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Purpose: Remimazolam is a new type of ultra-short-effect intravenous
anesthetic, that may provide adequate sedation for endoscopy while causing
less cardiovascular or respiratory disturbance than propofol. The aim of this
clinical study was to compare the efficacy and safety of two different doses of
remimazolam with propofol for sedation during colonoscopy.

Patients and methods: 225 subjects, aged 18 to 80 years, with American Society
of Anesthesiology physical status I-1ll, were scheduled to undergo colonoscopy.
All the subjects were randomly assigned to three groups, Low-Rem group
(low dose remimazolam, 0.15mg/kg, iv, n=75), High-Rem group (high dose
remimazolam, 0.2 mg/kg, iv, n=75), and Propofol group (propofol 2 mg/kg, iv,
n =75). Every individual in this trial was given nalbuphine hydrochloride (0.2 mg/
kg, iv) before administration of remimazolam or propofol. The primary outcome
was the success rate of sedation. Haemodynamic parameters and adverse
events were recorded to evaluate safety. Satisfaction of sedation from patients,
anesthesiologists and gastroenterologists were also recorded.

Results: The success rate of colonoscopy procedure was 100% in both High-Rem
and Propofol groups, but it was 89% in Low-Rem group (p<0.05). Furthermore,
the induction time of anesthesia was shorter in Propofol group, when compared
to the Low-Rem group and the High-Rem group (p<0.05). The recovery time
in Low-Rem group, High-Rem group, and Propofol group was 2.33, 243, and
3.21min (p<0.05) respectively, and the time of discharge was 25.00, 25.01, and
27.56min (p<0.05) respectively. Simultaneously, the incidence of adverse events
such as hypotension, bradycardia, and respiratory depression in the remimazolam
groups were significantly lower than that in the propofol group. No significant
differences were observed among the three groups in Ramsay scale, BPS-NI scale,
and Limb movement classification. Moreover, patients, anesthesiologists, and
gastroenterologists were all satisfied with the sedation process.

Conclusion: Remimazolam can be used safely and effectively for colonoscopy.
0.2 mg/kg remimazolam and propofol have the same sedation success rate and
more stable hemodynamics and fewer side effects than propofol.

Clinical trial registration: ChiCTR2100054053.
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1 Introduction

Colonoscopy is a common technique for the diagnosis and
treatment of lower gastrointestinal diseases in gastroenterology
department. However, since colonoscopy is an invasive procedure,
patients, when without adequate sedation, usually tolerate the
procedure poorly because of pain, discomfort and scare (1). Therefore,
colonoscopy is generally performed under moderate to deep sedation
with adequate analgesia to ensure the success of the procedure and
effective control of patients’ pain and discomfort, allow doctors to use
the technique more widely. Currently, midazolam and propofol are the
main sedation drugs in clinical colonoscopy. Midazolam, a drug
belonging to benzodiazepine group, has a strong amnestic and
sedative effect. However, it has a long duration of action and slow
recovery from anesthesia (2). Propofol is widely used for the induction
and maintenance of general anesthesia and sedation due to its fast
onset, short duration of action, and easy titration, but hypotension,
respiratory depression and pain at the injection site are complications
that limit its utilization (3).

Remimazolam is a new type of ultra-short-effect benzodiazepine
that acts via gamma-aminobutyric acid (GABA) receptors (4). Since
its application in clinic, rapid onset and sedative offset of remimazolam
have been highlighted in several clinical trials as a programmed
sedative (5-7). The adverse event spectrum of remimazolam was
superior to that of propofol group in terms of hemodynamic
fluctuation, excessive sedation depth, and low SpO,, and the much
lower incidence of injection pain (8). However, there was few clinical
trials on the application of remimazolam in painless colonoscopy. The
purpose of this study was to investigate the sedation efficacy and safety
of two different doses of remimazolam in adult colonoscopy.

2 Materials and methods

This was a prospective, randomized, double-blind, and different-
dose remimazolam study that included adults scheduled for
colonoscopy procedures. The study adheres to the 2010 Consolidated
Standards of Reporting Trials (CONSORT) statement (9). The trial got
its ethical approval from the Ethics Committee of Jian Hospital,
Shanghai East Hospital [No. 2020 (08)], and has been registered with
the Chinese Clinical Trial Registry (ChiCTR2100054053). All patients
signed an informed consent form before enrollment in the study.

2.1 Participants

During the study period from Sep. 2021 to Mar. 2022, 248 patients
were screened and 225 participants were enrolled. Inclusion criteria
included: (1) patients undergoing painless colonoscopy; (2) aged
18-80years; (3) body mass index (BMI)18.5 ~ 30 kg/m? (4) those with
American Society of Anesthesiologists (ASA) Physical Status I to
III. Exclusion criteria included: (1) those who refused to participate in
the trial; (2) those diagnosed with severe heart, brain, lung, liver,
kidney or metabolic diseases; (3) those whose time of colonoscopy did
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not exceed 15 min; (4) ECG prompt: heart rate <50 beats/min; (5) a
history of acute inflammation of the respiratory tract that had not
been cured within 2 weeks; (6) preoperative hypertension with systolic
blood pressure (SBP) >180 mmHg and (or) diastolic blood pressure
(DBP) <90/60mmHg; (7)
neuromuscular system diseases and mental diseases; (8) those who

>110mmHg, or hypotension
had anemia or thrombocytopenia; (9) suspected abuse of narcotic
analgesics or sedatives; (10) those who were predicted to have or have
had difficult airway; (11) those who did not cooperate and could not
communicate; (12) those with allergies or contraindication to
benzodiazepines, opioids, propofol, and lidocaine; (13) the painless
colonoscopy procedure lasted more than 15 min.

2.2 Study design

The patients were randomly in a 1:1:1 ratio divided into Group
0.15mg/kg),
(remimazolam 0.2 mg/kg) and Group Propofol (propofol 2 mg/kg) by

Low-Rem (remimazolam Group High-Rem
the random number table method. The randomization sequence was
placed in sequentially numbered opaque sealed envelopes and
revealed by another investigator after the participants’ enrollment.
Since nature of the propofol emulsion is easily recognizable, it was
wrapped in white adhesive tape. All patients and the endoscopy suite
nurse (the administrator) were unaware of the medication given. The
anesthesiologists and the gastroenterologists were unaware of the
medication and dosage given during the entire procedure. The
anesthesiologists monitored the patients and recorded the data.

In this trial, all patients fasted for at least 8h and 2h of water
before painless colonoscopy. They were given intravenously
nalbuphine hydrochloride injection (Yichang Human Well
Pharmaceutical Co. Ltd., Hubei, China), a bolus dose of 0.2 mg/kg,
1 minute before the procedure. They were given an initial intravenous
dose of remimazolam (Yichang Human Well Pharmaceutical Co. Ltd.,
Hubei, China) 0.15mg/kg (Low-Rem group), remimazolam 0.2 mg/
kg (High-Rem group), or propofol (AstraZeneca Pharmaceuticals Co.
Ltd., China) 2mg/kg (Propofol group). The colonoscopy procedure
was started when the required sedation level was reached (Modified
Observer’s Assessment of Alertness/Sedation, MOAA/S <2) and the
score scale was described as 6: Agitated; 5: Ready response to name
spoken in normal tone(alert); 4: Lethargic response to name spoken
in normal tone; 3: Respond only after the name is called loudly and/
or repeatedly; 2: Respond only after mild prodding or shaking; 1: No
response to mild prodding or shaking; 0: No response to deep
stimulus (10).

If sedation was deemed to be inadequate (MOAA/S > 2) or the
colonoscopy procedure failed, up to a maximum of five supplemental
doses administered as IV boluses remimazolam 0.04mg/kg or
propofol 0.4 mg/kg, were permitted 1 min after the end of the initial
dose, with a one-minute interval in between. If the initial dose and the
supplemental doses were not sufficient to obtain adequate sedation for
scope insertion, additional propofol of 0.4mg/kg per time, as a
sedative rescue medication, was administered at the start of the
procedure at the investigator’s discretion. For all patients,
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supplemented oxygen (2L/min) was administered through a nasal
cannula. If there was a decrease in oxygen saturation, the oxygen flow
rate was increased by the anesthesiologist and the mandible was lifted
bilaterally. Mask ventilation and tracheal intubation were used to assist
with breathing if necessary. Hypotension was defined when systolic
blood pressure (SBP) was <90 mmHg or when a 20% decrease in basal
value occurred and lasted for >1min, then ephedrine (6 mg, IV) was
administered. Heart rate (HR) <50 bpm was defined as bradycardia
and if that occurred, atropine (0.5mg, IV) was used. On completion
of this process, patients were sent to the post-anesthesia care unit
(PACU) for further observation.

2.3 Measurements

The primary outcome was the success rate of sedation, which was
defined as: (1) completion of the whole endoscopy procedure; (2) no
requirement for an alternative and/or rescue sedative; (3)
administration of up to a maximum of 5 supplemental doses within
15 min after the initial dose.

The secondary outcomes were as follows:

1 Haemodynamic parameters included SBP, diastolic blood
pressure (DBP), mean arterial pressure (MAP), HR, and Pulse
Oximeter Oxygen Saturation (SpO,) were recorded in all
groups after admission (T0), 1 min after first administration
(T1), 3min after first administration (T2), 5min after first
administration (T3), 10min after first administration (T4),
15min after first administration (T5), 20min after first
administration (T6) during colonoscopy.

2 Adverse events included: (1) incidence of bradycardia; (2)
incidence of hypoxia (oxygen saturation < 90%, which lasted
continuously for >1min or any necessary medical
interventions); (3) incidence of nausea and/or vomiting,
vertigo and belching after the operation.

3 Anesthesia induction time: defined as the time interval from
the initial administration of the trial drug to the first MOAA/S
score of 3 or less.

4 Duration time: defined as the time from the entry of the
endoscope into the external anal to the end of the examination
when the endoscope exited the external anal.

5 Recovery time: defined as the time from the discontinuation of
the sedative medication to full alertness (the first of three
consecutive MOAA/S score of 5).

6 Discharge time: defined as the time from the end of
administration of drugs to meet the discharge criteria
(modified postanesthesia discharge scoring system score of at
least 9, with two points in the vital sign item (11)).

7 'The initial doses of remimazolam or propofol and the number
of top-up doses needed to maintain adequate sedation.

8 Comparison of other sedation evaluating indicators, such as
Ramsay scale (12), Behavioural Pain Scale Non-Intubated
(BPS-NI) score (13), and limb movement classification
(Gradel, finger and toe joint movement; Grade 2, wrist and
ankle joint movement; Grade 3, knee and elbow joint
movement that affected the operation and needed additional
sedative drugs; Grade 4, myelinated joint movement that
affected the operation and needed additional sedative drugs).
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9 Satisfaction measurement of patients, anesthesiologists, and
gastroenterologists using the following scale: 1 to 3 indicating
“dissatisfied,” 4 to 6 indicating “satisfied,” and 7 to 10 indicating
“very satisfied”.

2.4 Sample size

The sample size was calculated based on the incidence of
hypotension in all three groups with Pass software version 15.0
(NCSS, Kaysville, UT, United States). According to Borkett’s trial, the
sedation success rate in the Low-Rem group was 56%, and the
High-Rem group was 64%. We assumed that the sedation success rate
in the Propofol group was 99%, considering the first type of error, a
value of 0.05, power of 90%, 72 patients were required for each group.
Considering the dropout rate of 10%, 240 patients were enrolled in
three groups.

2.5 Statistics

All data were assessed for normal distribution using the Shapiro—
Wilk test. The data were expressed as mean + standard deviations (SD)
for normally distributed data or median with interquartile range for
data not normally distributed. Data homogeneity of variance was
evaluated by using the Levene test. Intergroup comparisons of
continuous variables were performed using ANOVA or Kruskal-
Wallis test. Between-group comparisons of categorical variables were
analyzed by chi-square of Fisher’s exact tests. p <0.05 was considered
to be statistically significant. All data were performed using GraphPad
Prism (v 9.1.1, GraphPad Prism).

3 Results

During the study period from Sep. 2021 to Mar. 2022, a total of
240 patients who underwent painless colonoscopy were evaluated for
eligibility before enrollment. 15 of them were excluded (3 were
excluded due to frequent premature ventricular contractions, 4 were
excluded due to respiratory infection within 2 weeks, 3 were excluded
due to severe hypertension, 3 were excluded due to long term use of
sleeping pills, and 2 was excluded due to refusal to participate in the
study). 225 patients were recruited for our study and were
prospectively randomized at the ration of 1:1:1 into the groups of
Low-Rem (n=75), High-Rem (n=75) and Propofol (n="75). After the
patients were randomized, 2 cases in Low-Rem group were excluded
due to poor bowel preparation or failure to complete colonoscopy
within 15min. 3 cases in High-Rem group and 2 cases in Propofol
group were excluded for the same reason, respectively. Finally, 73
patients were in Low-Rem group, 72 patients were in High-Rem group
and 73 patients were in Propofol group. A specific flow diagram of the
patient selection is presented in Figure 1.

3.1 Demographic characteristics

There lists the demographics and baseline characteristics of the
patients from each group. There was no statistically significant
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240 assessed for eligibility

15 Excluded

2 refusals to participate
13 not meeting inclusion criteria

225
Randomized

75 Randomized to
Low-Rem High-Rem 0.2m/kg
0.15m/kg group group

75 Randomized to

75 Randomized to
Propofol 2mg/kg

75 Intention-to- 75 Intention-to-
treat analysis treat analysis

I l

group
|
75 Intention-to-
treat analysis Excluded
l Poor bowel

I I

73 As per-protocol 72 As per-protocol
analysis analysis

l preparation or failure to
73 As per-pr0t000| complete colonoscopy
analysis within 15min

FIGURE 1
Specific flow diagram of patient selection.

difference in sex, age, weight, height, BMI, ASA classification, and. The
three groups were well matched at baseline (Table 1).

3.2 Primary outcome

The sedation success rate was 65 of 73 (89%) in the Low-Rem
group, 72 of 72 (100%) in the High-Rem group, and 73 of 73 (100%)
in the Propofol group. The sedation success rate in the Low-Rem
group was significantly lower in comparison to the other two groups
(p<0.001; Table 2). Patients who have failed sedation in the Low-Rem
group received sedative rescue medication or multiple additional
drugs to complete the colonoscopy.

3.3 Secondary outcomes

The incidence of hypotension was significantly lower in Low-Rem
group (7%) and in High-Rem group (10.7%), when compared with
(26.8%) (p<0.05 Table 3). The
haemodynamic comparison results were detailed in Figure 2. The

Propofol group specific
decrease in SBP was significantly higher in the propofol group than
in the Low-Rem group at T1 and T2, and the decrease in SBP was
higher in the propofol group than in the High-Rem group at T6
(p<0.05). Moreover, the decrease in DBP was significantly higher in
the propofol group than in the Low-Rem group at T1, T2 and T3, and
the decrease in DBP was higher in the propofol group than in the
High-Rem group at T6 (p<0.05). Also, the decrease in MAP was
significantly higher in the propofol group than in the Low-Rem group
at T1, T2 and T3, and the decrease in MAP was higher in the propofol
group than in the High-Rem group at T6 (p<0.05). HR was
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significantly decelerated in the propofol group compared to the other
two groups at T1, T2 and T3 (p < 0.05). SpO, was significantly reduced
in the propofol group compared to the other two groups from T1 to
T6 (Figure 2).

The incidence of bradycardia (17.8%) and respiratory depression
(15.1%) were significantly higher in Propofol group than in Low-Rem
group and in High-Rem group (p<0.05; Table 3). No significant
differences were observed in incidence of other adverse events, such
as nausea, vomiting, vertigo, and belching (Table 3).

In the Propofol group, the induction time was shorter, however,
the recovery time and discharge time were longer than in the
Low-Rem and High-Rem groups (p <0.05). No significant differences
were observed in the duration time among the three groups (p>0.05;
Table 4).

The sedation depth during colonoscopy was assessed using
Ramsay Scale, BPS-NI scale, and Limb movement classification. No
significant differences were found among the three groups in Ramsay
Scale and BPS-NT scale. The probability of limb movement was higher
in the Low-Rem group than in the High-Rem and Propofol groups. In
all the three groups, patient satisfaction was 100% and indicated
willingness to undergo the same sedation protocol regimen in the
future. Gastroenterologists and anesthesiologist in all treatment groups
were slightly less satisfied than in the other two groups (Table 5).

4 Discussion

This study indicated that remimazolam 0.2 mg/kg showed the
advantages of rapid onset, more stable hemodynamics, better sedation
quality and depth, and fewer adverse reactions in adult
colonoscopy patients.
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TABLE 1 The demographic characteristics of the patients.

Low-Rem (N=73) High-Rem (N=72) Propofol (N =73) F value/)? value p- value

Age, year 57.97+10.50 56.60+9.94 60.27+£10.70 2.323 0.100
Gender 3.31 0.191
Male, n (%) 37 (50.7) 39 (54.2) 29 (39.7)

Female, n (%) 36 (49.3) 33 (45.8) 44 (60.3)

Height, cm 164.58 £8.37 162.97+7.77 163.85+7.78 0.734 0.481
Weight, kg 63.43+11.58 62.13£9.15 61.88+9.76 0.486 0.616
BML, kg/m? 23.28+2.88 23.32£2.52 22.93+2.38 0.491 0.613
ASA classification, n (%) 0.316 0.854
I 49 (67.1) 49 (68.1) 52 (71.2)

II 24 (32.9) 23 (31.9) 21 (28.8)

111 0 0 0

The values are presented as numbers (%). ASA, American Society of Anesthesiologists; DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure; SpO,, oxygen saturation

measured by pulse oximetry.

TABLE 2 Primary outcomes.

Low-Rem

High-Rem

Propofol

(N=73)

(N=72)

(N=73)

¥ value

p- value

Sedation success rate, n (%) 65 (89) 72 (100.0) * 73 (100.0) * 16.496 0.000
Completion of Colonoscopy, n (%) 73 (100.0) 72 (100.0) 73 (100.0) / /

More than five total doses of study medication within any 15-min interval, n (%) 5(6.8) 0(0) 0(0) 10.165 0.006
Administration of rescue medication (%) 22(30.1) 0(0)* 0(0)* 48.604 0.000

The values are presented as numbers (%). ’p <0.05 compared with Low-Rem group. *p <0.05 compared with High-Rem group.

TABLE 3 Adverse events.

Low-Rem (N =73)

High-Rem (N =72)

Propofol (N =73)

p- value

¥ value

Hypotension, 1 (%) 5(7.0) 8(10.7) 20 (26.8)** 0.001 13.353
Bradycardia, n (%) 1(1.4) 4(5.6) 13(17.8) 7 0.001 14.056
Respiratory depression / Apnea, n (%) 1(1.4) 3(4.2) 11 (15.1)* 0.003 11.926
Nausea and vomiting, 7 (%) 0 0 2(2.7) 0.135 4.009
Vertigo, 1 (%) 0 1(1.4) 4(5.5) 0.071 5283
Belching, 1 (%) 0 0 3(4.1) 0.049 6.042

The values are presented as numbers (%). ’p <0.05 compared with Low-Rem group. *p <0.05 compared with High-Rem group.

The sedation rate of remimazolam single drug was insufficient. As
reported by Borkett et al. (5), the success rates of sedation with
remimazolam alone at doses of 0.10, 0.15, and 0.20mg/kg in adult
patients were 32, 56, and 64%, respectively. In other words, the dose
required to achieve sedation success with remimazolam alone is larger.
The success rate of sedation in 0.2 mg/kg remimazolam group was
82%, in 0.3 mg/kg group was 98%, and in 0.4 mg/kg group was 96%
(14). However, when combined with small doses of opioids, the
sedation rate of remimazolam was significantly improved. The
sedation success rate of the 0.15mg/kg remimazolam group was
88.5%, and 0.2 mg/kg remimazolam was 98.7% in Zhu’s trial when
combined with 5 ug sufentanil (15). It was 100% in 0.10 or 0.20 mg/kg
remimazolam tosilate group when combined with 0.01 mg/kg
butorphanol in Tan’s report (16). In our study, 0.2 mg/kg nalbuphine
was used in combination, and the success rate of sedation was 89% in
0.15mg/kg remimazolam group, 100% in 0.2 mg/kg remimazolam
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group and 2 mg/kg propofol group. Opioids synergize the sedation of
remimazolam, so compounding different opioids and different dosages
will affect the sedation success of remimazolam to varying degrees.
Propofol were used for gastrointestinal endoscopy sedation for
about 20years, its advantages over benzodiazepines include rapid
onset of action, rapid recovery, without residual sedative effects or
anterograde amnesia (17). However, it has significant inhibitory effects
on hemodynamics and respiration in a dose-dependent manner (18-
20). In our study, the incidence of hypotension was 26.8%, bradycardia
was 17.8% and respiratory depression was 15.1%. Food and Drug
Administration (FDA) has already granted approval for remimazolam
use in procedural sedation (21). It has already been shown that
remimazolam overcame inhibitory effects on hemodynamics and
respiration with a favorable safety profile (22). Similarly, Barbosa (23)
conducted a systematic review and meta-analysis which concluded
remimazolam had clinically similar efficacy and greater safety when
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FIGURE 2
Haemodynamic parameters fluctuation during colonoscopy at time after admission (T0), 1 min after first administration (T1), 3 min after first
administration (T2), 5min after first administration (T3), 10 min after first administration (T4), 15 min after first administration (T5), 20 min after first
administration (T6) during colonoscopy. Systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), heart rate (HR), and
Pulse Oximeter Oxygen Saturation (SpO,). The values are presented as either mean + SD, *p <0.05, **p <0.01, ***p <0.001 compared with Propofol
group.

TABLE 4 Comparison of induction time, duration time, recovery time, discharge time and dosage of medication.

Low-Rem (N =73)

High-Rem (N =72)

Propofol (N =73)

Induction time, min 1.84 £ 0.68 1.77 £0.83 1.47 £ 0.71%# 5.170 0.006
Duration time, min 10.00 £ 3.54 10.08 +3.92 10.68 £ 6.27 0.453 0.636
Recovery time, min 2.33+1.80 243 +1.61 3.21+£2.18%* 4.743 0.01
Discharge time, min 25.00 + 8.83 25.01 £5.71 27.56 + 8.107* 2.693 0.07
Initial dose, mg 9.05+1.90 10.62 £ 2.11 121.88 +28.73 1092.022 0

Supplemental times 2.68 £ 1.69 1.36 £ 1.17%* 1.15 £ 0.97% 29.328 0.000
Supplemental dose, mg 6.61 £4.75 3.15+2.73 26.76 +21.21 73.547 0.000

The values are presented as either mean +SD or numbers (%). “p <0.05; *p <0.01; **p <0.001 compared with Low-Rem group. *p <0.05; *#p <0.01; **¥p <0.001 compared with High-Rem

group.

compared with propofol for sedation in gastrointestinal endoscopies.
Remimazolam was associated with significantly lower rates of
respiratory depression, hypotension, hypotension requiring treatment,
and bradycardia. Zhang (7) compared remimazolam with propofol for
hysteroscopy and found that the incidence of hypotension, low SpO,
and bradycardia in propofol group was much higher than that in
remimazolam group. In our study, significant haemodynamic
fluctuations in the three groups occurred mainly at 1, 3 and 5 min after
induction, with the lowest fluctuations in the Low-Rem group and the
highest in the Propofol group. The alteration of HR by propofol was
obvious and significant, and was not significantly different between
0.15mg/kg remimazolam and 0.2 mg/kg remimazolam. The incidence
of respiratory depression in patients who received remimazolam was
lower than that in the propofol group.

Sedation effectiveness was dose-dependent of remimazolam (24),
however, as the dose is progressively increased, the incidence of
adverse reactions by remimazolam are also significantly increased,
such as vertigo and prolonged sedation recovery time (14). Here, in
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our study, the induction time, the recovery time, and the discharge
time had no difference between Low-Rem group and High-Rem
group. Yet, the induction time was prolonged, the recovery time and
the discharge time were shortened compared to the propofol group.
The induction time was 1.84 and 1.77 min in the 0.15 and 0.20 mg/kg
remimazolam groups, respectively, compared with the propofol group
(1.47min) (p<0.01). The recovery time was 2.33 to 2.43min for
different doses of remimazolam groups as compared with 3.21 min for
propofol group (p <0 0.05). The significant decrease in recovery time
appears to result from high clearance, small volume of distribution,
and susceptibility to ester hydrolysis by carboxylesterase-1 to an
inactive carboxylic acid metabolite of remimazolam (22). The duration
time had no difference among three groups.

In addition, the criteria used to assess the depth of sedation were
various from study to study. MOAA/S as a commonly used score to
assess the level of sedation in patients, was universally used in
gastroenteroscopy. Painlessness is defined as no pain felt by the
patient. The intensity of colonoscopic stimulation is not very high.
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TABLE 5 Anesthesiologist’s, gastroenterologist’s and patient’s evaluation about the performance of the sedation.

Low-Rem (N =73) High-Rem (N =72) Propofol (N =73) 2 value
Ramsay scale, n (%) 0.160 3.662
1-2 score 0 0 0
3-4 score 7 (9.6) 3(4.2) 2(2.7)
5-6 score 66 (90.4) 69 (95.8) 71(97.3)
BPS-NI score, 1 (%) 0.128 7.158
1-4 score 63 (86.3) 68 (94.4) 70 (95.9)
5-8 score 8(11.0) 4 (5.6) 3(4.1)
9-12 score 2(2.7) 0 0
Limb movement classification, n (%) 0.037 10.195
1 63 (86.3) 69 (95.8) 70 (95.9)
2 3(4.1) 1(1.4) 3(4.1)
3 7 (9.6)* 2(2.8) 0
4 0 0 0
Patients, 1 (%)
Satisfied (7-10) 73 (100.0) 72 (100.0) 73 (100.0)
Gastroenterologists, 7 (%)
Satisfied (7-10) 68 (93.2)* 72 (100.0) 73 (100.0) 0.017 8.207
Anesthesiologist, n (%)
Satisfied (7-10) 70 (95.9)* 72 (100.0) 73 (100.0) 0.049 6.042

The values are presented as numbers (%). *p <0.05, compared with Propofol group.

When the MOAA/S <2 points, the patient does not feel pain after
awakening, so we defined this criterion, consistent with Cui’s (14),
Zhang’s (25), and Zhu’s (15). Different studies used different sedation
scores, such as MOAA/S <3 points (26-28), MOAA/S< 1 points (16,
29, 30), and the sedation results naturally fluctuated. Moreover,
we also compared three other methods of sedation assessment such
as the Ramsay scale, BPS-NI score, and limb movement to evaluate
intraoperative sedation and analgesia. Ramsay scale (31) and BPS-NI
score (32) have been used for patients with dementia or in critically
ill intensive care unit (ICU) patients, it may possibly be used for
patients unable to communicate or patients with unconcious. Limb
movement classification is helpful in evaluating the degree of sedation
and analgesia and estimating additional sedative medications need to
be administrated (33). When using the Ramsay scale and BPS-NI for
sedation evaluation in the three groups, although there was no
statistical difference, the Low-Rem group was lower than the
High-Rem group and the Propofol group, and the High-Rem group
and the Propofol group were similar. When using the Limb
movement for sedation evaluation, the Low-Rem group was
significantly lower than the Propofol. When Limb movement was
used for sedation evaluation, it was significantly lower in the
Low-Rem group than in the Propofol group, while there was no
significant difference between the High-Rem and Propofol groups. It
can be seen that the MOAA/S index is more sensitive when used for
sedation evaluation in the three groups. The 0.15 mg/kg remimazolam
group resulted in a decrease in satisfaction of gastroenterologists and
anesthesiologists compared to the other two groups due to inadequate
sedation and limb movement. Remimazolam of 0.2 mg/kg contributes
to the rapid awakening and conscious discharge of outpatients.
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In conclusion, the present study shows 0.2 mg/kg remimazolam
is non-inferior to propofol in terms of sedation during colonoscopy,
and has more stable hemodynamics and fewer side effects
than propofol.

4.1 Limitations

There are some limitations in this study. We studied only the
efficacy and safety of remimazolam in painless colonoscopy.
Gastroenteroscopy will undoubtedly require more time and greater
medications than colonoscopy. The efficiency of sedation after
prolonged or sustained use of remimazolam needs to be further
investigated. On the other hand, gastrointestinal endoscopy usually
requires periodic re-examination, and we still do not know whether
cognitive dysfunction or memory deficiency may occur after
repeated multiple uses of remimazolam. In addition, this is a single-
centre study, with a mean patient age of only 60years and
remimazolam doses of just 0.15 and 0.2 mg/kg, further studies on
the efficacy and safety of remimazolam including dose optimisation,
age stratification, larger sample sizes and multicentre collaborations
are needed.

5 Conclusion

Remimazolam is a safe and effective sedative for patients
undergoing colonoscopy. 0.2 mg/kg remimazolam is equivalent to
propofol for sedation when combined with small doses of opioids.

frontiersin.org


https://doi.org/10.3389/fmed.2024.1434767
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Shi et al.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author/s.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of Shanghai East Hospital. The studies were conducted in
accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study.

Author contributions

HS: Writing - original draft, Visualization, Validation, Data
curation. JZ: Writing - review & editing, Formal analysis,
Conceptualization. ZH: Writing - review & editing, Project
administration, Data curation. QHo: Writing - review & editing,
Project administration, Data curation. QHu: Writing - review &
editing, Project administration, Data curation. ZD: Writing -
original draft, Project administration, Data curation. WZ: Writing
- original draft, Project administration, Data curation. DQ: Writing
- review & editing, Formal analysis, Data curation. YL: Writing -
review & editing, Supervision, Formal analysis. QW: Writing -
review & editing, Project administration, Investigation. XW:
Writing - review & editing, Supervision, Conceptualization. LL:
Writing - review & editing, Supervision, Project administration,
Funding acquisition, Conceptualization. SQ: Writing — review &
editing, Writing - original draft, Software, Formal analysis,
Conceptualization.

References

1. Sonnenberg A. Sedation in Colonoscopy. Gastroenterol Hepatol (N Y). (2016)
12:327-9.

2. Olkkola KT, Ahonen J. Midazolam and other benzodiazepines. Handb Exp
Pharmacol. (2008) 182:335-60. doi: 10.1007/978-3-540-74806-9_16

3. Nishizawa T, Suzuki H. Propofol for gastrointestinal endoscopy. United European
Gastroenterol J. (2018) 6:801-5. doi: 10.1177/2050640618767594

4. Kilpatrick GJ, McIntyre MS, Cox RE, Stafford JA, Pacofsky GJ, Lovell GG, et al. CNS
7056: a novel ultra-short-acting benzodiazepine. Anesthesiology. (2007) 107:60-6. doi:
10.1097/01.anes.0000267503.85085.c0

5. Borkett KM, Riff DS, Schwartz HI, Winkle PJ, Pambianco DJ, Lees JP, et al. A phase
ITa, randomized, double-blind study of remimazolam (CNS 7056) versus midazolam for
sedation in upper gastrointestinal endoscopy. Anesth Analg. (2015) 120:771-80. doi:
10.1213/ANE.0000000000000548

6. Pambianco DJ, Borkett KM, Riff DS, Winkle PJ, Schwartz HI, Melson T1, et al. A
phase IIb study comparing the safety and efficacy of remimazolam and midazolam in
patients undergoing colonoscopy. Gastrointest Endosc. (2016) 83:984-92. doi: 10.1016/j.
£ie.2015.08.062

7. Zhang X, Li S, Liu J. Correction to: efficacy and safety of remimazolam besylate
versus propofol during hysteroscopy: single-Centre randomized controlled trial. BMC
Anesthesiol. (2021) 21:173. doi: 10.1186/s12871-021-01390-x

8. 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
III trial. ] Gastroenterol Hepatol. (2021) 36:474-81. doi: 10.1111/jgh.15188

9. Moher D, Hopewell S, Schulz KE, Montori V, Getzsche PC, Devereaux PJ, et al.

CONSORT 2010 explanation and elaboration: updated guidelines for reporting parallel
group randomised trials. Int J Surg. (2012) 10:28-55. doi: 10.1016/j.ijs1.2011.10.001

Frontiers in Medicine

10.3389/fmed.2024.1434767

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work was
supported by the National Natural Science Foundation of China
(nos. 81971814, 82202401), the Academic Medical Leaders Training
Program in Health System of Pudong New Area (PWRd2020-06), the
Top-Level Clinical Discipline Project of Shanghai Pudong
(PWYgf2021-03), Science and Technology Project of Jiangxi
Provincial Administration of Traditional Chinese Medicine
(2022A370) and the Natural Science Foundation of Jiangxi Province
(20192BAB205013).

Acknowledgments

The authors thank all involved residents, gastroenterologists and
anesthesiologists for their contribution to this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

10. Cohen LB, Delegge MH, Aisenberg J, Brill JV, Inadomi JM, Kochman ML, et al.
AGA Institute review of endoscopic sedation. Gastroenterology. (2007) 133:675-701. doi:
10.1053/j.gastro.2007.06.002

11. Palumbo P, Tellan G, Perotti B, Pacile MA, Vietri F, [lluminati G. Modified PADSS
(post Anaesthetic discharge scoring system) for monitoring outpatients discharge. Ann
Ital Chir. (2013) 84:661-5.

12. Carrasco G. Instruments for monitoring intensive care unit sedation. Crit Care.
(2000) 4:217-25. doi: 10.1186/cc697

13. Chanques G, Payen JE Mercier G, de Lattre S, Viel E, Jung B, et al. Assessing pain
in non-intubated critically ill patients unable to self report: an adaptation of the
behavioral pain scale. Intensive Care Med. (2009) 35:2060-7. doi: 10.1007/
500134-009-1590-5

14. Cui X, Cheng Z, Li H, 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. doi: 10.2147/DDDT.$422531

15.Zhu H, Su Z, Zhou H, Lu J, Wang X, Ji Z, et al. Remimazolam dosing for
gastroscopy: a randomized noninferiority trial. Anesthesiology. (2024) 140:409-16. doi:
10.1097/ALN.0000000000004851

16. Tan Y, Ouyang W, Tang Y, Fang N, Fang C, Quan C. Effect of remimazolam tosilate
on early cognitive function in elderly patients undergoing upper gastrointestinal
endoscopy. ] Gastroenterol Hepatol. (2022) 37:576-83. doi: 10.1111/jgh.15761

17. Heuss LT, Inauen W. The dawning of a new sedative: propofol in gastrointestinal
endoscopy. Digestion. (2004) 69:20-6. doi: 10.1159/000076543

18. Sato J, Saito S, Jonokoshi H, Nishikawa K, Goto F. Correlation and linear regression
between blood pressure decreases after a test dose injection of propofol and that

frontiersin.org


https://doi.org/10.3389/fmed.2024.1434767
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1007/978-3-540-74806-9_16
https://doi.org/10.1177/2050640618767594
https://doi.org/10.1097/01.anes.0000267503.85085.c0
https://doi.org/10.1213/ANE.0000000000000548
https://doi.org/10.1016/j.gie.2015.08.062
https://doi.org/10.1016/j.gie.2015.08.062
https://doi.org/10.1186/s12871-021-01390-x
https://doi.org/10.1111/jgh.15188
https://doi.org/10.1016/j.ijsu.2011.10.001
https://doi.org/10.1053/j.gastro.2007.06.002
https://doi.org/10.1186/cc697
https://doi.org/10.1007/s00134-009-1590-5
https://doi.org/10.1007/s00134-009-1590-5
https://doi.org/10.2147/DDDT.S422531
https://doi.org/10.1097/ALN.0000000000004851
https://doi.org/10.1111/jgh.15761
https://doi.org/10.1159/000076543

Shi et al.

following anaesthesia induction. Anaesth Intensive Care. (2003) 31:523-8. doi:
10.1177/0310057X0303100506

19. Ebert TJ. Sympathetic and hemodynamic effects of moderate and deep sedation
with  propofol in  humans.  Anesthesiology.  (2005)  103:20-4.  doi:
10.1097/00000542-200507000-00007

20. Sahinovic MM, Struys M, Absalom AR. Clinical pharmacokinetics and
pharmacodynamics of Propofol. Clin Pharmacokinet. (2018) 57:1539-58. doi: 10.1007/
540262-018-0672-3

21. Keam SJ. Remimazolam: First Approval. Drugs. (2020) 80:625-33. doi: 10.1007/
540265-020-01299-8

22. Lee A, Shirley M. Remimazolam: a review in procedural sedation. Drugs. (2021)
81:1193-201. doi: 10.1007/s40265-021-01544-8

23.Barbosa EC, Espirito Santo PA, Baraldo S, Meine GC. Remimazolam versus
propofol for sedation in gastrointestinal endoscopic procedures: a systematic
review and meta-analysis. Br J Anaesth. (2024) 132:1219-29. doi: 10.1016/j.
bja.2024.02.005

24. Worthington MT, Antonik LJ, Goldwater DR, Lees JP, Wilhelm-Ogunbiyi K,
Borkett KM, et al. A phase Ib, dose-finding study of multiple doses of remimazolam
(CNS 7056) in volunteers undergoing colonoscopy. Anesth Analg. (2013) 117:1093-100.
doi: 10.1213/ANE.0b013e3182a705ae

25.Zhang X, Li S, Liu J. Efficacy and safety of remimazolam besylate versus propofol
during hysteroscopy: single-Centre randomized controlled trial. BMC Anesthesiol.
(2021) 21:156. doi: 10.1186/s12871-021-01373-y

26. Liu F, Cheng X, Wang Y, Li K, Peng T, Fang N, et al. Effect of remimazolam tosilate
on the incidence of hypoxemia in elderly patients undergoing gastrointestinal

Frontiers in Medicine

09

10.3389/fmed.2024.1434767

endoscopy: a bi-center, prospective, randomized controlled study. Front Pharmacol.
(2023) 14:1131391. doi: 10.3389/fphar.2023.1131391

27.Hu B, Jiang K, Shi W, Xiao S, Zhang S, Zhang Y, et al. Effect of Remimazolam
Tosilate on respiratory depression in elderly patients undergoing gastroscopy: a
multicentered, prospective, and randomized study. Drug Des Devel Ther. (2022)
16:4151-9. doi: 10.2147/DDDT.S391147

28.Liu X, Ding B, Shi F, Zhang Y, Liu L, Sha Y, et al. The efficacy and safety of
remimazolam tosilate versus etomidate-propofol in elderly outpatients undergoing
colonoscopy: a prospective, randomized, single-blind, non-inferiority. Trial Drug Des
Devel Ther. (2021) 15:4675-85. doi: 10.2147/DDDT.S$339535

29. Guo ], Qian Y, Zhang X, Han S, Shi Q, Xu J. Remimazolam tosilate compared with
propofol for gastrointestinal endoscopy in elderly patients: a prospective, randomized
and controlled study. BMC Anesthesiol. (2022) 22:180. doi: 10.1186/s12871-022-01713-6

30. 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 gastrointestinal endoscopy: a
multicenter, randomized clinical trial. PLoS One. (2023) 18:€0282930. doi: 10.1371/
journal.pone.0282930

31. Hansen-Flaschen ], Cowen J, Polomano RC. Beyond the Ramsay scale: need for a
validated measure of sedating drug efficacy in the intensive care unit. Crit Care Med.
(1994) 22:732-3. doi: 10.1097/00003246-199405000-00004

32. Wandrey JD, Behnel N, Weidner E, Dummin U, von Dincklage F, Tafelski S.
Behaviour-based pain scales: validity and interrater reliability of BPS-NI and PAINAD-G
on general wards. Eur ] Pain. (2023) 27:201-11. doi: 10.1002/ejp.2051

33. Neme D, Aweke Z, Micho H, Mola S, Jemal B, Regasa T. Evidence-based guideline
for adult sedation, pain assessment, and analgesia in a low resource setting intensive care
unit: review article. Int ] Gen Med. (2020) 13:1445-52. doi: 10.2147/IJGM.S276878

frontiersin.org


https://doi.org/10.3389/fmed.2024.1434767
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1177/0310057X0303100506
https://doi.org/10.1097/00000542-200507000-00007
https://doi.org/10.1007/s40262-018-0672-3
https://doi.org/10.1007/s40262-018-0672-3
https://doi.org/10.1007/s40265-020-01299-8
https://doi.org/10.1007/s40265-020-01299-8
https://doi.org/10.1007/s40265-021-01544-8
https://doi.org/10.1016/j.bja.2024.02.005
https://doi.org/10.1016/j.bja.2024.02.005
https://doi.org/10.1213/ANE.0b013e3182a705ae
https://doi.org/10.1186/s12871-021-01373-y
https://doi.org/10.3389/fphar.2023.1131391
https://doi.org/10.2147/DDDT.S391147
https://doi.org/10.2147/DDDT.S339535
https://doi.org/10.1186/s12871-022-01713-6
https://doi.org/10.1371/journal.pone.0282930
https://doi.org/10.1371/journal.pone.0282930
https://doi.org/10.1097/00003246-199405000-00004
https://doi.org/10.1002/ejp.2051
https://doi.org/10.2147/IJGM.S276878

	The efficacy and safety of remimazolam in painless colonoscopy: a prospective, randomized clinical trial
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Study design
	2.3 Measurements
	2.4 Sample size
	2.5 Statistics

	3 Results
	3.1 Demographic characteristics
	3.2 Primary outcome
	3.3 Secondary outcomes

	4 Discussion
	4.1 Limitations

	5 Conclusion

	References

