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Background: Emergence delirium (ED) is a common postoperative complication during the recovery period in pediatric anesthesia. 
Continuous intravenous infusion of remimazolam can effectively prevent the occurrence of ED. However, the optimal dose for 
preventing ED in pediatric patients remains unclear. This study aimed to determine the 90% effective dose (ED90) of remimazolam 
during continuous infusion for preventing ED in children.
Methods: This prospective, single-center double-blind trial recruited 52 children aged 3–7 years scheduled to undergo elective adenoi
dectomy or adenotonsillectomy under sevoflurane anesthesia. Remimazolam was administered via continuous infusion commencing at the 
induction of anesthesia and terminating 5 minutes prior to the conclusion of surgery. The initial dose of remimazolam was set at 0.8 mg/kg/h, 
and subsequent doses were adjusted according to the biased coin design up-and-dow sequential allocation method, taking into account the 
response of the preceding patient. The primary objective was to determine the ED90 of a continuous remimazolam infusion, assessed based 
on the success or failure of ED prevention using the Pediatric Anesthesia Emergence Delirium (PAED) scale.
Results: A total of 52 patients were enrolled in this study. The remimazolam dose ranged from 0.8 to 1.2 mg/kg/h. The estimated 
ED90 with the 95% confidence interval (95% CI) for preventing ED was 1.08 mg/kg/h (95% CI 1.03 to 1.97 mg/kg/h). The duration of 
the surgery was 24.72 ± 6.83 minutes. The extubation time, recovery time, and duration of stay in the post-anesthesia care unit (PACU) 
were 29.94 ± 6.53 minutes, 45.96 ± 10.53 minutes, and 52.58 ± 9.82 minutes, respectively. No severe adverse events were observed 
within the tested dose range.
Conclusion: In pediatric patients undergoing adenoidectomy or adenotonsillectomy under sevoflurane general anesthesia, the ED90 
of remimazolam when continuously infused during surgery for the prevention of emergence delirium is 1.08 mg/kg/h (95% CI 1.03 to 
1.97 mg/kg/h).
Clinical Trial Registration: https://www.chictr.org.cn, identifier ChiCTR2400094727.
Keywords: remimazolam, emergence delirium, adenoidectomy or adenotonsillectomy, general anesthesia, dose-response

Introduction
Sevoflurane is the most frequently administered inhaled anesthetic in pediatric patients owing to its hemodynamic 
stability, absence of airway irritation, and rapid induction and emergence.1 Nevertheless, a significant limitation of 
sevoflurane anesthesia in this population is its association with emergence agitation and delirium, which has been 
reported to occur with an incidence ranging from 10% to 80%.2 Pediatric emergence delirium (ED) is a complex 
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psychomotor disturbance that commonly manifests during the early post-anesthesia period. It is defined by symptoms 
such as inconsolable crying, involuntary motor activity, restlessness, and disorientation.3 Although ED is typically 
transient and self-limiting, its occurrence may precipitate a range of postoperative complications, including self- 
injurious behavior, surgical wound dehiscence or hemorrhage, and the removal of indwelling catheters. Furthermore, 
ED substantially increases the length of stay in the post-anesthesia care unit (PACU), thereby creating significant 
challenges for medical staff and diminishing parental satisfaction.4,5

The precise pathogenesis of ED remains elusive. Nevertheless, a variety of pharmacological interventions have been 
explored for the prevention or management of pediatric emergence delirium, including α2-adrenergic receptor agonists,6 

sedatives,7 opioids,8,9 and non-opioid analgesics. Nevertheless, the use of these drugs may result in adverse effects such 
as bradycardia, respiratory depression, postoperative nausea and vomiting (PONV), and delayed recovery. Given these 
concerns, it is highly valuable to investigate more suitable alternatives for the prevention of pediatric ED.

Remimazolam, a novel water-soluble ultra-short-acting benzodiazepine, has been safely utilized for sedation in pediatric 
procedures and for the induction and maintenance of general anesthesia.10,11 Due to the activity of non-specific tissue esterases, it 
is subsequently rapidly hydrolyzed into a pharmacologically inactive carboxylic acid metabolite (CNS 7054). This characteristic 
confers the advantages of rapid onset and offset of sedation, as well as a predictable duration of action.12 When utilized for 
anesthesia, remimazolam exhibits a mild inhibitory effect on respiration and circulation, and its sedative effects can be effectively 
reversed by flumazenil.13 Remimazolam exhibits a high clearance rate and a short context-sensitive half-life in pediatric patients. 
After normalization by body weight, its pharmacokinetic properties are comparable to those observed in adults, enabling the 
development of target-controlled infusion protocols.14

A study conducted by Yang et al demonstrates that administering 0.2 mg/kg of remimazolam at the conclusion of 
adenotonsillectomy under sevoflurane anesthesia can significantly reduce the incidence of ED.15 Additionally, the 
research by Cai et al indicates that either a continuous intraoperative infusion of remimazolam at 1 mg/kg/h or 
a single intravenous bolus dose of 0.2 mg/kg administered at the end of surgery can effectively decrease the incidence 
of ED in pediatric patients following laparoscopic surgery.16 Although remimazolam demonstrates considerable potential 
and advantages, its efficacy and role in preventing pediatric ED remain underexplored, particularly regarding the 
determination of the optimal dosage and administration protocol. Therefore, we aimed to determine the 90% effective 
dose (ED90) of remimazolam when continuously infused during surgery for preventing ED in children undergoing 
adenoidectomy or adenotonsillectomy under sevoflurane general anesthesia.

Methods
Study Design
This is a prospective, double-blind, sequential allocation dose-finding study. This study received approval from the 
Medical Ethics Committee of The Affiliated Women and Children’s Hospital of Ningbo University, China (Approval 
Number: EC2024-163; Approval Date: December 11, 2024). Prior to the enrollment of patients, we registered the clinical 
trial at the Chinese Clinical Trial Registry (Registration Number: ChiCTR2400094727; Principal Investigator: Zhongsai 
Yang; https://www.chictr.org.cn/showproj.html?proj=254654; Registration Date: December 26, 2024). Written informed 
consent was obtained from the parents or legal guardians of the children prior to their enrollment. This study was 
conducted in strict compliance with the principles outlined in the Declaration of Helsinki and clinical trial CONSORT.

Patients and Setting
We prospectively recruited patients aged 3–7 years with American Society of Anesthesiologists (ASA) Physical Status I or II 
who underwent adenoidectomy or adenotonsillectomy under general anesthesia at The Affiliated Women and Children’s 
Hospital of Ningbo University, located in Zhejiang Province, China, between January 2025 and February 2025. The exclusion 
criteria were as follows: preoperative respiratory tract infection; incidents in the recovery room (eg, airway spasm, wound 
bleeding, etc.); allergy to remimazolam; abnormal liver or kidney function; abnormal cardiac function; bradycardia (heart rate 
less than 60 beats per minute); neurological or psychiatric disorders, including patients with a history of epilepsy, 
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developmental delay, or autism; a history of three or more surgeries; use of anticonvulsant, sedative, or analgesic drugs within 
two weeks; severe obstructive sleep apnea (apnea-hypopnea index ≥5.0); and declined to participate in.

Study Protocol
All patients were required to fast from solid food for 6 hours and clear liquids for 2 hours prior to surgery. A 22 gauge 
peripheral vein catheter was inserted in the preoperative preparation room. Upon entering the operating room, standard 
monitoring was initiated, comprising electrocardiogram (ECG), non-invasive blood pressure monitoring, pulse oximetry, 
and bispectral index (BIS) monitoring. Prior to anesthesia induction, atropine was administered at a dose of 0.01 mg/kg 
to inhibit airway secretions. For postoperative analgesia, flurbiprofen axetil was given at a dose of 1 mg/kg (with 
a maximum dose of 50 mg). To prevent postoperative nausea and vomiting, dexamethasone was administered at a dose of 
0.1 mg/kg (maximum dose 5 mg), along with tropisetron at a dose of 0.1 mg/kg (maximum dose 5 mg). The anesthesia 
induction protocol consisted of propofol at 3 mg/kg, fentanyl at 3 μg/kg, and cisatracurium besilate at 0.1 mg/kg.

Following the successful induction of anesthesia, and once the child was fully muscle-relaxed and unconscious, an 
endotracheal tube was inserted. Remifentanil was administered via continuous infusion at a rate of 10 to 20 μg/kg/h, the 
concentration of sevoflurane was titrated within the range of 1% to 3%, and the target BIS value was maintained between 
40 and 60. During the operation, vital signs were maintained within 20% of their baseline values through meticulous 
monitoring and timely interventions with adjustments in the dose of remifentanil and sevoflurane. The end-tidal carbon 
dioxide pressure (PetCO2) was maintained within the range of 35 to 45 mmHg by finely adjusting the respiratory rate and 
tidal volume of mechanical ventilation.

Atropine was administered to the patient when the heart rate (HR) decreased to less than 60 bpm. If the mean arterial 
pressure (MAP) dropped by more than 20% from the baseline value, the dosage of maintenance anesthetic drugs was 
adjusted accordingly. Additionally, norepinephrine or epinephrine was administered as needed to stabilize the patient’s 
condition based on the anesthesiologist’s discretion. When the MAP increased by more than 30% of the baseline value, 
clinicians implemented clinical intervention measures based on their professional experience to ensure the safe and 
successful completion of both anesthesia and surgery.

Upon completion of the surgery, the administration of maintenance anesthetic drugs was discontinued, and the child, 
with the endotracheal tube still in place, was transferred to the PACU.

In the PACU, once the child’s spontaneous respiration was fully recovered, neostigmine at a dose of 0.02 mg/kg and 
atropine at a dose of 0.01 mg/kg were administered as needed to antagonize any residual muscle relaxation. The endotracheal 
tube was extubated upon fulfillment of predefined criteria, specifically when the tidal volume was adequate (≥6 mL/kg) and 
the respiratory rate was at least 15 breaths per minute. Then, the child underwent close monitoring and evaluation in the 
PACU. Upon achieving an Aldrete score of 9 or higher, the child was transferred back to the ward under supervision.

Administration Management of Remimazolam Infusion and the Biased Coin Design 
Up-and-Down, Sequential Method (BCD-UDM)
Remimazolam was continuously infused from the initiation of anesthesia induction until 5 minutes before the conclusion of 
surgery, at which point the infusion was terminated. Based on the existing literature16 and the results of the preliminary 
experiment, the predetermined infusion rate of remimazolam for the first patient was set at 0.8 mg/kg/h, with a dose increment 
or decrement gradient of 0.1 mg/kg/h. Dose for next patient was based on the response of the previous patient using the BCD- 
UDM.17 In brief, if the dose administered to the previous patient is considered ineffective (defined as the dose that failed to 
prevent the patient from experiencing ED), the dose for the next patient will be increased by 0.1 mg/kg/h. Conversely, if the 
dose administered to the preceding patient is determined to be effective (defined as the dose that successfully prevented the 
occurrence of ED), the dose for the subsequent patient is established via randomization using the BCD-UDM method with the 
statistical software R (Γ=0.9). For the next patient, there is an 11% probability [b=(1-Γ)/Γ=0.11] that the remimazolam dose 
will be decreased by 0.1 mg/kg/h, while there is an 89% probability (1-b=0.89) that it will remain unchanged.

In accordance with the requirements specified in the remimazolam drug instruction manual, the upper limit of the 
dose for this study was determined to be 3 mg/kg/h. The study drug was prepared by a research assistant who was not 
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involved in either the clinical management or the study. An anesthesiologist in the recovery room is responsible for ED 
assessment and management. This anesthesiologist, along with the patients and their guardians, was kept unaware of the 
dose of remimazolam administered.

Diagnosis and Management of Emergence Delirium During the Recovery Period
In the PACU, following extubation of the child’s endotracheal tube, a trained anesthesiologist evaluated the presence and 
severity of ED during the period from extubation until the child was transferred to the ward. The anesthesiologist 
systematically documented the corresponding data. If any signs of delirium or restlessness were observed during this 
period, the Pediatric Anesthesia Emergence Delirium (PAED) scale (Table S1) would be promptly employed for 
evaluation. A score of ≥10 points on the PAED scale indicates emergence delirium (ED), while a score of ≥15 points 
suggests severe ED.18 Additionally, the Face, Legs, Activity, Cry, Consolability (FLACC) scale (Table S2) would also be 
used to assess pediatric pain behavior. On the FLACC scale, a score of 0 indicates no pain and comfort, 1–3 points 
indicate mild pain, 4–6 points indicate moderate pain, and 7–10 points indicate severe pain.19

Diagnostic process for delirium: postoperative delirium is diagnosed when the PAED score is ≥10 and the FLACC 
score <4. When the PAED score is ≥10 and the FLACC score is ≥4, indicating moderate to severe pain in the patient, an 
intravenous injection of 0.1 μg/kg sufentanil is administered. Then, the PAED score is reassessed 5 minutes later. If the 
reassessed PAED score remains ≥10, ED is diagnosed, irrespective of the FLACC score. Additionally, if a child exhibits 
ED with a PAED score of ≥15 and the episode duration is ≥2 minutes, it is classified as severe ED.20 If the child does not 
exhibit ED but the FLACC score is ≥4, rescue analgesics (0.1 μg/kg of sufentanil) are administered. If the patient is 
asleep, pain assessment is not performed. Patients diagnosed with delirium receive initial comfort measures. Should these 
measures prove ineffective, an intravenous injection of 1 mg/kg of propofol were administered for treatment and were 
repeated as necessary. The administration of rescue boluses of propofol and sufentanil was documented.

Data Collection and Outcome Assessment
The primary outcome was the effective or ineffective dose of remimazolam for preventing ED. Secondary outcomes were 
as follows: PAED scale, time of occurrence and interventions in patients with ED; FLACC scale and dose of rescued 
sufentanil; patients extubation time (defined as the time interval from the discontinuation of anesthetics to extubation), 
post-anesthesia recovery time (defined as the time from the discontinuation of anesthetics until the child reaches a fully 
conscious state, characterized by spontaneous eye opening, normal responses to questions, and compliance with move
ment instructions), as well as the duration of stay in the PACU (defined as the time interval from transfer to the PACU 
until departure from the PACU), as well as delayed recovery, which is defined as a length of stay in the PACU exceeding 
120 minutes; the incidence of adverse effects during the intraoperative and postoperative recovery periods, such as 
hypotension, and bradycardia. In addition, the level of preoperative anxiety assessed by the Modified Yale Preoperative 
Anxiety Scale,21 the anesthesia duration, surgical procedure duration, volume of infused fluids, and concentration of 
sevoflurane were recorded. The demographic characteristics of patients, including gender, age, weight, height, and BMI, 
as well as the ASA score, type of surgery, and baseline blood pressure and heart rate, were also systematically recorded.

Statistical Analysis
In a dose-finding study employing the biased coin up-and-down design, the data distribution exhibits both non- 
independence and an unknown structure. Simulation analyses demonstrate that enrolling a minimum of 20 to 40 patients 
typically provides robust and reliable estimates of the target dose across the majority of scenarios. To account for 
potential dropouts and achieve a sufficiently narrow 95% confidence interval (95% CI), this study approximately 
determined a sample size of 52 pediatric patients.

Continuous data were assessed for normality using the Shapiro–Wilk test. Measurement data conforming to the 
normal distribution were expressed as mean ± standard deviation (Mean ± SD), and measurement data not conforming to 
the normal distribution were expressed as median (M) and interquartile range (IQR). Enumeration data were expressed as 
the number and percentage (%). The ED90 and 95% confidence interval of remimazolam were calculated via the isotonic 
regression method, which was used as the primary estimate. And Probit regression was also used as a backup estimate in 
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this study. The Pearson χ2 goodness-of-fit test was used to evaluate the satisfaction of the probit model fitting the data. 
The GraphPad prism software (ver. 10.4.0) was used for graphing. The data processing and statistical analysis of this 
study were carried out using the SPSS software (ver. 29.0), and the BCD random sequence was generated using the R for 
Windows software (ver. 4.3.2).

Results
The patient recruitment and follow-up period extended from January 1, 2025, to February 28, 2025 (Figure 1). A total of 58 
patients were assessed for eligibility. Among the participants, one patient had a neurological or psychiatric disorder (specifically, 
autism), two patients had upper respiratory tract infections with a fever exceeding 38 degrees Celsius, and three patients declined 
to participate in the study. Finally, a total of 52 patients were involved in the study, and all of them successfully completed the 
final analysis. The demographic and baseline characteristics of the patients are presented in Table 1.

The sequence of allocation, as well as the response to the administration of remimazolam, is illustrated in Figure 2. 
The estimated ED90 and 95% confidence interval [95% CI] of remimazolam for preventing ED in pediatric patients 
undergoing adenoidectomy or adenotonsillectomy under sevoflurane general anesthesia was 1.08 mg/kg/h 
(1.03–1.97 mg/kg/h) with the isotonic regression method and was 1.07 mg/kg/h (1.02–1.26 mg/kg/h) with Probit 
probability regression. The results of the Pearson goodness-of-fit χ2 test indicated that the probit model exhibited an 
adequate fit (P = 0.38).

Secondary results are shown in Table 2. The mean extubation time for the patients was 29.94 ± 6.53 minutes, the 
post-anesthesia recovery time was 45.96 ± 10.53 minutes, and the duration of stay in the PACU was 52.58 ± 9.82 minutes. 
During the study period, sufentanil rescue was administered in 3 patients (5.8%); hypotension was observed in 4 patients 
(7.7%) during the anesthesia process; there were no cases of nausea and vomiting, delayed recovery, bradycardia, or 
hypoxemia during post-anesthesia recovery time.

For patients who experienced ED, the infusion dose of remimazolam, PAED scores, the timing of ED occurrence, and 
the interventions administered to patients with ED were summarized in Table 3. A total of eight patients developed 
delirium, as indicated by a PAED score of ≥10. Among them, one child experienced severe delirium (PAED score ≥16), 
and four patients received propofol treatment for the management of delirium symptoms.

Figure 1 Study recruitment diagram.
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Discussion
The main finding of this study is that the optimal dose of remimazolam for preventing ED in pediatric patients 
undergoing adenoidectomy or adenotonsillectomy under sevoflurane inhalation anesthesia is 1.08 mg/kg/h (95% CI: 
1.03–1.97 mg/kg/h). Furthermore, no severe adverse effects were observed during remimazolam infusion within the dose 
range of 0.8–1.2 mg/kg/h in pediatric patients. To the best of our knowledge, this is the first time to explore the dose- 
response study of remimazolam in preventing ED in pediatric patients.

Currently, the precise pathophysiological mechanisms underlying post-anesthetic delirium in pediatric patients remain 
incompletely understood. Recognized high-risk factors include the use of sevoflurane inhalation, preoperative anxiety, 
unstable anesthetic induction, male sex, preschool age, parental anxiety, and certain types of surgeries (eg, craniofacial 
surgeries).22 In this study, we enrolled preschool pediatric patients aged 3 to 7 years who underwent adenoidectomy or 
adenotonsillectomy under sevoflurane anesthesia. Our results indicate that in 90% of this kind of population who did not 
experience ED, the infusion dose of remimazolam was 1.08 mg/kg/h. In addition, our results indicated that 4 out of 18 

Table 1 Demographic and Baseline Characteristics of the Patients

Variable Total Study Population (n = 52)

Sex (M/F) 34/18
Age (years) 6 (4, 7)

ASA (I/II) 51/1

Weight (kg) 21.3 ± 4.2
Height (cm) 121.0 (110.5, 125.5)

BMI (kg/m2) 15.2 ± 1.8

Baseline HR (beats/min) 100 ± 11
Baseline MAP (mmHg) 77 ± 8

mYPAS 45.8 (22.9, 68.8)
Adenoidectomy / adenotonsillectomy 10/42

Duration of operation (min) 24.72 ± 6.831

Duration of anesthesia (min) 35.60 ± 7.289
ETSevo (Vol%) maintenance of anesthesia 1.6 (1.0, 2.1)

Total volume of fluid administered (mL) 150 (150, 180)

Note: Data are presented as mean ± SD or median (interquartile range). 
Abbreviations: ASA, American Society of Anesthesiologists; HR, heart rate; MAP, mean arterial 
pressure; mYPAS, modified Yale Preoperative Anxiety Scale; SD, standard deviation; BMI, the 
Body Mass Index, BMI = weight (kilograms) ÷ height² (meters); ETsevo, end tidal concentration of 
sevoflurane.

Figure 2 Data of the sequential up-and-down responses of remimazolam for the prevention of ED. The starting dose is 0.80 mg/kg/h, and the dose increment is 0.10 mg/kg/ 
h. Solid dots represent successful prevention of ED, while hollow dots represent failure of preventing ED.
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patients (22%, Figure 2) experienced ED at an infusion dose of 1.0 mg/kg/h, which is obviously higher than that reported 
by Cai et al16 in whose study the incidence of ED was 5% with remimazolam infusion dose at 1.0 mg/kg/h for pediatric 
patients who underwent laparoscopic inguinal hernia repair. Carefully comparing the protocols of the two studies, we 
acknowledged that the different types of surgeries might account for this discrepancy.

The results of current study suggest higher 1.1–1.2 mg/kg/h of remimazolam infusion dose produces less incidence of 
ED. Given that the pediatric patients in the current study were associated with several high-risk factors for the occurrence 
of ED during the anesthesia recovery period, we propose that selecting a more appropriate dose of remimazolam 
(approaching or a little higher than ED90) is particularly critical. This approach can effectively reduce the incidence 
of ED, alleviate the postoperative management burden on clinical anesthesiologists, and enhance the quality of post
operative recovery for pediatric patients. Additionally, we did not find any undesirable adverse adverse effect associated 
with high dose infusion in the current study. Therefore, our results suggest the dose of 1.1 and 1.2 mg/kg/h of 
remimazolam infusion are an effective and safety dose for the study population in the current study.

The precise mechanism by which remimazolam decreases the incidence of ED remains to be further elucidated. Prior 
investigations indicate that its potential protective effects may be attributed to a variety of factors, including sedative 
properties, agonistic effects on γ-aminobutyric acid (GABA) receptors, anti-inflammatory capabilities, vasodilatory 
actions, and antioxidant activities.23 Nevertheless, the continuous administration of remimazolam during BIS-guided 
anesthesia can effectively reduce the requirement for sevoflurane, thereby decreasing the incidence of ED. However, this 
hypothesis needs to be further validated, despite the findings of a recent cohort study suggesting that the dose of 

Table 2 Postoperative Outcomes and Complications

Outcomes Full Cohort (N = 52)

ED90 (mg/kg/h) 1.08 (1.03–1.97)
Time required for extubation (min) 29.94 ± 6.53

Recovery time (min) 45.96 ± 10.53

Length of PACU stay (min) 52.58 ± 9.82
FLACC score in the PACU 1 (0, 2)

Rescue Sufentanil 3 (5.8%)

Hypotension (Ta/Tb) 4 (7.7%)/0 (0.0%)
Bradycardia (Ta/Tb) 0 (0.0%)/0 (0.0%)

PONV 0 (0.0%)
Delayed emergence 0 (0.0%)

Hypoxemia 0 (0.0%)

Notes: Data are presented as median (interquartile range) or number (%); 
Ta: during surgery period; Tb: emergence period. 
Abbreviations: PACU, postanesthesia care unit; FLACC, Face Legs Activity 
Cry Consolability; PONV, postoperative nausea and vomiting.

Table 3 Failure of Remimazolam in Preventing ED

No. Infusion Dosage (mg/kg/h) PAED Maximum Time to ED FLACC Maximum Rescue Medication

1 0.8 10 T1 3 Comfort
3 0.9 12 T1 3 Propotol 20 mg

6 1 12/10/10 T1, T2, T3 4 Sufentanil 1 μg, Propotol 20 mg

8 1 18/14 T1, T2 5 Sufentanil 2 μg, Propotol 40 mg
10 1.1 11 T2 2 Comfort

31 1 10 T1 3 Comfort

32 1.1 12 T1 2 Propotol 20 mg
48 1 10 T2 2 Comfort

Notes: T1 refers to within 10 minutes after extubation; T2 refers to within 10 to 20 minutes after extubation; T3 refers to within 20 to 30 minutes after 
extubation. 
Abbreviations: ED, emergence delirium; PAED, Pediatric Anesthesia Emergence Delirium.
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sevoflurane was not associated with the severity or occurrence of delirium.24 However, it should be noted that opioids, 
such as remifentanil, are frequently utilized in clinical anesthesia. Although the dosage in the current study is typically 
determined based on body weight, it remains unclear whether they interact with remimazolam or whether their combined 
use influences the risk of ED. Further investigation into this area is warranted.

In this study, our protocol specifies that the specific antagonist flumazenil was not used to reverse the effects of 
remimazolam for rapid awakening in children. The extubation time was 29.94 ± 6.53 min, and the recovery time was 
45.96 ± 10.53 min, and no patients experienced delayed recovery, which is similar to prior studies16 indicating that 
infusion of remimazolam at the study dose does not affect the metabolic profiles and leads to delayed recovery.

A large number of studies have investigated the effects of remimazolam on the prevention and treatment of 
postoperative delirium across diverse populations, utilizing various protocols, doses, and delivery strategies. These 
studies recommend a broad infusion dose range of 0.1 to 3.0 mg/kg/h.15,16,25–30 In this study, we possess a distinct 
advantage in providing dose-response information for the prevention of ED within specific high-incidence populations. 
Although the ED90 was determined in this study, further investigations into the minimal effective dose for this 
population using the traditional up-and-down method could provide valuable insights for clinical reference.

When concerns regarding the safety of remimazolam in pediatric use were raised, a study conducted by Fang et al 
demonstrated that remimazolam exhibited good tolerability for inducing and maintaining general anesthesia in preschool-age 
children. It was also found to be non-inferior to propofol, with a lower incidence of adverse effects.10 Similar to prior findings, 
no other severe adverse events were observed in the current study, which reinforces the safety of remimazolam infusion in 
pediatric patients. However, caution should be paid when large doses are used in specific population.31

This study has several limitations. First, while this study determined the ED90 of remimazolam for preventing ED in 
preschool age children undergoing adenoidectomy or adenotonsillectomy, it was unable to account for potential 
confounding effects from other variables that might influence the results. Therefore, further studies are warranted to 
address various scenarios in clinical practice. Second, variations in anesthesia management protocols, particularly in 
postoperative pain management, might influence the ED90 results of remimazolam for preventing ED, thereby limiting 
the generalizability of these findings. Third, despite the integration of the FLACC score and the utilization of the PAED 
assessment scale for diagnosing delirium—both evaluated by a trained professional physician—the scoring system 
remains inherently subjective. Consequently, clearly differentiating between delirium and postoperative pain in the 
PACU poses a significant challenge, which may subsequently affect the results despite measures taken, such as pain 
management strictly adhering to the study protocol and the ED being reassessed via PAED assessment scale 5 minutes 
after a FLACC score of ≥4. Fourth, it should be noted that our study enrolled pediatric patients without specifically 
considering factors such as sex, surgical duration or preoperative anxiety, which may influence ED incidence and dose- 
response relationships. Further studies investigating the impact of these variables on the dose requirements of remima
zolam for preventing ED may be warranted. Finally, the 95% CI of the ED90 lies outside the range of doses examined in 
this study, and therefore, this value was not directly observed. As a result, clinical application of this dose should be 
approached with caution. Further studies focusing on relatively higher doses in this area are warranted.

In preschool age children undergoing adenoidectomy or adenotonsillectomy under general anesthesia with sevoflur
ane, the ED90 of remimazolam for preventing emergence delirium during intraoperative continuous infusion was 
1.08 mg/kg/h (1.03–1.97 mg/kg/h). However, cautions should be paid as the 95% CI of the ED90 lies outside the 
range of doses examined in this study.

Abbreviations
ED, emergence delirium; ASA, American Society of Anesthesiologists; PACU, post-anesthesia care unit; BMI, Body 
mass index; BIS, Bispectral index; PONV, postoperative nausea and vomiting.
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