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Abstract
Background  Remimazolam (Rm) is a novel ultra-short-acting benzodiazepine used in general anesthesia. However, 
its application in pediatric general anesthesia remains limited. This study aims to compare the efficacy, safety, and 
postoperative emergence profiles of remimazolam and propofol (Pf ) in pediatric surgical anesthesia.

Methods  Children (aged 3–12 years) undergoing strabismus correction surgery were randomly assigned to the 
Group Rm or the Group Pf. The Group Rm and Group Pf received an induction dose of 0.3 mg/kg and 2 mg/kg, 
respectively. For emergence, the Group Rm was administered flumazenil 0.2–0.3 mg. The primary outcome was 
the time from the discontinuation of anesthetic agents to the first eye opening. Secondary outcomes included 
the time from the end of surgery to laryngeal mask airway (LMA) removal, the time to achieve a Modified 
Observer’s Assessment of Alertness/Sedation (MOAA/S) score of 5 after LMA removal, and Aldrete scores during 
the postanesthetic care unit (PACU) stay. Additionally, the changes of vital signs before and after anesthesia were 
compared between the two groups.

Results  In all patients, both remimazolam and propofol induced anesthesia successfully. Regarding emergence 
profiles, the Group Rm had significantly shorter times to first eye opening, LMA removal, and achieving an MOAA/S 
score of 5 post-LMA removal compared to the Group Pf (p < 0.001). Upon arrival at the PACU, the number of patients 
with Aldrete scores ≥ 9 was significantly higher in the Group Rm (p < 0.001). Following injection, the reduction in DBP 
was significantly greater in the Group Pf compared to the Group Rm (p < 0.001). The Group Rm maintained a more 
stable HR compared to the Group Pf.

Conclusion  Remimazolam provides more stable hemodynamic characteristics and significantly shorter 
postoperative emergence time in pediatric patients compared to propofol. This suggests that remimazolam may be 
more suitable than propofol for pediatric general anesthesia, though larger scale clinical trials are needed for further 
validation.
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Introduction
Propofol, the most commonly used intravenous anes-
thetic, is known for its rapid onset, fast recovery, and 
low incidence of postoperative nausea and vomiting [1]. 
However, it has notable side effects, including respiratory 
and circulatory depression, which may lead to hypoten-
sion and insufficient cerebral oxygen supply [2–4]. These 
limitations have prompted the search for alternative 
anesthetic agents.

Remimazolam, a novel ultra-short-acting benzodi-
azepine, has been approved for general anesthesia and 
procedural sedation in several countries [5]. It acts on 
γ-aminobutyric acid type A (GABAA) receptors, inducing 
central nervous system depression [6, 7]. Unlike propo-
fol, remimazolam is metabolized by nonspecific plasma 
cholinesterase rather than hepatic or renal pathways [8]. 
It offers advantages such as rapid onset, minimal respi-
ratory and circulatory depression, stable hemodynamics, 
lower incidence of hypotension, rapid emergence, and 
reversibility with flumazenil [9, 10].

Randomized controlled trials have compared the 
safety and efficacy of remimazolam and propofol. For 
instance, Chen et al. reported similar anesthetic efficacy 
in elderly patients undergoing gastroscopy but found a 
lower incidence of injection pain and adverse effects with 
remimazolam [7]. Other studies highlight remimazol-
am’s reduced hypotensive effects [11, 12], suggesting its 
potential as a safer alternative to propofol [13, 14].

While most studies focus on adults, data on pediatric 
patients remain limited despite their distinct physiologi-
cal and metabolic characteristics [15]. This is particu-
larly relevant for general anesthesia with laryngeal mask 
airway (LMA) insertion in children. Remimazolam’s 
advantages may make it more suitable for pediatric use. 
Emergence profiles, key indicators of anesthetic efficacy, 
influence complications such as postoperative nausea, 
dizziness, disorientation, recovery time, and patient sat-
isfaction [16, 17]. However, limited research has evalu-
ated the effects of remimazolam versus propofol on 
emergence profiles in children undergoing general anes-
thesia with LMA insertion.

This prospective, randomized, double-blind clinical 
trial compares the effects of remimazolam combined 
with flumazenil versus propofol on emergence profiles 
in pediatric patients undergoing general anesthesia for 
strabismus correction surgery. By reflecting real-world 
clinical practices, where flumazenil is routinely used, this 
study aims to evaluate awakening speed, emergence com-
fort, and hemodynamic stability, contributing to the opti-
mization of pediatric anesthesia management.

Materials and methods
Materials
Remimazolam tosilate for Injection was provided by 
Jiangsu Hengrui Pharmaceuticals Co., Ltd (China). 
Propofol Injection was provided by Fresenius Kabi 
(Gemany). Remifentanil Hydrochloride and Flumazenil 
for Injection was provided by Jiangsu Nhwa Pharma-
ceutical Co., Ltd (China). Atropine Sulfate Injection was 
provided by Chengdu Brilliant Pharmaceutical Co., Ltd 
(China).

Patients (Participants)
We selected 60 children aged 3–12 years who under-
went general anesthesia for strabismus correction sur-
gery at Ningbo Aier Guangming Eye Hospital from June 
to August 2024. The patients were randomly divided 
into the remimazolam group (Group Rm) and the pro-
pofol group (Group Pf ), with 30 patients in Group Rm 
and 30 patients in Group Pf, using a random number 
table method. Each patient was assigned a unique iden-
tification number. Patients were then allocated to the 
two groups based on the sequence of the randomized 
numbers. The group allocation was concealed within an 
envelope, which the anesthesiologist opened upon the 
patient’s entry into the operating room. Consequently, 
the anesthesiologists were aware of the group assign-
ments to properly administer the medication. However, 
this information was not disclosed to the follow-up 
investigators or the patients [18].

Inclusion Criteria: (1) Age 3–12 years; (2) BMI 
14–25 kg/m²; (3) American Society of Anesthesiologists 
(ASA) classification of I or II; (4) Suitable for laryngeal 
mask airway (LMA) insertion.

Exclusion Criteria: (1) History of neurological or psy-
chiatric disorders; (2) Anticipated difficult airway or 
difficult mask ventilation; (3) Need for additional anes-
thesia methods other than the local infiltration of extra-
ocular muscles specified in this study protocol (e.g., local 
anesthesia at other sites or regional nerve blocks); (4) 
Asthma, pneumonia, or active upper respiratory tract 
infection; (5) Known use of drugs that interact with ben-
zodiazepines, such as sedative-hypnotics, proton pump 
inhibitors, or certain antibiotics; (6) History of long-term 
use of benzodiazepines; (7) Allergy to benzodiazepines, 
propofol, or opioids.

Withdrawal Criteria: (1) Patients who did not meet the 
inclusion criteria or whose guardians requested with-
drawal from the trial were excluded; (2) Patients with 
incomplete clinical data records or missing measure-
ments were also excluded.

Trial registration  : Chinese Clinical Trial Registry, ChiCTR2400083265.
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Anesthesia induction
Upon arrival in the operating room, patients had an 
intravenous line opened, and standard monitors were 
used to measure non-invasive blood pressure, electro-
cardiogram, and pulse oximetry. Atropine (0.01  mg/kg) 
was administered intravenously before induction. Each 
patient received preoxygenation with 100% oxygen while 
breathing spontaneously before anesthesia induction.

Induction commenced with the Modified Observer’s 
Assessment of Alertness/Sedation (MOAA/S) scoring 
[19]. A single anesthesiologist slowly administered the 
induction drugs intravenously. Group Rm: During anes-
thesia induction, remifentanil (2  µg/kg) and remima-
zolam (0.3 mg/kg) were injected sequentially over 2 min. 
If consciousness was not lost, an additional 0.1  mg/kg 
(maximum dose 0.45 mg/kg) could be given once. Group 
Pf: During anesthesia induction, remifentanil (2  µg/kg) 
and propofol (2 mg/kg) was injected over 2 min, with a 
single additional dose of 1 mg/kg if required.

After the administration of remimazolam or propofol, 
the patients were observed for 150 s. Another anesthesi-
ologist, who was blinded to the drug dosage, assessed the 
loss of consciousness (LOC) using the MOAA/S score. 
LMA was inserted upon successful induction (MOAA/S 
score of 0).

Additionally, local anesthesia was administered before 
the procedure. Specifically, sub-Tenon’s local infiltration 
was performed near the origin of the target extraocular 
muscle, using 0.1–0.3 mL of 2% lidocaine solution. Post-
operatively, if the face, legs, activity, cry, consolability 
(FLACC) score exceeded 3, oral diclofenac sodium was 
administered for analgesia.

Anesthesia maintenance
After the LMA was inserted, anesthesia was maintained 
using either remimazolam or propofol. Remimazolam 
was infused at a rate of 1–2 mg/kg/h, while propofol was 
infused at a rate of 4–12 mg/kg/h. Remifentanil was con-
tinuously infused at a rate of 0.2 µg/kg/min to maintain 
the depth of anesthesia.

Monitoring of vital signs and indicators
The administration of remimazolam or propofol, as well 
as remifentanil, was stopped 5 min before the end of the 
surgery. Vital signs were recorded at the following time 
points: baseline before anesthesia (T0), at the LOC (T1), 
immediately after LMA insertion (T2), 1 min after LMA 
insertion (T3), and 3  min after LMA insertion (T4). 
The monitored indicators included systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), saturation of 
peripheral oxygen (SpO2), and heart rate (HR).

During the study, if a patient’s SBP decreased by more 
than 30% from baseline, 2  µg of norepinephrine was 

administered intravenously. If the HR dropped below 
60 bpm, 0.01 mg/kg of atropine was injected.

Emergence profiles assessment
In the Group Rm, flumazenil (0.2–0.3 mg) was adminis-
tered post-surgery to antagonize remimazolam; the time 
and dosage of flumazenil were recorded. The time to the 
first eye opening and the time to LMA removal were also 
documented. The primary outcome was the time from 
the discontinuation of anesthetic agents to the first eye 
opening. The secondary outcomes included the time 
from the end of surgery to LMA removal, time to the 
first MOAA/S score of 5 after LMA removal, and Aldrete 
score during the postanesthetic care unit (PACU) stay. 
PACU nurses, who were blinded to the group assign-
ments, measured the Aldrete score every 5  min and 
assessed the level of consciousness to determine whether 
re-sedation had occurred. Patients with an Aldrete score 
of ≥ 9 were allowed to return to their ward [20, 21].

Statistical analysis
The clinical sample size for this study was calculated 
based on the primary outcome (emergence time). Pre-
liminary pilot data from our pre-experiment indicated a 
mean emergence time of 156.7 ± 68.1 s (n = 6) for Group 
Rm, while 291.5 ± 188.4 s for Group Pf (n = 6). Using PASS 
15.0 software (NCSS, Kaysville, UT, USA), we deter-
mined the required sample size with a significance level 
(α) set at 0.05 (two-tailed) and a statistical power of 0.90. 
Considering a potential dropout rate of 20% and assum-
ing an equal allocation ratio (1:1) between the Group Rm 
and Group Pf, the final calculated sample size was 60 
participants, who would be randomly assigned to either 
Group Rm or Group Pf.

Statistical analysis was performed using Graph-
Pad Prism 8.0 (GraphPad Software Inc., San Diego, 
CA, USA). Normally distributed continuous data were 
expressed as mean ± standard deviation (SD) and com-
pared between groups using an independent samples 
t-test. Categorical data were expressed as counts (per-
centage) and compared between groups using the chi-
square test or One-way ANOVA. A p-value of less than 
0.05 was considered statistically significant.

Results
Patient information
A total of 60 patients were included in this study, with 
30 patients assigned to the Group Rm and 30 patients 
assigned to the Group Pf (Fig.  1). The baseline demo-
graphic and clinical characteristics of the two groups 
were comparable. There were no significant differences 
between the groups in terms of gender, age, height, 
weight, BMI, and ASA Physical Status Classifica-
tion (Table  1). The surgery durations were also similar 
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between the two groups. All 60 patients completed the 
study.

Differences in emergence profiles
To compare the effects of remimazolam and propofol 
on postoperative emergence profiles, four key indica-
tors were introduced: time to first eye opening, time to 
LMA removal, time to achieve a MOAA/S score of 5, and 
the number and timing of patients reaching an Aldrete 
score of 9 in the PACU (Table 2). Due to the use of flu-
mazenil to antagonize remimazolam post-surgery, the 
times to first eye opening, LMA removal, and achiev-
ing a MOAA/S score of 5 were significantly shorter in 

the Group Rm compared to the Group Pf. The time to 
first eye opening was 74.3 ± 46.5  s in the Rm group and 
392.1 ± 174.3  s in the Pf group, showing a significant 
difference (p < 0.0001). The time to LMA removal was 
76.8 ± 16.3 s in the Rm group and 395.7 ± 174.6 s in the Pf 
group, also significantly different (p < 0.0001). The time to 
achieve a MOAA/S score of 5 was 80.2 ± 46.4 s in the Rm 
group and 401.3 ± 174.4 s in the Pf group, with a statisti-
cally significant difference (p < 0.0001).

In the PACU, the proportion of patients achieving an 
Aldrete score of ≥ 9 on the first assessment was 83.3% in 
the Group Rm and 36.7% in the Group Pf, with a signifi-
cant difference (p < 0.0001). After 10  min in the PACU, 

Table 1  Basic patient demographics
Group Rm (N = 30) Group Pf (N = 30) p_value

Sex (Male/Female) 16/14 13/17 p = 0.438
Age (Year) 8.5 ± 2.8 8.1 ± 2.8 p = 0.582
Weight (kg) 34.6 ± 14.3 33.1 ± 15.3 p = 0.696
Height (cm) 137.0 ± 19.2 134.6 ± 19.4 p = 0.632
BMI (kg/m2) 17.6 ± 3.1 17.4 ± 3.4 p = 0.813
ASA Physical Status Classification
ASA-I 30 (100%) 30 (100%) /
Surgical time (s) 2354 ± 1135 2022 ± 1302 p = 0.297

Fig. 1  Flow diagram of the study
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100% of patients in the Group Rm achieved an Aldrete 
score of ≥ 9, compared to 70.0% in the Group Pf. After 
20 min in the PACU, 100% of Group Pf patients reached 
an Aldrete score of ≥ 9.

Changes in vital signs and clinical indicators
After the administration of remimazolam or propofol, 
we continuously monitored the patients’ vital signs and 
hemodynamic profiles (Table  2; Fig.  2). The degree of 

LOC was assessed using the MOAA/S score. The time 
from the start of anesthesia to LOC showed no signifi-
cant difference between the Group Rm and Group Pf 
(p = 0.279). In both groups, anesthesia was successfully 
induced in all patients.

Compared to baseline values (T0), the SpO2 signifi-
cantly increased from T1 to T4 after the injection of 
remimazolam or propofol (p < 0.001), with no significant 
difference between the two groups. Both remimazolam 

Table 2  Comparison of anesthesia effects and postoperative emergence profiles between remimazolam and Propofol
Group Rm (N = 30) Group Pf (N = 30) p_value

Anesthesia induction, time to LOC 53.1 ± 13.5 49.6 ± 11.2 p = 0.279
Success rate of anesthesia 100% 100% /
Time to the first eye opening (s) 74.3 ± 46.5 392.1 ± 174.3 p < 0.0001
Time to LMA removal (s) 76.8 ± 16.3 395.7 ± 174.6 p < 0.0001
Postoperation, time to the first MOAA/S score = 5 (s) 80.2 ± 46.4 401.3 ± 174.4 p < 0.0001
Patients satisfying PACU discharge criteria (modified Aldrete score ≥ 9)
Upon arrival, N (%) 25 (83.3) 11 (36.7) p < 0.0001
After 10 min, N (%) 30 (100) 21 (70.0) p = 0.0011
After 20 min, N (%) 30 (100) 30 (100) /

Fig. 2  Effects of remimazolam and propofol on SBP, DBP, HR, and SpO2. *p < 0.05, **p < 0.01, ***p < 0.001 for T0 versus T1, T2, T3, and T4 in Group Rm or Pf. 
#p < 0.05, ##p < 0.01, ###p < 0.001 for the Group Pf versus Group Rm
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and propofol caused a significant decrease in SBP 
(p < 0.001), but the reduction remained within a safe 
range of less than 20%. During T1-T4, both remima-
zolam and propofol led to a decrease in DBP, but the 
reduction in DBP was significantly greater in the Group 
Pf compared to the Group Rm (p < 0.05). Regarding HR, 
remimazolam did not cause significant fluctuations dur-
ing T1-T4, while propofol significantly reduced HR 
(p < 0.001); the reduction in HR was significantly greater 
in the Group Pf compared to the Group Rm (p < 0.001).

Adverse events
During anesthesia and emergence, one patient in the 
Group Rm experienced nausea without vomiting, and 
another patient experienced dizziness (Table  3). These 
symptoms were mild and resolved spontaneously with-
out any medical intervention. No other adverse reactions 
were observed. In the Group Pf, no patients experienced 
nausea, vomiting, agitation, dizziness, coughing, or bra-
dycardia. Notably, our findings demonstrated that no 
re-sedation occurred in either Group Rm or Group Pf, 
regardless of whether patients were in PACU or had 
already been discharged. Additionally, no cases of laryn-
gospasm were observed in either Group Rm or Group Pf.

Discussion
In recent years, several studies have been published com-
paring the effects of remimazolam and propofol on the 
emergence profiles after anesthesia. These studies have 
shown differences in emergence between the two drugs, 
providing valuable insights into their comparative effi-
cacy [22]. However, these studies have primarily focused 
on adult populations. Given remimazolam’s potential 
advantages, it may be more suitable for pediatric general 
anesthesia.

This study, conducted as a Randomized Controlled 
Study, investigated the safety and efficacy of remima-
zolam and propofol in pediatric patients undergoing 
strabismus correction surgery, with a particular focus on 
the differences in emergence profiles between the two 
anesthetics. We focused on evaluating the differences in 
emergence profiles between remimazolam and propofol 

postoperatively. Our results showed that remimazolam 
combined with flumazenil significantly outperformed 
propofol in terms of emergence quality. The times to first 
eye-opening, LMA removal, and achieving a MOAA/S 
score of 5 were all significantly shorter in the Group Rm 
compared to the Group Pf. Upon arrival at the PACU, the 
number of patients with an Aldrete score ≥ 9 was signifi-
cantly higher in the Group Rm compared to the Group 
Pf. The shorter emergence time is associated with the 
antagonistic effect of flumazenil. The use of flumazenil 
is advantageous as it can be used clinically as a specific 
antagonist of benzodiazepines in cases of delayed recov-
ery, further shortening emergence time and significantly 
reducing adverse events [23]. Oh et al. reported that 
among patients who arrived at the PACU, 88% of those 
in the remimazolam plus flumazenil group achieved 
an Aldrete score ≥ 9, compared to 68% in the Group Pf, 
with a significant difference (p = 0.028) [17]. A compara-
tive study on patients undergoing general anesthesia 
for endotracheal tumor resection or stent implantation 
showed that the emergence time after general anesthe-
sia with remimazolam-flumazenil was shorter than with 
propofol, with no significant hemodynamic fluctua-
tions or adverse events between the two drugs [23]. In a 
study on cirrhotic patients undergoing general anesthe-
sia, remimazolam combined with flumazenil resulted 
in shorter recovery times and shorter PACU stays com-
pared to the Group Pf [24]. A meta-analysis indicated 
that compared to propofol, remimazolam combined with 
flumazenil resulted in faster extubation, shorter PACU 
stays, and a lower risk of respiratory depression [22].

In other studies where flumazenil was not used, 
remimazolam generally required a longer emergence 
time compared to propofol. In patients undergoing cere-
bral endovascular procedures, the mean time to emer-
gence from anesthesia was 16.1 min in the remimazolam 
group vs. 19.0  min in the propofol group [25]. In our 
study, the combination of flumazenil with remimazolam 
led to a significantly shorter emergence time. These find-
ings indicated that remimazolam combined with flu-
mazenil offers potential advantages in postoperative 
emergence profiles compared to propofol.

Our clinical research also found that the induction 
times and success rates of anesthesia for remimazolam 
and propofol were similar, indicating that both remima-
zolam and propofol can be used for general anesthesia 
in children. Regarding hemodynamic profiles, propofol 
led to a significant decrease in DBP, whereas the DBP in 
the Group Rm was more stable compared to the Group 
Pf. The significant decrease in DBP caused by propo-
fol may be due to its ability to directly relax vascular 
smooth muscle through direct or indirect vasodilator 
effects [26]. This is consistent with studies in adults. In 
a study on adult patients undergoing outpatient surgery 

Table 3  Adverse events
Adverse events Group Rm (N = 30) Group Pf (N = 30)
Hypoxaemia 0/30 0/30
Bradycardia 0/30 0/30
Nausea 1/30 0/30
Vomiting 0/30 0/30
Choking and coughing 0/30 0/30
Dysphoria 0/30 0/30
Dizziness 1/30 0/30
Re-sedation 0/30 0/30
Laryngospasm 0/30 0/30
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under general anesthesia, the decrease in SBP and DBP 
in the Group Pf was greater than that in the Group Rm 
[27]. In another study on adult patients undergoing hys-
teroscopic surgery, the mean arterial pressure (MAP) in 
the Group Pf was lower than that in the Group Rm at 
T1-T4 [28]. Regarding heart rate, the Group Rm showed 
minor fluctuations, while the Group Pf showed a sig-
nificant decrease from T1 to T4 compared to T0. This 
is consistent with previous findings, which indicate that 
propofol leads to a greater reduction in heart rate com-
pared to remimazolam [27, 28]. These results suggest that 
remimazolam provides more stable hemodynamic char-
acteristics, demonstrating significant advantages.

From an alternative perspective, it remains to be elu-
cidated whether the circulatory inhibition effects of 
remimazolam or propofol are attributed to pharmaco-
logical interactions between remifentanil and these anes-
thetic agents. Current evidence suggests that propofol 
combined with remifentanil produces a stronger inhibi-
tory effect on the circulatory system [29] However, the 
effects of combining remimazolam with remifentanil on 
the circulatory system have not been fully investigated. 
Previous studies have demonstrated that the coadmin-
istration of remimazolam with higher concentrations of 
remifentanil resulted in a more pronounced incidence 
of cardiovascular depression compared to regimens uti-
lizing lower remifentanil doses [30, 31]. In our study, 
remimazolam combined with flumazenil resulted in less 
circulatory depression. This outcome may be attributed 
to factors such as dosing regimens, surgical type, and 
patient age.

Currently, there is limited research on the use of 
remimazolam in children, but some exploratory clinical 
trials have demonstrated that remimazolam can provide 
safe and effective sedation and anesthesia for pediatric 
procedures [32]. In a clinical study involving 48 pediatric 
patients (mean age 7.0 years), remimazolam provided a 
safe and effective sedation pathway for pediatric popu-
lations [33]. Another clinical study, which included 418 
children (mean age 4.6 years), who underwent general 
endotracheal anesthetic, demonstrated that they met 
the discharge criteria within an average of 13.8 min after 
arrival at the PACU. This suggests that remimazolam may 
offer the benefit of rapid emergence after general endo-
tracheal anesthesia [34]. Another important consider-
ation is that the correlation between remimazolam and 
the bispectral index (BIS) remains controversial, particu-
larly in pediatric populations where this relationship has 
not been fully investigated [35]. Consequently, BIS moni-
toring was not incorporated into the assessment param-
eters of the present study.

Previous studies have shown that remimazolam causes 
fewer adverse reactions compared to propofol. Remima-
zolam appears to result in better emergence profiles due 

to fewer side effects, such as less nausea, vomiting, and 
hallucinations. In a study on patients undergoing hyster-
oscopy under general anesthesia, the total incidence of 
adverse events in the Group Rm was only 3.7%, whereas 
it reached 36.6% in the Group Pf [13]. In our study, two 
patients in the Group Rm experienced nausea, but no 
vomiting occurred; one patient experienced dizziness. 
These symptoms were mild and resolved spontaneously 
without medication. However, no adverse reactions were 
observed in the Group Pf. The adverse reactions in the 
Group Rm might be related to the type of surgery (stra-
bismus correction surgery) rather than the drug itself.

Furthermore, previous studies have indicated a certain 
probability of re-sedation after remimazolam adminis-
tration. Oh et al. reported a re-sedation rate of 22% with 
remimazolam combined with flumazenil, whereas no 
re-sedation occurred in the Group Pf [17]. In our study, 
no re-sedation was observed in either the Group Rm or 
Group Pf. Remimazolam exhibits a high clearance rate 
and short half-life (67 min) in pediatric patients, enabling 
its rapid offset of action. Additionally, the metabolite 
CNS7054 of remimazolam is inactive, further reduc-
ing the risk of re-sedation. Moreover, flumazenil dem-
onstrates a mean half-life of 40  min in children, which 
parallels the pharmacokinetic profile of remimazolam. 
This temporal congruence effectively prevents recep-
tor reoccupation by remimazolam following flumazenil 
metabolism, thereby mitigating the risk of re-sedation 
[36]. Beyond these factors, this could be also related to 
the dose of anesthetic and flumazenil, the type of surgery, 
and the patients’ gender and body mass index [37]. How-
ever, further research is needed to elucidate this phe-
nomenon. In summary, both remimazolam and propofol 
have low adverse reaction rates and high safety profiles.

There are several limitations to this study. First, the 
study included relatively healthy pediatric patients, all 
classified as ASA I. The lack of diversity among patients 
limits the generalizability of our findings. Therefore, fur-
ther research is needed to evaluate the feasibility of using 
remimazolam in pediatric patients with higher ASA clas-
sifications (e.g., ASA II or above), as its safety profile in 
these populations remains insufficiently studied. Second, 
all patients in this study underwent general anesthesia 
for strabismus correction surgery, resulting in a uniform 
surgery type. This limits our ability to generalize the find-
ings across different types of surgeries. Third, the use 
of flumazenil as a specific antagonist for remimazolam 
may have influenced the emergence profiles observed in 
this study. While flumazenil is routinely used in clini-
cal practice to reverse remimazolam’s effects and ensure 
rapid recovery, its administration limits the ability to 
isolate the intrinsic recovery characteristics of remima-
zolam. This study reflects real-world clinical scenarios, 
but future research should explore the recovery profiles 
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of remimazolam without flumazenil to provide a more 
comprehensive understanding of its pharmacodynamic 
properties. Fourth, MOAA/S was used as the primary 
tool to assess emergence profiles. Although MOAA/S 
is widely used in clinical studies and has been shown to 
be effective in evaluating recovery, it may be influenced 
by external factors such as individual variability and 
environmental stimuli. Future research should consider 
incorporating additional objective monitoring tools, 
such as BIS or entropy, to validate recovery assessments. 
Finally, the sample size in this study was small. Larger-
scale, multicenter comparative studies are needed to con-
firm the safety and efficacy of remimazolam in pediatric 
general anesthesia. Further research in other pediatric 
populations is necessary to better understand its poten-
tial advantages and limitations.

Conclusion
This study focused on pediatric patients undergoing 
strabismus correction surgery, aiming to fill the cur-
rent research gap by directly comparing the effects and 
postoperative emergence profiles of remimazolam and 
propofol. Our study demonstrated that remimazolam 
and propofol have similar anesthesia induction times. 
Remimazolam offers more stable respiratory and hemo-
dynamic characteristics. Additionally, remimazolam 
combined with flumazenil significantly outperformed 
propofol in terms of emergence outcomes, particu-
larly in accelerated emergence. However, further clini-
cal research and data are necessary to verify its safety 
and efficacy in pediatric populations. Moreover, future 
research should refine the dosing for different pediatric 
age groups, assess the long-term cognitive effects, and 
explore optimal drug combinations to enhance pediatric 
anesthesia management.

Abbreviations
Rm	� Remimazolam
Pf	� Propofol
LMA	� Laryngeal mask airway
MOAA/S	� Modified Observer’s Assessment of Alertness/Sedation
PACU	� Postanesthetic care unit
ASA	� American Society of Anesthesiologists (ASA)
SBP	� Systolic blood pressure
DBP	� Diastolic blood pressure
SpO2	� Saturation of peripheral oxygen
HR	� Heart rate
LOC	� Loss of consciousness

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​
g​​/​​1​0​​.​1​1​​​8​6​​/​s​1​2​​8​7​1​-​​0​2​5​-​0​​3​0​5​0​-​w.

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
All authors contributed to this paper. JLQ, WG, QL: Methodology, Investigation, 
Data collection, Writing—Original Draft. XLZ: Conceptualization, Formal 
analysis. XYL: Methodology, Data collection. BL, QS: Supervision, Writing—
Reviewing. All authors read and approved the final manuscript.

Funding
This study was supported by the Health Science and Technology Plan Project 
of Ningbo (No. 2020Y08), Medical and Health Science and Technology Plan 
Project of Zhejiang Province (No. 2019KY173, 2021KY288, 2025KY1389), 
Ningbo Medical Key Discipline (No. 2022B10) and Ningbo Medical and Health 
Brand Discipline (No. PPXK2024-05).

Data availability
The datasets used or analysed during the current study are available from the 
corresponding authors on reasonable request.

Declarations

Ethics approval
The present study followed the Declaration of Helsinki. This study was 
approved by the Medical Ethics Committee of Ningbo Aier Guangming Eye 
Hospital (SL-AIER-KY-2024-08).

Consent to participate
Informed consent was obtained from all subjects and/or their legal guardians.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Consort guidelines
This study followed the Consolidated Standards for Reporting Trials 
(CONSORT) guidelines, and the CONSORT checklist was submitted as an 
additional document.

Study registration
Chinese Clinical Trial Registry, ChiCTR2400083265. Registered 04/19/2024, 
http://www.chictr.org.cn.

Author details
1Department of Anesthesiology, Ningbo No.2 Hospital, Ningbo 315010, 
Zhejiang, China
2Department of Anesthesiology, Ningbo Aier Guangming Eye Hospital, 
Zhejiang 315020, China

Received: 6 February 2025 / Accepted: 1 April 2025

References
1.	 Sahinovic MM, Struys MMRF, Absalom AR. Clinical pharmacokinetics and 

pharmacodynamics of Propofol. Clin Pharmacokinet. 2018;57:1539–58.
2.	 Goudra BG, Singh PM, Remimazolam. The future of its sedative potential. 

Saudi J Anaesth. 2014;8:388–91.
3.	 Sneyd JR, Absalom AR, Barends CRM, Jones JB. Hypotension during Propofol 

sedation for colonoscopy: A retrospective exploratory analysis and meta - 
analysis. Br J Anaesth. 2022;128:610–22.

4.	 Ko CC, Hung KC, Illias AM, Chiu CC, Yu CH, Lin CM, et al. The use of remima-
zolam versus Propofol for induction and maintenance of general anesthesia: 
A systematic review and meta - analysis. Front Pharmacol. 2023;14:1101728.

5.	 Kim KM. Remimazolam: Pharmacological characteristics and clinical applica-
tions in anesthesiology. Anesth Pain Med (Seoul). 2022;17:1–11.

6.	 Cornett EM, Novitch MB, Brunk AJ, Davidson KS, Menard BL, Urman RD, Kaye 
AD. New benzodiazepines for sedation. Best Pract Res Clin Anaesthesiol. 
2018;32:149–64.

https://doi.org/10.1186/s12871-025-03050-w
https://doi.org/10.1186/s12871-025-03050-w
http://www.chictr.org.cn


Page 9 of 9Qin et al. BMC Anesthesiology          (2025) 25:218 

7.	 Chen D, Liao M, Wu XR, Zhao TY, Sun H. Comparison of efficacy and safety of 
equivalent doses of remimazolam versus Propofol for gastroscopy anesthesia 
in elderly patients. Sci Rep. 2024;14:7645.

8.	 Worthington MT, Antonik LJ, Goldwater DR, Lees JP, Wilhelm-Ogunbiyi K, 
Borkett KM, Mitchell MC. A phase Ib, dose - finding study of multiple doses 
of remimazolam (CNS 7056) in volunteers undergoing colonoscopy. Anesth 
Analg. 2013;117:1093–100.

9.	 Oka S, Satomi H, Sekino R, Taguchi K, Kajiwara M, Oi Y, Kobayashi R. 
Sedation outcomes for Remimazolam, a new benzodiazepine. J Oral Sci. 
2021;63:209–11.

10.	 Teixeira MT, Brinkman NJ, Pasternak JJ, Abcejo AS. The role of remimazolam in 
neurosurgery and in patients with neurological diseases: A narrative review. J 
Neurosurg Anesthesiol. 2024;36:11–9.

11.	 Doi M, Morita K, Takeda J, Sakamoto A, Yamakage M, Suzuki T. Efficacy and 
safety of remimazolam versus Propofol for general anesthesia: a multicenter, 
single - blind, randomized, parallel - group, phase IIb/III trial. J Anesth. 
2020;34:543–53.

12.	 Dai G, Pei L, Duan F, Liao M, Zhang Y, Zhu M, et al. Safety and efficacy of 
remimazolam compared with Propofol in induction of general anesthesia. 
Minerva Anestesiol. 2021;87:1073–79.

13.	 Zhang X, Li S, Liu J. Efficacy and safety of remimazolam besylate versus Pro-
pofol during hysteroscopy: single - centre randomized controlled trial. BMC 
Anesthesiol. 2021;21:156.

14.	 Peng X, Liu C, Zhu Y, Peng L, Zhang X, Wei W, Zhu T. Hemodynamic influences 
of remimazolam versus Propofol during the induction period of general 
anesthesia: A systematic review and meta - analysis of randomized controlled 
trials. Pain Physician. 2023;26:E761–73.

15.	 Basel A, Bajic D. Preoperative evaluation of the pediatric patient. Anesthesiol 
Clin. 2018;36:689–700.

16.	 Choi JY, Lee HS, Kim JY, Han DW, Yang JY, Kim MJ, Song Y. Comparison of 
remimazolam - based and propofol - based total intravenous anesthesia on 
postoperative quality of recovery: A randomized non - inferiority trial. J Clin 
Anesth. 2022;82:110955.

17.	 Oh EJ, Chung YJ, Lee JH, Kwon EJ, Choi EA, On YK, Min JJ. Comparison of 
Propofol vs. remimazolam on emergence profiles after general anesthesia: A 
randomized clinical trial. J Clin Anesth. 2023;90:111223.

18.	 Yang WJ, Geng ZL, Chen ZZ, Cui CY, Tian ZW, Guo XL, et al. The sedation 
efficacy of different doses of remimazolam in elderly patients with regional 
nerve block anaesthesia. Eur J Med Res. 2024;29:604.

19.	 Noor N, Legendre R, Cloutet A, Chitneni A, Varrassi G, Kaye AD. A comprehen-
sive review of remimazolam for sedation. Health Psychol Res. 2021;11:24514.

20.	 Fang L, Wang Q, Xu Y. Postoperative discharge scoring criteria after outpatient 
anesthesia: A review of the literature. J Perianesth Nurs. 2023;38:642–e91.

21.	 Lee HJ, Lee HB, Kim YJ, Cho HY, Kim WH, Seo JH. Comparison of the recovery 
profile of remimazolam with Flumazenil and Propofol anesthesia for open 
thyroidectomy. BMC Anesthesiol. 2023;23:147.

22.	 Wu Q, Xu F, Wang J, Jiang M. Comparison of remimazolam - flumazenil versus 
Propofol for recovery from general anesthesia: A systematic review and meta 
- analysis. J Clin Med. 2023;12:7316.

23.	 Pan Y, Chen M, Gu F, Chen J, Zhang W, Huang Z, et al. Comparison of remima-
zolam - flumazenil versus Propofol for rigid bronchoscopy: A prospective 
randomized controlled trial. J Clin Med. 2022;12:257.

24.	 Shi F, Chen Y, Li H, Zhang Y, Zhao T. Efficacy and safety of remimazolam tosi-
late versus Propofol for general anesthesia in cirrhotic patients undergoing 
endoscopic variceal ligation. Int J Gen Med. 2022;15:583–91.

25.	 Zhang J, Zhang J, Wang Y, Bai X, Guo Q, Liu W, et al. Effect of remimazolam 
vs Propofol on emergence from general anesthesia in patients undergoing 
cerebral endovascular procedures: A randomized controlled, non - inferiority 
trial. J Clin Anesth. 2024;93:111356.

26.	 Kassam SI, Lu C, Buckley N, Lee RM. The mechanisms of propofol - induced 
vascular relaxation and modulation by perivascular adipose tissue and endo-
thelium. Anesth Analg. 2011;112:1339–45.

27.	 Luo W, Sun M, Wan J, Zhang Z, Huang J, Zhang J, et al. Efficacy and safety of 
remimazolam tosilate versus Propofol in patients undergoing day surgery: a 
prospective randomized controlled trial. BMC Anesthesiol. 2023;23:182.

28.	 Gao F, Xie Y, Zhu H, Chen C, Fu H. To compare the anesthetic effect of 
remimazolam and Propofol in painless hysteroscopic minimally invasive 
surgery. Ann Ital Chir. 2024;95:159–65.

29.	 Poterman M, Kalmar AF, Buisman PL, Struys MMRF, Scheeren TWL. Improved 
haemodynamic stability and cerebral tissue oxygenation after induction of 
anaesthesia with sufentanil compared to remifentanil: a randomised con-
trolled trial. BMC Anesthesiol. 2020;20(1):258.

30.	 Oh J, Park SY, Lee GY, Park JH, Joe HB. Effective dose of remimazolam 
co-administered with remifentanil to facilitate I-gel insertion without neuro-
muscular blocking agents: an up-and-down sequential allocation trial. BMC 
Anesthesiol. 2023;23(1):81.

31.	 Park I, Cho M, Nam SW, Hwang JW, Do SH, Na HS. Total intravenous anesthe-
sia induced and maintained by a combination of remimazolam and remifen-
tanil without a neuromuscular blocking agent: a prospective, observational 
pilot study. BMC Anesthesiol. 2022;22(1):237.

32.	 Kuklin V, Hansen TG. Remimazolam for sedation and anesthesia in children: A 
scoping review. Acta Anaesthesiol Scand. 2024;68:862–70.

33.	 Hirano T, Kimoto Y, Kuratani N, Cavanaugh D, Mason KP. Remimazolam for 
pediatric procedural sedation: results of an institutional pilot program. J Clin 
Med. 2023;12:5937.

34.	 Kimoto Y, Hirano T, Kuratani N, Cavanaugh D, Mason KP. Remimazolam as an 
adjunct to general anesthesia in children: adverse events and outcomes in a 
large cohort of 418 cases. J Clin Med. 2023;12:3930.

35.	 Cai YH, Zhong JW, Ma HY, Szmuk P, Wang CY, Wang Z, et al. Effect of remima-
zolam on emergence delirium in children undergoing laparoscopic surgery: 
A double-blinded randomized trial. Anesthesiology. 2024;141(3):500–10.

36.	 Gao YQ, Ihmsen H, Hu ZY, Sun W, Fang YB, Wang Z, et al. Pharmacokinetics 
of remimazolam after intravenous infusion in anaesthetised children. Br J 
Anaesth. 2023;131(5):914–20.

37.	 Aya D, Hoshi T, Yamaguchi H. Predicting the amount of Flumazenil needed to 
antagonize remimazolam. Eur J Gastroenterol Hepatol. 2021;33:1335–6.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Emergence profiles of remimazolam-flumazenil versus propofol in pediatric general anesthesia for strabismus correction: a randomized clinical trial
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Materials
	﻿Patients (Participants)
	﻿Anesthesia induction
	﻿Anesthesia maintenance
	﻿Monitoring of vital signs and indicators
	﻿Emergence profiles assessment
	﻿Statistical analysis

	﻿Results
	﻿Patient information
	﻿Differences in emergence profiles
	﻿Changes in vital signs and clinical indicators
	﻿Adverse events

	﻿Discussion
	﻿Conclusion
	﻿References


