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Ran et al.: Safety of Remimazolam for Elderly Undergoing Colonoscopy

Remimazolam is a new short-acting gamma aminobutyric acid type A receptor agonist with minimal impact on 
cardiorespiratory suppression. However, the potential benefits of remimazolam vs. propofol in elderly patients 
undergoing colonoscopy are unknown. This was a multicentre, double-blinded randomized controlled trial. 
Elderly individuals, (65-85) y of age scheduled to undergo elective colonoscopy were randomized at a 1:1 
ratio to receive sedation with either remimazolam at a rate of 5 mg/min or propofol at a rate of 50 mg/min 
at 1 min after a bolus injection of 0.05 mg fentanyl. When the Modified Observer’s Assessment of Alertness/
Sedation score reached ≤1, infusion was stopped and colonoscopy started. Modified Observer’s Assessment 
of Alertness/Sedation was maintained at ≤3 throughout the procedure. The primary outcome was the rate of 
hypotension (defined as systolic blood pressure at ≤90 mmHg or ≤70 % of the baseline) anytime during the 
procedure, as calculated in the intent-to-treat population. A total of 400 (201 women and 199 men, (71.0±5.0) 
y of age) were enrolled (200 per group). The rate of hypotension was 41.5 % (83/200) in the remimazolam 
group and 64.5 % (129/200) in the propofol group (p<0.001). The remimazolam group also had lower rate of 
bradycardia, as defined by heart rate ≤50 per minute (21.0 % vs. 42.5%, p<0.001) and respiratory depression, 
as defined by respiratory rate <8 per minute and/or saturation of peripheral oxygen <90 % (2.0 % vs. 6.0 
%, p=0.029). For use to maintain adequate level of sedation in elderly patients undergoing colonoscopy, 
remimazolam infusion was associated with lower rate of hypotension as well as other measures indicative of 
cardiorespiratory inhibition than propofol.
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Propofol is the most commonly used sedative in 
patients undergoing gastrointestinal endoscopy[1-3], 
but is associated with circulatory and respiratory 
suppression[4-6], particularly in elderly patients[7-10]. 
Remimazolam is a short-acting Gamma-
Aminobutyric Acid type A (GABAA) receptor agonist 
with faster onset of action and recovery than currently 
available short-acting sedatives[11]. The metabolism 
of remimazolam is independent of liver and kidney 
function[12], and thus is not prone to accumulation 
and respiratory and circulatory inhibition.
Remimazolam has shown to be safe and effective 
for procedural sedation in several clinical trials[13-16], 
including for colonoscopy[17]. Remimazolam tosilate 
(HR7056) was recently approved by China National 
Medical Products Administration for anesthesia and 

sedation[18]. Elderly patients are particularly prone 
to cardiovascular and respiratory inhibition upon 
sedation. We therefore conducted a multicentre, 
randomized trial to compare remimazolam tosilate vs. 
propofol in elderly patients undergoing colonoscopy.

MATERIALS AND METHODS
This multicentre, randomized controlled trial was 
conducted during a period from September 2020 to 
September 2022 at the Third Affiliated Hospital of 
Guangxi Medical University (The Second Nanning 
People’s Hospital), Hechi Third People’s Hospital 
and Liuzhou Municipal Liutie Central Hospital. 
Ethical approvals for this study (Identification No: 
Y2020059, K2021001 and 2021037) were provided 
by the Ethical Committee of The Second Nanning 
People’s Hospital, Nanning, China on 31st August 
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2020, Hechi Third People’s Hospital, Hechi, 
China on 15th March 2021, and Liuzhou Municipal 
Liutie Central Hospital, Liuzhou, China on 30th 
May 2021, respectively. The trial protocol was 
registered at the China Clinical Trial Registry (No: 
ChiCTR2000035824) and performed in accordance 
with the Declaration of Helsinki. The study design 
adhered to the 2010 Consolidated Standards of 
Reporting Trials (CONSORT) statement. Written 
informed consent was obtained from all patients 
prior to enrolment.

General information: 

Elderly individuals (65-85) y of age, scheduled to 
undergo colonoscopy either diagnostic or therapeutic 
were eligible. 
American Society of Anesthesiologists (ASA) 
physical status IV or higher; a Body Mass Index 
(BMI) <18 or >30 kg/m2; requirement for tracheal 
intubation or expected difficult airways (Mallampati 
score of 3 or 4); estimated procedure time exceeding 
30 min; acute respiratory infection, asthma attack, 
unstable angina, severe arrhythmia, uncontrolled 
hypertension (Systolic Blood Pressures (SBP) ≥160 
mmHg or Diastolic Blood Pressure (DBP) ≥100 
mmHg despite medical treatment) or hypotension 
(SBP ≤90 mmHg or DBP ≤60 mmHg); hemoglobin 
<80 g/l) a history of drug abuse and/or alcoholism 
within 2 y before screening; long-term use of 
hypnotic/sedative agents or opioid agents; known 
allergy or contraindication to either benzodiazepines 
or propofol were excluded from this study.

Randomization, masking and blinding: 

Randomization (1:1 ratio to receive either 
remimazolam or propofol) and concealment were 
conducted using an interactive web service (www.
medresman.org.cn). Both the patients and outcome 
assessors were blinded to the group assignment, and 
covered with opaque bags to achieve blinding. The 
attending anaesthesiologists were aware of the group 
assignment. 

Intervention: 

Patients were fasted for 6 h prior to the procedure; 
water intake was restricted for 2 h. Gastrointestinal 
tract preparation was conducted using a routine 
protocol. Oxygen was supplemented at a rate of 
2 l/min via a nasal tube, starting at 5 min prior to 
induction and until complete recovery after the 
procedure.

At 1 min after fentanyl injection (0.05 mg, IV), patients 
started to receive intravenous infusion of designated 
intervention, remimazolam (remimazolam tosilate 
for injection, 1 mg/ml, HengRui Medicine Co., 
Ltd., China, Approval No: 2011148K) at 5 mg/min 
or propofol (propofol injection emulsion, 10 mg/ml, 
Aspen, Approval No: X19038B) at 50 mg/min. The 
rate of infusion for both propofol and remimazolam 
was adjusted to maintain a level of sedation sufficient 
to allow colonoscopy to proceed smoothly. Sedation 
level was assessed using MOAA/S[19] score once 
every 30 s during the first 3 min and once every 1 
min thereafter. Colonoscopy started when MOAA/S 
reached ≤1. The level of sedation was maintained at 
MOAA/S score at ≤3 with bolus injection of either 
remimazolam (2.5 mg) or propofol (0.5 mg/kg) with 
at least 1 min interval and one assessment of sedation 
level with MOAA/S between the boluses; there was 
no limitation on the total dosage. Upon the completion 
of colonoscopy, patients were transferred to a Post-
Anesthesia Care Unit (PACU) for observation for at 
least 30 min. The criteria for discharge (or transfer 
back to ward) was total Post Anesthetic Discharge 
Scoring System (PADSS) score of 9 or 10[20]. A 
telephone interview was conducted next day.
Hypotension was managed with rapid fluid infusion 
and/or phenylephrine 40 µg one time, as deemed 
appropriate by the attending anesthesiologist. 
Hypoxemia (Saturation of peripheral Oxygen (SpO2) 
<90 %) was managed by jaw thrust manoeuvre and/or 
increase of oxygen flow, as appropriate. Bradycardia 
was managed with atropine 0.5 mg one time if 
necessary. Severe nausea and vomiting was managed 
with tropisetron (5 mg).

Trial outcomes:  

The primary outcome was hypotension, defined 
as SBP ≤90 mmHg or a >30 % decline from the 
baseline (immediately prior to fentanyl injection). 
Secondary outcomes included respiratory depression 
(respiratory rate <8/min), hypoxemia (SpO2 <90 % at 
any time), bradycardia (heart rate reduction by >20 
% relative to the baseline or to ≤50/min), time to and 
dosage of the test drug required for adequate sedation 
(MOAA/S score ≤1), nausea and vomiting, procedure 
time (from the start of the procedure to endoscope 
removal), recovery time (from discontinuation of 
sedative use to the first of three consecutive MOAA/S 
scores of 5), and sedation time (from the start of 
intravenous infusion of sedative agent to fully alert). 
Blood pressure, heart rate and respiratory rate were 
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assessed every 3 min during the trial. All outcomes 
were assessed by an anaesthesiologist otherwise not 
involved in this trial. Sedation success was defined 
as with a sedative agent other than the assigned 
treatment to maintain MOAA/S ≤3 throughout 
the procedure. Procedural success was defined as 
completion of the scheduled endoscopy.

Safety: 

Adverse Events (AEs) were evaluated using the 
National Cancer Institute Common Terminology 
Criteria for AEs version 4.0, and included 
hypotension, bradycardia, respiratory inhibition, 
hypoxemia (SBP ≤90 mmHg or >30 % decline from 
the baseline), delayed recovery (recovery time ≥2 
h), nausea and vomiting, pain at the site of infusion, 
headache, and dizziness[21].

Sample size and statistical analysis:  

Sample size requirement was estimated using the 
following assumptions: Hypotension in 8/20 (40 
%) of the patients receiving remimazolam vs. 13/20 
(65 %) of the patients receiving propofol (based 
on our preliminary study of 40 patients undergoing 
gastroscopy); 2-sided alpha of 0.05 and a power of 
0.8; a dropout rate of 20 %. The calculation yielded 
200 subjects in each group. The induction regimen 

was identical between gastroscopy and colonoscopy 
and hypotension occurred in induction phase in 
majority of the cases. 
Continuous variables with normal distribution 
are presented as mean±Standard Deviation (SD) 
and analysed using Student’s t-test; variables not 
following normal distribution are expressed as 
median (interquartile range) and analysed using 
Mann-Whitney U test. Continuous variables with 
repeated measures (e.g., systolic blood pressure) 
were analysed using a generalized linear model. 
Categorical variables were analysed using Chi-
square test. Analysis of the primary outcome was 
conducted in the intent-to-treat population. p<0.05 
(2-sided) was considered statistically significant. All 
statistical analyses were conducted using Statistical 
Package for the Social Sciences (SPSS) version 22.0.

RESULTS AND DISCUSSION

A total of 400 patients (201 women and 199 men, 
(71.0±5.0) y of age) were enrolled (n=200 for each 
group). Patient flow through the trial was shown 
in fig. 1. Demographic and baseline characteristics 
of the patients in the 2 groups are shown in Table 
1. All patients received assigned intervention and 
colonoscopy as planned.

Fig. 1: Patient flow through the trial
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The current trial showed significantly lower rate of 
hypotension in the remimazolam group (41.5 %) vs. 
the propofol group (64.5 %), primarily during the 
induction period. The lower rate of hypotension in 
the remimazolam group was supported by the higher 
SBP at 2 and 5 min. In comparison to the propofol 
control, remimazolam group also had lower rate 
of bradycardia (21.0 % vs. 42.5 %) and respiratory 
inhibition (2.0 % vs. 6.0 %). The lower rate of 
hypotension and respiratory inhibition was consistent 
with a trial in patients undergoing bronchoscopy[22], 
and extended the efficacy and safety profiles of 
remimazolam from elderly patients undergoing 
gastroscopy[16,23] to procedures that require deeper 
level of sedation. 
The rate of hypotension in this trial (64.5 %) was 
higher than that reported for gastrointestinal 
endoscopy in previous studies (generally at about 50 
%)[6,13-15,17,24,25]. Several factors may have contributed 
to such a discrepancy. First, all participants were 
at least 65 y of age in the current trial. Second, 
adequate sedation was started at a deeper level 
(MOAA/S score of 1 or 0) in the current trial due to 
the requirement for colonoscopy, whereas previous 
studies generally used MOAA/S score of 3 or less. 
Nevertheless, the higher rate of hypotension and 
respiratory inhibition in the current trial highlighted 
the risk of these complications and the potential 

Both sedation success rate and procedural success 
rate were 100 % in both groups (Table 2). The 
median time to induction was 2.0 min (1.5 and 2.0) 
in the remimazolam group vs. 2.0 min (1.5 and 
2.0) in the propofol group (p=0.786). The median 
procedural time was 18.0 min (13.0 and 24.8) in the 
remimazolam group vs. 17.0 min (12.0 and 22.0) in 
the propofol group (p=0.057). The median induction 
dosage was 9.7 mg (8.5 and 10.6; 0.17 mg/kg) in the 
remimazolam group vs. 97.5 mg (83.3 and 104.1; 
1.70 mg/kg) in the propofol group. 
The rate of hypotension was 41.5 % (83/200) in 
the remimazolam group vs. 64.5 % (129/200) in 
the propofol group (p<0.001) (Table 3). The rate 
of norepinephrine use was 22.0 % (44/200) in the 
remimazolam group vs. 43.0 % (86/200) in the 
propofol group (p<0.001). The remimazolam group 
also had lower rate of bradycardia (21.0 % vs. 42.5 
%, p<0.001) and respiratory inhibition (2.0 % vs. 6.0 
%, p=0.029). No postoperative headache, nausea and 
vomiting were reported.
SBP at 2, 5 and 8 min were significantly lower than 
the baseline in both groups (fig. 2). Analysis using 
a generalized linear model revealed lower SBP in 
the propofol group (p=0.038 vs. the remimazolam 
group). There was a significant interaction between 
treatment and time (p<0.001).

Remimazolam (n=200) Propofol (n=200)

Female gender, n (%) 98 (49) 103 (51.5)

Age (years), mean±SD 71.7 (5.2) 71.0 (4.9)

Weight (kg), mean±SD 57.7 (9.5) 57.8 (9.5)

Body mass index (kg/m2), mean±SD 22.7 (2.5) 22.6 (2.6)

ASA classification, n (%)

I 4 (2) 8 (4)

II 175 (87.5) 172 (86)

III 21 (10.5) 20 (10)

Major comorbidities, n (%)

Hypertension 73 (36.5) 63 (31.5)

Coronary artery disease 12 (6) 16 (8)

Stroke 4 (2) 7 (3.5)

Lung infection 3 (1.5) 5 (2.5)

Diabetes 14 (7) 17 (8.5)

Systolic blood pressure (mmHg), mean±SD 133.0 (13.2) 134.5 (13.8)

Heart rate (beats/min), mean±SD 74.9 (8.5) 75.6 (9.1)

Respiratory rate (breaths/min), mean±SD 19.8 (0.6) 19.9 (0.6)

SpO2 (%), mean±SD 99.1 (1.3) 99.2 (1.2)

TABLE 1: DEMOGRAPHIC AND BASELINE CHARACTERISTICS OF THE PATIENTS
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Remimazolam (n=200) Propofol
(n=200) p

Sedation success, n (%) 200 (100) 200 (100) >0.999
Procedural success, n (%) 200 (100) 200 (100) >0.999
Time to induction (min), 
median (IQR) 2.0 (1.5-2.0) 2.0 (1.5-2.0) 0.786

Procedure time (min), median 
(IQR) 18.0 (13.0-24.8) 17.0 (12.0-22.0) 0.057

Recovery time (min), median 
(IQR) 12.5 (9.1-16.0) 12.0 (10-15.5) 0.341

Induction dosage (mg), 
median (IQR) 9.7 (8.5-10.6) 97.5 (83.3-104.1) NA

Total dosage (mg), median 
(IQR) 13.1 (10.8-17.1) 124.6 (100.3-146.5) NA

Note: (IQR): Interquartile Range and (NA): Not Applicable

TABLE 2: PROCEDURAL CHARACTERISTICS

AEs, n (%) Remimazolam (n=200) Propofol (n=200) p

All AEs 84 180 /

Patients with AEs 76 (38.0) 132 (66.0) <0.001

Specific AEs /

Hypotension 83 (41.5) 129 (64.5) <0.001

Bradycardia 42 (21.0) 85 (42.5) <0.001

Respiratory depression 4 (2.0) 12 (6.0) 0.029

Hypoxemia 1 (0.5) 1 (0.5) /

Pain at injection site 0 24 (12.0) <0.001

Delayed recovery 0 0 /

Nausea 0 0 /

Vomiting 0 0 /

Headache 0 0 /

Inability to ambulate 0 0 /

Vasoactive drug use 44 (22.0) 86 (43.0) <0.001

TABLE 3: SUMMARY OF AEs

Fig. 2: Systolic blood pressure at different times during sedation
Note: Data were analyzed using a general linear model and presented as mean±SD, ( ): Remimazolam, n=200 and ( ):  
Propofol, n=200
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At anesthetic dosage, propofol produces dual 
inhibitory cardiovascular effects by directly inhibiting 
the heart and causing peripheral vasodilatation. 
When injected intravenously at 2-2.5 mg/kg, SBP 
decreases by 25 %-40 %. When injected at induction 
dosage of propofol, the rate of temporary respiratory 
arrest is 25 %-40 %[33]. These inhibitory effects 
were even more pronounced in elderly patients[34-36]. 
Remimazolam is a novel benzodiapine agent that 
produces sedative effects by activating the GABAA 
receptor[12]. Previously studies have demonstrated a 
variety of benefits, including rapid onset of action, 
rapid recovery upon discontinuation, minimal impact 
on cardiovascular function and rapid drug clearance 
independent of liver and kidney function[15,17,24,27]. 
We did not notice dizziness in any of the patients 
undergoing colonoscopy in either group. Although 
achieving post-anaesthesia discharge criteria after 
outpatient procedures does not mean that the patient 
has regained all his or her faculties[37], the absence of 
dizziness after awakening is really one of the most 
basic requirements for sedatives.
This trial has several limitations. First, remimazolam 
and propofol were infused at constant rate. Whether 
lower rate of infusion is sufficient requires further 
investigation. Second, the level of sedation was 
not monitored using an objective measure (e.g., 
bispectral index). 
For use to maintain adequate level of sedation 
in elderly patients who underwent colonoscopy, 
remimazolam infusion was associated with lower 
rate of hypotension and respiratory inhibition than 
propofol.

Ethical approval:

This study was approved by the IRB of the Third 
Affiliated Hospital of Guangxi Medical University 
(No: Y2020059), Hechi Third People’s Hospital 
(No: K2021001), Liuzhou Municipal Liutie 
Central Hospital (No: 2021037), and registered 
at http://www.chictr.org.cn (18/08/2020, No: 
ChiCTR-2000035824). The study protocol followed 
the CONSORT guidelines. The trial was performed 
in compliance with all relevant guidelines. Written 
informed consent was obtained from all patients.

Funding:
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Health Commission Self-Funded Scientific 
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benefit with remimazolam as an alternative sedative 
agent in elderly patients undergoing colonoscopy. 
The sedation success rate with remimazolam in 
combination with fentanyl in the current trial was 
100 % at a loading dose of 0.17 mg/kg. The findings 
were consistent with a previous trial in elderly 
patients undergoing gastroscopy from this group of 
investigators[16]. The induction dose in the current trial 
was also similar to that required to maintain MOAA/S 
score at 1 or 0 in a previous trial of remimazolam 
in combination with 0.1 µg/kg sufentanyl in elderly 
patients undergoing gastrointestinal endoscopy 
(ED95 of 0.164 mg/kg)[26]. Notably, the induction 
dose in this trial was significantly higher than the 
recommended dosage for sedation in adult patients 
who undergo gastroscopy or colonoscopy (5 mg, or 
0.083 mg/kg for a person with 60 kg body weight)
[27], again likely due to different sedation levels 
(MOAA/S score at 1 or 0 in this trial vs. 3 or less 
in phase 3 trials used for recommendation) and 
successful sedation rate (100 % in this trial vs. 91 
%-97 % in previous trials)[14,27,28,24]. At an intermediate 
dosage of 7 mg, successful sedation rate in patients 
undergoing gastrointestinal endoscopy was reported 
to be 98.9 %[17,26]. A phase 2b trial investigated the 
use of 3 distinct regimens (loading and maintenance 
dosage at 5.0/3.0, 7.0/2.0, and 8.0/3.0 mg) in patients 
undergoing colonoscopy; MOAA/S at 4 or less was 
achieved in all patients in the 3 dosage groups, but 
the procedural success rate was less than optimal 
(92.5 %-97.5 %)[13].
A large retrospective analysis using 5 y data from 
165 527 endoscopy procedures showed lower 
rate of cardiopulmonary complications (including 
cardiac arrest) in patients sedated with midazolam 
vs. propofol[6]. In a trial in adult patients undergoing 
endoscopic submucosal dissection, the remimazolam 
had more stable hemodynamics and lower rate of 
hypotension[29]. Less impact of remimazolam vs. 
propofol has also been shown in women undergoing 
endoscopic hysterectomy[30], and in obese patients 
undergoing gastroscopy[31], suggesting better safety 
profile with remimazolam across different patient 
characteristics (age, gender and BMI). However, 
a recent study by Sekiguchi et al.[32] showed no 
difference in mean arterial blood pressure, heart 
rate, cardiac output and stroke volume when 
remimazolam and propofol were administered using 
target-controlled infusion.
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