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Introduction 

    Remimazolam (CNS 7056) is a novel ultra-short-

acting benzodiazepine drug whose parent compound is 

midazolam. Based on the chemical structure of 

midazolam, a carboxylic ester bond has been 

introduced to make it easier to be metabolized in vivo 

by plasma non-specific tissue enzymes, and an inactive 

metabolite CNS 7054 has been found to be catalyzed in 

the liver by CES1 as a result of the increasing 

pharmacokinetic studies of remimazolam. These two 

metabolic mechanisms allow for a rapid metabolism of 

remimazolam, and the metabolism of the drug has 

been shown to be very rapid in vitro. Meanwhile, 

according to an in vitro hepatic cell exposure study, 

although part of the metabolic pathway of 

remimazolam is metabolized by hepatic 

carboxylesterase, no deleterious alteration of hepatic 

cells was observed. Therefore, as a sedative drug, 

remimazolam, which combines the dual features of 

midazolam and remifentanil, has become the focus of 

research and application of new anesthesia drugs [1-

3]. It is a new type of anesthesia drug. 

 

Abstract 

Purpose of Review: Remimazolam is a new short-acting benzodiazepine in the final stages of clinical 

development. The methods of monitoring sedation and assessing the depth of anesthesia for benzodiazepine 

sedative drugs have been fraught with controversy in clinical work. As a newly released short-acting anesthetic 

sedative drug that can be continuously pumped, appropriate anesthetic monitoring and sedation depth 

assessment tools can better help anesthesiologists make clinical decisions and reduce the emergence of 

perioperative complications in patients. 

Recent Findings: Clinical trials of remimazolam have been completed at home and abroad in various phases, 

and much progress has been made, but the effective sedation monitoring means of remimazolam are still not 

conclusive. 

Summary: Remimazolam has a rapid onset of action and a high rate of metabolism in the body; tissue 

accumulation and delayed awakening are rare. At the same time, it can be safely applied to elderly patients with a 

low cardiopulmonary function inhibition rate, accurate anesthesia effect, and satisfactory quality of awakening. By 

comparing various methods of sedation depth monitoring, the data correlation is high, which can be of significant 

importance for remimazolam sedation depth monitoring. 

https://doi.org/10.36502/2024/ASJBCCR.6344
https://www.wchscu.cn/Home.html
https://en.scu.edu.cn/
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Clinical Studies of Remimazolam 

    In a drug study program of remimazolam in Chinese 

healthy volunteers [4], the recommended drug dosage 

of remimazolam for single sedation versus continuous 

pumping was obtained. The results of this study 

showed that when remimazolam was injected in a 

single dose, a sedative effect could be observed at 0.05 

mg/kg of remimazolam, and the sedative effect peaked 

1-2 minutes after ≥0.075 mg/kg of remimazolam was 

injected. Satisfactory sedation was achieved at a 

continuous pumping induction dose of 0.2 mg/kg/min 

and a maintenance dose of 1 mg/kg/h. This study is the 

first to obtain the optimal sedative dose of 

remimazolam in healthy volunteers. Since this study is 

a healthy volunteer study, it is affected by the 

physiological state of the patients in actual clinical 

work, so this dose still needs to be verified in 

subsequent clinical and experimental trials. 

 

    A team from Korea conducted a study [5,6]. The 

study evaluated the safety and efficacy of intravenous 

remimazolam and obtained the ED50 and ED95 of 

remimazolam in causing loss of consciousness and 

respiratory depression in patients, which were 

0.11/0.19 mg/kg and 0.14/0.27 mg/kg, respectively. 

The study also obtained the optimal dose of 

remimazolam according to the patient's age for 

patients less than 40 years old, 40-80 years old, and 

more than 80 years old, which asked 0.25-0.33 mg/kg, 

0.19-0.25 mg/kg, and 0.14-0.19 mg/kg, respectively. 

The study successfully evaluated the safety and efficacy 

of remimazolam and provided a safer anesthesia idea 

for rational clinical application of remimazolam. This 

study still has the limitation that the adverse effects of 

intravenous anesthetics include circulatory depression, 

hepatic, and renal impairment in addition to 

respiratory depression, so the ED50 and ED95 of 

different doses of remimazolam leading to different 

sedation-related adverse events still need to be 

confirmed by clinical practice. 

 

    A multicenter clinical study of the safety and efficacy 

of remimazolam in general anesthesia for patients  

with ASA classification III was conducted in Japan    

[7]. The investigators used 6 mg/kg/h (group A) and 

12 mg/kg/h (group B) of remimazolam for 

maintenance  anesthesia and  observed the time to loss 

 

 

of consciousness, patient BIS scores, and the incidence 

of adverse events. The study found that the time to loss 

of consciousness in group B was significantly less than 

that in group A at the two different doses, but there 

was no significant difference in the BIS scores, and 

there was no statistically significant difference in the 

incidence of adverse events in the patients. The team 

concluded that the dose of remimazolam was positively 

correlated with the time to loss of consciousness and 

that the safety profile of remimazolam remained high 

under conditions of continuous pumping at a dose of 

12mg/kg/h. This study is the first to evaluate the drug 

safety of remimazolam general anesthesia applied to 

ASA class III patients at high risk of anesthesia and 

strongly demonstrates that remimazolam's mild 

inhibition of respiratory and circulatory function can 

be safely applied to sedate critically ill patients in the 

perioperative period.  

 

Clinical Applications of Remimazolam 

    As an anesthetic induction drug, remimazolam is 

unlikely to be superior to midazolam. The onset of 

action is 1-3 minutes after 0.075 mg/kg, which is not 

significantly different from that of midazolam. 

Although the shorter elimination time is a prominent 

advantage of remimazolam, anesthetic drugs with 

longer metabolism times may be more beneficial for 

pre-anesthetic induction in special populations such as 

anxious patients, children, etc., to alleviate the 

patient's pre-anesthetic stress response. However, 

short-acting anesthetic drugs, represented by 

remimazolam and remifentanil, may be more 

beneficial for populations that are inherently at high 

risk for sedation, such as morbidly obese patients who 

are often denied sedation during short-term 

procedures such as epidural catheter placements or 

central catheterization, which are often technically 

challenging for morbidly obese patients and are 

further complicated by the patient's anxiety. With 

remimazolam, it may be easier to achieve a satisfactory 

level of sedation with a low risk of airway obstruction. 

Flumazenil is another advantage of benzodiazepines 

[1,2,8]. 

 

    Many gastrointestinal (GI) endoscopic procedures 

can be accomplished with short-acting 

benzodiazepines along with short-acting opioids such
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as fentanyl. In a phase IIa clinical trial [2], 

remimazolam was evaluated for procedural sedation in 

patients undergoing upper gastrointestinal endoscopy 

and was found to have a shorter recovery time than 

midazolam. However, due to the uncertainty of 

gastroscopy procedure times and differences in the 

proficiency of endoscopic technicians, the advantages 

of remimazolam are difficult to realize, and therefore 

propofol remains the most preferred sedative drug for 

gastrointestinal endoscopy. Mean procedure times in 

this study ranged from 3.3 to 4.3 minutes. It does not 

make sense to add propofol to remimazolam dosing for 

procedural success. Although larger doses or 

combinations with fentanyl may accelerate and 

prolong the effects of remimazolam, the incidence of 

respiratory depression is likely to increase. 

Hypotension and hypoxemia were seen in some of the 

patients who underwent colonoscopy. Failure to 

complete colonoscopy in 25% of subjects due to failure 

of sedation and a severe decrease in patient 

satisfaction may be one of the reasons why propofol is 

more commonly used for colonoscopy in many 

healthcare organizations in the United States [9,10]. 

 

    Studies have shown that interval-free sedation in the 

intensive care unit (ICU) increases the likelihood of 

early extubation. Critically ill patients often have 

varying organ dysfunction. A significant proportion of 

commonly used sedatives require hepatic metabolism 

followed by renal clearance. Therefore, even if sedation 

is discontinued, altered pharmacokinetics of excretion 

or metabolism are problems that cannot be ignored. In 

addition, most drugs (with the exception of propofol) 

have significantly longer pharmacologic half-lives. In 

this case, the ideal drug choice would be a short-acting 

drug whose metabolism is not dependent on the liver 

or kidney [11]. 

 

BIS for Intraoperative Sedation with 

Remimazolam 

 

    The Bispectral Index (BIS), bispectral index 

monitoring, is a widely used index for the assessment 

of clinical anesthesia and sedation, mainly reflecting 

cortical excitatory or inhibitory states and sedative-

hypnotic information [12,13]. BIS is a widely           

used  indicator   for   clinical   anesthesia  and  sedation  

 

assessment. By analyzing and processing this 

information, it is possible to understand the patient's 

immediate state of consciousness, thus helping the 

anesthesiologist to dynamically change the anesthesia 

plan. 

 

    Professor Matsuyuki Doi's team from Japan applied 

BIS monitoring to assess the sedative effect of different 

doses of remimazolam against continuous pumping of 

propofol in a phase III multicenter clinical trial 

evaluating the safety and efficacy of remimazolam [7]. 

The trial included 375 patients who were divided into 

three groups: a continuously pumped low-dose 

remimazolam group, a continuously pumped high-

dose remimazolam group, and a continuously pumped 

propofol group. The time of loss of consciousness of 

the patients was assessed by BIS monitoring in relation 

to the drug dose. The results of the trial showed 

similar sedation effects in the 6 mg/kg/h, 12 mg/kg/h 

remimazolam, and 2.0-2.5 mg/kg propofol groups. As 

the primary sedation level monitor, it is emphasized 

that BIS values showed adequate depth of anesthesia in 

all groups, suggesting a higher degree of objectivity in 

the results of this trial. 

 

    Prof. Sheng's team applied remimazolam to the 

pharmacokinetics and pharmacodynamics of healthy 

volunteers in China [4]. Prof. Sheng's team conducted 

a pharmacokinetic and pharmacodynamic study of 

remimazolam in Chinese healthy volunteers, relying 

on BIS to monitor the depth of sedation in combination 

with blood concentration measurements in volunteers, 

and concluded that remimazolam can be safely used in 

Chinese healthy volunteers with a predictable PK 

profile and dose-dependent PD profile. Based on 

several clinical studies, it was concluded that 

remimazolam may have a stronger sedative effect and 

shorter recovery time than midazolam. Thus, the 

application of BIS for intraoperative sedation with 

remimazolam has very considerable clinical value and 

research potential. 

 

Advances in the Use of PSI for Intraoperative 

Sedation with Remimazolam 

    Patient State Index (PSI) is a tool for monitoring the 

depth of anesthesia in clinical settings and the level of 

consciousness in intensive care units. Unlike BIS, PSI
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does not rely on any sedative drugs but rather on a 

large collection of EEGs from people in different states 

of consciousness, forming a huge database from which 

different PSI scores can be obtained based on the 

existing image information. The information of the 

images in the database can be used to obtain different 

PSI scores in order to assess the state of consciousness 

of the subjects [14-18]. The PSI scores are obtained by 

using the image information already in the database. 

 

    Based on the premise that the BIS value of 

remimazolam is relatively high during general 

anesthesia, Dr. Kazuhiro Shirozu's team from Japan 

designed a single-arm clinical trial to compare the 

magnitude and correlation between BIS and PSI during 

general anesthesia with remimazolam [19]. The trial 

included 30 patients undergoing breast surgery under 

elective general anesthesia, and the results of the trial 

showed that the mean intraoperative BIS and PSI of all 

patients were 50.6±9.1 and 43.0±11.8, respectively, 

suggesting that the use of PSI to guide the 

intraoperative dosage of remimazolam might be more 

reliable. However, this trial has obvious shortcomings: 

1, the effectiveness of remimazolam was not compared 

with other anesthetics. Therefore, the superiority of 

remimazolam over other anesthetics cannot be directly 

discussed. Second, the dose of remimazolam may not 

be correctly adjusted when the BIS value is not less 

than 60. There are few trials and studies on the 

monitoring of the means of intraoperative sedation of 

remimazolam, so the application of PSI to the 

monitoring of the degree of intraoperative sedation of 

newer drugs, such as remimazolam, has strong 

scientific value. 

 

Progress in the Use of the MOAA/S Sedation 

Score for Intraoperative Sedation with 

Remimazolam 

 

    The Modified Observer's Assessment of 

Alertness/Sedation Scale (MOAA/S) is the most 

commonly used index for clinical sedation evaluation 

(Table-1), and its good correlation with different levels 

of patient sedation has been demonstrated in many 

other studies. In the phase I, II, and III clinical trials of 

remimazolam, MOAA/S scores were used to assess the 

degree of sedation of patients at different drug doses 

[20]. 

 

    As an ultrashort-acting benzodiazepine sedative, 

although remimazolam is nowadays widely used for 

intraoperative sedation in various anesthetic 

modalities, its best indication is currently 

intraoperative sedation for non-airway-managed 

general anesthesia for short procedures, such as 

gastroenteroscopy, hysteroscopy, and manipulation 

and repositioning of dislocated long bones. Therefore, 

the MOAA/S score remains the preferred modality for 

assessing the degree of intraoperative sedation with 

remimazolam. 

 

Comparison of BIS and PSI for Intraoperative 

Sedation Assessment 

    Dr. Xiaoguang Chen's research team from the 

Department of Anesthesiology at the University of 

Texas Southwestern Medical Center attempted to 

validate the sensitivity of PSI versus BIS for monitoring 

the degree of intraoperative sedation of two different 

classical anesthetic drugs [13]. The study included 20 

patients undergoing surgical treatment under elective 

general anesthesia, and through correlation analysis 

with ROC curves comparing sensitivity, the results 

showed that both PSI and BIS could successfully 

differentiate between awake and anesthetized states of 

patients. They concluded that PSI may have higher 

sensitivity and specificity in assessing consciousness   

at  the  time of  induction and  awakening from general  

 

Table-1: Modified Observer's Assessment of Alertness/Sedation (MOAA/S) scale 

Scale MOAA/S Scale      

0 Does not respond to painful trapezius squeeze 

1 Responds only after painful trapezius squeeze 

2 Responds only after mild prodding or shaking 

3 Responds only after name is called loudly and/or repeatedly 

4 Lethargic response to name spoken in normal tone 

5 (alert) Responds readily to name spoken in normal tone 
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anesthesia, and that PSI was also able to monitor 

changes associated with the use of isoproterenol and 

desflurane during maintenance. The study also found 

that PSI was less affected than BIS during 

intraoperative electrosurgical manipulation with the 

electrosurgical knife. Additionally, the team found that 

PSI values were consistently lower than BIS values 

when anesthesia was supplemented during 

maintenance, and never returned to pre-induction 

baseline values as the patient regained orientation, 

suggesting potential differences in sensitivity to 

residual (subhypnotic) levels of anesthesia and/or 

"drift" in PSI values during surgery. 

 

    When analyzed in the context of the original 

development process, it would seem that PSI is more 

objective than BIS in the assessment of sedation for 

use during anesthesia. However, research by Dr. Paul 

F. White's team showed [13] that during induction, 

maintenance, and emergence, PSI and BIS generally 

performed similarly, with ROC curves obtained 

between the two monitors showing similar 

performance in the trial results (PSI 0.98±0.05, BIS 

0.97±0.05). Additionally, PSI was associated with the 

patient's performance at the time of eye opening (PSI 

r=0.57, BIS r=0.11) and at the time of removal of the 

endotracheal tube (PSI r=0.72, BIS r=0.33). 

 

Conclusion 

    In his study of EEG monitoring in anesthesia, Dr. 

Drummond JC noted that [21] for a means of detecting 

depth of anesthesia to be considered ideal, the depth of 

anesthesia monitoring device must satisfy two 

conditions: 1) there must be a statistically significant 

difference between the mean values measured by the 

monitoring device at two different depths of 

anesthesia, and there should be no overlap between 

the ranges of values obtained in these two states; and 

2) the choice of anesthetic drug should not influence 

the measurements distinguishing between various 

depths of anesthesia. With more in-depth research on 

BIS and EEG, scholars have found that neither of these 

two sedation assessment tools can fully meet the above 

two conditions. However, the application of EEG 

monitoring to sedation monitoring of propofol, 

benzodiazepines such as midazolam, inhalational 

anesthetics  such  as  sevoflurane  and  desflurane,  and 

α2-adrenergic agonists such as dexmedetomidine has 

also made corresponding progress. Synthesizing 

relevant domestic and international clinical studies, it 

can be concluded that although the sensitivity and 

specificities of different monitoring methods applied to 

the sedation assessment of different anesthetics vary, 

overall they significantly reduce the use of anesthetic 

drugs, and at the same time reduce the incidence of 

intraoperative awareness and other complications. 

 

    The MOAA/S sedation score is simple, reliable, and 

easy to collect data, making it widely used in clinical 

sedation assessment. However, its disadvantages 

include susceptibility to the subjective factors of 

anesthesiologists and a lag in assessment, which does 

not allow for dynamic and accurate assessment of the 

patient's immediate state of consciousness, particularly 

during deep anesthesia maintenance. 

 

    With the gradual expansion of clinical indications for 

remimazolam, more anesthesiologists have begun to 

use this ultrashort-acting benzodiazepine sedative in 

different anesthetic protocols. Therefore, the use of 

more accurate intraoperative sedation monitoring to 

optimize the dosing regimen of remimazolam can 

better maintain perioperative patient's vital organ 

function and thus reduce the emergence of anesthetic 

complications. The commonly used BIS, PSI, and 

MOAA/S sedation scores have different characteristics, 

advantages, and disadvantages, and possess strong 

clinical potential and research value. Further studies 

can be conducted by clinicians and researchers to 

explore their characteristics. 

 

    "Soft chemistry" (self-metabolizing, organ-

independent drugs) in anesthesia and intensive care 

has been a major focus of modern medical research. As 

the research and application of remimazolam have 

progressed, the manufacturer's instructions for 

remimazolam have extended the indications from 

sedation for gastric and colonoscopy to the induction 

and maintenance of general anesthesia. Comparison of 

remimazolam with propofol, etomidate, midazolam, 

and other drugs in various research institutions has 

resulted in a lower incidence of adverse effects, more 

rapid awakening of the patient, and the reversal of   

the  benzodiazepine  antagonist  flumazenil as  a  safety  
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guarantee. Remimazolam has been used safely in 

clinical anesthesia work. 
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