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AIM: Remimazolam, known for its rapid onset, quick metabolism, and short recovery time from sedation, offers significant advantages
in clinical anesthesia. Previous studies have primarily investigated its application in adult surgical anesthesia, with less focus on its
utilization in pediatric patients. Therefore, we aimed to explore the 50% effective dose (ED50) and 95% effective dose (ED95) of remi-
mazolam for laryngeal mask airway (LMA) insertion during general anesthesia in pediatric strabismus correction surgery and investigate
its dose-response relationship, thereby providing valuable reference data for safer and more rational clinical use of remimazolam.
METHODS: This study included 32 patients aged 3–12 years undergoing strabismus correction surgery at Ningbo Aier Guangming Eye
Hospital in 2024. The dosage of remimazolam was determined according to the Dixon ‘up-and-down’ sequential method: the starting
induction dose was 0.2 mg/kg, with a step dose of 0.05 mg/kg. In cases of positive anesthetic effect, the subsequent patient received a
reduced step dose, while in cases of negative anesthetic effect, the next subject received an increased step dose. The trial was terminated
upon observing seven “positive-negative” crossover points. Furthermore, the ED50 and ED95, along with their 95% confidence intervals
(95% CI) were calculated using the Probit regression analysis. Additionally, vital signs of the patients, such as peripheral oxygen (SpO2),
heart rate, and blood pressure, along with the incidence of adverse events, were monitored.
RESULTS: The ED50 of remimazolam for LMA insertion in pediatric strabismus correction surgery was 0.300 mg/kg (95% CI 0.276–
0.323mg/kg), and the ED95 was 0.369mg/kg (95%CI 0.324–0.414mg/kg). Throughout the surgery, SpO2, heart rate, and blood pressure
remained stable without any significant fluctuations.
CONCLUSIONS: The ED50 and ED95 of remimazolam for LMA insertion in pediatric strabismus correction surgery are 0.300 mg/kg
and 0.369 mg/kg, respectively. This study demonstrates that remimazolam is both safe and effective for LMA insertion during general
anesthesia in pediatric strabismus correction surgery.
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Introduction
The ideal characteristics of an anesthetic induction seda-
tive include rapid onset, quick recovery from sedation, and
minimal adverse reactions, such as hypotension and cir-
culatory depression [1, 2]. Remimazolam, a novel ultra-
short-acting benzodiazepine, offers significant advantages
in clinical anesthesia due to its rapid onset, fast metabolism,
and quick recovery from sedation. It was approved by the
US Food and Drug Administration (FDA) in July 2020, the
European Medicines Agency (EMA) in March 2021, and
China in December 2021 [3].
Currently, midazolam is the most commonly used benzo-
diazepine [3]. However, its metabolism by cytochrome
P450 enzymes (CYP3A) poses limitations due to potential
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drug interactions during sedation applications [4]. Con-
versely, remimazolam distinguished from traditional mi-
dazolam in that its inactive metabolites are quickly me-
tabolized by tissue esterases into inactive compounds and
predominantly excreted by the kidneys. This helps to re-
duce potential residual effects and the risk of cumulative
toxicity [5]. Remimazolam maintains stable hemodynamic
characteristics during and after anesthesia induction, mak-
ing it particularly suitable for medical situations requiring
rapid recovery of consciousness, such as day surgeries, en-
doscopic procedures (like colonoscopy and bronchoscopy),
and the induction and maintenance of general anesthesia
[3].

Besides its high safety profile, remimazolam induction is
known for its minimal injection pain [6]. Moreover, its
sedative effects can be easily managed, with rapid reversal
achieved by administering flumazenil, a specific benzodi-
azepine antagonist, allowing patients to awaken quickly [7,
8]. This feature is crucial for ensuring patient safety and
enhancing medical efficiency.
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As a new drug, the use of remimazolam in general anesthe-
sia still requires extensive dose-related data to address var-
ious clinical needs. Previous studies have investigated the
effective induction doses of remimazolam in various types
of surgeries involving adult subjects. In a study by Chen et
al. [9], remimazolam was administered to elderly patients
undergoing gastric examinations, revealing remimazolam
as effective as propofol in achieving anesthetic outcomes
but with a lower incidence of adverse events. Similarly,
Fan et al. [10] reported that remimazolam applied during
hysteroscopy was a safer and more effective anesthesia op-
tion than propofol.
Although remimazolam has been extensively studied for
anesthesia-related applications in adults, its efficacy in pe-
diatric population remains underexplored. A meta-analysis
of 18 studies (mostly case reports) indicated that remima-
zolam is a safe and effective option in children [11]. In a
clinical study involving 418 children with a mean age of
4.6 years, remimazolam was used as a general endotracheal
anesthetic at 12 mg/kg/h for induction and 1–2 mg/kg/h for
maintenance. The results revealed that remimazolam offers
the advantages of rapid postoperative recovery in pediatric
anesthesia. However, there is a risk of hemodynamic vari-
ability, potentially related to the dosage of injection [12].
Generally, the lack of specific pediatric dosing guidelines
poses certain challenges. Given its advantages, such as no
injection pain, rapid onset, short half-life, predictable seda-
tion levels, quick recovery from anesthesia, relatively stable
respiratory and circulatory function, and the availability of
a specific antagonist, remimazolam appears to be particu-
larly well-suited for pediatric use [13].
Strabismus correction surgery is a common ophthalmic pro-
cedure in children [12]. Traditional anesthesia methods for
pediatric ophthalmic surgeries, such as endotracheal intu-
bation or intravenous anesthesia pose the risk of airway ir-
ritation and respiratory depression, potentially affecting the
child’s safety. The laryngeal mask airway (LMA), a novel
ventilation device, offers advantages such as ease of use
and minimal airway irritation, making it a viable alterna-
tive to tracheal intubation in many situations [14, 15]. A
well-planned and comprehensive anesthesia protocol is crit-
ical for the successful and safe execution of pediatric oph-
thalmic procedures. Therefore, our study aims to assess the
50% effective dose (ED50) of remimazolam for LMA inser-
tion, utilizing dosing guidelines established for adults, fo-
cusing on pediatric patients undergoing general anesthesia
for strabismus correction surgery, and to evaluate its safety.

Materials and Methods

Recruitment of the Study Participants

The study recruited 32 children aged 3–12 years who under-
went ophthalmic surgery at Ningbo Aier Guangming Eye
Hospital in 2024. This study was approved by the Medical

Ethics Committee of Ningbo Aier Guangming Eye Hospi-
tal (SL-AIER-KY-2024-08), and written informed consent
was obtained from all participants.
Inclusion criteria of study participants were as follows: in-
dividuals with age between 3–12 years, body mass index
(BMI) of 14–25 kg/m2, American Society of Anesthesiol-
ogists (ASA) physical status classification of I or II, sched-
uled for general anesthesia for ophthalmic strabismus cor-
rection surgery and suitable for LMA insertion.
However, exclusion criteria of study participants included
a history of neuropsychiatric disorders, anticipated difficult
airway or difficult mask ventilation, having planned anes-
thesia methods other than general anesthesia, those with
chronic obstructive pulmonary disease, asthma, pneumo-
nia, or active upper respiratory tract infection, known use of
drugs that interact with benzodiazepines, such as sedatives,
proton pump inhibitors, or certain antibiotics and those who
are allergic to benzodiazepines or opioid medications.
Furthermore, this study set rule-out criteria for study par-
ticipants and excluded those who did not meet the inclusion
criteria or whose guardians requested to withdraw from the
study. Similarly, patients with incomplete clinical data or
missing crucial clinical parameters were also excluded from
the study cohort.

Study Design
This study used various drugs. Remimazolam tosilate injec-
tion (NMPA approval number: H20190034, Lianyungang,
China) was obtained from Jiangsu Hengrui Pharmaceuti-
cals Co., Ltd., and Remifentanil Hydrochloride injection
(NMPA approval number: H20143314, Xuzhou, China)
was procured from Jiangsu Nhwa Pharmaceutical Co., Ltd.
Moreover, Rocuronium bromide injection (NMPA approval
number: H20183109, Qingyuan, China) was provided by
Guangdong Jiabo Pharmaceutical Co., Ltd., and Atropine
Sulfate injection (NMPA approval number: H32021535,
Chengdu, China) was purchased from Chengdu Brilliant
Pharmaceutical Co., Ltd.
Upon arrival in the operating room, an intravenous line was
established for each patient, and standard monitors (IM20,
EDAN, Shenzhen, China) were used to assess non-invasive
blood pressure, electrocardiogram, and pulse oximetry. Be-
fore induction, atropine (0.01 mg/kg) was administered in-
travenously, and patients were pre-oxygenated with 100%
oxygen under spontaneous breathing conditions.
An anesthesiologist administered the induction drugs in-
travenously, delivering 0.2 mg/kg of remimazolam and 2
µg/kg of remifentanil over a period of 2 minutes. The ex-
act time of remimazolam administration completion was
recorded. After 150 seconds, another anesthesiologist,
blinded to the remimazolam dose, assessed and recorded
the patient’s level of loss of consciousness (LOC) using the
Modified Observer’s Assessment of Alertness and Sedation
(MOAA/S) score [16]. The MOAA/S score is a tool used
to assess the level of consciousness or sedation depth in pa-
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tients under anesthesia or sedative medications. A patient
with a score 5 responds readily to a name spoken in a nor-
mal tone, 4 shows a lethargic response to a name spoken
in a normal tone, 3 responds only after the name is called
loudly or repeatedly, 2 responds only after mild prodding
or shaking, 1 responds only after painful trapezius squeeze,
and 0 does not respond even after painful trapezius squeeze.
Before LMA insertion, certain conditions were ensured in
patients, such as successful LOC (defined asMOAA/S<2),
cessation of spontaneous breathing, and 150 seconds post-
remimazolam injection. Once these criteria were satisfied,
the anesthesiologist who assessed the LOC inserted the
LMA. The outcomes were classified into successful (Pos-
itive group) or unsuccessful (Negative group). The suc-
cessful (positive) anesthesia was defined by the smooth in-
sertion of the LMA, observation of symmetrical chest wall
movement under mechanical ventilation, and a normal rect-
angular end-tidal CO2 (EtCO2) waveform. Smooth inser-
tion criteria included no involuntary movements, no resis-
tance when opening the patient’s mouth, and no coughing
or laryngospasm. However, the failed (negative) anesthe-
sia was determined as the patient experiencing significant
throat pain or coughing during LMA insertion, leading to
the unsuccessful placement of the laryngeal mask.
The remimazolam induction dose for each patient was de-
termined using Dixon ‘up-and-Down’ sequential method
[17, 18]. Based on previous studies and our clinical experi-
ence, the initial dose of remimazolam was set at 0.2 mg/kg
with a dose interval of 0.05 mg/kg. Consequently, the first
patient received 0.2 mg/kg of remimazolam. In the case
of successful LMA insertion, the subsequent patient’s dose
was reduced by 0.05 mg/kg. Conversely, if the insertion
failed, the next patient’s remimazolam induction dose was
increased by 0.05 mg/kg, following this pattern. The study
was terminated when the “positive response” and “nega-
tive response” alternated seven times (i.e., there were seven
crossovers).
To ensure patient safety and comfort, the procedure was
attempted only once. In unsuccessful cases, the patient
immediately received 10–20 mg of rocuronium bromide
intravenously, and anesthesia was maintained by infusing
1–2 mg/kg/h of remimazolam and 0.1–0.3 µg/kg/min of
remifentanil. However, in successful cases, anesthesia dur-
ing surgery was maintained by infusing 1–2 mg/kg/h of
remimazolam and 0.1–0.3 µg/kg/min of remifentanil.

Observational Indicators

Vital signs of the patients were recorded at the following
time points: pre-anesthesia baseline (T0), at loss of con-
sciousness (LOC, T1), immediately after LMA insertion
(T2), 1 minute after LMA insertion (T3), 3 minutes af-
ter LMA insertion (T4), and 5 minutes after LMA inser-
tion (T5). During the study period, if the patient’s systolic
blood pressure (SBP) dropped more than 20% below base-

line, dopamine was administered intravenously. If the heart
rate (HR) fell below 50 bpm, atropine was administered in-
travenously.

Observation of Adverse Events
During LMA insertion, the following adverse events were
closely monitored: occurrences of air leakage or other
movements, respiratory complications (including laryn-
gospasm, bronchospasm, reflux, or aspiration), circulatory
depression, postoperative agitation, postoperative nausea,
vomiting, and pain.

Statistical Analysis
Data were statistically analyzed using SPSS software ver-
sion 25.0 (SPSS Inc., Chicago, IL, USA). The normality of
the data was assessed utilizing the Kolmogorov-Smirnov
test. Normally distributed data were expressed as mean ±
standard deviation (SD). Furthermore, changes in the data
over different time points were analyzed using one-way
ANOVA followed by post hoc analysis with Dunnett’s mul-
tiple comparisons test. However, comparisons between the
two groups were performed using the t-test, and enumera-
tion data were analyzed using the Chi-square (χ2) test. A p-
value< 0.05 was considered statistically significant. Probit
regression analysis was used to determine the 50% effective
dose (ED50) and 95% effective dose (ED95) of the popu-
lation, along with their respective 95% confidence inter-
vals (CI). The dose-response curve and sequential graph for
remimazolam were generated using GraphPad Prism ver-
sion 8.0 (GraphPad Software LLC, San Diego, CA, USA).

Results
Patient Information
This study enrolled 32 patients, including 13 males and 19
females. The study participants were classified as ASA
Physical Status I and cooperated throughout the study pro-
cedure. The average age of the patients was 8.4± 2.6 years,
average weight was 36.5 ± 10.9 kg, average height was
141.7 ± 17.0 cm, and average body mass index (BMI) was
17.7± 2.5. The flow chart of the study design and patient’s
characteristics are shown in Fig. 1 and Table 1, respec-
tively.

Dose-Response
The sequential dose adjustment of remimazolam is shown
in Fig. 2. Out of the 32 patients, 19 successfully underwent
LMA insertion (positive) after a single injection of remima-
zolam, while 13 did not achieve successful insertion (nega-
tive). Patients with unsuccessful sedation received an addi-
tional dose of rocuronium. Using the success rates of LMA
insertion across different dosage groups, a dose-response
curve of remimazolam in LMA insertion during pediatric
strabismus correction surgery was constructed (Fig. 3).
The Probit regression analysis yielded the following prob-
ability regression equation for remimazolam: Probit (P) =
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Fig. 1. Flowchart of the study design based on Dixon ‘up-and-down’ method. MOAA/S, Modified Observer’s Assessment of
Alertness and Sedation; ED50, 50% effective dose; ED95, 95% effective dose.

–7.12 – 23.769 × Dose. The fit of this equation was tested
and found to be excellent, with a p-value of 0.861. The re-
gression equation demonstrated that the ED50 of remimazo-
lam was 0.300 mg/kg (95% CI 0.276–0.323 mg/kg), while
the 95% effective dose (ED95) value was found to be 0.369
mg/kg (95% CI 0.324–0.414 mg/kg).

Fig. 2. Sequential dose adjustment for remimazolam during
the laryngeal mask airway (LMA) insertion under general
anesthesia for pediatric strabismus correction surgery. The
initial dose of remimazolam was 0.2 mg/kg, and each subsequent
dose was increased or decreased by 0.05 mg/kg.

Fig. 3. Dose-response curve for remimazolam during LMA in-
sertion under general anesthesia for pediatric strabismus cor-
rection surgery, generated using Probit regression analysis.

Changes in the Vital Signs and Clinical Indicators of the
Patients

We observed that the saturation of peripheral oxygen
(SpO2) elevated significantly after remimazolam adminis-
tration. The heart rate (HR) remained relatively stable from
T1 to T5 compared to the baseline values at T0, indicating
minimal fluctuation. However, both systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP) decreased
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Table 1. Baseline characteristics of the study participants.
Patients (N = 32) Positive (N = 19) Negative (N = 13) t/χ2 p-value

Sex (Male/Female) 13/19 8/11 5/8 0.042a 0.837
Age (Year) 8.4 ± 2.6 8.6 ± 2.6 8.0 ± 2.6 0.641 0.526
Weight (kg) 36.5 ± 10.9 39.0 ± 11.2 32.8 ± 9.6 1.627 0.114
Height (cm) 141.7 ± 17.0 144.5 ± 15.8 137.6 ± 18.5 1.132 0.267
BMI (kg/m2) 17.7 ± 2.5 18.1 ± 2.9 17.2 ± 1.5 1.025 0.313
ASA physical status classification

ASA-I 32 19 13 / /

Note: aChi-square (χ2) analysis was used to assess the gender differences between groups. BMI, body mass index; ASA,
American Society of Anesthesiologists.

following the administration of remimazolam, but the re-
ductions remainedwithin a safe range of less than 20% (Fig.
4). These findings demonstrate that remimazolam main-
tains stable hemodynamic characteristics.

Adverse Events

Among all patients, 2 individuals (6.3%) experienced nau-
sea, and neither of the patients experienced vomiting. Fur-
thermore, 1 (3.1%) patient exhibited agitation (Table 2).
These adverse events resolved spontaneously without inter-
vention. There were no other adverse reactions among the
remaining patients.

Table 2. The occurrence of adverse reactions among the
study participants.

Adverse reactions Patients

Hypoxaemia 0/32
Bradycardia 0/32
Nausea 2/32
Vomiting 0/32
Choking and coughing 0/32
Dysphoria 1/32

Discussion

Pediatric strabismus correction surgery presents a unique
category of surgical procedures, involving young patients.
The LMA has become a popular choice for airway man-
agement during these surgeries due to its ease of use, min-
imal airway irritation, and straightforward placement and
removal [14, 19]. The surgical procedure is typically con-
ducted under general anesthesia, necessitating high preci-
sion in administering anesthetic, primarily because the ease
of LMA insertion impacts the success of the surgery and the
comfort of the patient.
Remimazolam, known for its rapid onset, quick recovery,
and minimal impact on the cardiovascular system, has been
extensively used in endoscopic procedures (such as gas-
troscopy, colonoscopy, and other endoscopic surgeries),

day surgeries, and surgeries involving elderly patients [20].
Compared to midazolam and propofol, remimazolam offers
an enhanced safety profile because its effects are quickly
reversed by flumazenil, a specific antagonist, which is not
available for propofol [21]. Studies indicate that remima-
zolam provides better safety than propofol when used for
anesthesia during gastroscopy or colonoscopy [9, 22].
The Dixon ‘up-and-down’ sequential method is widely uti-
lized in current clinical drug research [23]. This method
is a classical and cost-effective approach for determining
the effective concentration of a drug. It does not require
a predetermined sample size; each experiment is analyzed
promptly, and the study can be terminated as soon as a con-
clusion is reached. Its advantages include the need for fewer
study subjects (typically a few dozen patients) and the abil-
ity to easily and rapidly calculate the drug’s median effec-
tive dose. However, it is worth noting that in case of sig-
nificant patient variability, a single Up-and-Down design
may not adequately reflect the overall response, thus ne-
cessitating repeated or grouped analyses [23]. Xiao and
colleagues [24] enrolled 27 patients and employed the ‘up-
and-down’ sequential method to assess the anesthetic in-
duction ED50 and ED95 of remimazolam in patients with
sleep disorders undergoing laparoscopic cholecystectomy.
The study demonstrated that the ED50 of remimazolam was
0.226 mg/kg, and the ED95 was 0.237 mg/kg [24]. Further-
more, in another study, the effective doses of remimazo-
lam and propofol for anesthesia were investigated during
gastroscopy examination in elderly patients, involving 23
and 20 patients, respectively. The results showed that the
ED50 of remimazolam was 0.153 mg/kg, while the ED50

of propofol was 0.945 mg/kg [9]. Additionally, Qu and
colleagues [25] investigated the ED95 of remimazolam for
suppressing tracheal intubation-related cardiovascular re-
sponses in frail and non-frail elderly patients during anes-
thesia induction. The findings revealed that in frail and non-
frail elderly patients, the ED95 of remimazolam was 0.297
mg/kg and 0.331 mg/kg, respectively [25].
Therefore, the effective dosage of remimazolam may vary
among different patient demographics and surgery types.
However, to our knowledge, there have been no published
reports on using remimazolam for LMA insertion during
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Fig. 4. Changes in vital signs during the anesthesia induction process. Comparison of changes in vital signs, including saturation
of peripheral oxygen (SpO2) (A), heart rate (B), systolic blood pressure (SBP) (C) and diastolic blood pressure (DBP) (D). Vital signs
at pre-anesthesia baseline (T0), at the loss of consciousness (LOC) (T1), immediately after LMA insertion (T2), 1 minute after LMA
insertion (T3), 3 minutes after LMA insertion (T4), and 5 minutes after LMA insertion (T5). Data are presented as mean ± standard
deviation (SD). ∗∗∗p < 0.001 for T1–T5 vs. T0; ns represents ‘no significant difference’.

general anesthesia in children. This study explored the clin-
ical efficacy and safety of remimazolam for LMA insertion
in pediatric strabismus correction surgeries.

We observed that using remimazolam as a sedative be-
fore pediatric strabismus correction surgery effectively im-
proved the success of LMA insertion. By exploring vari-
ous dosages of remimazolam, we established that the ED50

for LMA insertion during general anesthesia in pediatric
strabismus correction surgery was 0.300 mg/kg (95% CI
0.276–0.323 mg/kg), and the ED95 was 0.369 mg/kg (95%
CI 0.324–0.414 mg/kg). The ED50 value of remimazo-
lam for general anesthesia in pediatric strabismus surgery
is slightly higher than the corresponding value in adults,
approximately 0.1–0.2 mg/kg. To date, only a few stud-
ies have described the pharmacokinetics of remimazolam
in children. Two studies on the pharmacokinetic proper-
ties of remimazolam have revealed that its terminal half-

life is similar in children and adults. In a pharmacokinetic
study of remimazolam involving children aged 2–6 years,
the terminal half-life of remimazolam was 67 minutes and
the context-sensitive half-time was 17minutes [26]. In con-
trast, in a study conducted in adults (aged 20–38 years), the
terminal half-life of remimazolam was 70 minutes and the
context-sensitive half-time was 6.8 minutes [27], suggest-
ing a shorter duration compared to the data observed in chil-
dren. Our study indicates a higher ED50 value in pediatric
anesthesia, which may be related to the type of surgery and
the varying sensitivity of children to remimazolam. Addi-
tionally, the children in our study were aged 3–12 years, dif-
fering from the 2–6 years age range in the aforementioned
study. Considering the difference in metabolic rates, blood
volume, and cardiac responsiveness between children and
adults, dose adjustments are necessary for pediatric appli-
cations [11].
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Furthermore, our study revealed that after the administra-
tion of remimazolam, the SpO2 and HR remained stable
without significant fluctuations. This study specifically
evaluated the hemodynamic stability induced by remima-
zolam anesthesia. It is known that hypotension can oc-
cur during and after anesthesia induction, posing a risk to
patient safety. Hence, anesthesiologists aim to minimize
hemodynamic fluctuations during and after anesthesia in-
duction. Previous research has reported that compared to
propofol, remimazolam is associated with less frequent car-
diovascular depression during general anesthesia in adults
[28]. In a study comparing propofol and remimazolam for
sedation induction and maintenance in adults, the reduction
in blood pressure was 20.0% and 24.0% in the 6 mg/kg/h
and 12 mg/kg/h remimazolam groups, respectively, com-
pared to 49.3% in the propofol group [29]. In a randomized
controlled clinical trial, patients who received remimazo-
lam at an induction dose of 0.2 mg/kg and a maintenance
dose of 1.0 mg/kg/h had significantly lower rates of hy-
potension than those who were administered propofol at a
dosage of 1.5 to 2.0 mg/kg [10]. Shi et al. [30] indicated a
lower incidence of intraoperative hypotension and postop-
erative low SpO2 in the remimazolam group compared to
the propofol group. Our study demonstrated that although
there was a slight decrease in SBP and DBP from T0 to T1–
T5, all changes were below 20%. These findings suggest
that remimazolam did not lead to significant cardiovascular
depression, thereby maintaining good hemodynamic stabil-
ity during the surgery.
Adverse events were closely monitored during the surgery.
It was found that only two patients (6.3%) experienced nau-
sea, with neither of them vomiting. Additionally, one pa-
tient (3.1%) exhibited agitation, but no other adverse reac-
tions were observed among the remaining patients. All chil-
dren could recover quickly and smoothly to a state of wake-
fulness after the surgery without any significant complica-
tions. Given that the surgery was for strabismus correction,
the occurrence of postoperative nausea might also be re-
lated to the surgical procedure and not necessarily to the
medication. In a study using propofol for general anesthe-
sia during pediatric strabismus surgery, 17% of patients in
the propofol group experienced postoperative nausea [31].
Conversely, in clinical studies of remimazolam for pediatric
anesthesia, there have been minimal reports of side effects
such as nausea, vomiting, or hypotension [11]. In a study of
children undergoing elective adenotonsillectomy using mi-
dazolam as a general anesthetic, postoperative nausea and
vomiting were observed in 15.6% and 11.1% of patients, re-
spectively; however, 11.1% of patients experienced agita-
tion [32]. Thus, overall, the safety profile of remimazolam
for pediatric general anesthesia surpasses that of propofol
and midazolam. These results suggest that using remima-
zolam for general anesthesia and LMA insertion in pediatric
strabismus correction surgery is safe and effective.

However, since remimazolam is a relatively new drug in pe-
diatric anesthesia and there is still an ongoing accumulation
of experience with its use in this field, future studies involv-
ing larger scales and multiple centers are required to further
validate its advantages in pediatric surgeries. It is also nec-
essary to thoroughly explore the potential risks and side ef-
fects associated with its use, aiming to ensure the safety of
children while fully leveraging the potential of remimazo-
lam in pediatric anesthesia. Additionally, integrating remi-
mazolam with other anesthetic agents to develop the most
optimal anesthesia protocol will be crucial to enhance the
perioperative experience of pediatric patients.

This study also has some limitations. Due to physiologi-
cal differences between children and adults, including faster
metabolism and significant changes in the body weight ra-
tio to body surface area, adjusting the dose of remimazolam
in children is complex and requires precise calculation and
personalized administration. Incorrect dosing may lead to
excessively deep or insufficient sedation, impacting surgi-
cal procedures and child safety. Furthermore, the age range
of the children in our study was broad (3–12 years), and
future studies could narrow this range to achieve more pre-
cise dosing. Additionally, all patients in this study were
classified as ASA I. The applicability of remimazolam in
pediatric patients classified as ASA II undergoing LMA in-
sertion during strabismus correction surgery needs further
evaluation in future studies. Furthermore, all children in the
study underwent general anesthesia for strabismus correc-
tion, representing a single type of surgery. Therefore, addi-
tional studies are needed in other pediatric patient groups to
validate the safety and efficacy of remimazolam in pediatric
general anesthesia.

Conclusions

This study investigated the ED50 and ED95 of remimazo-
lam for LMA insertion during pediatric strabismus correc-
tion surgeries under general anesthesia. The study indicated
that the ED50 of remimazolam was 0.300 mg/kg (95% CI
0.276–0.323 mg/kg), and the ED95 was 0.369 mg/kg (95%
CI 0.324–0.414 mg/kg). Following the administration of
remimazolam, we observed that SpO2, HR, and blood pres-
sure were maintained at stable levels without significant
fluctuations. These observations suggest that remimazolam
does not lead to substantial cardiovascular depression and
maintains good hemodynamic stability during the surgery.
These findings demonstrate that remimazolam is safe and
effective for LMA insertion under general anesthesia in pe-
diatric strabismus correction surgeries.
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