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Abstract: Remimazolam (CNS7056) is a novel benzodiazepine for intravenous sedation; it has an ultra-short duration of action and was
recently approved for use in procedural sedation and general anaesthesia. It acts on y-aminobutyric acid type A receptors and is rapidly
converted into an inactive metabolite by tissue esterase enzymes. Remimazolam has been successfully used in endoscopic inspection or
surgery and general anaesthesia induction and maintenance with fast and predictable onset and recovery times, high procedure success rates,
and minor respiratory and hemodynamic fluctuations and without serious drug-related adverse reactions. If needed, the effects of
remimazolam can be reversed by flumazenil, which allows prompt termination of sedation. Although remimazolam has great potential
for sedation in patients admitted to intensive care units, future studies are needed to evaluate its efficacy and safety in patients requiring
sedation for a long period, and numerous studies are warranted to explore the optimal dose in different application scenarios. The review
aimed to provide an introduction to the process of remimazolam synthesis and its current clinical uses and future clinical developments.
Keywords: sedation, endoscopy, general anaesthesia, ICU

Introduction
Sedation is an essential procedure used to relieve anxiety, pain, and discomfort among patients undergoing invasive
procedures for diagnosis and treatment.! Sedatives such as benzodiazepines (BDZs) (eg, midazolam, a well-known
short-acting BDZ), propofol, etomidate, and dexmedetomidine have been commonly used in recent years;*> however,
all of these sedatives have some drawbacks. For example, long-term infusion of midazolam results in respiratory
depression and increases the time to recovery;* propofol causes significant cardiorespiratory depression and injection
pain;> etomidate causes myoclonus, nausea and vomiting, and injection pain;® and dexmedetomidine causes adverse
reactions such as hypotension and bradycardia.” Ideal, fast-onset anaesthetics and sedatives with sedative—hypnotic
properties, a high therapeutic ratio of toxic dose to a minimum effective dose, and the least possible risk of side-
effects when meeting sedation requirements is warranted in the anaesthesia and critical care domains."**
Remimazolam (CNS7056) is a new ultra-short-acting intravenous (IV) BDZ developed by the pharmaceutical company
PAION AG and acts on y-aminobutyric acid type A (GABA ) receptors.'® Owing to its “soft drug” (self-metabolising and organ-
independent) design, it is rapidly hydrolyzed in the body as an inactive carboxylic acid (CNS7054) by tissue esterase enzymes
present in the blood.'' Remimazolam was approved in December 2019 for sedation during gastroscopy and for colonoscopy in
June 2020 in China; it was also approved for procedural sedation in the United States in July 2020 and the European Union and
South Korea in August 2021.'*'* Remimazolam was first approved for use in general anaesthesia in Japan on 23 January, 2020,
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Figure | The main milestones in the development of remimazolam.

and then in China in November 2021."* It was also approved for compassionate use in intensive care unit (ICU) sedation in
Belgium in August 2020." (Figure 1).

Remimazolam has been successfully used for the induction and maintenance of procedural sedation and general
anaesthesia owing to its fast onset, short and predictable duration of sedative action, short recovery time, rare
accumulation after long-term infusion, and less serious side effects as compared with those of other currently used
BDZs.'®!” These characteristics render remimazolam a very promising sedative for use among a wide range of patients,
including critically ill ones."®

This review is aimed at providing updated information on the synthesis, pharmacokinetics and pharmacodynamics,
and current and future clinical applications of remimazolam as a novel sedative and anesthetic to provide a theoretical
basis for further clinical applications.

The Pharmacology of Remimazolam

Chemical Structure

Remimazolam is the newest benzodiazepine and possesses the properties of a combination of two existing drugs used in
anaesthesia: midazolam and remifentanil.'® Tts structure is similar to that of midazolam; it has a high-affinity, selective
ligand for the BZD site on the GABA 4 receptor but no affinity for other sites.'” From the soft drug standpoint, medicinal
chemists have been inspired by the structures of etomidate and remifentanil. A new type of ultra-short-acting sedative/
anesthetic has been synthesized by introducing a carboxylic ester side group into the chemical structure of midazolam
(Figure 2)."®' In vivo, this carboxylic ester is rapidly broken down by tissue esterases into the inactive metabolite
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Figure 2 Chemical structures: (A) midazolam, (B) remimazolam besylate, (C) remimazolam tosilate.
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Figure 3 Chemical structure of (A) remimazolam and the carboxylic acid metabolite (B) CNS7054.

CNS7054 (Figure 3); compared with CNS7056, CNS7054 shows at least 300 times lower affinity with GABAA,'”*® and
this mechanism is responsible for the ultra-short-action of the drug.?'

Pharmacokinetics and Pharmacodynamics

Pharmacokinetics

Remimazolam is rapidly distributed upon intravenous administration. According to a phase I ascending-dose study
conducted among healthy adults administered with 1-min intravenous dose of 0.01-0.3 mg/kg remimazolam, the
maximum effect of sedation was achieved within 3 min of injection.'”** Part I of this study discovered that remimazolam
had an approximately three times greater systemic clearance (CL) than midazolam {0.075 mg/kg [(70.3+£13.9) L/h vs
(23.0+4.5) L/h]}, whereas its steady-state volume (V) of distribution was 50% of that of midazolam [(34.8+9.4) L vs
(81.8427.1) L], and its terminal half-life (T,,) was also shorter than that of midazolam (0.75+0.15 vs 2.89+0.65 h). Thus,
the mean retention time of remimazolam was one-seventh of that of midazolam (0.51 vs 3.6 h) (Table 1).'” Part II of this
study demonstrated that the context-sensitive half-times (the time required for the plasma level of the drug to decrease by
50% after the infusion is stopped) of remimazolam (50 mg/h) were much shorter than those of midazolam (0.075 mg/kg/
h), the pharmacokinetics (PKs) of remimazolam were linear within the dose range, and the clearance of remimazolam
from the body was not associated with a body weight of 65-90 kg.>* The context-sensitive half-times of remimazolam
facilitate its rapid removal; remimazolam can reach a steady-state value of 7-8 min after an approximate infusion of 2
h and appears to not be affected by the infusion duration'®*** (Figure 4).

Remimazolam showed no significant effects on the PR interval and QRS duration, and the largest change in the QTcl
interval from baseline never exceeded 10 ms. Thus, no clinically significant effect of remimazolam on cardiac
repolarization was observed during procedural sedation and anaesthesia.”> Moreover, remimazolam has no clinical
effects on heart rate (HR), electrocardiogram (ECG), blood pressure (BP), and respiratory rate.!” Further, according to
a preclinical study conducted in sheep, no burst suppression patterns and isoelectric electroencephalogram (EEG) results
were observed for remimazolam.?* It can reduce the incidence of delirium and postoperative cognitive dysfunction and
ensure the rapid return of neurological function to baseline.**> Remimazolam undergoes organ-independent metabolism
and is rapidly hydrolyzed by tissue esterases (mainly catalyzed by carboxylesterases in the liver) to an inactive carboxylic
acid metabolite (CNS7054), bypassing the action of cytochrome-dependent hepatic pathways (particularly P450-
mediated metabolism).'®**** Owing to the absence of the P450-mediated metabolism of remimazolam, clinically
significant metabolic drug interactions are unlikely.”® Approximately 99.7% of remimazolam is transformed into
CNS7054 in the plasma and excreted in urine.”’ Because remimazolam shows no accumulation and CNS7054 is

Table | Pharmacokinetic Parameters of Remimazolam and Midazolam

Drug Onset (Min) | Recovery (Min) | Duration (Min) | CL (L/h) Vss (L) T2 (Hours) | MRT (Hours)
Remimazolam'? 1-3 5.5-20 8.0 70.3+139 | 348494 0.75+0.15 0.51
Midazolam'72® 3-5 40.0 12.0 23.0+4.5 | 81.8+27.1 2.89+0.65 3.6

Abbreviations: CL, systemic clearance; Vss, volume of distribution at steady state; T, terminal half-life; MRT, mean retention time.
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Figure 4 The context-sensitive half-times (the time required for the plasma level of the drug to decrease 50% after the infusion is stopped) for the sedatives remimazolam,
midazolam, propofol, etomidate, and dexmedetomidine.

Notes: Data from Whizar et al,'® Wiltshire et al,?? Schiittler et al,” and lirola et al.>

pharmacologically inactive, it does not affect liver and kidney function and can be safely used among patients with
impaired liver or renal function.?*

No significant differences were observed in the pharmacokinetics of remimazolam between healthy individuals and
patients with end-stage renal disease. Remimazolam can be used in patients with varying degrees of renal impairment
without any requirement for dose adjustment. However, AUC gy, Vs, T1/2, and recovery times (171 ng-h/mL; 1.01 L/
kg; 109 min; 16.7 min) were increased in patients with severe hepatic impairment (Child-Pugh scores >10) as compared
with that in patients with normal liver function (132 ng-h/mL; 0.329 L/kg; 43.1 min; 8.0 min); thus, remimazolam should
be cautiously used during anaesthesia or sedation maintenance in such patients.'>** Lower doses of infusion should be
considered for the fragile elderly or American Society of Anesthesiologists (ASA) class 3+ patients, although the PK of

remimazolam is unaffected by age, ASA class, sex, and race. 233031

Pharmacodynamics
Previous phase I pharmacokinetics and pharmacodynamics trials demonstrated that, in healthy volunteers, rapid-onset sedation
for remimazolam was initially observed at a dose of 0.05 mg/kg and peak sedation effect was observed within 1-2 min after
injection at doses of > 0.075 mg/kg.>* At higher doses of 0.075-0.2 mg/kg, remimazolam showed a greater sedation effect
while still maintaining a shorter recovery time, as compared with midazolam (0.075 mg/kg); that is, the duration of sedation
and the median time for patients to be fully alert were shorter than those for midazolam (8 vs 12 min; 5.5-20 vs 40 min)
(Table 1).!73 Recovery took up to 50 min with higher doses of remimazolam (0.25, 0.3, and 0.4 mg/kg); such doses are not
suitable for short-term procedures or diagnostic sedation but may be used for anaesthesia induction. In other words,
remimazolam is a safe, well-tolerated, rapid-onset option with dose-dependent pharmacodynamics properties.'”>

A study on the pharmacokinetics and pharmacodynamics of remimazolam after continuous infusion was published in
2020 [sedation was assessed based on the Modified Observer’s Assessment of Alertness/Sedation (MOAA/S) scale].
Remimazolam was continuously injected into 20 healthy males at 5 mg/min for 5 min, at 3 mg/min for the next 15 min,
and at 1 mg/min for a further 15 min; remimazolam showed a low Vg (35.4+4.2 L) and a high clearance (1.15+0.12 L/min),
consistent with that reported in a previously published study.”® The context-sensitive decrement times of remimazolam were
short and reached 6.8+2.4 min after infusion for 4h. All the subjects lost consciousness within 5+1 min (MOAA/S score
decreased from 5 to <2), and full alertness (MOAA/S score, 5) was recovered 19+7 min after the infusion was stopped.>
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Owing to its organ-independent metabolism and its first-order pharmacokinetics, the degree and duration of remimazolam
sedation are dose-dependent, and long-term infusions or higher doses will not result in cumulative and extended sedative
effects.* Moreover, remimazolam sedation can be reversed by flumazenil (1 min flumazenil vs 10.5 min placebo) without re-
sedation.** These characteristics make its use as a sedative agent suitable as an intravenous anesthetic and in the ICU.*

Clinical Uses

Sedation in Endoscopy

Upper Gastrointestinal Endoscopy

Gastrointestinal endoscopy is a commonly performed medical procedure that is better accomplished with sedation to relieve
discomfort, pain, or anxiety.>>* Several published clinical trials have used remimazolam as a sedative for upper gastrointestinal
endoscopy (Table 2). A phase Ila clinical study of remimazolam for sedation in gastroscopy was published in 2015
(NCT00869440). Patients were randomly allocated to four groups (25 patients per group) and intravenously treated with
a single dose of remimazolam (0.10, 0.15, and 0.20 mg/kg) or midazolam (0.075 mg/kg). The time to onset (MOAA/S score,
<3) was faster than in the remimazolam groups than in the midazolam group (1.5-2.5 vs 5 min), and the mean time to becoming
fully alert (MOAA/S score, 5) was also shorter in the remimazolam groups (6.8-9.9 vs 11.5 min); moreover, the procedural
success rates in the remimazolam groups (0.10, 0.15, and 0.20 mg/kg groups) were 32%, 56%, and 64% as compared with that in
the midazolam group (44%). There were no significant differences in the safety of using remimazolam and midazolam. The study
results showed that a single dose of remimazolam (0.10-0.20 mg/kg) can be used safely and effectively for procedure sedation;
however, initial loading doses of at least 0.15 mg/kg of remimazolam needed further studies for detailed verification of the
findings.*” Another phase I1I trial published in 2021 (NCT03425474) enrolled 384 Chinese patients aged 1860 years to compare
the efficacy and safety of remimazolam tosilate (RT) with propofol for use in gastroscopy. Patients were randomly assigned to
receive 5.0/2.5 mg of remimazolam (initial dose of 5.0 mg, supplemental dose of 2.5mg), 1.5/0.5 mg/kg of propofol, or 0.5 pg/kg
of fentanyl before sedative medication. The sedation success rate in the remimazolam group was non-inferior to that of propofol
(97.34% vs 100.00%; difference in rate: —2.66%; 95% CI: —4.96 to 0.36; meeting the criteria for non-inferiority). Compared with
those in the propofol group, patients in the remimazolam group exhibited a longer time to adequate sedation (1.3 vs 2.0 min) but
a shorter time to become fully alert (5.75 vs 6.71 min). The percentage of adverse events (AEs) that occurred in the remimazolam
group was less than that in the propofol group (39.15% vs 60.32%). Compared with propofol, remimazolam showed a rapid
recovery time but a lower potential to cause cardiorespiratory depression among patients undergoing gastroscopy.”® Recently,
a phase III trial enrolled elderly patients aged >60 years who required upper gastrointestinal endoscopy and evaluated the effects
of RT on early cognitive function in those patients (ChiCTR2100042084). All patients received 10 g of lidocaine viscous orally
and butorphanol (0.01 mg/kg) intravenously before receiving the test sedatives. The researchers administered the sedative drugs
intravenously according to the group allocations [a dose of 0.10 mg/kg (R1) or 0.20 mg/kg (R2) RT; or 1.0-1.5 mg/kg
propofol].*® Differences in the postoperative cognitive functions, sedation times, and recovery times between the patients in
the R1 and propofol groups were not statistically significant. The R2 group demonstrated worsened postoperative results than
baseline upon immediate recall (—2.79+4.04 vs 1.64+3.97, P<0.001) and short-delayed recall (—0.97+1.83 vs 0.61£1.47,
P=0.003). Besides, the R2 group exhibited a longer sedation time (12.09+3.60 vs 8.21+2.85, P<0.01) and recovery time (6.85
+4.29 vs 4.33+2.97 min, P<0.01) compared with the propofol group. The incidence of hypotension was lower in the R1 group
than in the R2 and propofol groups (3.0% vs 21.2% vs 48.5%, P<0. 05). The results indicated that 0.1 mg/kg RT suitable for
sedation in elderly patients undergoing upper gastrointestinal endoscopy exhibited not only significantly stable hemodynamics
but also acceptable neuropsychiatric functions.*

A 2022 clinical study recruited 148 Chinese patients with liver cirrhosis (Child-Pugh class A) undergoing gastroscopy
to evaluate the efficacy and safety of remimazolam sedation as compared with propofol sedation (ChiCTR2100042179).
Patients were divided into two groups to receive either 0.107 mg/kg of RT or 2 mg/kg of propofol within 30s. All patients
required 0.15 pg/kg of intravenous sufentanil before sedative medication. If the sedation was insufficient, an additional
dose of 20 mg propofol was administered. The mean time to sedation (MOAA/S score, <1) was longer among patients in
the RT group than among those in the propofol group (88.3 vs 62.7s, P<0.001); however, the RT group had a shorter time
to recovery (44.7 vs 64.6s, P<0.001). The sedation satisfaction rate during the procedures was significantly higher in the
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Table 2 Main Clinical Trials of Remimazolam for Sedation Under Gastroscopy

liver cirrhosis undergoing

gastroscopy

Author Phase | N Dose of Age Primary Endpoint Comparator | Co- Location | Results
(Year) Remimazolam | (Years) Treatment | (s)
Borkett lla 100 | Three dose of 18-65 Safety and efficacy of different Midazolam N/A USA A single dose of remimazolam (0.1-0.2mg/kg) was
et al group: 0.10, single doses for sedation in upper | 0.075 mg/kg able to induce rapider sedation and faster recovery
20197 0.15, or gastrointestinal endoscopy than midazolam in patients undergoing upper
0.20 mg/kg gastrointestinal endoscopy
Chenetal |1l 384 | 5.0 mg plus 2.5 18-60 Compare efficacy and safety of Propofol Fentanyl China The sedation successful rate in remimazolam was
202138 top-ups remimazolam tosilate with 1.5 mg plus (0.5 nglkg); non-inferior to propofol but shorter time to
propofol for sedation in upper 0.5 mg/kg top- | lidocaine recovery from sedation, safety profile appears to be
gastrointestinal endoscopy ups viscous oral superior to propofol
liquid 10g
Tan et al 11l 99 Initial dose: two | >60 Efficacy and safety of remimazolam | Propofol 1.0— | N/A China A dose of 0.1 mg/kg remimazolam tosilate suitable
2022°° dose of group tosilate in patients undergoing 1.5 mg plus for sedation in elderly patients undergoing upper
(0.1 mg/kg or bronchoscopy 0.5mg/kg top- gastrointestinal endoscopy
0.2 mg/kg), ups
supplemental
dose: 0.05 mg/kg
Cao et al 11l 148 | 0.107 mg/kg 18-65 Efficacy and safety of remimazolam | Propofol Sufentanil China Remimazolam tosilate combined with sufentanil
2022% tosilate sedation in patients with 2 mgl/kg 0.15 pg/kg adjuvant is better than propofol with sufentanil in

patients with liver cirrhosis undergoing gastroscopy

Abbreviations: N, number of subjects; N/A, not available/applicable.
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RT group than in the propofol group (90.5% vs 77.0%, P=0.026); moreover, a lower incidence of respiratory depression
(2.7% vs 17.6%, P=0.003), body movement (8.1% vs 23.0%, P=0.013), and hypotension (4.1% vs 14.9%, P=0.025) were
noted in the RT group than in the propofol group. This trial suggested that RT combined with sufentanil adjuvant is better
than propofol combined with sufentanil for patients with liver cirrhosis undergoing gastroscopy.*

Colonoscopy

Several clinical trials have used remimazolam as a sedative during colonoscopy (Table 3). A 2018 phase III study
evaluated the safety and efficacy of remimazolam in patients undergoing colonoscopy; the study enrolled 461 patients
with ASA class I, II, or III (NCT02290873). All patients were treated with fentanyl at doses of 50—75 pg before the
study. The patients were randomly allocated to receive 5.0/2.5 mg of remimazolam or an equal volume of placebo,
whereas patients in the midazolam group received an initial dose of 1.75 mg. In addition, midazolam was the rescue
medication in case of treatment failure. The success rate of the completion of the procedure was higher in the
remimazolam group (91.3% vs 1.7% vs 25.5%) than in the placebo and midazolam groups. The procedure times (time
from the start of medication administration until reaching an MOAA/S of 3) were shorter (5.1 vs 20.3 vs 16.9 min) for
remimazolam. The mean time from the end of the procedure to becoming fully alert was also shorter in the remimazolam
group than in the other two groups (7.35 vs 21.95 vs 15.84 min). The total dose of fentanyl was lower with remimazolam
(88.6 vs 121.3 vs 106.9 pg). This clinical trial demonstrated that remimazolam is a safe and effective sedative for use in
patients undergoing colonoscopy.*!

A 2021 clinical trial compared the efficacy and safety of RT with that of etomidate—propofol in 260 elderly
outpatients undergoing colonoscopy (ChiCTR2000041524). Patients received 0.15 mg/kg of RT (n=115) or 0.1 mL/kg
of etomidate—propofol (10 mL of 20 mg etomidate + 10 mL of 100 mg of propofol; n=117). The procedure success rate
in the remimazolam group was non-inferior to that in the etomidate—propofol group (96.52% vs 100.00%; difference in
rate —3.48%; 95% CI —6.81% to —0.15%). The onset time (41 vs 32s, P=0.001) was significantly higher, whereas the time
to becoming fully alert (3.0 vs 4.0 min, P=0.001), time to becoming ready for discharge (8.7 vs 9.38 min, P=0.001), and
time to hospital discharge (13.92 vs 14.57 min, P=0.002) were all significantly lower in the remimazolam group than in
the etomidate—propofol group. Muscular tremors and pain during injection were less frequently recorded in the
remimazolam group. The authors found that a combination of fentanyl and remimazolam exhibited a non-inferior
efficacy and a higher safety profile than etomidate—propofol among elderly patients undergoing colonoscopy.** A 2021
phase III study evaluated the security and efficacy of remimazolam in patients with ASA class III and IV undergoing
colonoscopy (NCT02532647). A total of 79 patients were randomly assigned to receive remimazolam (2.5-5.0 mg,
n=32), placebo (2.5-5.0 mg, n=16), or midazolam (1.0 mg + 0.5 mg top-ups, n=31) if sedation (MOAA/S score, < 3) was
not achieved; up to four repeated top-up doses of 1.25-2.5 mg remimazolam or placebo within a 15-min period and up to
two repeated top-up doses of 0.5 mg midazolam within a 12-min period were allowed. The study showed a significantly
superior procedure success rate with remimazolam (87.1%) versus placebo (0%) and midazolam (13.3%); the rate of no-
rescue midazolam administration in the remimazolam group was lower than that in the placebo and midazolam groups
(90.3%, 0%, 20.0%), and the mean time to onset of sedation was faster in the remimazolam group (8.0 vs 20 vs 18.6 min,
P<0.00001); moreover, the mean time to become fully alert was shorter with remimazolam (3.0 vs 5.3 vs 7.0 min) than
with placebo and midazolam. No treatment-emergent AEs were reported in the patients treated with remimazolam. This
indicated that remimazolam was safe and efficient for use in sedation among high-risk patients with ASA III/IV
undergoing colonoscopy.® A randomised, double-blinded trial evaluated the discharge time of patients administered
remimazolam versus propofol for colonoscopy; the study included 132 participants with ASA class I-II and was
published in 2022 (ChiCTR2100048678). The participants were randomly allocated 1:1 to either the remimazolam or
propofol group, and an initial dose of 0.2 mg/kg of remimazolam or 1 mg/kg of propofol was then administered over 30s
to achieve adequate sedation (MOAA/S score, <3); otherwise, 6 mg of remimazolam or 30 mg of propofol was
administered no less than 2 min apart. The results showed that remimazolam leads to a non-inferior discharge time
(24 vs 21 min; median difference, 2 min; 95% CI, 0 to 4 min, P=0.038), lower occurrence of hypotension (20% vs 47%,
P<0.001) and bradycardia (6% vs 20%, P=0.019), and higher patient satisfaction scores in ambulatory colonoscopy as

1-44

compared with propofol.™ All the clinical trials confirmed the potential of remimazolam as a valuable medication for
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Table 3 Main Clinical Trials of Remimazolam for Sedation Undergoing Colonoscopy

versus propofol for

colonoscopy

Author | Phase | N Dose of Age Primary Endpoint Comparator Co-Treatment Location | Results

(Year) Remimazolam | (Years) (s)

Rex et al | llI 461 | 5.0 mg plus 2.5 18-74 Efficacy and safety of Midazolam Fentanyl (75 pg) USA Patients in remimazolam group had Procedural success

2018 top-ups remimazolam in [1.75 mg plus rate, faster mean procedure time and recovery time,
patients undergoing 0.5 mg (260 years) less needed of fentanyl, less incidence of hypotension
colonoscopy or 1.0 mg (<60

years) top-ups]
Liuetal | Il 260 | 0.15mg/kg plus 65-75 Efficacy and safety of Etomidate-Propofol | Fentanyl (0.15 mg/ | China The procedure success rate in remimazolam group was
20214 0.075 mg/kg top- remimazolam in (0.1 mL/kg plus kg plus 0.5 mg/kg non-inferior to etomidate-propofol group (96.52% vs
ups elderly outpatients 0.05 mL/kg top- top-ups, the 100.00%; difference in rate —3.48%, 95% Cl —6.81% to

undergoing ups) maximum dose of —0.15%), and has a higher safety for elderly patients
colonoscopy 150 pg)

Rex etal | llI 79 2.5-5.0 mg plus | 42-84 Safety and efficacy of Midazolam (1.0 mg | Fentanyl (50 pg, USA Procedure success for patients treated with

2021 1.25-2.5 mg remimazolam in ASA plus 0.5 mg top- top up doses of 25 remimazolam, placebo, midazolam was 87.1%, 0%,

top-ups class Ill/IV patients ups) Hg, the maximum 13.3%, the shorter time to sedation and recovery in
undergoing dose of 200 pg) remimazolam group, and no serious AEs were
colonoscopy reported. it can be efficacy and safety for sedation in
ASA 1II/IV patients
Yao etal | lll 132 | 0.2 mg/kg plus 18-65 Discharge readiness Propofol (I mg/kg Sufentanil (5 mg) China Remimazolam provided a similar sedative efficacy and
2022* 6 mg top-ups after remimazolam plus 30 mg top-ups) safer profile in patients undergoing colonoscopy,

compared with propofol

Abbreviations: N, number of subjects; N/A, not available/applicable.
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gastrointestinal endoscopy with a sedation successful rate non-inferior to that of propofol but higher than that of
midazolam and with better safety.

Bronchoscopy

In a randomised, double-blinded, parallel-group trial on remimazolam for sedation during flexible bronchoscopy
(NCT02296892), patients received an initial single intravenous dose of 5.0 mg of remimazolam (n=310) or an equal
volume of placebo (n=63) or midazolam (1-1.75 mg; n=63). The success rate (procedure completed using the sedation
protocol described above, no need for rescue sedatives) was higher in the remimazolam group than in the placebo (80.6%
vs 4.8%, P<0.0001) and midazolam (32.9%) groups; the time to starting bronchoscopy was sooner in patients treated
with remimazolam than in those treated with placebo (6.4+5.82 vs 17.2+4.15 min, P<0.0001) and midazolam (16.3+8.6
min); and the mean time to becoming fully alert was significantly shorter in with remimazolam than in those treated with
placebo and midazolam (6.0 vs 13.6 vs 12.0 min, P=0.0001 for placebo). Furthermore, as compared with placebo and
midazolam, remimazolam showed superior neuropsychiatric function 5 min after becoming fully alert.*> A clinical trial
used effective dosages of RT for moderate sedation in patients (n=50, ASA class I or II) undergoing bronchoscopy. The
first patient was administered a dose of 0.18 mg/kg of RT; the dosages were increased or decreased 1:1, and broncho-
scopy was started when the MOAA/S score was <1 and eyelash reflex disappeared after the intravenous administration of
a trial dose of RT + 0.1 pg/kg sufentanil; a sedation rate of 1 mg/kg/h of RT was maintained. The 50% effective dose
(ED50) and the 95% effective dose (ED95) concentrations of RT were 0.174 mg/kg and 0.219 mg/kg, respectively, and
the time to sedation (MOAA/S score, <1) was 50+11 s; the time to becoming fully alert after the use of flumazenil
(0.2 mg) was 56+16 s.*® A prospective, randomised, double-blinded trial indicated that RT leads to effective and safe
sedation among patients with ASA class I-1I who are undergoing bronchoscopy (ChiCTR2000041524). Patients received
RT 12 mg/kg/h (n=73) or dexmedetomidine 0.5 pg/kg (n=73), and sedation (MOAA/S score, <3) was maintained using
1-2 mg/kg/h of RT or 0.2-0.7 pg/kg/h of dexmedetomidine; all the patients were treated with 0.2 mg of flumazenil at the
end of the procedure.?” The success rate of completing the procedure with RT was non-inferior to that with dexmede-
tomidine (94.52% vs 91.78%; difference in rate, 2.74%; 95% CI: 1.70%—3.90%), and the onset time started sooner with
remimazolam than with dexmedetomidine (13.22+1.70 vs 15.12+2.07 min, P<0.05); moreover, the time to becoming
fully alert (2.52+1.11 vs 3.62+1.28 min, P<0.05) and time to discharge (18.58+2.98 vs 21.21£3.60 min, P<0.05) were
significantly shorter in the RT group. RT provided better time metrics and hemodynamic stability than dexmedetomidine
(P<0.05).* A summary of the published clinical trials is presented in Table 4.

Induction and Maintenance of General Anaesthesia

In January 2020, remimazolam besylate was approved for use in the induction and maintenance of general anaesthesia in
Japan.*® Several clinical trials were conducted to assess the use of remimazolam for general anaesthesia (Table 5). Two
clinical trials conducted at Hamamatsu University Hospital in Japan discussed the application of remimazolam in the
induction and maintenance of general anaesthesia in patients undergoing surgery (JapicCTI number: 121973). The first
study enrolled 391 patients with ASA class I or II and randomly allocated them into three groups. Anaesthesia was
induced with 6 mg/kg/h (n=158) or 12 mg/kg/h (n=156) of remimazolam, maintained at a rate of 1-2 mg/kg/h. The
patients in the propofol group (n=77) were induced with 2-2.5 mg/kg of propofol, and maintenance was achieved with 4—
10 mg/kg/h. The efficacy rate in each group was 100%, and the time to LoC was significantly shorter in the propofol
group than in the 6 mg/kg/h and 12 mg/kg/h remimazolam groups (78.7+38.4 vs 102.0+26.6 vs 88.7+22.7 s); the
extubation time was also shorter in the propofol group than in the two remimazolam groups (13.1 vs 19.2 min, P<0.05).
However, hypotension was higher in the propofol group than in the two other groups (49.3% vs 20% vs 24%), and the
patients in that group needed more vasopressors. Those in the remimazolam groups had no injection site pain as
compared with those in the propofol group (18.7%). The authors confirmed that remimazolam was well-tolerated and
non-inferior to propofol in terms of efficacy as a sedative for general anaesthesia.*’ A similarly designed second trial
(JapicCTI number: 121977) included high-risk patients (ASA class III) undergoing elective general surgery; this study
demonstrated a comparable efficacy and safety profile of remimazolam, as seen in the ASA class I-II patients.”
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Table 4 Main Clinical Trials of Remimazolam for Sedation Under Bronchoscopy

bronchoscopy

by 0.2-0.7 pg/
ke)

Author | Phase | N Dose of Age Primary Endpoint Comparator | Co-Treatment | Location | Results
(Year) Remimazolam (Years) (s)
Pastis 1l 446 | 5.0 mg plus 2.5 top- | 218 Safety and efficacy for Midazolam Fentanyl USA Remimazolam achieved moderate procedural
et al ups moderate sedation during (1-1.75 mg (25-75 mg, top- sedation efficacy and safety during flexible
2019* bronchoscopy plus 0.5-1.0 mg | up doses of 25 bronchoscopy, with a rapid onset and rapid return
top-ups) g, the maximum of cognitive function
dose of 200 pg)
Jia et al 1l 50 | The first patient was | 18-65 Observation of effective N/A Sufentanil (0.1 China The ED50 and the ED95 of remimazolam tosilate
2021 given a dose of dosage of remimazolam nglkg); for moderate sedation in bronchoscopy were
0.18 mg/kg, tosilate used for moderate 2% lidocaine 0.174 mg/kg and 0.219 mg/kg, combined with
Maintenance dose: sedation in bronchoscopy (5 mL, airway Sufentanil 0.1 pg/kg
Img/kg/h nebulization);
flumazenil
(0.2 mg)
Chen 1l 146 | Initial dose: 12 mg/ 45-65 Efficacy and safety of Dexmedeto- Remifentanil China Remimazolam tosilate has non-inferior efficacy,
et al kg Maintenance remimazolam tosilate in midine (0.5 pg/ | (0.05-0.2 pg/kg/ better time metrics and hemodynamic stability than
2022%7 dose: |-2mg/kg/h patients undergoing kg, maintained | min) dexmedetomidine combine with remifentanil in

outpatients undergoing bronchoscopy

Abbreviations: N, number of subjects; N/A, not available/applicable.
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Table 5 Main Clinical Trials of Remimazolam for Sedation in General Anesthesia

Author Phase | N Dose of remimazolam Age Primary Comparator | Co- Location | Results
(Year) (years) | endpoint treatment (s)
Doi et al 1Ib/1I 391 | Initial dose: 6 mg/kg/h or 12 mg/ | =2 20 Efficacy and safety | Propofol was Remifentanil Japan Remimazolam showed well tolerated and non-
2020%° kg/h started at 2.0— | (0.25 and 0.5 inferior to propofol in term of efficacy as
Maintenance dose: 1-2 mg/kg/h 2.5 mglkg, ug/kg/min, a sedative for general anesthesia, but the time to
followed by 4— | maintained by LoC, recovery, and extubation were both longer
10 mg/kg/h 0.25-2.0 pg/kg/ than propofol
min)
Doi et al 1 67 Initial dose: 6 mg/kg/h or 12 mg/ | =2 20 Efficacy and safety | N/A N/A Japan Remimazolam could be used safely and effectively in
2020°° kg/h high-risk surgical patients (ASA Class Ill), time to
Maintenance dose: 1-2 mg/kg/h LoC was significantly shorter with dose of 12 mg/
kg/h
Chae et al 1 120 | Six dose groups of 0.02, 0.07, >18 Determine the N/A N/A Korea A bolus injection of remimazolam can be
2022 0.12, 0.17, 0.22, and 0.27 mg/kg ED50 and ED95 administered safely without causing significant
Of IV hemodynamic instability. The optimal doses of
remimazolam for 0.25-0.33, 0.19-0.25, and 0.14-0.19 mg. kg-1 in
LoC 95% patients aged <40, 60-80, and >80 years
Shimamoto | N/A 76 Initial dose: 0.2 mg/kg 20-80 | Efficacy and safety | Propofol was Fentanyl citrate | China Remimazolam tosilate can provide satisfactory
et al 2022°2 Maintenance dose: 1-2mg/kg/h started at (3 pglkg, anesthetic effects for EVL and combination with
2 mg/kg, maintained by flumazenil can induce quick recovery from
followed by 4— | remifentanil anesthesia
10 mg/kg/h 0.25 pg/kg/min)

Abbreviations: N, number of subjects; N/A, not available/applicable.
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Dosing guidelines for the induction of general anaesthesia should consider not only the loss of consciousness (LoC)
but also safety issues.”’ The above two clinical trials conducted in Japan demonstrated that the most effective and safe
dose for continuously infusing remimazolam for general anaesthesia is 6 or 12 mg/kg/h until LoC is noted and then
maintenance at doses of 1-2 mg/kg/h.***® A dose-finding and safety study evaluated the intravenous administration of
bolus remimazolam during anaesthesia induction (NCT04901871) and reported that LoC and respiratory depression were
dose-dependent and that elderly patients were more vulnerable to LoC and respiratory depression as compared with
younger patients. Dose estimation was based on ED95; the authors recommended optimal doses of 0.25-0.33, 0.19-0.25,
and 0.14-0.19 mg/kg in patients aged <40, 60-80, and >80 years. The study results suggested that bolus injection of
remimazolam can be administered safely without causing significant hemodynamic instability.”' Moreover, remimazolam
was proven effective for use in general anaesthesia among patients undergoing cardiac surgery by reducing hemodynamic
fluctuations; moreover, the amount of norepinephrine was significantly lower, as compared with that in the propofol
group.”>** It was concluded that remimazolam can safely avoid the risk of cardiac suppression when used in general
anaesthesia among patients with severe aortic stenosis.>

RT was first compared with propofol for use in general anaesthesia among patients with liver cirrhosis (ASA class 11
or IIT) undergoing endoscopic variceal ligation (EVL) (ChiCTR2100045710). Patients were randomly administered
a bolus of 0.2 mg/kg of remimazolam for induction and then 1-2 mg/kg/h for maintenance (n=38); otherwise, they
were induced with a bolus of 2.0 mg/kg of propofol and then given 4-10 mg/kg/h for maintenance (n=38). A bolus of
0.5 mg flumazenil was administered to the remimazolam group at the end of surgery.”> The time to LoC (MOAA/S score,
<1) was longer in the remimazolam group than in the propofol group (65.9+4.7 vs 45.7£5.3 s, P>0.05). However, the
time to return of consciousness (MOAA/S score, >4) (67.149.6 vs 503.3£59.6 s, P<0.05) and time to extubation (115.7
+12.5 vs 524.7+£57.8 s, P<0.05) were significantly shorter in the remimazolam group than in the propofol group.
Bispectral index (BIS) scores were higher in the remimazolam group (P<0.05), whereas the fluctuation of mean arterial
BP and HR and the incidence of postoperative low SpO2 were lower in the remimazolam group than in the propofol
group (P<0.05). The study showed that the administration of RT + flumazenil was a better alternative than propofol for
general anaesthesia in cirrhotic patients during EVL.>

Recently, a study assessed the factors affecting prolonged time to extubation in patients administered remimazolam.>®
Patients were induced with a bolus dose of 1 mg/kg of remimazolam and maintained with 0.2-1.0 mg/kg/h of
remimazolam. The patients were divided into two different groups [long period group (LP), > 15 min, n=31; and short
period group (SP), <15 min, n=34] based on the time to extubation. The LP group patients had older age, a higher BMI,
and lower plasma albumin concentrations as compared with those in the SP group (P<0.05). There were no significant
differences in sex, body weight, height, ASA class, total duration of general anaesthesia, duration of surgery, or the total
dose of remimazolam administered (P > 0.05). Logistic regression analysis demonstrated that patients with a BMI of
>22.0 kg/m?, age >79.0 years, and plasma albumin concentration of <3.60 g/dl exhibit increased time to extubation and
that lower doses of remimazolam should be administered to these patients.’® A phase III trial on general anaesthesia to
explore the possibility of weight-independent dosing is underway in Europe (NCT 03661489).°" All of the clinical
studies confirmed the safety and efficacy of remimazolam in the induction and maintenance of general anaesthesia

without any serious AEs.*~°

Sedation in Pediatric or Other Medical Procedures

Only a few studies have reported on the use of remimazolam in pediatric procedures since it was introduced in the market
(Table 6).%® Despite its potential advantages, remimazolam is not approved for use in children. Horikosi et al reported on
the use of remimazolam in general anaesthesia in a 4-year-old patient with Duchenne muscular dystrophy.>® Petkus et al
also reported its use as an adjunct to propofol in general anaesthesia in a 6-year-old girl with a suspected family history
of malignant hyperthermia; they reported that remimazolam reduced the dose of propofol with a rapid recovery.”®
Moreover, remimazolam was successfully used in a 12-year-old girl who required supratentorial glioma resection in
general anaesthesia under intraoperative direct cortical motor-evoked potential monitoring. Remimazolam was found to
be beneficial in maintaining the stability of cardiovascular system.®® Remimazolam could be used in a pediatric patient
with mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-like episodes (MELAS) syndrome in general
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Table 6 Main Articles About Other Clinical Application of Remimazolam

Author Procedure Dose Age Primary | Comparator | Co-treatment Results
(Year) (years) | endpoint
Horikoshi | Single-incision laparoscopic Induction: 4 Safety N/A Fentanyl (100 pg), Remimazolam can be safely used for general anesthesia in
et al percutaneous extraperitoneal closure | 3 mg maintained by a pediatric patient with DMD
2021°° in a pediatric with DMD Maintenance: remifentanil 1.0 pg/kg/

15mg/h min
Petkus Dental rehabilitation procedure in 5-7 pglkg/min | 6 Safety N/A Propofol (50 pg/kg/min) | Remimazolam was effective as an adjunct to propofol
Hetal a pediatric suspected with family during general anesthesia in a pediatric suspected with
2022°8 history of MH family history of with MH
Kamata, Supratentorial glioma resection under | 0.9 mg/kg/h 12 Safety N/A Remifentanil (0.35 pg/ Direct cortical MEP was successfully recorded in the
Ketal dc-MEP monitoring kg/min) pediatric patient under remimazolam anesthesia with
2022%° cardiovascular stability
Yamadori, | Open gastrostomy in a pediatric with | Induction: 10 Safety N/A Remifentanil (0.3 pg/kg/ | Remimazolam could be used in a pediatric with MELAS
Yetal MELAS 0.2 mg/kg min) under general anesthesia without causing seizures and
2022¢ Maintenance: delayed emergence

2.0mg/kg/h

Abbreviations: ERCP, endoscopic retrograde cholangiopancreatography; MELAS, mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-like episodes; DMD, Duchenne muscular dystrophy; N, number of subjects; N/A, not
available/applicable.
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anaesthesia without causing seizures and delayed emergence.®' Furthermore, we searched four clinical trials assessing the
use of remimazolam for sedation in pediatric patients at ClinicalTrials.gov (NCT04621305, NCT04851717,
NCT04720963, and NCT05527314).°%%

The use of remimazolam in a patient with MELAS who underwent MitraClip implantation is of particular interest,
and the study results may provide new insights into sedation for patients with MELAS syndrome having heart failure.®®
The successful use of remimazolam in tracheostomy has been reported in a patient with amyotrophic lateral sclerosis,
a patient with mitochondrial encephalomyopathy who underwent cochlear implantation, and patients who underwent
hysteroscopy.®”® Further clinical trials or case reports that shed light on the use of remimazolam in clinical practice are
expected in the coming years.

ICU Sedation

Remimazolam is eliminated by first-order pharmacokinetics and rapidly hydrolysed by tissue esterase enzymes to an
inactive metabolite (CNS 7054) in the body, which may reduce the burden on the liver and kidney, making it suitable for
use as an intravenous anesthetic and a sedative for use in the ICU.*'*7° A phase II study on the preclinical profile of
remimazolam and the pharmacokinetics of 49 Japanese patients admitted to the ICU showed that all patients were
successfully sedated and no significant AEs were reported; seven of those patients who received continuous infusions of
>24 h had higher than expected plasma remimazolam concentrations.”’ The change in remimazolam CL was not related
to the cumulative dose but rather to time; the remimazolam CL decreased by 25% after infusion for 22 h. The time-
related changes in the high plasma concentrations in CL indicated some level of tolerance development if the
remimazolam treatment was administered for 1 day or more; however, high concentrations in patients admitted to the
ICU will not cause excessive sedation if they are treated for <24 h.”* A study evaluated patient tolerance to long-term
sedation with remimazolam in a miniature pig model and reported that remimazolam dose increases over 28 days (0—
3-fold increase) were lower than those for midazolam (2—4-fold increase), albeit in the same range; moreover, the
tolerance to remimazolam after 28 days of sedation was weaker than that to midazolam, indicating that the dose increase
of remimazolam in the patients may have been lower than that of midazolam.”

Owing to shortages in hypnotic sedative medications resulting from the COVID-19 crisis, remimazolam was
approved for compassionate use in ICU sedation in August 2020 in Belgium.'> The safety and suitability of remima-
zolam for prolonged sedation in critically ill patients admitted to the ICU remains to be confirmed. In 2021 in China, RT
for injection was approved for sedation in phase II and III clinical trials in ICU (Acceptance number: CXHL2101106).
Currently, a few clinical trials (NCT04947345, NCT04815265, ChiCTR2100053106) that are underway are recruiting
participants for evaluating the efficacy and safety of remimazolam for sedation in patients admitted to the ICU with
mechanical ventilation; however, the trials have not reported any findings yet.”%7*7%

Safety Data

The most frequently reported AEs in procedural sedation include fluctuations in BP and HR, respiratory depression, body
movement, nausea or vomiting, and dizziness or headache; however, these AEs are generally mild and require no reversal
treatment.'>*>4%7 Remimazolam is associated with a low risk of hypotension and respiratory depression and injection

38,80
1,7

site pain in procedural sedation as compared with propofo and pre-treatment with remimazolam is known to reduce

the incidence and intensity of propofol-induced injection pain.®' Furthermore, there were no significant differences in the
treatment-related AEs of remimazolam and midazolam.*'**

The most common treatment-emergent AEs reported in the induction and maintenance of general anaesthesia include
hypotension, bradycardia, tachycardia, hypoxia, and vomiting and nausea." However, the incidence of requiring vaso-
pressor treatment for hypotension was lower with remimazolam than with propofol; moreover, bradycardia required
treatment, and the injection site pain was lower with remimazolam than with propofol. Remimazolam decreased the
incidence of hypotension and low SpO,.**>* The safety data of ASA class III patients were in line with the correspond-
ing data from patients with ASA class I and II.°° Remimazolam could reduce the incidence of postoperative nausea and
vomiting in the patients after laparoscopic gynaecological surgery under general anaesthesia as compared with desflurane

(27% vs 60%, P=0.02) during the early postoperative period.*?
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A randomized crossover trial to evaluate the abuse liability of intravenous remimazolam concluded that remimazolam
cannot cause abuse via injection; single intravenous doses of 5 mg and 10 mg were comparable to or lower than
midazolam (a drug known to have a low potential for intravenous abuse) doses of 2.5 mg and 5 mg in terms of the abuse
potential owing to the shorter time-averaged positive effects and the patients’ lower willingness to take the drug again.®?

In short, remimazolam exerts little influence on the circulatory and respiratory systems with a small fluctuation range
of BP and HR and causes no fatal, serious, or severe AEs during the infusion phase; moreover, remimazolam was safe
and well-tolerated in all the assessed studies,*>>>-238:49-30-79-80.83 The y15¢ of remimazolam is recommended in combina-
tion with saline, and its use in combination with Ringer’s acetate solution should be avoided because it does not

completely dissolve in this solution and forms a precipitate.***>

Conclusion

In conclusion, remimazolam is a novel rapidly metabolized BDZ that combines the structural features of midazolam and
remifentanil; its characteristics include a rapid onset of action, an ultra-short duration, fast recovery time without serious
drug-related AEs, and good tolerance. It has broad application prospects as an effective and safe sedative for procedural
sedation, induction and maintenance of general anaesthesia, and sedation in patients admitted to the ICU and also has
potential for use in the sedation of pediatric patients. However, further studies are warranted to assess the efficacy and
safety of long-term sedation with remimazolam and the sedation of specific conditions in patients admitted to the ICU.
Moreover, future studies should aim to explore the optimal dose of remimazolam in different clinical scenarios.
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