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Background: Remimazolam is a new ultra short-acting benzodiazepine originally devel-
oped as an improved version of midazolam. Recent studies have demonstrated non-inferi-
ority of remimazolam to propofol in general anesthesia. However, to date, few studies have
investigated the induction bolus dose of remimazolam required to achieve general anes-
thesia. We aimed to determine the 95% effective dose (ED,;) of remimazolam bolus re-
quired to achieve loss of consciousness (LOC) and the appropriate doses for different age
groups.

Methods: Patients aged 20-79 years with the American Society of Anesthesiologists physi-
cal status of I or II were enrolled in this study. A total of 120 patients were included repre-
senting young, middle-aged, and elderly groups. Loss of eyelash reflex and verbal response
after the administration of remimazolam was considered successful LOC. The ED,; of
remimazolam was determined using a biased coin up-and-down design with sequential
allocation and the isotonic regression method.

Results: The ED,; of remimazolam for induction of general anesthesia was 0.367 mg/kg
(95% CI [0.277, 0.392]) in the young group, 0.369 mg/kg (95% CI [0.266, 0.394]) in the
middle-aged group, and 0.249 mg/kg (95% CI [0.199, 0.288]) in the elderly group. During
the study period, none of the patients required rescue medications for hypotension or bra-
dycardia.

Conclusions: This study investigated the EDy; of remimazolam bolus for anesthesia in-
duction. The precise dosing of the ED,; can help maintain hemodynamic stability during
the induction of anesthesia.

Keywords: General anesthesia; Hypnotics and sedatives; Intravenous anesthesia; Remima-
zolam; Unconsciousness; Vital signs.

Introduction

Intravenous anesthetics are some of the most commonly used sedative induction
agents because of their ease of delivery and swift onset as they rapidly diffuse from the
blood to the brain without concerns regarding airborne contamination that may be asso-
ciated with inhalation anesthetics [1,2]. Propofol is currently the most popular intrave-
nous anesthetic, but it has been reported to produce adverse effects such as hemodynam-
ic instability, respiratory depression, and injection pain [3-6]. Compared to propofol,
midazolam causes less hemodynamic depression and produces anterograde amnesia;

however, its slow, variable induction time and accumulation of active metabolites make it
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inferior for general anesthesia [7-9].

Remimazolam was designed considering these shortcomings of
midazolam. It is an ultra-short-acting benzodiazepine that pro-
duces equivalent sedative effects but is rapidly hydrolyzed in the
body to an inactive metabolite. Consequently, remimazolam ex-
hibits a shorter and more predictable duration of action than the
current benzodiazepines [10-13]. In recent studies, the non-infe-
riority of remimazolam to propofol has been demonstrated in
general anesthesia [14,15]. Several studies have reported the remi-
mazolam dose for loss of consciousness (LOC) that was calculated
from the continuous infusion of remimazolam (6 and 12 mg/kg/h)
[15,16]. However, in clinical practice, anesthesia is commonly in-
duced by a single bolus injection of intravenous sedatives. To date,
few studies have explored the required induction bolus dose of
remimazolam for general anesthesia [17]. This study aimed to in-
vestigate the 95% effective dose (EDy;) of remimazolam bolus for

LOC and determine the appropriate doses for different age groups.

Materials and Methods

This study was approved by the Institutional Review Board of
Ajou University Hospital (IRB no. AJIRB-MED-INT-21-521) and
was registered at Clinical Research Information Service (CRIS no.
KCT0006866). The study was conducted at a tertiary medical
center, between December 2021 and March 2022. All patients
were provided with adequate information regarding the study,
and written informed consent was obtained from all patients. This
study was conducted in accordance with the Helsinki Declara-
tion-2013.

Patients

Patients aged 20-79 years with an American Society of Anes-
thesiologists physical status (ASA-PS) I or II, who were scheduled
to receive general anesthesia were enrolled in this study. Patients
were stratified into different age groups: young (20-39 years),
middle-aged (40-59 years), and elderly (60-79 years) groups, with
40 patients enrolled in each group. The exclusion criteria were as
follows: 1) body mass index > 30 kg/m’ or < 20 kg/m’, 2) allergy
to benzodiazepines, 3) use of opioids, alcohol, benzodiazepines,
and over-the-counter sleep aids, 4) communication difficulties
(e.g., history of hearing disability, mental disorder, or cognitive
impairment), and 5) pregnancy.

Anesthesia
No premedication was administered prior to induction, and as
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the patients were transferred to the operating room, standard
monitors were applied. To monitor vital signs, non-invasive blood
pressure, electrocardiography, and pulse oximetry were per-
formed. In addition, a bispectral index (BIS) monitor (A-2000™,
Aspect Medical Systems, USA) was used to assess the depth of an-
esthesia. Before induction of anesthesia, each patient performed
spontaneous breathing with 100% oxygen for pre-oxygenation.
Remimazolam was prepared at 1 mg/ml, and its predetermined
dose was administered as a bolus intravenous injection using a sy-
ringe pump by an anesthesiologist who calculated its induction
dose. The other anesthesiologist, who was blinded to the dose of
remimazolam, checked for LOC in the patient over 3 min. No ad-
ditional agents were administered during this period. If the pa-
tient’s mean arterial blood pressure (MAP) was < 65 mmHg
during induction, 4 mg of ephedrine was administered. If a heart
rate (HR) of < 50 beats per min was observed, atropine (0.5 mg)
was used. Loss of eyelash reflex and verbal response after bolus
administration of remimazolam was considered successful LOC.
After the end of the 3-min study period, we used an inhalation
agent, an opioid analgesic, and a neuromuscular blocking agent to
obtain deeper analgesia and muscle relaxation for endotracheal
intubation. The baseline MAP, HR, oxygen saturation, and BIS of
all patients were recorded prior to remimazolam administration
(T0), and these parameters were also recorded at 1 min (T1) and
3 min after administration (T2).

We used a biased coin up-and-down method to determine the
ED,; of remimazolam [18,19]. According to a previous study,
patients who received continuous intravenous remimazolam at
6 and 12 mg/kg/h, successfully achieved LOC, and the accumu-
lated mean dose + SD was 0.17 + 0.04 mg/kg and 0.29 + 0.08
mg/kg, respectively [15]. With reference to this study, an initial
dose of 0.2 mg/kg was used for all groups. The next dose of
remimazolam was determined according to the success or fail-
ure of induction in the previous patient. The increase or de-
crease in the next dose was set at 0.05 mg/kg. If the first patient
failed to achieve LOC, the dose of remimazolam for the next pa-
tient was increased by 0.05 mg/kg. If the induction was success-
ful, the next patient’s dose was determined by a randomly select-
ed card. In total, 19 cards were prepared, and the same dose was
administered with a probability of 18/19 (= 0.95), and with a
probability of 1/19 (= 0.05), the dose for the next patient was de-
creased by 0.05 mg/kg.

Statistical analysis

In the biased coin up-and-down method, the behavior of the

estimated parameters can be stabilized with 40 participants using
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the Monte Carlo simulation [20]. Therefore, we enrolled 40 pa-
tients in each group.

Data are presented as mean + SD or number of patients. Con-
tinuous variables were analyzed using one-way analysis of vari-
ance (ANOVA) or the Kruskal-Wallis test, depending on the nor-
mality test results. The normality of all continuous variables, ex-
cept for the EDy;, was assessed using the Shapiro-Wilk test. Cate-
gorical variables were analyzed using the chi-square test. Hemo-
dynamic and BIS variables were analyzed using one-way repeat-
ed-measures ANOVA. Subsequently, post-hoc analysis using a
paired sample t-test was performed to determine whether there
was a within-group difference in the hemodynamic and BIS vari-
ables from the baseline.

The ED,; was determined using isotonic regression with a
pooled adjacent violators algorithm (PAVA) to adhere to predic-
tion in a monotonically increasing dose—effect relationship, and a

bootstrapping approach was used to produce 95% Cls for estima-

tion [19]. Statistical analyses were performed using R Statistical
Software (version 4.05; R Foundation for Statistical Computing,
Austria) and analyses of the hemodynamic results were only per-
formed for patients that were successful in achieving LOC. Statis-
tical significance was set at P < 0.05.

Results

The young, middle-aged, and elderly groups included 40 pa-
tients each. Hence, a total of 120 patients were analyzed (Fig. 1).
The demographic characteristics of the patients are shown in Ta-
ble 1. The characteristics were generally similar among the three
groups, except for the mean age and ASA-PS score. The elderly
group had a significantly higher percentage of patients with ASA-
PS II, than the young and middle-aged groups. ASA-PS II com-
prised of 5, 40, and 70%, in the young, middle-aged, and elderly

groups, respectively.

Enroliment

Assessed for eligibility (n = 120)

Allocation

A4

Lf)

A4

Young group

Allocated to intervention (n = 40)

« Received allocated intervention (n = 40)

« Did not receive allocated intervention
(n=0)

Middle-aged group

Allocated to intervention (n = 40)
« Received allocated intervention (n = 40)
« Did not receive allocated intervention

Elderly group

Allocated to intervention (n = 40)

« Received allocated intervention (n = 40)

« Did not receive allocated intervention
(n=0)

(n=0)

Analyzed (n = 40)
« Excluded from analysis (n = 0)

Analyzed (n = 40)
« Excluded from analysis (n = 0)

Analyzed (n = 40)
* Excluded from analysis (n = 0)

Fig. 1. CONSORT flow diagram of this study.

Table 1. Demographic Data

Parameters Young group (n = 40) Middle-aged group (n = 40) Elderly group (n = 40) P value
Age (yr) 295+ 58 49.7 £ 54 66.6 + 5.3 < 0.001
Sex (M/F) 19/21 24/16 18/22 0.356
Weight (kg) 68.1 £ 11.6 66.2 £ 11.6 64.7 £ 10.7 0.405
Height (cm) 166.8 £ 9.2 166.2 £ 8.3 161.8 * 8.8 0.024
BMI 243 £ 25 238 £ 2.6 246+ 28 0.376
ASA-PS < 0.001

I 38 (95.0) 24 (60.0) 12 (30.0)

I 2(5.0) 16 (40.0) 28 (70.0)

Values are presented as mean + SD or number (%). BMI: body mass index, ASA-PS: American Society of Anesthesiologists physical status.
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The sequences for success and failure of LOC during anesthesia
induction by predetermined bolus dose of remimazolam are
shown in Fig. 2 for each group according to the biased coin up-
and-down method. The adjusted success rates from the PAVA are
depicted in Fig. 3. The ED,; of remimazolam required for LOC
using isotonic regression was 0.367 mg/kg (95% CI [0.277, 0.392])
in the young group, 0.369 mg/kg (95% CI [0.266, 0.394]) in the
middle-aged group, and 0.249 mg/kg (95% CI [0.199, 0.288]) in
the elderly group (Table 2). The ED,; values overlapped at the 95%
ClI level, resulting in no significant difference between the groups.

Intra-group analysis involved comparing each MAP at 1 and 3
min after administration with that at baseline. MAP decreased
significantly compared to baseline throughout the 3-min study

period in each group (Fig. 4A). HR in all three groups increased
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at 1 min and 3 min after administration, compared to baseline
values (Fig. 4B). During the 3-min of this study, none of the pa-
tients experienced hypotension or bradycardia that required res-
cue medications. Compared to baseline, BIS values at 1 and 3 min
after administration were significantly reduced in all three groups,
indicating adequate depth of anesthesia (Fig. 4C). BIS values at 3
min were 59.14 (£ 7.25), 58.8 (£ 7.91), and 59.92 (+ 9.05) in the
young, middle-aged, and elderly groups, respectively. No adverse
events including injection pain were reported during the study

period.

Discussion

Using the biased coin up-and-down method, we observed that

B/

0.45+

Middle-aged

0.40+
0.35+
0.30
0.254

0.20

Remimazolam dose (mg/kg)

0.154 e Success

© Failure

0.104

0 10 20 30 40

Consecutive patients

Fig. 2. Assessment of success or failure of LOC during anesthesia
induction by a predetermined bolus dose of remimazolam for
consecutive patients in the young group (A), middle-age group (B),
and elderly group (C). The patient sequence number (x-axis) is the
ordering of patient exposures using the biased coin up-and-down
method. LOC: loss of consciousness.
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Table 2. The ED,; with 95% CI of Remimazolam for LOC Using Isotonic
Regression in Each Group

Young Middle-aged Elderly
Gty (n = 40) (n = 40) (n = 40)
ED,; (mg/kg) 0.367 0.369 0.249
95% CI 0.277,0.392 0.266, 0.394 0.199, 0.288

The ED,; values overlapped at 95% CI. No significant differences were
observed between the groups. ED,;: 95% effective dose, LOC: loss of
consciousness.

the EDy; of remimazolam required to achieve LOC was 0.367 mg/
kg in the young group, 0.369 mg/kg in the middle-aged group and
0.249 mg/kg in the elderly group, demonstrating that the required
dose of remimazolam was reduced in the old age group compared
to the younger groups. However, the ED,, values overlapped at the
95% CI, and the null hypothesis of equal effective doses was not
rejected at an a value of 0.05. Remimazolam induction showed a
trend of gradual decline in MAP and an increase in HR. However,
MAP and HR were within the clinically normal range, and no pa-
tients required vasoactive medications. Consequently, the remim-
azolam used for induction did not cause significant hemodynam-
ic depression.

In previous studies, continuous infusion of remimazolam for
general anesthesia induction resulted in a statistically longer time
to achieve LOC compared to single dose propofol induction. For
example, a multicenter phase IIb/III trial revealed that the mean
time to LOC in the continuous remimazolam 6 and 12 mg/kg/h
groups were 102 and 88.7 s, respectively, whereas the propofol bo-
lus group achieved LOC at 78.7 s, indicating that the propofol
group had a shorter time to LOC [15]. This difference in onset
time is thought to be caused by different methods of drug applica-
tion. In practice, in the field of anesthesia, intravenous sedatives
are usually administered as a single bolus dose to rapidly achieve
high drug concentrations and then maintain adequate drug con-
centrations with subsequent continuous infusions [21]. That is
why we sought to determine a single bolus dose of remimazolam
to deliver the drug in a more practical, simple, and fast way. In
this study, the time to achieve LOC when remimazolam was ad-
ministered as a bolus was not measured, but it is likely to be faster
than the time taken by the continuous infusion method in previ-
ous studies.

This study also evaluated the hemodynamic stability after sin-
gle-bolus dose remimazolam induction in different age groups. In
previous studies, the incidence of adverse events, such as hypoten-
sion, bradycardia, and low oxygen saturation, was significantly
lower in the continuous remimazolam infusion group than in the
propofol group [14,22,23]. Our study findings are consistent with

those of previous studies as bolus administration of remimazolam
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Fig. 3. PAVA-adjusted success rate according to dose level in each
group. PAVA: pooled adjacent violators algorithm.

did not induce hypotension or bradycardia across various age
groups. As described above, although remimazolam induces less
hypotension than propofol, a recent study reports that the inci-
dence of hypotension increases as the dose of remimazolam in-
creases [17]. This result justifies our study findings as selecting an
appropriate dose considering other requirements, such as age, can
reduce the possibility of hypotension. Therefore, we conclude that
a single dose of remimazolam after precise dosing of the ED,; val-
ue can help maintain hemodynamic stability, even in elderly pa-
tients. Regarding the effect of remimazolam on HR, although pre-
vious studies have consistently shown that remimazolam is much
less likely to cause bradycardia than propofol, the pattern of HR
changes over time with remimazolam has not been clearly docu-
mented [14,17,22,23]. In this 3-min study conducted after remim-
azolam bolus without other anesthetics, remimazolam did not
cause severe tachycardia, but HR significantly increased compared
to that at baseline in all groups. Therefore, sufficient attention is
required for the increase in HR caused by remimazolam.

In general, the estimation of the dose for new agents is aimed at
the minimum dose, which provides a 50% probability of response
(effective dose 50, ED,;). The Dixon and Mood up-and-down
method that targets the ED;, is commonly used for dose-finding
studies of fast response drugs such as anesthetics [19,24]. In a pre-
vious study, the estimation of the remimazolam dose to achieve
LOC was a mean dose [15]. However, it is important to identify

the ED,, to determine the dose of drugs for anesthesia [24], as
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50% efficacy is an inappropriately low threshold for anesthesia.
The biased coin up-and-down method generalized the Dixon and
Mood up-and-down method as it finds ED values for other quan-
tiles using modifications to the dose assignment rule and is com-
monly utilized for calculating the ED,, of anesthetics. To deter-
mine a dose such as the ED,;, the biased coin uses a probability of
1/19 (= 0.05). In this method, the doses are allocated sequentially
based on the responses of the previous patient. In detail, doses are
increased after an identification of negative response (failure of
LOC), indicating that the current dose is not sufficient. However,
following a positive response (success of LOC), the next patient is
randomized with a probability of 0.05 to the next lower dose and
with a probability of 0.95 to the same dose. Examples of the biased

coin up-and-down method in anesthesia to find an ED,, dose can
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Fig. 4. Hemodynamic parameters and BIS during study period.
MAP decreased (A), HR increased (B), and BIS decreased (C) after
bolus administration of remimazolam in all three groups. Values
are presented as the mean + SD. MAP: Mean arterial pressure, HR:
heart rate, BIS: bispectral index, T,;: baseline, T,: 1 min after bolus
administration of remimazolam, T,: 3 min after bolus administration
of remimazolam. *P < 0.001 compared to T, in the same group. 'P =
0.003 compared to T, in the same group.

be found in numerous studies [25-29]. Therefore, we used this
method to investigate the ED,; of remimazolam.

As life expectancy is increasing globally, the proportion of el-
derly individuals requiring surgery is also increasing. Elderly pa-
tients scheduled for surgery pose a challenge as anesthesiologists
frequently need to titrate anesthetic drug doses to account for the
physiology of older individuals. These concerns are valid for all
anesthetic drugs, and a phase I study, ONO-2745-01, conducted
in Japan evaluated the pharmacokinetics and pharmacodynamics
of an intravenous bolus of remimazolam in young adults (aged
20-45 years) and elderly individuals (aged 65-74 years) [30]. No
difference in pharmacokinetics was observed between the young
and elderly groups, but a small pharmacodynamic effect related to

increased age was identified (i.e., shorter onset of LOC and longer
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duration of sedation in the elderly group). In this study, we used
elderly patients to determine the ED,; of remimazolam for induc-
tion and found that the results showed a decreasing trend in el-
derly patients.

This study had several limitations. First, the study was designed
to evaluate the success and failure of LOC for only 3 min after
remimazolam administration without any additional anesthetics,
such as opioids or neuromuscular blocking agents. Therefore, the
interaction of remimazolam with other anesthetic agents, as well
as the hemodynamic stability after 3 min, was not evaluated. Sec-
ond, we enrolled relatively healthy patients (ASA-PS I and II). Pa-
tients with severe comorbidities may exhibit different sensitivities
to remimazolam; therefore, subsequent studies are required to
confirm the safety and efficacy of remimazolam in such patients.
Third, we used the biased coin up-and-down method to select the
sample size, and 40 patients was the minimum number required.
Although our results were consistent with those of previous stud-
ies, we suggest that studies involving larger cohorts will help to
determine a more accurate dose of the ED;.

In conclusion, the ED,, of remimazolam bolus for LOC in gen-
eral anesthesia was 0.367 mg/kg in the young group, 0.369 mg/kg
in the middle-aged group and 0.249 mg/kg in the elderly group.
In all patients in this study, hemodynamic stability was main-
tained with a bolus administration of remimazolam, and no injec-
tion site pain was observed. Therefore, in clinical practice, titra-
tion of remimazolam bolus according to age is recommended,
and further studies are needed on the interaction of remimazolam

with other anesthetics.
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