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Abstract

Objective: To investigate the anesthetic effect and safety of remimazolam tosilate combined with sufentanil in outpatient painless
abortion. Methods: From September 2025 to October 2025, 140 patients aged 18-50 years, body mass index (BMI) 18.5-28kg /
m?, American Society of Anesthesiologists (ASA) grade I-II, who underwent painless abortion in the outpatient department were
selected. The patients were randomly divided into two groups: remimazolam tosilate group (group R, n = 70) and control group
(group C, n = 70). Sufentanil 0.1 pg / kg was intravenously injected for analgesia pretreatment in both groups before operation.
Patients in group R were intravenously injected with 0.2 mg / kg of remimazolam tosilate during anesthesia induction, and
patients in group C were intravenously injected with 2 mg / kg of propofol medium and long chain fat emulsion during anesthesia
induction. The main observation index was the incidence of respiratory depression. The secondary observation indexes included
numerical rating scales (NRS) pain score, onset time, recovery time, Post-Anesthesia Care Unit (PACU) stay time, remedial drug
use rate and incidence of adverse reactions when entering the anesthesia recovery room. Results: A total of 140 patients were
included in the analysis of results. Compared with group C, the incidence of respiratory depression was lower in group R (1.4%
vs 15.7%, P=0.003), and the postoperative recovery time was shorter (P = 0.010), but the use rate of secondary rescue sedatives
was higher. There was no significant difference in the onset time, duration of operation, PACU stay time, intraoperative sufentanil
dosage, incidence of adverse reactions, and degree of pain in PACU between the two groups. The adverse reactions in group R
were mainly manifested as body movement, and the adverse reactions in group C were mainly manifested as procedural
hypotension, injection pain and respiratory depression. There was no significant difference in adverse reactions such as dizziness,
intraoperative awareness, bradycardia and nausea and vomiting between the two groups. Conclusion: Remimazolam tosilate
combined with sufentanil is safe and effective in outpatient painless abortion patients. Its core advantages are low risk of
respiratory depression, rapid recovery, stable hemodynamics, and no common injection pain of propofol. It is highly adapted to
the efficiency and safety requirements of outpatient diagnosis and treatment, and has important clinical promotion value.
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1. Introduction

As a remedial measure after contraceptive failure, artificial
abortion is widespread all over the world. In recent years, with
the popularization of sex education and the diversification of
contraceptive measures, the number of induced abortions has
been controlled to a certain extent, but still remains at a rela-
tively high level. In China, due to the large population base,
the number of women who undergo abortion each year is still
considerable. However, traditional abortion surgery is often
accompanied by severe pain and discomfort, even fear and
struggle during the operation, which may lead to uterine per-
foration, incomplete uterine aspiration or other complications
[1]. Therefore, painless artificial abortion, as an improved
method of artificial abortion, has higher safety and comfort,
and has been widely used in clinical practice in recent years.
Outpatient painless abortion surgery has the characteristics of
short operation time and high comfort requirements of patients.
Anesthesia needs to achieve rapid onset, stable operation and
rapid recovery [2]. In view of the shortage of operating room
resources and the demand for outpatient surgery, intravenous
sedative and analgesic drugs are more and more widely used
in outpatient painless abortion. At present, the commonly used
drugs in clinical practice are propofol, ciprofol [3], etomidate
[4], sufentanil [5], nalbuphine [6] and so on. Propofol has be-
come a commonly used anesthetic for painless abortion due to
its rapid onset and short action time. However, its defects in-
clude large hemodynamic fluctuations, injection pain and ob-
vious respiratory depression, which will seriously affect the
patient 's medical experience. Therefore, it is very important
to find a safe and effective anesthesia scheme to meet the
needs of painless abortion.

Remimazolam tosilate is an ultra-short-acting intravenous
benzodiazepine drug with sedative, hypnotic and anti-anxiety
effects. It acts on the gamma-aminobutyric acid (GABA) re-
ceptor in the central nervous system, and produces dose-de-
pendent sedation, hypnosis, anti-anxiety and anterograde am-
nesia by regulating neurotransmitter transmission. Remima-
zolam tosilate takes effect quickly, which makes the anesthe-
sia induction process more rapid and stable. Patients can
achieve the ideal depth of anesthesia in a short time, so as to
facilitate surgical operation, and the drug has less inhibition
on circulation and respiratory system, which is convenient for
intraoperative anesthesia management. At the same time, due
to the short half-life and rapid elimination, patients can
quickly wake up after surgery, which can improve the turnover
rate of the operating room. In addition, its anterograde amne-
sia effect also helps to reduce the patient 's postoperative
memory burden, reduce postoperative anxiety, and improve
patient satisfaction and comfort. In summary, remimazolam
tosilate has the characteristics of rapid onset, rapid elimination,
short half-life, and low risk of cardiovascular and respiratory
depression. These characteristics make it have great applica-
tion potential in painless diagnosis and treatment, day surgery
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anesthesia and other fields. Sufentanil is a potent opioid anal-
gesic with strong analgesic effect and long duration. In pain-
less abortion surgery, sufentanil is often used as an analgesic
drug to reduce the patient 's pain. Combined with remimazo-
lam tosilate, it can form a combination of sedative and anal-
gesic drugs, so as to better meet the needs of painless abortion.

Although remimazolam tosilate and sufentanil have shown
good safety and efficacy in clinical application, the efficacy of
their combination in painless abortion surgery is not fully
studied. The purpose of this paper is to explore the efficacy
and safety of remimazolam tosilate combined with sufentanil
for painless abortion in outpatient clinics, to find a safer and
more effective clinical drug combination for clinical imple-
mentation of painless abortion, and to improve the comfort
and safety of patients.

2. Data and Methods

2.1. General Information

This study was approved by the ethics committee of
Renshou maternity and child health hospital (2025-01) and
registered on the medical research registration and recording
information system. All participants provided written in-
formed consent. We recruited patients who underwent pain-
less abortion in the outpatient department from september
2025 to october 2025, aged 18-50 years, BMI 18.5-28 kg / m?,
ASA grade I-11. Exclusion criteria: (1) patients allergic to ben-
zodiazepines or any component of the product; (2) patients
with myasthenia gravis; (3) Patients with poorly controlled or
untreated hypertension (resting systolic / diastolic blood pres-
sure > 180 / 100mmHg); (4) patients with abnormal liver and
kidney function; (5) patients who needed other operations dur-
ing the same period of surgery, or patients who had complica-
tions that affected the evaluation of the study during and after
surgery; (6) being informed of his unwillingness to participate
in the researcher; (7) The expected difficult airway (patients
with modified Mahalanobis grade IV); (8) Patients who had
or had a history of severe mental disorders; (9) Patients with
congestive heart failure, previous severe angina pectoris, un-
stable angina pectoris or myocardial infarction in the past six
months; (10) patients with long-term alcohol and drug abuse;
(11) Patients who participated in other clinical trials in the past
3 months. Exclusion criteria: serious adverse reactions oc-
curred during or after surgery, patients or their families asked
to withdraw from the study, and patients were lost to follow-

up.

2.2. Random and Blind Method

A computer is used to generate a random number table in a
ratio of 1: 1, using sequential labeling, opaque sealed enve-
lopes to hide groupings. Before anesthesia, the envelope was
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opened by a research assistant who did not participate in the
trial. According to the results of random grouping, remimazo-
lam tosilate injection or propofol medium long chain fat emul-
sion injection was prepared, and the intervention drugs were
delivered to the attending anesthesiologist. All patients, sur-
geons, and researchers in charge of data collection and follow-
up are unaware of the grouping.

2.3. Grouping and Intervention

The patients were randomly divided into two groups, remi-
mazolam tosilate group (group R) and control group (group
C). Sufentanil 0.1ug / kg was injected intravenously 5 minutes
before induction of anesthesia in both groups. Group R was
injected intravenously with 0.2mg / kg of remimazolam tosi-
late, and group C was injected intravenously with 2mg / kg of
propofol medium long chain fat emulsion injection. During
the operation, according to the patient 's body movement,
group R was injected intravenously with 0.05mg / kg of rem-
imazolam tosilate for remedial sedation, and group C was in-
jected intravenously with 0.5mg / kg of propofol for remedial
sedation.

2.4. Anesthesia Management

In the preoperative evaluation of anesthesia, the anesthesi-
ologist asks to collect the general information of the patient,
including past history, allergic history, gestational age, etc., in-
forms the patient of the precautions and related risks of anes-
thesia, and signs the anesthesia consent. According to the in-
clusion and exclusion criteria, the patients who met the study
were strictly screened, and the patients who met the study
were patiently informed of their research protocol and possi-
ble risks. After obtaining the consent of the patients and their
families, informed consent was signed and included in the
study. All patients were routinely fasted for 6 hours and for-
bidden to drink for 2 hours before surgery. After the patient
entered the operating room, a venous channel was established
in the left arm, and 5% glucose and sodium chloride injection
was intravenously infused. Non-invasive blood pressure, heart
rate, respiratory rate, and pulse oxygen saturation were rou-
tinely monitored. All patients were in the lithotomy position
and maintained at a flow rate of 2 L / min. The nasal catheter
is inhalated with oxygen until it wakes up, and is sent to the
PACU to wake up after the operation. If moderate to severe
nausea and vomiting occurred after surgery, intravenous injec-
tion of 4 mg ondansetron was given for remedy. If the remis-
sion was not good, ondansetron 4 mg was given repeatedly,
and ondansetron 8 mg was given at the maximum.

2.5. Data Collection and Outcome Evaluation

The baseline data of the patients were recorded, including
age, height, weight, BMI, ASA classification, gestational age,
disease history, allergy history, etc. Intraoperative data in-
cluded onset time, duration of surgery, recovery time, PACU
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stay time, intraoperative sufentanil dosage, number of rescue

analgesics used, PACU pain score and incidence of adverse

reactions (respiratory depression, operative hypotension, nau-

sea and vomiting, etc.). The NRS was used to evaluate the de-

gree of pain after operation. Among them, 0 points = no pain,

1 ~ 3 points of mild pain, 4 ~ 6 points of moderate pain, 7 ~

10 points of severe pain [7]. Modified Observer Alertness and

Sedation Assessment (MOAA / S) score was used to evaluate

the depth of sedation and anesthesia [7]. The onset time is de-

fined as the time from the beginning of administration to the

disappearance of eyelash reflex [7]. The recovery time was

defined as the time interval from the end of surgery to the pa-

tient 's full alertness (MOAA / S = 5) [7]. The duration of
PACU stay was defined as the time interval from the patient 's

full alertness (MOAA /S =5) to leaving the PACU room [7].

Respiratory depression was defined as SPO2 20% in the ab-

sence of human intervention (i.e., without mandibular support)
[7].

The primary outcome measure was the incidence of respir-
atory depression. Secondary outcome measures included the
NRS pain score at the time of admission to the anesthesia re-
covery room, the onset time, the recovery time, the PACU stay
time, the use rate of remedial drugs and the incidence of ad-
verse reactions. Adverse events were closely monitored dur-
ing and after surgery and appropriate treatment was made.

2.6. Statistical Analysis

PASS 15.0 software was used to calculate the sample size.
It was found that the incidence of respiratory depression in
low-dose intravenous propofol was 20%-30% [8-10]. Accord-
ing to our previous pre-experiment, we expected that the inci-
dence of respiratory depression in the control group was 25%.
The remimazolam tosilate group would reduce the incidence
by 60%. Set o = 0.05, 1-B = 0.8. Considering about 10% loss
of follow-up and withdrawal, the two groups were planned to
include 70 patients, a total of 140 subjects.

SPSS 25.0 statistical software was used to analyze the data.
The histogram is used to visually evaluate the normality of the
data, and the Shapiroe-Wilk test is used for verification. Quan-
titative data conforming to normal distribution were expressed
as mean + standard deviation, and two independent samples t
test was used for comparison between groups. Non-normally
distributed quantitative data were expressed as median (M)
and interquartile range (IQR). Mann-Whitney U test was used
for comparison between groups. Qualitative data were ex-
pressed in the form of percentage (%). Chi-square test or
Fisher 's exact test was used for comparison between groups.
P <0.05 was considered statistically significant.

3. Results

The standard flow chart of this study is shown in Figure
1. A total of 140 patients were initially included, and no
patients were lost during the study period. Finally, a total
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of 140 patients were included in the result analysis.

‘ subject recruitment ( n = 140) ‘

—>|Encluded (n=0) |
Y

| Enrolled (n=140) |
|
| l

‘ control group (n =70 ‘ ‘ Remimazolam tosilate group ( n = ?0)‘
Intentionality analysis Intentionality analysis
(n=70) (n=70)
Analysis of results Analysis of results
(n=70) (n=70)

Figure 1. Trial Diagram.

There was no significant difference in baseline data be- ASA classification, history of motion sickness, history of al-
tween the two groups, including age, height, weight, BMI, lergy and history of chronic diseases, as shown in Table 1.
number of days of pregnancy, number of previous abortions,

Table 1. Demographic characteristics of the participants.

Factor Control Group (n=70) Remimazolam tosilate Group (n=70) P value
Age, mean£SD, years 31.6£5.0 322454 0.266
Height, M (IQR), cm 160(8) 158(7) 0.169
Weight, M (IQR), kg 57(7.6) 55(10) 0.057
BMI, M (IQR), kg/m? 22.1(3.3) 21.6(3.7) 0.202
Pregnancy days, M (IQR), days 44.5(9) 43(8) 0.065
Number of previous abortions, M (IQR), times 1(2) 1(2) 0.702

ASA Classification, n (%)

Grade | 18(25.7) 23(32.9)

0.353
Grade 11 52(74.3) 47(67.1)
History of nausea or motion sickness, n (%)
Yes 29(41.4) 21(30.0)

0.158
No 41(58.6) 49(70.0)
Chronic diseases, n (%)
Yes 4(5.7) 2(2.9)

0.681
No 66(94.3) 68(97.1)
Allergic history, n (%)
Yes 4(5.7) 5(7.1)

0.730
No 66(94.3) 65(92.9)
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Factor Control Group (n=70) Remimazolam tosilate Group (n=70) P value

Values are expressed as mean + standard deviation, median (interquartile range) or number (percentage). BMI = body mass index, ASA =
American Society of Anesthesiologists.

As shown in Table 2, compared with group C, the incidence drugs was higher. There was no significant difference in the
of respiratory depression in group R was lower (1.4% vs onset time, duration of operation, PACU stay time, intraoper-
15.7%, P = 0.003), the postoperative recovery time was ative sufentanil dosage, incidence of adverse reactions, and
shorter (P = 0.010), but the use of secondary remedial sedative degree of pain in PACU between the two groups.

Table 2. Comparison of intraoperative and postoperative conditions.

Factor Control Group (n=70) Remimazolam tosilate group (n=70) P value
Onset time, M(IQR), minutes 1(0) 1(1) 0.148
Operative duration, M(IQR), minutes 5(2) 5(2) 0.832
Recovery time, M(IQR), minutes 5(3) 4Q3) 0.010
PACU residence time, M(IQR), minutes 35(8) 37(11) 0.069
Sufentanil dosage during operation, M(IQR), pg 6(1) 5.5(1) 0.082
Remedial drug use rate, n (%) 24(34.3) 41(58.6) 0.004
Success rate of single-dose surgery, n (%) 46(65.7) 29(41.4) 0.004
Incidence of adverse reactions, n (%) 44(62.9) 45(64.3) 0.861
Incidence of respiratory depression, n (%) 11(15.7) 1(1.4) 0.003

The degree of pain in PACU, n (%)

no pain 3(4.3) 1(1.4)
mild pain 63(90) 63(90)
0.682
moderate pain 3(4.3) 5(7.1)
severe pain 1(1.4) 1(1.4)

Values are expressed in the form of median (interquartile range) or number (percentage).

As shown in Table 3, the adverse reactions in group R were no significant difference in dizziness, intraoperative aware-
mainly manifested as body movement, and the adverse reac- ness, bradycardia, nausea and vomiting between the two
tions in group C were mainly manifested as procedural hypo- groups.
tension, injection pain and respiratory depression. There was

Table 3. Difference of adverse reactions between two groups.

Factor Control Group (n=70) Remimazolam tosilate group (n=70) P value
body movement, n (%) 23(32.9) 43(61.4) 0.001
Operational hypotension, n (%) 8(11.4) 1(1.4) 0.033
injection pain, n (%) 10(14.3) 1(1.4) 0.005
respiratory depression, n (%) 11(15.7) 1(1.4) 0.003
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Factor Control Group (n=70)
Dizziness, n (%) 0(0)

intraoperative awareness, n (%) 2(2.9)

Bradycardia, n (%) 2(2.9)

nausea and vomiting, n (%) 0(0)

Values are expressed in numbers (percentages).

4. Discussion

The results of this study showed that in the outpatient pain-
less abortion patients, the combination of remimazolam tosi-
late and sufentanil was significantly superior to the propofol
group in terms of respiratory safety, postoperative recovery
efficiency and hemodynamic stability, but at the same time,
there were more body movement reactions, resulting in a
higher utilization rate of secondary remedial sedative drugs.
These findings provide an important evidence-based basis for
the selection of anesthesia options for short-term outpatient
surgery, which is conducive to the development of better se-
dation and analgesia programs in clinical practice.

Respiratory depression is the most critical safety hazard of
intravenous anesthesia. Especially in short operations such as
outpatient abortion, airway management space is limited, and
mild respiratory depression can cause the risk of hypoxemia.
In this study, the incidence of respiratory depression in group
R was only 1.4%, which was significantly lower than that in
group C (15.7%) (P = 0.003), which was similar to the results
of Zhou B et al [9, 11]. This may be closely related to the
unique pharmacological mechanism of remimazolam tosilate.
From the perspective of pharmacological mechanism, remi-
mazolam tosilate, as a new type of ultra-short-acting benzodi-
azepine drug, plays a role by specifically binding to GABAA
(y-aminobutyric acid type A) receptor, only increases the
opening frequency of chloride channel, and does not directly
inhibit the basic activity of respiratory central neurons. Its res-
piratory inhibition is limited, and even at higher doses, it
rarely leads to severe respiratory inhibition. Propofol has no
subtype selectivity for GABAA receptors, and can directly in-
hibit the ventilation drive of the medullary respiratory center,
resulting in dose-dependent respiratory center inhibition, re-
sulting in reduced tidal volume and slowed respiratory rate,
especially when combined with sufentanil, this synergistic in-
hibition is more significant. This difference in mechanism is
of great significance in clinical practice, especially for patients
with limited respiratory function or obesity. A number of stud-
ies in recent years have supported our findings. Guo J [12] et
al. reported similar results in a comparative study of the effects
of remimazolam tosilate and propofol on gastrointestinal en-
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Remimazolam tosilate group (n=70) P value
1(1.4) 1.000
1(1.4) 1.000
0(0) 0.496
1(0) 1.000

doscopy in elderly patients. The incidence of respiratory de-
pression in the remimazolam tosilate group was significantly
lower than that in the propofol group (5% VS 23.7%, P =
0.026). The mechanism may be related to the metabolite
HR7054 of remimazolam tosilate. HR7054 has almost no
pharmacological activity and avoids delayed respiratory de-
pression caused by the accumulation of metabolites. This pro-
vides strong pharmacological and clinical evidence for the sig-
nificant difference in the incidence of respiratory depression
in this study. In addition, the study of Chen J [13] and others
further confirmed that during the anesthesia of remimazolam
tosilate combined with esketamine, the fluctuation of blood
oxygen saturation in the patients was significantly smaller
than that in the propofol group, and the incidence of hypox-
emia during the operation was reduced, which can not only
reduce the risk of anesthesia-related complications, but also
reduce the human resource investment required for respiratory
intervention and improve the efficiency of outpatient surgery.
In summary, the characteristic of mild respiratory depression
of remimazolam tosilate is particularly important in the rapid
turnover outpatient surgery environment, which helps to re-
duce the respiratory-related risks during postoperative recov-
ery.

Postoperative rapid recovery is the core evaluation index of
outpatient anesthesia, which directly affects the patient 's dis-
charge time and medical experience. This study showed that
the recovery time of group R was significantly shorter than
that of group C (P = 0.010), which was consistent with the
results of Yu X [14] and Cheng W [15]. This advantage may
be mainly attributed to the different metabolic pathways and
pharmacokinetic characteristics of the two drugs. Propofol is
mainly metabolized by liver and tissue redistribution. Its elim-
ination half-life is long (usually 30-60 minutes), and may lead
to prolonged recovery time after continuous infusion due to
'atrioventricular saturation '. In contrast, the introduction of
methyl propionate side chain on the basis of midazolam struc-
ture can be rapidly hydrolyzed by non-specific tissue esterase
in vivo. The final half-life is about 1h, and the metabolites
have no pharmacological activity. The elimination is not af-
fected by liver and kidney function, and there is no accumula-
tion after continuous infusion, so the recovery is more rapid
and thorough. Zhang L [10] et al. found that general anesthesia
with remimazolam tosilate combined with flumazenil can
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achieve rapid recovery of consciousness during daytime sur-
gery, but obvious re-sedation (10.8%) and drowsiness (60%)
were observed in the recovery room. Different from the results
of Zhang L et al., the PACU stay time of the two groups of
patients in this study was similar, and no residual effects such
as postoperative drowsiness and dizziness were found, which
may be related to the small sample size. In addition, the awak-
ening advantage of remimazolam tosilate is also reflected in
the recovery of cognitive function, which is of great signifi-
cance for outpatients to leave the hospital safely after opera-
tion. Liu B [16] et al. in a study on the effect of remifentanil
and midazolam on early postoperative cognitive function re-
covery in elderly patients with tooth extraction mentioned that
remimazolam sedation can significantly improve the early
postoperative cognitive function recovery, which is consistent
with the results of Liu J [17] et al. In summary, the rapid re-
covery characteristics of remimazolam tosilate not only im-
prove the turnover efficiency of the operating room, but also
may improve the postoperative experience of patients.
Outpatient abortion patients are mostly young healthy peo-
ple, but surgical stimulation and anesthetic drugs can cause
hemodynamic fluctuations, especially hypotension may lead
to insufficient uterine blood perfusion, affecting the safety of
surgery. Consistent with previous research results [14, 18],
this study found that patients in group R had more stable he-
modynamics during surgery, which was consistent with the
pharmacological characteristics of remimazolam tosilate that
had less effect on the cardiovascular system. By inhibiting
sympathetic activity and directly relaxing blood vessels,
propofol often leads to a dose-dependent decrease in blood
pressure and a decrease in heart rate, especially in patients
with insufficient blood volume. Remimazolam tosilate has a
slight effect on the circulatory system, which can better main-
tain tissue perfusion and reduce the risk of intraoperative hy-
potension-related complications. Tan Y [19] et al. confirmed
that in elderly patients undergoing upper gastrointestinal en-
doscopy, the incidence of hypotension after induction in the
remimazolam tosilate group was significantly lower than that
in the propofol group, and the perioperative hemodynamics
was more stable. This result shows that even in people with
poor hemodynamic reserve, remimazolam tosilate can still
maintain stable circulatory function, and its advantages are
also prominent in young patients in this study. Hemodynamic
stability is particularly important for artificial abortion, be-
cause early pregnant women are often accompanied by preg-
nancy-related physiological changes, such as increased basal
heart rate and increased blood volume, which are more sensi-
tive to circulatory inhibition. Severe intraoperative blood flow
fluctuations may lead to insufficient uterine perfusion and in-
crease the risk of postoperative complications. The circulatory
stability of remimazolam tosilate makes it particularly suitable
for such patients, especially early pregnant women with ane-
mia or relatively insufficient blood volume. In summary, the
hemodynamic stability of remimazolam tosilate not only im-
proves the safety of surgery, but also reduces postoperative
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discomfort caused by hemodynamic fluctuations, which meets
the core requirements of ' minimally invasive and safe ' outpa-
tient anesthesia. With the accumulation of clinical experience
and the improvement of medication strategy, it is expected to
become one of the important choices for anesthesia in short-
term outpatient surgery.

Consistent with the results of previous studies [20, 21], this
study observed that the incidence of injection pain in the rem-
imazolam tosilate group was significantly lower than that in
the propofol group, which was closely related to the physico-
chemical properties and preparation characteristics of the two
drugs. From the perspective of drug structure, remimazolam
tosilate is a derivative of benzodiazepines. After the introduc-
tion of tosylate groups in its molecular structure, the water sol-
ubility is significantly improved, and it can be made into an
isotonic solution with a pH value closer to the physiological
body fluid, which avoids the traditional benzodiazepines (such
as midazolam). Local irritation caused by poor water solubil-
ity and the need for organic solvent solubilization. In addition,
remimazolam tosilate is less toxic to vascular endothelial cells,
and does not cause local osmotic pressure sudden changes or
chemical inflammatory reactions after administration, reduc-
ing the stimulation signal transduction of nerve endings in the
vascular wall, thereby reducing the risk of injection pain. In
clinical practice, the occurrence of injection pain is directly
related to the irritation of pharmaceutical preparations. The re-
sults of this study are consistent with the pharmaceutical ad-
vantages of remimazolam tosilate, and also confirm its safety
advantages in minimally invasive drug delivery scenarios. It
provides a basis for drug selection to reduce patients ' discom-
fort during drug administration in outpatient surgery.

Theoretically, as a highly selective benzodiazepine, remi-
mazolam tosilate should have a strong anterograde amnesia
effect, which may cause patients to forget about intraoperative
events after surgery, thereby reducing the incidence of in-
traoperative awareness. However, in this study, no statistical
difference was found between the two groups in the incidence
of intraoperative awareness. This seemingly contradictory re-
sult may be related to the following factors. First of all, the
synergistic effect of sufentanil in the anesthesia regimen may
mask the difference in awareness prevention between the two
groups of sedative drugs: sufentanil, as a potent opioid, can
not only relieve pain, but also enhance the central inhibitory
effect of sedative drugs. There is no difference in the dosage
of sufentanil between the two groups. The sedative synergistic
effect may make both groups of patients reach sufficient depth
of consciousness inhibition, thus offsetting the potential ad-
vantages of remimazolam tosilate in preventing intraoperative
awareness. Secondly, the limitation of sample size and the in-
cidence of events may affect the statistical performance: the
2014 edition of the"Chinese Anesthesiology Quick Guide "
mentioned that the incidence of intraoperative awareness re-
ported abroad was 0.1% ~ 0.2%, and the domestic multi-cen-
ter large sample survey showed that the incidence was 0.4%.
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It can be seen that intraoperative awareness itself is an anes-
thetic complication with a very low incidence. The 140 sample
size included in this study is not statistically effective for test-
ing events with such a low incidence, and further studies with
a larger sample size are needed for further verification. In ad-
dition, the particularity of the type and duration of the opera-
tion may also be an important factor: the operation of painless
abortion in outpatient department is simple and the duration is
short. The patient enters the operation stage quickly after an-
esthesia induction, and the intraoperative stimulation intensity
is relatively mild, and the overall awareness risk is low.
Although remimazolam tosilate has shown advantages in
many aspects, this study also found that its secondary remedial
sedative drug use rate is higher, and body movement reaction
is more common. Liu X [22] et al. also reported that the rem-
imazolam tosilate group had a higher incidence of body move-
ment. This phenomenon may need to be analyzed from three
aspects: drug sedation intensity, dose selection and surgical
stimulation matching. From the perspective of sedative inten-
sity, as a benzodiazepine, the main role of remimazolam tosi-
late is anti-anxiety and amnesia, and its analgesic effect is lim-
ited. Under strong noxious stimulation (such as cervical dila-
tation and uterine cavity suction), the simple sedative effect
may not be sufficient to completely inhibit the body move-
ment response. From the perspective of dose selection and sur-
gical stimulation matching, the anesthesia induction of group
R in this study was induced by intravenous injection of 0.2 mg
/ kg of remimazolam tosilate, with a lower dose. The sedative
intensity of remimazolam tosilate is lower than that of
propofol. The sequential test of 2022 in the Journal of Medical
Science Monitoring [23] showed that the ED50 and ED95 for
endoscopic deep sedation were 0.174 mg / kg and 0.219 mg /
kg, respectively. However, the induction dose in this study did
not reach the effective sedation threshold of the individual,
and it was difficult to completely inhibit the strong stimulation
such as cervical dilatation and negative pressure suction dur-
ing abortion. In addition, the analgesic dose fixation of sufen-
tanil may also be an important factor. There are individual dif-
ferences in pain stimulation during abortion surgery. When the
depth of sedation is insufficient, a single dose of sufentanil is
difficult to fully cover the pain, which in turn triggers body
movement. The study of different doses of remimazolam tosi-
late [19] provides a solution: the researchers compared the ap-
plication of 0.1 mg/ kg (R1 group) and 0.2 mg/ kg (R2 group)
of remimazolam tosilate in painless gastrointestinal endos-
copy, and found that the sedation time and recovery time of
R2 group were significantly longer than those of R1 group.
This indicates that the sedative effect of remimazolam tosilate
will increase with the increase of dose. By optimizing the dos-
ing regimen, the body movement problem may be improved
without sacrificing the recovery speed. Another strategy is to
adjust the dose or timing of opioids. Studies have shown [24]
that remimazolam tosilate has a synergistic effect with fenta-
nyl in a dose-dependent manner. Appropriately increasing the
dose of fentanyl or optimizing the timing of administration
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may enhance the analgesic effect and reduce the occurrence of
body movement. In addition, considering that body movement
often occurs in the most stimulating steps of surgery (such as
cervical dilatation and uterine aspiration), some scholars sug-
gest prophylactic addition of drugs or target-controlled infu-
sion to maintain a stable blood concentration before these crit-
ical steps [7]. These strategies need to be continuously ad-
justed according to the individual response of patients in clin-
ical practice to achieve the best balance between sedation and
recovery speed. In summary, although there may be many
challenges in the clinical application of remimazolam tosilate,
it can be improved by optimizing the scheme. With the accu-
mulation of clinical experience and the improvement of med-
ication strategy, remimazolam tosilate is expected to become
one of the important choices for anesthesia in short-term out-
patient surgery.

There are some limitations in this study. First of all, this is
a single-center, small-sample study, and more high-quality
large-scale prospective studies are needed to verify the results
of this study. Secondly, this study only studied the combined
effect of fixed dose of remimazolam tosilate and sufentanil,
and did not explore other doses. Further studies are still
needed to explore the optimal dose regimen of remimazolam
tosilate for painless abortion, including initial dose, additional
dose and dose adjustment of different populations. Third, the
effect of different doses of remimazolam tosilate on body
movement was not discussed.

5. Conclusions

In conclusion, remimazolam tosilate combined with sufen-
tanil is safe and effective for outpatient painless abortion. Its
core advantages are low risk of respiratory depression, rapid
recovery, stable hemodynamics, and no common injection
pain of propofol. It is highly suitable for the efficiency and
safety requirements of outpatient diagnosis and treatment, es-
pecially for patients who are intolerant to propofol (such as
injection pain sensitivity, poor respiratory function reserve,
and allergy to soy products). Its characteristics of ' safety pri-
ority and rapid recovery ' are in line with the development
trend of modern outpatient anesthesia and have important clin-
ical promotion value.
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