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Abstract: Objective To study the efficacy and safety of ciprofol in laparoscopic myomectomy anesthesia, and provide a reference
for the rational selection of anesthesia methods in clinical laparoscopic minimally invasive surgery. Methods Eighty patients who
underwent laparoscopic myomectomy at Zhongshan Hospital Affiliated to Xiamen University from May 2022 to February 2024
were retrospectively grouped according to different anesthesia regimens. Thirty-two patients who received the propofol
combined anesthesia regimen were the control group, and 48 patients who received the ciprofol combined anesthesia regimen
were the study group. The perioperative indicators, and stress response indicators, hemodynamic indicators, cognitive functions at
different time points as well as the occurrence of perioperative adverse reactions were compared between the two groups.
Results The recovery time of the study group was shorter than that of the control group (P<0.05), and the Steward score of 30
min after recovery was higher than that of the control group (£<0.05), but there was no significant difference in the operation time
between the two groups (P>0.05). Serum levels of adrenocorticotropic hormone (ACTH) and cortisol (Cor) gradually increased
with prolonged surgery duration in both groups (P<0.05). ACTH and Cor levels in the study group were lower than those in the
control group at 5 min after tracheal intubation (Tz), immediately after extubation (Ts), and at the end of operation (T4) (P< 0.05). In
terms of hemodynamic indicators, the levels of peripheral capillary oxygen saturation (SpOz2) at T2and Tsin the study group were
(97.05%+2.50%) and (97.80%+2.32%) , respectively, which were both higher than those in the control group [(94.01%+2.11%) and
(95.75%+2.40%) (P<0.05); the mean arterial pressure (MAP) levels in the study group at Tz, Ts, and Tswere (72.90 + 4.58) mmHg,
(71.65 + 5.50) mmHg, and (72.60 + 4.62) mmHg, respectively, which were lower than those of the control group [(78.50+6.21)
mmHg, (76.25+5.72) mmHg, (77.50% 5.25) mmHg] (P<0.05). The postoperative mini-mental state examination (MMSE) scores of
the two groups were lower than those before surgery (P<0.05), and the MMSE scores of the control group were lower than those
of the study group 1 and 3 days after surgery (P<0.05). In addition, the incidence of perioperative adverse reactions in the study
group was significantly lower than that in the control group, and the difference between two groups was statistically significant
(6.25% vs 25.00%, X°=4.220, P<0.05). Conclusion The application of ciprofol in laparoscopic myomectomy can help shorten the
postoperative recovery time and improve the recovery quality of patients, with minimal influence on the hemodynamics during
anesthesia. It can also inhibit intraoperative stress response, reduce the risk of postoperative cognitive function damage, and
provide high safety.
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Uterine fibroids are one of the most common benign
tumors of the female reproductive system. They primarily
occur in women over the age of 30, initially without
obvious symptoms. As the condition progresses, symptoms
such as urinary and bowel difficulties may appear. Surgical
resection is currently the most effective and commonly
used treatment for uterine fibroids [1-2]. Laparoscopic
myomectomy is increasingly favored by patients and
clinicians due to its characteristics of minimal trauma, low
blood loss, and rapid recovery. However, in recent clinical
practice, it has been found that processes such as skin
incision and pneumoperitoneum during laparoscopic
myomectomy can still induce certain stress responses and
hemodynamic fluctuations in patients. Therefore, the
reasonable selection of anesthetic drugs is of great
significance in ensuring the success of the surgery and
promoting postoperative recovery [3-4]. Ciprofol is a new
intravenous anesthetic developed in recent years. It mainly
promotes chloride ion influx and hyperpolarization of
nerve cell membranes by activating y-aminobutyric acid
type A (GABAA) receptors, thereby further inhibiting the

central nervous system to exert anesthetic or sedative
effects. It has been applied in fields such as anesthesia
induction and maintenance for adult surgery, fiberoptic
bronchoscopy, and digestive endoscopy [5-7]. This study
aimed to explore the efficacy and safety of ciprofol in
anesthesia for laparoscopic myomectomy, in order to
provide a reference for the rational selection of anesthesia
methods in clinical laparoscopic minimally invasive
surgery. The details are reported as follows.

1. Materials and methods
1.1 General information

A retrospective analysis was conducted on the clinical
data of 80 patients who underwent laparoscopic
myomectomy at the Zhongshan Hospital Affiliated to
Xiamen University between May 2022 and February 2024.
The patients were divided into two groups based on the
anesthetic regimen: 32 patients in the control group who
received propofol-based anesthesia and 48 patients in the
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study group who received ciprofol-based anesthesia.
Inclusion  criteria: (1)  American  Society  of
Anesthesiologists (ASA) physical status [8] I-II; (2)
indication for laparoscopic myomectomy and successful
surgery. Exclusion criteria: (1) Preoperative assessment
indicating coagulation disorders, allergy to anesthetic drugs,
or difficult endotracheal intubation; (2) Preoperative
medication that could affect hemodynamics or stress
responses; (3) Presence of malignancy, severe liver or
kidney dysfunction, autoimmune diseases, or psychiatric
disorders; (4) Pregnant or lactating women. This study was
approved by the Ethics Committee of Zhongshan Hospital
Affiliated to Xiamen University (Approval number:
xmzsyyky-2024-533).

1.2  Methods

Both groups underwent elective laparoscopic
myomectomy with preoperative fasting for 8 hours and
water restriction for 4 hours. Upon entering the operating
room, the patients were monitored for electrocardiography
and bispectral index (BIS). A venous access was
established, followed by oxygen inhalation for 3 minutes,
and then anesthesia induction was conducted. The control
group received remifentanil [3 pg/(kg-h), Batch number:
30A09251, Manufacturer: Wuhan Renfu Pharmaceutical
Co., Ltd.], propofol (2 mg/kg, Batch number: 5C231206,
Manufacturer: Guangdong Jiabo Pharmaceutical Co., Ltd.),
and rocuronium bromide (2.5 mL, Batch number:
220901-3, Manufacturer: Nanjing Hengdao Pharmaceutical
Co., Ltd.)). When the BIS reached 40-60, anesthesia
induction was considered successful. If induction failed,
additional doses of propofol (<1 mg/kg) were given. The
study group received remifentanil [3 1 g/(kg *h)], ciprofol
(0.4 mg/kg, Batch number: 20221006, Manufacturer:
Liaoning Haishike Pharmaceutical Co., Ltd.), and
rocuronium bromide (2.5 mL). When BIS reached 40-60,
anesthesia induction was considered successful. If
induction failed, additional doses of ciprofol (0.2 mg/kg)
were administered. Surgery commenced after the
disappearance of the eyelash reflex. In the control group,
anesthesia maintenance was achieved with a propofol
infusion of 4-6 mg/(kg-h), and in the study group,
anesthesia was maintained with a ciprofol infusion of 1-1.5
mg/(kg-h). The depth of anesthesia was maintained at a
BIS of 40-60. Ten minutes before the end of the surgery,
infusion of propofol and ciprofol was stopped, and
remifentanil was discontinued at the end of the surgery.

1.3 Observational indicators

(1) Perioperative indicators: Including surgery time,
postoperative awakening time, and Steward score at 30
minutes after awakening [9]. The Steward score assesses
the quality of awakening based on three dimensions:
consciousness level, limb movement, and patency of
respiration, with a higher score indicating better recovery.

(2) Stress response indicators: The levels of serum
adrenocorticotropic hormone (ACTH) and cortisol (Cor)

were recorded and compared at 10 minutes before
anesthesia induction (T1), 5 minutes after tracheal
intubation (T2), immediately after extubation (T3), and at
the end of surgery (T4).

(3) Hemodynamic indicators: The percutaneous pulse
oximeter oxygen saturation (SpO:) and mean arterial
pressure (MAP) were recorded and compared at T1, T2, T3,
and T4.

(4) Cognitive function: The Mini-Mental State
Examination (MMSE) [10] scores were recorded and
compared between the two groups at 1 day before surgery,
1 day after surgery, and 3 days after surgery. The MMSE
assesses cognitive function, with a higher score indicating
better cognitive function.

(5) Perioperative adverse events: The incidence of
adverse events such as nausea, vomiting, respiratory
depression, and hypotension was recorded and compared
between the two groups.

1.4 Statistical methods

Data were processed using SPSS 26.0 software.
Normally distributed continuous variables were expressed
as x+s, and intergroup comparisons were made using
independent sample #-tests. Repeated measures analysis of
variance was used for comparisons across multiple time
points. Categorical data were expressed as case (%) and
compared using chi-square tests and corrected chi-square
tests. A P-value < 0.05 was considered statistically
significant.

2. Results

2.1 Comparison of general information between the
two groups

The control group consisted of 32 patients, aged 28-42
years (35.50 + 2.50), with a weight range of 48-75 kg
(60.50 + 8.20), including 15 patients with ASA grade I and
17 with ASA grade II. The study group included 48
patients, aged 28-45 years (36.00 + 3.20), with a weight
range of 49-74 kg (60.20 £ 8.15), including 24 patients
with ASA grade I and 24 with ASA grade II. There were no
significant differences between the two groups in terms of
general data (P> 0.05).

2.2 Comparison of perioperative indicators between
the two groups

The study group had a shorter postoperative
awakening time and higher Steward scores at 30 minutes
post-awakening compared to the control group, with
significant differences (P < 0.01). However, there were no
significant differences in surgery time between the two
groups (P > 0.05). See Table 1.
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Tab.1 Comparison of perioperative indexes between two

groups (xts)

Group n  Surgery time Postoperative Steward score at

(min) awakening time 30 minutes after

(min) awakening

Control group 32 87.62+10.20 12.25+2.25 4.82+0.35
Study group 48  85.90+10.05 9.20+1.80 5.45+0.28
t value 0.745 6.712 8.913
P value 0.458 <<0.001 <<0.001

2.3 Comparison of stress response indicators at
Different Time Points

There was an interaction between the group and time
points for ACTH and cortisol levels (P < 0.01). At T2, T3,
and T4, the ACTH and Cor levels in the study group were
lower than those in the control group (P<0.05). See Table
2.

2.4 Comparison of hemodynamic indicators at
different time points

There was an interaction between the group and time
points for SpO, and MAP (P < 0.01). At T2 and T3, the
SpO> was higher in the study group compared to the
control group (P < 0.05). At T2, T3, and T4, the MAP was
lower in the study group (P < 0.05). See Table 3.

2.5 Comparison of cognitive function at different
Time Points

There was an interaction between the group and time
points for the MMSE score (P < 0.01). The MMSE scores
on postoperative days 1 and 3 were lower in the control
group than in the study group (P < 0.05). See Table 4.

2.6 Comparison of adverse events before discharge

The incidence of adverse events before discharge was
lower in the study group (6.25%) compared to the control
group (25.00%), with a significant difference (P < 0.05).
See Table 5.

Tab.2 Comparison of stress response indexes between the two groups at different time points (x=£s)

Group n ACTH (pg/mL) Cor (ng/L)
Ty T, Ts T T, T3 Ts
Control group 32 17.5242.20 50.40+6.52*  72.58+9.50%*  63.85+8.20%¢  130.55+15.25 158.85+£16.57* 179.92424.95®  202.57+25.96*¢

Study group 48 17.3542.24 38.52+4.19%

51.27+7.45%  57.2046.55%  130.08+15.20 142.52+17.52*  160.584+20.25%¢

182.25+23.30204

52.648/P<<0.001
68.527/P<<0.001
102.595/P<<0.001

F/Pgroup value
F/Ptime value
F/Pinteraction Value

25.645/P<<0.001
35.698/P<<0.001
55.582/P<<0.001

Note: Compared with T1 in the same group, P < 0.05; compared with T2 in the same group, ® P < 0.05; compared with T3 in the same group, ¢ P < 0.05;

compared with the control group, ¢ P < 0.05.

Tab.3 Comparison of hemodynamic indexes between the two groups at different time points (x+s)

Group n SpO: (%) MAP (mmHg)

T, T, Ts T T2 Ts Ty
Control group 32 96.50+2.54 94.01£2.11* 95.75+£2.40 95.07+2.35% 74.5545.35 78.50+6.212 76.25+5.72 77.50+5.252
Study group 48 96.15+2.48 97.05+2.50¢  97.80+£2.32%¢  95.90+2.20" 74.20+5.42 72.90+4.58¢ 71.65+5.50%¢ 72.60+4.62¢
F/Pgronp value 8.256/P<0.001 21.528/P<0.001
F/Pyime value 6.658/P<<0.001 32.529/P<<0.001

F/Pinteraction value 12.542/P<<0.001

52.267/P<<0.001

Note: Compared with T1 in the same group, P < 0.05; compared with T2 in the same group, ® P < 0.05; compared with T3 in the same group, ¢ P < 0.05;

compared with the control group, ¢ P < 0.05.

Tab.4 Comparison of MMSE scores between the two groups
at different time points (point, x+s)

Group n__1d before surgery 1d after surgery 3 d after surgery
Control group 32 29.19+0.60 25.00+£1.25° 27.90+0.90%
Study group 48 29.08+0.65 26.50£1.50* 28.50+0.85%°
F/Pgroup value 2.250/P<<0.001

F/Piime value
F/Pinteraction Value

21.157/P<<0.001
25.522/P<<0.001

Note: Compared with 1 day before surgery in the same group, * P < 0.05;
compared with 1 day after surgery in the same group, ® P < 0.05; compared
with the control group,® P < 0.05.

Tab.5 Comparison of adverse reactions between the two
groups [case(%)]

Group n Nausea and Respiratory Hypotension Total
vomiting depression

Control group 32 4(12.50) 2(6.25) 2(6.25) 8(25.00)

Study group 48 2(4.17) 1(2.08) 0 3(6.25)

2 value 4.220

P value 0.040

3. Discussion

With the continuous development of minimally
invasive techniques, laparoscopic surgery has been
widely applied in the treatment of gynecological diseases.
Laparoscopic myomectomy has gradually replaced
traditional open surgery as one of the main methods for
treating uterine fibroids [11]. Relevant reports show that
laparoscopic myomectomy has minimal impact on
ovarian function, but it places higher demands on the
effectiveness and safety of anesthesia. Postoperative rapid
awakening, early mobilization, and smooth recovery are
critical factors for the success of the surgery [12-13].
Therefore, the rational selection of anesthetic drugs
during laparoscopic myomectomy is crucial.

Remifentanil is a first-line anesthetic drug known for
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its rapid onset, lack of accumulation, and ability to
achieve an ideal blood-brain balance quickly. However,
recent studies have shown that the dosage of remifentanil
alone is difficult to control in laparoscopic minimally
invasive surgeries, which can increase the risk of
anesthesia-related damage [14]. To improve anesthesia
quality, combined anesthesia regimens are commonly
used in clinical practice. Propofol and ciprofol are two
commonly used anesthetics in laparoscopic minimally
invasive surgery, but the anesthetic effects of different
drug combinations vary. This study compared the
application of propofol-based and ciprofol-based
anesthesia regimens in laparoscopic myomectomy. The
results showed that the study group had a shorter
postoperative awakening time and higher Steward scores
at 30 minutes post-awakening compared to the control
group, indicating that ciprofol-based anesthesia allows for
quicker recovery and significantly improves awakening
quality. This may be related to the unique molecular
structure of ciprofol. Ciprofol’s molecular structure,
which incorporates a cyclopropyl group into the propofol
molecule, enhances its binding capacity to GABAA
receptors, resulting in higher potency, greater lipid
solubility, and faster metabolism. Liu Lu et al. [15] found
that ciprofol combined with a small dose of
dexmedetomidine can effectively alleviate postoperative
pain following laparoscopic myomectomy. In the future,
the application value of different ciprofol-combined
anesthesia regimens in minimally invasive surgery can be
further explored.

Compared with traditional surgery, laparoscopic
minimally invasive surgery has minimized traumatic
stimulation, but it is still an invasive procedure.
Intraoperative procedures such as skin incision and
pneumoperitoneum can still stimulate the
hypothalamic-pituitary-adrenal axis and sympathetic
nervous system of the body, inducing abnormal
manifestations such as non-specific stress response and
hemodynamic fluctuations during the perioperative period,
which is not conducive to the smooth implementation of
surgery [16-17]. Inhibiting perioperative sympathetic
nerve excitation, reducing intraoperative stress response,
and stabilizing hemodynamics are important topics that
clinical anesthesiologists continue to study in depth.
Further observation in this study found that both groups
had stress responses and hemodynamic fluctuations
during surgery, but the levels of ACTH and Cor in the
study group at T2, T3, and T4 were lower than those in
the control group, and the fluctuations of SpO; and MAP
during surgery were smaller than those in the control
group. This suggests that the ciprofol-combined
anesthesia regimen has a smaller impact on the stress
response and hemodynamics of patients during the
anesthetic period. Scholars such as Wang et al. [18]
believe that the affinity of ciprofol for GABAA receptors
is approximately 5 times that of propofol, and it has
higher selectivity for two competitive binding sites
[tert-butylbicyclothiophosphate (TBPS) and
tert-butylbicycloorthobenzoate (TBOB)] of GABAA
receptor chloride channels. It is more likely to cross the

blood-brain barrier, has a fast clearance rate, and the
clearance rate has no dose-dependent trend, which is
more conducive to stabilizing blood circulation.
Therefore, it provides better anesthetic depth, less
stimulation to the body, and higher safety.
Epidemiological survey results show that the risk of
postoperative cognitive dysfunction in elderly patients
over 60 years old is much higher than that in young and
middle-aged patients [19]; some reports also suggest that
although the compensatory capacity of the central
nervous system of young and middle-aged patients to
anesthetic drugs is higher than that of elderly patients,
some young and middle-aged patients still experience
cognitive dysfunction of varying degrees after surgery
[20]. The results of this study showed that the MMSE
scores of both groups decreased to varying degrees after
surgery compared with before surgery. Among them, the
MMSE scores of the control group at 1 day and 3 days
after surgery were lower than those of the study group,
and the incidence of adverse reactions before discharge in
the study group (6.25%) was significantly lower than that
in the control group (25.00%). This suggests that
anesthetic drugs have a certain impact on the central
nervous system, but the ciprofol-combined anesthesia
regimen causes less damage to cognitive function and has
higher safety compared with the propofol-combined
anesthesia regimen. In the future, the anesthesia regimen
can be further optimized to reduce the damage to
neurological function. This study confirmed the efficacy
and safety of ciprofol in laparoscopic myomectomy, but
the sample size selected was limited. In the next step,
large-sample multicenter studies should be conducted to
further improve the argumentation strength of the relevant
conclusions of this study.

In conclusion, the use of ciprofol in laparoscopic
myomectomy promotes quicker recovery and improved
awakening quality, with less impact on hemodynamics
during anesthesia. It also reduces intraoperative stress
responses and lowers the risk of postoperative cognitive
dysfunction, demonstrating a higher safety profile
compared to propofol-based anesthesia.
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Abstract: Objective To study the efficacy and safety of ciprofol in laparoscopic myomectomy anesthesia , and provide
a reference for the rational selection of anesthesia methods in clinical laparoscopic minimally invasive surgery.
Methods Eighty patients who underwent laparoscopic myomectomy at Zhongshan Hospital Affiliated to Xiamen
University from May 2022 to February 2024 were retrospectively grouped according to different anesthesia regimens.
Thirty-two patients who received the propofol combined anesthesia regimen were the control group, and 48 patients who
received the ciprofol combined anesthesia regimen were the study group. The perioperative indicators, and stress
response indicators, hemodynamic indicators, cognitive functions at different time points as well as the occurrence of
perioperative adverse reactions were compared between the two groups. Results The recovery time of the study group
was shorter than that of the control group (P<0.05), and the Steward score of 30 min after recovery was higher than that
of the control group (P<0.05), but there was no significant difference in the operation time between the two groups (P>

0.05). Serum levels of adrenocorticotropic hormone (ACTH) and cortisol (Cor) gradually increased with prolonged
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surgery duration in both groups (P < 0.05). ACTH and Cor levels in the study group were lower than those in the control
group at 5 min after tracheal intubation (T.), immediately after extubation (T;), and at the end of operation (Ty) (P<
0.05). In terms of hemodynamic indicators, the levels of peripheral capillary oxygen saturation (SpO.) at T, and T; in
the study group were (97.05%+2.50% ) and (97.80%+2.32% ), respectively, which were both higher than those in the
control group [(94.01%+2.11%) and (95.75%+2.40% ) ] (P<0.05) ; the mean arterial pressure (MAP) levels in the
study group at T., Ts, and T, were (72.90 = 4.58) mmHg, (71.65+5.50) mmHg, and (72.60 + 4.62) mmHg,
respectively, which were lower than those of the control group [ (78.50+6.21) mmHg, (76.25+5.72) mmHg, (77.50+
5.25) mmHg] (P<0.05). The postoperative mini-mental state examination (MMSE ) scores of the two groups were lower
than those before surgery (P<0.05), and the MMSE scores of the control group were lower than those of the study group
1 and 3 days after surgery (P<0.05). In addition, the incidence of perioperative adverse reactions in the study group
was significantly lower than that in the control group, and the difference between two groups was statistically significant
(6.25% vs 25.00% , x’=4.220, P<0.05). Conclusion The application of ciprofol in laparoscopic myomectomy can help
shorten the postoperative recovery time and improve the recovery quality of patients, with minimal influence on the

hemodynamics during anesthesia. It can also inhibit intraoperative stress response, reduce the risk of postoperative

cognitive function damage , and provide high safety.

Keywords: Laparoscopic myomectomy; Ciprofol; Adrenocorticotropin; Cortisol; Safety
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