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Cerebral hemodynamics and
safety of ciprofol in laparoscopic
bariatric surgery: a parallel,
double-blind, randomized
controlled clinical trial

Qichen Luo1, Shuqing Liang1, Xiaoli Wang2, Zhongyou Tian1 and
Yalan Li1*
1Department of Anesthesiology, The First Affiliated Hospital of Jinan University, Guangzhou,
Guangdong Province, China, 2Jinan University, Guangzhou, Guangdong Province, China

Background: Obesity has become a global health crisis. Laparoscopic bariatric
surgery, a commonly used method for treating obesity, can significantly alter
intracranial hemodynamics due to surgical positioning and pneumoperitoneum
pressure, thereby increasing the likelihood of perioperative complications in
obese individuals. Ciprofol, a novel propofol analog, offers advantages such as
reduced side effects and enhanced stability, but its effects on brain blood flow
regulation in obese patients are not yet fully understood. This clinical trial was
designed to validate its superior efficacy in preserving cerebral perfusion and
maintaining hemodynamic stability.
Methods: The trial was structured as a randomized, double-blind research with
parallel arms. Research was carried out from 1st February 2023 to 30th May 2023
in the First Affiliated Hospital of Jinan University. Patients, with body mass index
ranging from 30.6 to 51.2 kg/m2, scheduled for laparoscopic bariatric surgery,
were randomly allocated to receive either propofol or ciprofol. For anesthesia
induction and maintenance, participants in each group were administered
propofol or ciprofol as the sedative agent. The mean cerebral blood flow
velocities (CBFVm) were detected using transcranial doppler ultrasonography,
and mean arterial pressure (MAP), heart rate and adverse events were recorded
during surgery.
Results: A total of 43 patients were ultimately included in this study (21 in the
propofol group and 22 in the ciprofol group). Compared with baseline, patients
receiving propofol group exhibited marked reductions in CBFVm at T1, T2, T3,
T4, T5, T7, T8, T9 and MAP at T1, T2, T3, T5, T8 (p < 0.05), respectively. In
contrast, ciprofol- administered participants demonstrated no significant change
in CBFVm, and MAP only showed a significant decrease at T1 (p < 0.05). Although
there was a certain difference in �CBFVm between the two groups, it was not
statistically significant. Additionally, 13 patients (61.9%) in the propofol group
experienced pain at the injection site, compared to only three patients (13.6%) in
the ciprofol group (p = 0.001). Both groups experienced hypotension, respiratory
depression, and bradycardia, but no significant differences were observed.
Conclusion: This study found that, compared to propofol, ciprofol may be a
better anesthetic choice for obese individuals receiving laparoscopic bariatric
surgery, as it maintains CBFVm and hemodynamics more steadily, causes less
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injection discomfort, and demonstrates comparable safety and adverse event
rates to those of propofol.
Clinical Trial Registration: [https://www.chictr.org.cn/showproj.html?proj=
187919], identifier [ChiCTR2300067801].
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Introduction

Since 1990, the prevalence of obesity among adults has more
than doubled, while rates in adolescents have increased fourfold.
By 2022, an estimated 2.5 billion people aged 18 years and
older were classified as overweight, alongside over 390 million
individuals aged 5–19 years. Within these groups, ∼890 million
adults and 160 million children or adolescents met the criteria
for obesity (1, 2). Sleeve gastrectomy (SG) is a relatively fast
and straightforward bariatric procedure that has demonstrated
favorable outcomes in terms of weight reduction and improvement
of obesity-related comorbidities. This surgery contributes to
marked and long-term weight reduction, while also alleviating
obesity-associated conditions, including metabolic syndrome, type
2 diabetes, and high blood pressure (3). Nevertheless, individuals
with obesity continue to face a markedly greater likelihood
of complications during the perioperative period compared
with those of normal weight. The interaction between surgical
positioning and pneumoperitoneum exerts remarkable impact
on intracranial hemodynamics. The feet-down tilt position (re-
Trendelenburg position) impedes cerebral venous return, while
carbon dioxide pneumoperitoneum (intra-abdominal pressure: 12–
15 mmHg) increases central venous pressure (CVP) by 8–12 mmHg
through mechanical compression, thereby reducing cardiac output
(CO) by 15%−25% (4, 5). Furthermore, preclinical animal studies
have demonstrated that chronic inflammation and oxidative stress-
mediated vascular endothelial damage impair cerebrovascular
autoregulation (CA) function in obese mice (6, 7). These findings
underscore the potential need to optimize perioperative cerebral
hemodynamic management strategies for obese patients.

Propofol is widely administered for initiating and sustaining
general anesthesia. In cases of severe obesity, the peripheral
compartment volume is markedly enlarged (8). In addition,
the dose-dependent vasodilatory effect of propofol can lower
mean arterial pressure (MAP) up to 20%−30% of baseline
(absolute values >25 mmHg) (9). In terms of cerebral circulation
modulation, propofol achieved blood flow -metabolic coupling by
decreasing the cerebral metabolic rate of oxygenation (CMRO2
decrease of 38%; IQR: 18%−46%) and regional cerebral blood
flow (rCBF decrease of 28%; IQR: 10%−37%) (10). However, this
mechanism may be weakened by the alternation of cerebrovascular
pathology in obese patients.

Ciprofol (HSK3486) as a novel GABA-A receptor agonist
with optimized pharmacokinetics by structural modification (2,6-
diisopropylphenol cyclic phosphate prodrug). Ciprofol produces
sedative efficacy at approximately 1/4 to 1/5 the dosage required
for propofol, the median lethal dose (LD50) is one-fourth that

of propofol (11), the incidence of injection pain is reduced from
28%−50% to 2.8%−5.3%, and the frequency of severe hypotension
(MAP < 65 mmHg) during induction is reduced by approximately
20% compared with propofol (12–14). However, how ciprofol
influences cerebrovascular auto-regulation capacity in individuals
with obesity has not been clarified.

Existing studies of cerebral blood flow velocity analysis about
propofol and ciprofol are mostly based on healthy volunteers,
thus, the present research hypothesizes that ciprofol improves
hemodynamic stability and reduces abnormal mean cerebral blood
flow velocities (CBFVm) fluctuations in obese individuals receiving
laparoscopic bariatric surgery. To provide evidence-based guidance
and reference for the clinical application of ciprofol, this clinical
trial was designed to validate its superior efficacy in preserving
cerebral perfusion and maintaining hemodynamic stability.

Methods

Study design and ethics

This study was registered in the Chinese Clinical Trial Registry
(ChiCTR2300067801) in 28th January 2023 (28/01/2023), and the
ethics committee of the First Affiliated Hospital of Jinan University
approved the study protocol (NO. KY-2022-129) in 22nd
September 2022 (22/09/2022). This study was a parallel, double-
blind, randomized controlled clinical trial. All the experiments were
performed in accordance with relevant guidelines and regulations.
All participants signed an informed consent.

Inclusion and exclusion criteria

This research was carried out from 1st February 2023 to 30th
May 2023 in the First Affiliated Hospital of Jinan University.
Individuals with obesity receiving laparoscopic sleeve gastrectomy
(LSG) or gastric bypass surgery qualified for enrollment in present
research if they met the following criteria: (i) aged 18–65 years; (ii)
had BMI > 28.5 kg/m2; (iii) American Society of Anesthesiologists
(ASA) physical status classification I to III; (iv) comprehensive
awareness of the study’s objectives and implications; and (v)
capacity to provide written informed consent.

The exclusion conditions were as follows: (i) inability to
perform transcranial doppler (TCD) monitoring due to cerebral
surgery; (ii) poorly controlled blood pressure fluctuations; (iii)
history of cardiovascular and cerebrovascular diseases; (iv) degree
III atrioventricular block; (v) hepatic or renal decompensation;
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(vi) requirement for dialysis therapy; (vii) presence of psychosocial
disorders or cognitive impairment; and (viii) allergy to any drug
in the medication regimen of this trial. (ix) involvement in other
pharmaceutical clinical studies within 3 months; (x) additional
scenarios where the investigator deemed the individual unsuitable
for trial enrollment.

Sample size

Based on preliminary results, the mean and standard deviation
of the mean flow velocity [(group Propofol) 49.21 ± 13.20 vs.
(group Ciprofol) 65.01 ± 15.25] were used as the main indicators,
with a test power of 0.90 and a significance level of 0.05 specified
in the analysis design. Accounting for a 15% attrition rate
and maintaining equal group allocation, we determined that 22
participants per group were required, as calculated using PASS 15
software (NCSS, Kaysville, Utah).

Randomization and blinding

Participant randomization was performed using the random
number generator function in SPSS Statistics software (version
22.0). All assigned numbers were then sorted in ascending
order, and patients were grouped based on this sorted sequence:
those with odd numbers were allocated to the group Propofol,
while those with even numbers were allocated to the group
Ciprofol. The randomization personnel stored each patient’s
grouping information in a sealed envelope to maintain allocation
concealment, (note: grouping was not determined by envelope
drawing). Anesthesiologists were given syringes with solutions
with codes according to the randomization order (to ensure
the perioperative safety of patients, anesthesiologists who
performed anesthesia were aware of the randomization). Personnel
responsible for randomization and blinding processes were
excluded from the follow-up assessments. Remaining study
staff were masked to both group assignments and the identity
of experimental medications. For allocation concealment,
randomization outcomes were kept in sealed envelopes until
study completion.

Anesthesia procedures

Researchers conducted preoperative visits with the patients and
assessed their basic information on the day before surgery. Eligible
participants provided written informed consent and were asked to
fast at least 6 h before surgery. Grouping was performed according
to randomization. After verifying the patients’ information on the
day of surgery, a standard monitor was used to obtain the baseline
values. A 20-gauge intravenous cannula was inserted into the
upper dorsal vein to establish vascular access, then all participants
administered 500 ml of sterile crystalloid solution before induction
of anesthesia. All patients received intravenous dexamethasone

(Runhong Pharmaceutical Group, China) 10 mg preoperatively, to
prevent postoperative nausea and vomiting.

The sedation procedure is illustrated in Figure 1. All patients
underwent preoxygenation before anesthesia induction. For
anesthesia induction, participants in group C administered 0.2–
0.3 mg/kg (based on ideal body weight) of ciprofol (Haisco
Pharmaceutical Group. China), and patients in group P received a
propofol (Nhwa Pharmaceutical, China) dose of 1 mg/kg calculated
using ideal body weight (BW) intravenously as sedative anesthetic.
All patients received a dosage of 0.2 mg/kg determined by total
BW of remazolam (Hengrui Pharmaceuticals, China), 0.3 μg/kg
(using total BW for calculation) of sufentanil (Humanwell, China),
and 0.6 mg/kg (using ideal BW for calculation) of rocuronium
(Sigma-Aldrich, China) sequentially. All drugs were injected within
90 s. After 1 min of assisted mask ventilation, an endotracheal
tube was placed, and atropine 0.5 mg was intramuscularly injected
after intubation. During anesthesia maintenance, patients in group
C received continued intravenous of ciprofol 0.5–0.8 mg/kg/h
(based on total body weight) and patients in group P received
continued intravenous of propofol 4–12 mg/kg/h (based on total
body weight). All patients received intravenous of remifentanil
(Humanwell, China) 1.2–12 μg/kg/h (according to ideal BW)
and rocuronium 0.2–0.3 mg/kg/h (ideal BW as the reference).
Patients in two groups received sufentanil 15 μg and parecoxib
(Prizer, China) 40 mg intravenously 45 min after the beginning
of the surgery and received sufentanil 0.3 μg/kg (based on ideal
body weight), parecoxib 40 mg, palonosetron (China-gene, China)
0.5 mg and droperidol (Hualu Pharmaceutical Group. China)
0.625 mg 30 min before surgery conclusion. Oxygen saturation
was kept above 95%, and end-tidal carbon dioxide was 35–45
mmHg throughout the surgery. The dose of the drugs was adjusted
according to Blood Pressure (BP), heart rate (HR), and the patient’s
body movements, with the aim of maintaining a bispectral index
(BIS) value between 40 and 60. Patients stopped receiving ciprofol
(group C) or propofol (group P) 10 min before the end of surgery.
Patients were intravenously injected with sugammadex sodium
(Sigma-Aldrich, China) 2 mg/kg when spontaneous breathing was
observed. After removal of the endotracheal tube, participants
were sent to the post-anesthesia care unit (PACU) for continuous
monitoring, and discharged to the ward after the modified Aldrete
score exceeded nine points at PACU (15).

During surgery, phenylephrine (Harvest Pharmaceutical
Group, China) 1 ml (0.1 mg/ml) was injected when invasive MAP
lower than 65 mmHg and atropine (Xinghua Pharmaceutical
Group, China) 0.5 mg was administered if HR fell below 50
beats per minute. CBFVm was measured using TCD, the
hemodynamic index was recorded, and perioperative adverse
events involving the respiratory or cardiovascular systems, which
were similarly documented.

TCD standardized procedure: Upon the patient’s entry into
the operating room, they were instructed to rest quietly on the
operating table for ∼10 min to achieve hemodynamic stabilization.
Subsequently, a fixed probe holder and TCD probe were secured,
with the latter positioned at the temporal window to monitor
the middle cerebral artery blood flow velocity. After adjusting the
TCD probe to the angle yielding the optimal blood flow signal,
the corresponding data were recorded as the T0 baseline values.
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FIGURE 1

Anesthesia procedures.
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Thereafter, TCD measurements were performed and recorded in
accordance with the predefined time points. In cases where probe
displacement occurred due to patient positional changes or other
factors, resulting in attenuated TCD signals, the optimal signal
angle was re-identified and the probe re-fixed prior to subsequent
data collection.

Outcome assessments and data collection

The primary outcomes of our research were the CBFVm
monitored by TCD at different time points during surgery.
Secondary outcome measures encompassed MAP, HR, and
perioperative adverse events. Adverse events included cerebral
ischemia (middle cerebral artery flow velocity < 20% of the basal
value), injection pain, respiratory depression (SpO2 < 90% without
oxygenation), hypotension (MAP <65 mm Hg), bradycardia (HR:
<50 bpm), and postoperative delirium. A total of 11 time points
were recorded throughout the perioperative period, including pre-
anesthetic induction (T0), immediately following intubation (T1),
5 min after pneumoperitoneum (T2), 5 min after body position
adjustment (rTP; T3), 15 min after body position adjustment
(T4), 30 min after body position adjustment (T5), 45 min after
body position adjustment (T6), 1 h after body position adjustment
(T7), 5 min following pneumoperitoneum termination (T8), upon
completion of surgery (T9), and 1 min after extubation (T10).

Statistical analysis

Statistical analyses were conducted using GraphPad Prism
software (version 8.3.0; San Diego, California). Continuous data
were presented as mean ± SD, while categorical variables
were summarized as counts and percentages [n (%)]. Normality
of the dataset was assessed via the Kolmogorov–Smirnov test
and histogram visualization. Normal distribution variables were
compared using independent samples t-test, while not normal
distribution variables were analyzed via the Mann-Whitney U
test. Repeated measures data were evaluated with a repeated-
measures analysis of variance (ANOVA). Categorical variables were
examined using Pearson’s chi-square test or Fisher’s exact test, with
statistical significance defined as a p value < 0.05.

Results

Participates inclusion and characteristics

As shown in Figure 2, a total of 44 eligible patients were
enrolled in this study and randomly assigned in equal numbers
to the propofol group and the ciprofol group. One patient in the
propofol group was withdrawn due to a severe allergic reaction to
rocuronium bromide, resulting in 43 patients completing the study
(21 in the propofol group and 22 in the ciprofol group). As shown
in Table 1, there were no statistically significant differences between
the two groups in terms of demographic characteristics, baseline
CBFVm, MAP, and heart rate (p > 0.05), indicating well-balanced
baseline characteristics and good intergroup comparability.

Dynamic changes of CBFVm and MAP in
the propofol and ciprofol groups

To study dynamic changes in cerebrovascular and systemic
hemodynamics, we compared CBFVm and MAP at each time
point relative to preoperative baseline (T0) between two groups. In
the propofol cohort, both CBFVm and MAP exhibited significant
decreases at most post-induction time points (p < 0.05), with
maximal reductions observed at T8 (5 min after the end of
pneumoperitoneum; Figures 3A,B). Notably, the temporal profiles
of CBFVm and MAP declines were asynchronous: MAP reached
its nadir immediately at T1 (post-intubation), whereas CBFVm
remained suppressed and fluctuated at low levels before reaching
its minimum at T8. This dissociation suggests that propofol
may impair cerebrovascular autoregulatory function to a greater
extent than its effect on systemic blood pressure. In contrast,
the ciprofol group displayed transient MAP reduction exclusively
at the first post-induction time point (T1, p < 0.05), with
no significant changes in CBFVm throughout the observation
period (Figures 3C,D), suggesting a mild effect of ciprofol on
hemodynamic and cerebral hemodynamics.

Comparison of CBFVm and MAP dynamics
between two groups

To systematically characterize the differential effects of ciprofol
vs. propofol on cerebrovascular and systemic hemodynamics, we
calculated the relative change indices (�CBFVm and �MAP) to
quantify temporal variability compared to baseline measurements
at each time point. For �MAP (Figure 4B), the ciprofol cohort
exhibited notably less reductions than propofol cohort at T5 and
T6 (p < 0.05), indicating attenuated systemic hemodynamic impact
of ciprofol during these critical intervals. Regarding �CBFVm
(Figure 4A), although no significant intergroup difference was
observed in the reduction magnitude (p > 0.05), it is still
apparent that the overall rate of change in CBFVm was lower
among participants receiving ciprofol compared to the propofol-
treated cohort.

Incidence of adverse events

Safety profiles were evaluated throughout the study period,
with adverse events (AEs) summarized in Table 2. In the group
C, the most frequent AEs included hypotension (5/22, 22.7%),
postoperative respiratory depression (5/22, 22.7%), and injection-
site pain (3/22, 13.6%). In the group P, hypotension occurred in
10/21 patients (47.6%), postoperative respiratory depression in 3/21
(14.3%), injection-site pain in 13/21 (61.9%), and bradycardia in
1/21 (4.8%). Both groups of patients did not experience delirium.
Statistically, no notable intergroup differences were observed in the
occurrence of hypotension, respiratory depression, or bradycardia
(p > 0.05). Notably, injection-site pain was 4.5-fold more common
in the propofol group (61.9 vs. 13.6%, absolute risk difference:
48.3%), representing the most clinically relevant AE disparity
between cohorts.
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FIGURE 2

Patients enrollment diagram.

Discussion

The global obesity pandemic has elevated bariatric surgery to a
cornerstone of morbid obesity management, yet the perioperative
period exposes obese patients to unique cerebrovascular risks,
including baseline cerebral blood flow reduction and exacerbated
hemodynamic lability (17). This vulnerability underscores the
need for anesthetic agents that balance surgical efficacy with
neurovascular stability. Ciprofol is a novel propofol analog, which
has been found to be hemodynamically stable and can significantly
reduce the incidence of adverse events in clinical practice (12–
14, 18–22). Our study found that ciprofol maintained more stable
middle cerebral blood flow velocities compared with propofol
during laparoscopic bariatric surgery. Ciprofol was superior in
terms of hemodynamic stability, and significantly reduced the
incidence of injection pain.

Obesity increases patients’ risk of developing cardiovascular
and cerebrovascular diseases (2, 23). Intraoperative blood
pressure fluctuations further elevate this risk in obese patients
(24). Appropriate anesthetic selection during induction and
maintenance, achieving optimal sedation depth and hemodynamic
stability, can help reduce complications in this population

(25). Previous studies have demonstrated that ciprofol offers
rapid onset, quick recovery, and most importantly, superior
hemodynamic stability (12–14, 18–22). Recent evidence confirms
that ciprofol provides better sedation, fewer adverse events,
and enhanced hemodynamic stability during general anesthesia
induction in obese patients undergoing laparoscopic sleeve
gastrectomy (26). Our findings align with these observations,
showing that ciprofol maintained more stable blood pressure at
various time points, with values closer to baseline levels compared
to propofol. This advantage may stem from ciprofol’s lower
dosage requirement, thereby promoting better hemodynamic
maintenance during surgery.

However, whether ciprofol provides superior cerebrovascular
hemodynamic stability remains undetermined. TCD
ultrasonography measures CBFVm, offering a noninvasive, simple,
and rapid method to assess cerebral circulation (27–34). During
surgery, real-time TCD monitoring enables anesthesiologists to
adjust anesthetic dosages based on cerebral perfusion, thereby
maintaining stable cerebral blood flow and potentially preventing
cerebrovascular events. Notably, research has demonstrated an
inverse correlation between BMI and cerebral blood flow in
obese patients (17), resulting from complex interactions among
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TABLE 1 Demographic and baseline characteristics of the participates.

Age All patients
(n = 43)

Group propofol
(n = 21)

Group ciprofol
(n = 22)

p-Value

Age 32.63 ± 7.32 33.86 ± 7.65 31.45 ± 6.96 0.641

Gender

Male 7 (16.3%) 4 (19.0%) 3 (13.6%) 0.631

Female 36 (83.7%) 17 (81.0%) 19 (86.4%)

BMI (kg/m2) 39.16 ± 6.13 40.08 ± 6.34 38.28 ± 5.92 0.287

ASA score

I 0 0 0 0.721

II 34 (79.1%) 16 (68.2%) 18 (81.8%)

III 9 (20.9%) 5 (23.8%) 4 (18.2%)

Comorbidity

Hypertension 10 (23.3%) 5 (23.8%) 5 (22.7%) 0.572

Grade 1 9 (20.9%) 5 (23.8%) 4 (18.2%)

Grade 2 1 (2.3%) 0 1 (4.5%)

Grade 3 0 0 0

Type 2 diabetes 5 (11.6%) 2 (9.5%) 3 (13.6%) >0.999

OSA 7 (16.3%) 3 (14.3%) 4 (18.2%) >0.999

Baseline

CBFVm (cm/s) 64.86 ± 14.61 62.00 ± 10.20 67.59 ± 17.66 0.210

MAP (mmHg) 100.79 ± 11.41 101.57 ± 11.36 100.05 ± 11.67 0.253

Heart rate (bpm) 78.79 ± 13.73 79.10 ± 13.48 78.50 ± 14.28 0.889

Data are presented as mean ± SD or number (%). BMI, body mass index; ASA, American Society of Anesthesiologists; Hypertension grade (16), Grade 1 (140 mmHg � Systolic blood pressure
< 160 or 90 mmHg � Diastolic blood pressure < 100 mmHg), Grade 2 (160 mmHg � SBP < 180 or 100 mmHg � DBP < 110 mmHg), Grade 3 (180 mmHg � SBP or 110 mmHg � DBP);
OSA, obstructive sleep apnea; CBFVm, mean cerebral blood flow velocities; MAP, mean arterial pressure.

metabolic dysregulation, dyslipidemia, and chronic inflammation.
Furthermore, weight gain constitutes an independent risk factor
for cognitive decline, which may be mediated by obesity-induced
chronic cerebral hypoperfusion (35, 36).

Most intravenous anesthetics currently in use reduce cerebral
blood flow (37). For obese patients undergoing laparoscopic
bariatric surgery, selecting anesthetic agents with minimal cerebral
hemodynamic impact is crucial. Our study revealed that ciprofol
maintained relatively higher middle cerebral artery velocity
compared to propofol in this population. Previous studies have
found that pneumoperitoneum or the Trendelenburg position in
laparoscopic surgery leads to further reduction in cerebral blood
flow in patients (4, 5). Interestingly, our findings did not replicate
this phenomenon. Conversely, ciprofol-sedated patients exhibited
gradual recovery of cerebral blood flow velocity to baseline
levels following pneumoperitoneum establishment and positional
changes. The reduced propofol dosage required for adequate
sedation with ciprofol administration contributed to more stable
intraoperative blood pressure and cerebral perfusion. Since high-
dose propofol may impair cerebral autoregulation (37), we propose
that ciprofol better preserves cerebral arterial perfusion, thereby
reducing anesthesia- and surgery-related cerebrovascular risks.

Beyond arterial blood flow velocity and hemodynamic
parameters, we conducted a comprehensive analysis of adverse

events to evaluate ciprofol’s safety profile. While multiple
studies have reported comparable incidences of injection
pain, hypotension, respiratory depression, bradycardia, and
postoperative delirium between propofol and its analogs,
our findings revealed no significant intergroup differences in
hypotension, respiratory depression, or bradycardia among obese
patients undergoing laparoscopic bariatric surgery. Notably,
neither group exhibited postoperative delirium, potentially
attributable to the younger age profile (predominantly young-to-
middle-aged adults) of our cohort, who generally demonstrate
better tolerance to surgical and anesthetic stress. A striking
difference emerged in injection pain incidence, with ciprofol
demonstrating markedly lower rates (13.6%) compared to propofol
(61.9%). Approximately three-fifths of patients experienced
propofol-induced pain, with some recalling anesthesia induction
as the most distressing perioperative experience. As a structural
analog of propofol, ciprofol’s incorporation of a cyclopropyl
group and R-chiral center enhances its pharmacological and
physicochemical properties, resulting in both greater potency and
reduced injection pain relative to propofol. Collectively, the stable
hemodynamic parameters, comparable adverse event profiles,
and absence of postoperative delirium substantiate the safety of
ciprofol for anesthesia management in obese patients undergoing
laparoscopic bariatric procedures.
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FIGURE 3

CBFVm and MAP of each time point was compared with baseline in Group P and Group C. (A) CBFVm of each time point was compared with T0 in
Group P. (B) MAP of each time point was compared with T0 in Group P. (C) CBFVm of each time point was compared with T0 in Group C. (D) MAP of
each time point was compared with T0 in Group C. CBFVm, mean cerebral blood flow velocities, MAP, mean arterial pressure. *p < 0.05 vs. T0, **p <

0.01 vs. T0, ***p < 0.001 vs. T0, ****p < 0.0001 vs. T0.

FIGURE 4

The rates of change of CBFVm and MAP between two groups. (A) The rates of change of CBFVm between two groups: There are no time points have
significant differences between two groups, but show trend of difference in T2, T3, T4, T7, T8. (B) The rates of change of MAP between two groups:
MAP has significant differences in T5, T6 between two groups. CBFVm, mean cerebral blood flow velocities; MAP, mean arterial pressure. *p < 0.05
vs. propofol group, **p < 0.01 vs. propofol group.

Our study had some limitations. First, CBFVm combined with
cerebral oxygen saturation can better evaluate tissue metabolism
in patients; however, this study did not monitor brain tissue
oxygenation. Second, we observed the postoperative only in

patients with postoperative cognitive changes. Long-term follow-
up to assess neurological complications may better evaluate the
effects of ciprofol on cognitive function. Finally, multicenter studies
with larger sample sizes are required to confirm our findings.
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TABLE 2 Incidence of adverse events during induction.

Perioperative
complications

All patients
(n = 43)

Group propofol
(n = 21)

Group ciprofol
(n = 22)

p-Value

Hypotension 15 (34.9%) 10 (47.6%) 5 (22.7%) 0.087

Respiratory depression 8 (18.6%) 3 (14.3%) 5 (22.7%) 0.477

Injection pain 22 (37.2%) 13 (61.9%) 3 (13.6%) 0.001∗

Bradycardia 1 (2.3%) 1 (4.8%) 0 0.300

Data are presented as number (%). ∗p < 0.05 vs. group propofol.

Future research should investigate the molecular mechanisms
underlying ciprofol’s ability to stabilize cerebral blood flow, which
may provide a stronger theoretical basis for its clinical application.

Conclusion

In this study, we demonstrate that ciprofol maintains more
stable middle cerebral artery blood flow velocity and systemic
hemodynamics compared to propofol during laparoscopic bariatric
surgery in obese patients. Additionally, ciprofol exhibits a lower
incidence of injection-site pain and favorable safety profile. These
findings suggest ciprofol may serve as a superior anesthetic choice
for laparoscopic bariatric surgery in obese patients, potentially
enhancing perioperative patient comfort and safety.
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