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Abstract
Purpose  This trial was conducted to confirm the non-inferiority of remimazolam versus propofol in the induction and main-
tenance of general anesthesia in surgical patients.
Methods  Surgical patients (n = 375) were randomized to remimazolam started at 6 or 12 mg/kg/h by continuous intravenous 
(IV) infusion until the loss of consciousness (LoC), followed by 1 mg/kg/h to be adjusted as appropriate until the end of 
surgery or IV propofol administered as a slow bolus of 2.0–2.5 mg/kg until LoC followed by 4–10 mg/kg/h until the end 
of surgery. Efficacy was measured via the combined primary endpoint of no intraoperative awakening/recall, no need for 
rescue sedatives, and no body movements. Adverse events and adverse drug reactions (ADRs) were monitored for safety.
Results  Efficacy rates were 100% in all treatment groups, and the non-inferiority of remimazolam was demonstrated [95% 
confidence interval (− 0.0487; 0.0250)]. The time to LoC was longer in the remimazolam 6 (p < 0.0001) and 12 mg/kg/h 
(p = 0.0149) groups versus propofol. The time to extubation was longer in both remimazolam groups versus the propofol 
group (p ≤ 0.0001). The incidence of ADRs was similar in the remimazolam groups (39.3% and 42.7%, respectively) com-
pared with the propofol group (61.3%). Decreased blood pressure occurred in 20.0% and 24.0% of patients treated with 6 
and 12 mg/kg/h remimazolam, respectively, compared with 49.3% of patients receiving propofol. Injection site pain was 
reported in 18.7% of propofol patients but not in those receiving remimazolam.
Conclusions  This trial demonstrated that remimazolam was well tolerated and non-inferior to propofol with regard to efficacy 
as a sedative hypnotics for general anesthesia.
Clinical trial registration  This trial is registered with the Japan Pharmaceutical Information Center - Clinical Trials Informa-
tion (JapicCTI). JapicCTI number: 121973
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Introduction

Propofol and midazolam are the most frequently used intra-
venous (IV) anesthetics for the induction and maintenance 
of sedation during general anesthesia [1]. Propofol is often 
associated with pain on injection [2] and hemodynamic 
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depression; [3] midazolam has a slower onset of action, 
shows accumulation throughout general anesthesia with pro-
longed recovery times, is metabolized to an active metabo-
lite, and interacts with all drugs that are metabolized via the 
cytochrome P450 pathway [4]. Hence, there is an ongoing, 
unmet need for shorter-acting anesthetics with rapid onset, 
good control of the depth of anesthesia, full, rapid, and 
predictable recovery, a benign safety profile particularly in 
terms of hemodynamic effects, and which are metabolized 
independently from renal or liver function.

Remimazolam, a full agonist at the benzodiazepine bind-
ing site of the gamma-aminobutyric acid (GABA)A receptor, 
[5, 6] is metabolized by esterases and has a stable context-
sensitive half-time of 6–7 min during its administration for 
various durations [7–11]. Pharmacokinetic modeling showed 
that remimazolam has a high clearance and small volume 
of distribution [7–11]. A full clinical development program 
for procedural sedation has been successfully conducted, 
[12–16] and Phase II clinical trials conducted on anesthesia 
for general surgery in Japanese patients and cardiac surgery 
in European patients indicated that remimazolam is capable 
of inducing and maintaining sedation during general anes-
thesia with improved hemodynamic stability [17, 18].

The rationale for this Phase IIb/III, open-label clinical 
trial was to confirm these capabilities of remimazolam in a 
broader patient population to obtain approval for a planned 
indication of induction and maintenance for general anes-
thesia in Japan.

The key objectives were to evaluate the non-inferior effi-
cacy and safety of remimazolam compared with propofol 
in surgical patients undergoing general anesthesia using a 
multicenter, randomized, parallel-group design.

It was tested the hypothesis that remimazolam was non-
inferior compared with propofol in terms of functional 
capacity as a sedative for general anesthesia. The corre-
sponding primary efficacy endpoint was defined as a com-
bination of the following three parameters: (i) intraoperative 
awakening or recall, (ii) requirement of rescue sedation with 
other sedatives, and (iii) body movement, all of which are 
frequently used to clinically assess adequate anesthesia.

Methods

Trial design and patient population

This trial was approved by the Institutional Review Board 
of Hamamatsu University in Japan, and written informed 
consent was obtained from all patients prior to participation. 
The trial was registered before enrollment at the Japan Phar-
maceutical Information Center (JapicCTI number: 121973; 
Principal Investigator: Prof. Shigehito Sato; Date of registra-
tion: 26 Sep 2012).

This was a multicenter, single-blind, randomized, paral-
lel-group, Phase IIb/III trial conducted at 49 Japanese sites 
between November 2012 and March 2013 (Online Resource 
1). The trial adhered to the International Conference on Har-
monization Good Clinical Practice Guidelines [19] and was 
conducted in accordance with the Declaration of Helsinki [20].

Relevant inclusion criteria included ≥ 20 years old, a body 
weight of 100 kg or less, scheduled for elective surgery requir-
ing tracheal intubation and hospitalization for ≥ 3 days (includ-
ing the days before and after surgery), and an American Soci-
ety of Anesthesiologists physical status (ASA-PS) of I or II 
[21]. Key exclusion criteria included emergency surgeries or 
surgeries expected to last less than 1 h, planned use of extra-
corporeal circulation, the administration of spinal, epidural, 
or regional anesthesia between entry into the operating room 
until extubation, patients undergoing hepatectomy or liver 
transplant, uncontrolled hypertension (e.g., systolic blood 
pressure ≥ 160 mmHg on antihypertensive medication), renal 
impairment (serum creatinine ≥ 2 mg/dL), or hepatic impair-
ment [aspartate aminotransferase (ASAT)/alanine aminotrans-
ferase (ALAT) ≥ 2.5 × ULN].

Patients underwent single-blinded randomization (patient-
only) to either remimazolam or propofol treatment groups, 
while the allocation to either of the two remimazolam arms 
(the 6 mg/kg/h group and the 12 mg/kg/h group) was con-
ducted in a double-blinded (patient plus investigator) manner. 
For this, the investigator contacted a dedicated patient registra-
tion center for eligible patients and requested randomization to 
one of the three treatment groups (remimazolam 6 mg/kg/h, 
remimazolam 12 mg/kg/h, or propofol) applying a dynamic 
allocation with a minimization method and using the following 
factors: (i) age (20 to < 65 years vs. ≥ 65 years), (ii) ASA-PS 
(I vs. II), (iii) any planned use of local anesthesia during sur-
gery (Yes vs. No), and (iv) investigational site. This approach 
was used for an even distribution of patients and to minimize 
possible biases in the selection of patients and important inter-
group imbalances. Masking the anesthesiologist was ensured 
via two different concentrations in the syringes that were used 
for induction only, such that the concentration in a syringe for 
a patient randomized to the remimazolam 12 mg/kg/h dose 
group was twice as high as that for a patient randomized to 
the 6 mg/kg/h dose group. After successful induction, the 
remimazolam syringe was replaced with ones to be used for 
maintenance, which contained remimazolam at a concentra-
tion of 1 mg/mL regardless of the initial randomization result 
for remimazolam.
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Procedures

Induction of general anesthesia

General anesthesia was induced with the investigational 
product in combination with remifentanil. Muscular paraly-
sis was achieved by rocuronium.

Prior to the induction of anesthesia, oxygen was given for 
several minutes by lightly placing a mask over the subject’s 
face. At the same time, remifentanil infusion was started at a 
rate between 0.25 and 0.5 µg/kg/min and maintained in this 
range until after intubation.

In the remimazolam groups, the induction of general 
anesthesia was performed via a continuous infusion of 6 or 
12 mg/kg/h for up to 2.5 min. In the propofol group, a bolus 
of 2.0–2.5 mg/kg was administered slowly over the course 
of 1 min.

If loss of consciousness (LoC) did not occur after 2.5 min, 
then the infusion was discontinued, and another sedative was 
used. LoC was defined as the time when the patient became 
unresponsive to the shaking of their shoulder.

After LoC was confirmed, an IV dose of rocuronium 
(0.6–0.9 mg/kg) was administered, and the patient was intu-
bated per hospital protocol.

Maintenance of general anesthesia

During the maintenance phase of anesthesia, remimazolam 
was administered at a dose of 1 mg/kg/h and adjusted as 
appropriate (maximum allowed infusion rate: 2 mg/kg/h) 
based on monitoring of the general condition of individual 
subjects until the end of the surgery. Propofol was adminis-
tered at 4–10 mg/kg/h and adjusted as appropriate based on 
monitoring of the general condition of individual subjects 
until the end of the surgery.

Remifentanil was continued at an infusion rate between 
0.25 µg/kg/min and 2 µg/kg/min and adjusted as considered 
appropriate. If needed, an additional single intravenous dose 
of 0.5–1.0 µg/kg remifentanil was allowed.

Rocuronium was administered as necessary as a repeated 
bolus dose of 0.1–0.2 mg/kg or by continuous intravenous 
infusion at a dose of 7 µg/kg/min (adjusted as appropriate). 
Toward the end of the surgery, sugammadex was adminis-
tered as necessary at a dose of 2–4 mg/kg.

If awakening was not yet observed after 30 min from the 
end of remimazolam administration, then 0.2 mg flumaze-
nil was given. If necessary, a repeated dose of 0.1 mg was 
allowed.

The investigators adjusted the investigational products, 
concomitant drugs, and fluid administrations to maintain 
a systolic blood pressure ≥ 80 and < 150 mmHg and heart 
rate ≥ 50 and < 100 bpm. The patients’ depth of sedation was 
measured by the Bispectral Index (BIS).[22]

If signs of intraoperative awakening (e.g., change in blood 
pressure or heart rate, lacrimation, or sweating) were noted 
and assessed as requiring urgent action, then the following 
procedures were performed:

1.	 Remimazolam groups: Rapid intravenous infusion of 
remimazolam at an infusion rate up to 12 mg/kg/h for 
up to 1 min. If signs of awakening persisted, then remi-
mazolam infusion was discontinued and replaced by 
another sedative agent.

2.	 Propofol group: If signs of awakening did not disappear 
and persisted despite the adjustment of the infusion rate 
of propofol, then propofol infusion was discontinued and 
replaced by another sedative agent.

Recovery from general anesthesia

The administration of the investigational product and 
remifentanil was discontinued at the end of surgery.

The times to eye opening, extubation, stating the date of 
birth, and decision to exit the operating room were measured 
and recorded. If eye opening was not observed even after 
30 min from the end of remimazolam, then flumazenil was 
administered.

Surgery was performed according to clinical routine. Par-
ticipation in the trial did not influence the surgical routine.

Outcomes

Primary endpoint

The primary efficacy endpoint in a given patient was 
reported for each treatment group and defined as the absence 
of (1) intraoperative awakening or recall, (2) the need for 
rescue sedative medication, and (3) body movement. In addi-
tion to the patients’ BIS, intraoperative signs of awakening, 
such as a change in the patients’ blood pressure or heart 
rate, lacrimation, or sweating, were monitored. Intraopera-
tive recall was assessed using the Brice Questionnaire, [23] 
which was administered 24 h after surgery and before the 
patient left the recovery room. Body movement was assessed 
from LoC until the end of surgery by monitoring the subject 
for voluntary or purposeful body movement to distinguish 
these movements from involuntary movement or bucking.

Secondary endpoints

Secondary endpoints included the time to LoC (defined as 
the time when the subject became unresponsive to the shak-
ing of his/her shoulder) after the start of the investigational 
medicinal product (IMP).

After stopping the IMP, the time to eye opening, time 
to accurately state his/her date of birth, time to extubation 
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[defined as the time at which all of the following criteria 
were achieved: (1) respond to verbal stimuli, (2) adequate 
respiratory function recovery, (3) stable blood pressure (BP) 
and heart rate (HR), and (4) recovery of muscle strength (5-s 
head lift and strong hand grip)], and time to exit the operat-
ing room were measured.

The investigator or sub-investigator assessed the control-
lability of anesthetic depth during the administration of the 
investigational product using a 3-point scale (1 = Excellent, 
2 = Good, and 3 = Poor) shortly after the end of general 
anesthesia.

Safety parameters

General safety assessments included physical examinations, 
laboratory testing (hematology, biochemistry, and urinaly-
sis), and vital signs. Non-invasive BP and HR were recorded 
once during the screening period and immediately before the 
induction of anesthesia, in 5-min intervals until the patient 
was transferred out of the operating theatre, and in regular 
intervals with decreasing frequency until 24 h after surgery. 
Percutaneous arterial oxygen saturation (SpO2) recordings 
were started immediately before the induction of anesthe-
sia and continued in 5-min intervals until the patient was 
transferred to the peripheral ward. A 3- or 5-lead ECG was 
applied before the induction of anesthesia until recovery 
and continuously monitored for abnormal clinically rel-
evant changes and relationship to the trial drug. The patients’ 
agitation level was noted using the Ramsay Sedation Scale 
Score.

Adverse events (AEs) (defined as any untoward medi-
cal occurrence in a patient or worsening of a pre-existing 
medical condition irrespective of a causal association with 
the investigational medicinal product) and adverse drug 
reactions (ADRs) (defined as AEs with a causal relation-
ship to the investigational medicinal product) were moni-
tored throughout this study. Two consecutive recordings 
of systolic BP either < 80 or ≥ 150 mmHg and HR < 50 
or ≥ 100 bpm were recorded as predefined AEs. All AEs 
were followed until resolution or up to 30 days after the ini-
tial follow-up. Laboratory results were compared over time 
to detect any safety signals.

Statistical analysis

The primary efficacy analysis was based on the Full Anal-
ysis Set (FAS), and the safety analysis was based on the 
Safety Set (SAF) (Online Resource 2). For the composite 
primary efficacy endpoint, efficacy rates were calculated 
for all treatment groups, and the between-group differences 
in rates were calculated with two-sided 97.5% confidence 
intervals (CIs) using the Wilson method. Non-inferiority 
was defined as having a CI with a lower limit of more than 

− 10%. Statistical comparisons were performed using Chi-
square tests. In the event that any efficacy rate was 100%, 
the Newcombe–Wilson hybrid score without continuity cor-
rection was used to estimate the 95% CI for the difference 
between groups.

For secondary endpoints, continuous data were reported 
as summary statistics and analyzed using t-tests, whereas 
categorical and ordinal data were reported as frequency 
distributions and analyzed using Chi-square tests. Time-to-
event endpoints were also evaluated using Kaplan–Meier 
analysis. In the case of AEs, the relative risk and 95% con-
fidence interval were calculated.

Although the use of a single agent for sedation is prefer-
able in the clinical setting, concomitant use of another seda-
tive agent (e.g., additional boluses of propofol during the 
administration of volatile anesthetics) is sometimes required. 
Therefore, assuming an efficacy rate of 96% in each group 
and a non-inferiority margin of 10% for the absolute differ-
ence between the groups, the sample size was calculated 
to observe a greater than − 10% lower limit for the 95% CI 
of the between-group difference between each of the remi-
mazolam groups and the propofol group (one-sided signifi-
cance level of 2.5%, 90% power). The statistical analysis of 
the results was based on a total pool of 375 patients (150 
patients for each remimazolam group and 75 patients for 
the propofol group).

Results

A total number of 391 patients were randomized into 3 
groups: 158 to the remimazolam 6 mg/kg/h group, 156 to 
the remimazolam 12 mg/kg/h group, and 77 to the propofol 
group. For various reasons (patient decision, investigator 
decision, or exclusion criteria), 8 subjects in the remima-
zolam 6 mg/kg/h arm, 6 subjects in the remimazolam 12 mg/
kg/h arm, and 2 subjects in the propofol arm did not receive 
trial medication. Thus, 375 patients were included in these 
analyses (Fig. 1).

Overall, baseline demographics and clinical characteris-
tics were comparable. The mean age was 56 years, and the 
proportion of patients aged 65 or above was 38.7% in the 
remimazolam 6 mg/kg/h group, 38.0% in the remimazolam 
12 mg/kg/h group, and 37.7% in the propofol group. Males 
accounted for 53% of the patients. Most patients had comor-
bidities, including vascular, metabolic, respiratory, and nerv-
ous system disorders. The most common surgical sites were 
the limbs and the lower abdomen (Table 1).

The mean duration of surgery was > 2 h in all treatment 
groups and slightly longer in the remimazolam 6 mg/kg/h 
group (155.5 min; p = 0.006 vs. propofol) but compara-
ble in the 12 mg/kg/h (143.7 min; p = 0.065 vs. propofol) 
and propofol (123.4 min; Table 2) groups. Similarly, the 
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mean duration of exposure to remimazolam was longer 
in the remimazolam 6 mg/kg/h and similar in the 12 mg/
kg/h group (202 and 190 min) compared with the propofol 
group (165 min) (p = 0.003; p = 0.039) (Table 2 and Online 
Resource 3).

For the composite primary efficacy endpoint, the efficacy 
rate was 100% in all treatment groups (Table 3). Therefore, 
the 95% CI was estimated using the Newcombe–Wilson 
hybrid score. There were no occurrences of intraoperative 
arousal or recall, need for rescue sedative medication, or 
body movements in any patients. During the maintenance 
of anesthesia, BIS values (mean) in the remimazolam 6 mg/
kg/h group, remimazolam 12 mg/kg/h group, and propofol 
group were within the ranges of 40.0–82.0, 47.8–84.0, and 
39.0–56.3, respectively (Fig. 2). With a 100% efficacy rate 
and an estimated 95% CI of [− 0.0487; 0.0250] in all treat-
ment groups, it was therefore assumed that both remima-
zolam arms were non-inferior to propofol in terms of func-
tional capacity as a sedative for general anesthesia (Table 3).

In the remimazolam 6 mg/kg/h group (n = 150) and 
12 mg/kg/h group (n = 150), the mean (SD) time to LoC 

was 102.0 (± 26.6) and 88.7 (± 22.7) seconds, respec-
tively. In the propofol group (n = 75), the mean time to 
LoC was 78.7 (± 38.4) seconds, indicating a statistically 
shorter time compared with the remimazolam 6 mg/kg/h 
and 12 mg/kg/h groups (p < 0.0001 and p = 0.0149, respec-
tively) (Table 3).

During induction, all patients who received remimazolam 
6 mg/kg/h reached LoC with cumulative doses lower than 
0.3 mg/kg. In contrast, patients who received remimazolam 
12 mg/kg/h reached LoC under a broader range of cumula-
tive doses (0.1 to < 1.0 mg/kg). The mean (SD) cumulative 
dose of remimazolam required to reach LoC was 0.17 (0.04) 
mg/kg in the 6 mg/kg/h group and 0.29 (0.08) mg/kg in the 
12 mg/kg/h arm.

During maintenance, the optimal infusion rate was 
between 0.8 and 1.0 mg/kg/h for 52% and 58% of patients in 
the remimazolam 6 and 12 mg/kg/h treatment arms, respec-
tively. For propofol, the optimal rate was between 4.0 and 
6.0 mg/kg/h for 52% of patients. Detailed statistics for the 
induction doses and optimal infusion rates during mainte-
nance are provided in Table 2 and Online Resource 4.

Fig. 1   FAS Full Analysis Set, PI Principal Investigator
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Table 1   Demographic and clinical characteristics of patient population (SAF)

Characteristic Remimazolam 6 mg/
kg/h (n = 150)

Remimazolam 12 mg/
kg/h (n = 150)

Propofol (n = 75) Standardized difference 
(β) 6 and 12 mg/kg/h vs 
propofol

Male gender, n (%) 80 (53.3) 76 (50.7) 42 (56.0) 0.065
− 0.089

Mean (SD) age, years 57.7 (14.7) 56.2 (16.0) 56.3 (17.6) 0.085
− 0.006

Mean (SD) BMI, kg/m2 23.5 (3.0) 23.0 (3.1) 23.3 (3.4) 0.065
− 0.089

Mean (SD) weight kg 61.12 (10.0) 60.5 (11.6) 60.8 (10.8) 0.033
− 0.024

Mean (SD) height cm 161.2 (9.0) 161.7 (8.9) 161.3 (8.3) − 0.022
0.040

ASA class
 I 72 (48.0) 74 (49.3) 37 (49.3) 0.065b

 II 78 (52.0) 76 (50.7) 38 (50.7) − 0.089b

Smoking status
 Does not smoke 76 (50.7) 80 (53.3) 38 (50.7) 0.031b

 Smoked previously 51 (34.0) 45 (30.0) 25 (33.3) 0.065b

 Smokes currently 23 (15.3) 25 (16.7) 12 (16.0) 0.481b

Medical history,a n (%) 0.465b

 Vascular 52 (34.7) 44 (29.3) 25 (33.3)
 Metabolism and nutrition 47 (31.3) 33 (22.0) 21 (28.0)
 Respiratory, thoracic, mediastinal 17 (11.3) 16 (10.7) 16 (21.3)
 Nervous system/psychiatric 25 (16.7) 22 (14.6) 15 (20.0)
 Genitourinary/Reproductive 17 (11.4) 23 (15.4) 14 (18.7)
 Musculoskeletal 25 (16.7) 29 (19.3) 14 (18.7)
 Gastrointestinal 24 (16.0) 31 (20.7) 13 (17.3)
 Infections and infestations 15 (10.0) 11 (7.3) 10 (13.3)
 Blood and lymphatic system 8 (5.3) 13 (8.7) 7 (9.3)
 Cardiovascular 12 (8.0) 13 (8.7) 7 (9.3)
 Immune system 32 (21.3) 26 (17.3) 7 (9.3)
 Eye 13 (8.7) 13 (8.7) 6 (8.0)
 Neoplasms 13 (8.7) 11 (7.3) 6 (8.0)
 Skin and subcutaneous tissue 7 (4.7) 12 (8.0) 4 (5.3)
 Endocrine 7 (4.7) 2 (1.3) 3 (4.0)
 Ear and labyrinth 5 (3.3) 3 (2.0) 2 (2.7)
 Hepatobiliary 8 (5.3) 13 (8.7) 2 (2.7)
 Congenital, familial, genetic 4 (2.7) 3 (2.0) 1 (1.3)
 General/administration site 1 (0.7) 1 (0.7) 1 (1.3)
 Surgical and medical procedures 1 (0.7) 1 (0.7) 0 (0.0)

Type of surgery, n (%) (may include more than 1 site per patient) 0.287a

0.342a

 Lower abdomen 39 (26.0) 44 (29.3) 17 (22.7)
 Limbs 32 (21.3) 32 (21.3) 18 (24.0)
 Ear, nose, throat 22 (14.7) 21 (14.0) 9 (12.0)
 Endocrine organs 15 (10.0) 11 (7.3) 10 (13.3)
 Chest 12 (8.0) 15 (10.0) 5 (6.7)
 Upper abdomen 9 (6.0) 5 (3.3) 3 (4.0)
 Oral cavity 7 (4.7) 7 (4.7) 6 (8.0)
 Back 5 (3.3) 8 (5.3) 4 (5.3)
 Head and neck 7 (4.7) 4 (2.7) 4 (5.3)
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Standardized difference effect subtype: extremely weak: − 0.25 ≤ β < 0 or 0 < β ≤ 0.25; very weak − 0.5 ≤ β < − 0.25 or 0.25 < β ≤ 0.5
ASA American Society of Anesthesiologist, BMI Body Mass Index, DM diabetes mellitus, FAS full analysis set, GI Gastrointestinal, GU Geni-
tourinary, MedDRA Medical Dictionary for Regulatory Activities, SD standard deviation, SOC System Organ Classification
a MedDRA Preferred Term
b Overall standardized difference

Table 1   (continued)

Characteristic Remimazolam 6 mg/
kg/h (n = 150)

Remimazolam 12 mg/
kg/h (n = 150)

Propofol (n = 75) Standardized difference 
(β) 6 and 12 mg/kg/h vs 
propofol

 Eye 2 (1.3) 1 (0.7) 1 (1.3)
 Other 1 (0.7) 2 (1.4) 0 (0.0)

Table 2   Duration of surgery, exposure to study medication and concomitant medications (FAS)

FAS Full Analysis Set, LoC loss of consciousness, SD standard deviation
a Spinal subarachnoid or epidural anesthesia or peripheral nerve block
b After intubation and during administration of study medication
c During administration of study medication
d t test
e Chi-Square (Fisher’s exact test)

Remimazolam 
6 mg/kg/h 
(n = 150)

Remimazolam 
12 mg/kg/h 
(n = 150)

Propofol (n = 75) Differences (97.5% CI) [P-value] 6 mg/kg/h and 
12 mg/kg/h vs propofol

Duration of surgery, minutes
 Mean (SD) 155.5 (96.5) 143.7 (79.4) 123.4 (73.0) 32.1 (6.03;58.17) 20.3 (− 4.38;44.98)
 Median 125.5 131.0 112.0  [0.006]d [0.0648]d

Exposure to study medication (duration, minutes)
 Mean (SD) 202.2 (103.3) 190.0 (87.8) 164.9 (80.2) 37.3 (8.99;65.61) 25.1 (− 2.14;52.34)
 Median 174.0 175.0 145.4  [0.0033]d [0.0387]d

Dose, mg/kg
 Mean (SD) 3.47 (2.00) 3.47 (2.05) 16.33 (7.41) − 12.86 (− 14.85; − 10.87) − 12.86 (− 14.85; − 10.87)
 Median 2.80 3.10 14.98  [< 0.0001]d [< 0.0001]d

Dose to LoC, mg/kg
 Mean (SD) 0.17 (0.04) 0.29 (0.08) 1.83 (0.40) − 1.66 (− 1.77;− 1.55) − 1.54 (− 1.65;− 1.43)
 Median 0.17 0.29 2.00  [< 0.0001]d [< 0.0001]d

Optimal infusion rate during maintenance, mg/kg/hr
 Mean (SD) 0.97 (0.35) 0.99 (0.39) 5.21 (1.29) − 4.24 (− 4.59; − 3.89) − 4.22 (− 4.57;− 3.87)
 Median 1.00 1.00 5.00  [< 0.0001]d [< 0.0001]d

BIS values immediately after intubation
 Mean (SD) 56.2 (9.2) 53.6 (9.9) 46.7 (12.7) 9.5 (5.76;13.24) 6.9 (3.1;10.7)
 Median 58.0 53.5 45.0  [< 0.0001]d [< 0.0001]d

 Sugammadex after start 
of study drug, n (%)

114 (76.0) 121 (80.7) 58 (77.3) − 0.01 (− 0.14;0.13) 
[0.823]e

0.03 (− 0.09;0.17) [0.5662]e

 Local anesthesiaa after 
intubationb n (%)

42 (28.0) 44 (29.3) 20 (26.7) 0.01 (− 0.13;0.14) [0.832]e 0.03 (− 0.12;0.16) [0.6729]e

 Vasopressorsc, n (%) 60 (40) 64 (42.7) 48 (64.0) − 0.24 (− 0.38; − 0.08) 
[0.0004]e

− 0.21 (− 0.35;− 0.05) 
0.0019]e

 Antihypertensive agentsc, 
n (%)

5 (3.3) 7 (4.7) 0 (0.0) 0.03 (− 0.03;0.08) 
[0.1722]e

0.05 (− 0.02;0.1) [0.0985]e

Medications for 
bradycardiac, n (%)

9 (6.0) 10 (6.7) 7 (9.3) − 0.03 (− 0.14;0.05) 
[0.3901]e

− 0.03 (− 0.13;0.05) 
[0.4972]e

Medications for 
tachycardiac, n (%)

2 (1.3) 2 (1.3) 0 (0.0) 0.01 (− 0.05;0.06) 
[0.5536]e

0.01 (− 0.05;0.06) [0.5536]e
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The mean times to eye opening, extubation, stating the 
date of birth, and decision to leave the operating room 
were statistically shorter in the propofol group compared 
with both 6 mg/kg/h and 12 mg/kg/h remimazolam groups 
(p < 0.05 for all comparisons) (Table 3).

Flumazenil was administered to 9.3% and 8.7% of patients 
in the remimazolam 6 and 12 mg/kg/h arms, in which the 
mean time to awakening was 1.8 and 0.9 min after flumaze-
nil administration, respectively.

At least 80% of patients in each treatment group expe-
rienced AEs. The most frequently recorded AEs included 
decreased BP, injection site pain (for 18.7% of propo-
fol patients only), nausea, vomiting, and pyrexia (Online 
Resource 5). Two patients in the remimazolam 6 mg/kg/h 
group experienced serious AEs (post-procedural hemor-
rhage). Neither of these two were regarded as treatment 
related, and both events were managed with appropriate 
intervention. No patients discontinued due to AEs, and there 
were no deaths during the trial.

In contrast, 39.3% and 42.7% of remimazolam 6 mg/kg/h 
and 12 mg/kg/h patients experienced ADRs compared with 
61.3% of propofol patients [RR and 97.5% CI 0.64 (0.47, 
0.87) and 0.70 (0.52, 0.94), respectively].

The distributions of AEs and ADRs pertaining to hypo-
tension-specific events were evaluated in a post hoc analysis 
and are depicted in Fig. 3 and Online Resource 6. For the 
period up to the completion of intubation, fewer patients in 
the remimazolam 6 and 12 mg/kg/h groups versus the propofol 

group experienced ADRs [patients with ADRs 4.7%, 5.3%, 
and 18.7% (− 14.0 (− 24.5, − 5.4) and − 13.3 (− 23.9, − 4.7)), 
respectively]. The incidence of ADRs increased after the com-
pletion of intubation but remained lower in both remimazolam 
groups (18.0%, 21.3%) versus 38.7% for propofol [− 20.7 
(− 33.2, − 8.3) and − 17.3 (− 30.0, − 4.8)].

Systolic and diastolic BP values were higher in the remi-
mazolam groups compared with the propofol group through-
out this study period (Online Resource 7). Smaller percent-
ages of patients who received remimazolam 6 and 12 mg/
kg/h (40.0% and 42.7%) versus propofol (64.0%) required 
vasopressors during anesthesia [difference and (95% CI) 
− 24 (− 36.5; − 10.2), − 21.3 (− 34.9; − 7.5)]. Less than 
10% of all patients received medications for bradycardia, 
and < 5% of patients received antihypertensive agents or 
medications for tachycardia (Table 2).

Subgroup analyses were performed on age, BMI, ASA-
PS, amount of remifentanil, duration of IMP administra-
tion, cumulative IMP dose, and several combinations. No 
clinically prominent differences were found in any of these 
analyses.

Discussion

In this randomized Phase IIb/III trial, the two induction 
doses of remimazolam (6 and 12 mg/kg/h) showed non-
inferiority to propofol (2.0–2.5 mg/kg) in terms of efficacy 
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when used as a sedative for general anesthesia. In fact, the 
efficacy was 100% in all treatment groups [estimated 95% 
CI − 0.0487; 0.0250]. Although the incidence of hypoten-
sive events was less in the remimazolam groups compared 
with the propofol group, the time to extubation was longer in 
the remimazolam groups compared with the propofol group.

During induction, both doses of remimazolam led to 
rapid LoC, indicating the ability of the compound to induce 
anesthesia. Maintenance was assured by continuous IV infu-
sion. The mean (SD) infusion rate during maintenance was 
0.97 (0.35) mg/kg/h in the remimazolam 6 mg/kg/h group 
and 0.99 (0.39) mg/kg/h in the remimazolam 12 mg/kg/h 
group, resulting in a comparable cumulative dose of remi-
mazolam in both arms. The relatively short and different 

induction phase in comparison to the maintenance phase 
with a titration effect is considered responsible for almost 
identical cumulative doses in both remimazolam groups. 
Mean BIS values were within the same range in all three 
groups and indicated a similar and adequate depth of anes-
thesia. Controllability was rated as “Excellent” or “Good” 
for 98.7%, 96.7%, and 100% of patients in the remimazolam 
6 mg/kg/h, remimazolam 12 mg/kg/h, and propofol groups, 
respectively.

In terms of recovery, times were significantly shorter 
among patients in the propofol group (p < 0.05). In addition 
to the question of whether these absolute differences are 
clinically meaningful, the use of flumazenil may offer the 
opportunity to even surpass the recovery speed of propofol.

Table 3   Results for primary endpoint and secondary “time to” endpoints (FAS)

CI confidence interval, DOB date of birth, FAS Full Analysis Set, LoC loss of consciousness, OR operating room, SD standard deviation
a t tests (significance level p < 0.025)
b n = 149

Remimazolam Differences (97.5% CI) [P-value]a

6 mg/kg/h (n = 150) 12 mg/kg/h (n = 150) Propofol (n = 75) 6 mg/kg/h vs Propofol and 12 mg/
kg/h vs Propofol

Primary endpoint
 n (%) 150 (100.0) 150 (100.0) 75 (100.0) 0.0 (−, −)

(−0.0628; 0.0324)
(−0.0628; 0.0324)

Start of study drug to LoC, sec
 Mean (SD) 102.0 (26.6) 88.7 (22.7) 78.7 (38.4) 23.3
 Median 100.5 87.5 80.0 (12.08; 34.52)[< 0.0001]
 (Range) (24–165) (30–170) (17–280) 10

(-0.94; 20.94)[0.04]
End of study drug to eye opening, min
 Mean (SD) 14.9 (11.1) 14.5 (9.8) 10.3 (5.1) 4.6
 Median 12.0 12.0 10.0 (2.16; 7.04)[< 0.0001]
 (Range) (1–87) (0–50) (0–24) 4.2

(1.96; 6.44)[< 0.0001]
End of study drug to extubation, min
 Men (SD) 19.2 (14.1) 19.2 (10.8) 13.1 (6.5) 6.1
 Median 15.5 18.0 12.0 (3.00; 9.20)[< 0.0001)
 (Range) (3–104) (2–58) (3–42) 6.1

(3.49; 8.71)[< 0.0001]
End of study drug to stating DOB, min
 Mean (SD) 24.8 (16.2)a 24.1 (14.8)b 15.6 (11.0) 9.2
 Median 21.0 21.0 14.0 (5.05; 13.35)[< 0.0001]
 (Range) (3–106) (2–125) (4–86) 8.5

(4.53; 12.47)[< 0.0001]
End of study drug to discharge from OR, min
 Mean (SD) 28.7 (18.1) 27.9 (15.7) 19.1 (13.1) 9.6
 Median 25.0 25.0 16.0 (4.82; 14.38)[< 0.0001]
 (Range) (4–144) (5–125) (5–87) 8.8

(4.05; 13.55)[< 0.0001]
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All treatment regimens were very safe with no deaths 
during the trial and only two serious but not related AEs 
in two patients. Overall, a larger percentage of propofol 
(61.3%) versus remimazolam (41.0%) patients experienced 
ADRs. Of these, the most frequent ADR was decreased 
blood pressure in 49.3% of propofol vs. 22% of remima-
zolam patients. For injection site pain, 18.7% of propofol 
but no remimazolam patients experienced this ADR. Nau-
sea (7%) and vomiting (6%) in the remimazolam groups 
were the only ADRs experienced more frequently than 
in the propofol group (5.3% and 4.0%, respectively). It is 
also noteworthy that a larger percentage of propofol versus 
remimazolam patients (64.0% vs 41.3%) required vaso-
pressors and treatment for bradycardia (9.3% vs 6.3%).

Due to the increasing body of evidence of the deleteri-
ous effects of intraoperative hypotension, this difference 
in favor of remimazolam deserves particular attention, 
although the trial was not fully standardized with regard 
to concomitant medications and their potential influence 
on hemodynamics or general fluid management.

The trial could not be fully blinded to investigators, so a 
theoretical bias can be claimed. However, the primary end-
point consists of composites that are routine in daily practice 
and thus highly relevant to clinicians. This trial design is 
deliberately chosen because it comes fairly close to daily 
clinical practice. It is believed that the majority of anesthe-
siologists worldwide adjust their medications according to 
clinical parameters, such as BP and heart rate, and assess the 
efficacy of anesthetics based on similar parameters. While 
the authors do acknowledge the lack of standardization in 
their protocol and the potential influence of repeated rocuro-
nium use during the maintenance phase, they are convinced 
that the approach taken is a true reflection of the clinical 
guidance under which the majority of anesthesia is still con-
ducted worldwide. Of note, the BIS values did show an ade-
quate depth of anesthesia in all groups indicating a greater 
level of objectivity in the results of this trial.

The recovery profile of remimazolam may not have been 
explored to its full potential due to limited experience with 
the drug. It is a well-known phenomenon that anesthesiolo-
gists need some experience with a new drug before they are 
able to use the drug to its full advantage and initiate tapering 
off early enough to allow for the fastest recovery. Therefore, 
the time intervals during recovery have to be considered 
with some caution and may not yet represent the full spec-
trum of remimazolam.

The assessment of intraoperative recall via a post-opera-
tive questionnaire (Brice questionnaire) is limited by the fact 
that remimazolam is expected to have amnestic properties. 
While it is interesting to determine whether intraoperative 
awareness has taken place or whether it has happened but 
simply forgotten, the result and perception are essentially the 
same for the patient. Therefore, it is believed that the results 
of the Brice questionnaire, when interpreted as a patient-
reported outcome, provide clinically relevant information 
on intraoperative awareness or recall.

Lastly, the trial design has also not systematically 
addressed the question of post-operative delirium. This 
shortcoming is currently being investigated in a European-
based Phase 3 trial with remimazolam vs. propofol for gen-
eral anesthesia (NCT03661489), in which post-operative 
delirium is being assessed with the NU-DESC in all patients 
in a systematic manner.

Esterase-metabolized drugs are established pharmaco-
logical principles in anesthesia. Remimazolam, a GABA 
receptorA agonist, transfers this principle to benzodiaz-
epines. This Phase IIb/III trial demonstrated the non-inferi-
ority of remimazolam compared with propofol to induce and 
maintain general anesthesia in combination with remifenta-
nil and rocuronium. Therefore, remimazolam can be consid-
ered a promising alternative for intravenous general anes-
thesia. Moreover, due to its less pronounced hemodynamic 
side effects, remimazolam may play an important role in the 

Fig. 3   ***p ≤ 0.0001; **p ≤ 0.0007; *p ≤ 0.009 for remimazolam 
12 mg/kg/h vs propofol or remimazolam 6 mg/kg/h vs propofol. Chi-
square tests on the between-group difference and 95% Cis (Wilson 
method) in AE and ADR rates. ADRs adverse drug reactions, AEs 
adverse events, CI confidence interval, SAF safety set
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prevention of intraoperative hypotension. Further clinical 
trials are needed to demonstrate and better characterize this 
particular advantage.
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