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ABSTRACT

Aim: This study aimed to compare the use of remimazolam and midazolam in upper gastrointestinal endoscopy in Japan as a
sub-analysis of data from an investigator-initiated clinical trial of remimazolam.

Methods and Results: Patients in two groups were matched using propensity score matching. We evaluated the time from
the end of the gastrointestinal endoscopy until discharge, the time from the end of the procedure until awakening, and adverse
events. Overall, 36 participants from the clinical trial population who underwent upper gastrointestinal endoscopy using rem-
imazolam and 199 patients who underwent the procedure with midazolam during the same period were included in this study.
Following propensity score matching, 34 patients in both groups were matched. The median time from the end of the procedure
until awakening was 27.0min (23.0-40.5min) in the midazolam group (Group M) and Omin (0-5.0min) in the remimazolam
group (Group R); the median time from the end of the upper gastrointestinal endoscopy until discharge was 39.0min (35.0-
52.5min) in Group M and 5.0 min (0-5.0min) in Group R (p <0.01). Reported adverse events were hypotension and hypoxemia
in one patient in Group R.

Conclusion: Compared with midazolam, remimazolam significantly shortened the time to patient awakening and duration
until the patient could leave the endoscopy room.

Trial Registration: The main study (REM-IICT JP1) is registered with the Japan Registry of Clinical Trails: JRCT2031200360

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.
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1 | Introduction

Upper gastrointestinal endoscopy plays an important role in the
early detection of malignant tumors but may cause pain and
anxiety in patients. Hence, some patients prefer not to undergo
endoscopy owing to fear or anxiety about the procedure [1].
Sedation makes endoscopy more comfortable for patients, alle-
viates anxiety, and reduces bodily movements during the proce-
dure, facilitating a simpler and more efficient execution [2, 3].
Therefore, the demand for gastrointestinal endoscopy under se-
dation has increased in recent years [4, 5].

In Japan, only a few drugs have been approved for use as sed-
atives during gastrointestinal endoscopy, and the off-label use
of benzodiazepines is common [6]. Midazolam is the most fre-
quently used benzodiazepine during gastrointestinal endoscopy
in routine clinical practice [7, 8]. However, the sedative effect
of midazolam is prolonged beyond the completion of the pro-
cedure, requiring some time before the patient can leave the
endoscopy room [9]. When flumazenil was used as a benzodi-
azepine antagonist, the sedation level improved within 5min
after its administration; however, there is a risk of resedation, as
flumazenil has a shorter half-life than midazolam [10].

Remimazolam is a novel ultra-short-acting benzodiazepine ap-
proved by the US Food and Drug Administration in 2020. In Japan,
it is only authorized for general anesthesia; however, its usefulness
in gastrointestinal endoscopy has been widely reported overseas
[11-19]. Because the half-life of remimazolam is 45min, which is
much shorter than the 4h half-life of midazolam, its use should
shorten the time until the patient can leave the endoscopy room
after the procedure. Therefore, it may be a suitable drug for use in
endoscopy that does not require long-term sedation. In Japan, we
previously conducted an investigator-initiated trial of remimazolam
in gastrointestinal endoscopy (REM-IICT JPO1 study) and reported
its value [12, 13]. However, no study has compared the use of remi-
mazolam and midazolam in upper gastrointestinal endoscopy in
Japan. Therefore, we conducted a comparative investigation with
midazolam as a post hoc analysis of the REM-IICT JP01 study.

2 | Methods
2.1 | Study Design

This study was a post hoc analysis of the REM-IICT JPO01 study,
which was registered as a clinical trial (jJRCT2031200360). The
REM-IICTJPO1 study of Japanese patients undergoing gastro-
intestinal endoscopy was divided into two steps: a dose-finding
step to determine the appropriate dose of remimazolam and a
verification step to assess the efficacy and safety of remima-
zolam in comparison with placebo.

In this study, we performed a single-center retrospective, com-
parative investigation of patients undergoing upper gastrointes-
tinal endoscopy using remimazolam and midazolam at Nihon
University Hospital during the same period.

The remimazolam group comprised 36 of 68 patients from the
REM-IICT-JPO1 study, conducted between April and December
2022, who underwent upper gastrointestinal endoscopy under

sedation with remimazolam. Eleven patients in the placebo
group and 21 patients who underwent the procedure in other
institutions were excluded. The midazolam group comprised
199 patients who underwent upper gastrointestinal endoscopy
under sedation with midazolam and for whom sufficient infor-
mation was available (Figure 1).

2.2 | Ethical Approval

The current study was a post hoc analysis of a study (REM-IICT
JP01) and was approved by the Institutional Review Board of
Nihon University Hospital. The main study (REM-IICT JP01)
protocol was approved by the Institutional Review Board of
each participating institution and was registered in the Japan
Registry of Clinical Trails (jRCT2031200360). This study was
conducted in compliance with the principles of the Declaration
of Helsinki. Written informed consent was obtained from all pa-
tients who underwent endoscopy.

2.3 | Inclusion and Exclusion Criteria

The remimazolam group included patients who met the inclu-
sion criteria of the clinical trial. The main inclusion criteria were
as follows: (1) Japanese individuals scheduled to undergo upper
gastrointestinal endoscopy without the use of any other sedative
and (2) body mass index (BMI) < 30kg/m?.

The main exclusion criteria were as follows: (1) severe respira-
tory disease, (2) Mallampati class III or above, (3) previous sleep
apnea, (4) pregnant or lactating women or women with child-
bearing potential, and (5) considered by a doctor to be unsuitable
for participating in the study for any other reason.

The midazolam group included all Japanese patients who had
undergone upper gastrointestinal endoscopy under sedation
with midazolam without the concomitant use of any other seda-
tive in our hospital. Both groups targeted upper gastrointestinal
endoscopy performed for the purpose of screening or surveil-
lance, and excluded therapeutic endoscopy procedures such as
hemostasis for gastrointestinal bleeding, ileus tube insertion,
and endoscopic submucosal dissection. Upper gastrointestinal
endoscopy was conducted without concomitant analgesics such
as pethidine hydrochloride in both groups.

2.4 | Study Procedure and Drug Administration

Patients fasted from 9 p.m. on the day before endoscopy. As a
pretreatment for upper gastrointestinal endoscopy, lidocaine
spray was used as necessary for pharyngeal anesthesia.

An initial dose of midazolam or remimazolam was gradually ad-
ministered intravenously. After an interval of at least 2 min from
the start of the initial administration, the sedation level was as-
sessed using the Modified Observer's Assessment of Alertness/
Sedation (MOAA/S) score [20] (Table 1), and gastrointestinal
endoscopy was started after sedation (MOAA/S score>4) had
been achieved. If assessment using the MOAA/S score after at
least 2min had elapsed since the start of initial administration
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EGD with remimazolam in the REM-IICT JPOL1 trial (n=68)

5 Another institution (n=21)
Placebo (n=11)

EGD with midazolam during the same

period (April to December 2022) at Nihon

EGD with remimazolam at Nihon University Hospital (n=36)

University Hospital (n=199)

/

A

Propensity score matching

R group (n=34)

M group (n=34)

FIGURE1 | Study flow chart. EGD, upper gastrointestinal endoscopy; M group, midazolam group; R group, remimazolam group.

TABLE 1 | Modified Observer's Alertness/Sedation (MOAA/S)
scale.

MOAA/S
scale
5 Responds readily to name
spoken in normal tone
4 Lethargic response to name
spoken in normal tone
3 Responds only after name is called
loudly and/or repeatedly
2 Responds only after mildly
prodding or shaking
1 Responds only after painful trapezius squeeze
0 No response after painful trapezius squeeze

showed that sedation had not been obtained, an additional dose
was gradually administered if the MOAA/S score was 5. After
an interval of at least 2min from the start of additional admin-
istration, the sedation level was assessed using the MOAA/S
score; if the MOAA/S score was 5, a further additional dose was
gradually administered.

After initiation, the procedure was performed using either GIF-
H290 or GIF-Q260 (Olympus Co., Tokyo, Japan). Vital signs
(blood pressure, heart rate, and respiration rate), SpO,, and
MOAA/S scores were measured at 5-min intervals. The sedation
level was assessed at 5-min intervals using the MOAA/S score; if
the MOAA/S score was 5, a further dose of either remimazolam
or midazolam was administered. In addition, if there were signs
of awakening (MOAA/S score 5 or body movements) other than
at the 5-min intervals, a further dose of remimazolam or midaz-
olam was administered after an interval of at least 2min since
the previous dose had elapsed.

2.5 | Post-Endoscopy

Vital signs (blood pressure, heart rate, and respiration rate),
SpO,, and MOAA/S score were assessed at the end of the

endoscopy and after 5, 10min, and subsequently at 10-min in-
tervals until 60min had elapsed. If the MOAA/S score was 5,
the patients were assessed to determine if they were ambulatory.
Patients were considered ambulatory if they could walk along a
5-m straight line without staggering.

2.6 | Definition of Adverse Events

Adverse events associated with sedatives were investigated
from the time of drug administration until the patient left the
endoscopy room. The severity of adverse events was determined
on the basis of the Common Terminology Criteria for Adverse
Events, and changes in vital signs requiring medical interven-
tion of Grade 2 or higher were treated as adverse events asso-
ciated with sedatives. Medical interventions were performed
in the midazolam and remimazolam groups according to the
protocol of the REM-IICT JPO1 study. If systolic blood pressure
was <90mmHg on two consecutive occasions, hypotension was
confirmed, and fluid loading or ephedrine was administered. If
the SpO, was <94%, hypoxemia was confirmed; in that case,
appropriate verbal encouragement was provided, and 2-5L of
oxygen was administered. A respiratory rate below 10 breaths
per minute was determined to be respiratory depression, and
appropriate verbal encouragement was given, and if the respi-
ratory rate fell below 5 breaths per minute, airway management
(head tilt-chin lift maneuver) was performed. If breathing did
not improve despite airway management, manual ventilation
was performed using a bag valve mask. Flumazenil was admin-
istered intravenously if emergency antagonism of sedation from
the trial drug was needed.

2.7 | Outcomes

The primary outcome was the time from the end of the upper
gastrointestinal endoscopy until discharge (meeting all the cri-
teria of SpO,>92%, blood pressure >90mmHg, awakened, and
ambulatory). The secondary outcomes were the time from the
end of the upper gastrointestinal endoscopy until awakening
(MOAA/S score 5), the sedative dose administered at the start
of the procedure, number of additional doses, total dose admin-
istered, endoscopy time, and adverse events. We also performed
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propensity score matching to conduct a comparative investiga-
tion between similar groups.

2.8 | Statistical Analysis

Continuous variables are expressed as median and interquartile
range (IQR). The Mann-Whitney U test was used for compari-
sons between the groups. The Fisher exact test was used to com-
pare categorical variables. In all cases, p<0.05 was considered
indicative of significant findings. Because this was a retrospec-
tive study and patient characteristics varied, we used propensity
score matching to conduct a comparative investigation of the effi-
cacy and safety in the two groups. The two groups were matched
at a 1:1 ratio with adjustment for four covariates (age [years], sex
[M/F], BMI, and American Society of Anesthesiologists [ASA]
classification) to minimize inherent bias. These categories
may affect the efficacy of sedatives and were set as covariates
for propensity score matching. Propensity score matching was
conducted using logistic regression analysis. This model yielded
a C statistic of 0.80, indicating a preferable ability for compari-
son between two groups. The caliper value for propensity score
matching was set to 0.20. JMP (version 13.0.0, SAS Institute,
Cary, NC, USA) was used for all statistical analysis.

3 | Results
3.1 | Pre-Propensity Score Matching

In the remimazolam and midazolam groups, all patients
achieved a MOAA/S score of <4 before upper gastrointestinal
endoscopy, and sedation was successful.

Table 2 shows the patient characteristics of both groups before
propensity score matching. Statistically significant differences
were observed in age, BMI, and ASA classification.

Table 3 shows the sedation efficacy in both groups. The median
time from the end of the procedure until awakening (MOAA/S
score 5) was 33.0min (26.0-42.0min) in Group M and Omin
(0-5.0min) in Group R, and the median time from the end of the
upper gastrointestinal endoscopy until discharge was 42.0min
(37.0-51.0min) in Group M and 5.0 min (0-5.0min) in Group R,
both significantly shorter in Group R (p <0.01).

The median dose administered before the start of the procedure
was 2.0mg (2.0-3.0mg) in Group M and 3.0mg (3.0-4.0mg) in
Group R, the median number of additional doses was 0 (0-0)
in Group M and 1 (0-1) in Group R, and the median total dose
administered was 2.5mg (2.0-3.0) mg in Group M and 4.0mg
(3.0-5.0mg) in Group R. The median endoscopy time was
5.0min (4.0-8.0min) in Group M and 6.0min (5.0-7.0min) in
Group R. The adverse events reported were hypotension and hy-
poxemia in one patient in Group R.

3.2 | Post-Propensity Score Matching

Table 4 shows the patient characteristics of both groups after
propensity score matching. Thirty-four patients in both groups

TABLE 2 | Comparison of patient characteristics between the two

groups before propensity score matching.

Group M Group R
(N=199) (N=36) P
Age (years) 64.0 50.0 (43.0-55.0) <0.01
(52.0-73.0)
Sex (n)
M/F 109 14 (38.9%)/22 0.10
(54.8%)/90 (61.1%)
(45.2%)
Height (cm) 163.0 160.1 0.61
(156.8-169.0) (156.1-171.0)
Weight (kg) 60.5 55.0 (50.2-63.6)  0.05
(52.5-70.0)
BMI (kg/m?) 23.1 21.1(20.2-22.9)  0.01
(20.5-25.2)
ASA class (n)
I 50 (25.1%) 26 (72.2%) <0.01
11 114 (57.3%) 9 (25.0%)
11 35 (17.6%) 1(2.8%)
v 0 (0%) 0 (0%)
A% 0 (0%) 0(0%)

Note: Data are presented as median (interquartile range) or number (percentage).
Abbreviations: ASA, American Society of Anesthesiologists classification; BMI,
body mass index; F, female; Group M, midazolam group; Group R, remimazolam
group; M, male.

were matched. There were no statistically significant differences
between the groups in age, sex, BMI, ASA class, or other back-
ground factors.

Table 5 shows the results of the efficacy of sedation in the two
groups after propensity score matching. The median time from
the end of the procedure to awakening (MOAA/S score 5) was
27.0min (23.0-40.5min) in Group M and Omin (0-5.0min) in
Group R, and the median time from the end of the upper gas-
trointestinal endoscopy until discharge was 39.0min (35.0-
52.5min) in Group M and 5.0 min (0-5.0min) in Group R, both
significantly shorter in Group R (p <0.01).

The median dose administered before the start of the procedure
was 2.0mg (2.0-3.0mg) in Group M and 3.0mg (3.0-4.0mg) in
Group R, the median number of additional doses was 0 (0-0)
in Group M and 1 (0-1) in Group R, and the median total dose
administered was 2.0mg (2.0-3.0mg) in Group M and 4.0mg
(3.0-5.0mg) in Group R. The median endoscopy time was 5.5 min
(4.0-10.3min) in Group M and 6.0 min (5.0-7.0min) in Group R.

4 | Discussion
To our knowledge, this is the first study to compare upper gas-

trointestinal endoscopy under sedation with remimazolam and
midazolam in Japanese patients. The time to awakening and the
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TABLE 3 | Comparison of the efficacy and safety of sedation
between the two groups before propensity score matching.

TABLE 5 | Comparison of the efficacy and safety of sedation
between the two groups after propensity score matching.

Group M Group R Group M Group R
(N=199) (N=36) p (N=34) (N=34) p
Pre-procedure dose 2.0(2.0-3.0) 3.0 (3.0-4.0) Pre-procedure dose 2.0(2.0-3.0) 3.0 (3.0-4.0)
(mg) (mg)
Additional dose (n) 0(0-0) 1(0-1) Additional dose (n) 0(0-0) 1(0-1)
Total dose (mg) 2.5(2.0-3.0) 4.0 (3.0-5.0) Total dose (mg) 2.0(2.0-3.0) 4.0 (3.0-5.0)
Endoscopy time (min) 5.0 (4.0-8.0) 6.0 (5.0-7.0) 0.82 Endoscopy time 5.5(4.0-10.3) 6.0 (5.0-7.0) 1.0
min
Time from the end of 33.0 0(0-5.0) <0.01 (min)
the procedure until (26.0-42.0) Time from the end 27.0 0(0-5.0) <0.01
awakening (MOAA/S of the procedure (23.0-40.5)
score 5) (min) until awakening
MOAA/S score 5
Time from the 42.0 5.0 (0-5.0) <0.01 Emin) / )
end of the upper (37.0-51.0)
gastrointestinal Time from the 39.0 5.0 (0-5.0) <0.01
endoscopy until end of the upper (35.0-52.5)
discharge (min) gastrointestinal
endoscopy until
Adverse events (1) discharge (min)
Hypotension 0(0%) 1(2.8%) 0.15 Adverse events (1)
Hypoxemia 0(0%) 1(2.8%) 0.15 .
Hypotension 0 (0% 1(2.9% 1.0
(Sp0,<94%) yP (0%) (2.9%)
. Hypoxemia 0(0%) 1(2.9%) 1.0
Resplra.tory 0(0%) 0(0%) 1.0 (SpO, <94%)
depression
Note: Data are presented as median (interquartile range) or number (percentage). Resp1raF0ry 0 (0%) 0 (0%) 1o
Abbreviations: Group M, midazolam group; Group R, remimazolam group; depression

MOAA/S, Modified Observer's Alertness/Sedation; SpO,, peripheral oxygen
saturation.

TABLE 4 |
groups after propensity score matching.

Comparison of patient characteristics between the two

Group M
(N=34) Group R (N=34) P
Age (years) 54.0 (49.0-63.3) 50.0 (42.3-55.5) 0.06
Sex
M/F (n) 14 (41.2%)/20 14 (41.2%)/20 1.0
(58.8%) (58.8%)
Height (cm) 163.3 160.1 0.64
(158.8-169.5) (156.3-171.4)
Weight (kg) 57.9 (50.6-65.8) 56.7 (50.3-63.9) 0.80
BMI (kg/m?) 21.7 (19.7-23.5) 21.1(20.2-22.8) 1.0
ASA class (n)
I 24 (70.6%) 24 (70.6%) 0.53
II 7 (20.6%) 9 (26.5%)
11T 3(8.8%) 1(2.9%)
v 0(0.0%) 0(0.0%)
v 0(0.0%) 0(0.0%)

Note: Data are presented as median (interquartile range) or number (percentage).
Abbreviations: ASA, American Society of Anesthesiologists classification; BMI,
body mass index; F, female; Group M, midazolam group; Group R, remimazolam
group; M, male.

Note: Data are presented as median (interquartile range) or number (percentage).
Abbreviations: Group M, midazolam group; Group R, remimazolam group;
MOAA/S, Modified Observer's Alertness/Sedation; SpO,, peripheral oxygen
saturation.

time until the patient was able to leave the endoscopy room were
significantly shorter for remimazolam than for midazolam.
Almost no adverse events were noted for either remimazolam
or midazolam, indicating that they are safe for use. The half-
life of remimazolam is 45min, which is much shorter than the
4-h half-life of midazolam and remimazolam, and its use should
shorten the time until the patient can leave the endoscopy room
after the procedure.

Only a few studies have compared the use of midazolam and
remimazolam during upper gastrointestinal endoscopy. One
study in the United States in which upper gastrointestinal en-
doscopy was conducted on 20 patients each using sedation
with remimazolam (0.10, 0.15, or 0.20mg/kg) or midazolam
(0.075mg/kg) found that the sedation success rates were 32.0%,
56.0%, 64.0%, and 44.0% and the times to awakening were 6.8,
9.0, 9.9, and 11.5min, respectively. Although this study had a
small sample size, endoscopy using remimazolam (0.20 mg/kg)
had a higher sedation success rate and earlier awakening than
that using midazolam (0.075mg/dL) [15].

Another study of endoscopic treatment of intensive care unit (ICU)
patients under sedation with either remimazolam or conventional
sedation with midazolam or propofol found no significant dif-
ference in treatment time (35.89+13.37 and 44.51 +21.68min,
respectively, p=0.133), duration of ICU stay (5.40%2.93 and
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4.63 +3.31days, respectively, p=0.072), or the incidence of adverse
events (48.61% and 51.38%, respectively, p=0.056). However, the
use of remimazolam decreased medical costs [21].

A meta-analysis that compared the efficacy and safety of remim-
azolam and midazolam in an endoscopy reported that remima-
zolam had a higher sedation success rate, more rapid awakening,
and a lower incidence of hypotension and other complications
than midazolam [22]. However, although the meta-analysis in-
cluded three randomized controlled trials (RCTs), two of the
RCTs were on colonoscopy, and no meta-analysis has compared
remimazolam and midazolam in upper gastrointestinal endos-
copy. These were also compared with sedation under concomi-
tant sedatives or with propofol as a rescue dose, which may have
affected the effectiveness of sedation. This is an important study
on upper gastrointestinal endoscopy under sedation with either
remimazolam or midazolam alone.

Remimazolam can also be used safely in pediatric endoscopy
[23] and does not increase the risk of hepatic encephalopathy in
patients with poor hepatic function compared with midazolam
[24]. This suggests that remimazolam is a promising sedative
that can be used during endoscopic procedures in a wide range
of patients. Remimazolam for sedation during upper gastro-
intestinal endoscopy may shorten the time until recovery and
reduce the number of staff required in the recovery room. In
addition, the shortened recovery time is expected to increase
the number of endoscopic examinations per day and reduce the
waiting period for examinations.

This study has some limitations. First, because it was a retrospec-
tive single-center study, the remimazolam group consisted of
clinical trial participants, and their patient characteristics differed
from those of the midazolam group. Therefore, we adjusted for pa-
tient characteristics by propensity score matching. Selection bias
may not be completely eliminated. Therefore, further randomized
prospective trials at multiple centers are required. Second, our
sample size was small, and the study was restricted to Japanese
participants. Thus, our results cannot be generalized to all races.
Further studies with more patients are required.

In conclusion, remimazolam can enhance clinical efficiency
in endoscopy units by decreasing recovery times while si-
multaneously minimizing the incidence of adverse events.
This could make it a safer and more efficient sedative option
for gastrointestinal procedures, ultimately improving patient
outcomes.
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