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Abstract: Remimazolam is a novel short-acting y-aminobutyric acid (GABA) receptor agonist with typical characteristics of
benzodiazepine sedative drugs, nonorgan-dependent metabolism, long-term infusion without accumulation, and no injection pain. It
is quite different from the other current sedative drugs and has broad prospects for application. It has been established that the
metabolites of remimazolam are inactive, and the interactions with other drugs are weak with slight cardiopulmonary suppressive
effects, showing good effectiveness and safety. During the 2-year period that it has been on the market, remimazolam has been used in
multiple clinical scenarios, such as the induction and maintenance of general anesthesia and sedation in outpatient minor procedures or
examinations. However, it’s use has also prompted widespread concern around the world. Therefore, given its short- and rapid-acting,
controllable characteristics remimazolam deserves in-depth study in order for it to be used in fast-track surgery, comfort diagnosis and
treatment. Notably, such agents might be of great significance, especially in elderly individuals, patients with critical diseases or
patients with liver and kidney insufficiency. The current study reviews recent clinical studies (2015-2022) on remimazolam and
summarizes the characteristics of its applications. Specifically, the use of remimazolam in some specific populations are described.
This study attempts to provide scientific support for the clinical application of this novel sedative drug in the field of anesthesia.
Keywords: remimazolam, anesthesia, sedation, benzodiazepine, clinical

Introduction

Remimazolam is a novel ester-benzodiazepine sedative drug that has been approved for use in the clinic since 2020. It is
derived from midazolam and synthesized via the introduction of a methyl-propionate side chain of metabolic potential.'
Therefore, remimazolam combines the properties of midazolam and remifentanil. It belongs to class 1.1 of new drugs
with two major salt forms: benzene sulfonic acid and toluenesulfonic acid.”> With the promotion of fast-track surgery,
increasing attention has been given to optimizing perioperative medication, advancing the early recovery of organ
function and decreasing the incidence of adverse events.” Remimazolam has multiple advantages, such as a slight
circulatory suppressive effect and liver and kidney function-independent metabolism.* During the 2-years it has been on
the market, remimazolam has prompted widespread concern and has emerged as an ideal sedative drug for populations at
an advanced age or in a vulnerable state. In addition, it possesses unique advantages in outpatient endoscopy and
treatment, procedures, and regional blockade with adjuvant sedation, owing to its being rapid- and short-acting, slight
respiratory suppressive effects and the absence of injection pain. Preliminary clinical studies have also been conducted in

some specific surgeries, such as cardiopulmonary bypass surgery and neurosurgery requiring intraoperative awakening.
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Given the advantages mentioned above, remimazolam, as a new sedative drug, is mainly used in endoscopic
examination and treatment, induction and maintenance of general anesthesia and sedation in intensive care unit (ICU)
patients. However, the pharmacological characteristics and application scenarios of remimazolam in the clinic remain to
be fully clarified due to the short time it has been on the market and limited clinical trials with a small sample size. In this
review, we describe the progress of the clinical application of remimazolam, introduce its methods and advantages, and
finally, briefly, discuss the current research hotspot and future application prospects.

Pharmacological Characteristics

Remimazolam selectively has high affinity for cerebral y-aminobutyric acid receptors (GABA) but shows no significant
selectivity for receptor subtypes and no off-target activity. Remimazolam binding with receptors can lead to chloride
influx and neural cell membrane hyperpolarization, which subsequently suppresses neuronal activity and exerts sedative,
anterograde amnesia and anticonvulsant effects.? CNS7054 is the metabolite of remimazolam with shared properties but
decreased affinity to the receptor (300-400 times lower).> An animal experiment revealed that remimazolam could
suppress neuronal firing from the substantia nigra pars reticulata (a region that receives striatal GABA afferent
innervation), resulting in the disappearance of the righting reflex and then a sedative effect.'” It was reported that
flumazenil, a benzodiazepine receptor antagonist, can antagonize the sedative effect of remimazolam.

A clinical study reported that the systemic clearance of remimazolam at 0.01-0.35 mg/kg after 1 min of a single
intravenous injection in a healthy volunteer was 70.3 L/h, 3 times higher than that of midazolam at 0.075 mg/kg. In
addition, this study reported a steady state volume of 88.1 L, terminal half-life 0.75 h and average duration time 0.51 h
after remimazolam administration.” The dose of remimazolam shows a linear relationship with pharmacokinetics, and the
clearance property is fitted to a first-order pharmacokinetic model and independent of body weight. Furthermore, the
specific chemical structure of remimazolam enables its metabolism to be nonspecific, degraded by widespread tissue
esterases and independent of the cytochrome-dependent liver pathways. In this context, its sedative effect is short-acting
with a short recovery time.” Research also revealed that long-term or high-dose infusion of remimazolam is associated
with a low risk of accumulation and prolonged drug efficacy.®

Procedural Sedation

Gastrointestinal Endoscopy
A phase Ila clinical study in 2015 reported that a single dose of remimazolam had an increased sedative effect under
gastroscopy. An increase in the dose (0.10-0.20 mg/kg) resulted in shorter times to onset but disappearance of the effect.”

In a subsequent phase IIb study in 2016, a comparative analysis was done between remimazolam and midazolam, a
typical benzodiazepine drug, in terms of the sedative effect colonoscopically.® In that study, a total of 162 patients were
given remimazolam (loading/maintenance doses: 8.0/3.0 mg, 7.0/2.0 mg, 5.0/3.0 mg) or midazolam (loading/mainte-
nance doses: 2.5/1.0 mg) at random. The results revealed that adequate sedation was achieved in over 82.5% of patients
receiving remimazolam at a loading dose, which was much greater than in patients receiving midazolam (46.3%). In
addition, a significantly higher sedation success rate was demonstrated upon remimazolam administration during the
entire procedure (92.5-97.5% vs 75.0%), and the time to onset was shorter (2.23—3.03 min vs 4.8 min). According to the
Hopkins Verbal Learning Test-Revised (HVLT-R), which defines good recovery of neuropsychiatric function with a
small change from baseline, patients receiving remimazolam obtained higher scores than those receiving midazolam
(mean: —3.8 to —5.2 vs —8.7), suggesting a shorter time for recovery of neuropsychiatric function to normal in this
population.

To verify the effectiveness and safety of remimazolam versus midazolam in clinical colonoscopy, a Phase III clinical
trial was performed by Rex et al.” In that trial, 461 patients were enrolled and randomized into 1 of 3 groups:
remimazolam (5 initial/2.5 mg top-up dose), placebo, or open label midazolam (1.75 or 1 initial/l or 0.5 mg top-up
dose). It was found that the time to onset of the sedative effect of remimazolam was significantly shorter than that of
midazolam (mean: 4.0 vs 19 min), and the consumption of fentanyl was smaller as well (88.6 vs 106.9 pg). In addition,
remimazolam led to remarkably shorter recovery time from the end of the procedure to be being fully alert (7.35 vs 15.84
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min) and to being fully conscious (3.2 h vs 6.1 h). The HVLT-R scores also revealed that, consistent with previous
clinical trials, the best recovery of neuropsychiatric function in patients was following remimazolam. In terms of safety,
there was no significant difference between remimazolam and midazolam regarding adverse events, despite a lower
incidence of hypotension in patients with remimazolam. Notably, the advantage of remimazolam in rehabilitation might
be underestimated, as the dose of midazolam was based on the US package guidelines, which is lower than that used in
clinical trials.

Chen et al devised a noninferiority study on remimazolam and propofol in gastroscopy'® and colonoscopy''
examinations. This study included 384 and 388 patients who were scheduled for gastroscopy and colonoscopy,
respectively, and randomly assigned them to take remimazolam (loading/maintenance doses: 5.0/2.5 mg) or propofol
(loading/maintenance doses: 1.5/0.5 mg/kg). The results showed that the sedation success rate of remimazolam was
97.34% in gastroscopy and 96.91% in colonoscopy, both of which were noninferior to propofol. Additionally, the time to
onset of sedation was longer with remimazolam than with propofol. Gait disturbances and vertigo were the main adverse
events in populations that received both remimazolam and propofol. However, the incidence of total adverse events,
bradycardia and respiratory suppression in the population treated with remimazolam was significantly lower than that in
the population treated with propofol. These results indicated that remimazolam, as a fast-acting benzodiazepine sedative
agent, has a longer time to onset of sedation than propofol, but it is much safer.

Bronchoscopy

To the best of our knowledge, there has been only one study on the effectiveness and safety of remimazolam in
bronchoscopy.'? This US prospective, randomized, and double-blind clinical trial included 446 patients from 30 medical
centers who were given remimazolam (5 initial/2.5 mg top-up dose), placebo or midazolam (1.75 or 1 initial/l or 0.5 mg
top-up dose). This study found that the sedation success rate was 80.6% with remimazolam, which was much higher than
the rate of 32.9% with midazolam. In addition, shorter times to onset of sedation (mean: 6.4 min vs 16.3 min) and
recovery to full alertness (mean: 6.0 vs 12.0 min) occurred in the patients with remimazolam. Furthermore, HVLT-R
scores 5 min after being fully alert were shown in the patients with remimazolam, demonstrating the best recovery of
neuropsychiatric function among the three groups. All these findings were consistent with the previously published
literature. It was also noted that there was no remarkable difference between remimazolam and midazolam in terms of the
incidence of treatment-emergent adverse events and laboratory indicators, which suggests that remimazolam is safe to
use for procedural sedation in bronchoscopy.

Hysteroscopy

Remimazolam has recently been used in hysteroscopic examination, and there are only two relevant articles published in
2021. One study reported that the induction and maintenance doses of remimazolam in hysteroscopy were 0.2 mg/kg and
1.0 mg/kg/h, respectively, and the target concentration during the operation was maintained at 1.5 ng/mL via target-
controlled infusion.'® In another study, the induction and maintenance doses of remimazolam were 0.25 mg/kg and 0.48—
0.6 mg/kg/h, respectively.'* Both studies used adverse events as the main therapeutic outcome and revealed a signifi-
cantly lower incidence of adverse events with remimazolam than with propofol. In addition, the incidence of oxygen
saturation (SPO2), bradycardia and hypotension were significantly lower in the patients treated with remimazolam,
demonstrating smaller effects on patient circulatory and respiratory functions. The sedation success rate was reported as
100% in patients in both studies.

General Anesthesia

The feasibility of remimazolam in general anesthesia has been extensively studied. For example, in a multicenter, single-
blind phase IIb/III clinical trial conducted by Doi et al, 375 ASA I/II patients were enrolled and randomly divided into
the remimazolam (6 or 12 mg/kg/h) and propofol (2.0-2.5 mg/kg) groups.'> They found that the sedation success rate of
remimazolam was 95%, which was higher than the noninferiority threshold. This demonstrated that remimazolam at
either 6 mg/kg/h or 12 mg/kg/h used in general anesthesia was not inferior to propofol. In addition, the loss of
consciousness (LoC) time of remimazolam was significantly longer than that of propofol (mean: 102.0 s vs 88.7 s vs
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78.7 s, respectively). Notably, this does not mean the prolongation of the time from induction to intubation in clinical
practice. During that process, the order of induction medicines used in anesthesia can also affect the duration, and
remimazolam, since it is free of injection pain, can be used first, followed by analgesics and muscle relaxants. Therefore,
such a prolonged duration is not always of clinical significance. The cumulative dose of remimazolam (SD) upon LoC
was 0.17 (0.04) mg/kg and 0.29 (0.08) mg/kg, respectively, but the difference requires further exploration.

Another recent clinical trial investigated the safety and feasibility of single dose remimazolam used for general
anesthesia.'® In that trial, 189 ASA I/II patients who were scheduled for elective surgery under general anesthesia were
included and divided into remimazolam (single doses: 0.2 mg/kg, 0.3 mg/kg, 0.4 mg/kg, within 1 min) or propofol (2.0
mg/kg, within 1 min) groups at random. The results demonstrated that the sedation success rate of propofol was
significantly higher than that of remimazolam at 0.2 mg/kg (100% vs 89%), while there was no difference between
the two drugs when remimazolam was used at a higher dose (0.3 mg/kg, 94%; 0.4 mg/kg, 100%). Regarding adverse
events, the incidence of hypotension was significantly lower after remimazolam was used at low doses compared to
propofol (13% vs 24% vs 44%) but exhibited no difference when the dose of remimazolam was 0.4 mg/kg (34% vs
44%). Given these findings, the authors recommended remimazolam at 0.3 mg/kg for the induction of general anesthesia.

Doi et al observed the maintenance effect of remimazolam during surgery.'> The mean optimal dose of remimazolam
for the maintenance of anesthesia was 0.99 mg/kg/h. During the treatment, 20.0% and 24.0% of patients receiving
remimazolam experienced a decline in blood pressure, much lower than the 49.3% in patients receiving propofol. In
addition, the overall incidence of adverse events was also higher in patients receiving propofol versus remimazolam
(61.3% vs 39.3% vs 42.7%). Therefore, remimazolam was much safer than propofol when used in the induction and
maintenance of general anesthesia. Furthermore, the study also revealed a significantly prolonged extubation time with
remimazolam administration. In clinical practice, the pharmacokinetic characteristics of remimazolam should be fully
acknowledged when used, and the time to extubation could be reduced by reducing the dose of remimazolam or applying
flumazenil.

Mao et al evaluated patients’ recovery quality who were induced and maintained by general anesthesia with
remimazolam.'” The data showed that the score of remimazolam group on the first day after surgery was significantly
lower than propofol group, especially the physical comfort and emotional state. Whether the occurrence of this
phenomenon is universal, high-risk factors and potential mechanisms need to be further explored.

Application in Special Populations
ASA Class Ill or IV

A recent study reported better safety of remimazolam than midazolam in colonoscopy in a vulnerable patient population.'®
This study included 79 American Society of Anesthesiologists (ASA) physical status ratings of class III or IV patients and
randomly divided them into the remimazolam (2.5-5 initial/1.5-2.5 mg top-up dose) and placebo or midazolam (1.0 initial/
0.5 mg top-up dose) groups. The overall incidence of emergency adverse events was similar between the groups (10.8% vs
6.7%). In addition, the percutaneous PCO2 during sedation did not vary with the baseline level in all groups, and there were
no significant differences between remimazolam and midazolam regarding the minimal levels of any vital signs, including
HR, RR, SPO2). It was also noted that remimazolam was associated with significantly shorter times to onset of sedation
(mean: 8.0 vs 18.6 min) and to full alertness (mean: 11.0 vs 18.8 min), consistent with the results in ASA /I patients.”
Therefore, remimazolam was considered safe and effective in ASA III or IV patients receiving colonoscopy.

Another study by Doi et al also revealed the safety and effectiveness of remimazolam used in the induction and
maintenance of general anesthesia in ASA III patients.'” All 67 patents included were at ASA III scheduled for general
surgery under general anesthesia using remimazolam at an initial dose of 6 mg/kg/h or 12 mg/kg/h. Under the same
induction dose, the LoC time of remimazolam was shorter in ASA III patients than in ASA I/II patients (6 mg/kg/h: 97.2
s vs 102.0 s; 12 mg/kg/h: 81.7 s vs 88.7 s), and the optimal maintenance dose was significantly lower as well (0.56 mg/
kg/h vs 0.57 mg/kg/h vs 0.99 mg/kg/h). However, no differences were observed in terms of the incidence of adverse
events, including a decline in blood pressure (54.8% vs 67.7%). This demonstrated that the LoC time decreased with
increasing induction dose of remimazolam. Additionally, dose-dependent circulatory suppression did not occur owing to
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the high stability of the hemodynamics of remimazolam. Considering the reduction in physical functioning in fragile
patients and the more than 50% incidence of decline in blood pressure in the study above, we feel that the dose of
remimazolam should be properly reduced in clinical practice.

Mechanical Ventilation in ICU

Lohmer et al reviewed four Phase II-III studies and analyzed the possible covariates that may affect the pharmacody-
namic characteristics of remimazolam.?® The data revealed that there was no cumulative sedation effect during the 9 h
surgery under general anesthesia, without an effect on the time to extubation. Another study exposed primary human
hepatocytes to a clinical dose of remimazolam for 5 days and found that remimazolam had stable metabolic activity and a
stable concentration within 8 h, without any effect on the integrity and metabolism of hepatocytes.?' In a Japanese study
involving 49 ICU patients who took remimazolam for sedation, the blood drug concentration at 24 h in 7 patients was
higher than that in healthy volunteers.”? Because of its pharmacokinetic properties, remimazolam has great potential for
application in ICU sedation, but further studies are required to confirm its pharmacokinetic or clinical features under
long-term mechanical ventilation. To date, there have been clinical trials devoted to studying the effect of remimazolam
on weaning and extubation in ICU patients receiving mechanical ventilation.?

Elderly Patients

Since the elderly have comorbidities and decreased organ function, the incidence of perioperative complications and
mortality is significantly higher than that in young adults. In this context, maintenance of circulatory stability during
anesthesia in the elderly is a focus in anesthesiology. In addition, whether remimazolam can reduce the incidence of
postoperative delirium in the elderly and advance their recovery of cognitive function requires further in-depth studies.

Remimazolam was first studied for its application in the induction and maintenance of general anesthesia in the
elderly in 2014.%* First, the pharmacokinetic features of remimazolam in elderly individuals and young healthy adults
were compared. It was found that young adults reached LoC when remimazolam was used at 0.2 mg/kg, while the elderly
patients reached LoC when remimazolam was used at only 0.1 mg/kg. In addition, the elimination half-life of
remimazolam in plasma was 48 min (39-53 min) on average in elderly individuals, which was not significantly different
from that in young adults. It was also found that the elimination half-life, clearance rate, steady state volume, three-
compartment model half-life, and the central volume were basically independent of the administration dose and the blood
drug concentration. In terms of the maintenance characteristic of remimazolam in general anesthesia, this study reported
that the average pump rate of remimazolam in the elderly and young adults was 0.72 mg/kg/h and 1.02 mg/kg/h,
respectively, and the time to awakening from pump discontinuation was 14 min and 11 min, respectively. No data on
safety were reported in this study.

In another observational pilot study, the feasibility of remimazolam in the induction of anesthesia in elderly
individuals receiving aortic valve replacement was preliminarily explored.”> The study included 20 patients aged 65 or
older with severe aortic stenosis. Remimazolam was infused at 6 mg/kg/h until LoC. Anesthesia was successfully
induced in all patients. There were 14 patients receiving ephedrine or phenylephrine (3 doses in 1 patient, 2 doses in 4
patients, and one dose in 9 patients). No severe adverse events were observed, including severe bradycardia <40 bpm,
life-threatening arrhythmia, or myocardial ischemia.

Liu et al directed a clinical trial to explore the feasibility of remimazolam for enteroscopy in elderly patients.*® A total
of 260 subjects were randomly assigned to the remimazolam group (initial dose: 0.15 mg/kg; maintenance dose: 0.075
mg/kg) or the etomidate combined with propofol group. The data showed that the operation success rate of the
remimazolam group was not inferior to that of the combined group (96.52% vs 100%), which suggested that remima-
zolam could be effectively used in elderly patients undergoing enteroscopy. At the same time, the incidence of complete
alertness time (3 min vs 4 min), discharge time (13.92 min vs 14.97 min), muscle fibrillation and injection pain (3.48% vs
12.82%) were lower in the remimazolam group.

Moreover, remimazolam was also studied in the elderly for its optimal dose used in gastroscopic examination.?” The
cognitive function of patients receiving remimazolam (0.1 mg/kg or 0.2 mg/kg) and propofol was comprehensively
assessed via the digit symbol substitution test, the number connection test, and the Auditory Verbal Learning Test-
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Huashan. The results showed that cognitive function after administration of 0.1 mg/kg remimazolam was not signifi-
cantly different from the baseline level. In addition, there were no remarkable differences between remimazolam and
propofol in terms of the sedation duration (8.27 vs 8.21 min) and recovery time (3.82 vs 4.33 min). However,
remimazolam was associated with a much lower incidence of hypotension (3.0% vs 38.5%).

Cardiac Surgery

Cardiac surgery is characterized by great trauma and associated with a high incidence of postoperative complications and
patient mortality. Much attention has been given to how to optimize anesthesia schemes to reduce organ injuries and
improve prognosis.

In 2015, German researchers performed a Phase II trial on the effect of remimazolam in cardiac surgery.”® This was a
single-blind trial involving 90 patients who were scheduled for cardiac surgery with cardiopulmonary bypass, including
41 patients over 65. Two groups were generated: remimazolam (initial dose: 6 or 12 mg/kg/h; maintenance dose: 1-3 mg/
kg/h) and a combination of propofol with sevoflurane. Statistically, the sedation success rate between the two groups was
comparable (98% vs 96%). The LoC time of patients with remimazolam (6 mg/kg/h and 12 mg/kg/h) was longer than
that of patients with combination treatment, but the difference was not statistically significant. In addition, the LoC time
shortened with the increased induction dose of remimazolam. There was no relevant report on the relationship between
the induction dose and incidence of adverse events. This study also showed that the dose of norepinephrine applied
during anesthesia was much lower in the remimazolam group than in the combination group (mean: 23.676 ng/kg/min vs
43.171 ng/kg/min), which supports the slight circulatory suppressive effect of remimazolam. A much longer extubation
time in the remimazolam group was also demonstrated (mean: 145.5 min vs 97 min).

A recently published double-blind clinical trial explored the effect of remimazolam anesthesia induction on hemo-
dynamics in patients undergoing valve replacement.”® A total of 60 patients were randomly assigned to the remimazolam
group (0.3 mg/kg) or the propofol group. Data analysis showed that during the induction period, the change in mean
arterial pressure (19.5 mmHg vs 26.7 mmHg), the incidence of hypotension (5% vs 13%), and the dose of norepinephrine
used (8.3 pg vs 33.3 pg) in the remimazolam group were significantly lower than those in the control group.

In the future, the optimal timing and dose of remimazolam used in cardiac surgery needs to be further identified to
formulate better medication strategies. In the meantime, whether remimazolam is protective for the organs and its

underlying mechanism requires further study.

Hepatic or Renal Impairment

There were two independent clinical trials guided by Stohr et al, where the pharmacokinetic features of remimazolam
(liver, 0.1 mg/kg; kidney, 1.5 mg) in patients with liver and kidney dysfunction were observed.’® The results demon-
strated that the clearance rate of remimazolam in patients with severe liver injury was reduced by 38.1% compared to that
in healthy volunteers, and the recovery time was correspondingly prolonged (healthy 8.0 min; moderate 12.1 min; severe
16.7 min). In addition, the clearance rate of remimazolam in patients with renal injury was equivalent to that of healthy
volunteers, but the clearance rate of its nonactive metabolite CNS7054 was consistent with the decline in renal function.
The peak blood drug concentration was independent of the decline in liver or renal function. Moreover, the overall
incidence of adverse events in patients with liver and renal function receiving remimazolam was low, without any severe
side effects. Current research found that carboxylesterase can be found in the liver, lung, colon, large arteries®' and
adipose tissue’” at both the mRNA and protein levels. Despite the strong extrahepatic metabolic activity, remimazolam
can be affected to some extent by severe liver injury.

Studies on the effect of remimazolam in patients with poor liver and renal function are few at present, and caution is
needed in clinical practice. According to the specifications, remimazolam can be used on a regular basis in populations
with no need for dialysis for renal injury and with mild-moderate liver injury. Additionally, a low maintenance dose is
recommended in populations with severe liver injury. Table 1 shows the details of clinical trials related to remimazolam.
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Table | Published Studies of Remimazolam Clinical Trials

Reference Operation Phase | Sample ASA Age Initial Top-Up or Medication Co-Treatment Scale or Journal and
No Size Grade | (Year) Dose Maintaince | and Dose of Index Year
Dose Control
Group
[7] Upper Ila 100 L 18-65 0.10, 0.15 None Midazolam The use of topical anesthetic was MOAA/S, Anesth Analg
gastrointestinal and 0.20 mg/ allowed at the discretion of the Brice, and 2015
endoscopy kg; over | investigator HVLT-R
minute
[8] Colonoscopy II'b 162 I, Il and 18-70 | 8.0, 7.0 and Top up 3.0, Midazolam Fentanyl 100pg MOAA/S, Gastrointest
1] 5.0mg 2.0 and HVLT-R Endosc 2016
3.0mg
[9] Colonoscopy 11l 461 I, I and 2|8 5.0 mg; over | Top up 2.5mg Placebo, Fentanyl 50-75ug MOAA/S, Gastrointest
1] | minute midazolam HVLT-R Endosc 2018
[10] Upper 11l 384 Il 18-60 | 5.0 mg; over | Top up 2.5mg Propofol Fentanyl 0.5 ug/kg and lidocaine MOAA/S ] Gastroen
gastrointestinal | minute 02¢g Hepatol 2021
endoscopy
[rn Colonoscopy 11l 384 I, 1l 18-65 | 5.0 mg; over | Top up 2.5mg Propofol Fentanyl | ug/kg MOAA/S Am | Transl
| minute Res 2020
[12] Bronchoscopy 446 I, I and 218 5.0 mg Top up 2.5mg | Equal volume Fentanyl 25-75pg MOAA/S, Chest 2019
1] of placebo, Brice, and
midazolam HVLT-R
[13] Hysteroscopy 85 Il 18-65 0.20 mg/kg Maintenance Propofol Remifentanil was infused using a MOAA/S Bmc
1.0 mg/kg/h target-controlled infusion system Anesthesiol
with a target concentration of 1.5 2021
ng/mL
[14] Hysteroscopy 90 I, 1 18-65 5 mg/kg/h Maintenance Propofol Sufentanil 0.lug/kg MOAA/S J Clin Pharm
0.48 or 0.6 Ther 2021
mg/kg/h
[15] Elective surgery | llb /Il 375 I, 1 220 6 or 12 mg/ | Maintenance Propofol Remifentanil 0.25-2 pg/kg/min, BIS J Anesth 2020
kg/h; up to 1.0 mg/kg/h rocuronium 0.1-0.2mg/kg
2.5 min

(Continued)

aro(q

|e 19 Suepp


https://www.dovepress.com
https://www.dovepress.com

aa0(q

8EbE

:sdyyy

91:720T Adeaay] pue juswdojpasq ‘udisag 8nug

Table | (Continued).

Reference Operation Phase | Sample ASA Age Initial Top-Up or Medication Co-Treatment Scale or Journal and
No Size Grade | (Year) Dose Maintaince | and Dose of Index Year
Dose Control
Group
[16] Elective surgery 189 Ll 18-65 | 0.2, 0.3 and Not Propofol Sufentanil 0.3-0.5pg/kg, MOAA/S Minerva
0.4mg/kg; applicable cisatracurium 0.15-0.2mg/kg Anestesiol
within | 2021
minute
[17] Urologic 166 L1010 18-84 | 0.2-0.3 mg/ | Maintenance Propofol Remifentanil 0.2-0.3 pg/kg/min, QoR-15, BIS Drug Des
Surgery kg 1-2 mg/kg/h cisatracurium 0.15-0.2mg/kg Devel Ther
[18] Colonoscopy 1]l 79 I, v 218 2.5-50 mg | Top up 1.25- Placebo, Fentanyl 50ug MOAA/S, Dig Liver Dis
2.5 mg midazolam Brice 2021
[19] Elective surgery 67 2lll 220 6orl2mg | Upto2mg None Remifentanil 0.25-2 pg/kg/min, Brice, BIS J Anesth 2020
kg/h kg/h for rocuronium 0.1-0.2mg/kg
maintenance
[23] Mechanical 84 Not 18-75 0.02-0.1 Maintenance Propofol Fentanyl RASS Front Med
ventilation in available mglkg; 0.2—-1 mg/kg/ (Lausanne)
ICU within | h 2021
minute
[25] Transcatheter 20 Not 265 6 mglkg/h Not None Remifentanil 0.25 pg/kg/min, BIS BMC
or surgical available applicable rocuronium 0.6-0.9 mg/kg Anesthesiol
aortic valve 2021
replacement
[26] Colonoscopy 260 Ll 65-75 0.15 mg/kg | Top up 0.075 Etomidate Fentanyl 0.5 pg/kg MOAA/S Drug Des
mg/kg and propofol Devel Ther
2021
[27] Upper 99 Ll 260 0.1, 0.2 mg/ | Not available Propofol Lidocaine 0.2 g, butorphanol 0.01 MOAA/S, ]
gastrointestinal kg mg/kg Brice Gastroenterol
endoscopy Hepatol 2021
[28] Elective cardiac Il 90 Ll 218 6 or 12 mg/ | Maintenance | Propofol and Not available MOAAYJS, BIS | ] Cardiothorac
surgery kg/h 1-3mg/kg/h sevoflurane Vasc Anesth
2015
[29] Valve 60 I, 1 35-65 0.3 mg/kg Not Propofol Sufentanil 0.1 pg/kg/min, BIS Pharmacol Res
replacement applicable cisatracurium 0.2 mg/kg Perspect 2021

Abbreviations: MOAA/S, modified observer’s assessment of alert /sedation; HVLT-R, Hopkins Verbal Learning Test; BIS, bispectral index; HVLT-R, Hopkin’s Verbal Learning Test, QoR-15, the Quality of Recovery-15; RASS, Richmond

Agitation-Sedation Scale.
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Case Report
To our knowledge, there were many reports that reported the use of remimazolam in specific surgeries, including spinal

3537 and cardiopulmonary bypass.>*~*°

operation,*® thyroid surgery,** awake craniotomy

More attention should be given to the application of remimazolam in the induction and maintenance of general
anesthesia in patients with respiratory impairment (such as mitochondrial encephalomyopathy®® and muscular
dystrophy).*'** Nakayama et al reported two superaged females (95 and 103 years old) who were treated following
hip fracture surgery under general anesthesia using low-dose remimazolam.**

There are also two cases in which patients suffered precipitation formation when remimazolam and Ringer’s solution
were combined.****® The two cases had no serious consequences. This suggests that when remimazolam is used, the dose
should be properly reduced, the infusion rate should be increased, and the infusion drip should be closely monitored.
Ringer’s solution should be used cautiously, especially in combination with remimaxolam.

Yamamoto et al reported a case of a patient who was sedated again after the use of flumazenil, an antagonist of
remimazolam.*’ Theoretically, the half-life of flumazenil is approximately 50 min, which is comparable to the 0.7 h of
remimazolam. However, there is still a risk of sedation after remimazolam is antagonized. Furthermore, given that
remimazolam is structurally derived from midazolam, there is also a risk of cross resistance or allergy when remima-
zolam is used in combination with other benzodiazepine drugs.**** Table 2 presents details of remimazolam-related case

reports.

Adverse Reactions

Common adverse events of remimazolam include hypotension, dizziness, headache, reduced respiratory frequency, and
increased blood bilirubin.’*>" Phase I-III studies reported a 2.65-6.45% incidence of hypotension.**'* In a phase III
clinical trial, the incidence of respiratory suppression in ASA III/IV patients receiving remimazolam was as high as
19.4%."® There were no severe consequences, and the patients then underwent routine treatments, such as lower jaw
lifting. Spontaneous resolution of the symptoms was observed. Comparatively, remimazolam is associated with a lower
incidence of adverse events than midazolam and propofol, and the events tend to be mild,’* as evidenced by a series of
clinical trials. It is noted that during the application of remimazolam, patient blood pressure should be closely monitored,

and vasoactive drugs can be prescribed if needed.>

Summary and Prospects

Remimazolam is a novel “soft drug” with typical pharmacological effects of benzodiazepines (such as sedation,
hypnosis, anti-anxiety) and multiple characteristics (such as fast-acting, short duration and nonorgan-dependent). It is
superior to midazolam and propofol, with better controllability and smaller effects on the respiratory and circulatory
systems. Therefore, it has outstanding advantages in clinical sedation, which were shown in the quality of recovery from
anesthesia and the turnover efficiency. Moreover, remimazolam can be used in more patients and has wider applications.
For instance, remimazolam might be effective as an adjuvant sedative agent in painless examinations or local anesthesia
in populations with advanced age, obesity, and ASA III/IV.

Nevertheless, remimazolam still has some limitations. First, its effects in pediatric cases and patients with poor liver
and renal functions require further exploration, and the safe use of the antagonist flumazenil needs further testing in the
future. In addition, the pharmacokinetic characteristics of prolonged remimazolam in ICU patients with mechanical
ventilation need to be identified in future studies. Second, whether remimazolam is cardioprotective during cardiac
surgery with cardiopulmonary bypass should be confirmed, although it has a small effect on heart rate and blood
pressure. Third, the interactions between remimazolam and volatile anesthetics are elusive, and more evidence is required
to support its effect on postoperative neural disorders, such as delirium.

Currently, more challenges are being met by anesthesiologists because of the development of new anesthetics and
increased levels of surgical techniques. More studies are needed on remimazolam to maximize its clinical advantages and
minimize adverse events in order to provide patients with better diagnosis and treatment.
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Table 2 Case Reports

Reference Operation Dose Co-Treatment Highlight Journal and Year
No
[33] Spine surgery Induction 6 mg/kg/min or 12 Induction remifentanil 0.3 pg/kg/min, rocuronium 50 mg or 30 mg; MEP monitoring by EEG JA Clin Rep 2020
mg/kg/min; Maintenance 0.5 mg/ | Maintenance remifentanil 0.2 pg/kg/min or 0.3-0.5 mg/ kg/min to assess the optimal dose
kg/min
[34] Thyroid surgery Induction 12 mg/kg/h; Induction remifentanil 0.3 pg/kg/min, rocuronium 0.6 mg/ kg; Neuromonitoring ] Anesth 2021
Maintenance 12 mg/kg/h Maintenance Not Available
[35] Brain tumor Induction 12 mg/kg/h; Induction remifentanil 0.1 pg/kg/min, and fentanyl 75 g, rocuronium | The asleep-awake-asleep JA Clin Rep 2020
Maintenance Img/kg/h 20 mg; Maintenance remifentanil 0.12-0.15 pg/kg/min technique of awake
craniotomy
[36] Brain tumor Induction 12 mg/kg/h; Induction fentanyl 50—-100 pg, remifentanil 0.1 pg/kg/min; Successful J Anesth 2021
Maintenance 0.5—Img/kg/h Maintenance remifentanil 0.1-0.15 pg/kg/min
[37] Brain tumor Induction 6 mg/kg/h; Induction remifentanil 100 pg; Maintenance remifentanil 0.Img/kg/h | Successful JA Clin Rep 2021
Maintenance 0.75-1mg/kg/h
[38] Mitraclip implantation Induction 6 mg/kg/h; Induction remifentanil 0.20 pg/kg/min, rocuronium 0.7 mg/kg; Advanced heart failure Case Rep Anesthesiol
Maintenance 0.15—Img/kg/h Maintenance Not Available 2021
[39] Cardiac surgery Induction 6 mg/kg/h; Induction remifentanil 0.25 pg/kg/min, rocuronium 0.85 mg/kg; Cardiopulmonary bypass Case Rep Anesthesiol
Maintenance 0.6—1mg/kg/h Maintenance remifentanil 0.85-0.1 pg/kg/min 2021
[40] Cochlear implantation | Induction 0.2 mg/kg; Induction remifentanil 0.2 pg/kg/min, rocuronium 30 mg; Mitochondrial JA Clin Rep 2021
Maintenance | mg/ kg/h Maintenance remifentanil 0.2-0.25 pg/kg/min encephalomyopathy
[41] Phacoemulsification Induction 6 mg/kg/h; Induction remifentanil 0.2 pg/kg/min, rocuronium 40 mg; Myotonic dystrophy JA Clin Rep 2021
Maintenance 0.5-0.25 mg/ kg/h | Maintenance remifentanil 0.2 pg/kg/min
[42] Endoscopic retrograde | Induction 12 mg/kg/h; Induction remifentanil 0.1 pg/kg/min, rocuronium |5 mg; Myotonic dystrophy type | JA Clin Rep 2021
cholangio- Maintenance | mg/ kg/h Maintenance remifentanil 0.1 pg/kg/min, rocuronium 5 mg bolus |
pancreatography
[43] Inguinal hernia and Induction |5 mg/h; Maintenance | Induction remifentanil | pg/kg/min, fentanyl 100 mug, rocuronium 10 | Duchenne muscular Medicine (Baltimore)
umbilical plasty 5-15mg/ h mg; Maintenance remifentanil | pg/kg/min dystrophy, pediatric 2021
patient
[44] Hip fracture surgery Induction 1.2 or | mg/kg/h; Induction fentanyl 50 or 100 pg, remifentanil 0.15 or 0.3 pg/kg/min, | Super-elderly patients JA Clin Rep 2021
Maintenance 0.2—-1.2 or 0.1- rocuronium 40 mg; Maintenance remifentanil 0.125 or 0.1-0.3 pg/kg/
Img/ kg/h min
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[45] Oral surgery Induction 0.2mg/kg; Induction remifentanil 0.2 pg/kg/min, fentanyl 100 mg, rocuronium Precipitate Br ] Anaesth 2021
Maintenance Img/ kg/h 40 mg; Maintenance Not Available
[46] Not Available Not Available Not Available Precipitate J Clin Anesth 2021
[47] Laminoplasty Maintenance Img/ kg/h Not Available Re-sleeping J Anesth 2021
[48] Emergency esophageal | Induction 25mg Induction remifentanil 0.2 pg/kg/min; Maintenance Not Available Tolerance, faiure to Loc A A Pract 2021
stent removal
[49] Hand surgery Induction 6 mg/kg/h Induction remifentanil 0.3 pg/kg/min, fentanyl 100 pg, rocuronium 50 | Anaphylaxis J Anesth 2021
mg

Abbreviations: MEP, motor evoked potentials; EEG, entropy electroencephalogram.
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