Clinical Pharmacology: Advances and Applications Dovepress
Taylor & Francis Group

Research Progress on the Clinical Application of
Remimazolam Outside the Operating Room:

A Review of Pharmacological Characteristics,
Clinical Effects, and Safety

Hao Luo, Ce Zhou(®, YingDong Qu, Xin Kuang

Department of Anesthesiology, People’s Hospital of Longhua, Shenzhen, 518109, People’s Republic of China

Correspondence: Xin Kuang, Department of Anesthesiology, People’s Hospital of Longhua, No. 38 Jinglong Construction Road, Longhua District,
Shenzhen, Guangdong, 518109, People’s Republic of China, Email kx6924@126.com

Abstract: Remimazolam is a novel ultra-short-acting benzodiazepine sedative, which has shown great promise in clinical scenarios
such as outpatient surgeries, endoscopic examinations, intensive care units, and emergency departments due to its rapid onset,
adjustable sedation level, and fast metabolic clearance. Currently, there is no consensus on the clinical application of remimazolam
in non-operating room anesthesia. This article provides a comprehensive overview of its pharmacological properties and metabolic
characteristics, with a particular focus on its application in special populations such as the elderly, patients with high cardiovascular
risk, and children. The main purpose is to evaluate its safety and sedative effect in non-operating room settings by comparing it with
traditional sedatives, and to provide insights for future research directions, thereby offering theoretical basis and practical guidance for
the rational clinical application of this drug outside the operating room.
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Introduction

In recent years, the landscape of anesthesia practice has witnessed a significant expansion in the utilization of non-
operating room anesthesia (NORA), reflecting the growing complexity and diversity of cases managed outside traditional
operating rooms. However, the NORA patient population often includes individuals with complex comorbidities and
varying degrees of physiological vulnerability, which pose unique challenges in sedation and anesthesia management.
The heterogeneity of procedures and patient factors necessitates tailored anesthetic approaches that ensure efficacy,
safety, and rapid recovery while minimizing adverse events." Within this evolving clinical context, remimazolam has
demonstrated significant potential as an effective agent in the fields of anesthesia and sedation. Unlike traditional sedative
drugs, remimazolam has unique pharmacokinetic properties, allowing for rapid titration and predictable sedation depth,
and reversible with flumazenil, thereby shortening the postoperative recovery time.> This pharmacological advantage
makes remimazolam a promising candidate for a variety of clinical applications, including surgical sedation and general
anesthesia, where rapid patient recovery is required.**

This review introduces the pharmacological characteristics of remimazolam and the progress of its clinical research in
NORA in recent years, covering potential advantages such as efficacy, hemodynamics, respiratory events, and the
recovery process. Additionally, by inferring from intraoperative anesthesia cases in special populations, it clarifies the
current status and limitations of the clinical application of remimazolam in NORA practice as well as its future
development prospects.
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Pharmacokinetics and Pharmacodynamic Characteristics of

Remimazolam

Remimazolam acts on gamma-aminobutyric acid (GABA) receptors, specifically GABA, receptors. Remimazolam
enhances chloride influx through positive allosteric modulation of GABA  recepter-chloride channel complexes, leading
to hyperpolarization of the neuron, resulting in sedation, anticonvulsant activity, and induction of anterograde amnesia.’
Remimazolam is rapidly metabolized by tissue esterases, allowing a rapid and predictable return to baseline levels of
sedation. In addition, remimazolam has a short elimination half-life and a very low risk of drug accumulation which
reduces the likelihood of prolonged sedation and its associated complications.®’

Remimazolam is predominantly metabolized by Carboxylesterase 1 (CES1) in the liver, resulting in rapid hydrolysis
into its inactive metabolite, CNS7054.% This process results in a notably short half-life, usually between 5 to 10 minutes,
which facilitates quick recovery from sedation and reduces the likelihood of prolonged effects.** After hydrolysis, the
resulting metabolites can undergo conjugation reactions with endogenous compounds. This promotes the excretion of
metabolites through the kidney, which further contributes to the elimination of drugs. The non-organ-dependent
metabolism of remimazolam is particularly advantageous. It reduces the risk of drug accumulation in patients with
hepatic or renal impairment and makes it a safer option for a broader range of patients, including those with
compromised organ function. '

Another feature of remimazolam is its rapid onset of action. After intravenous administration, peak plasma concen-
trations were reached within minutes. Studies have shown that the clearance rate of remimazolam in healthy adults is
about 23.0 L/h, and its volume of distribution at steady state (VSS) is 34.8 L, while that of midazolam is 81.8 L.”*'! This
facilitates rapid clearance from the body. The absence of active metabolites ensures that the risks associated with drug
accumulation are substantially reduced, thereby improving patient safety during procedures that require sedation.

The context-sensitive half-life (CSHT) of remimazolam, defined as the time required for the plasma concentration
of the drug to decrease by 50% after each infusion cessation. At a constant rate infusion of 3h, CSHT of remimazolam
was faster than midazolam (7.5 min vs 40 min) but similar to propofol (7.5 min vs 7.5 min).” Unlike midazolam,
whose CSHT increased with the duration of infusion, remimazolam reached its maximum value after 2 h of constant
infusion.

Studies indicate that in pediatric populations aged 2 to 6 years, the pharmacokinetic characteristics of remimazolam,
after body size adjustment, are comparable to those in adults. However, differences may exist between children over 6

years of age and adults.’

Genetic Polymorphisms and Drug Interactions
The metabolism of remimazolam is notably influenced by genetic polymorphisms, especially those related to the CESI.
Studies have shown that genetic variation in CES1 can affect the enzyme activity, thereby affecting the rate of
remimazolam metabolism. For instance, the CES1, G143E polymorphism has been shown to impair the metabolic
deactivation of remimazolam, resulting in prolonged sedation and variability in drug response among individuals. The
identification of these genetic polymorphisms not only aids in understanding interindividual variability in drug metabo-
lism but also highlights the importance of personalized medicine approaches in optimizing remimazolam therapy for
different patient populations.'®

Moreover, drug-drug interactions (DDIs) also play a crucial role in the metabolism of remimazolam. Combination
administration of drugs that inhibit CES1 can significantly reduce the metabolic clearance of remimazolam, thereby
increasing its plasma concentration and the risk of adverse effects. Clopidogrel may increase plasma concentrations of
remimazolam when administered concurrently, potentially enhancing its sedative effects and elevating the risk of
respiratory depression or prolonged sedation. Therefore, in surgical and procedural settings requiring sedation, further
research is necessary to elucidate the pharmacokinetic profile of remimazolam when administered in combination with
other medications. Additionally, standardized management guidelines should be established for patients undergoing

multiple therapeutic interventions.'?
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The Application of Remimazolam in Common Diagnosis and Treatment
Outside the Operating Room

Endoscopic Examination

The efficacy of remimazolam in painless endoscopy and endoscopic retrograde cholangiopancreatography (ERCP) is
supported by multiple studies demonstrating its ability to provide effective sedation while ensuring patient safety. In
a study of patients with cirrhosis undergoing endoscopic screening, the median effective dose (ED50) and 95% effective
dose (ED95) of remimazolam were 0.097 mg/kg and 0.107 mg/kg, respectively, when combined with sufentanil,
underscoring its potency and effectiveness in achieving sedation without significant adverse events.'®> Furthermore,
a multicenter randomized controlled trial comparing remimazolam with placebo for upper gastrointestinal endoscopy
reported a 91.9% successful sedation rate in the remimazolam group, significantly higher than the 9.1% in the placebo
group, underscoring its effectiveness in facilitating endoscopic procedures.'*

Compared with propofol, remimazolam as an alternative anesthetic agent showed no statistically significant differ-
ence in the time to loss of consciousness and recovery time (P > 0.05). However, at 5 and 30 minutes after awakening,
the Ramsay sedation score of remimazolam was significantly better than that of propofol (P < 0.05), indicating improved
recovery quality.'> A Phase III study of the safety and efficacy of remimazolam in colonoscopy showed that patients who
received remimazolam required less fentanyl and had better postoperative recovery than those who received placebo or
midazolam.'® Safety profiles also favor remimazolam, as it is associated with a lower incidence of respiratory depression
and hypotension compared to propofol, making it a safer option for patients with comorbidities."’

Outpatient Surgery
Outpatient surgery aims at patient convenience, quick recovery, and reduced infection and respiratory complications.
This imposes higher requirements on the selection of anesthetic drugs. In a randomized clinical trial, 168 patients
undergoing outpatient gynecological surgery were included and randomly assigned to the remimazolam group (N=84) or
the propofol group (N=84). The results showed that the average lowa Satisfaction with Anesthesia Scale (ISAS) score in
the remimazolam group was 1.7, while that in the propofol group was 2.0 (difference, —0.2; 97.5% confidence interval
[CI]: —0.5 to —0.0; p = 0.02), indicating non-inferiority.'®

Moreover, the controllability of sedation depth with remimazolam is a significant advantage. The sedation level can
be easily adjusted based on the patient’s response, allowing for personalized sedation management during procedures. In
studies assessing patient comfort, remimazolam has been associated with high satisfaction scores, indicating that patients
often experience less discomfort and anxiety compared to those sedated with other agents.' Studies have shown that
remimazolam allows for a more tailored approach to sedation, enabling clinicians to achieve the desired level of sedation
while minimizing adverse effects. Furthermore, the incidence of postoperative nausea and vomiting following remima-
zolam administration is lower, which facilitates faster patient recovery.?’

Bronchoscopy

Bronchospasm is prone to occur during fiberoptic bronchoscopy due to airway hyperresponsiveness. Therefore, while
ensuring adequate sedation, it is essential to prevent respiratory depression and maintain hemodynamic stability
throughout the procedure.® Compared to midazolam, remimazolam has a shorter elimination half-life and is associated
with a faster recovery time. A study evaluating the safety and efficacy of remimazolam versus midazolam during
bronchoscopy demonstrated that the median time to reach peak sedation (2 min [1-4] vs 3 min [2-5], p =0.006) and the
median time from procedure completion to full awakening with remimazolam than midazolam (2 min [1-5] vs 5 min
[1-12], p =0.035) were marginally shorter. Moreover, the patient satisfaction in the remimazolam group was signifi-
cantly higher than that in the midazolam group (median rated scale, 10 vs 7, p =0.042).%' In a prospective, randomized,
double-blind, parallel trial, patients were randomly assigned to receive 0.2 mg/kg of remimazolam and 2 pg/kg of
fentanyl citrate, or 2 mg/kg of propofol and 2 ng/kg of fentanyl citrate. The sedation success rate was 99.4% in both
groups, demonstrating that the sedative effect of remimazolam was not inferior to that of propofol. Compared with
propofol, the median time to loss of consciousness (61 s vs 48 s, p < 0.001) and the median time from the end of
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bronchoscopy to full awakening (11 min vs 7 min, p < 0.001) were slightly longer in the remimazolam group. There was
no significant difference in the incidence of adverse events between the remimazolam group and the propofol group
(74.8% vs 77.4%, p = 0.59). Additionally, the remimazolam group exhibited significantly lower rates of hypotension
(13.5% vs 29.7%, p < 0.001), hypotension requiring treatment (1.9% vs 7.7%, p = 0.017), and injection pain (0.6% vs
16.8%, p < 0.001) compared to the propofol group.”> Compared with dexmedetomidine, remimazolam had a lower rate
of procedure interruption (8.2% vs 39.2%, p < 0.05) and a lower incidence of oxygen desaturation (14.3% vs 44.2%, p <
0.05) in flexible fiberoptic bronchoscopy.”® Therefore, this makes remimazolam potentially a new alternative for

bronchoscopy.

ICU Sedation

The pharmacokinetic profile of remimazolam is also particularly advantageous in the intensive care unit (ICU). Studies
have demonstrated that remimazolam can achieve the desired sedation depth significantly faster than midazolam, with
mean times to reach target sedation scores being markedly reduced. One study reported a mean time to achieve a Ramsay
Sedation Scale score of 3—4 of just 12.6 minutes with remimazolam, compared to 18.4 minutes for midazolam.** The
ability to quickly adjust sedation levels not only enhances patient comfort but also minimizes the risk of prolonged
sedation, which can lead to complications such as delirium and extended ICU stays. This characteristic facilitates swift
recovery from sedation when needed, which is particularly important in dynamic ICU settings where prompt patient
evaluation.” In addition, remimazolam has the favorable characteristics of organ-independent metabolism and minimal
accumulation, which makes it particularly suitable for ICU patients with liver or kidney failure.”

Research indicates that for critically ill patients requiring prolonged sedation, remimazolam does not increase ICU
mortality or the incidence of adverse events when compared to propofol or midazolam.?>® Furthermore, remimazolam has
a minimal effect on hemodynamic stability and is not associated with propofol-related infusion syndrome. In addition, it
allows for a quicker recovery following discontinuation of the infusion compared to midazolam. These findings suggest that
remimazolam is both effective and safe for use in long-term sedation of mechanically ventilated patients.”’

In Emergency Department Procedural Sedation
Recent prospective studies have demonstrated the good safety of remimazolam in procedural sedation in the emergency
department (ED). A pivotal prospective study conducted at Aalborg University Hospital compared remimazolam
administration by emergency medicine physicians without anesthesiology specialization to that by registered nurse
anesthetists experienced with the drug. The study enrolled 103 patients undergoing procedural sedation, with 53 sedated
by emergency physicians and 50 by nurse anesthetists. Remarkably, no or only mild respiratory adverse effects were
observed in 97% of patients in the emergency physician group and 100% in the nurse anesthetist group, with severe
respiratory depression being exceptionally rare. Procedural amnesia rates were similarly high (93% vs 90%), and median
time to safe unsupervised discharge was 15 minutes in both groups. These findings affirm that remimazolam can be
safely and effectively administered by non-anesthesiology-trained physicians under appropriate training and supervision,
expanding its utility in the ED setting.*®

In a study evaluating remimazolam dosing in the emergency department, researchers administered an initial 7.5 mg
dose for sedation, or 5 mg for specific patient groups (eg, age >65 years, American Society of Anesthesiologists (ASA)
physical status >3, and body weight <50 kg), and an additional 2.5 mg dose could be administered after 2 minutes. The
sedation success rate was as high as 80%, without the need for a second drug, and no serious adverse events were
reported. In addition, in the ED, remimazolam is not only suitable for procedural sedation in surgeries such as joint
reduction and cardiac cardioversion, but can also be used as an induction drug for tracheal intubation and as a sedative

after intubation.?’
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Clinical Application Progress in Special Populations
Elderly Patients

As individuals age, physiological changes such as decreased hepatic and renal function can alter drug metabolism and
clearance, thereby increasing the risk of adverse effects from standard sedatives like propofol. Studies have shown that
remimazolam demonstrates a more favorable safety profile in this patient population, as it is associated with lower
incidences of hypotension and bradycardia compared to propofol. This characteristic is particularly beneficial given that
elderly patients are often more susceptible to hemodynamic fluctuations during sedation.>**" A study investigated the
effects of remimazolam and propofol on elderly patients undergoing hip replacement surgery. The results demonstrated
that plasma levels of epinephrine, norepinephrine, and cortisol at 24 and 72 h post-operation, as well as the incidence of
adverse reactions, were significantly lower in the remimazolam group compared to the propofol group. Furthermore,
Visual Analogue Scale (VAS) scores at all post-operative time points were significantly reduced compared to pre-
operative levels in both groups; however, no statistically significant difference was observed between the two groups.*
A meta-analysis comparing remimazolam and propofol in painless gastroscopy and colonoscopy for elderly outpatients
selected 7 RCTs, involving 1499 patients, among whom 764 patients were assigned to receive remimazolam sedation.
The results showed that the incidence of adverse reactions was significantly lower in the remimazolam group compared
with the propofol group, including hypoxemia, respiratory depression, hypotension, bradycardia and injection pain. There
were no significant differences in the incidence of postoperative nausea and vomiting (PONV), headache and dizziness
between the two groups.™®

Research indicates that remimazolam may reduce the incidence of postoperative delirium compared to propofol,
which is vital given that delirium can lead to long-term cognitive decline and increased mortality in older
adults.**?> In a study involving elderly patients undergoing procedures requiring sedation, those treated with
remimazolam exhibited stable cognitive function postoperatively, as measured by the Mini-Mental State
Examination (MMSE) and Montreal Cognitive Assessment (MoCA) scores, suggesting that remimazolam does
not adversely affect cognitive recovery.*® Moreover, the ability of remimazolam to maintain hemodynamic stability
while minimizing cognitive impairment underscores its potential as a preferred sedative for elderly patients
undergoing various surgical and procedural interventions. A study exploring the effects of remimazolam on
postoperative function, intraoperative hemodynamics and oxygenation in elderly patients undergoing lobectomy
showed that on the 7 days after surgery, the Verbal Fluency Test (VFT), Digit Symbol Switching Test (DSST) and
Auditory Verbal Learning Test - Huashan (AVLT-H) scores of the remimazolam group were all higher than those of
the propofol group. The dose of phenylephrine used intraoperatively in the remimazolam group was significantly
lower. Moreover, 60 minutes after one-lung ventilation, the PaO2 and oxygenation index (OI) of the remimazolam
group were significantly higher than those of the propofol group, and the intrapulmonary shunt (Qs/Qt) was
significantly lower than that of the propofol group.’’” These findings suggest that remimazolam can achieve an
anesthetic effect comparable to that of propofol while being safer and significantly improving the recovery quality
of elderly outpatients.

High-Risk Cardiovascular Patients
Studies have demonstrated that remimazolam can maintain stable blood pressure and heart rate during anesthesia
induction and maintenance, even in patients with severe cardiac conditions, such as those undergoing coronary artery
bypass grafting or valve replacement surgery.>*>° Moreover, a comparative analysis of remimazolam and etomidate in
patients undergoing valve replacement surgery showed that remimazolam resulted in significantly lower hemodynamic
fluctuations, indicating its superior cardiovascular stability.*°

In cardiac surgeries, remimazolam has been successfully utilized for sedation in patients with significant
cardiovascular comorbidities, demonstrating its capability to provide effective sedation while minimizing hemody-
namic disturbances.*! For instance, a case report highlighted the successful use of remimazolam during a complex
cardiac surgery involving cardiopulmonary bypass, where it maintained stable hemodynamics without significant
complications.*® Furthermore, its use in non-cardiac surgeries, such as laparoscopic procedures, has shown similar
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benefits, with studies indicating reduced vasopressor requirements and better overall hemodynamic stability
compared to traditional agents like sevoflurane.*? The versatility of remimazolam allows it to be employed in
a variety of surgical settings, providing a safe anesthetic option for patients with varying degrees of cardiovascular
risk.

Pediatric Patients

Remimazolam has garnered significant attention owing to its distinctive pharmacological characteristics in the context of
pediatric sedation. Several studies have demonstrated that remimazolam provides rapid onset of sedation with a favorable
safety profile, making it suitable for various pediatric procedures. A randomized clinical trial revealed that remimazolam
has a median ED50 of 0.19 mg/kg for loss of consciousness in children, indicating its potency compared to propofol,
which had an ED50 of 1.11 mg/kg, making remimazolam approximately 5.8 times more potent.*> This significantly
reduces the anxiety experienced by pediatric patients during endoscopic and imaging examinations conducted outside the
operating room, thereby enhancing the accuracy and reliability of these diagnostic procedures.** A randomized controlled
study investigating the prevention of postoperative delirium in children undergoing tonsillectomy and adenoidectomy
under sevoflurane anesthesia found that administration of 0.2 mg/kg remimazolam at the end of surgery significantly
reduced the incidence of postoperative delirium compared to 0.9% normal saline. A double-blind randomized controlled
trial evaluating the effect of remimazolam on postoperative delirium in children undergoing laparoscopic surgery
revealed that both continuous infusion and single bolus administration of remimazolam during the procedure effectively
lowered the incidence of postoperative delirium.** Furthermore, in pediatric patients undergoing cardiac catheterization,
remimazolam was shown to maintain hemodynamic stability while achieving effective sedation without significant
adverse events.*> Notably, remimazolam had no injection pain and greatly improved the comfort of the children.
These findings suggest that remimazolam is not only effective but also safe for use in children, with minimal
cardiovascular and respiratory depression, which is particularly important in this vulnerable population.

As remimazolam has not yet received approval from the US Food and Drug Administration (FDA) for pediatric use,
limited research has been conducted on its application in children. Consequently, its use in this population often occurs
off-label. This absence of standardized dosing protocols raises concerns about the potential for variability in individual
responses, necessitating careful monitoring and adjustment during administration.*® Additionally, while remimazolam
has been associated with reduced emergence delirium compared to other agents, the evidence remains inconclusive, and
further studies are needed to establish its efficacy in this regard across diverse pediatric populations.*” Moreover, the
potential neurotoxic effects of remimazolam, particularly in neonates and young children, warrant further investigation to
ensure its long-term safety and impact on neurodevelopment.*®

Adverse Reactions and Safety
The clinical safety profile of remimazolam has been extensively evaluated across various studies, demonstrating
a generally favorable safety profile. Compared to propofol, which are associated with significant cardiovascular and
respiratory side effects, remimazolam has shown to be well-tolerated across a diverse patient population, including the
elderly and those with comorbidities. Moreover, in studies focusing on procedural sedation, remimazolam exhibited
a lower frequency of adverse events, including respiratory depression and hypoxemia, compared to propofol, thereby
underscoring its safety advantage in vulnerable populations.**>°

In addition, the reversibility of remimazolam is its significant advantage. This is particularly crucial in cases where
unexpected complications arise or when patients require immediate recovery from sedation.’’ Therefore, remimazolam
holds promise as an alternative to traditional sedatives in various surgical and anesthetic settings.

For adverse effects, most reports were classified as mild to moderate and resolved without intervention. In studies
comparing remimazolam to propofol, the incidence of severe adverse events was notably lower in the remimazolam
group.”? The most common adverse events observed include transient hypotension and mild sedation-related symptoms,

which were manageable and did not lead to prolonged hospital stays or significant morbidity.>*>*

334 https: Clinical Pharmacology: Advances and Applications 2025:17



Luo et al

Limitations and Future Research Directions

The clinical application of remimazolam, while promising, is constrained by several limitations that warrant careful
consideration. One significant challenge is the optimization of dosing and the lack of individualized medication
strategies. Furthermore, while remimazolam is known for its rapid onset and short duration of action, its pharmacody-
namic properties can vary widely among individuals due to factors such as age, weight, and concurrent medications.

Additionally, the safety data for remimazolam in special populations, particularly children and critically ill patients,
remains limited. For instance, although remimazolam has shown efficacy in adult procedural sedation, its use in pediatric
anesthesia is still off-label, and there are no established dosing guidelines for this demographic.*> The lack of robust
clinical trials assessing the safety and efficacy of remimazolam in children.

The future of remimazolam research is poised for significant advancements, particularly in the realm of multicenter
and large-sample clinical trials. There is a pressing need for robust studies that can provide comprehensive data on the
efficacy and safety of remimazolam across diverse patient populations and clinical settings. Large-scale trials are
essential to establish standardized dosing regimens, identify potential adverse effects in different demographics, and
compare its effectiveness against other anesthetics in varied surgical procedures. Furthermore, multicenter trials can
facilitate a more extensive patient recruitment process, ensuring that findings are generalizable and applicable to
a broader spectrum of clinical practice.

Exploring new indications for remimazolam and optimizing drug combination regimens also represent promising
avenues for future research. While remimazolam has established its role in procedural sedation and general anesthesia,
there is potential for its application in other medical contexts. Additionally, research into optimal drug combinations,
such as remimazolam with opioids or other sedatives, could enhance sedation quality while mitigating side effects.
Understanding the synergistic effects of these combinations will be crucial in developing protocols that maximize patient
comfort and safety during procedures. Future studies should aim to assess the pharmacodynamic interactions between
remimazolam and other agents, identifying the most effective and safe combinations for various clinical scenarios.

Conclusion

Overall, remimazolam offers rapid onset and predictable recovery, hemodynamic stability, andreversibility with fluma-
zenil, making it a useful option for NORA, particularly for endoscopic and bronchoscopic procedureswhere swift
turnover and cardiorespiratory stability are valued. Current evidence suggests comparable efficacy to propofolwith
fewer hypotensive and respiratory events in some studies, but data remain limited or mixed in ICU contexts and
insufficient in pediatrics and emergency medicine; thus, agent selection should be individualized to patient risk
andprocedural needs. Priority research includes larger, multicenter trials by setting and population, with standardized
outcomes to clarify where remimazolam confers a consistent advantage.

Disclosure
The authors report no conflicts of interest in this work.
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