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Background: Remimazolam, a relatively newly developed ultrashort-acting benzodiazepine agent, is utilized for procedural sedation
and general anesthesia, and was recently widely used in school-aged pediatric patients. However, few data could be available in obese
pediatric patients. We compared the median effective dose (ED50) of remimazolam for procedural sedation in pediatric obese and
normal weight patients based on the hypothesis that obese pediatric patients require a lower dose per body weight.

Methods: Sixty pediatric patients were enrolled and allocated into the normal weight group (Group N) and the obese group (Group O). For
the first pediatric patient, remimazolam was administered at an initial dose of 0.2 mg/kg. Subsequent doses were adjusted in increments of
+0.02 mg/kg, with an increase if the preceding dose was ineffective or a decrease if it achieved the desired effect, following a sequential up-
and-down design. ED50 was estimated and compared using this approach.

Results: The ED50 of remimazolam was significantly lower in Group O 0.17 mg/kg (95% CI: 0.14-0.19 mg/kg) than in Group N 0.23 mg/kg
(95% CI: 0.19-0.24 mg/kg) (P < 0.001). The estimated relative median potency was 0.74 (95% CI: 0.41-0.91) via probit analysis.
Conclusion: In summary, when administered in combination with remifentanil at a dosage of 2 ng/kg, the ED50 value for inducing
sedation with remimazolam is reduced by approximately 26% in obese paediatric patients compared to normal-weight children.
Keywords: obesity, pediatric, remimazolam, sedation, ED50

Introduction

Remimazolam, a newly developed ultrashort-acting benzodiazepine agent, is utilized for procedural sedation and general
anesthesia. It is characterized by a rapid onset and quick recovery, is metabolized independently of hepatic and renal function,
shows no cumulative effects, causes minimal interference with the respiratory and cardiovascular systems, and can be
effectively reversed by flumazenil, thereby providing excellent controllability."* The rapid onset of effects, coupled with
a relatively fast recovery, may offer advantages when applied for procedural sedation in pediatric patients. The safety,
effectiveness, and pharmacokinetic profile of remimazolam used for intravenous sedation in school-aged pediatric patients
have been well established and assessed.” ¢ However, few data could be available in obese pediatric patients.

Obesity has emerged as a global issue, carrying significant social, economic, and public health consequences.” Obese
children demonstrate a higher proportion of body fat and a lower proportion of lean mass compared to their normal-weight
peers. The manner in which a drug distributes between adipose and lean tissues can significantly affect its pharmacokinetic
behavior in obese individuals, making appropriate dosage adjustment in this population a crucial clinical consideration.
Research indicates a significant disparity in the correlation between drug dosage and therapeutic efficacy when comparing

obese individuals with those of normal body weight.®
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Based on the aforementioned considerations, it is necessary to clarify the dose-response relationship of remimazolam
in obese children to provide a foundation for the safe clinical application of the drug. Thus, this study explores the impact
of obesity on the effective dosage of remimazolam when it is used in combination with remifentanil for procedural
sedation in children undergoing circumcision. We compared the median effective dose (ED50) of remimazolam for
procedural sedation in pediatric obese and non-obese patients based on the hypothesis that obese pediatric patients
require a lower dose per body weight.

Materials and Methods
Ethics

We obtained ethical approval from the Ethics Committee of the Affiliated Women’s and Children’s Hospital of Ningbo
University (Approval No. NBFE-2025-KY-155) and registered this clinical trial in the Chinese Clinical Trial Registry
https://www.chictr.org.cn (ChiCTR2500110458) on October 14, 2025. This study was initiated on October 31, 2025, and
completed on January 31, 2026. All patients’ parents signed the written informed consent before enrollment. This study

was carried out following the principles of the Declaration of Helsinki.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) American Society of Anesthesiologists (ASA) physical status classification of Class
I - II; (2) Patients aged 6 to 18 years; (3) Body Mass Index (BMI) less than or equal to 35 kg/m?; (4) Scheduled for pediatric
circumcision receive penile dorsal nerve block under sedation. The exclusion criteria were as follows: (1) Contraindications
for penile dorsal nerve block puncture; (2) Complicated by severe congenital medical diseases, including tetralogy of fallot,
Down Syndrome et al; (3) History of epilepsy or other psychiatric disorders; (4) Preoperative administration of sedatives; (5)
Allergy to remimazolam or other benzodiazepines; (6) Patients declined to participate in the study.

Grouping and Blinding

The pediatric patients were stratified into two groups according to their BMI: the normal weight group (Group N) and the
obese group (Group O). The criteria of obese for pediatric patients was according to the “Screening for Overweight and
Obesity among School-age Children and Adolescents in China” (WS/T 586-2018, see Supplementary Table 1 and https://
www.nhc.gov.cn/fzs/c100048/201803/a41a66b9022b46¢ctb1662ee949224307/files/1733125465236 97973.pdf). The study
medications were prepared by a single investigator (F.X)., who rigorously adhered to the study protocol under sterile

conditions. At the commencement of each procedure, F.X. independently ascertained and administered the initial remimazo-
lam dosage, and remained the only individual aware of the allocated treatment level. Two other investigators (T.L. and J.C.)
administered anesthesia, collected data. The researchers evaluated the therapeutic efficacy of the administered dose, determin-
ing it to be either effective or ineffective, and communicated this assessment to F.X., who subsequently selected the dosage for
the next case. Throughout the entire study, investigators T.L. and J.C. were kept unaware of the participants’ dose allocations.

Anesthesia Procedure

All pediatric patients did not receive premedication and were routinely required to fast for 8 hours for solid food and 2 hours for
clear liquids before surgery. Peripheral venous access was created via 22-guage cannula under topical anesthesia using lidocaine
cream. Routine monitoring, upon entry into the operating room, included non-invasive blood pressure, heart rate, electrocardio-
gram (ECG), and pulse oximetry. Prior to the induction of general anesthesia, the patient was administered oxygen via a mask at
a flow rate of 8 L/min. Three minutes later, remifentanil was slowly administered to the patient at a dose of 2pg/kg. One minute
after the administration of remifentanil, the pre-prepared study drug remimazolam was slowly administered to the patient.
Subsequently, the Modified Observer’s Assessment of Alertness and Sedation (MOAA/S) score was utilized to assess sedation
levels as follows: 5 = The patient is fully alert and responds immediately when called by name; 4 = The patient responds slowly or
with a delay upon hearing their name; 3 = The patient responds only after multiple, forceful verbal calls of their name; 2 = The
patient responds only to mild physical stimuli, such as gentle shaking or light pushing; 1 = The patient responds exclusively to
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painful stimulation (eg., trapezius muscle squeeze); 0 = No observable response, even to painful stimulation (eg., trapezius
muscle squeeze). Once the patient’s MOAA/S score was <1, the penile dorsal nerve block was initiated.

Up-and-Down Allocation

Based on the reports of prior studies” !

and the preliminary trial results of this study, the initial dose of remimazolam for the first
pediatric patient was set at 0.2 mg/kg, with adjacent dose increments or decrements of 0.02 mg/kg. The dosage for the next patient
was determined based on the previous patient’s response (effective or ineffective) through the application of the up-and-down
allocation technique.'*'* For instance, if the dose was effective, the dose for the next patient was decreased by 0.02 mg/kg;
conversely, if the dose was ineffective, the dose for the next patient was increased by 0.02 mg/kg. An effective dose was defined
as an MOAA/S score of less than 2 points 1 minutes following the administration of sedation medications. Additionally, during
nerve block, there should be no body movement or only slight movement that does not interfere with the anesthesiologist’s

operation. Otherwise, it was regarded as an ineffective dose.

Remedial Measure

If the dose is deemed to be an ineffective dose, the patients will receive an additional dose of 0.1 mg/kg remimazolam as
a remedial measure. If, one minute after the additional dose, the MOAA/S >2 or body movement during the anesthesiol-
ogist’s operation, an additional dose of 1 mg/kg propofol may be appropriately administered (repeated if necessarily)
immediately to complete the dorsal penile nerve block procedure.

Complications Management

We commenced hypoxic intervention when the oxygen saturation showed a gradual decrease. If a oxygen saturation
(SpO,) level of 92% or lower is observed during the procedure, the oxygen flow rate should be immediately increased.
Additionally, at the anesthesiologist’s discretion, the airway should be opened by lifting the mandible, or pressure
respiration should be administered via a face mask. Hypotension was defined as a reduction of 20% or more in systolic
blood pressure (SBP) from the baseline value, and it was managed with intravenous norepinephrine at a dosage ranging
from 0.02 to 0.1 pg/kg. Hypertension was defined as an elevation of 20% or more in SBP relative to the baseline value,
and it was treated with intravenous Urapidil at a dosage ranging from 0.2 to 0.5 mg/kg. Bradycardia was defined as heart
rate (HR) decreased to less than 60 bpm, and it was treated by atropine 0.01 mg/kg.

Data Collection and Outcome Assessment

The primary outcome of this study was the effective or ineffective dose of remimazolam. Secondary outcomes were
recorded as follows: the onset time of procedural sedation (the period from the administration of sedative drugs to the
initiation of dorsal penile nerve block), the awakening time (from the completion of the last dose administration to the
time when the patient responded to a verbal command to open the eyes), the amount of rescued propofol, and adverse
reactions during the study period, including injection pain, hypoxemia, hypotension, hiccups, nausea, and vomiting. The
mean artery pressure (MAP), SpO2, and HR were recorded at the following time points: TO, representing baseline values;
T1, one minute after the intravenous administration of remifentanil; T2, one minute after the intravenous administration
of remimazolam; T3, after dorsal penile nerve block; T4, at the commencement of the surgical procedure.

Sample Size

The sample size was determined to be 30 participants per group, in accordance with methodological guidelines which suggest
that a range of 20 to 40 participants per group guarantees a reliable and robust estimation of the ED50 when the Dixon up-down
procedure is applied.'>'* Moreover, our initial pilot study results suggested that enrolling at least 23 participants per group would
provide a statistical power of 90% or higher to identify a 20% disparity in the ED50 of remimazolam across groups, assuming
a significance threshold (a)) of 0.05. To account for possible participant attrition (anticipated at 20%) and to improve the precision
of estimates, which is reflected in narrower confidence intervals, the study recruited a total of 60 participants, with an equal
allocation (n = 30 per group).
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Statistical Analysis

We used visual examination and Kolmogorov—Smirnov test to assess the normality of continuous variables. For
continuous variables, normally distributed data are reported as mean + standard deviation (SD), and analyzed with
Students’ #-test between the two groups; whereas non-normally distributed data are expressed as median [interquartile
range, IQR] and analyzed with Mann—Whitney U-test. For categorical variables, data are expressed as the number
(percentage), and analyzed using the Chi-square test or Fisher’s exact test appropriate.

The ED50 values for remimazolam were estimated by employing a modified up-and- down sequential allocation design.
Specifically, the ED50 was calculated as the average of the midpoints between consecutive doses at which pediatric sedation
transitioned from ineffective to effective or from effective to ineffective, that is, at each crossover point. The 95% confidence
intervals (CIs) and standard errors associated with the ED50 values were calculated following Choi’s methodology.'® To
ascertain whether the ED50 values exhibited a significant difference between the two groups, we utilized the 83% confidence
interval (CI) overlap criterion. Non-overlapping intervals were regarded as evidence of a statistically significant difference (P
<0.05). As an additional measure for ensuring robustness, we carried out probit regression and estimated the relative median
potency ratio through Fieller’s method. Statistical analyses were performed using GraphPad Prism 8.0 (GraphPad Software,
San Diego, CA, USA), IBM SPSS Statistics for Windows (v22.0; IBM Corp., Armonk, NY, USA), and the R programming
language (R Core Team, 2023) with the ED50 simulation package (v0.1.1). Statistical significance was defined as P < 0.05.

Results

Sixty-five patients were enrolled and assessed for eligibility. One patient was excluded for not meeting the inclusion criteria,
and four patients refused to participate. The analysis incorporated the remaining 60 participants, who were stratified into two
cohorts—Group N and Group O—with each cohort consisting of 30 individuals, based on their BMI. The Consolidated
Standards of Reporting Trials (CONSORT) diagram, as shown in Figure 1, demonstrates the study flow. No statistically
significant differences were detected between Group N and Group O in terms of age, height, American Society of
Anesthesiologists (ASA) physical status classification, or baseline vital signs (Table 1). There were significant differences
in the BMI and weight between the two groups (both P values <0.0001), Table 1.

The sequential outcomes observed in relation to the sedative dosage of remimazolam are depicted in the up-down
titration patterns shown in Figure 2. The ED50 of remimazolam was significantly lower in Group O (0.17 mg/kg; 95%
CI: [0.14-0.19] mg/kg) than in Group N (0.23 mg/kg; 95% CI: [0.19-0.24] mg/kg) (P < 0.001). There was no overlap
between 83% CI between the two groups (0.16-0.17 vs. 0.21-0.22), showed no significant difference. Using probit
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Figure | CONSORT diagram of patient recruitment. CONSORT indicates Consolidated Standards of Reporting Trials.
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Table | Patient

Characteristics

Group N (n=30) | Group O (n=30) | P value
Age, y 9.1x1.7 89+I.5 0.530
Height, cm 138.37£9.93 142.63+7.73 0.068
Weight, kg 31.15+6.38 44.45+7.49 <0.0001
BMI (kg/m2) 16.12+1.74 21.67+1.68 <0.0001
ASA, n (%)
| 30 (100) 30 (100) -
I 0 (0) 0 (0) -
Baseline MAP | 81.30+11.59 80.77+10.19 0.851
Baseline HR 88.07+15.37 87.67+8.30 0.901
Baseline Spo2 | 99.80+0.48 99.50+0.78 0.078

Notes: Data are presented as mean * standard deviation or number (%).

regression, the ED50 of remimazolam required for procedural sedation were 0.16 mg/kg (95% CI, 0.15-0.17 mg/kg) for

Group O and 0.22 mg/kg (95% CI, 0.21-0.24 mg/kg) for Group N, respectively. The relative median potency of

remimazolam in Group O, compared to Group N, was estimated at 0.74 (95% CI: 0.41-0.91), indicating a statistically
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Figure 2 Individual responses to remimazolam at corresponding dose in Group N and Group O. The ED50 of remimazolam was 0.17 mg/kg (95% ClI: 0.14-0.19) mg/kg in
Group O and 0.23 mg/kg (95% CI: 0.19-0.24) mg/kg in Group N, respectively. ED50, effective dose in 50% of patients. The solid circles represent effective doses and open
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Figure 3 The dose-response relationships derived from probit regression modeling.

significant difference. The ED95 were 0.20 mg/kg (95% CI, 0.18-0.23 mg/kg) for Group O and 0.26 mg/kg (95% CI,
0.25-0.32 mg/kg) for Group N, respectively. The dose-response relationships derived from probit regression modeling
are presented in Figure 3.

Side effects, incidence of rescued propofol, and onset time of sedation, and awakening time are summarized in
Table 2. No significant difference was observed between the two groups. The MAP, SpO2, and HR at different time
points are depicted in Figure 4. There was a significant difference between the groups in terms of HR and SpO2 at the
1-minute time point after remimazolam administration.

Discussion

The main finding of this study is that the ED50 values of remimazolam for procedural sedation during dorsal penile nerve
block are 0.17 mg/kg and 0.23 mg/kg for obese and normal-weight pediatric patients, respectively. Our data suggests that,
when compared with normal-weight pediatric patients, the dose of remimazolam for procedure sedation in obese
pediatric patients would be reduced by approximately 26% according to per body weight.

Obesity has an impact on both pharmacokinetics and pharmacodynamics. Dong et al'® reported a 37.9%—38.6%
decrease in the 50% of median effective concentration in morbidly obese patients and suggested an increased sensitivity
to propofol in morbidly patients. Our data also demonstrated a 26% reduction in the remimazolam dose for obese
pediatric patients when compared with normal-weight ones, which is consistent with the study by Dong et al The
associations of adipose tissue, lean body weight (LBW), extracellular fluid, and cardiac output with obese patients could
serve as reasonable explanations for the pharmacokinetic changes in these studies.'® For instance, obesity results in an
increased central volume of distribution and altered drug clearance, both of which have an impact on remimazolam

Table 2 Incidence of Adverse Effects and Patients Required Rescued Propofol, and Time

Duration
Group N Group O P values
Hypoxaemia 4 (13.3) 8 (26.7) 0.197
Hypotension 2 (6.7) 0 (0) 0.492
Injection pain 0 (0) 0 (0) 0/0
Hiccups 1 3.3) 0 (0) 1.0
Nausea and/or vomiting 1 (3.3) 0 (0) 1.0
Incidence of patients required rescued propofol | 3 (10.0) 1 (3.3) 0.612
Onset time of sedation (s) 99.47+48.55 98.43+49.01 0.935
Duration of awakening (s) 344.77+115.00 | 370.63+95.23 | 0.347

Notes: Data are presented as number (%) or mean * standard deviation.
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Figure 4 The MAP, SpO2, and HR at different time points. TO, representing baseline values; T1, one minute after the intravenous administration of remifentanil; T2,
one minute after the intravenous administration of remimazolam; T3, after dorsal penile nerve block; T4, at the commencement of the surgical procedure.

plasma levels. Furthermore, it might change pharmacodynamic parameters, such as the concentration that produces 50%
of the maximal effect (ECs;) and the rate constant that governs the equilibration between plasma and the effect site.'®

Drawing comprehensive conclusions about pharmacokinetic variations between obese and non-obese pediatric popula-
tions remains a challenging task, mainly because of the limited number of clinical studies enrolling children with obesity. In
pediatric patients with obesity, the volume of distribution, normalized to total body weight (TBW) per kilogram, tends to be
higher for lipophilic agents and lower for hydrophilic compounds compared to their counterparts with normal weight.
Administering highly hydrophilic drugs—or agents with exceptionally short elimination half-lives, such as remimazolam
and remifentanil—based on total body weight often results in higher plasma drug levels in children with obesity compared to
their peers of healthy weight. Due to competitive binding of free fatty acids in plasma, these agents quickly accumulate to high
concentrations within their active compartments, thereby increasing the risk of adverse effects—such as profound analgesia,
pronounced sedation, and suppression of respiratory and cardiovascular functions. For this purpose, LBW was commonly
employed to adjust the actual body weight in order to prevent the overdose of anesthetic calculated based on TBW and,
consequently, to avoid the side-effects associated with the dose. For example, Chen et al'” used remimazolam in combination
with sufentanil (0.5 pg/kg) for general anesthesia induction in obese patients. They determined that the ED50 and ED95 values
of remimazolam (using LBW) were 0.115 mg/kg and 0.179 mg/kg in adults, respectively. However, calculating the LBW is
not an especially easy task and may lead to errors in calculation, which can subsequently result in dosing errors. Therefore,
directly determining the appropriate dose based on weight for obese pediatric patients is convenient for clinical practice.

Although limited data may be available regarding the ideal dose of remimazolam for obese pediatric patients during
procedural sedation, it should be noted that the ED95 of remimazolam, determined to be 0.20 mg/kg in this study, is
derived from probit analysis. There is a lack of direct observation at this dose in this context. And further studies are
warranted in this area.

Obesity—especially among children and adolescents—has emerged as a major public health challenge. Data from the
2011-2012 U.S. National Health and Nutrition Examination Survey (NHANES) indicate that approximately 16.9% of
individuals aged 2 to 19 years met the clinical criteria for obesity.'® As studies have recommended that the definitions or
classifications of overweight and obesity for children should be in line with the actual conditions of the local population,’
we defined obesity in accordance with the recommendations of the “Guidelines for the Assessment, Treatment and
Prevention of Childhood Obesity in China” in this study. Although this study is limited by region and ethnicity, any
advancement in obesity-related anesthesia contributes to clinical practice to a certain extent.

Regarding safety, the findings from a study of adverse event reports in the FAERS database suggest that remimazolam
shows a significant signal for hypoventilation. In the cardiovascular system, it was linked to severe adverse events, such
as cardiac and cardiorespiratory arrest, especially among high-risk patients. Furthermore, severe allergic reactions, such
as anaphylactic shock and laryngeal oedema, have been documented.'® Our study indicates that patients experienced
transient decreases in mean arterial pressure, heart rate, and SpO, following remimazolam administration. The incidence
of adverse effects, including vomiting, hypotension, injection pain and hiccups, was rare, and the majority of the reported
symptoms were mild in severity and of short duration. Twelve patients experienced hypoxemia (SpO, < 92%), and eight
of these patients belonged to the obese cohort. This finding suggests that obese pediatric patients face a higher risk of
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respiratory obstruction, despite the lack of a significant difference between the two groups. It is difficult to explain the
reason for the 1-minute decrease in heart rate after the administration of remimazolam. Perhaps, the transient lack of
oxygen offers a plausible explanation for the reduction in heart rate.

We acknowledge some limitations in this study. First, the modified sequential method serves as a convenient approach for
calculating the 50% effective drug doses (ED), but the current findings offer an inadequate estimation for ED95. Second, when
remifentanil is combined with remimazolam, 2 pg/kg of remifentanil was used in this study; however, the optimal combination
ratio remains undetermined. Different institutions may use different dosages of remifentanil, which will result in different
appropriate doses of remimazolam. Therefore, the universality of this study will be somewhat affected.

In summary, when administered in combination with remifentanil at a dosage of 2 pg/kg, the ED50 value for inducing
sedation with remimazolam is reduced by approximately 26% in obese paediatric patients compared to normal-weight
children. Further research should focus on the correlation between adjusted weight-based administration methods and the
lean body weight-based approaches.

Abbreviations
ED50, Median effective dose; ASA, American Society of Anesthesiologists; BMI, Body Mass Index.
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