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A novel ultra-short-acting benzodiazepine (BDZ), remimazolam (CNS 7056), has been de-
signed by ‘soft drug’ development to achieve a better sedative profile than that of the cur-
rent drugs. Notably, the esterase linkage in remimazolam permits rapid hydrolysis to inacti-
vate metabolites by non-specific tissue esterase and induces a unique and favorable phar-
macological profile, including rapid onset and offset of sedation and a predictable duration
of action. Similar to other BDZs, its sedative effects can be reversed using flumazenil, a BDZ
antagonist. The pharmacokinetics and pharmacodynamics of remimazolam are character-
ized by relatively high clearance, small steady-state volume of distribution, short elimination
half-life, short context-sensitive half-life, and fast onset and recovery, indicating rapid elimi-
nation, minimal tissue accumulation, and good control. In addition, remimazolam possesses
a superior safety profile, including low liability for cardiorespiratory depression and injection
pain, making it a preferred hypnotic agent in various clinical settings. Early clinical investiga-
tions suggest that remimazolam is well tolerated and effective for procedural sedation and
for induction and maintenance of general anesthesia. To date, however, the clinical use of
remimazolam has been confined to a few volunteer studies and a limited number of clinical
investigations. Therefore, further studies regarding its recovery issues or postoperative com-
plications, characteristics of electroencephalogram changes, and cost-benefit analyses are
required to facilitate its widespread use.

Keywords: Benzodiazepine; Hypnotic; Pharmacodynamics anesthesia; Pharmacokinetics;
Remimazolam; Sedation.

INTRODUCTION

Similar to midazolam, remimazolam enhances y-amino-
butyric acid A (GABA,) receptor activity to induce cell mem-

Remimazolam besylate (Byfavo injection in South Korea,
Anerem® in Japan, Aptimyda™ in EU, ByFavo™ in the USA,
and Ruima® in China) is a water-soluble, ultra-short-acting
intravenous (IV) benzodiazepine (BDZ). It has recently been
approved as a general anesthetic (in January 2020 in Japan
and January 2021 in South Korea) and for use in procedural
sedation (in July 2020 in the USA and China, March 2021 in
Europe, and August 2021 in South Korea) in adults [1].

brane hyperpolarization, thereby inhibiting neural activity
via an increase in chloride influx [2]. In addition, it is a soft
drug designed to incorporate a carboxylic ester moiety into
the BDZ core (Fig. 1) [3]. With such structural modifications
similar to remifentanil, remimazolam is rapidly hydrolyzed
to a pharmacologically inactive metabolite (CNS 7054) via
non-specific tissue esterase activity (Fig. 2) [4,5], which leads
to the fast onset and offset of sedation and predictable dura-
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tion of action. Similar to other BDZs, flumazenil can be used
to reverse the sedation effect of remimazolam [6]. Owing to
its favorable properties, including rapid onset, organ-inde-
pendent metabolism, short duration of action, predictable
recovery, availability of a reversal agent, and a superior safe-
ty profile similar to other BDZs in terms of hemodynamic
stability, remimazolam appears to have several advantages
over currently available short-acting sedative drugs [1,7].

In this review, the pharmacokinetic and pharmacody-
namic characteristics and clinical applications of remima-
zolam have been discussed along with the currently avail-
able literary evidence.

PHARMACOLOGICAL CHARACTERISTICS
Pharmacokinetics

The pharmacokinetic properties of IV remimazolam have
been investigated in previous phase I studies involving
healthy volunteers administered single bolus injection [8,9]
and continuous infusion [10,11], and it was found that remi-
mazolam exhibits a relatively high clearance, a small steady-
state volume of distribution (V,;), a short elimination half-
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Fig. 1. Molecular structures of midazolam and remimazolam [3].

life, a short context-sensitive half-life (CSHT), first-order,
and linear pharmacokinetics. The major pharmacokinetic
properties of remimazolam are summarized in Table 1.

The initial phase I dose-finding study, the first human trial
of remimazolam, was conducted to compare the pharmaco-
kinetics of remimazolam (0.01-0.30 mg/kg administered
over 1 min) with that of midazolam (0.075 mg/kg adminis-
tered over 1 min) [8]. The mean V,, of remimazolam was 34.8
L, whereas that of midazolam was 81.8 L. In addition, the
elimination clearance of remimazolam was approximately
three times that of midazolam (70.3 vs. 23.0 L/h) and inde-
pendent of body weight. The mean residence times of remi-
mazolam and midazolam were 0.51 h and 3.62 h, respective-
ly; the terminal half-life values were 0.75 h and 4.29 h, re-
spectively. A subsequent pharmacokinetic analysis that in-
cluded data from 20 healthy male volunteers receiving con-
tinuous remimazolam infusion (5 mg/min for 5 min, fol-
lowed by 3 mg/min for 15 min and 1 mg/min for 15 min)
showed similar profiles to those of an earlier phase I study
involving IV bolus injection of remimazolam [10]. The anal-
ysis revealed a small V, (35.4 L/h), high elimination clear-
ance (1.15 L/min), short half-life (70 min), and first-order
linear pharmacokinetics.

Remimazolam is rapidly and extensively metabolized by
tissue esterase (chiefly, liver carboxylesterase) to a pharma-
cologically inactive carboxy acid metabolite (CNS 7054),
which has approximately 300 times lower affinity than that
of its parent compound [5,12,13]. Simultaneous pharmaco-
kinetic analysis of CNS 7054 and remimazolam revealed that
CNS 7054 has a pharmacokinetic profile with smaller vol-
ume of distribution, slower clearance rate, and longer mean
residence time than those of remimazolam [10]. In addition,
a recent trial using a 3D bioreactor system to investigate the
long-term stability of remimazolam metabolism in human
liver cells demonstrated that continuous infusion of remim-

azolam over 5 days exhibited a stable metabolism and had
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Fig. 2. Metabolism of remimazolam (CNS 7056) to the inactive metabolite (CNS 7054) [5].
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Table 1. Summary of the Major Pharmacokinetic Parameters of Remimazolam in Healthy Volunteers

Stud Treatment  Remimazolam dose and Terminal elimi-
Study (yr) y ) PK model Vg (L) CL (L/min)  nation half-time
population group duration (min)
Antonik etal. Healthy Remimazolam 0.01-0.3 mg/kg Recirculatory 348 £ 9.4 1.17 £ 0.23 45,0 £ 9.0
(2012) [8] volunteers ~ Midazolam 1 min model
Wiltshireetal. (n = 81) Placebo
(2012) [17]
Zhou et al. Healthy Remimazolam 0.01-0.45 mg/kg Three compart- 35.3 149 £ 19 Not reported
(2018) [9]* volunteers ~ Midazolam 1 min ment mammil-
(n=79) lary model
Schdttler et al. Healthy Remimazolam 5 mg/min for 5 min, fol- Three compart- 354 + 42 1.15 + 0.12 70.0 £ 10.0
(2020) [10] volunteers lowed by 3 mg/min for ~ment mammil-
(n = 20) 15 minand 1 mg/min  lary model
for 15 min
Shengetal. Healthy Remimazolam 0.025-0.4 mg/kg Noncompart- 900.0-1,739.0 16.9-20.0 34,1-59.8
(2020) [11] volunteers ~ Midazolam (SAD study) mental model (SAD study)" (SAD study)*
(n =62) Placebo 0.2 mg/kg/min, followed 160.0-229.0 0.8-1.3

by 1-2 mg/kg/h
(infusion study)

(infusion study) (infusion study)

Data are presented as the mean+SD or range. SAD: single ascending dose, PK: pharmacokinetics, V,: steady-state volume of distribution,
CL: clearance. *Remimazolam tosylate, a slightly different salt form of remimazolam, was used. "The unit is ml/kg. *The unit is ml/min/kg.

no harmful effects on metabolic activity and integrity of liver
cells [13].

Remimazolam is predominantly excreted in urine. After
24 h of remimazolam injection (0.2 or 0.3 mg/kg IV), more
than 80% of the dose was detected in urine as a metabolite
and less than 1% of the original dose was detected as un-
changed drug [14]. The plasma protein binding of remima-
zolam was approximately 92%, predominantly serum albu-
min [1].

The simulated mean CSHT, which is the time required for
the drug plasma concentration to decrease by 50% after each
infusion stop, obtained from pharmacologic analysis has re-
vealed that the offset of remimazolam after the cessation of
infusion was faster than that of midazolam but similar to
that of propofol [15,16]. After 3 h of constant rate infusion,
the CSHT of remimazolam was approximately 7.5 min vs. 40
min and 7.5 min for midazolam and propofol, respectively
[15,17]. Notably, the CSHT of remimazolam appeared to be
relatively independent of the infusion duration, reaching its
maximum after 2 h of constant rate infusion, whereas the
CSHT of midazolam increased as the duration of infusion
increased [17].

One important factor to consider is how the pharmacoki-
netic properties of remimazolam are altered in various pop-
ulations, particularly in elderly patients and those with renal
or hepatic impairment. The pharmacokinetic properties
were not significantly different between the elderly (median

age: 66.0 years) vs. young (median age: 21.0 years) patients
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[18], patients with normal renal function (estimated glomer-
ular filtration rate [eGFR] = 90 ml/min/1.73 m?) vs. those
with end-stage renal failure (eGFR < 15 ml/min/1.73 m?),
and patients with normal hepatic function vs. those with
mild/moderate hepatic dysfunction (Child-Pugh class A and
B) [19]. In contrast, the area under the concentration-time
curve value from zero to infinity (AUC,,,;) was higher and
clearance was lower in patients with severe hepatic impair-
ment (Child-Pugh class C) than those in normal healthy vol-
unteers (38.1%, both). Consequently, remimazolam expo-
sure may be increased, and elimination may be prolonged
in patients with severe hepatic impairment; therefore, care-
ful dosage adjustment is recommended for these patients
[19]. However, these pharmacokinetic analyses were per-
formed using sparse data from small populations; hence,
large-scale randomized controlled studies are needed to
clarify the safety profile of remimazolam in the aforemen-
tioned populations.

Pharmacodynamics

IV administration of remimazolam enhances the activity
of y-subunit-containing GABA, receptors, and consequently
initiates cell membrane hyperpolarization and subsequent
neural activity inhibition via an increase in chloride influx
[20]. Similar to midazolam, remimazolam enhances GABA,
currents in cells stably transfected with GABA, receptor sub-
types (al, a2, a3, or a5); it does not have clear selectivity for
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different subtypes [5].

Pharmacodynamic analyses of sedative effect of remima-
zolam based on various parameters such as the electroen-
cephalogram (EEG) beta ratio, bispectral index (BIS), Nar-
cotrend index, and Modified Observer’s Assessment of
Alertness/Sedation (MOAA/S) scores [21] showed a rapid
onset and offset and dose-related depth and duration of se-
dation (Table 2) [8-11,17,22]. In a single ascending-dose
study of healthy volunteers, fast onset and dose-dependent
sedation assessed by MOAA/S scores were observed after IV
injection of remimazolam at a concentration of 0.5 mg or
higher. In addition, 0.075-0.20 mg/kg of IV remimazolam in-
duced more rapid peak sedation (within 1-4 min after injec-
tion) and deeper sedation than 0.075 mg/kg of IV midazol-
am (MOAA/S score < 2 vs. 3-4, respectively) as well as faster
median recovery time (5-20 min vs. 40 min, respectively) [8].
Later, a phase I study found that a continuous remimazolam
infusion (induction with 0.2 mg/kg of remimazolam over 1
min and subsequent maintenance with 1.0 mg/kg/h for 2 h)
resulted in deeper sedation and more rapid recovery than
those of midazolam (0.15 mg/kg over 1 min and subsequent
2-h maintenance with 0.05 mg/kg/h) [11]. Furthermore, a
pharmacodynamic study involving healthy male volunteers
found that the MOAA/S score quickly decreased from 5 to <
2 (i.e., full alertness to loss of consciousness) within 5 min of
commencing a 35-min remimazolam infusion, and full

alertness was achieved after 19 min of cessation of the infu-

sion [10].

A recent time-to-event modeling analysis using various
clinical trial data demonstrated that the non-cumulative
sedative effect of remimazolam was observed for approxi-
mately 9 h even when administered during general anesthe-
sia [23]. These results could be explained by the rapid offset
and short CSHT of remimazolam [10].

1. Effects on EEG-derived hypnotic index

In modern anesthesia practice, processed EEG-based
hypnotic depth indicators have been widely used to assess
the sedative effect of anesthetic drugs, particularly for IV an-
esthetics because of greater interindividual variability than
inhalation anesthetics [24]. Thus, assessment of the effects
of remimazolam on EEG-derived hypnotic indices during
anesthesia is a crucial practical issue.

A previous study revealed that the EEG changes after IV
bolus of midazolam (0.2 or 0.3 mg/kg) were predominantly
beta activation, particularly in the frontal lobe, and these re-
sulted in BIS values remaining around 60 [25]. At present,
the EEG changes produced by remimazolam have not been
fully clarified. In a phase I study of 20 healthy volunteers, the
EEG changes during remimazolam infusion were character-
ized by an initial transient power increase in the beta fre-
quency band and a subsequent power increase in the delta
frequency band; isoelectric EEG patterns or burst suppres-

sion were not evident [22].

Table 2. Summary of the Major Pharmacodynamic Parameters of Remimazolam in Healthy Volunteers

Study Remimazolam dose and

Time to onset Time to peak Mean recovery

Study (1) population Treatment group duration PD measure (min) sedation (min)  time (min)
Antonik etal.  Healthy Remimazolam  0.01-0.3 mg/kg MOAA/S, BIS <1 1-4 55-315
(2012) [8] volunteers Midazolam 1 min
n=72 Placebo
Wiltshire et al. ( )
(2012) [17]
Zhou et al. Healthy Remimazolam* 0.01-0.45 mg/kg MOAA/S, BIS <2 <4 21.5
(2018) [9]* volunteers Midazolam 1 min
(n = 65)
Schttler et al. Healthy Remimazolam 5 mg/min for 5 min, fol- MOAA/S, BIS, EEG <5 5.0 = 1.0 197
(2020) [10] volunteers lowed by 3 mg/min for  beta ratio, Nar-
. . (n = 20) 15 minand 1 mg/min  cotrend index
Eisenried et al. for 15 min
(2020) [22]
Shengetal.  Healthy Remimazolam  0.025-0.4 mg/kg MOAA/S, BIS <1 1-2 12.3-25.0
(2020) [11] volunteers Midazolam (SAD study)
(n = 62) Placebo

1-2 mg/kg/h

(Infusion study)

0.2 mg/kg/min, then

Data are presented as the mean = SD or range. SAD: single ascending dose, PD: pharmacodynamics, MOAA/S: Modified Observer’s
Assessment of Alertness/Sedation, BIS: bispectral index, EEG: electroencephalogram. *Remimazolam tosylate, a slightly different salt form

of remimazolam, was used.
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The BIS algorithm was optimized to yield an approximate-
ly linear and monotonic response to increasing doses of
propofol. In contrast, the depth of sedation and the BIS in-
dex were weakly correlated for midazolam than for propofol
[26]. Moreover, the databases used to develop the BIS index
did not include EEG data from patients under remimazolam
anesthesia. To date, the proper range of the EEG-derived
hypnotic index for remimazolam anesthesia have not been
clearly demonstrated [2]. Furthermore, the Narcotrend in-
dex, one of the EEG-derived hypnotic indices, exhibited a
relatively weak relationship with the MOAA/S score in vol-
unteers receiving remimazolam [22].

Consequently, further studies investigating the character-
istics of EEG induced by remimazolam and the effects of
remimazolam on EEG-derived hypnotic indices are required
to determine appropriate levels of hypnosis during anesthe-
sia and sedation with remimazolam.

Target-controlled infusion (TCl)

Target-controlled infusion is a method of infusing IV drugs
while maintaining a user-defined predicted drug concentra-
tion. It has been used for more than two decades in clinical
anesthesia practice to administer hypnotics and opioids [27].
In particular, TCI is a well-established technique for propo-
fol sedation and anesthesia. The TCI system is also available
for administration of remifentanil, an ultra-short-acting
drug, even if the benefit of TCI is less obvious compared to
that of manual infusion [28]. There is also a controversy
about TCI application to remimazolam, another ul-
tra-short-acting drug with a short half-life, high clearance,
and V,, which would usually be titrated by adjusting the in-
fusion rate [22,29].

However, a previous trial revealed that in simulations of
TCI with several anesthetics, steady-state concentration af-
ter remimazolam infusion and propofol infusion was
achieved after approximately 60 min and more than 60 min,
respectively, whereas it took approximately 10 min after
remifentanil infusion [22]. These findings indicate that the
clinical application of TCI for the administration of remima-
zolam would be reasonable and beneficial [22,29]. In princi-
ple, pharmacokinetic/pharmacodynamic (PK/PD) parame-
ters estimated using a multi-compartment mammillary
model are required to administer drugs via the TCI method
using the currently available equipment [29]. A PK/PD mod-
el for remimazolam using a multi-compartment mammary

model has been introduced. However, this model has been
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developed in 20 healthy male volunteers only [10,22]. The
PK/PD model only applies when the clinical conditions and
patient characteristics match those of the subjects in the
model development group. Consequently, the above-men-
tioned model is also not suitable for administration of remi-
mazolam via the TCI method in various surgical populations
[10,22]. Even though a population PK/PD model using a
multi-compartment mammillary model was constructed in
surgical patients, this model is not suitable for the currently
available TCI system because the clearance parameter was
estimated to change over time [30]. Therefore, new compart-
mental PK/PD models should be developed in diverse pop-
ulations and clinical settings for wide applications of TCI to
administer remimazolam.

CLINICAL APPLICATIONS OF
REMIMAZOLAM

Remimazolam for procedural sedation

Procedural sedation is used to allow effective completion
of diagnostic or therapeutic procedures that may be uncom-
fortable for patients or painful [31]. It is thought that ideal
characteristics of the hypnotic agents used for procedural
sedation include fast onset of action and recovery, minimal
residual sedation, ease of use, and few adverse effects [7].
The major characteristics of three widely used sedatives in
modern anesthesia practice are summarized in Table 3. BDZ
sedatives, including midazolam that is considered to be the
gold standard, have been frequently used because of their
faster onset and high amnestic potential. However, active
metabolite of midazolam is a potent sedative [7] that may
prolong the sedation time. In contrast, remimazolam has a
rapidly hydrolyzed ester linkage that produces an inactive
metabolite; therefore, it seems to be an ideal sedative in
terms of minimal residual sedation and organ-independent
metabolism.

In comparison to midazolam, remimazolam as a sedative
for procedural sedation (typically supplemented by an opi-
oid) produces rapid-onset sedation and clear-headed recov-
ery with low liability for blood pressure perturbation and re-
spiratory depression [7,32-34]. In a phase III study compar-
ing the efficacy and safety of remimazolam with those of
midazolam, a total of 461 patients who underwent colonos-
copy were randomly assigned to one of the three study arms
(5 mg remimazolam with supplementary doses of 2.5 mg

remimazolam, midazolam, or placebo plus midazolam res-
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Table 3. Major Characteristics of Propofol, Midazolam, and Remimazolam as Intravenous Hypnotics for Anesthesia and Sedation

Characteristics Propofol Midazolam Remimazolam
Ready-to-use injectable formulation + + -
Free from pain on injection - +
Free from liability for cardiovascular and respiratory depression - +
Active metabolite - + -
Availability of a reversal agent - +
Short context-sensitive half-time + -
Onset (min) <1 3-5 1-2
Recovery (min) 10 20-80 10-40
Metabolism Hepatic/extrahepatic Hepatic Hydrolysis by tissue esterase
Protein binding (%) 98 97 92

+ and - represent the presence and absence of the relevant characteristics, respectively.

cue) [33]. Procedural success was defined as the completion
of colonoscopy without a rescue sedative; it was achieved in
91.3, 25.2, and 1.7% of patients receiving remimazolam,
midazolam, and placebo plus midazolam rescue, respec-
tively. In addition, compared with those who received mid-
azolam, fewer patients who received remimazolam experi-
enced hypotension and showed faster recovery. These find-
ings indicate that remimazolam can be administered safely
for procedural sedation, and it permits fast recovery of neu-
ropsychiatric function compared with midazolam.

Propofol is another sedative frequently used for procedur-
al sedation. Although it has a rapid onset of action and a
very short half-life, it precipitates more adverse events, nota-
bly possible hypotension, respiratory depression, bradycar-
dia, and pain upon injection. Therefore, there is a need for
safer sedatives while ensuring their efficacy [35]. Clinical
studies comparing efficacy and safety of remimazolam vs.
propofol for procedural sedation suggested that remimazol-
am was non-inferior in terms of sedative efficacy and exhib-
ited better safety profile than that of propofol [32,34,36].
Chen et al. [32] demonstrated that the procedure success
rate in the remimazolam group was similar to that in the
propofol group (96.91% vs. 100%, respectively) in 384 pa-
tients who underwent colonoscopy [32]. The safety assess-
ment revealed that the total number of adverse events was
lower in the remimazolam group than in the propofol group;
in particular, injection site pain, increased bilirubin, de-
creased respiratory rate, and hypoxia were less frequent in
patients receiving remimazolam. Similar findings were re-
ported in another non-inferior study performed on patients
who underwent upper gastrointestinal endoscopy [34]. In
summary, remimazolam and propofol had similar success

rates for sedation, but remimazolam had a more favorable

6

safety profile than that of propofol.

In addition, a patient’s physical status affects safety and
recovery from procedural sedation; a higher American Soci-
ety of Anesthesiologists (ASA) physical status classification is
associated with a higher risk of adverse periprocedural
events [37]. A randomized trial involving patients who un-
derwent high-risk colonoscopy found that the efficacy and
safety data of remimazolam for procedural sedation of high-
risk ASA patients were comparable to those with low-risk
ASA [38]. These results indicate remimazolam to be equally
efficient and safe for procedural sedation in patients with
low- and high-risk ASA.

Taken together, remimazolam can be used as a safe and
effective alternative to other widely-used sedatives, such as
midazolam and propofol, for IV sedation in patients under-
going various procedures. Further clinical studies with re-
spect to the quality of patient experience, new formulations
(for example, intranasal or inhalation), and post-market
cost-benefit analyses are important factors in acquiring the
widespread use of remimazolam in procedural sedation.

1. Dosage and administration

To induce and maintain procedural sedation in adults,
remimazolam dosage should be titrated and individualized
to achieve the desired clinical response. IV remimazolam
was used at a dose of 5 mg over 1 min for induction. Supple-
mental IV doses of remimazolam (2.5 mg) over 15 s with > 2
min between doses can be given, if required. The recom-
mended dosage should be reduced in patients with ASA
class III/IV as follows: an induction dose of 2.5-5 mg remim-
azolam and top-up doses of 1.25-2.5 mg on the basis of pa-
tient’s general condition and at the physician’s discretion
[39,40].

www.anesth-pain-med.org



Remimazolam for anesthesia and sedation

The prescribing information for remimazolam specifies
cautions related to sedation, such as hypoxia, bradycardia,
and hypotension [40]. Accordingly, remimazolam should
typically be administered by personnel trained in the ad-
ministration of procedural sedation. Before administration
of remimazolam, drugs, personnel, and equipment for mon-
itoring and resuscitation should be prepared. Continuous
monitoring of vital signs must be performed during proce-
dural sedation and during the entire recovery period.

Remimazolam for general anesthesia

The introduction of remimazolam in clinical practice pro-
vides a chance to reappraise BDZ as a principal anesthetic
for general anesthesia. IV remimazolam, which was used as
the hypnotic component of total intravenous anesthesia
(TTIVA), was as effective as propofol and showed superior
safety profile for the induction and maintenance of general
anesthesia in surgical patients with ASA class I/II [41]. Remi-
mazolam (6 or 12 mg/kg/h IV infusion, n = 150 or 150, re-
spectively) was administered for induction followed by 1
mg/kg/h of initial maintenance dose. A third group of pa-
tients received a standard dose regimen of IV propofol (2.0-
2.5 mg/kg/h, followed by 4-10 mg/kg/h) (n = 75). All pa-
tients were administered 0.25-0.5 pg/kg/min of remifentanil
during the entire study period. The primary efficacy end-
point, defined as no rescue sedative requirement, absence of
intraoperative awakening or recall, and no body movement,
was accomplished in all three groups of patients, thereby
achieving noninferiority. The mean time to loss of con-
sciousness and time to extubation were significantly longer
for patients treated with remimazolam than in patients treat-
ed with propofol (102.0 s for 6 mg/kg/h remimazolam and
88.7 s for 12 mg/kg/h remimazolam vs. 78.7 s for propofol,
and 19.2 and 19.2 min vs. 13.1 min, respectively) [41]. In
contrast, compared with propofol, remimazolam regimens
exhibited excellent safety profile. The patients in the remim-
azolam groups (35.3% and 34.7%, respectively) experienced
fewer hypotensive-specific events than those in the propofol
group (60.0%). Fewer patients in the remimazolam groups
needed vasopressors (40.0% and 42.7%, respectively) or
treatment for bradycardia (6.0% and 6.7%, respectively) than
in the propofol group (64.0% required vasopressors and 9.3%
required treatment for bradycardia).

Subsequent randomized comparative trials confirmed
that remimazolam would be a more useful agent as the hyp-
notic component of TIVA, particularly when used for clini-
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cally vulnerable patients. Interestingly, both induction regi-
mens (6 and 12 mg/kg/h) were equally efficient and safe in
67 high-risk surgical patients [42]. In addition, an unpub-
lished clinical study comparing remimazolam with propofol
suggested that remimazolam had better hemodynamic sta-
bility and similar hypnotic efficacy in 90 high-risk patients
undergoing major cardiac surgery [43]. The induction dos-
ages were 6 or 12 mg/kg/h of IV remimazolam (n = 34 and
28, respectively), followed by maintenance dose of 1-3 mg/
kg/h. Another group received an induction dosage of 2-2.5
mg/kg IV propofol, and was maintained using inhaled sevo-
flurane (until the start of extracorporeal circulation) and
propofol (during extracorporeal circulation) (n = 28). The
primary endpoint (no requirement for an additional seda-
tive) was achieved in 98% of patients administered remima-
zolam and 96% of those administered propofol. Onset (time
to loss of consciousness) and offset (time to extubation) of
action were similar in all study groups. Patients who re-
ceived remimazolam required significantly less dose of nor-
epinephrine than those who were anesthetized using propo-
fol-sevoflurane.

Taken together, early reported clinical data suggest that
remimazolam has excellent efficacy and safety profile as a
hypnotic component of balanced anesthesia. Notably, at
present, a principal reason for considering remimazolam as
a hypnotic underpinning of general anesthesia may be its
superior hemodynamic stability. However, to gain wide-
spread use, additional clinical studies investigating postop-
erative delirium and postoperative nausea and vomiting
(PONV) and pharmacological interaction with opioid anal-
gesics are required. These clinical data would further help to
clarify remimazolam characteristics as an IV anesthetic.

1. Dosage and administration

The licensed prescribing information of remimazolam for
use in general anesthesia specifies an initial dose of 6 or 12
mg/kg/h for induction, followed by 1 mg/kg/h (2 mg/kg/h of
maximal infusion rate) for maintenance. The maintenance
infusion rate should be adjusted based on the patient’s gen-
eral condition and sedation level.

To date, there have been no published clinical trials of bo-
lus administration of remimazolam to induce anesthesia;
thus, bolus administration is not currently recommended
for general anesthesia. Therefore, future trials on bolus
remimazolam injection for induction of general anesthesia
are warranted to establish more practical administration
methods [44].
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Remimazolam for intensive care unit (ICU)
sedation

Because ICU patients are critically ill with essential organ
failure (hepatic or renal), the ideal drug of choice in such a
scenario would be a short-acting agent with metabolism in-
dependent of the liver or kidney. In this respect, remimazol-
am could theoretically be a promising drug for long-term se-
dation in ICU patients due to its favorable properties of or-
gan-independent metabolism, minimal accumulation, and
availability of a reversal drug [1].

Currently, there is no published clinical evidence on the
potential utility of remimazolam in ICU sedation. Several tri-
als are ongoing to investigate the feasibility of long-term se-
dation with remimazolam in critically ill patients (NCT0461
1425 and NCT04815265).

Flumazenil reversal

The hypnotic effect of remimazolam can be reversed using
flumazenil, which is an antagonist of the positive allosteric
modulator effects of BDZs. However, reversal is not possible
for several other hypnotics, including propofol [1]. Reversal
of the sedative effect of remimazolam by flumazenil has
been well described in several previous studies [6,41]. For
instance, after successive sedation (MOAA/S < 3) with 0.25
mg/kg of IV remimazolam in healthy volunteers who under-
went colonoscopy, the median (range) time until the sub-
jects were fully alert (3 consecutive MOAA/S scores of 5) was
shorter for patients receiving flumazenil (0.5 mg) than for
patients in the placebo group (1.0 [1-5] vs. 10.5 [5-52] min,
respectively).

To reverse the hypnotic effect of BDZs, 0.2 mg flumazenil
is recommended as an initial dose; it should be slowly in-
jected over a 15-s period to avoid possible adverse events
(hypertension, tachycardia, and anxiety). If the desired level
of consciousness is not achieved after 60 s of the initial dose,
a second dose of 0.2 mg can be injected and repeated at 60-s
intervals up to a maximum of four additional times and a
maximum total dose of 1 mg. Subsequently, the dosage
should be administered according to the patient’s response.
If re-sedation occurs, repeated doses may be administered
at 20-min intervals. For repeated treatment, no more than 1
mg should be administered at any one time, and no more
than 3 mg should be injected during any 1-h period [45,46].

Clinicians should keep in mind that unlike the relation-
ship between rocuronium and sugammadex, the mecha-
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nism of action of flumazenil against BDZs is merely based
on competitive antagonism and that flumazenil has a short
terminal half-life of 40-80 min [47,48]. As the plasma fluma-
zenil concentration decreased, the hypnotic effect of remim-
azolam could re-emerge. Accordingly, after administration
of flumazenil, patients should be monitored for re-sedation,
respiratory depression, and other persistent or recurrent
hypnotic effects for a sufficient time period. In practice, rou-
tine administration of flumazenil to reverse remimazol-
am-induced sedation is not recommended because of the
likelihood of rebound sedation [49,50].

Safety concerns and future directions

Adverse reactions associated with remimazolam during
procedural sedation and anesthesia settings are well docu-
mented in various clinical studies, which are in accordance
with those observed with other classical BDZs. The most
common beings are blood pressure and heart rate changes,
nausea, and vomiting [33,41]. Additional adverse events in-
clude headache, somnolence, and hypoxia [8]. In addition,
results of a cardiac electrophysiology study showed that car-
diac repolarization is not prolonged by remimazolam, even
if a transient heart rate increase may result from a small in-
crease in the QTc interval [51].

When compared with propofol in both sedation and gen-
eral anesthesia, remimazolam exhibited better safety profile,
including a lower incidence of hypotension, less bradycardia
treatment requirement, and no pain on injection [34,36,41].
However, propofol was less likely to develop PONV.

Another safety issue related to the administration of hyp-
notics is drug abuse or potential misuse [52]. One study in-
vestigating the abuse potential of remimazolam demonstrat-
ed that it has a comparable or lower abuse potential than
that of midazolam, which is known to be a drug with a low
potential for IV abuse [53].

The solubility of remimazolam decreases at pH > 4.0;
therefore, the package insert instructions specify that it
should not be dissolved in an alkaline solution. Accordingly,
Ringer’s lactate should not be used as a solvent because the
drug does not dissolve completely in solution and forms a
precipitate [40]. Sasaki et al. [54] reported the formation of
white precipitates related to the combined use of remima-
zolam and Ringer’s solution, and examined the effect of
remimazolam concentration on precipitate formation. In
this experimental study, both types of Ringer’s solution
(Ringer’s lactate [pH 5.9-6.2] and Ringer’s acetate [pH 6.0-
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7.5]) formed precipitates with remimazolam. In addition,
the authors suggested that if combined use is unavoidable,
lower remimazolam concentrations and higher Ringer’s
solution infusion rates are recommended to prevent precip-
itate formation.

Although there are several ongoing trials for the potential
use of remimazolam in various clinical settings in pediatric
patients (NCT04720963, NCT04851717, and NCT04601350),
their safety and effectiveness have not yet been established.
Therefore, to date, remimazolam for both general anesthesia
and sedation is not available in pediatric population.

At present, limited data are available to characterize remi-
mazolam comprehensively as a hypnotic, even though sev-
eral volunteer studies and clinical trials suggest that remim-
azolam is well tolerated and effective for procedural seda-
tion and induction and maintenance of general anesthesia.
So yet, to ensure patient safety, the careful introduction of
this novel hypnotic agent is needed in clinical practice. Fu-
ture trials with regard to pharmacological interaction with
concomitant anesthetics, new formulations, safety profiles
in the special population, characteristics of the EEG chang-
es, bolus administration for the induction of anesthesia,
PONYV, postoperative cognitive impairment, and post-mar-
ket cost-benefit analyses would be essential for the compre-
hension of the complete profile of remimazolam.

CONCLUSION

Remimazolam is a novel ultra-short-acting hypnotic agent
invented out of ‘a soft drug’ development. Its primary bene-
fits include rapid onset/offset, predictable duration of ac-
tion, metabolism almost unaffected by organ function, avail-
ability of a reversal drug, and maintenance of stable hemo-
dynamics, making it a potential drug for use in various clini-
cal practices. However, further clinical studies are essential
to comprehensively evaluate the efficacy and safety profile
of this drug before its extended application in various clini-
cal settings.
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