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The present study sets out to analyze the effective dose of remimazolam tosilate combined with nalbuphine in
inhibiting somatic motor reflexes during induced abortion. From September 2022 to June 2023, individuals
with induced abortion were selected. After intravenous injection of nalbuphine for 3 min and administration
of remimazolam, the procedure was performed. Vital signs such as mean arterial pressure and heart rate
were observed at different time points, before anesthesia induction (T0), after nalbuphine injection (T1), after
remimazolam injection (T2), at the end of surgery (T3) and at the time of recovery from anesthesia (T4). The
dosage of remimazolam, operation duration, recovery time and adverse reactions like uterine contraction
pain, dizziness, hypoxemia, bradycardia, nausea and vomiting were recorded. Mean effective dose and 95
% effective dose of remimazolam-+nalbuphine in induced abortion were tested using the Efron’s biased coin
design method. Dose of 0.015 mg/kg nalbuphine, depicted effective dose and 95 % effective dose remimazolam
in inhibiting the somatic motor reflexes during induced abortion which was found to be 0.439 mg/kg (95 % CI:
0.375-0.543 ) and 0.570 mg/kg (95 % CI: 0.500-1.533), respectively. Mean remimazolam dosage in patients was
(22.2145.02) mg with operation duration of (5.70+1.78) min and recovery time of (3.67+1.15) min. The major
adverse reactions were hypoxemia, uterine contraction pain and dizziness. The above results indicated that
the effective dose and 95 % effective dose of remimazolam in inhibiting the patients’ somatic motor reflexes
were 0.439 mg/kg (95 % CI: 0.375-0.543 mg/kg) and 0.570 mg/kg (95 % CI: 0.500-1.533 mg/kg), respectively
and the combination of them was safe in induced abortion.
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With the popularization of comfort medicine, painless
induced abortion has become a common clinical
option for termination of pregnancy!'?!. Although the
procedure is short in duration, it is highly anesthetic,
demanding, requiring fast onset of anesthesia, good
analgesic effects, quick recovery after surgery,
complete consciousness when the patient leaves the
hospital with no anesthetic residue and post-surgical
effectsi®-). At present, the common anesthetic choice
in clinical practice is propofol combined with
opioids. However, propofol itself has no or only weak
analgesic effect, which often requires large dose
when used alone, causing adverse reactions such as
respiratory depression and circulation instability!®7..
Therefore, it is necessary to optimize the selection of
anesthesia strategies for patients undergoing induced
abortion to provide them with safer and more reliable
anesthesia options.
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Remimazolam (RMZ) tosilate which is a Gamma
Aminobutyric Acid (GABA,) receptor agonist and
new benzodiazepine drug, with ultra-short-acting
sedative and anesthetic effects®. Its advantages
include quick onset of time, short maintenance and
recovery time having no adverse reactions such
as severe hypotension and respiratory depression,
etc., in addition of having the ability to be rapidly
antagonized by flumazenil within 30 s' min,
with higher safety™!%l, Moreover, RMZ can be
metabolized by nonspecific esterases, independent
of liver and kidney function whose metabolites have
no pharmacological activity, further demonstrating
its safety!'"'%. Nalbuphine (Nal) is an opioid agonist
and antagonist, primarily acting on Kappa (k) 1 at
the spinal level and k3 receptor at the supraspinal
level!. Nal, as a partial antagonist of the Mu (p)
receptor, can avoid a series of adverse reactions
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such as respiratory depression, addiction, euphoria,
bradycardia, itching, immunosuppression, nausea,
vomiting, intestinal peristalsis disorders and
decreased bladder muscle function, etc., associated
with p receptor activation!'*'*, As a complete agonist
of the k receptor, it can exert quick-onset, strong and
lasting analgesic effects!'®. Furthermore, Nal has
very weak activity against Delta (d) receptor, thus
helping patients avoid effects like irritability and
anxiety related to the enhanced 6 receptor activity!'”..

Currently, there is no related research on RMZ used
in induced abortion and its optimal dosage remains
to be unclear. Therefore, this study mainly explores
the effective dosage of Nal combined with RMZ in
inhibiting somatic motor reflexes in induced abortion.

MATERIALS AND METHODS

General information:

Approved by the hospital’s ethics committee, this
study included 33 individuals who underwent
painless induced abortion from September 2022 to
June 2023 at our hospital. After intravenous injection
of different doses of Nal for 3 min, bolus injection of
RMZ, Ramsay score of 5 points and an Observer’s
Assessment of Alertness/Sedation (OAA/S) scale
score of 1 point, the operation was started.

Criteria for patient enrollment:

Inclusion criteria: Patients of age between (18-
45) y; patients having Body Mass Index (BMI) of
20-25 kg/m?; patients underlying the guidelines of
America Society of Anesthesiologist (ASA) grading
I or II; patients whose duration of menopause is
60 d; patients following no medication or surgical
contraindications; patients having no serious
underlying diseases and patients of fetal age, <10 w.

Exclusion criteria: Patients with Systolic (S) BP
Systolic (S) BP >160 mmHg; individuals with
Diastolic (D) BP >110 mmHg and Heart Rate (HR)
>120 beats/min; individuals having the history of
allergic reaction to benzodiazepines; individuals with
the presence of myasthenia gravis; individuals with
the history of neurological disorders or inability to
communicate normally; individuals with long-term
use of analgesic drugs; individuals with surgical time
of (5-10 min) exceeding 15 min and patients who
changed their surgical methods halfway.

Treatment method:

All the patients were subjected to fasting for at least 6
h and abstained from drinking for 2 h before surgery.
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Blood Pressure (BP), HR and Oxygen Saturation
(SpO,) were monitored after entering the operating
room and the peripheral vein was opened, without
pre-anesthetic medication. O, was administered with
a nasal catheter at 3 I/min. The operation was started
after the administration of an appropriate dose of
Nal (0.15 mg/kg) for 3 min and intravenous bolus
injection of RMZ where Ramsay score was 5 points
while OAA/S score of 1. RMZ dosage was determined
by Efron’s Biased Coin Design (BCD) method. RMZ
dose for the I® patient was determined based on
previous painless gastroenteroscopy studies. The 1%
patient was given 0.25 mg/kg of RMZ and operation
was started once the Ramsay score was 5 points and
OAA/S score was 1 point. If the previous patient
responded positively, then RMZ dose was increased
by dose gradient for the next patient. In contrast,
RMZ dosage was reduced by 1 dose gradient in
the next patient if the previous patient responded
negatively. The adjacent dose gradient of RMZ was
set to 0.025 mg/kg by arithmetic progressions. If the
patient develops somatic motor reflexes, 5 mg/dose
of RMZ was given as rescue dose and the regimen
was repeated until the motor reflexes disappeared.

If SBP during anesthesia was <30 % of the basic value,
1-2 mg of dopamine was injected intravenously; 0.3-
0.5 mg atropine was given in the case of HR<50
beats/min; When SpO, was no >90 %, the oxygen
flow was increased and the airway was opened by
holding the mandible and placing an oropharynx
breather; if the condition did not improve, the
breathing bag was manually controlled through the
mask to assist ventilation. The recovery time refers to
the time from the last intravenous injection of RMZ
to the time when the patient could respond to calls
with an OAA/S score of 4-5 points. When the patient
recovered from anesthesia, with Staward score >4,
consciousness level 4, and no dizziness and other
discomfort, she was escorted out of the abortion room
by nurses and transferred to the observation room for
further monitoring and observation. Patients were
followed up 1 h later.

Outcome measures:

The primary outcome measure was the RMZ dose
while the secondary measures were vital signs that
included Mean Arterial Pressure (MAP) and HR at
the time of admission to the operating room, after
injection, at the beginning and end of surgery, and
at the time of recovery from anesthesia, operation
duration, recovery time, and the incidence of adverse
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reactions such as uterine contraction pain, dizziness,
hypoxemia, bradycardia, nausea and vomiting, etc.

Statistical analysis:

Excel and Statistical Package for Social Sciences
(SPSS) software were used for data entry and
statistical ~ analysis, respectively. Continuous
variables conforming to normal distribution was
expressed by meantstandard deviation (x=£s).
Inter-group comparisons used one-way Analysis
of Variance (ANOVA) and multiple time-point
comparisons of hemodynamics were employed using
repeated measures of ANOVA. Categorical variables
are presented as percentages and Chi-square (?)
test was used for comparisons. Mean Effective Dose
(ED,,), ED, and 95 % Confidence Interval (CI) were
calculated by Probit analysis. BCD test diagram and
dose-effect curves were made by using GraphPad
Prism.

RESULTS AND DISCUSSION

Baseline data of all the patients was studied. Mean
age of the 33 patients undergoing induced abortion
was (28.73+6.22) y, with an average weight of
(52.44+7.20) kg, BMI of (21.17+2.36) kg/m? and
duration of amenorrhea of (46.43+8.01) d. In terms
of ASA grading, there were 16 patients of grade I and
17 patients of grade II (Table 1).

MAP and HR were evaluated at different time points.
MAP results showed that compared with TO, patients’
MAP decreased significantly at T2 (p<0.05), but did
not alter significantly at other time points (p>0.05),
while no marked differences were identified in HR
data across various time points (p>0.05) (fig. 1).

RMZ dose, operation duration and recovery time was
evaluated among all the patients. The average dose of
RMZ in 33 patients undergoing induced abortion was
(22.214£5.02) mg while the operation duration and
recovery time were (5.70+1.78) min and (3.67£1.15)
min, respectively.

TABLE 1: ANALYSIS OF BASELINE DATA

Adverse reactions of the patients were assessed where
we found that the number of adverse reactions such
as uterine contraction pain, dizziness, hypoxemia,
bradycardia, nausea and vomiting in 33 patients with
induced abortion was 4, 4, 5, 2 and 0, respectively,
among which hypoxemia (15.15 %) was the most
frequent, followed by uterine contraction pain and
dizziness (both 12.12 %) and finally bradycardia
(6.06 %) (Table 2).

Sequential diagram and dose-effect curve were
constructed. The initial dose of RMZ was 0.250 mg/
kg. A negative response occurred in the 11" and the
8" turning point occurred when the 33 patients were
included. The trial was terminated when a negative
reaction occurred in the 33 patients. 19 patients
(57.6%) showed positive responses and 14 patients
(42.4 %) had negative responses. Sequential diagram
of RMZ inhibition of somatic motor reflexes (fig.
2). The regression equation as per Probit analysis
was obtained for ED,  with a good fit as indicated by
¥*=3.890 and p=0.919>0.05.

Probit (p) regression analysis=-5.512+12.5481 g

In the context of Nal sedation, ED,, and ED, of
RMZ in inhibiting somatic motor reflexes during
induced abortion were 0.439 mg/kg (95 % CI was
0.375-0.543 mg/kg) and 0.570 mg/kg (95 % CI was
0.500-1.533 mg/kg), respectively (Table 3).

To further optimize the experience of painless
induced abortion, the combination of sedatives
and analgesics is often the key to success of the
surgery in alleviating pain and anxiety in female
patients!'®. Although surgical duration of painless
induced abortion is very short, patients often need
to be discharged after symptoms such as dizziness
and pain disappear!'’, so it is necessary to continue
to optimize sedation and analgesia strategies for
painless induced abortion.

Indicators n=33

Age (years) 28.73+6.22

Weight (kg) 52.44+7.20

BMI (kg/m?) 21.17+2.36

Duration of menopause (days) 46.43+8.01

ASA grade (I/11) 16/17
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Fig. 1: Changes in secondary outcome measures at different time points in patients, (A): MAP and (B): HR
Note: **m*p<0.01, compared with T0

TABLE 2: ADVERSE REACTIONS AMONG PATIENTS

Indicators n=33
Uterine contraction pain 4(12.12)
Dizziness 4(12.12)
Hypoxemia 5 (15.15)
Bradycardia 2 (6.06)
Nausea and vomiting 0 (0.00)
Total 11 (33.33)
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Fig. 2: Sequential diagram of inhibition of somatic motor reflexes by RMZ tosilate during induced abortion
Note: (O): Positive and ( ®): Negative
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TABLE 3: CORRESPONDING DOSE OF RMZ TOSILATE USED IN PATIENTS

Effectiveness/n (%)

ED,,/mg-kg" (95 % Cl)  ED, /mg-kg" (95 % Cl)

Dose (mg/kg) n

0.25 1 0 (0)
0.275 1 0 (0)
0.3 1 0 (0)
0.325 1 0 (0)
0.35 3 0 (0)
0.375 4 2 (50.0
0.4 3 2 (66.7)
0.425 4 1(25.0
0.45 7 3(42.9
0.475 6 4 (66.7
0.5 2 2 (100.0

0.439 (0.375, 0.543) 0.570 (0.500, 1.533)

The strategy chosen in this study is the combination
of RMZ and Nal. Of them, Nal can act on the spinal
cord where the sympathetic and parasympathetic
nervous systems have major impact on the uterus,
accelerate the onset of effect and prolong the action
time with the advantages of hemodynamic stability
and mild respiratory depression, that may have
certain clinical advantages in induced abortion and
postoperative analgesia?”. In the research of Fang
et al.®Y Nal+propofol have been indicated to be
superior to sufentanil+propofol in terms of clinical
efficacy in induced abortion during early pregnancy,
which is mainly reflected in the lower postoperative
pain score, lower incidence and intensity of
injection pain with higher patient satisfaction in the
Nal group. However, Nal alone is not sufficient to
meet the surgical needs; thus, it often needs to be
combined with other drugs to ensure effectiveness.
For example, according to Liu et al.*?, combined
effect of ropivacaine in primiparas has significantly
relieved pain faster during labor with lower risk
of urinary retention. RMZ is new ultra-short-
acting benzodiazepine, which can be wused for
gastrointestinal endoscopy to sedate and promote
recovery, while being effective and safe for general
anesthesia induction in ASA T or II patients!.
RMZ has significant prophylactic effect on propofol
injection-induced pain in patients with abortion or
uterine curettage, with efficacy comparable to that of
lidocaine and no serious adverse events, according
to prospective, double-blind study!¥. It also has
advantages over midazolam where carboxylate bonds
are rapidly metabolized by tissue esterases into
harmless metabolites and are associated with faster
postoperative recovery than midazolam®+¢, In this
study, 30 individuals having mean age of 28.73+6.22
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y, average weight of 52.44+7.20 kg with BMI of
21.17£2.36 kg/m? and duration of menopause of
46.43+8.01 d, with induced abortion were included,
with 14 patients of ASA grade [ and 16 patients of ASA
grade II. According to the hemodynamic analysis,
MAP of patients at T2 reduced markedly versus TO,
but HR did not changed statistically among multiple
time points, suggesting that RMZ+Nal has little
effects on hemodynamics during abortion operation.
In a study by Yue et al.*”); the combination of RMZ
and esketamine in abortion patients can not only take
effect quickly and promote postoperative recovery,
but also had mild hemodynamic side effects, similar
to our research results. Perioperative data showed
that the average RMZ dosage was (22.214£5.02)
mg, average operation duration was (5.70+1.78)
min and mean recovery time was (3.67+1.15) min.
Hypoxemia (15.15 %), followed by uterine pain
and dizziness (both 12.12 %) and bradycardia
(6.06%) were the most common adverse events in
perioperative patients.

This study showed that when 0.15 mg/kg of Nal was
injected in painless induced abortion, ED, and ED,,
of RMZ in inhibiting somatic motor reflexes were
0.439 mg/kg (95 % CI was 0.375-0.543 mg/kg) and
0.570 mg/kg (95 % CI was 0.500-1.533 mg/kg),
respectively, with obvious adverse reactions. This
strategy can provide a new sedation and analgesia
option for patients with painless induced abortion.
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