible at all

Exclusion criteria

Participants with any of the following conditions are
excluded: (1) suspected pathologic conditions of the gas-
trointestinal tract that may require therapeutic endos-
copy; (2) a history of breathing problems during sedation
(e.g., chronic obstructive pulmonary disease, breathing
disorders due to cerebrovascular disease and musculo-
skeletal disorders, individuals with tracheal cannulas);
(3) considered difficult to maintain an airway (Mallam-
pati score > 3, Table 2) [1]; (4) pre-randomization systolic
blood pressure greater than 160 mmHg or less than 90
mmHg; (5) uncontrolled hypertension; (6) acute nar-
row-angle glaucoma; (7) severe hepatic dysfunction or
chronic kidney disease; (8) a history of drug or alcohol
abuse in the past year; (9) hypersensitivity to other ben-
zodiazepine medications or components of remimazolam
(e.g., dextran), (10) hypersensitivity to any of the com-
ponents of midazolam; (11) sleep apnea syndrome, (12)
genetic conditions, such as galactose intolerance, Lapp
lactase deficiency, or glucose-galactose malabsorption;
(13) pregnant or breastfeeding women, or women with
a positive pregnancy test at screening; (14) administered
any drug in other clinical trials within 1 month prior to
screening; (15) informed consent could not be obtained;
and (5) considered to be difficult to perform this clinical
trial when judged by the principal investigator.

Randomization

The screening of participants for eligibility is performed
during the screening period (within 4 weeks before ran-
domization), and informed consent will be obtained

from the participants during this screening period. The
eligible participants will be randomized within 15 min
of the start of the endoscopic procedure in a 1:1 fashion
to receive remimazolam or midazolam (control group).
Block randomization will be performed using Random
Allocation Software version 1.0.0. A person who is not
involved in the study will create random numbers before
the first subject enrolls after IRB approval. The random
numbers will be kept in sealed envelopes in the order of
their creation. An independent hospital staff member will
prepare the sealed envelopes to ensure the concealment
of the allocation sequence. The numbers will be handed
over to assistants (independent investigators). After ran-
domization, the treatment method will be single-blinded
(only blinded to participants).

Administration of sedative agents and assessment
of participants
Remimazolam is given before the start of the endoscopic
procedure in the remimazolam group. The administra-
tion of remimazolam is performed at an initial dose of
5 mg, and an additional 2.5 mg can be given according
to the sedative state at an interval of 2 min (maximum 5
times during 15 min). Midazolam is given before the start
of the endoscopic procedure in the midazolam group
(control group). The administration of midazolam is
performed at an initial dose of 2 mg, and an additional
1~2 mg can be given according to the sedative state at
an interval of 2 min (maximum 5 times during 15 min).
Other sedative agents such as propofol are not permit-
ted to be given even in case of insufficient sedation after
administration of remimazolam or midazolam.

Flumazenil, a benzodiazepine antagonist, can be given
if consciousness does not recover even more than 30 min
after the discontinuation of the sedative, at the discretion
of the investigator. Flumazenil is administered at a dose
of 0.2 mg, and an additional 0.1 mg can be given at an
interval of 1 min (maximum dose of 1 mg).

During the period from the administration of sedatives
to the full recovery of consciousness, continuous moni-
toring of heart rate and oxygen saturation is performed,
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and supplemental oxygen can be applied if required. The
assessment of vital signs (systolic and diastolic blood
pressure [SBP and DBP], pulse rate, respiration rate, and
oxygen saturation) is performed before the administra-
tion of sedatives, at the start of the endoscopic procedure,
3 min after the administration of sedatives, and then
every 5 min until discharge. The assessment of conscious-
ness is performed before the administration of sedatives,
at the start of the endoscopic procedure; 1, 1.5, 2, 2.5, 3,
4, and 5 min after the administration of sedatives; every
2 min until the full recovery of consciousness, and then
every 5 min until discharge. The Modified Observer’s
Assessment of Alertness/Sedation Scale (MOAA/S) is
used to assess consciousness (Table 3) [2]. The full recov-
ery of consciousness is defined as an MOAA/S score of 5
on 3 consecutive times. The assessment of adverse events
is performed every 5 min until discharge.

After the full recovery of consciousness, an assess-
ment is performed using the Aldrete Scoring System
(Table 4) [2]. Participants can be discharged from the

Table 3 Modified Observer's Assessment of Alertness/Sedation
Scale (MOAA/S)

Scores Score description

Responds readily to name spoken in normal tone (alert)
Lethargic response to name spoken in normal tone
Responds only after name is called loudly and/or repeatedly
Responds only after mild prodding of shaking

Responds only after painful trapezius squeeze

o —= N W A~ WU,

No response after painful trapezius squeeze

Table 4 Aldrete Scoring System
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institution when their Aldrete score is more than 9. At
the time of discharge, the assessment of participant
satisfaction is performed by providing a questionnaire
to the participants. Participant satisfaction will be
assessed in 4 categories: overall satisfaction, comfort
level, willingness to recommend, and satisfaction com-
pared to previous endoscopic procedures.

Outcomes

The primary endpoint is total procedure time, which is
defined as the time from the first administration of sed-
ative to discharge. The secondary endpoints include the
success rate of sedation (<1>completion of the whole
endoscopy procedure; <2>no requirement for an alter-
native and/or rescue sedative; <3>administered up to a
maximum of 5 supplemental doses within 15 min after
the initial dose) [6, 12], recovery time (from last admin-
istration of sedatives to full recovery of conscious-
ness), induction time (from the first administration of
sedatives to adequate sedation [MOAA/S score of 3 or
less]), total endoscopy time (from endoscope insertion
to endoscope retrieval), discharge time (from endo-
scope retrieval to discharge), sedation time (from the
first administration of sedatives to full recovery of con-
sciousness), incidence of hypotension (SBP <80 mmHg,
DBP <40 mmHg, or SBP or DBP decreased by 20% or
more from baseline), respiratory depression (oxygen
saturation<90% for more than 1 min), tachycardia
(heart rate > 100/min or 20% increase from baseline), or
bradycardia (heart rate <60/min or 20% decrease from
baseline), participant satisfaction (questionnaire), and
the incidence of a paradoxical response.

Post-Sedation Recovery Scorecard (Recovery Score)

Reflexes

Can move 2 or more limbs on command or voluntarily
Unable to move all limbs on command or voluntarily

Breathing

Shortness of breath or restricted breathing movements

Apnea
Circulation

20-50% of pre-anesthesia/sedation blood pressure
50% or more of pre-anesthesia/sedation blood pressure

Consciousness Full recovery

Eyes open when called

Unresponsive
Skin Color Pink

Pale, dull, mottled, jaundiced

Cyanosis

Can move 4 of their limbs on command or voluntarily

Deep breathing and coughing features

Within +20% of pre-anesthesia/sedation blood pressure

O = N O = N O — N O = N O = N
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Planned number of participants and period
The primary objective of this study is to determine the
superiority of remimazolam’s total procedure time com-
pared to midazolam. The primary hypothesis is that the
total procedure time will be shorter in the remimazolam
group compared to the midazolam group (control group).

In a previous study [13], the mean total procedure time
in the midazolam group was 48.3 min, and we expect
the mean total procedure time in the remimazolam
group to be 7.245 min less than the midazolam group
(15% less than the midazolam group). Therefore, we set
an effect size of 7.245 min. Since the standard deviation
(SD) of the total procedure time was not presented in
the previous study, we made the following assumptions.
Assuming that the total procedure time follows a nor-
mal distribution and the SD of the total procedure time
in the midazolam group is the largest value, the SD of
the total procedure time was set to 12.075 (calculated as
48.3-4*SD =0) and was assumed to be the same in both
groups. When testing the primary hypothesis with a two-
sample ¢-test at a one-sided significance level of 2.5% and
a power of 90%, the required number of participants was
calculated to be 120 (60 in each group) using PASS 22.0.2
software. Sixty-six participants will be randomized to
each group to allow for a possible 10% dropout rate. The
sample size calculation process is presented in Fig. 1.

A total of 132 participants will be enrolled for
10 months. Screening, allocation, intervention

Page 5 of 9

(administration of sedatives), and monitoring will be
performed for each participant during the study period.
Follow-up will be terminated after discharge from the
institution. The schedule of enrollment, interventions,
and assessments is summarized in Fig. 2.

Adverse events

Adverse events refer to undesirable and unintended
signs, symptoms, or illnesses that occur after the pro-
cedure. Adverse events related to endoscopic seda-
tion are harmful and unintended reactions that cannot
be excluded from having a causal relationship with the
sedatives used in this study. The types of adverse events
include hypoxemia, hypotension, tachycardia, bradycar-
dia, hypertension, arrhythmia, aspiration, and paradoxi-
cal reaction [14]. Significant adverse events (SAE) include
those that cause death or threaten life, require an exten-
sion of hospitalization or length of stay, or cause disabil-
ity, impairment of function, or congenital malformations.
Even if not included in the circumstances listed above,
a medical condition that is likely to have a significant
impact on the patient’s health and well-being is regarded
as an SAE by the medical judgment of the investigators
and relevant experts. All adverse events will be recorded
in the case report form (CRF), and SAEs will be reported
to the IRB as well as on the Clinicaltrials.gov database
and managed appropriately. The IRB will decide whether
to stop or continue the study when SAEs occur.

Two-Sample T-Tests Assuming Equal Variance

Numeric Results for an Equal-Variance T-Test

Solve For: Sample Size
Difference: & =p1-p2
Hypotheses: HO0:8<0 vs. H1:86>0
Target Actual
Power Power N1 N2 N p1 M2 ] o Alpha
0.9 0.90312 60 60 120 48.3 41.055 7.245 12.075 0.025
Target Power  The desired power value (or values) entered in the procedure. Power is the probability of rejecting a false null
hypothesis.
Actual Power  The power obtained in this scenario. Because N1 and N2 are discrete, this value is often (slightly) larger than
the target

power.
N1 and N2 The number of items sampled from each population.
N The total sample size. N = N1 + N2.
p1 and p2 The assumed population means.
e) The difference between population means at which power and sample size calculations are made. & = p1 - p2.
o The assumed population standard deviation for each of the two groups.
Alpha The probability of rejecting a true null hypothesis.

Fig. 1 The sample size calculation process
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STUDY PERIOD

Enrolment

Allocation

Post-allocation

Close-out
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ENROLMENT:

Eligibility screen X

Informed consent X

Allocation X

INTERVENTIONS:

Midazolam group

Remimazolam
group

ASSESSMENTS:

Vital signs X X

Level of conscious X
ness

Adverse events X

Laboratory exam X

Fig. 2 Schedule of enrollment, interventions, and assessments

Data management

Information on each participant will be collected from
enrollment to discharge. Double checks for data values
will be performed by a trained research assistant after
completing the final data collection. The final data will
be assessed by the investigators on the research team. An
interim analysis is not planned. For those who die during
the study, only data before death will be included in the
analysis.

Data monitoring

The study will be supervised by the Data and Safety
Monitoring Board (DSMB), which consists of physi-
cians, ethicists, medical statisticians, and a clinical
manager. Their responsibility is to oversee the study
and audit the trial conduct. The frequency for auditing
by the DSMB is once every 6 weeks, and the procedure

for auditing will be independent of investigators and
the sponsor. The DSMB will thoroughly examine safety
data, processes, and clinical effectiveness reports to
identify any potential issues, discrepancies, or areas
for improvement. At each time of auditing, the DSMB
will determine if the clinical trial should continue. The
primary investigator at Samsung Medical Center will
receive its feedback, and then, the primary investiga-
tor will share the feedback with all investigators at each
institution.

Monitoring will be conducted throughout the trial, and
any adverse events will be recorded. As mentioned ear-
lier, all adverse events will be recorded in the CREF, and
SAEs will be reported to the IRB as well as the Clinicaltri-
als.gov database and managed appropriately. The IRB will
decide whether to stop or continue the study when SAEs
occur.
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The research center for the trial will keep the medi-
cal records of the participants, such as the CRF, fully
secured and stored. The confidentiality of personal data
gathered during the study will be maintained, and all
data will be saved on an encrypted computer located in
the research center. Access to this computer will only
be granted to authorized researchers working on the
trial, and the data will only be used for the purposes of
the trial and not for any other reasons.

Plans for communicating important protocol modifications
Any changes to the trial protocol will first be discussed
at an investigator meeting, and based on the discussion,
the proposed changes will be approved or rejected. If
the meeting approves the proposal, a new version of the
trial protocol will be prepared by the primary investiga-
tor at Samsung Medical Center and reviewed and filed
with the IRB at Samsung Medical Center. If the IRB
approves the trial protocol modifications, the primary
investigator at Samsung Medical Center will share the
modified trial protocol by both investigator meeting
and upload of the protocol to an investigator website.
Any modifications of the trial protocol will be also
reported to the DSMB.

Statistical analysis

Statistical analyses will be based on the intention-to-
treat (ITT) population. Missing data imputation will
be used to evaluate the robustness of the primary end-
point analysis. The primary imputation method will be
the last observation carried forward (LOCF). Statistical
analyses will be performed using the Student’s ¢-test or
Wilcoxon’s rank-sum test for continuous variables and
the chi-squared or Fisher’s exact test for categorical
variables.

A one-sided test will be performed using the Student’s
t-test or Wilcoxon rank sum test to determine the superi-
ority of the remimazolam group in the primary endpoint
(total procedure time), recovery time, discharge time,
and sedation time. If the one-sided P-value for each vari-
able is less than 0.025, it will be concluded that the remi-
mazolam group is superior to the control group in each
variable.

Total endoscopy time, induction time, and participant
satisfaction will be analyzed using the Student’s ¢-test or
Wilcoxon rank sum test. The success rate of sedation, the
incidence of hypotension, respiratory depression, tachy-
cardia, bradycardia, and paradoxical response will be
analyzed using the chi-squared test or Fisher’s exact test
for categorical variables. A two-sided P-value of less than
0.05 will be considered to indicate statistical significance.
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Discussion

Remimazolam is a new alternative drug that combines
the advantages of traditional sedatives such as mida-
zolam and propofol. Based on this background, applica-
tions of this new drug to endoscopic sedation have been
attempted in many studies. In regard to diagnostic upper
gastrointestinal endoscopy, several randomized con-
trolled phase III trials have been performed to compare
the efficacy and safety of remimazolam with propofol [12,
15-17]. A non-inferiority phase III trial in China reported
that the success rate of sedation (<1>completion of the
whole endoscopy procedure;<2>no requirement for
an alternative and/or rescue sedative;<3>administra-
tion of up to a maximum of 5 supplemental doses within
15 min after the initial dose) in the remimazolam group
was non-inferior to that in the propofol group (97.34%
vs. 100.00%). The time to full alertness was significantly
shorter in the remimazolam group, and the incidence
of hypotension and respiratory depression was signifi-
cantly lower in the remimazolam group [12]. Another
randomized parallel-controlled study reported that the
incidence of hemodynamic fluctuations, deep seda-
tion, and adverse reactions was significantly lower in the
remimazolam group [15]. One randomized controlled
trial attempted the application of remimazolam at dif-
ferent doses (0.2 mg/Kg, 0.3 mg/Kg, and 0.4 mg/Kg) in
sedation during upper gastrointestinal endoscopy [16].
In this study, satisfactory efficacy could be obtained with
higher concentrations of remimazolam in patients with
ASA grade I or II. However, as the dose was progres-
sively increased, the incidence of adverse reactions such
as vertigo and prolonged sedation recovery time was
also significantly increased. Another randomized con-
trolled trial attempted the combination of remimazolam
and propofol [17]. The results of this study revealed that
combination therapy had fewer adverse events than
propofol monotherapy, a better sedative effect and higher
endoscopist satisfaction than remimazolam monother-
apy. According to the results of the aforementioned stud-
ies, the efficacy of remimazolam seems to be non-inferior
to that of propofol, and the safety of remimazolam seems
to be superior to that of propofol in diagnostic upper gas-
trointestinal endoscopy.

As shown in the previous studies [12, 15-17], the
rate of adverse events such as hypotension and respira-
tory depression seems to be considerable in endoscopic
sedation using propofol, which might be due to the lack
of an antagonist. In practice, midazolam is still used as
the main sedative in diagnostic upper and lower gas-
trointestinal endoscopy in many institutions in Korea
due to safety issues and logistical problems. Thus, stud-
ies comparing the efficacy and safety of remimazolam
and midazolam should provide endoscopists in clinical
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practice with helpful information about the appropri-
ate use of benzodiazepines. To date, these studies have
been performed in colonoscopy and bronchoscopy [6,
9]. One phase III study evaluating sedation in colonos-
copy reported that the success rate of sedation was sig-
nificantly higher in the remimazolam group [6]. Another
prospective randomized controlled trial evaluating seda-
tion in bronchoscopy reported that the time from the end
of the procedure to full alertness was significantly shorter
in the remimazolam group with favorable safety profiles
[9]. However, no phase III trial has compared the efficacy
and safety of remimazolam with midazolam in diagnostic
upper gastrointestinal endoscopy.

One exploratory phase Ila, randomized study was per-
formed to assess the safety and efficacy of different sin-
gle doses of remimazolam (0.1 mg/Kg, 0.15 mg/Kg, or
0.2 mg/Kg) and midazolam (0.075 mg/Kg) in upper gas-
trointestinal endoscopy [18]. The results of this study
revealed that a single administration of remimazolam
(0.10-0.20 mg/kg) was capable of inducing rapid seda-
tion, with a quick-recovery profile compared with mida-
zolam. Based on these results, we plan to perform this
randomized controlled trial to prove the efficacy and
safety of remimazolam in diagnostic upper gastrointesti-
nal endoscopy compared with midazolam. We focused on
total procedure time (time from the first administration
of sedatives to discharge) as an essential component of
efficacy. In this trial, we aim to demonstrate the hypoth-
esis that the total procedure time will be shorter using
remimazolam than midazolam during diagnostic upper
gastrointestinal endoscopy. To the best of our knowledge,
this trial is the first randomized controlled study to eval-
uate both efficacy, focusing on total procedure time and
safety in a comparison of remimazolam and midazolam
in diagnostic upper gastrointestinal endoscopy. This trial
fulfills the need to provide efficacy and safety information
on remimazolam in diagnostic upper gastrointestinal
endoscopy and should provide endoscopists in clinical
practice with helpful information about the appropri-
ate use of benzodiazepines. Based on the results of this
trial, a sedation method using remimazolam would be
applied preferentially for diagnostic upper gastrointes-
tinal endoscopy in clinical practice. The results of this
trial might also provide evidence supporting further tri-
als evaluating the efficacy and safety of remimazolam in
various therapeutic endoscopic procedures.

Dissemination policy

Trial results

The collected results of this trial will be presented at sci-
entific conferences at national or international levels and
will also be submitted for publication in academic jour-
nals that are reviewed by experts in the field.

Page 8 of 9

Authorship
The authors of the present study protocol are Dong-Won
Ahn, Jun Kyu Lee, Kwang Hyuk Lee, Taejun Kim, Sun
Hyung Kang, Yehyun Park, Sung Bum Kim, and Seong-
Jung Kim.

Trial status

Protocol version 1.0 was revised on September 22, 2023.
Recruitment began on April 1, 2023, and the approximate
date for the completion of recruitment will be January 31,
2024.

Abbreviations

IRB Institutional Ethics Review Board

ASA American Society of Anesthesiologists
BMI Body mass index

SBP Systolic blood pressure

DBP Diastolic blood pressure

MOAA/S  Modified Observer's Assessment of Alertness/Sedation Scale
SD Standard deviation

SAE Significant adverse events

CRF Case report form

DSMB Data and Safety Monitoring Board

ITT Intention-to-treat

LOCF Last observation carried forward

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513063-026-09712-5.

Additional file 1. Informed consent.
Additional file 2. Participants’compensation protocol.
Additional file 3. SPIRIT checklist.

Acknowledgements
Not applicable.

Provisions for participants compensation
Protocols of participants’compensation to those who suffer harm from trial
participation are provided in Additional File 2.

Author’s contributions

Ahn DW and Lee JK designed the study protocol and wrote the manuscript.
Lee KH designed the study protocol, made critical revisions related to impor-
tant intellectual content, and approved the manuscript. Kim T, Kang SH, Park Y,
Kim SB, and Kim SJ designed the study protocol and contributed to the basis
and protocol of endoscopic sedation. All authors contributed to the refine-
ment of this manuscript.

Funding
This study was supported by a grant from the Hana Pharm Co. Ltd.,, Republic
of Korea.

Data availability
The data generated during the trials, CRFs, and the final dataset can only be
accessed by the investigators on the research team.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Ethics Review Board (IRB) of
Samsung Medical Center, Sungkyunkwan University School of Medicine (IRB


https://doi.org/10.1186/s13063-026-09712-5
https://doi.org/10.1186/s13063-026-09712-5

Ahn et al. Trials (2026) 27:376

No. 2022-08-031), and then by the IRB of each institution participating in
this study (IRB No. 20-2022-90 in Seoul National University Boramae Medical
Center; IRB No. 2022-09-010 in Dongguk University llsan Hospital; IRB No.
2022-09-002-001 in Chungnam National University School of Medicine; IRB
No. SEUMC 2022-11-013-002 in Ewha Womans University Seoul Hospital; IRB
No. 2022-08-059 in Yeungnam University College of Medicine; and IRB No.
2022-11-012-005 in College of Medicine, Chosun University).

Consent for publication
The informed consent form is provided in Additional File 1.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Internal Medicine, Seoul National University Boramae Medical
Center, Seoul, Republic of Korea. 2Department of Internal Medicine, Dongguk
University College of Medicine, Dongguk University llsan Hospital, Goyang,
Republic of Korea. *Division of Gastroenterology, Department of Medicine,
Samsung Medical Center, Sungkyunkwan University School of Medicine, 81
Irwon-Ro Gangnam-gu, Seoul 06351, Korea. *Department of Internal Medi-
cine, Chungnam National University College of Medicine, Daejeon, Republic
of Korea. *Department of Internal Medicine, Ewha Womans University Seoul
Hospital, Seoul, Korea. °Department of Internal Medicine, Yeungnam Univer-
sity College of Medicine, Daegu, Korea. ’Department of Internal Medicine,
College of Medicine, Chosun University, Gwangju, Korea.

Received: 22 February 2024 Accepted: 5 April 2026
Published online: 11 April 2026

References

1. Committee ASoP, Early DS, Lightdale JR, Vargo JJ, 2nd, Acosta RD,
ChandrasekharaV, et al. Guidelines for sedation and anesthesia in Gl
endoscopy. Gastrointest Endosc. 2018;87:327-337. https://www.ncbi.nlm.
nih.gov/pubmed/29306520

2. ParkHJ, Kim BW, Lee JK, Park Y, Park JM, Bae JY, et al. 2021 Korean Society
of Gastrointestinal Endoscopy Clinical Practice Guidelines for Endoscopic
Sedation. Clin Endosc. 2022;55:167-82.

3. Moon SH. Sedation regimens for gastrointestinal endoscopy. Clin Endosc.
2014;47:135-40.

4. Nishizawa T, Suzuki H. Propofol for gastrointestinal endoscopy. United Eur
Gastroenterol J. 2018:6:801-5.

5. HuQ, LiuX,Wen C, Li D, Lei X. Remimazolam: an updated review of a new
sedative and anaesthetic. Drug Des Devel Ther. 2022;16:3957-74.

6. Rex DK, Bhandari R, Desta T, DeMicco MP, Schaeffer C, Etzkorn K, et al. A
phase Il study evaluating the efficacy and safety of remimazolam (CNS
7056) compared with placebo and midazolam in patients undergoing
colonoscopy. Gastrointest Endosc. 2018;88:427-437 e6.

7. ChenS,Wang J, Xu X, Huang Y, Xue S, Wu A, et al. The efficacy and
safety of remimazolam tosylate versus propofol in patients undergoing
colonoscopy: a multicentered, randomized, positive-controlled, phase Il
clinical trial. Am J Transl Res. 2020;12:4594-4603. https://www.ncbi.nim.
nih.gov/pubmed/32913533

8. Wang X, Hu X, Bai N, Li L, Zhang M, Cheng Z, et al. Safety and efficacy of
remimazolam besylate in patients undergoing colonoscopy: a multicen-
tre, single-blind, randomized, controlled, phase III trial. Front Pharmacol.
2022;13:900723.

9. Kim SH, Cho JY, Kim M, Chung JM, Yang J, Seong C, et al. Safety and effi-
cacy of remimazolam compared with midazolam during bronchoscopy:
a single-center, randomized controlled study. Sci Rep. 2023;13:20498.

10. PanY, Chen M, Gu F, Chen J, Zhang W, Huang Z, et al. Comparison of
remimazolam-flumazenil versus propofol for rigid bronchoscopy: a
prospective randomized controlled trial. J Clin Med. 2022. https://doi.org/
10.3390/jcm12010257.

11. LiW, Zhao J,Hao R, Wang S, Chen M, Liu H, et al. The efficacy and safety
of remimazolam besylate combined with esketamine for outpatient
colonoscopy: a prospective, randomized, controlled clinical trial. Drug
Des Devel Ther. 2023;17:2875-87.

Page 9 of 9

12. Chen SH, Yuan TM, Zhang J, Bai H, Tian M, Pan CX, et al. Remimazolam
tosilate in upper gastrointestinal endoscopy: a multicenter, randomized,
non-inferiority, phase lll trial. J Gastroenterol Hepatol. 2021;36:474-81.

13. Khan KJ, Fergani H, Ganguli SC, Jalali S, Spaziani R, Tsoi K, et al. The benefit
of fentanyl in effective sedation and quality of upper endoscopy: a
double-blinded randomized trial of fentanyl added to midazolam versus
midazolam alone for sedation. J Can Assoc Gastroenterol. 2019;2:86-90.

14. Agostoni M, Fanti L, Gemma M, Pasculli N, Beretta L, Testoni PA. Adverse
events during monitored anesthesia care for Gl endoscopy: an 8-year
experience. Gastrointest Endosc. 2011;74:266-75.

15. XuC, Hel, Ren J, Zhou J, Guo H, Chen N, et al. Efficacy and safety of
remimazolam besylate combined with alfentanil in painless gastroscopy:
a randomized, single-blind, parallel controlled study. Contrast Media Mol
Imaging. 2022;2022:7102293.

16. Cui X, Cheng Z, LiH, Zhang X, Luan H, Zhao Z, et al. Efficacy and safety of
different doses of remimazolam tosilate applied in upper gastrointestinal
endoscopy: a prospective randomized controlled double-blind trial. Drug
Des Devel Ther. 2023;17:2889-96.

17. Wei A, Ma S, Dou Y, Wang X, Wu J, Zhou S, et al. The safety and efficacy
of remimazolam tosylate combined with propofol in upper gastroin-
testinal endoscopy: a multicenter, randomized clinical trial. PLoS One.
2023;18:20282930.

18. Borkett KM, Riff DS, Schwartz HI, Winkle PJ, Pambianco DJ, Lees JP, et al. A
phase lla, randomized, double-blind study of remimazolam (CNS 7056)
versus midazolam for sedation in upper gastrointestinal endoscopy.
Anesth Analg. 2015;120:771-80.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.ncbi.nlm.nih.gov/pubmed/29306520
https://www.ncbi.nlm.nih.gov/pubmed/29306520
https://www.ncbi.nlm.nih.gov/pubmed/32913533
https://www.ncbi.nlm.nih.gov/pubmed/32913533
https://doi.org/10.3390/jcm12010257
https://doi.org/10.3390/jcm12010257

	Remimazolam versus midazolam for sedation in diagnostic upper gastrointestinal endoscopy: study protocol for a randomized controlled trial
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Methodsdesign
	Study design and ethical considerations
	Inclusion criteria
	Exclusion criteria
	Randomization
	Administration of sedative agents and assessment of participants
	Outcomes
	Planned number of participants and period
	Adverse events
	Data management
	Data monitoring
	Plans for communicating important protocol modifications
	Statistical analysis


	Discussion
	Dissemination policy
	Trial results
	Authorship
	Trial status


	Acknowledgements
	References


