
CLINICAL TRIAL

Safety, pharmacokinetic and pharmacodynamic properties of single
ascending dose and continuous infusion of remimazolam besylate
in healthy Chinese volunteers

Xiao-yan Sheng1
& Yan Liang1

& Xue-yuan Yang2
& Li-e Li3 & Xia Ye3

& Xia Zhao1
& Yi-min Cui1

Received: 7 August 2019 /Accepted: 18 November 2019
# Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Purpose The aim of the present study was to evaluate the safety, pharmacokinetic (PK) and pharmacodynamic (PD) properties of
remimazolam besylate following single ascending dose (SAD) and continuous infusion in healthy Chinese volunteers.
Methods This was a randomized phase I study conducted in two parts. Part I was a double-blind, placebo- and midazolam-
controlled, SAD study among healthy Chinese participants with a remimazolam dose of 0.025–0.4 mg/kg. Part II was an open-
label, midazolam-controlled, continuous infusion study. Bispectral index (BIS) monitoring and Modified Observers Assessment
of Alertness and Sedation (MOAA/S) score assessment were used to assess the PD properties.
Results The half-life range of remimazolam was from 34.1 ± 8.1 to 59.8 ± 20.5 min in the SAD study. The sedation function was
initially observed at the dose of 0.05 mg/kg remimazolam. Doses of ≥ 0.075 mg/kg exerted a peak sedation effect within 1–2 min
after injection, resulting in a deeper and more rapid sedation. In the 2 h continuous infusion, remimazolam showed a deeper
sedation and more rapid recovery than midazolam. For general anesthesia, an induction dosage of 0.2 mg/kg/min and a main-
tenance dosage of 1 mg/kg/h can achieve a satisfactory efficacy effect.
Conclusions Remimazolam was safe and well tolerated in healthy Chinese participants. Based on the phase I clinical study, we
suggest that remimazolam besylate demonstrates greater sedation and quicker recovery from sedation than midazolam.

Keywords Remimazolam besylate . Pharmacokinetics . Pharmacodynamics . Chinese subjects

Introduction

Benzodiazepines have been used for sedation and as adjuvants
to general anesthetics for decades [1, 2]. Midazolam is the
representative drug of benzodiazepine anesthetics [3]. With

advantages such as relatively rapid onset of action, multiple
acceptable administration, and nonpainful induction [4], mid-
azolam is considered the cornerstone of moderate sedation [5].
However, with an elimination half-life of 1.8–6.4 h, midazo-
lam has a long-acting metabolite, thereby exerting greater cu-
mulative effects and slower recovery of neuropsychiatric
function [6, 7]. Remimazolam is an ultra-short-acting benzo-
diazepine in development for the induction and maintenance
of anesthesia and procedural sedation [8]. Similar to midazo-
lam, remimazolamworks asγ-aminobutyric acid A (GABAA)
receptor [9]. Because of the carboxylic ester linkage,
remimazolam can be rapidly hydrolyzed to its pharmacologi-
cally inactive metabolite, carboxylic acid (RF7054), by non-
specific tissue esterases [10]. With an organ-independent me-
tabolism and a first-order pharmacokinetics (PK), the extent
and duration of the sedation of remimazolam are dose depen-
dent. Prolonged infusions or higher doses are unlikely to result
in accumulation and extended effect [11]. Owing to the stabil-
ity issue associated with the free base of remimazolam, salts of
the compound have been studied. A study on remimazolam
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tosylate in healthy Chinese participants has been published
[12]. However, owing to its good thermal stability, low hygro-
scopicity, and high water solubility, remimazolam besylate is
considered the most preferred compound. Remimazolam
besylate was developed by PAION and its collaborators, and
some related clinical trials have been completed. The first-in-
human single ascending-dose (SAD) study was conducted in
the USA, in which remimazolam (0.01–0.30 mg/kg) provided
rapid onset and offset sedation and consistent PK andwas well
tolerated following a single bolus administration [13, 14].
Phase Ib and phase II study have stated that remimazolam
provides adequate sedation for the participants undergoing
upper gastrointestinal endoscopy and colonoscopy, and its
sedative effects were easily reversed with flumazenil
[15–17]. Phase III studies of remimazolam are being conduct-
ed in different countries, in which remimazolam has shown a
superior sedation profile in the completed studies [5, 18].
However, the efficiency and safety data of remimazolam
besylate among the Chinese population are limited. Yichang
Humanwell Pharmaceutical Co., Ltd. (Hubei, China) became
the only collaborator of PAION to develop and promote the
marketing of remimazolam besylate in China in 2012. To
estimate the safety PK and pharmacodynamic (PD) properties
of remimazolam besylate in the Asian population, SAD or
continuous infusion studies were conducted, which support
the further clinical development of remimazolam besylate.

Most PK–PD studies on anesthetics are currently based on
arterial blood samples. However, placing arterial catheters in
healthy volunteers is difficult to be accepted. In the phase I
study, placing an arterial catheter can be avoided if venous
sampling can provide enough information to support a further
study. The PK parameters of arterial and venous samples of
remimazolam were first compared in this study.

Methods

Study population

Healthy Chinese males or females who met the following
criteria were enrolled in the study: ages 18 to 45 years,
body mass index (BMI) 19 to 24 kg/m2, systolic blood
pressure 90 to 140 mmHg, diastolic blood pressure 50 to
90 mmHg, resting heart rate 50 to 100 bpm, and blood
oxygen saturation ≥ 95%. Exclusion criteria included a his-
tory of organ diseases or medical conditions that could
impair the participant’s ability to participate in or complete
the study. Participants with a Mallampati score of 3 or 4
were also excluded. The detailed criteria of the study have
been reported in the website of the Chinese Critical Trial
Registry (http://www.chictr.org.cn; ChiCTR1800015185
and ChiCTR1800015186).

Study design

The study was conducted in accordance with the Declaration
of Helsinki and the International Conference on
Harmonization of Good Clinical Practice at one center
(Peking University First Hospital, Beijing) in China. The
study protocol and informed consent were reviewed and ap-
proved by the Independent Ethics Committee of the Peking
University First Hospital before the study started. The study
was conducted in two parts: a placebo- and midazolam-con-
trolled, randomized, double-blind, SAD study and a random-
ized, open-label, continuous infusion study.

In the SAD study, 60 healthy volunteers were planned for
enrollment in seven groups. The doses of remimazolam were
0.025, 0.05, 0.075, 0.1, 0.2, 0.3, and 0.4 mg/kg in groups 1 to
7, respectively. The dose of midazolam was 0.075 mg/kg in
every group. In groups 1 and 2, 5 male volunteers were ran-
domized to receive a single dose of remimazolam besylate,
placebo, or midazolam in 1 min at a 3:1:1 ratio. In groups 3 to
7, 10 male or female volunteers were randomized to receive a
single dose of remimazolam besylate, placebo, or midazolam
in 1 min at a 8:1:1 ratio. After completion of the first 2 partic-
ipants in group 6, another 10 participants were enrolled, and
arterial blood samples were added according to the expert
seminar. Therefore, there were 12 patients in group 6.

In the continuous infusion study, 24 healthy males or fe-
males were planned for enrollment in two groups. In each
group, 12 volunteers were randomized to receive either
remimazolam besylate or midazolam at a 9:3 ratio.
Participants were first induced with 0.2 mg/kg/min
remimazolam in 1-min intravenous injection and then main-
tained at 1 mg/kg/h (group 1) and 2 mg/kg/h (group 2) by an
infusion pump over a 2-h period. Midazolam was given at
0.15 mg/kg/min in 1 min as an induction dosage and then
maintained at 0.05 mg/kg/h using an infusion pump over a
2-h period. After group 1, the stop criterion was met (the
bispectral index (BIS) of > 50% of the participants decreased
to 50) and the satisfactory efficacy effect was achieved. Group
2 was not studied (Supplementary Material 1).

Safety and tolerability evaluation

Safety and tolerability were evaluated using physical exami-
nation, vital signs (blood pressure, heart rate, and respiration
rate), 12-lead ECGs, clinical laboratory parameters, airway
assessment, and participants’ chief complaint. To ensure the
safety of the participants, bedside ECG monitoring was used
during drug administration.

In the SAD study, the participants were monitored by a
bedside 5-lead ECG monitor at 10 min predose to 60 min
postdose. SpO2 and noninvasive hemodynamic monitoring
(supine blood pressure, heart rate, and respiration rate) were
recorded predose and at 0, 1, 2, 5, 10, 20, 30, 40, 50, and
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60min postdose. Standard 12-lead ECGs also were performed
at these time points.

In the continuous infusion study, the participants were
monitored by a bedside 5-lead ECG monitor at 10 min
predose to 3 h postdose. SpO2 and noninvasive hemodynamic
monitoring were recorded before dosing and at 0, 1, 2, 5, 10,
20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 121, 122, 125,
130, 140, 150, 160, and 170 min, and 3, 4, 6, 8, and 12 h after
injection. Standard 12-lead ECGs also were performed at
these time points. All ECGs were evaluated by a cardiologist.

PK evaluation

In the SAD study, blood samples were drawn into EDTA tubes
before dosing and at 0, 1, 2, 3, 4, 5, 6, 8, 10, 12, 15, 20, 30, and
45 min, and 1, 1.5, 2, 3, 4, 8, and 12 h after injection for PK
analysis. Venous blood samples were collected from the par-
ticipants from groups 1 to 5 and 7 and the first two participants
from group 6. Both venous and arterial blood samples were
taken from another 10 participants from group 6. Voided urine
was collected over the following sampling periods: 0–4, 4–8,
8–12, and 12–24 h after dosing.

In the continuous infusion study, venous and arterial blood
samples (3 mL) were drawn into EDTA tubes predose and at 0
(immediately after the induction dose), 1, 5, 15, 30, 45, 60, 90,
120, 121, 122, 123, 124, 125, 126, 128, 130, 132, 135, 140,
150, 165, 180, and 210 min, and 4, 5, 6, 8, and 12 h after the
start of infusion for PK analysis. Voided urine was collected
over the following sampling periods: 0 to 4, 4 to 8, 8 to 12, and
12 to 24 h after dosing.

Blood samples were centrifuged for 10 min at 3000 rpm at
4 °C within 30 min of collection and then stored at − 70 °C
until analysis. Two aliquots of 5 mL urine at each sampling
period were stored at − 70 °C until PK analysis.

PK p a r am e t e r s w e r e c a l c u l a t e d u s i n g t h e
noncompartmental model. The calculations were performed
and a descriptive statistical summary of the PK parameters
was obtained using WinNonLin™ software (version 6.3;
Pharsight Corporation, Mountain View, CA, USA).
Description of the PK parameters analysis was shown in the
Supplementary Material 1. The fraction of remimazolam and
RF7054 excreted in urine was determined by the quotient of
the sum of remimazolam and RF7054 excreted over all dosing
intervals and the dose administered.

Bioanalytical assay

The concentrations of remimazolam and RF7054 in plasma
and urine were analyzed using a validated high-performance
liquid chromatography-tandem mass spectrometry assay at
the central laboratory of WuXi AppTec Co., Ltd. (Shanghai,
China). Samples were prepurified by the protein precipitation
procedure and analyzed using metolazone as internal

standard. The calibration ranges were from 1 to 1000 ng/mL
for remimazolam and RF7054 (plasma and urine). For
remimazolam and RF7054 in plasma and urine, all the ob-
served data for the intrarun and interbatch precision were less
than 8.4% and accuracy were − 15.4 to 6.0% (Supplementary
Material 1).

PD evaluation

Sedation levels were assessed by BIS monitoring [19] and
Modified Observers Assessment of Alertness and Sedation
(MOAA/S) score assessments [20]. The MOAA/S score,
which was widely used in clinical research regarding sedation,
was described in Supplementary Material 1. The BIS value
was displayed on a BIS monitor (BIS EEG VISTA, USA). At
each time point, an anesthetist recorded the BIS value imme-
diately before MOAA/S assessment.

In the SAD study, for groups 1 to 5 and the first two par-
ticipants in group 6, BIS and MOAA/S scores were recorded
at the same time with SpO2 and noninvasive hemodynamic
monitoring reporting. For the last 10 participants in group 6
and 7, BIS and MOAA/S scores were recorded predose and at
0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 20, 25, 30, 35, 40, 45, 50,
55, and 60 min postdose.

In the continuous infusion study, BIS and MOAA/S scores
were recorded predose and at 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12,
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 70, 80, 90, 100, 110, 120,
121, 122, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170,
175, and 180 min postdose.

Statistical analyses

Statistical comparisons of the groups were conducted using
IBM SPSS Statistics version 19. The values of AUC0–∞,
AUC0–t, and Cmax were logarithmically transformed by as-
suming a log-normal distribution. To compare the arterial
and venous sample PK profile of remimazolam and RF7054,
paired t test was used. The dose proportionality of exposure
was analyzed using the power model: Y = a +Dβ, where Y
represents the PK parameters (AUC and Cmax), D represents
the dose, a represents the intercept, and β represents the slope.
If the 95% confidence interval of βwaswithin 80 to 125%, the
exposure was judged to be proportional to the dose. Safety
statistical analyses were performed using SAS version 9.2
(SAS Institute, Inc., Cary, NC, USA).

Results

Demographics

In the SAD study, 62 healthy Chinese participants (mean
(range) age, 28.26 (19–41) years) completed the study, of
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whom 48 received remimazolam besylate, 7 received midazo-
lam, and 7 received placebo. Forty-seven participants were
males (75.81%) and 15 participants were females (24.19%).
In the overall population, the mean BMI was 22.32 (19.3–24)
kg/m2 (Supplementary Table 1).

In the continuous infusion study, 12 healthy Chinese par-
ticipants (8 males and 4 females) completed the study. Among
them, 9 participants (7 males and 2 females) received
remimazolam besylate, with an average (range) age of 29.1
(24–44) years and BMI of 22.4 ± 1.4 kg/m2. Another three
participants (1 male and 2 females) received midazolam, with
an average (range) age of 24.0 (23–26) years and BMI of 20.8
± 0.6 kg/m2.

Safety and tolerability

SAD study

No serious or significant adverse events (AE) occurred during
the SAD study. Fifty-four AEs were reported by 41 partici-
pants, and 45 of them were considered to be related to the trial
medication (Supplementary Table 2). All treatment-emergent
AEs had disappeared without medication by the end of the
study. No events that met the stop rule for terminating dose
escalation occurred during the study. Thus, we concluded that
remimazolam would be safe and well tolerated at doses of
0.025 to 0.4 mg/kg.

Continuous infusion study

In the continuous infusion study, 8 remimazolam partici-
pants reported 13 AEs (88.89%) and 3 midazolam

participants reported 6 AEs (100%). Among them, 18
AEs were considered to be related to the trial medication.
In detail, two of six lower SpO2 were considered to be
moderate AEs. One subject was given mask oxygen in-
halation and oropharyngeal airway and the other was giv-
en oxygen inhalat ion through a nasal catheter.
Hypotension was observed in five participants: three in
the midazolam group and two in the remimazolam group.
Hiccup, bradycardia, faster respiratory frequency, lower
hemoglobin, positive urine protein, and abnormal ECGs
were also reported once or twice. No serious AEs oc-
curred and remimazolam was safe and well tolerated dur-
ing the study. After completion of the first dose group,
the termination criteria were met, and no further explora-
tion was carried out.

PK properties

SAD study

One subject at 0.075 mg/kg dose and one subject at
0.1 mg/kg dose were excluded for skipping more than three
samples in the first 5 min in the data analysis. Sixty par-
ticipants were included in the PK analysis. The key PK
parameters for remimazolam and RF7054 are shown in
Tables 1 and 2, and the venous plasma PK profiles for
remimazolam and RF7054 are shown in Fig. 1. At
0.3 mg/kg, the Cmax for arterial and venous sampling was
3950 ± 1620 and 1510 ± 987 ng/mL, respectively
(P < 0.01). The MRT for venous blood was longer than
that for arterial blood (P < 0.05). Except for Cmax and
MRT, no significance difference was found between

Table 1 Pharmacokinetic parameters of remimazolam in the single ascending-dose study

Parameters Remimazolam (mg/kg)

0.025 0.05 0.075 0.10 0.20 0.30 (venous) 0.3 (arterial) 0.40
N = 3 N = 3 N = 7 N = 7 N = 8 N = 10 N = 8 N = 8

AUC0-t (min • μg/ml) 1.48 ± 0.45 2.68 ± 0.93 3.99 ± 0.71 5.16 ± 1.28 10.1 ± 1.67 15.1 ± 3.11 14.4 ± 3.50 19.9 ± 4.06

AUC0-∞ (min • μg/ml) 1.55 ± 0.44 2.78 ± 0.93 4.08 ± 0.71 5.28 ± 1.30 10.4 ± 1.67 15.4 ± 3.22 14.6 ± 3.60 20.3 ± 4.10

Cmax (ng/ml) 70.6 ± 74.9 115 ± 57.3 317 ± 246 444 ± 396 975 ± 731 1510 ± 987 3950 ± 1620 2170 ± 1950

Tmax (min) 3 (1–6) 2 (2–4) 1 (1–4) 1 (0–2) 1 (0–2) 0 (0–1) 0 (0–1) 1 (0–3)

λz (1/min) 0.019 ± 0.003 0.015 ± 0.002 0.021 ± 0.005 0.016 ± 0.003 0.013 ± 0.004 0.013 ± 0.003 0.013 ± 0.002 0.013 ± 0.003

t1/2 (min) 37.8 ± 6.5 45.7 ± 4.9 34.1 ± 8.1 45.2 ± 7.8 59.8 ± 20.5 55.5 ± 14.3 51.9 ± 7.1 54.2 ± 13.0

MRT (min) 38.9 ± 5.1 42.7 ± 5.2 33.3 ± 7.5 42.6 ± 9.9 42.3 ± 4.2 41.0 ± 13.6 29.8 ± 4.9 41.3 ± 8.7

Cl (ml/min/kg) 16.9 ± 4.2 19.5 ± 7.1 18.8 ± 3.1 20.0 ± 5.0 19.7 ± 3.4 20.3 ± 4.4 22.2 ± 8.0 20.5 ± 4.4

Vz (ml/kg) 902 ± 171 1314 ± 583 900 ± 114 1295 ± 368 1739 ± 842 1591 ± 410 1649 ± 586 1557 ± 288

All data are presented as mean ± SD except Tmax, which is presented as the median (minimum-maximum). There were more than three points samples
were failed to be collected after dosing for one subject in group 3 (0.075 mg/kg) and group 4 (0.10 mg/kg), so the two subjects were excluded in the PK
analysis set

Eur J Clin Pharmacol (2020) 76:383–391386



venous and arterial remimazolam PK parameters. There
was no significance for the venous and arterial plasma
PK parameters of RF7054. Based on the power model as-
sessment, among the seven doses, the slope values (95%
confidence interval (95% CI)) for Cmax and AUC0–t were
1.27 (1.036, 1.495) and 0.96 (0.879, 1.031) for
remimazolam and 0.96 (0.907, 1.014) and 1.01 (0.932,
1.094) for RF7054, respectively. According to the expo-
sure proportional judgment of the 95% CI of β, which
was within 80 to 125%, the AUC0-t for remimazolam and
both AUC0–t and Cmax for RF7054 were dose proportional
across all the studied doses. The Cmax for remimazolam
had a slight deviation from dose proportionality.

After the single intravenous injection of remimazolam,
there was almost no remimazolam recovered in urine, whereas
the urine percent recovered (%) from the metabolite RF7054
was about 70.8 to 89.1%.

Continuous infusion study

The venous and arterial key PK parameters from nine partic-
ipants of remimazolam and RF7054 are shown in Table 3, and
the PK profiles for remimazolam and RF7054 are shown in
Fig. 2. Remimazolam reached significantly higher Cmax

(p < 0.01) immediately after dosing in the arterial blood, much
quicker than in the venous Tmax (p < 0.01) in the continuous

Table 2 Pharmacokinetic parameters of RF7054 in the single ascending-dose study

Parameters Remimazolam (mg/kg)

0.025 0.05 0.075 0.10 0.20 0.30 (venous) 0.3 (arterial) 0.40
N = 3 N = 3 N = 7 N = 7 N = 8 N = 10 N = 8 N = 8

AUC0-t (min • μg/ml) 24.8 ± 0.24 61.5 ± 10.4 72.8 ± 16.8 81.1 ± 23.0 202 ± 30.6 288 ± 55.4 291 ± 58.0 426 ± 65.8

AUC0-∞ (min • μg/ml) 25.5 ± 0.35 63.5 ± 11.1 75.0 ± 18.3 83.1 ± 24.5 207 ± 31.4 301 ± 64.7 304 ± 63.2 443 ± 73.0

Cmax (ng/ml) 104 ± 5.9 247 ± 53.5 354 ± 52.0 379 ± 56.3 850 ± 115 1200 ± 176 1230 ± 139 1650 ± 123

Tmax (min) 45 (45–60) 45 (30–45) 30 (20–45) 30 (15–45) 30 (10–60) 30 (10–60) 20 (10–60) 25 (10–60)

λz (1/min) 0.005 ± 0.001 0.005 ± 0.000 0.005 ± 0.001 0.006 ± 0.001 0.005 ± 0.001 0.005 ± 0.001 0.005 ± 0.001 0.005 ± 0.001

t1/2 (min) 137 ± 15.6 139 ± 10.1 136 ± 20.9 126 ± 20.6 132 ± 14.9 144 ± 29.5 146 ± 26.4 148 ± 19.7

MRT (min) 180 ± 13.0 186 ± 2.2 168 ± 17.4 167 ± 20.8 177 ± 14.6 183 ± 19.4 179 ± 22.0 191 ± 13.1

Cl (ml/min/kg) 1.0 ± 0.0 0.8 ± 0.2 1.1 ± 0.3 1.3 ± 0.5 1.0 ± 0.2 1.0 ± 0.2 1.0 ± 0.2 0.9 ± 0.1

Vz (ml/kg) 194 ± 20 160 ± 18 202 ± 29 229 ± 49 189 ± 45 210 ± 28 210 ± 32 195 ± 23

Urine amount recovered
(mg) (0–24 h)

1.10 ± 0.22
(N = 3)

2.89 ± 0.36
(N = 3)

3.58 ± 1.21
(N = 8)

5.07 ± 1.11
(N = 7)

11.0 ± 1.01
(N = 8)

14.3 ± 2.24 (N = 10) 19.4 ± 1.48
(N = 8)

Urine percent recovered
(%) (0–24 h)

70.8 ± 11.8 89.1 ± 17.1 75.6 ± 26.9 83.5 ± 13.0 84.8 ± 5.3 78.8 ± 7.1 79.7 ± 3.6

All data are presented as mean ± SD except Tmax, which is presented as the median (minimum-maximum). There were more than three points samples
were failed to collected after dosing for one subject in group 3 (0.075 mg/kg) and group 4 (0.10 mg/kg), so the two subjects were excluded in the PK
analysis set. The 12–24 h urine samples of a subject in group 4 (0.10 mg/kg) was not collected, so the subject was excluded in the PK analysis set

Fig. 1 aMean venous plasma concentration versus time of remimazolam in the SAD study. bMean venous plasma concentration versus time of RF7054
in the SAD study
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infusion. The MRT for venous blood was longer than that for
arterial blood (p < 0.05). For RF7054, there was no signifi-
cance for the venous and arterial plasma PK parameters.

PD properties

SAD study

Dose escalation proceeded as planned throughout the groups,
and good tolerance was observed even in the highest dose
(0.4 mg/kg) in the SAD study. The sedation function was first
observed in the dose of 0.05 mg/kg remimazolam. Doses of ≥
0.075 mg/kg had a peak sedation effect in 1 to 2 min after
injection, resulting in a deeper and more rapid sedation. The
degree and duration of sedation for remimazolam were dose

dependent. Compared with midazolam, remimazolam at ≥
0.1 mg/kg appeared to produce a deeper sedation and main-
tained a quicker recovery from sedation at ≤ 0.3 mg/kg
(Supplementary Fig. S1). The mean times from first MOAA/
S of < 5 to fully alert of 0.1 mg/kg remimazolam was
12.63 min, similar to that of midazolam (Supplementary
Table 3). As suggested by the PD results, and short-term op-
erations such as endoscopy, a single dose of 0.1 mg/kg
remimazolam could achieve a similar effect as that of
midazolam.

Continuous infusion study

Both remimazolam and midazolam observed a rapid onset of
sedation after the induction dose, but remimazolam showed a
deeper sedation than midazolam in the 2 h continuous

Table 3 Venous and arterial
pharmacokinetic parameters of
remimazolam and RF7054 in
continuous infusion study

Parameter Remimazolam RF7054

Venous Arterial Venous Arterial
N = 9 N = 9 N = 9 N = 9

AUC0-t (min • μg/ml) 111 ± 27.4 110 ± 26.6 2196 ± 462 2254 ± 464

AUC0-∞ (min • μg/ml) 111 ± 27.5 110 ± 26.6 2303 ± 500 2360 ± 506

Cmax (ng/ml) 997 ± 386 2930 ± 1230 8400 ± 2440 8450 ± 1650

Tmax (min) 90 (0–121) 0 (0–0) 124 (121–135) 126 (123–130)

λz (1/min) 0.012 ± 0.004 0.012 ± 0.004 0.005 ± 0.001 0.005 ± 0.001

t1/2 (min) 65.6 ± 20.6 60.7 ± 16.9 140 ± 22.2 139 ± 21.3

MRT (min) 36.3 ± 15.6 20.7 ± 8.1 182 ± 22.6 179 ± 23.1

CL (ml/min/kg) 20.8 ± 4.7 20.9 ± 4.7 1.0 ± 0.2 1.0 ± 0.2

Vz (ml/kg) 1920 ± 592 1794 ± 523 198 ± 35 191 ± 33

Urine amount recovered (mg) (0–24 h) 0.02 ± 0.01 112 ± 10.2

Urine percent recovered (%) (0-24 h) 0.01 ± 0.01 83.0 ± 4.87

All data are presented as mean ± SD except Tmax, which is presented as the median (minimum-maximum)

Fig. 2 aMean (SD) venous and arterial plasma concentration versus time of remimazolam in the continuous infusion study. bMean (SD) venous and
arterial plasma concentration versus time of RF7054 in the continuous infusion study
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infusion. The recovery from sedation after dosing of
remimazolam was more rapid compared with midazolam
(Supplementary Fig. S2).

PK–PD correlation

In Fig. 3, the MOAA/S score decreased to 2 to 3 when the
venous plasma concentration of remimazolam was 400 to
500 ng/mL. The BIS score was 40 to 60 and 60 to 80 when
the concentration was 800 to 1200 and 200 to 800 ng/mL,
respectively. When the concentration was > 1200 ng/mL, the
BIS score was < 40 and the MOAA/S score was 0. Based on
the above results, we suggested that good sedation can be
reached when the plasma concentration was between 400
and 1200 ng/mL.

Discussion

Remimazolam besylate is a novel sedative agent developed
for procedural sedation, general anesthesia, and sedation in the
intensive care unit. It was produced using the same method as
that of remifentanil, so-called soft drug development, which is
defined as a strategy in which novel active compounds are

specifically designed to be vulnerable to rapid biotransforma-
tion into inactive metabolites [11, 21]. It allows for the rapid
onset of sedation and a rapid offset with a predictable short
duration of action [7]. Preclinical trials showed that the main
route of metabolism of remimazolam is via the inactive me-
tabolite RF7054 by tissue carboxylesterases without the in-
volvement of cytochrome P450 isoenzymes [10]. Based on
its PK properties, remimazolam has limited potential to be
influenced by ethnicity. In the first-in-human study of
remimazolam besylate conducted in the USA, healthy partic-
ipants received a single 1-min intravenous infusion of
remimazolam (0.01–0.3 mg/kg) and radial arterial PK samples
were used for the PK analysis [13]. The initial maximum dose
was 0.35 mg/kg in that study, but the stop criterion (> 50% of
the participants with loss of consciousness for a minimum of
5 min) was met at a dose of 0.3 mg/kg; hence, 0.35 mg/kg was
not studied. However, the maximum tolerated single intrave-
nous dose of remimazolam in our study was 0.4 mg/kg. The
PK properties could explain the causes of the difference. In the
SAD study, arterial sample PK parameters were only analyzed
at the dose of 0.3 mg/kg remimazolam. We compared the PK
parameters of the two studies in the same dose (0.3 mg/kg).
The exposure-related parameters AUC0–∞ andCmax were low-
er in Chinese participants (14.6 μg min/mL = 243.3 ng h/mL
vs. 339.3 ng h/mL and 3950 vs. 6095 ng/mL), but the CL was
consistent with that observed in previous studies (22.2 mL/
min/kg = 81.2 L/kg vs. 73.71 L/kg). As for PD, the duration of
loss of consciousness and the median time to fully alert were
shorter in our study (8 vs. 12 min and 25 vs. 31.5 min, respec-
tively). This might be related to remimazolam in both studies
as administered based on weight (mg/kg), and the weight of
Chinese participants was much lighter (61.0 vs. 76.8 kg).
Therefore, the total dose in Chinese participants was lower
at the same group (0.3 mg/kg).

As a GABAA receptor, midazolam is the shortest-acting
benzodiazepine available in China. In this study, midazolam
was added as a positive control drug to compare the PD and
safety properties. Remimazolam differs from midazolam by
its carboxylic ester linkage, enabling its rapid breakdown to
inactive metabolites only [18]. The half-life of remimazolam
after a single dose in this study was 34.1 ± 8.1 to 59.8 ±
20.5 min, which was much shorter than that of midazolam.
In the dose range of 0.075 to 0.4 mg/kg, the onset time for
remimazolam was as rapid as midazolam. The average time to
fully alert for remimazolam was 12.3 to 25 min (0.075–
0.3 mg/kg), which was comparable with midazolam of
16.3 min. Recovery took up to 50 min for 0.4 mg/kg
remimazolam, of which doses were unlikely to be useful in
the short-term procedure or diagnostic sedation. When the
concentration of remimazolam was between 400 and
1200 ng/mL, remimazolam was proven to achieve better se-
dation and shorter recovery time compared with midazolam.
When the concentration was > 1200 ng/mL, the BIS score was

Fig. 3 a Correlation between average venous plasma concentration of
remimazolam and MOAA/S score. b Correlation between average ve-
nous plasma concentration of remimazolam and BIS score
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< 40 and the MOAA/S score was 0. The Cmax was 317 ± 246
to 1510 ± 987 ng/mL for 0.075–0.3 mg/kg and 2170 ±
1950 ng/mL for 0.4 mg/kg remimazolam. Remimazolam is
currently in advanced development in numerous indications,
and major clinical trials are ongoing. Considering the safety
and efficacy properties, the single dose of remimazolam was
recommended at 0.075 to 0.3 mg/kg in the short-term proce-
dure or diagnostic sedation.

To investigate the use of remimazolam as a sedative in
general anesthesia, we employed the continuous infusion
study. To our knowledge, this is the first report of the PK–
PD properties of remimazolam besylate in general anesthesia
in healthy participants. For the induction of general anesthe-
sia, 0.2 mg/kg/min remimazolam in 1-min intravenous injec-
tion was given, and the maintenance dosage was planned at
1 mg/kg/h in groups 1 and 2mg/kg/h in group 2 by an infusion
pump over a 2-h period. After group 1, the stop criterion was
met and the satisfactory efficacy effect was achieved. Group 2
was not studied. Based on these results, the recommended
dosage for phase II study of remimazolam besylate in general
anesthesia in Chinese participants is at an induction dosage of
0.2 mg/kg/min and a maintenance dosage of 1 mg/kg/h.

Venous blood samples are used in most PK studies. The
existence of drug concentration differences between arterial
and venous blood has been documented for various drugs
[22, 23]. For drugs rapidly eliminated in peripheral tissues,
the delay from the arterial circulation to the venous sampling
site should be taken into account [23]. Most contemporary
PK–PD studies for anesthetics are based on arterial blood
samples. Tuk et al. [24] quantified the extent of arteriovenous
concentration differences ofmidazolam in rats and determined
the consequences of these differences on the PD estimates.
Although arterial blood carries the drug or active metabolite
to various parts of the body to produce pharmacological ef-
fects, the observed arteriovenous concentration differences
did not result in biased PD estimates for midazolam in rats
using an effect-linked PDmodel [23, 24]. During the course of
the clinical trial, arterial blood was more difficult to collect
compared with venous samples. Furthermore, placing arterial
catheters in healthy volunteers is difficult to be accepted.
Additionally, complications such as radial artery occlusion,
nerve damage, or pseudo-aneurysm of the radial artery are
serious and need to be carefully balanced against the gain of
obtaining arterial blood samples [25]. Thus, placing an arterial
catheter for healthy volunteers is unnecessary if similar results
can be obtained using venous blood samples. To compare the
difference between arterial and venous samples of
remimazolam, both arterial and venous blood samples were
collected in group 6 of the SAD and continuous infusion stud-
ies. Apart fromCmax, Tmax, andMRT, no significant difference
was found between the other PK parameters of remimazolam
and the parameters of RF7054. The differences in concentra-
tion could not result in an influence on PD and safety

estimates and dose recommendation for remimazolam.
Venous samples can be used in the phase I PK/PD study of
remimazolam to obtain appropriate doses suggested for the
planning of phase II development of this drug.

Most AEs in this study were caused by the pharmacologi-
cal effects of remimazolam. Although these AEs are consid-
ered drug related, most were mild and temporary and did not
cause clinical changes in patients. There was no apparent
remimazolam dose response in the number and frequency of
AEs. Two moderate AEs were reported in the continuous in-
fusion study, the lowest SpO2 of 76% was observed in one
subject, the duration time for SpO2 of < 90% was 8 min, and
the mask oxygen inhalation and oropharyngeal airway was
given to the subject. A lowest SpO2 of 81% was observed in
another subject, the duration time for SpO2 of < 90% was
16 min, and oxygen inhalation through a nasal catheter was
given to the subject. Both participants returned to normal
SpO2 under normal breathing conditions after 8 and 16 min.
In conclusion, we suggested that remimazolam showed good
safety and tolerance in this study.

Conclusion

As the first study that assessed the safety, pharmacokinetic and
pharmacodynamic of remimazolam besylate in healthy
Chinese volunteers after single-dose and continuous infusion
injection, we found that remimazolam was safe and well tol-
erated with predictable PK properties and dose-dependent PD
properties. Based on the phase I clinical study, we suggested
that remimazolam might have greater sedation and a quicker
recovery from sedation compared with midazolam.
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