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Abstract: Remimazolam is a novel ultrashort-acting sedative-hypnotics of benzodiazepines, which 

metabolized by tissue non-specific cholinesterase. It has the character that hardly influence on hemodynamics 

and respiratory function. With rapid metabolism, it has a strong controllability and doesn’t accumulation after 

long-time infusion. Moreover, it provides a rapid recovery after anesthesia that can be antagonized by 

flumazenil specifically. Nowadays, remimazolam is used in procedure sedation in numerous situations of 

anesthesia. This article focuses on elderly, hepatic and renal impairment, pediatrics, obesity, and obstetrics 

patients, aims at providing references in clinical applications. 

Keywords: Remimazolam; Elderly; Hepatic impairment; Renal impairment; Children; Obesity; Obstetrics 

Fund program: General Program of National Natural Science Foundation of China (82371202); Young 

Scientists Fund of National Natural Science Foundation of China (82201380) 

 
Remimazolam is an ultra-short-acting 

benzodiazepine drug that was launched in 2020, 
breaking the nearly 30-year hiatus in the development 
of innovative sedative drugs both domestically and 
internationally. It is used for anesthesia and sedation in 
various settings, producing dose-dependent sedative, 
hypnotic, and anxiolytic effects. It is characterized by 
hydrolysis by non-specific esterase in tissues, the lack 
of activity of its major metabolic products, and its 
ability to be antagonized by flumazenil [1]. Nowadays, 
remimazolam is widely used in perioperative procedural 
sedation. Compared to midazolam, remimazolam has a 
shorter duration of action and half-life with no tendency 
to accumulate. Compared to propofol, remimazolam 

provides equivalent sedative effects, better 
hemodynamic stability, less respiratory depression, and 
no injection pain concerns [2]. Studies have shown that 
remimazolam has similar safety and efficacy profiles in 
both high and low ASA grade patients [3]. After 
continuous infusion for 3 hours, the half-life of 
remimazolam is about one-fifth that of midazolam [4]. 
It causes much less postoperative nausea and vomiting 
than inhalational anesthetics and is expected to provide 
faster and better postoperative recovery than traditional 
propofol anesthesia [3]. In summary, the application of 
remimazolam in high-risk patients holds promising 
prospects. This article reviews the clinical use of 
remimazolam in special populations, including the 
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elderly, patients with liver and kidney dysfunction, 
children, obese patients, and obstetric patients, aiming 
to provide a reference for its rational clinical use in these 
special groups. 

1 Pharmacological Effects and Pharmacokinetics 

Like other benzodiazepines, remimazolam acts on 
γ-aminobutyric acid-A (GABAA) receptors, altering the 
conformation of chloride ion channels, leading to their 
hyperpolarization and resulting in central nervous 
system inhibition [5]. Remimazolam is currently the 
benzodiazepine sedative with the least cardiopulmonary 
suppression. It is a metabolizable ester derivative that 
accelerates the metabolic rate while retaining the 
pharmacological properties of benzodiazepines, thus 
providing ultra-short sedative effects. In healthy 
subjects, remimazolam has a high clearance rate 
[(1.15±0.12) L/min], a small volume of steady-state 
distribution [(35.4±4.2) L], and a short half-life [(70±10) 
min]. Remimazolam is hydrolyzed by tissue 
carboxylesterases (mainly hepatic carboxylesterase) 
into the inactive metabolite CNS7054, which is then 
excreted via the kidneys [6]. Moreover, renal 
impairment does not affect the peak plasma 
concentration of remimazolam. When administered 
intravenously at 0.1 mg/kg, 99.7% of remimazolam is 
rapidly hydrolyzed to CNS7054, which accounts for 
98.6% of the total metabolites identified in urine. The 
plasma clearance rate in subjects with renal impairment 
(including end-stage renal disease) is comparable to that 
in healthy subjects [7-8]. In patients with mild to 
moderate hepatic impairment, the plasma clearance rate 
is similar to that of healthy volunteers. However, in 
those with severe liver impairment (Child-Pugh score 
≥10), plasma clearance is reduced by 38.1% compared 
to healthy volunteers. The time to regain consciousness 
in healthy individuals, those with moderate liver 
impairment, and severe liver impairment patients were 
8 min, 12.1 min, and 16.7 min, respectively [8]. In 
pediatric patients, intravenous remimazolam 
administration at 5 mg/(kg·h) (5 min) and 1.5 mg/(kg·h) 
(55 min) resulted in a clearance rate of 15.9 (12.9, 18.2) 
mL/(kg·min), a central distribution volume of 0.11 (0.08, 
0.14) L/kg, and a terminal half-life of 67 (49, 85) min. 
After continuous infusion for 4 hours, the dose-related 
half-life was 17 (12, 21) min. The pharmacokinetic 
characteristics in children are similar to those in adults, 
with high drug clearance and no accumulation after 
prolonged infusion [9]. Currently, there are insufficient 
pharmacokinetic data on remimazolam in pregnant and 
postpartum women, and further research is needed. 

2 Clinical Application of Remimazolam in Special 

Populations 

2.1 Elderly Patients 

In elderly patients, an average intraoperative blood 
pressure < 55 mmHg is a risk factor for delirium, which 
is associated with decreased functional activity and 
increased postoperative mortality [10]. Several studies 
have shown that remimazolam results in a lower 
incidence of adverse effects such as hypotension, 
respiratory depression, and bradycardia compared to 
propofol in elderly patients undergoing gastroscopy [11-
13]. In elderly frail and non-frail patients, the 95% 
effective dose for suppressing tracheal intubation 
response was 0.297 mg/kg (95%CI: 0.231–0.451 mg/kg) 
and 0.331 mg/kg (95%CI: 0.272–0.472 mg/kg), 
respectively [14]. Remimazolam may be particularly 
suitable for elderly hypertensive patients. Both lower 
doses (0.2 mg/kg) and higher doses (0.3 mg/kg) of 
remimazolam can be safely and effectively used in non-
cardiac surgeries for elderly hypertensive patients [15]. 
In one study, remimazolam 0.2 mg/kg and propofol 1.5 
mg/kg were used to induce anesthesia. During 
anesthesia induction, the remimazolam group had 
smaller hemodynamic fluctuations, stable circulation, 
fewer adverse reactions, and no injection pain, which 
improved patient comfort [16]. In elderly patients 
undergoing cardiovascular surgery, remimazolam also 
demonstrated safety and reliability. In 20 patients with 
a median age of 84 years and ASA IV aortic valve 
replacement, remimazolam at a dose of 6 mg/(kg·h) and 
remifentanil at 0.25 μg/(kg·min) were used to induce 
loss of consciousness. Intubation was completed with 
1.5% sevoflurane and 0.6–0.9 mg/kg rocuronium, and 
no serious adverse events occurred during anesthesia 
induction [17]. However, whether remimazolam 
promotes better postoperative recovery in elderly 
patients remains a matter of debate [18-19] and requires 
further research. 

2.2 Patients with Hepatic Insufficiency 

In general, chronic liver damage patients should 
avoid the use of long-acting anesthetics and sedatives 
[20]. Due to its fast onset, short half-life, and 
independence from hepatic metabolism, remimazolam 
may be a suitable alternative as a routine sedative for 
these patients in surgical anesthesia. 

In 2022, Onoda et al. [21] first reported the use of 
remimazolam for general anesthesia in a Child-Pugh B 
cirrhosis patient. Anesthesia was induced with 3 
mg/(kg·h) remimazolam, 0.1 μg/kg/h remifentanil, 250 
μg fentanyl, and 30 mg rocuronium. The maintenance 
dose of remimazolam was 0.5-0.8 mg/(kg·h). No 
vasopressors were used intraoperatively, and the 
bispectral index (BIS) remained stable around 45. The 
patient woke up well postoperatively without the use of 
antagonists, and liver function was not affected. 
Kawasaki et al. [22] found that in a Child-Pugh C liver 
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transplant patient, induction doses of 12 mg/(kg·h) and 
maintenance doses of 0.6-1.0 mg/(kg·h) of 
remimazolam were used. Despite liver being the 
primary organ for remimazolam metabolism, it can also 
be directly metabolized by non-specific esterase in 
tissues without relying on the liver. In postoperative 
recovery, remimazolam reduced recovery time, 
postoperative delirium, and ICU stay duration. For 
patients with liver insufficiency, it may be a safer and 
more effective alternative to propofol for general 
anesthesia [20, 23-25]. Zhuo et al. [23] compared 
remimazolam with propofol anesthesia in 60 patients 
undergoing liver resection surgery, and the results 
showed that the remimazolam group had significantly 
shorter recovery times, fewer adverse reactions, and no 
impact on postoperative cognitive function. Shi et al. 
[20] and Yuan et al. [24] compared remimazolam and 
propofol for ASA II or III cirrhotic patients undergoing 
endoscopic variceal ligation. In both studies, the 
remimazolam group showed significantly shorter 
recovery times, extubation times, and PACU stays, with 
lower incidences of intraoperative hypotension and 
postoperative hypoxia compared to the propofol group. 

2.3 Patients with Renal Impairment 

In general, renal impairment can affect the 
distribution, metabolism, elimination, and protein 
binding of drugs within the body. When using sedatives, 
careful consideration should be given to the type and 
dosage, otherwise there is concern about the 
accumulation of metabolites leading to respiratory 
arrest, delayed awakening, and other issues. 

In a phase I clinical safety study conducted in 2021, 
no significant pharmacokinetic differences were 
observed between patients with renal impairment and 
healthy subjects. Although CNS7054, the metabolite of 
remimazolam, had reduced elimination due to 
decreased renal clearance, it has no pharmacological 
activity and does not exert a clinical effect. Thus, it is 
speculated that no dosage adjustment is necessary for 
renal impairment patients using remimazolam [8]. 
Nishioka et al. [26] reported an 82-year-old female 
patient with chronic heart failure undergoing 
hemodialysis. She underwent partial tongue resection 
for tongue cancer under general anesthesia with 
remimazolam and sufentanil. Remimazolam was 
administered intravenously at a dosage of 6 mg/(kg·h) 
for induction and 0.3-0.4 mg/(kg·h) for maintenance. 
Sufentanil was administered at 15 μg/(kg·h) for 
induction and 3-18 μg/(kg·h) for maintenance. During 
anesthesia, sedation was satisfactory, hemodynamics 
remained stable, and she woke up rapidly and 
completely without the need for antagonists. Multiple 
studies have since shown that remimazolam can be 
safely and effectively used in patients with renal failure 
for general anesthesia and neuroaxial anesthesia without 

affecting postoperative renal function, and it has better 
hemodynamic stability and postoperative recovery 
compared to propofol [27-28]. 

2.4 Pediatric Patients 

The safety and efficacy of remimazolam in 
pediatric patients have also been confirmed, with 
advantages in hemodynamic stability and postoperative 
recovery compared to the commonly used propofol. 
Chu et al. [29] compared the efficacy and safety of 
remimazolam and propofol in pediatric gastrointestinal 
endoscopy. A total of 106 subjects were given 
remimazolam 0.3 mg/kg or propofol 3 mg/kg. Although 
induction time was longer in the remimazolam group, 
hemodynamic parameters were more stable, and no 
delayed awakening was observed in younger patients. 
Another study conducted in China evaluated the use of 
remimazolam combined with flumazenil in pediatric 
cardiac surgery. Induction with remimazolam 0.3 mg/kg 
and maintenance at 1 mg/(kg·h) was compared to 
propofol 3 mg/kg for induction and 8 mg/(kg·h) for 
maintenance. The remimazolam group showed smaller 
fluctuations in hemodynamics, earlier extubation after 
flumazenil antagonism, shorter hospital stays, and no 
increase in adverse events [30]. Yang et al. [31] found 
that remimazolam significantly reduced the likelihood 
of delirium after sevoflurane anesthesia (12% vs. 44%). 
Additionally, continuous infusion of remimazolam [1 
mg/(kg·h)] and a single bolus (0.2 mg/kg) at the start of 
skin suturing were effective in reducing the occurrence 
of postoperative delirium in children, with no 
significant adverse effects [32]. 

2.5 Obese Patients 

Obese patients have a higher incidence of airway 
obstruction and are at risk of drug accumulation, often 
with comorbidities such as hypertension and 
hyperglycemia, making it difficult to control the dosage 
of sedative medications during clinical anesthesia. The 
dosage of anesthetic drugs for obese patients is often 
adjusted based on their ideal body weight (ideal weight 
+ 0.4 × [total weight - ideal weight]). 

Compared to propofol, remimazolam 0.1 mg/kg 
combined with esketamine 0.5 mg/kg can reduce the 
incidence of severe hypoxemia during gastrointestinal 
endoscopy in obese patients, and remimazolam users 
have shorter PACU stay times [33]. Deng et al. [34] 
found that remimazolam is safe and effective for general 
anesthesia in obese patients with a body mass index 
(BMI) >28 kg/m² undergoing gastrointestinal surgery. 
Induction was performed with remimazolam 6 
mg/(kg·h), and maintenance was at 0.2-1.0 mg/(kg·h). 
The incidence of cardiopulmonary suppression and 
adverse reactions was significantly lower than in the 
dexmedetomidine group. Specifically, in elderly obese 
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patients (BMI 30-40 kg/m²) undergoing gastrointestinal 
endoscopy, remimazolam 0.15 mg/kg showed shorter 
recovery times, lower incidence of adverse reactions, 
and significantly higher correct rate of memory test by 
neurobehavioral cognitive status examination (NCSE) 
and cognitive screening pass rates at 5 minutes post-
awakening compared to propofol 1.5 mg/kg [35]. 
Obesity, gender (the elimination rate in male patients is 
10%-20% lower than in females), and ASA score are the 
most significant factors affecting the pharmacokinetics 
of remimazolam [36]. A dosing study of remimazolam 
in obese patients [37] is ongoing and is expected to 
provide more reliable dosing recommendations in the 
near future. 

2.6 Obstetric Patients 

When administering anesthesia to pregnant women, 
both maternal and fetal considerations must be taken 
into account. Traditional propofol anesthesia may cause 
significant hemodynamic fluctuations, which could 
pose substantial risks to both the mother and the fetus. 

A 34-year-old pregnant woman with infective 
endocarditis and heart failure underwent a cesarean 
section under general anesthesia with remimazolam. 
The patient, weighing 49 kg, was given 7.2 mg of 
remimazolam and fell asleep within 90 seconds. 
Anesthesia was maintained at a dosage of 1.2 mg/(kg·h). 
During the surgery, the mother's mean arterial pressure 
remained above 65 mmHg without the need for 
vasoactive drugs. The newborn had an Apgar score of 4 
at 1 minute and 7 at 5 minutes [38]. remimazolam 0.1 
mg/kg combined with esketamine 0.25 mg/kg for 
cesarean section can improve anesthesia effectiveness, 
reduce the incidence of intraoperative psychological 
symptoms, and help prevent postpartum depression [39]. 
Huai et al. [40] administered 5 mg of remimazolam as a 
loading dose after oxytocin injection to 80 patients with 
uterine atony undergoing cesarean section under spinal 
anesthesia, followed by 1 mg injections every minute (a 
total of 5 doses). This stabilized maternal vital sign, 
reduced adverse reactions, and did not increase the risk 
of uterine atony. Based on these results, remimazolam 
shows potential as an adjunctive sedative for cesarean 
sections, improving perioperative safety and patient 
satisfaction. 

3 Summary and Outlook 

Remimazolam, a novel sedative that retains the 
advantages of traditional sedatives like midazolam 
while addressing its shortcomings, has the potential to 
become a new option for anesthesia and sedation in 
special populations such as the elderly, patients with 
liver and kidney dysfunction, children, the obese, and 
obstetric patients. It offers high safety, no injection pain, 
minimal organ function dependence during metabolism, 

no accumulation, and is reversible. It can be applied in 
various anesthesia and sedation scenarios, 
demonstrating good performance in hemodynamic 
stability, reducing adverse reactions, and improving 
postoperative recovery. Remimazolam has the potential 
to become a major anesthetic sedative for these special 
populations in the future. However, most current 
research focuses on intraoperative and early 
postoperative clinical observations, and further studies 
are needed to evaluate its long-term effects on these 
special patients' outcomes. This will provide reliable 
evidence for the broader clinical application of 
remimazolam. 
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