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Background: Remimazolam is widely employed in surgical abortions. However, its dosing references from clinical studies such as 
gastrointestinal and bronchoscopic anesthesia have resulted in high incidence of physical movement.
Purpose: Determining the optimal dosage (the 90% effective dose [ED90]) for preventing physical movement during surgical 
abortions.
Patients and Methods: Fifty-seven individuals aged 18 to 45 undergoing surgical abortion were included. Remimazolam, combined 
with remifentanil, was utilized for anesthesia induction. Commencing at an initial dose of 0.25 mg/kg of remimazolam, subsequent 
adjustments relied on the preceding patient’s response, employing an up-down sequential allocation utilizing a biased-coin design.
Results: Patients received remimazolam doses ranging from 0.25 to 0.65 mg/kg. The estimated ED90, along with its 95% confidence 
interval (CI), for preventing physical movement was 0.615 mg/kg (0.398–0.629 mg/kg). Patients maintained stable circulation, and no 
significant adverse events were recorded. Patients reported a satisfaction score of 4.63 ± 0.62 points. Anesthesiologists rated their 
satisfaction at 4.19 ± 0.61 points, and endoscopists expressed a satisfaction level of 4.53 ± 0.57 points (based on a full score of 5 
points, with a minimum of 1 point).
Conclusion: The ED90 of remimazolam during surgical abortion to prevent physical movement was determined to be 0.615 mg/kg 
(95% CI, 0.398–0.629 mg/kg).
Keywords: surgical abortion, 90% effective dose, remimazolam, anesthesia

Introduction
Surgical abortion is a common intervention for termination of pregnancy. The indications for the termination of 
pregnancy can be divided into three categories “unwanted pregnancies”, “maternal medical disorders” and “foetal 
reasons”.1 Surgical abortion methods include uterine aspiration, by manual or electric vacuum, and dilation and 
evacuation. However, uterine cervical traction and intrauterine operation during surgery can cause pain, provoke physical 
movement, and amplify the surgical risks.2 Moreover, the duration of the abortion procedure is short. Hence, the 
anesthesia must suppress physical movement while aligning with the requirements of rapid onset and recovery. 
Undoubtedly, this presents a challenge in the selection and dosage of anesthetics.

Remimazolam is a novel ester-benzodiazepine drug with the advantages of high clearance rate, short duration of 
action, rapid recovery, hemodynamic stability, and little respiratory depression.3 Based on these advantages, the use of 
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remimazolam in gastroenteroscopy and bronchoscopy has been recognized.4–6 Studies on the application of remimazo
lam in abortion and hysteroscopy have emerged in the past two years and confirmed that remimazolam has better safety 
and efficacy than propofol and midazolam. Nevertheless, the dosages employed were based on those documented in prior 
studies related to gastrointestinal and bronchoscopic anesthesia. The induction and maintenance doses of remimazolam 
utilized for abortion and hysteroscopic surgery are reported as 0.20–25 mg/kg and 0.48–1.0 mg/kg/h, respectively.7–9 

However, at this therapeutic dosage, when remimazolam was combined with remifentanil, the occurrence of physical 
movement ranged between 30% and 36%.7,10 Therefore, the optimal dose remains unknown. The objective of this study 
was to determine the optimal dose [90% effective dose (ED90)] of remimazolam to inhibit the physical movement of 
patients during surgical abortion.

Method
This was a prospective, double-blind, sequential-assignment study. The present study protocol was reviewed and 
approved by the Institutional Review Board of the First Affiliated Hospital of Zhejiang University of Medicine, 
Haining Branch (approval No.2023-C-001; date: 26/06/2023). Informed consent was submitted by all subjects when 
they were enrolled. The study was registered in the Chinese Clinical Trial Registry (ChiCTR2300076360, Principal 
investigator: Bing Yan, https://www.chictr.org.cn/showproj.html?proj=199813, date: 07/10/2023). This study is in accor
dance with the Declaration of Helsinki.

Study Population
The study was conducted at the Haining Branch of the First Affiliated Hospital of Zhejiang University School of 
Medicine. The patient recruitment and follow-up were conducted from 10/10/2023 to 15/12/2023. Patients aged 18 to 45 
years with the American Society of Anesthesiologists (ASA) classification of I or II and Body Mass Index (BMI) 
between 18 and 30 kg/m2 who were scheduled for elective surgical abortion under intravenous anesthesia were eligible 
for inclusion in the study. The exclusion criteria were as follows: 1. Expected operative duration ≥30 minutes; 2. Patients 
with difficult airways; 3. History of hypertension (systolic blood pressure > 180mmHg or diastolic blood pressure > 
110mmHg); 4. Hepatic and renal insufficiency; 5. Chronic lung disease with SPO2 < 95% while inhaling air; 6. Long- 
term use of analgesics/psychotropic drugs or long history of alcohol abuse; 7. Patients who experienced sedatives 
24 hours before surgery; 8. Patients with allergies to benzodiazepines, opioids, and nonsteroidal anti-inflammatory drugs. 
The withdrawal criteria included: 1. Patients who failed the study due to temporary change of surgical method; 2. 
Emergency events such as massive bleeding or uterine perforation caused by surgical procedures; 3. Other special 
circumstances that resulted in the suspension of the surgical operation or the inability to conduct the study.

Perioperative Anesthesia Management
All patients were fasted for 8 hours and water for 3 hours without preoperative medication. The patients were equipped 
with routine electrocardiogram (ECG) monitoring, non-invasive blood pressure, oxygen saturation, and nasal inhalation 
of oxygen 3L/min. Patient characteristics (age, height, weight, ASA rating) were recorded. Heart rate (HR), blood 
pressure, pulse oxygen saturation (SpO2) and respiratory rate (RR) were recorded before induction (T0). Infusion of 
remifentanil was started with TCI pump, and the effective effect-site concentration (Ce) was 1.5 ng/mL.11 Subsequently, 
a 30mL remimazolam solution, prepared by the assistant, was administered at a consistent rate for induction (with an 
injection duration of 60±10s). Another anesthesiologist assessed the anesthetic effect, recording signs and any adverse 
events following induction (T1). The gynecologist commenced the surgical procedure when the Modified Observer’s 
Alertness/Sedation score was ≤2. In the case of general anesthesia abortion in this study, no additional topical analgesia 
was administered to each patients. Subsequent to the procedure, patients were transferred to the Post-Anesthesia Care 
Unit (PACU). Discharge from PACU occurred once the Aldrete score reached 10. A 24-hour post-surgery follow-up was 
conducted via telephone. Standardized assessment framework by telephone included Assessment Domains (Recovery 
Quality: consciousness, respiration, activity status, etc.; Neuropsychiatric Symptoms: dizziness, fatigue, drowsiness; GI 
Symptoms: nausea and vomiting; Others: open-ended questions for unexpected symptoms) and Quality Control (dual- 
trained research nurses conducted follow-ups; double-blind data entry system implemented). Vital signs and adverse 
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events were monitored and documented during cervical dilation (T2), uterine aspiration (T3), the end of the operation 
(T4), and the time of patient discharge from PACU (T5).

If there was any physical movement observed during the procedure, an intravenous injection of 0.05 mg/kg of 
remimazolam was administered to mitigate it. The anesthetic effect was assessed after one minute. If adequate sedation 
was not achieved after three additional remimazolam interventions, intravenous administration of 1–2 mg/kg of propofol 
was initiated. In cases of hypotension, 200mL of lactated Ringer’s solution was intravenously administered. If this did 
not resolve the issue, vasoactive medications such as 6mg of ephedrine or 40ug of phenylephrine were administered. In 
the event of bradycardia, an intravenous injection of 0.5 mg of atropine was administered. If hypoxemia or respiratory 
depression occurred, steps were taken, including increasing oxygen flow, jaw support, suspending surgery, and imple
menting noninvasive mechanical ventilation if deemed necessary.

Remimazolam Administration
The dose of remimazolam for each patient in this study depends on the physical movement of the previous patient. 
Following the outcomes of the preliminary investigation and available literature, the initial predetermined dose of 
remimazolam for subject No. 1 was established at 0.25 mg/kg. Subsequent dosages were adjusted based on the prior 
patient’s reactivity. If the previous patient exhibited physical movement, the remimazolam dosage for the subsequent 
patient was increased by 0.05 mg/kg. Conversely, if no physical movement was observed, the remimazolam dosage for 
the next patient either decreased by 0.05 mg/kg or remained unchanged, as determined by a computer-generated list. The 
0.05 mg/kg dose increment for remimazolam is based on pharmacokinetics, statistical validation, and prior studies. 
Remimazolam showed a high clearance, a small steady-state volume of distribution and a short terminal half-life.12 

Regarding the use of remimazolam, the FDA recommends a minimum effective incremental dose of 0.05 mg/kg 
(approximately 0.25–0.30 mg for individuals weighing 50–60 kg), as stated in Section 2.4 “FDA Clinical 
Pharmacology Review for Remimazolam (NDA 212295)”. In addition, this step size, also used in the US gastroentero
scopy trial, ensures effective titration while maintaining safety and compliance with dosing principles.13

The preparation of remimazolam was conducted by a nurse uninvolved in anesthesia management and research. 
Predetermined remimazolam doses were compounded in 20 mL syringes in accordance with the aforementioned dosage 
assignments. A statistician generated random allocation sequence. An anesthesiology resident enrolled participants and 
assigned participants to interventions.

Outcomes
The primary outcome was the ED90 of remimazolam inhibiting physical movement, which was defined as visible hand/ 
foot bending or head movement within 2 minutes after entering the uterus. The second outcome of this study was the 
incidence of adverse events, including hypotension (mean arterial pressure [MAP] decreased 20% from baseline for 
>5 minutes), bradycardia (heart rate <60 beats/min for >5 minutes), and hypoxemia (under nasal catheter oxygen 
inhalation, SPO2 <95% for 30 seconds). Injection pain (remimazolam), visual analogue scale (VAS), nausea, vomiting, 
and dizziness were also recorded. To evaluate postoperative nausea and vomiting (PONV), the Baxter scale was 
employed, categorizing scores as follows: 0 denoted no nausea; 2 to 4 points indicated mild nausea; 6 to 8 points 
signified severe nausea; a score of 10 indicated vomiting. The definition of significant nausea fell within the range of 6 to 
8 on the scale.

Statistics
When determining ED90 (τ = 0.9), using the following formula: probability (B) = (1 - τ)/τ = (1–0.9)/0.9 = 0.1/0.9≈0.11. 
The B is the target percentage. If the patient did not show physical movement, the next patient would either receive the 
same dose (probability 1–11% = 89%) or a lower dose (probability 11%), which was randomly decided using 
a computer-generated random list prepared by a statistician who was not involved in any other part of the study. The 
random list was represented by 0 and −1. 0 indicates that the dose of remazolam was unchanged, and −1 indicates that the 
dose was reduced by one unit (0.05mg/kg). If physical movement occurred, the dose of remazolen was increased by 
0.05mg/kg for the next patient. Studies found that a sequential allocation of biased coin design (BCD) was used to find 
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the optimal anesthetic dose, requiring at least 20–40 patient target events.14–16 The trial was terminated when 45 patients 
experienced non-physical movement.

Measurement data with normal distribution were described as mean ± standard deviation (SD), while the non-normal 
distribution was expressed as median and interquartile range (IQR). Categorical variables were described as frequencies 
and percentages. Potential outliers were further screened using histograms and Q-Q plots. One-Way Repeated Measures 
ANOVA was used to compare the measurement data at different time points. Mauchly’s test was used to assess sphericity. 
When the assumption was violated (p < 0.05), Greenhouse-Geisser corrections were applied to adjust degrees of freedom. 
Post hoc pairwise comparisons were performed with Bonferroni adjustment for multiple comparisons. ED90 was 
determined via centered isotonic regression with a bias-corrected Morris 95% confidence interval (CI) derived by 
2000 bootstrap using “dosefind” and “quickinverse” command. Adjusted response rates, following the pooled-adjacent- 
violators algorithm (PAVA), were estimated using the weighted isotonic regression technique.

Result
Clinical Characteristics of the Patients
The patient recruitment and follow-up were showed in Figure 1. We identified 61 eligible patients. Four were excluded: 
one due to age >45 years, two with a BMI <18 or >30 kg/m2, respectively, and one patient declined to participate before 
anesthesia. Finally, 57 patients provided informed consent and completed the study. General clinical characteristics of the 
patients are presented in Table 1. The Shapiro–Wilk p-values for age, height, weight, duration of abortion surgery, 
duration of anesthesia, time from end of surgery to eye-opening and duration of anesthesia recovery were 0.134, 0.666, 
0.096, 0.257, 0.636, 0.049 and 0.246, respectively. Although the Shapiro–Wilk test for time from end of surgery indicated 
a statistically significant deviation from normality (p = 0.049), the histogram exhibited an approximately bell-shaped 

Figure 1 Flow chart. Positive (+), no physical movement response; negative (-), physical movement response.
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distribution. Based on the combined evaluation of graphical patterns and the conservative thresholds for skewness (0.22) 
and kurtosis (0.85), this variable was interpreted as adhering to the normality assumption.

The ED90 of Remimazolam to Inhibit Physical Movement
The up-and-down BC dose allocation sequence was shown in Figure 2. The remimazolam dose ranged from 0.25 to 
0.65 mg/kg. There were 45 patients with no physical movement and 12 patients with physical movement. One patient 
received a dose of 0.25 mg/kg and performed a physical movement. Five patients received a dose of 0.65 mg/kg, and the 
anesthetic effect was satisfactory. Table 2 illustrates the positive response (no physical movement) of every patient to the 
administered doses of remimazolam, alongside the positive response adjusted using PAVA. The ED90, estimated through 
the application of centered isotonic regression, stood at 0.615 mg/kg, with a 95% CI of 0.398–0.629 mg/kg.

Adverse Events
Hypotension occurred in 8 patients. Bradycardia, nausea, vomiting, and shivers occurred in 1 case respectively. 
Respiratory depression occurred in 2 patients. No patient experienced injection pain and hiccups, as shown in Table 3.

Table 1 Demographic and Baseline Characteristics of the Patients

Variable Total Study Population (57)

Age (years) 30.6±6.8
Height (cm) 159.2±5.6

Weight (kg) 53.8±6.6

BMI (kg/m2) 21.2±2.2
Baseline HR (beats/min) 72.3±8.9

Baseline MAP (mmHg) 82.1±9.0

Baseline RR (breaths/min) 15.9±3.3
ASA grade

I 38 (66.7%)
II 19 (33.3%)

Duration of abortion surgery (min) 5.3±1.9

Duration of anesthesia (min) 13.7±3.0

Note: Data are presented as mean ± SD (interquartile range). 
Abbreviations: BMI, Body mass index; HR, heart rate; MAP, Mean arterial pressure; 
RR, Respiratory rate; ASA, American Society of Anesthesiologists.

Figure 2 The up-down sequential response to infusion of remimazolam for preventing physical movement in surgical abortions. The initial dose was 0.25 mg/kg, with 
subsequent increases of 0.05 mg/kg. Successful prevention of physical movement (positive reaction) is marked by filled circles, while open circles represent unsuccessful 
doses (negative reaction). The red solid line (—) indicates the estimated ED90 value and its 95% confidence interval after statistical analysis.
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Circulatory and Respiratory During Anesthesia
There were 6 observation time points: 1 min before induction (T0), 1 min after induction (T1), cervical dilation (T2), 
uterine aspiration (T3), the end of the procedure (T4) and the time of discharge from PACU (T5). Changes in MAP at 
each observation time point were shown in Figure 3A, with a mild decrease at T1 and T2. For MAP with the Shapiro– 
Wilk p > 0.05, Mauchly’s test indicated sphericity violation (W = 0.355, χ²(14) = 55.988, p < 0.001), requiring 
Greenhouse-Geisser correction (ε = 0.73). Time significantly affected MAP (F(3.657, 204.814) = 49.235, p < 0.001, 
η² = 0.46), with post hoc differences at T 1 vs 2 (p < 0.05). For HR with the Shapiro–Wilk p > 0.05, Mauchly’s test 
indicated sphericity violation (W = 0.163, χ²(14) = 97.996, p < 0.001), requiring Greenhouse-Geisser correction (ε = 
0.66). Time significantly affected HR (F(3.335, 186.783) = 15.336, p < 0.001, η² = 0.215), with post hoc differences at 
T1, T2, T3, T5 (p < 0.05). But HR was still within the normal range, as shown in Figure 3B. Although RR showed non- 
normality for the Shapiro–Wilk p < 0.05, Mauchly’s test indicated sphericity (W = 0.663, χ²(14) = 22.211, p = 0.075). As 
suggested by the findings of María J. Blanca et al, repeated measures ANOVA is generally robust to non-normality when 
the sphericity assumption is met.17

Time significantly affected respiratory rate (F(5, 280) = 49.416, p < 0.001, η² = 0.469), with post hoc differences at 
T1. At T4 and T5, p < 0.001. Multivariate tests (F = 42.566, p < 0.001) supported these findings, as shown in Figure 3C. 
The respiratory rate fluctuated within the normal range.

Satisfaction Survey
A collective of 57 satisfaction surveys was fulfilled by patients, anesthesiologists, and surgeons, scoring within the range 
of 1 to 5. More specifically, patients reported a satisfaction score of 4.63±0.62, anesthesiologists rated their satisfaction at 
4.19±0.61, and surgeons indicated a satisfaction score of 4.53±0.57, as outlined in Table 4.

Table 2 The True Positive Rate of Different Remimazolam Doses and the Positive Rate Adjusted by Isotonic Regression

Remimazolam Dose (mg/ 
kg)

Positive cases 
(n)

Total cases 
(n)

True Positive 
Rate

Positive Rate Adjusted by Isotonic 
Regression

0.25 0 1 0.000 0.000

0.30 2 3 0.667 0.333

0.35 1 2 0.500 0.500
0.40 4 6 0.667 0.633

0.45 3 4 0.750 0.700

0.50 5 7 0.714 0.707
0.55 12 14 0.857 0.839

0.60 12 14 0.857 0.980
0.65 6 6 1.000 1.000

Table 3 The Incidence of Adverse Events

Adverse Events N(%)

Injection pain 0

Hypotension 8 (14.0%)
Bradycardia 1 (1.8%)

Respiratory depression 2 (3.5%)

Hypoxemia 1 (1.8%)
Nausea and vomiting 1 (1.8%)

Hiccup 0

Cough 0
Other: shivers after awakening 1 (1.8%)
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Discussion
Effective anesthesia is essential for pain control and safety in surgical abortion, typically using short-acting sedatives and 
opioids.18 Remimazolam, a novel short-acting ester-benzodiazepine drug, has been shown to be safe and effective in 

Figure 3 Perioperative circulatory and respiratory changes. (A) shows mean arterial pressure at different time points, (B) shows heart rate, and (C) shows respiratory rate. 
T0, 1 min before induction; T1, 1 min after induction; T2, cervical dilation; T3, uterine aspiration; T4, the end of the procedure; T5, the time of discharge from PACU. *The 
difference between the T and T0 was statistically significant (P < 0.05).

Table 4 Anesthesia Satisfaction Score

Satisfaction Score Patient (n) Anesthesiologist (n) Gynecologist (n)

5 40 16 32

4 13 37 23
3 4 3 2

2 0 1 0

1 0 0 0

Average score 4.63±0.62 4.19±0.61 4.53±0.57
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abortion and hysteroscopic anesthesia. However, the dose used was based on data from Phase II and III clinical trials for 
gastroscopy, colonoscopy, and bronchoscopy.6,13,19 The incidence of physical movement reactions was 21% to 36% when 
0.20 to 25 mg/kg remimazolam combined with remifentanil was used in abortion and hysteroscopic anesthesia.7,10,20 In 
this up-down sequential allocation study with BCD, the ED90 of remimazolam for physical movement prevention in 
patients who underwent surgical abortion was estimated to be 0.615 mg/kg (95% CI 0.398–0.629 mg/kg).

Sequential design, especially up-and-down methord (UDM), and BCD, is commonly used in anesthetic dose exploration 
studies.21–24 The Dixon and Mood design of the binary response experiment was designed to estimate the minimum dose, 
providing a 50% probability of favorable response (ED50). Effectiveness percentiles other than 50% are usually required. It is 
considered that 50% efficacy is an inappropriately low threshold in anesthesia and that 90% or 95% of the effective dose 
(ED90 or ED95) should be targeted, which is more interested for anesthesiologists.15 The UDM experiment is usually used to 
de determine ED50. In the UDM test, around the midpoint of the tolerance distribution, multiple mathematical models fit the 
observed data equally well, but at the upper tail of the distribution, the estimates of ED90 can be quite different under these 
mathematical models.15 Moreover, although sigmoid dose–response curves for all drugs can be well fitted by the symmetric 
logistic curves, they are impossible to verify, especially when dealing with small sample sizes. Based on modifying the dose 
allocation rules of the UDM, BCD achieves these goals.14 In the BCD test, unverifiable assumptions about sigmoid dose– 
response curves were avoided. In addition, the study had favorable statistical characteristics for the target-dose estimates. 
Thus, BCD can directly estimate ED90, avoiding the unverifiable extrapolation obtained from ED 50.15

Remimazolam is gaining attention in outpatient surgery due to its rapid onset, fast metabolism, high clearance, short 
half-life, and inactive metabolite.25,26 In elderly patients undergoing gastrointestinal endoscopy, when combined with 
0.2 μg/kg remifentanil, the ED95 dose of remimazolam to inhibit physical movement was 0.204 (95% CI 
0.175–0.389) mg/kg.27 In the published safety studies of remimazolam in surgical abortion and hysteroscopic surgery, 
remimazolam was used at a similar dose. The primary outcome in these studies was the incidence of adverse events 
(injection pain, low SpO2, bradycardia, hypotension, nausea and vomiting), which was satisfactorily low.7,10 However, the 
incidence of the physical movement, the secondary outcome in these studies, was as high as 21%–36%.7,10,28 Preventing 
physical movement is essential to facilitate a smooth abortion procedure, guaranteeing patient comfort and safety. A recent 
study attempted to investigate the combination of remimazolam and propofol to inhibit the physical movement, and the 
results showed that it could reduce the physical movement from 37.5% to 3.1%.20 Obviously, exploring the ED90 of 
remimazolam inhibiting the physical movement would be more beneficial to take its full advantage. Our results showed an 
ED90 of 0.615 mg/kg (95% CI, 0.398–0.629 mg/kg) for remimazolam to inhibit physical movement. The dosage observed 
in our study exceeded the findings from the mentioned gastroenteroscopy study. This variance might stem from our study’s 
inclusion of a non-elderly patient population. Moreover, it is plausible that the level of painful stimulation experienced 
during surgical abortion surpasses that of gastrointestinal endoscopic procedures.

Recent studies have also explored the intranasal administration of remimazolam.29 Pesic et al reported that intranasal 
remimazolam had a bioavailability of approximately 50% and an onset time of around 10 minutes in healthy adults.30 In 
pediatric preoperative sedation, Cai et al found that intranasal remimazolam (1.5 mg/kg) rapidly alleviated anxiety within 
10 minutes though nasal.31 Long et al showed that ED95 of single nasal administration of remimazolam for effective 
relief of preoperative anxiety was 1.57 and 1.09 mg/kg in early childhood children and pre-school children, 
respectively.32 Additionally, Ni et al determined the ED50 and ED95 of intranasal remimazolam in preschool children 
as 0.65 mg/kg and 0.78 mg/kg, respectively, supporting its rapid sedative potential (onset within 6–9 minutes).33 Notably, 
the ED90 dose for intravenous administration in this study (0.615 mg/kg) was significantly lower than the effective doses 
reported in intranasal studies. This discrepancy may be reasonable for that intravenous administration avoids the 
bioavailability loss associated with the intranasal route. Nasal administration of remimazolam may be an alternative 
method for patients undergoing induced abortion without venous access, but this needs further research in the future.

Throughout our study, no severe adverse events were observed. In a previous multicenter, Phase 3 clinical trial 
focused on patients undergoing colonoscopy, and the incidence rates of bradycardia, respiratory depression, and 
hypotension were 1.03%, 3.09%, and 23.71%, respectively, among those who received fentanyl 1 ug/kg and remima
zolam 5.0 mg for anesthesia.34 Nicholas J. Pastis et al conducted a multicenter study demonstrating satisfactory safety 
and efficacy using 5mg of remimazolam alongside 25–75 ug of fentanyl during fiberoptic bronchoscopy. They reported 
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incidence rates of 4.3% for bradycardia, 2.3% for respiratory depression, and 41.9% for hypotension.6 Insun Park et al 
administered remimazolam at 0.4 mg/kg and remifentanil at 1.07 μg/kg during hysteroscopy, reporting incidence rates of 
10.8% for bradycardia, 2.3% for respiratory depression, and 21.6% for hypotension.35 Xiaoqiang Zhang et al also 
reported low adverse event rates in their hysteroscopy study.7,10 In our trial, occurrences of bradycardia, respiratory 
depression, and hypotension were observed in patients who received a dosage of 0.4–0.6 mg/kg of remimazolam, with 
incidence rates of 1.8%, 3.5%, and 14.0%, respectively, aligning with the findings of the previously mentioned studies. 
However, Dongwoo Chae et al found that remimazolam showed steep dose–response effects on loss of consciousness and 
respiratory depression, with ED50/ED95 of 0.11/0.19 and 0.14/0.27 mg/kg, respectively.36 This result is obviously 
different from the incidence of respiratory depression reported in the above studies, which may be caused by the 
inconsistent definition of respiratory depression. Given the constraints of our study’s sample size, it remains imperative to 
enlarge the sample size further to validate the safety of the ED90 dose established in our trial.

PONV is one of the most common complications after general anesthesia.37 Major risk factors for PONV include female 
gender, previous history of motion sickness or PONV, nonsmoking, and postoperative opioid use.38 The incidence of PONV 
in women ranges from 21% to 79%.38 Na Wang et al reported an incidence of PONV as high as 50% within 24 hours after 
abortion and hysteroscopic surgery.39 Yuki Hari et al found that remimazolam reduced the incidence of PONV in patients 
undergoing gynecological laparoscopic surgery in the early postoperative period.40 In a study of 204 hysteroscopic 
procedures, the incidence of postoperative nausea and vomiting was 2.0% in the remmazolene group.10 The lack of 
PONV observed in our study might be attributed to either the limited sample size or the higher dosage of remimazolam 
employed. Additionally, further investigation is warranted to determine if remimazolam can effectively mitigate PONV and 
explore any potential correlation between the dosage of remimazolam and the occurrence of PONV.

There were certain limitations observed in our study. First, this study focused solely on female patients undergoing 
surgical abortion, and the determined dosage may not be directly applicable to other surgical procedures with different pain 
stimuli, durations, or patient populations, such as male patients or those undergoing more invasive gynecological surgeries. 
Second, while remifentanil was used as an adjunct opioid in this study, variations in opioid selection, dosage, or 
combination regimens may alter the ED90 of remimazolam. Future studies should explore whether alternative opioid 
regimens or multimodal anesthesia approaches can optimize sedation while minimizing adverse effects. Third, although our 
study identified an ED90 of 0.615 mg/kg, the sample size was relatively small, limiting the ability to assess rare adverse 
events, especially those related to respiratory depression or hemodynamic instability at higher doses. Even if no adverse 
events occurred in our cohort (0/45), this does not exclude potential risks. As highlighted by Hanley and Lippman-Hand, 
zero numerators require statistical interpretation.41 Applying the Rule of Three, the upper 95% confidence limit for adverse 
events risk is 3/45 ≈ 6.7%, indicating a plausible risk ceiling despite no observed events. The Rule of Three slightly 
overestimates risks in small samples, and its accuracy improves with larger sample size. Future larger cohorts could refine 
this estimate. Fourth, while remimazolam has been suggested to reduce postoperative nausea and vomiting (PONV), our 
study did not systematically evaluate its impact on PONV incidence. Future research should examine whether remimazolam 
at its ED90 dose provides an advantage in reducing PONV compared to other sedatives.

Conclusions
For patients undergoing surgical abortion, the ED90 of remimazolam to inhibit physical movement was determined to be 
0.615 mg/kg. Additionally, adverse events such as respiratory depression and injection pain were infrequent.
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