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Abstract: Objective To compare the anesthesia effect and hemodynamics of remimazolam versus propofol in combination with

remifentanil in hysteroscopic surgery. Methods A total of 60 patients who underwent elective hysteroscopic endometrial dissection

due to abnormal uterine bleeding and endometrial thickening in Qingdao Municipal Hospital from April to December 2022 were

randomly divided into observation group (n=30) and control group (n=30). Propofol combined with remifentanil for anesthesia

induction and maintenance were given in the control group, and remimazolam combined with remifentanil for anesthesia induction

and maintenance were given in the observation group. The hemodynamic indexes, anesthesia effect and adverse reactions of patients

were compared between the two groups at the following 6 time points: before anesthesia induction (T1), when inserting a laryngeal

mask (T2), 5 min before the start of surgery (T3), immediately after the start of surgery (T4), 5 min before removing the laryngeal mask

(T5), and immediately after removing the laryngeal mask (T6). Results The mean arterial pressure (MAP) at T2, T3, T4, T5 and T6 and

heart rate (HR) at T2 in the observation group were higher than those in the control group, with statistically significant differences

(P<0.05). Compared with the control group, the observation group had a longer disappearance time of eyelash reflexes (P<0.05).

There was no significant difference in the awakening time between the two groups (P>0.05). The incidences of injection pain (0 vs

56.67%, χ2= 23.721) and hypotension (23.33% vs 56.67%, χ2= 6.944) in the observation group were lower than those in the control

group, with statistically significant differences(P<0.01). Conclusion Compared with propofol, the induction and maintenance of

anesthesia with remimazolam combined with remifentanil during hysteroscopic surgery can reduce the impact on the hemodynamics

of patients and reduce the incidence of adverse reactions.
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Background

Hysteroscopic surgery is one of the most common
procedures used to diagnose and treat endometrial and
other intrauterine diseases, and is characterized by short
operating time, simple operation and mild stimulation.
However, most procedures require anesthesia due to the
intense pain caused by cervical dilation and uterine
scraping [1-2]. Commonly used anesthesia drugs include
propofol, sevoflurane, dexmedetomidine combined with
opioids, paracervical block and local anesthesia [3-6].
Propofol combined with opioids remains the most
common anesthesia methods for hysteroscopic surgery
[7]. However, the incidence of injection pain caused by
propofol is high in clinical practice. Propofol is also
prone to cause respiratory and circulatory depression as
the dose increases [8]. The safety and comfort of propofol
in clinical use need to be further improved.

As a short-acting benzodiazepine, remimazolam has
the advantages of rapid onset of action, short half-life,
antagonism, complete awakening, and no injection pain,
making it a modern, safe and effective anesthetic sedative

[9-10]. Remifentanil is an ultra-short-acting opioid
analgesic [11], which can be rapidly hydrolyzed into
pharmacologically inactive metabolites by non-specific
esterases in the blood and tissues. It has a short duration
of action, rapid recovery, independence on hepatic or
renal function, and no accumulation by continuous
infusion, which is particularly suitable for anesthesia of
short-term surgery [12]. Therefore, in this study,
remimazolam and propofol were used in combination
with remifentanil for hysteroscopic surgery to observe the
effects on respiratory circulation, postoperative
awakening time and relevant adverse reactions, and to
assess the effectiveness and safety of clinical use of
remimazolam, aiming to provide a safer, more
comfortable and controllable anesthesia option for future
hysteroscopic surgery.

1 Material and methods

1.1 General data
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A total of 60 patients who underwent elective

hysteroscopic endometrial dissection for abnormal uterine
bleeding and endometrial thickening in Qingdao
Municipal Hospital from April to December 2022 were
selected as study subjects. The patients were divided into
a control group and an observation group, with 30 cases
in each group using the randomized numerical table
method.

Control group: aged 18-70 (41.8±1.70) years old and

body mass index (BMI) was 18-27 (23.46±0.73) kg/m2.
Observation group: aged 18-70 (41.5±1.96) years old and
BMI was 18-27 (24.13±0.76) kg/m2. There were no
statistically significant differences in general characteris-
tics between the two groups (P >0.05) [Table1]. All
patients signed an informed consent form, and the study
was reviewed and approved by the medical ethics
committee of the hospital (2022Y No.055).

Tab. 1 Comparison of general data comparison of between two groups (n=30, ��±s)

Group Age (years) Height (cm) Weight (kg) BMI (kg/m2)
Duration of operation

(min)
Control group 41.80±9.29 162.67±5.07 61.83±9.54 23.46±3.99 23.53±9.81
Observation group 41.50±10.77 162.47±4.74 63.73±11.49 24.13±4.15 23.10±10.31
t value 0.116 0.158 0.697 0.644 0.167
P value 0.908 0.875 0.489 0.522 0.868

1.2 Criteria for inclusion and exclusion

Inclusion criteria: (1) patients with American
Society of Anesthesiologists (ASA) grade I-II; (2)
patients aged 18-70 years old; (3) those who met the
indications for hysteroscopic surgical treatment.
Exclusion criteria: (1) patients with severe
hypertension, diabetes mellitus and cardiac,
pulmonary, hepatic and renal advanced diseases; (2)
patients with psychiatric disorders or cognitive
dysfunction; (3) patients with a history of hormone
therapy, chemotherapy, radiotherapy and
immune-assisted therapy; (4) patients with suspected
or confirmed history of analgesic and sedative drug
abuse and treatment; (5) patients with a history of
allergy or contraindications to drugs used in this
clinical study.

1.3 Grouping and methods

After the patient was admitted to the operating room,
cardiac monitoring was routinely performed to monitor
blood pressure, heart rate, and oxygen saturation.
(1) Control group: anesthesia was induced by propofol
combined with remifentanil at an induction dose of 1.5-2
mg/kg of propofol [13-14] and 2 µg/kg of remifentanil.
After achieving Modified Observer's Alertness/Sedation
(MOAA/S) ≤ 1, rocuronium bromide 0.3 mg/kg was
given to the patients. A standard laryngeal mask was
inserted on the patient until the lash reflex disappeared.
No air leaks were auscultated, airway pressure was less
than 20 mmHg, tidal volume was set at 6-8 mL/kg, with a
respiratory rate of 12-16 breaths/min, maintaining
end-tidal carbon dioxide pressure at 35-45 mmHg.
Anesthesia maintenance utilizes propofol at 4-8 mg/(kg·h)
and remifentanil at 0.15 µg/(kg·min). The pumping rate of
sedative drugs was adjusted to maintain the patient's BIS
value between 40 and 60.
(2) Observation group: anesthesia was induced by
propofol combined with remifentanil at an induction dose
of 1.5-2 mg/kg of propofol [14-15] and 2 µg/kg of
remifentanil. After achieving Modified Observer's

Alertness/Sedation (MOAA/S) ≤1, rocuronium bromide
0.3 mg/kg was given to the patients. A standard laryngeal
mask was inserted on the patient until the lash reflex
disappeared. No air leaks were auscultated, airway
pressure was lower than 20 mmHg, tidal volume was set
at 6-8 mL/kg, respiratory rate was 12-16 breaths per
minute, and partial pressure of carbon dioxide at the end
of expiration was maintained at 35-45 mmHg. Anesthesia
was maintained with 0.6-1.2 mg/(kg·h) remimazolam and
0.15 µg/(kg·min) remifentanil. The pumping rate of the
sedative drugs was adjusted so that the patient's BIS value
was maintained between 40 and 60.

Ten minutes before the operation, 1 g propacetamol
injection was given intravenously for analgesic
pretreatment. After the operation, the laryngeal mask was
removed and the patient was sent to the post-anesthesia
care unit after the recovery of spontaneous respiration.
Adequate ephedrine was given to regulate blood pressure
when MAP was below 65 mmHg, and atropine was given
to regulate heart rate (HR) when HR was below 50 beats
per minute.

1.4 Observation indexes

(1) Hemodynamic indexes: the HR and MAP of the two
groups before anesthesia induction (T1), when inserting a
laryngeal mask (T2), 5 min before the start of the
operation (T3), immediately after the start of the operation
(T4), 5 min before the removing the laryngeal mask (T5),
and immediately after removing the laryngeal mask (T6).
(2) Anesthesia effect and quality of awakening: the time
for disappearance of eyelash reflex and the awakening
time in the two groups.
(3) The occurrence of perioperative adverse reactions in
the two groups, such as nausea and vomiting, injection
pain, hypotension, etc.

1.5 Statistical analysis

Data were processed using SPSS 25.0 software, and
measurement data were expressed as x ±s, two-sample
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t-test and repeated measures ANOVA were used. Count
data were expressed as cases (%), and chi-square test and
the adjusted chi-square test were used. P < 0.05 indicated

a statistically significant difference.

2 Results

2.1 Comparison of changes in hemodynamic indexes

Compared with T1, MAP and HR at T2, T3, T4 and T5
were reduced in both groups. MAP level at T2, T3, T4, T5
and T6 and HR levels at T2were higher in the observation

group than in the control group, and the differences were
statistically significant (P < 0.05) [Table 2-3].

Tab. 2 Comparison of MAP at different time points between two groups (n=30，mmHg，��±s)

Group
MAP

T1 T2 T3 T4 T5 T6

Control group 97.27±12.62 62.67±7.52a 68.73±6.85a 68.50±7.23a 71.27±11.07a 85.90±11.64a

Observation group 97.17±14.54 70.30±10.68ab 72.77±8.19ab 77.13±11.33ab 81.83±11.93ab 96.53±13.37b

F / Pgroup value 10.782/<0.05
F/ Ptime value 145.034/<0.05
F / Pinteraction value 4.262/<0.05

Note: Compared with T1 time, aP<0.05; compared with control group at the same time point, bP<0.05.

Tab. 3 Comparison of HR at different time points between two groups (n=30，beat/min, ��±s)

Group
HR

T1 T2 T3 T4 T5 T6

Control group 75.23±11.29 57.87±5.89a 58.77±7.70a 59.53±7.68a 60.30±8.29a 71.73±7.74
Observation group 78.17±13.36 64.67±9.11ab 61.77±7.98a 62.10±8.00a 63.00±10.44a 76.10±9.24
F / Pgroup value 3.721/>0.05
F/ Ptime value 104.249/<0.05
F/ Pinteraction value 1.258/>0.05

Note: Compared with T1 time, aP<0.05; compared with control group at the same time point, bP<0.05.

2.2 Comparison of anesthesia effect and quality of
awakening

The time for the disappearance of the eyelash reflex

in the observation group was longer than that in the
control group, and the difference was statistically
significant (P < 0.05). There was no statistically
significant difference in the awakening time between two
groups (P > 0.05) [Table 4].

Tab. 4 Comparison of disappearance time of the eyelash reflex and duration of awakening between two groups (��±s)
Group Case Disappearance time of the eyelash reflex(s) Duration of awakening (s)
Control group 30 106.00±11.48 490.83±121.76
Observation group 30 113.73±11.85 450.10±111.83
t value 2.568 1.349
P value 0.013 0.182

2.3 Comparison of the incidence of perioperative
adverse reactions

Compared with the control group, the incidence of

injection pain and hypotension in patients in the
observation group were lower than those in the control
group, and the differences were statistically significant (P
< 0.01) [Table 5].

Tab. 5 Comparison of perioperative adverse effects between two groups [case(%)]
Group Case Injection pain Bradycardia Hypotension Nausea and vomiting
Control group 30 17 (56.67) 6 (20.00) 17 (56.67） 3 (10.00)
Observation group 30 0 4 (13.33) 7 (23.33) 2 (6.67)
2 value 23.721 0.480 6.944 0.000
P value ＜0.001 0.488 0.008 1.000

3 Discussion

Hysteroscopic surgery is one of the most

common minimally invasive gynecologic surgeries in
clinical practice, but the different degrees of pain and
discomfort caused to the patient by the dilatation of
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the cervical canal and stimuli such as pulling of the
tissues during the surgical procedures can seriously
affect the course of the procedure. Therefore, a more
comfortable, safe, and effective anesthesia method is
essential for the smooth progress of hysteroscopic
surgery. This study discusses the application of
remimazolam and propofol in combination with
remifentanil in hysteroscopic surgery.

This study showed that both groups' MAP and
HR levels were significantly lower after anesthesia.
However, the levels in the observation group were
significantly higher than the control group. This is
because propofol decreases HR and blood pressure
more significantly by inhibiting the excitation in the
cardiovascular system and damaging the circulatory
system in case of drug overdose. Doğanay et al. [15]
showed that propofol can dilate blood vessels and
cause hypotension by directly inhibiting sympathetic
nervous system activity and myocardial contractility.
At the same time, propofol can interact with calcium
channel proteins directly and inhibit the influx of
calcium ions by blocking L-type calcium channels,
thus delaying atrioventricular (AV) node conduction,
even leading to complete AV block. In contrast,
remimazolam has a weak inhibitory effect on the
respiratory and circulatory systems, which leads to
an increase in oxygen saturation level and HR and a
decrease in the hemodynamic effects [16].

The results also showed that the disappearance
time of eyelash reflexes was longer in the
observation group than in the control group.
However, the difference in the time of awakening
between the two groups was not statistically
significant. In a study by Chen et al. [17] comparing
remimazolam and propofol, the onset of action of
remimazolam was significantly slower than that of
propofol. However, the time of awakening in the
remimazolam group was similar to or faster than that
of propofol, suggesting that the distribution of
remimazolam may be slower. Its metabolism may be
faster than that of propofol.

No serious adverse events occurred in this study,
and the incidence of injection pain and hypotension
was lower in the observation group than in the
control group. Injection pain is one of the most
common adverse effects of propofol, which is mainly
caused by mediating the off-target interactions of

transient receptor potential receptors TRPA1 and
TRPV1 on sensory neurons [18]. It has been shown
that propofol is more prone to adverse reactions, such
as injection site pain, hypotension, dyspnea, etc.,
during the use of propofol, and the incidence of
adverse reactions increases with the increase in the
dosage of propofol [19]. Although remimazolam has
the same sedative effect as propofol, it can
effectively avoid injection pain and improve patient
comfort. In a multicenter phase III clinical trial in
China, 384 eligible patients undergoing colonoscopy
were randomized into the remimazolam and propofol
groups. The results showed that patients in the
remimazolam group also had a lower hypotension
incidence than propofol [17].

Remimazolam is an ultrashort-acting
gamma-aminobutyric acid receptor (GABA receptor)
agonist that inhibits neuronal activity by opening
chloride channels, increasing inward chloride flow,
and inducing hyperpolarization of neuronal synaptic
cells, resulting in sedative, hypnotic, and amnestic
effects [20-21]. At the same time, remimazolam has
the advantages of a rapid onset of action, a short
elimination half-life, and drug metabolism that is not
dependent on hepatic or renal function [22].
Moreover, the sedative effects of remimazolam can
be inhibited by pretreatment with flumazenil, an
antagonist of benzodiazepine receptors, implying that
remimazolam has better effects than propofol [18,23].
Freyer et al. [24] showed that the metabolism of
remimazolam was stable during a prolonged (5 days)
continuous infusion and that the use of remimazolam
had no deleterious effects on either hepatocyte
integrity or metabolic activity, all of which are
characteristics that allow for better controllability
and safety.

In conclusion, compared with propofol, the use
of remimazolam combined with remifentanil for
induction and maintenance of anesthesia in
hysteroscopic surgery can alleviate the impact on
patients' hemodynamics, reduce the incidence of
adverse reactions, and improve the safety and
comfort of anesthesia in the perioperative period of
hysteroscopic surgery. However, this study has some
limitations, and further research is needed to expand
the sample size.
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