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Abstract: Monitored anesthesia care (MAC) is a technique in which anesthesiologists use analgesic or sedative drugs while
closely monitoring the vital signs of patients undergoing anesthesia without intubation and with spontaneous breathing. Its
advantages include maintaining patient’s spontaneous breathing, avoiding lung injury caused by mechanical ventilation, and
shortening the postoperative recovery time. Currently, the drug regimens for MAC mainly consist of anesthetic sedatives
combined with analgesics. Common sedative drugs include propofol and midazolam. However, they have inhibitory effects on
the respiratory and circulatory systems, which limits their application in clinical practice. In recent years, a newly discovered
anesthetic, remimazolam, is a short-acting intravenous anesthetic developed from midazolam by adding a methyl propionate
side chain. Reminazolam has a minor effect on respiration and circulation, a low incidence of injection pain, rapid onset, and
inactive metabolites, presenting certain advantages in terms of anesthetic safety. Existing research has found that remimazolam
can stabilize circulation, reduce respiratory depression, and lower the incidence of adverse reactions such as nausea and
vomiting when used in MAC, with broad application prospects. However, the safety and efficacy of remimazolam in general
anesthesia still need to be confirmed. This article will review the pharmacological characteristics of remimazolam, its
perioperative application advantages, and the problems that need to be solved, providing a reference for the majority of
clinical practitioners.

Keywords: Remimazolam; Monitored anesthesia care; Comfortable diagnosis and treatment; Outpatient surgery; Sedative drug

Fund program: Youth General Program of Shandong Provincial Natural Science Foundation (ZR2024QH295)

Monitored anesthesia care (MAC) is a safe and
effective anesthesia technique that ensures patient comfort
during surgery through moderate sedation and analgesia,
providing conditions for rapid postoperative recovery [1].
Currently, MAC is applicable to a variety of outpatient and
minor surgeries, as well as patients with poor preoperative
pulmonary function who are expected to have difficulty
weaning from mechanical ventilation after surgery. It can
reduce anesthetic medication, maintain the physiological
state of the patient's nervous, muscular, cardiopulmonary
systems, preserve spontaneous breathing and protective
reflexes, and achieve the goal of enhanced recovery after
surgery (ERAS) [1]. Currently, commonly used sedative
drugs in clinical anesthesia include benzodiazepines,
propofol, etomidate, and dexmedetomidine. However,
studies have found that these drugs carry risks such as
central respiratory and circulatory depression and transient
upper airway obstruction [2]. Remimazolam, a new type of
benzodiazepine, has the advantages of rapid onset, short
duration of sedative effect, fast recovery, and no
accumulation after long-term infusion [2], making it a
potential option for the safe implementation of MAC. This
article reviews the pharmacological mechanism of
remimazolam and its application in MAC.

1 Pharmacological Mechanism of Remimazolam

Remimazolam is a novel lipophilic benzodiazepine
sedative that enhances the activity of gamma-aminobutyric
acid subtype A (GABAA) receptors, induces cell
membrane hyperpolarization, increases chloride ion influx,
and inhibits neural activity, playing a critical role in

regulating neuronal excitability [3]. Pharmacodynamic
analyses of the sedative effect of remimazolam based on
the electroencephalogram B ratio, bispectral index (BIS),
Narcotrend index, and Modified Observer’s Assessment of
Alertness/Sedation ~ Scale  (MOAA/S) show  that
remimazolam has a rapid onset of sedation, and its sedation
depth and duration are dose-dependent [4]. In addition,
remimazolam contains metabolically unstable ester groups,
which can be rapidly metabolized by tissue esterase
(carboxylesterase-1) into the inactive compound CNS7054.
The pharmacokinetics of remimazolam are linear, and
compared with midazolam, its pharmacokinetic half-life is
relatively short, at 7-8 minutes [5], giving it an
ultra-short-acting effect. Animal experimental studies have
confirmed that in mice, sleep-inducing doses of
remimazolam and midazolam can cause loss of righting
reflex within a few minutes and nearly one hour,
respectively [6]. Furthermore, remimazolam is mainly
excreted through urine, and its clearance rate is essentially
independent of body weight. After 24 hours of injection
(0.20 / 0.30 mg/kg), more than 80% of the dose is detected
in urine as metabolites, and less than 1% of the original
dose is detected as unchanged drug, with a systemic
clearance rate approximately 3 times that of midazolam [3].
Studies have shown that remimazolam at doses of 0.05
mg/kg and higher has a rapid onset of sedative effect in a
dose-dependent manner [7]. From the perspective of
pharmacokinetics and pharmacodynamics, remimazolam
has a small steady-state distribution volume, rapid onset,
and fast metabolism [5]. According to existing clinical trial
results, remimazolam is not metabolized by the liver during
in vivo metabolism. It is mainly rapidly decomposed by
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non-specific plasma esterases and does not accumulate in
the body. It takes approximately 1 minute to reach the
maximum blood concentration, and its mean residence
time is also short [8]. Therefore, remimazolam maintains
long-term metabolic stability in human hepatocytes and has
no adverse effects on the metabolic activity and integrity of
hepatocytes. However, adverse reactions associated with
remimazolam during procedural sedation and anesthesia
have been documented in detail in various clinical studies.
The more common ones include changes in blood pressure
and heart rate, nausea and vomiting, and other adverse
events include headache, drowsiness, and hypoxia [2].
Clinical studies have confirmed that remimazolam has
good tolerance, can be used for procedural sedation as well
as induction and maintenance of general anesthesia, has
relatively high safety, reduces cardiopulmonary depression
and injection pain, and can be one of the sedative drug
options for MAC [2,5]. Research on the clinical application

of remimazolam in MAC anesthesia is of great significance.

However, to date, the clinical application of remimazolam
has been limited to a small number of volunteers and a
limited number of clinical investigations [5,8].

2 Application of Remimazolam in Clinical

Diagnosis and Treatment

At present, remimazolam-based MAC management
protocols are gradually being implemented and
demonstrating advantages in examinations and treatments
such as bronchoscopy, painless gastroenteroscopy, and
hysteroscopy. The following section discusses the
application progress of remimazolam-based MAC
protocols in the management of partial clinical diagnosis
and treatment processes.

2.1 Application of Remimazolam in Bronchoscopy

Bronchoscopy plays an increasingly important role in
the examination, diagnosis, and treatment of airway and
pulmonary diseases [9]. In 2011, the American College of
Chest Physicians published a consensus statement
recommending that all patients undergoing bronchoscopy
receive local anesthesia, analgesia, and sedation in the
absence of contraindications to improve patient tolerance
and satisfaction. Meanwhile, the guideline points out that
there is no single perfect sedative for bronchoscopy
currently, and the combination of remimazolam and
opioids is an anesthetic regimen recommended by the
guideline [9].

Remimazolam can be safely and effectively used in
bronchoscopy. Studies have confirmed that compared with
midazolam, remimazolam is safe and effective during
bronchoscopy. Remimazolam can meet the needs of
surgical sedation, has a rapid onset, enables faster recovery
of neuropsychiatric function in patients, and allows for
rapid recovery of postoperative cognitive function [10]. A
study by Zhou et al, [11] found that compared with
dexmedetomidine, remimazolam reduces the incidence of
oxygen desaturation during bronchoscopy and can provide
better MAC. During the surgical procedure, patients
receiving remimazolam have more stable hemodynamics
and reduced requirement for airway assistance, which

improves the safety of the procedure and patient
compliance. Therefore, remimazolam can serve as a new
option in sedation regimens during bronchoscopy.

2.2 Application of Remimazolam in Painless

Gastroenterostomy

Digestive endoscopy is an important and commonly
used endoscopic method for the diagnosis and treatment of
gastrointestinal and colorectal diseases. Prolonged
operation by the practitioner may cause visceral pain,
spasm, and even complications such as cardiovascular and
cerebrovascular accidents in patients [12]. With the
development and improvement of diagnostic and
therapeutic technologies, an increasing number of patients
choose to undergo painless gastroenteroscopy. The
application of painless protocols for gastroenteroscopy can
not only effectively eliminate patients' nervousness and
anxiety, but also inhibit upper respiratory tract reflexes
during gastroscopy, alleviate patients' discomfort and pain,
and improve the comfort of diagnosis and treatment [12].
During painless gastroscopy, since anesthesiologists and
operators need to share the airway, intraoperative airway
management, ensuring the safety of the anesthesia process,
and selecting effective anesthetic drugs with minimal
adverse effects are particularly important, which are the
focus of anesthesia attention [12].

Commonly used sedative drugs for painless
gastroenteroscopy include propofol, etomidate, and
remimazolam, among others. However, in painless
gastroscopy, the incidence of hypoxemia in patients using
propofol is 8.40%, while remimazolam exerts a milder
inhibitory effect on the circulatory and respiratory
systems, reducing the incidence of adverse reactions such
as severe hemodynamic fluctuations after induction,
excessive sedation, and injection pain [13]. The guidance
on clinical application of remimazolam besylate in 2023
recommends that for sedation during diagnostic
gastroenteroscopy or simple therapeutic procedures,
remimazolam can be used alone or in combination with
opioids in adults to improve the comfort of diagnosis and
treatment [14]. Nevertheless, clinical practice has found
that the sedation depth of remimazolam when used alone
cannot meet the requirements of gastroscopy, and patients
may experience reactions such as cough, hiccups, and
body movement. Although increasing the dose of
remimazolam can improve sedation depth and inhibit
stress responses, it exerts a significant inhibitory effect on
the patient's circulatory system and prolongs the patient's
awakening time and discharge time [15]. Therefore, the
combination of remimazolam with other drugs may be
more acceptable than single-administration regimens in
painless gastroscopy.

2.3 Application of Remimazolam in Hysteroscopic
Examination

With the increasing awareness of endometrial lesions
among women and the continuous advancement of
hysteroscopic technology, the application of hysteroscopic
examination in clinical practice has become increasingly
prevalent [16]. General anesthesia, paracervical block, and
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local anesthesia are all applicable for hysteroscopic
procedures [17]. Although general anesthesia can meet the
requirements of hysteroscopic surgery and has become the
preferred anesthesia method, it is associated with large
drug dosage, frequent adverse reactions, and high
anesthesia  costs.  For  hysteroscopic  procedures
characterized by short duration and simple operation, MAC
is recommended in expert consensus guidelines [17].

The most commonly used anesthesia regimen in MAC
is the combination of propofol and opioids. However, these
conventional anesthetics may cause severe respiratory and
hemodynamic depression, with potential side effects such
as nausea and vomiting, and occasionally require laryngeal
mask airway or endotracheal intubation for respiratory
support [7]. Yang et al. [18] found that compared with
target-controlled infusion of propofol, target-controlled
infusion of remimazolam has significant advantages in
improving postoperative recovery of patients, maintaining
perioperative heart rate, mean arterial pressure, respiratory
rate, and blood oxygen saturation, as well as enhancing
anesthesia efficiency. Additionally, the incidences of
injection pain and hypotension after induction are reduced.
Meanwhile, according to the study by Zhang et al. [19],
remimazolam can also be combined with low-dose
propofol. This drug combination can improve the safety of
hysteroscopic examination with minor effects on
cardiovascular and respiratory depression, thus the sedation
method of remimazolam combined with propofol is more
optimal. Furthermore, the sedation depth of remimazolam
in MAC for hysteroscopic procedures has been recognized.
Bispectral index (BIS) data records show that after
anesthesia induction, the electroencephalogram BIS value
produced by remimazolam is significantly higher than that
of propofol [20]. In addition to comparison with propofol,
studies have also found that compared with esketamine,
remimazolam can effectively reduce psychiatric adverse
reactions in hysteroscopic surgery [21]. Moreover, a
prospective randomized study revealed that remimazolam
combined with alfentanil has the advantages of good
analgesic effect, rapid onset, fast consciousness recovery,
and short awakening time in painless colonoscopy surgery
[22].

2.4 Application of Remimazolam in Pain-Induced
Abortion

Compared with traditional abortion surgery,
pain-induced abortion significantly reduces the incidence
of perioperative adverse events, alleviates pain and
discomfort caused by the surgery, relieves patients' fear and
tension, and improves patient satisfaction, thus it is
increasingly applied in clinical practice [23].

Currently, the commonly used intravenous anesthesia
regimen in pain-induced abortion is the combination of
propofol and opioids [24]. Propofol has a rapid onset and
short half-life, but it is associated with a high incidence of
adverse reactions such as respiratory depression, hypoxia,
hypotension, and injection pain during administration
[24-25], so caution must be exercised when using propofol.
Yue et al. [26] found that both remimazolam and propofol

can provide the required anesthesia depth and duration for
abortion surgery, but the minimum -effective dose of
remimazolam can not only achieve sufficient anesthesia in
pain-induced abortion, but also reduce drug dosage and the
occurrence of adverse events. Meanwhile, it reduces the
frequency and intensity of propofol-induced injection pain
during abortion, which has been widely recognized by
patients. Furthermore, pre-treatment with remimazolam
reduces the incidence and intensity of injection pain in
abortion patients, with an effect equivalent to that of
lidocaine, and no serious adverse reactions occur [25].
Similarly, remimazolam can also be combined with other
drugs for use in pain-induced abortion. The combined
administration of remimazolam and esketamine has a
shorter duration of action, faster metabolism, and lower
risk of serious adverse events (such as hypotension and
respiratory depression) [26]. Combination with flumazenil
can accelerate postoperative recovery of consciousness and
reduce the occurrence of adverse reactions, which has
potential advantages in pain-induced abortion surgery [27].

2.5 Application of Remimazolam in Interventional
Therapy

Intracranial aneurysm is a common cerebrovascular
disease that affects the quality of life of approximately
1%-2% of the global population [28]. Rupture of cerebral
aneurysms can lead to subarachnoid hemorrhage,
imposing a heavy medical burden on patients. Since some
minimally invasive interventional procedures require
precise  manipulation, anesthesia management is
necessary for patients who are unable to cooperate [28].
The Expert Consensus on Anesthesia Management for
Interventional Therapy of Craniocerebral Diseases in
China [29] clearly states that the core of anesthesia
management for intracranial aneurysms, arteriovenous
malformations, and acute ischemic stroke is strict
perioperative blood pressure control. Propofol is a
commonly used sedative for general anesthesia in
cerebrovascular interventional surgery at present, but it
can cause numerous adverse reactions, among which the
most prominent is circulatory function depression,
manifested as an increased risk of cardio-cerebrovascular
events and damage to other vital organs [7].

Zhang et al. [30] conducted a randomized controlled
trial comparing the vital sign fluctuations between
remimazolam and propofol in patients undergoing
endovascular cerebral surgery under general anesthesia.
This is also the first study investigating the application of
remimazolam in patients receiving coil embolization for
cerebral aneurysms. The results showed that the use of
remimazolam can prevent hypotension. Meanwhile, Lee et
al. [20] also demonstrated that during interventional
neuroradiology procedures, patients anesthetized with
remimazolam have more stable hemodynamics compared
with those receiving propofol anesthesia. However, most
existing studies focus on the application of remimazolam in
intubated patients under the administration of muscle
relaxants [31], while research on remimazolam applied in
interventional surgery under MAC is relatively less.
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2.6 Application of Remimazolam in Combination
with Other Anesthesia Methods

2.6.1 Remimazolam Combined with Nerve Block

For some pediatric and orthopedic surgeries, as well
as uncooperative patients, nerve block is usually performed
under sedation to alleviate pain and prevent new injuries
caused by body movement during manipulation [32].
Appropriate sedation depth can reduce preoperative stress,
maintain stable vital signs, and allow rapid recovery of
consciousness after block to evaluate the efficacy of the
block [32]. The ideal sedation effect is characterized by
rapid onset, fast recovery, and minimal residual effect.
Remimazolam has an amnesic effect, which can eliminate
patients' memory of the painful process of nerve block,
thereby achieving the goal of comfortable medical care [2].

Midazolam, a commonly used benzodiazepine
sedative at present, has disadvantages such as long sedation
duration, incomplete consciousness recovery, and
interference with the judgment of sedation effect [7]. As a
novel benzodiazepine drug, remimazolam has the
advantages of rapid onset, fast recovery, no residual effect,
no dependence on liver and kidney function for
metabolism, and mild and few side effects [4]. Therefore,
remimazolam combined with nerve block yields better
efficacy than nerve block alone, with higher satisfaction
among patients and surgeons [32]. Studies have shown that
administration of remimazolam prior to nerve block can
eliminate patients' nervousness and anxiety, as well as
blood pressure elevation caused by pain stimulation. After
sedation, patients have a short consciousness recovery time,
better stability of blood pressure and heart rate than
midazolam, milder respiratory depression, and favorable
safety profile [33]. Meanwhile, Liu et al. [34] found that
remimazolam combined with sufentanil for sedation and
analgesia under nerve block can provide patients with safe,
painless, and fear-free "comfortable medical care" services
without increasing the risk of nerve injury and local
anesthetic poisoning.

2.6.2 Remimazolam Combined with Neuraxial
Anesthesia

Cesarean section causes negative psychological states
such as tension and fear in most parturients, and
perioperative pain stimulation is more likely to induce
postpartum depression (PPD) [35]. Currently, most
anesthesia regimens administer certain sedative and
analgesic drugs after fetal delivery to relieve maternal pain
and eliminate the psychology of tension and fear [35].
Studies have shown that remimazolam combined with
esketamine for cesarean section can improve intraoperative
anesthesia effect, reduce the incidence of adverse reactions
such as perioperative psychiatric symptoms, lower the
Edinburgh Postnatal Depression Scale score, and
ameliorate PPD [36].

However, the incidence of postoperative nausea and
vomiting (PONYV) after cesarean section is very high,
reaching up to 80% in cesarean section performed under
neuraxial anesthesia [37]. Studies have shown that
compared with midazolam, remimazolam significantly

reduces the incidence of PONV and severe adverse
reactions during sedation, and has the minimal impact on
hemodynamics. These advantages make it a useful sedative
for cesarean section under neuraxial anesthesia and knee
arthroplasty under combined spinal-epidural anesthesia
[38].

For patients undergoing neuraxial anesthesia for lower
limb surgery, remimazolam and dexmedetomidine were
combined for adjuvant sedation, and the sedative effects of
the two drugs after administration were observed and
compared. The results showed that both remimazolam and
dexmedetomidine have significant sedative effects in
adjuvant sedation for lower limb surgery, but compared
with dexmedetomidine, remimazolam has a faster onset
and its sedative effect is dose-dependent [39].

2.6.3 Remimazolam Combined with Local Anesthesia
Some outpatient tooth extraction surgeries,
otorhinolaryngologic surgeries under local anesthesia, and
breast minimally invasive biopsy only require simple local
anesthesia. However, after local anesthesia, patients remain
awake, which may cause tension and anxiety, and even
lead to hyperalgesia. Therefore, in some local anesthesia
procedures, additional sedative anesthetics can be
administered to induce sleep, alleviate tension and anxiety,
and achieve the goal of comfortable diagnosis and
treatment [4]. Studies have shown that sedation with
remimazolam concurrent with local anesthesia can be
safely applied for comfortable tooth extraction in elderly
outpatient patients with periodontal disease. During the
surgery, patients' blood pressure and heart rate are stable,
and adverse reactions are fewer than those with midazolam
[40]. Yang et al. [41] confirmed that remimazolam
combined with sufentanil in endoscopic sinus surgery for
sinusitis can ensure more stable perioperative
hemodynamics by virtue of its advantages of reducing
heart rate and blood pressure, increasing oxygenation state,
slowing respiratory rate, and alleviating pain perception,
making it a favorable anesthesia method for endoscopic
sinus surgery. In breast minimally invasive biopsy surgery,
both remimazolam and propofol can provide effective
sedation depth, but remimazolam has higher safety than
propofol. Remimazolam can reduce the occurrence of
adverse reactions such as transient respiratory depression,
hypotension, and bradycardia, and can effectively avoid
injection pain, resulting in higher patient comfort [42].

3 Conclusion and Prospect

The pharmacological characteristics of remimazolam
can reduce the risk of severe hemodynamic instability
during anesthesia. Its controllable sedation level and
minimal impact on blood pressure and heart rate are
favorable properties contributing to patient safety. The
application of remimazolam in MAC can achieve
satisfactory anesthetic sedation and analgesia effects. More
importantly, it can reduce the respiratory depression caused
by other potent analgesic and sedative agents, and also
shorten the anesthesia recovery time. Although numerous
studies have confirmed the advantage of remimazolam in
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exerting minimal effects on respiratory and circulatory
functions, there are relatively few studies on the application
of remimazolam combined with other anesthesia methods,
and the research populations for remimazolam are not yet
extensive. Studies on remimazolam in obese patients are
relatively scarce, and its application in MAC for
interventional procedures is also insufficient. Existing
relevant studies almost exclusively focus on the use of
remimazolam in interventional surgeries requiring
intraoperative endotracheal intubation. Therefore, whether
remimazolam combined with other anesthesia methods in
MAC, as well as its application in populations such as
obese patients, can achieve effective anesthetic effects
while reducing complications caused by anesthetics
remains to be investigated. Currently, studies on the
perioperative application of remimazolam are limited, and
the evidence-based basis is still insufficient. More clinical
studies are needed in the future to explore its application
effects, optimal doses, and applicable scopes in different
surgeries and different populations, so as to provide a
strong basis for individualized anesthetic medication.
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Application of remimazolam in monitored anesthesia care
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Abstract: Monitored anesthesia care (MAC) is a technique in which anesthesiologists use analgesic or sedative drugs while closely
monitoring the vital signs of patients undergoing anesthesia without intubation and with spontaneous breathing. Its advantages include
maintaining patient’s spontaneous breathing, avoiding lung injury caused by mechanical ventilation, and shortening the postoperative
recovery time. Currently, the drug regimens for MAC mainly consist of anesthetic sedatives combined with analgesics. Common
sedative drugs include propofol and midazolam. However, they have inhibitory effects on the respiratory and circulatory systems, which
limits their application in clinical practice. In recent years, a newly discovered anesthetic, remimazolam, is a short-acting intravenous
anesthetic developed from midazolam by adding a methyl propionate side chain. Remimazolam has a minor effect on respiration and
circulation, a low incidence of injection pain, rapid onset, and inactive metabolites, presenting certain advantages in terms of
anesthetic safety. Existing research has found that remimazolam can stabilize circulation, reduce respiratory depression, and lower the
incidence of adverse reactions such as nausea and vomiting when used in MAC, with broad application prospects. However, the safety
and efficacy of remimazolam in general anesthesia still need to be confirmed. This article will review the pharmacological
characteristics of remimazolam, its perioperative application advantages, and the problems that need to be solved, providing a
reference for the majority of clinical practitioners.
Keywords: Remimazolam; Monitored anesthesia care; Comfortable diagnosis and treatment; Outpatient surgery; Sedative drug
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