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Purpose: This study aims to compare the impact of ciprofol and propofol on post-induction hypotension in hypertensive patients
undergoing gynecological surgery.

Patients and Methods: A total of 96 patients undergoing gynecological day surgery were enrolled and randomly assigned to either
the propofol group or the ciprofol group. The ciprofol group received 0.5 mg/kg for anesthesia induction, while the propofol group
received 2 mg/kg. The primary outcomes included the incidence of hypotension during anesthesia induction and the area under the
curve (AUC) of hypotension during the induction phase. The secondary outcomes included the change in mean arterial pressure
(MAP), the cumulative dose of vasopressors during induction, the time to loss of consciousness, BIS values, recovery time, the
incidence of injection pain, and the incidence of postoperative nausea and vomiting (PONV) in the PACU.

Results: The ciprofol group exhibited significantly better hemodynamic stability compared to the propofol group, with a lower
incidence of hypotension (66.7% vs 89.6%, RR= 0.415, 95% CI= 0.189-0.915, P=0.007) and a smaller area under the curve during
induction (—274.814+88.41mmHg -min vs —323.40+101.32mmHg-min, P=0.014). Secondary outcomes revealed that ciprofol adminis-
tration resulted in less pronounced MAP fluctuations (37.27+£12.83mmHg vs 44.94+13.06mmHg, P=0.005), reduced vasopressor
requirements (6.0mg [0.0-6.0] vs 6.0mg [6.0-6.0], P=0.007), and lower incidence of injection pain (4.2% vs 72.9%, P=0.001). While
no significant differences were observed in time to loss of consciousness and BIS values during induction (P>0.05), the ciprofol group
demonstrated a slightly prolonged recovery time (7.0min [5.0-8.0] vs 5.0min [4.0-6.0], P=0.004). In the PACU, there was no
difference in the incidence of PONV between the two groups (4.2% vs 2.1%, P = 1.000).

Conclusion: Compared with propofol, ciprofol demonstrates superior hemodynamic stability during anesthesia induction in hyper-
tensive patients.
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Introduction
General anesthesia induction represents a critical phase in the perioperative period,' particularly for hypertensive patients who
demonstrate a higher incidence of hemodynamic instability during this stage.” Such instability may precipitate severe
cerebrovascular complications and potentially compromise perioperative safety.’* Consequently, optimizing anesthesia
induction protocols for hypertensive patients has emerged as a pivotal research focus in clinical anesthesiology.

Currently, propofol is widely used as a classic intravenous anesthetic induction agent due to its rapid onset and fast
metabolism.”> However, its potent vasodilatory effects can induce hypotension,®’ particularly in hypertensive patients.
These patients often exhibit elevated baseline vascular tension and reduced cardiovascular compensatory capacity,®

making them more susceptible to drastic blood pressure fluctuations after propofol induction, which may further increase
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the risk of inadequate organ perfusion. Additionally, propofol has adverse effects such as injection pain and respiratory
depression.’ In recent years, the introduction of novel intravenous anesthetics such as ciprofol and remimazolam has
provided more potential alternatives for clinical practice.'®'> As a GABAA receptor agonist, ciprofol exhibits approxi-
mately five times stronger receptor binding affinity than propofol, while sharing similar mechanisms of action and
pharmacokinetic profiles.'""'* Preliminary clinical studies indicate that compared with propofol, ciprofol demonstrates
milder respiratory depression, more stable hemodynamics, and significantly reduced incidence of injection pain.'*'
Furthermore, its anesthetic success rate has been shown to be non-inferior to that of propofol.'®

Although ciprofol demonstrates promising clinical potential, its efficacy in hypertensive patients remains unclear. To
address this knowledge gap, this study aims to systematically evaluate the clinical effects of ciprofol for general anesthesia
induction in hypertensive patients, thereby providing high-quality evidence to optimize anesthetic management for this
population.

Materials and Methods

Study Design and Patient Enrollment
This study was approved by the Medical Research Ethics Committee of Weifang People’s Hospital and registered at the
Chinese Clinical Trial Registry (www.chictr.org.cn; registration number: ChiCTR2500103391). The research was con-

ducted at Weifang People’s Hospital with written informed consent obtained from all participating patients.

This study is a prospective, randomized, double-blind, controlled trial. Patients scheduled to undergo gynecological
surgery under general anesthesia between May 2025 and July 2025 were selected. The inclusion criteria were as follows:
aged 18-65 years, ASA class II-1II, body mass index of 18-28 kg/m?, with a clinical diagnosis of hypertension and treated
with a single antihypertensive medication in the past six months. Exclusion criteria included: preoperative blood pressure >
180/110 mmHg upon entering the operating room; patients with liver or kidney diseases, specifically those with abnormal
liver or kidney function that impairs their ability to perform physiological processes such as metabolism, excretion, and
detoxification; anticipated difficult airway; potential allergy to study-related medications; psychiatric or cognitive impair-
ment; patients who received sedatives/anesthetics within 24 hours before anesthesia induction; and patients with cardio-
vascular comorbidities other than hypertension.

A researcher involved only in randomization allocated patients in a 1:1 ratio to either the ciprofol group or the
propofol group using a random number table, with 48 patients in each group. The randomization results were sealed in
sequentially numbered envelopes, and a staff member not involved in data collection prepared the study drugs according
to the assigned group. Ciprofol and propofol are both presented as white emulsions with identical appearance. Moreover,
since the induction dose was 0.2 mL/kg for both agents, the patients, anesthesiologists, and researchers responsible for
postoperative follow-up and data analysis blinded to group assignment throughout the study.

Anesthesia Management

Patients were routinely fasted before surgery. Upon entering the operating room, standard monitoring was established,
including electrocardiogram (ECG), non-invasive blood pressure, pulse oximetry (SpO,), and bispectral index (BIS).
Before anesthesia induction, patients received oxygen via face mask at 6 L/min, followed by intravenous flurbiprofen
axetil 50 mg and dexamethasone 5 mg. Anesthesia induction: In the ciprofol group, ciprofol 0.5 mg/kg was intravenously
infused via syringe pump over 1 minute (total volume 0.2 mL/kg), while in the propofol group, propofol 2 mg/kg was
administered using the same method and volume. Immediately after drug administration, the patient’s sedation level was
assessed every 10 seconds using the Modified Observer’s Assessment of Alertness/Sedation (MOAA/S) scale until
a MOAA/S score <1 was achieved. If the patient failed to achieve adequate sedation within 2 minutes, a supplemental
dose of either ciprofol 0.25 mg/kg or propofol 1 mg/kg was administered accordingly. Upon successful induction
(MOAA/S <1), patients received intravenous alfentanil 20 pg/kg followed by mivacurium 0.2 mg/kg. The laryngeal
mask airway was inserted after 2 minutes, followed by initiation of mechanical ventilation to maintain adequate
respiration. For anesthesia maintenance, patients in the ciprofol group received a continuous intravenous infusion of
ciprofol at 1.25 mg/kg/h (0.5 mL/kg/h) combined with alfentanil at 40 pg/kg/h, while those in the propofol group
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received propofol at 5 mg/kg/h (0.5 mL/kg/h) with the same dose of alfentanil. The BIS was maintained within the target
range of 40—-60 for both groups during the entire maintenance phase. During the procedure, if the mean arterial pressure
(MAP) dropped below 65 mmHg or decreased by more than 30% from baseline, the anesthesiologist administered
ephedrine 6 mg or higher doses as needed. Atropine 0.5 mg was administered when a patient’s heart rate fell below 50
beats per minute. At the conclusion of surgery, all anesthetic maintenance medications were discontinued. Following
recovery from anesthesia, the laryngeal mask airway was removed and the patient was transferred to the post-anesthesia
care unit (PACU). Upon meeting PACU discharge criteria, patients were transferred to the general ward. Those who

fulfilled the institutional discharge criteria were permitted to leave the hospital accompanied by family members.

Assessment of Primary and Secondary Outcomes

The primary outcome: The incidence of hypotension during anesthesia induction and the area under the curve (AUC) of
hypotension during the induction period. Hypotension was defined as a mean arterial pressure (MAP) below 65 mmHg or
a 30% decrease from baseline levels.!” The anesthesia induction period was defined as the interval from the start of anesthesia
induction to the beginning of surgery. Hemodynamic changes were observed and recorded at the following time points:
5 minutes after entering the operating room (T0), before anesthesia induction (T1), immediately after anesthesia induction
(T2), after laryngeal mask insertion (T3), and at the start of surgery (T4). Each time point after T1 was spaced 2 minutes apart.
The detailed study procedure is shown in Figure 1. The average blood pressure at TO and T1 was taken as the baseline blood
pressure (Tpaseline)- The calculation of AUC was derived based on formulas from previous relevant literature.'® The formula
for calculating the AUC based on the patient’s baseline mean arterial pressure(MAP) is as follow:Y ((MAP; “MAPy.seline)
+HMAP;.1 “MAPyscline))/2 X AX). MAP; is the MAP at T; (i = 2,3,4), with each time point spaced 2 minutes apart, and AX is
the time interval between measurements.

The secondary outcomes included the change in mean arterial pressure (AMAP, defined as the difference between the
minimum MAP and baseline MAP), the cumulative dose of vasopressors during induction, the time to loss of
consciousness (from study agent injection to disappearance of both consciousness and eyelash reflex), BIS values at
each time point during induction, recovery time (from discontinuation of anesthetics to eye opening), the incidence of
injection pain (patient-reported arm pain during drug infusion), and the incidence of postoperative nausea and vomiting
(PONV) in the PACU.

Statistical Analysis

The sample size was calculated based on the results of a pilot study, in which the incidence rates of hypotension during
the induction period of anesthesia were 57.9% for ciprofol and 83.2% for propofol. With the parameters set at a=0.05,
1-p=0.8, and a 1:1 ratio between the two groups, the sample size was computed using PASS software (2021 version). The
calculation indicated that 48 patients were required for each group.

Anesthesia induction:
Ciprofol group: 0.5mg/kg Surgery begin
Propofol group: 2mg/kg

0 0 2min 2min 2min
I
‘ I
|

Patient entering
operating room

Anesthesia maintenance:
Ciprofol group: 1.25 mg/kg/h
Propofol group: 5 mg/kg/h
Alfentanil 40 pg/kg/h

Before anesthesia induction
Flurbiprofen axetil 50 mg
Dexamethasone 5 mg

Alfentanil 20 ng/kg

Mivacurium 0.2 mg/kg Insert laryngeal mask

Figure | Study procedure.
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Normality was assessed using the Shapiro—Wilk test. Normally distributed continuous variables were expressed as
mean + standard deviation (X +s) and compared between groups using the independent samples #-test, while non-
normally distributed continuous variables were presented as median (M) with interquartile range (IQR) and analyzed
using the Mann—Whitney U-test. Categorical data were described as percentages and compared using the chi-square test
or Fisher’s exact test, as appropriate. For continuously distributed variables with repeated measures, a two-way repeated
measures ANOVA was employed to evaluate the effects of group, time, and their interaction. A P-value <0.05 was
considered statistically significant. Multiple comparisons were adjusted using the Bonferroni correction for p-values. All
analyses were generated using R (Version 4.2.1, R Foundation for Statistical Computing, Vienna, Austria).

Results

A total of 103 patients were screened for this study. Among them, 6 patients did not meet the inclusion criteria and 1
patient refused to participate. Ultimately, 96 patients were enrolled and randomly assigned to either the ciprofol group or
the propofol group (Figure 2).

Among the 96 enrolled patients, the mean age was 49.65+7.86 years. No statistically significant differences were
observed in baseline characteristics or intraoperative features between the two groups (Table 1). Additionally, the success
rate of anesthesia induction with a single dose was 100% in both groups, with no need for supplemental doses.

For the primary outcome, the incidence of hypotension was significantly lower in the ciprofol group compared to the
propofol group (66.7% vs 89.6%, RR= 0.415, 95% confidence interval [95% CI] = 0.189-0.915, P=0.007). Additionally,

Enroliment Assessed for eligibility (n=103)

Excluded (n=6)

® Blood pressure > 180/110 mmHg (n=3)

® Complicated with coronary heart disease
(n=3)

Declined to participate (n=1)

Randomized (n=96)

Allocation
A 4 A
Allocated to Ciprofol group(n=48) Allocated to Propofol group(n=48)
. Received allocated intervention (n=48) . Received allocated intervention (n=48)
Lost to follow-up (n=0) Lost to follow-up (n=0)
A y
Analyzed (n=48) Analyzed (n=48)

Figure 2 Study flowchart.
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Table | Baseline Characteristics or Intraoperative Features of the Patients

Variable Ciprofol (n=48) | Propofol (n=48) | P-value
Age (years) 48.31£7.94 50.98+7.62 0.097
Weight (kg) 62.327.10 61.799.15 0.751
Height (cm) 159.71£5.98 159.10£5.47 0.607
BMI (kg/m2) 24.41+2.29 24.32+2.68 0.857
ASA [n, (%)] 1.000
I 48(100) 47(97.9)

1] 0 1(2.1)

Medication history n (%) 0.631
Angiotensin receptor blocker 25(52.1) 22(45.8)

Calcium antagonists 21(43.8) 24(50.0)

Beta-blockers 1(2.1) 2(4.2)

Diuretics 1(2.1) 0

Smoking history [n, (%)] 0 1(2.1) 1.000
History of PONV [n, (%)] 12.1) 0 1.000
History of motion sickness [n, (%)] 13 (27.1) 12 (25.0) 0.8l16
Induction dosage of anesthetics

Study agent (mL) 12.41£1.32 12.26+1.82 0.659
Alfentanil (mg) 1.22+0.18 1.18+0.15 0.233
Duration of anesthesia (min) 20.11£11.08 20.81+8.67 0.741

Note: Data are presented as the mean * standard deviation or n (%).

the AUC during induction was significantly smaller in the ciprofol group (—274.81+88.4IlmmHg min vs —323.40
+101.32mmHg min, P=0.014) (Table 2).

For repeatedly measured MAP, the study revealed statistically significant effects for time, group, and their interaction
(Table 3). Although MAP in both groups gradually decreased over time, the interaction effect indicated that the trends of
change differed between the two groups. At time points T3 and T4 during the induction period, MAP was higher in the
ciprofol group than in the propofol group (P < 0.05), suggesting more stable hemodynamic changes.

For the repeatedly measured BIS values, the study showed a statistically significant effect of time, but no statistically
significant effects of group or group-time interaction (Table 4). This indicates that the BIS values in both groups
gradually decreased over time, and the changing trends of BIS values were consistent between the two groups.

Among secondary outcomes, the ciprofol group demonstrated significantly less hemodynamic fluctuation (AMAP)
compared to the propofol group (37.27+12.83 vs 44.94+13.06, P=0.005). Additionally, the ciprofol group required

Table 2 Comparison of Hemodynamic Effects Between Ciprofol and Propofol in Patients
Undergoing Induction of Anesthesia

Variable Ciprofol (n=48) | Propofol (n=48) | P-value
The primary outcome

The incidence of hypotension [n, (%)] 32 (66.7) 43 (89.6) 0.007
AUC of MAP difference from baseline (mmHg min) —274.81+88.41 —323.40+101.32 0.014
The secondary outcome

AMAP 37.27+12.83 44.94x£13.06 0.005
Cumulative vasopressor dose (mg) 6.0(0.0-6.0) 6.0(6.0-6.0) 0.007
The time to loss of consciousness (s) 84.44+17.71 78.79+14.47 0.091
The recovery time (min) 7.0(5.0-8.0) 5.0(4.0-6.0) 0.004
The incidence of injection pain [n, (%)] 2(4.2) 35(72.9) 0.001
PONV [n, (%)] 2(4.2) 12.1) 1.000

Note: Data are presented as the mean * standard deviation or n (%) or median (interquartile range).
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Table 3 Repeated-Measures ANOVA of MAP

Variable Ciprofol (n=48) | Propofol (n=48) F P-value
MAP To(mmHg) 111.56+7.64 112.04£9.91 0.070 0.791
MAP T,(mmHg) 110.27+£8.94 108.08+10.37 1.226 0.271
MAP T,(mmHg) 77.29x13.11 72.71x16.58 2.257 0.136
MAP T3(mmHg) 74.94+13.52 66.38+12.54 10.351 0.002
MAP T4(mmHg) 80.90+13.79 73.48+13.92 6.873 0.010
Main effect of group F=7.173, P=0.009
Main effect of time F=360.794, P<0.001
Interaction F=3.111, P=0.029

F 97.359 137.140

P P<0.001 P<0.001

Table 4 Repeated-Measures ANOVA of BIS

Variable Ciprofol (n=48) | Propofol (n=48) F P-value
BIS Ty 93.33+5.06 92.23+4.42 1.102 0.297
BIS T, 89.08+7.95 91.28+4.73 1.253 0.266
BIS T, 49.98+10.75 49.77+11.18 0.007 0.932
BIS T3 52.95+9.77 56.16+9.79 2.236 0.139
BIS T4 55.05+6.89 58.3048.16 3.822 0.054
Main effect of group F=1.622, P=0.206
Main effect of time F=607.212, P<0.001
Interaction F=1.407, P=0.244

F 205.980 186.259

P<0.001 P<0.001

significantly lower doses of vasopressors (ephedrine) during the induction period (6.0 mg [0.0-6.0] vs 6.0 mg [6.0-6.0],
P=0.007).

During the induction period, the incidence of injection pain was significantly lower in the ciprofol group compared to
the propofol group (4.2% vs 72.9%, P=0.001). No statistically significant differences were observed between the two
groups in terms of time to loss of consciousness or changes in BIS values during induction (P>0.05).

The recovery time was significantly longer in the ciprofol group compared to the propofol group (7.0min [5.0-8.0] vs
5.0min [4.0-6.0], P=0.004). In the PACU, there was no significant difference in the incidence of PONV between the two
groups (4.2% vs 2.1%, P=1.000).

Hemodynamic changes during the induction period in the two groups of patients are shown in Figure 3

Discussion
This study found that for hypertensive patients during the induction period, ciprofol demonstrated superior hemodynamic
stability compared to propofol at equivalent doses. Additionally, we continuously monitored the BIS values of patients in
both groups during the procedure and observed no significant differences between the two groups. Therefore, it can also
be concluded that, at equivalent sedation depths, ciprofol provides more stable hemodynamics for anesthetic induction in
hypertensive patients.

Current evidence has confirmed the efficacy and safety of ciprofol for general anesthesia induction in healthy patients,
but studies on special populations such as hypertensive patients remain limited. Hypertension is a systemic disorder
characterized by pathological changes including intermittent spasmodic contraction and hyalinization of small arteries, as

well as persistent elevated blood pressure leading to secondary target organ damage and multi-organ dysfunction.'®°
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Figure 3 Hemodynamic Changes during Anesthesia Induction in Hypertensive Patients. *P<0.05 between-group.

Existing studies indicate that hypertensive patients have a significantly higher incidence of hypotension during anesthesia
induction compared to non-hypertensive individuals, thereby increasing their risk of intraoperative organ injury.?' As the
first study to evaluate the anesthetic induction effects of ciprofol in hypertensive patients, this research provides critical
evidence for its clinical application in this population.

In terms of hypotension during the induction period, ciprofol has demonstrated certain advantages. A Phase III clinical trial
involving 120 gynecological surgery patients compared the hemodynamic changes between ciprofol and propofol during
general anesthesia induction.”” The study found that ciprofol resulted in more stable blood pressure post-induction and had
a lesser impact on circulation. Similarly, the study by Lu et al also reached comparable conclusions, confirming that ciprofol
maintains more stable hemodynamics following anesthesia induction.” However, the current body of research literature
supporting this conclusion remains relatively limited, and most of the patients included in these studies had relatively normal
preoperative blood pressure. This study specifically investigated hypertensive patients and systematically evaluated hemo-
dynamic changes during anesthesia induction between the two anesthetic agents. It was found that compared with the propofol
group, the incidence of hypotension in the ciprofol group during the induction period decreased by 22.9%, and the AUC
decreased by 15%. Moreover, in patients induced with ciprofol, the fluctuation of mean arterial pressure during the induction
period was smaller, and the cumulative dosage of vasoactive drugs (ephedrine) used was lower.

Regarding perioperative adverse effects, this study found that the incidence of injection pain during induction was
significantly lower with ciprofol than with propofol. Injection pain is one of the most common adverse reactions associated
with propofol. Previous studies have reported that approximately 70% of patients experience propofol-related injection pain,**
which is consistent with our current findings. As for PONV in the PACU, no significant difference was observed between the
two groups. We believe that the mechanism by which ciprofol prevents PONV may be similar to that of propofol, as ciprofol is
formed by introducing a cyclopropyl group into the molecular structure of propofol. Furthermore, we noted that the recovery
time in the ciprofol group was slightly prolonged compared to the propofol group, though all recovery durations remained

14,25

within clinically acceptable ranges. This is similar to the results of some previous studies, which may be related to the

extremely short initial distribution half-life and high clearance rate of propofol.?®
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This study has several limitations. As a single-center prospective study, it found that ciprofol provides more stable
hemodynamics during the induction period in hypertensive patients compared to propofol. However, these findings still
require further validation through multicenter studies with larger sample sizes. The study did not stratify patients based
on the severity of hypertension and only excluded those with severe preoperative hypertension. The enrolled hyperten-
sive population was relatively healthy, with no coexisting cardiovascular diseases. Therefore, further research is needed
to evaluate the effects in patients with severe cardiovascular comorbidities. Furthermore, despite rigorous blinding
procedures in our study design, the high incidence of injection pain with propofol presents a potential risk of unblinding.

Conclusion
Compared with propofol, ciprofol demonstrates superior hemodynamic stability during anesthesia induction in hyper-
tensive patients.
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