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Abstract

Background and Objective: Propofol is the most commonly used sedative in gastro-

intestinal endoscopic procedures, but is associated with cardiorespiratory suppres-

sion, particularly in elderly patients. Remimazolam is a new short-acting GABA(A)

receptor agonist with minimal impact on cardiorespiratory suppression, and may be a

viable alternative in elderly patients undergoing endoscopic procedures.

Methods: This multicenter, randomized controlled trial was conducted between

September 2020 and September 2021. Elderly patients (65–85 years of age) sched-

uled to undergo upper gastrointestinal endoscopy were randomized in 1:1 ratio to

receive remimazolam tosilate (300 mg/h) or propofol (3 g/h) in addition to 50-μg fen-

tanyl, until the Modified Observer's Assessment of Alertness/Sedation Scale (MOAA/S)

reached ≤1. MOAA/S was maintained at 0 or 1 throughout the procedure using 2.5 mg

remimazolam or 0.5 mg/kg propofol boluses in the two groups, respectively. The primary

outcome was the rate of hypotension (defined as systolic blood pressure at ≤90 mmHg

or > 30% decline vs. the baseline). Bradycardia was defined as heart rate ≤50 per minute;

respiratory depression was defined as respiratory rate <8 per minute and/or SpO2 < 90%.

Results: A total of 400 patients (161 men and 239 women; 70.4 ± 4.6 years of age)

were enrolled (200 patients per group). Average body mass index was

22.2 ± 2.4 kg/m2. The rate of hypotension was 36.5% in the remimazolam group and

69.6% in the propofol group (p < 0.001). The remimazolam group also had a lower
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rate of bradycardia (1.5% vs. 8.5%, p < 0.001), respiratory depression (4.5% vs. 10.0%,

p < 0.05) and pain at the injection site (0% vs. 12.0%, p < 0.001).

Conclusion: Remimazolam was associated with a lower rate of hypotension in elderly

patients undergoing upper gastrointestinal endoscopy under deep sedation/

anaesthesia than propofol.
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1 | INTRODUCTION

Propofol is the most commonly used sedative in patients undergoing

upper 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 GABA(A) receptor agonist.11 It has

been shown to be safe and effective for procedural sedation in several

clinical trials,12–14 especially in upper gastrointestinal endoscopy.15

Metabolism of remimazolam is independent of liver and kidney

function,16 and thus is not prone to accumulation and respiratory and

circulatory inhibition. In a phase III trial in adult patients (18–60 years

of age) that compared remimazolam with propofol, the incidence of

hypotension was lower with remimazolam than propofol.15 Few stud-

ies compared remimazolam and propofol in elderly patients undergo-

ing endoscopic procedures. We speculated that remimazolam may be

particularly useful in elderly patients receiving endoscopic procedures,

and conducted a randomized controlled trial to test this hypothesis.

2 | METHODS

2.1 | Patients eligibility

This multicenter, randomized controlled trial was conducted between

September 2020 and September 2021 at the Third Affiliated Hospital

of Guangxi Medical University, Hechi Third People's Hospital and

Liuzhou Municipal Liutie Central Hospital. Elderly patients

(65–85 years of age) scheduled to undergo upper gastrointestinal

endoscopy were eligible. Exclusion criteria included: (1) American

Society of Anesthesiologists (ASA) physical status IV or higher; (2) a

body mass index (BMI) below 18 or over 30 kg/m2; (3) requirement

for tracheal intubation or difficult airways (Mallampati score of 3 or 4);

(4) acute respiratory infection, asthma attack, 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); (5) haemoglobin <80 g/L; (6) suspected

acute upper gastrointestinal bleeding, acute gastrointestinal perforation,

gastrointestinal obstruction, or gastric retention; (7) a history of drug

abuse and/or alcoholism within 2 years before screening; (8) a history of

psychiatric disorders; (9) a known allergy to benzodiazepines, opioids,

propofol, soy or a contraindication to receiving these medications;

(10) participation in other clinical trials within the past 3 months;

(11) expected procedure time at >30 min; (12) any other reason deemed

not appropriate for this trial by the investigator (e.g., expected difficulty

to physically attend the scheduled follow-up).

The study protocol was approved by the institutional review

board of all three participating centers. Written informed consent was

obtained from all participants before the start of any protocol-

specified procedures. This trial was conducted in accordance with the

Declaration of Helsinki and International Conference on Harmoniza-

tion of Good Clinical Practice and is registered with www.chictr.org.cn

(18/08/2020, #ChiCTR2000035824).

2.2 | Randomization and masking

Randomization was conducted with a block design using a centralized

service (www.medresman.org.cn). Patients were randomized in a 1:1

ratio to receive remimazolam or propofol prior to gastrointestinal

endoscopy. Investigational drugs were prepared by the attending

anesthesiologists, and covered with opaque bags to achieve blinding

(both the patients and outcome assessors).

2.3 | Procedures

After an overnight fast and 2-h water restriction, patients received

50-μg fentanyl citrate by intravenous infusion. All patients received

Ringer's lactate solution (2 ml/kg/h) throughout the procedure.

Patients received remimazolam tosilate (HengRui Medicine Co., Ltd.,

China) at a rate of 300 mg/h or propofol (Aspen) at a rate of 3.0 g/h

using a syringe pump until the Modified Observer's Assessment of

Alertness/Sedation (MOAA/S)17 score reached 1. Vita signs (including

respiration, heart rate, blood pressure and SpO2) were monitored

immediately prior to drug infusion, at 2 min after the initiation of drug

infusion, and then at 3-min interval. MOAA/S was determined imme-

diately prior to drug infusion, every 30 s during the first 3 min, and

then every 60 s until the patients regained consciousness (MOAA/S

of 5). MOAA/S score was maintained at ≤1 throughout the procedure

by bolus injection of either remimazolam tosilate (2.5 mg) or propofol

(0.5 mg/kg) with at least 1-min interval between the boluses; there

was no limitation on the total dosage.

Supplemental oxygen (2–4 L/min) was provided via a nasal tube

until the patient was fully awake and resumed normal breathing.

LU ET AL. 2231

http://www.chictr.org.cn
http://www.medresman.org.cn


Patients were observed in the post-anaesthesia care unit (PACU) for

at least half an hour after the completion of the procedure. Patients

achieving a total Post Anaesthetic Discharge Scoring System (PADSS)

score of 9 or 10 were considered fit for transfer or discharge to the

next phase of recovery.18 Hypotension was managed with rapid infu-

sion of Ringer's lactate solution and/or vasopressors as appropriate by

the attending anesthesiologists. Hypoxemia (SpO2 < 90%) was man-

aged by jaw thrust manoeuvre and/or increase of oxygen flow, as

appropriate. All patient management was decided at the discretion of

the attending anesthesiologist (not blinded to group allocation).

2.4 | Outcomes

The primary outcome was the rate of hypotension, defined as SBP

≤90 mmHg or a greater than 30% decline from the baseline. Baseline

vital signs were collected when the patients entered the endoscopy

room and before fentanyl injection. Secondary outcomes included

bradycardia (heart rate ≤ 50 per minute), respiratory depression (respi-

ratory rate <8 per minute and/or SpO2 < 90%), time to adequate

sedation (MOAA/S score ≤1), procedure time (from the start of the

procedure to endoscope removal), recovery time (from discontinua-

tion of sedative use to the first of three consecutive MOAA/S scores

of 5), and sedation time (from the start of intravenous infusion of sed-

ative agent to fully alert). All outcomes were assessed by an anesthesi-

ologist not otherwise involved in the study.

2.5 | Safety

Adverse events (AEs) were evaluated using the National Cancer Insti-

tute Common Terminology Criteria for Adverse Events version 4.0,

and included pain at the injection site, nausea, vomiting, dizziness,

inability to ambulate and delirium.

2.6 | Efficacy

Sedation success was defined as no rescue sedation with a sedative

agent other than the assigned treatment to maintain MOAA/S ≤ 1

throughout the procedure. Procedure success was defined as comple-

tion of the scheduled endoscopy procedure.

2.7 | Sample size and statistical analysis

Sample size calculation was based on the following assumptions:

(1) hypotension in 13/20 (65%) of the patients receiving propofol ver-

sus 8/20 (40%) in patients receiving remimazolam tosilate (based on

our preliminary study that 40 cases in total, 20 cases in each group);

(2) 2-sided α of 0.05 and a power of 0.8; (3) a dropout rate of 20%.

The calculation yielded 200 subjects in each group.

All statistical analyses were conducted using SPSS version 22.0.

Normally distributed continuous variables were presented as mean

± standard deviation and analysed using Student's t test. Non-

normally distributed continuous variables were expressed as median

(interquartile range) and analysed using Mann–Whitney U test. Cate-

gorical variables were analysed using chi-square test. Analysis of the

primary outcome included all patients who underwent randomization

and received a dose of the study drug, underwent the endoscopy pro-

cedure, and had at least one efficacy assessment. Statistically signifi-

cant difference was defined as p < 0.05 (2-sided).

3 | RESULTS

3.1 | Patient demographic and baseline
characteristics

Patient flow through the trial is shown in Figure 1. A total of 461

patients were screened for eligibility and 400 patients were random-

ized (200 patients in each group). Demographic and baseline variables

are shown in Table 1.

The rate of hypotension was 36.5% in the remimazolam group

versus 69.6% the propofol group (p < 0.001) (Table 2). The rate of

vasoactive drug use was 12.0% in remimazolam group versus 38.5%

in propofol group (p < 0.001). The remimazolam group also had lower

rate of bradycardia (1.5% vs. 8.5%; p = 0.001), respiratory depression

(4.5% vs. 10.0%; p = 0.034), and lower rate of any AEs (41.0%

vs. 70.5%; p < 0.001).

The induction and total doses of remimazolam were 10.7 ± 1.9 mg

(range, 7.4–20.3 mg) and 13.9 ± 3.7 mg (range, 7.6–28.5 mg), respec-

tively. The induction and total doses of propofol was 102.4

± 13.9 mg (range, 58.3–170.0 mg) and 120.2 ± 31.5 mg (range,

58.3–301.6 mg), respectively. In a correlation analysis, higher body

weight correlated with higher dosage of remimazolam and propofol

(r = 0.249, p < 0.001 for remimazolam; r = 0.432, p < 0.001 for pro-

pofol). The rate of sedation and procedure success was 100% in

both groups (Table 3).

The time to adequate sedation was 2.1 ± 0.4 min (range, 1.0–4.0 min)

and 2.1 ± 0.4 min (range, 1.5–4.0 min) in the remimazolam and

propofol groups, respectively (p = 0.131). The two groups did not

differ in procedural time (10.8 ± 5.1 vs. 10.6 ± 4.7 min; p = 0.663),

sedation time (16.5 ± 5.2 vs. 15.7 ± 4.6 min; p = 0.103), and recov-

ery time (9.3 ± 3.7 vs. 9.8 ± 3.7 min; p = 0.143).

4 | DISCUSSION

Hypotension is common in endoscopic procedures that require deep

sedation.6,19,20 In this trial, the rate of hypotension was significantly

lower in the remimazolam group than in the propofol control (36.5%

vs. 69.6%, p < 0.001). The rate of bradycardia was also significantly

lower in the remimazolam group (1.5% vs. 8.5%, p < 0.001). These
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results are generally consistent with the safety profile reported by a

previous trial by Liu et al.21

The incidence of hypotension (69.6%) in the propofol arm in this

trial was higher than reported in previous studies (e.g., 42.86% in a

phase III trial that compared remimazolam with propofol).15 Such a

discrepancy mostly likely reflects the older age of the patients in this

trial, and highlights the concern of hypotension in elderly patients.

The use of propofol is hampered by cardiorespiratory suppres-

sion, particularly in patients with compromised liver and/or kidney

functions due to drug retention.22 The incidence and case fatality of

postoperative complications are higher in elderly patients with dimin-

ished physical function and possibly with multiple chronic diseases.4,23

Remimazolam can be rapidly hydrolyzed in vivo by non-specific ester-

ases to the pharmacologically inactive metabolite zolam propio-

nate.11,24 Remimazolam has an onset time of sedation between 1.5

and 2.5 min at 0.1–0.2 mg/kg, with minimal impact on respiration and

circulation.14 Previous studies in younger adults showed significantly

lower rate of hypotension and hypoxemia with remimazolam than

propofol.11,25,26 Our study extended such findings to elderly patients

undergoing gastrointestinal endoscopy under deep sedation.

Pambianco et al. found that patients who underwent colonoscopy

with remimazolam had better circulatory and respiratory stability, and

hypoxemia could be relieved by jaw lift without the need of mechani-

cal or artificial ventilation.12 The rate of respiratory depression is also

significantly lower in patients receiving remimazolam tosilate versus

propofol in emergency settings.27 Another advantage of remimazolam

is the rapid reversal of severe respiratory depression with inadvertent

overdose by flumazenil.28

TABLE 1 Patient demographics and baseline characteristics

Variables

Remimazolam

(n = 200)

Propofol

(n = 200)

Male sex, n (%) 78 (39.0) 83 (46.5)

Age (years), mean (SD) 70.6(4.7) 70.1(4.5)

Weight (kg), mean (SD) 56.2(8.7) 56.4(8.8)

Body mass index (kg/m2), mean

(SD)

22.2(2.5) 22.2(2.3)

ASA class, n (%)

I 17 (8.5) 6 (3.0)

II 181 (90.5) 192 (96.0)

III 2 (1.0) 2 (1.0)

Co-morbidities, n (%)

Hypertension 62 (31.0) 68 (34.0)

Diabetes 14 (7.0) 16 (8.0)

Haemoglobin (g/dl), mean (SD) 12.2(1.7) 12.6(1.6)

Systolic blood pressure

(mmHg), mean (SD)

133.9(13.7) 134.8(12.7)

Diastolic blood pressure

(mmHg), mean (SD)

78.3(7.8) 78.4(7.5)

Heart rate (beats/min), mean

(SD)

74.8(9.8) 75.4(10.7)

Respiratory rate (breaths/min),

mean (SD)

19.8(0.8) 19.8(0.6)

SPO2 (%), mean (SD) 99.1(1.3) 99.2(1.2)

Abbreviations: ASA, American Society of Anesthesiologists; SD, standard

deviation.

F IGURE 1 Flow diagram of the study. A total of 461 patients were screened for eligibility, 42 patients were excluded because they did not
meet the inclusion criteria, 19 patients refused to participate in the trial and 400 patients were randomized (200 patients in each group).
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The recommended dose of remimazolam tosilate in Chinese

patients is 5 mg for sedation induction in gastroscopy in adults, with

96% success rate in a phase III trial.15 In clinical practice, however,

such a dose may be inadequate for sufficient sedation in a subset of

patients. In a study in women undergoing hysterectomy by Zhang

et al., the success sedation rate was 100% for both remimazolam and

propofol.29 In the current trial, both remimazolam and propofol

achieved 100% procedural success rate. The time metrics including

time to adequate sedation, procedure time, sedation time and

recovery time were comparable in patients receiving remimazolam

and those receiving propofol. Jia et al. observed that the 95% effec-

tive dose (ED95%) of remimazolam tosilate was 0.22 mg/kg when

combined with 5-ug sufentanil for deep sedation during fiberoptic

bronchoscopy.30 A slightly higher dose of remimazolam (0.25 mg/kg)

may be needed when used in combination with 0.1-ug/kg sufenta-

nil.31 Because the induction dose of remimazolam was unknown for

elderly patients, the mode of constant and slow administration by

syringe pump was used in this study. The results suggested that

TABLE 2 Summary of adverse
events (AEs)

AEs Remimazolam (n = 200) Propofol (n = 200) p value

All AEs, n 87 204 /

Patients with AEs 82 (41.0) 141 (70.5) <0.001a

Specific AEs /

Hypotension 73 (36.5) 139 (69.6) <0.001a

Bradycardia 3 (1.5) 17 (8.5) 0.001a

Respiratory depression 9 (4.5) 20 (10.0) 0.034a

Hypoxemia 2 (1.0) 4 (2.0) 0.411

Pain at injection site 0 24 (12.0) <0.001a

Inability to ambulate 0 0 /

Nausea 0 0 /

Vomiting 0 0 /

Dizziness 0 0 /

Delirium 0 0 /

Vasoactive drug use 24 (12.0) 77 (38.5) <0.001a

Note: Data are expressed as n(%). Hypotension was defined as systolic blood pressure ≤ 90 mmHg or

greater than 30% decline from baseline; bradycardia was defined as a heart rate ≤ 50 per minute;

respiratory depression is defined as a respiratory rate less than eight breaths per minute and/or

SpO2 < 90%; hypoxemia was defined as SpO2 < 90%.
ap < 0.05.

TABLE 3 Other outcomes
Remimazolam (n = 200) Propofol (n = 200) p value

Sedation success, n (%) 200 (100) 200 (100) /

Procedure success, n (%) 200 (100) 200 (100) /

Time to adequate sedation, min 0.131

Mean (SD) 2.1 ± 0.4 2.1 ± 0.4

Range (1.0, 4.0) (1.5, 4.0)

Procedure time, min 0.663

Mean (SD) 10.8 ± 5.1 10.6 ± 4.7

Range (2.0, 28.0) (3.0, 29.0)

Sedation time, min 0.103

Mean (SD) 16.5 ± 5.2 15.7 ± 4.6

Range (8.0, 32.0) (8.0, 37.0)

Time to fully alert, min 0.143

Mean (SD) 9.3 ± 3.7 9.8 ± 3.7

Range (2.0, 19.0) (2.0, 28.0)

Note: Sedation success was defined as no rescue sedation with a sedative agent other than the assigned

treatment to maintain Modified Observer's Assessment of Alertness/Sedation (MOAA/S) ≤1 throughout

the procedure. Procedure success was defined as completion of the scheduled endoscopy procedure.

Abbreviation: SD, standard deviation.
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induction dose of remimazolam at 0.2 mg/kg with background fenta-

nyl is appropriate.

Chen et al. reported that the awakening time of remimazolam

was longer than that of propofol.15 In a previous trial comparing remi-

mazolam with midazolam for sedation in bronchoscopy, remimazolam

showed a faster onset of action and a faster recovery of conscious-

ness than midazolam.32 In a phase II trial in patients undergoing gas-

trointestinal endoscopy, remimazolam had an onset of action similar

to midazolam but a shorter time to recovery.16 Similar to these previ-

ous reports, the current trial showed similar recovery time with

0.2-mg/kg remimazolam versus 1.5-mg/kg propofol, thus supporting

the advantage of remimazolam.

This trial has several limitations. The study drugs were designed

to be administered at a single constant rate. Future studies are needed

to determine the minimum effective dose (pump speed) for sedation

of elderly patients undergoing upper gastrointestinal endoscopic pro-

cedures. More importantly, the generalizability of the results obtained

in this trial is unknown. In most setting in Europe and US, conscious

sedation is used for simple endoscopic procedures in relatively

healthy subjects (ASA grade I or II). Deep sedation is typically only in

patients with significant comorbidities (ASA grade III or IV), antici-

pated failure of sedation or complex procedures. Deep sedation was

used in the current trial for several reasons. First, due to the relatively

poor patient-physician relationship and concerns of malpractice (for

which there was no insurance protection), endoscopists tend to insist

deep sedation for a more thorough examination. Second, patients also

prefer and tend to choose deep sedation for such procedure. Third,

major insurance plans cover deep sedation but not conscious seda-

tion. Indeed, deep sedation is recommended by the Chinese Experts'

Consensus.33

5 | CONCLUSION

In conclusion, the rates of hypotension, bradycardia and respiratory

suppression were lower in elderly patients receiving remimazolam ver-

sus propofol on a fentanyl background for upper gastrointestinal

endoscopic procedure.
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