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Purpose: To investigate the effects of ciprofol on postoperative cognitive function in patients undergoing cardiac surgery with 
cardiopulmonary bypass (CPB).
Patients and Methods: A total of 138 patients who underwent cardiac surgery with cardiopulmonary bypass were included in this 
prospective, randomized, controlled study. Patients were randomized into two groups: the Ciprofol group (Group C) and the Propofol 
group (Group P). During anesthesia induction and maintenance, the patients in Group C received ciprofol, whereas those in Group 
P received propofol. The primary outcome measure was the incidence of postoperative delirium (POD), which was assessed twice daily for 
7 days after surgery via either the Confusion Assessment Method (CAM) or the Confusion Assessment Method for the Intensive Care Unit 
(CAM-ICU). Statistical analyses included chi-square tests for categorical outcomes and relative risk calculations for POD. Additionally, 
delirium subtypes were recorded. The incidence of postoperative cognitive dysfunction (POCD) was evaluated at 1 and 3 months after 
surgery using the Telephone Montreal Cognitive Assessment (T-MoCA). Furthermore, the occurrence of postinduction adverse events, 
including hypotension, bradycardia, and tachycardia, as well as the incidence of postoperative complications, were also documented.
Results: POD occurred in 19/64 (29.69%) patients in the Ciprofol group and 34/65 (52.31%) patients in the Propofol group (RR = 
0.57; 95% confidence interval = 0.37 to 0.88; p = 0.009). There was no significant difference in the incidence of POCD at 1 month 
(22.03% vs 26.62%, p = 0.547) or 3 months (16.25% vs 16.00%; p = 0.771) after surgery between the two groups.
Conclusion: Ciprofol was found to decrease the incidence of POD in patients who underwent cardiac surgery with cardiopulmonary 
bypass. Nevertheless, no significant effect of this intervention on the incidence of POCD was demonstrated at either 1 or 3 months 
after surgery. A reduction in the incidence of delirium may be associated with improved postoperative recovery, shortened hospital 
stays, and a decrease in long-term cognitive impairments.
Registration: The study had been registered in the Chinese Clinical Trials Registry (www.chictr.org.cn; Trial Identifier: 
ChiCTR2200061712).
Keywords: ciprofol, cardiopulmonary bypass, cardiac surgery, delirium, cognitive function

Introduction
Perioperative neurocognitive disorder (PND) refers to a spectrum of behavioural, emotional, and cognitive alterations 
that may manifest during and after anesthesia and surgical interventions. PND encompasses acute postoperative delirium 
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(POD) and postoperative cognitive dysfunction (POCD).1 The onset of PND can lead to longer hospital stays, higher 
costs, and a higher mortality rate.2 Reports indicate that postoperative delirium is the second most common perioperative 
organ injury, with a patient mortality rate of approximately 6.6% when it occurs alone. However, when it occurs in 
conjunction with other organ injuries, the mortality rate reaches 21.6%.3 Additionally, elderly patients with delirium face 
a greater risk of death.4,5

The incidence of POD is influenced by the type of surgical procedure. In patients undergoing noncardiac surgery, the 
incidence rate of POD is approximately 30%.6 Conversely, in patients undergoing cardiac surgery with cardiopulmonary 
bypass (CPB), the incidence of POD can be as high as 72%.7 Recent research has revealed that factors contributing to the onset 
of POD in this patient population include advanced age, prolonged CPB duration, embolization, hypoxemia, hypotension, and 
anesthetic, as well as inflammation and stress.8,9 Notably, anesthetic agents play a pivotal role in this context. Propofol is one 
of the most commonly used anesthetics in cardiac surgery with cardiopulmonary bypass because of its rapid metabolism and 
high safety. Nevertheless, propofol is not devoid of drawbacks; for example, it may significantly decrease the mean arterial 
pressure by suppressing sympathetic nerve activity, thereby affecting haemodynamics.10 In addition, in terms of cognitive 
function, the impact of propofol on postoperative cognitive function remains a subject of debate. A related study indicated that, 
compared with sevoflurane, propofol may result in a greater incidence of POD and POCD.11 Conversely, another study 
demonstrated that the effects of propofol on POD were not significantly different from those of sevoflurane or desflurane.12 

Comparatively, studies on newer agents like remimazolam suggest potential benefits, but its performance relative to propofol 
for POD prevention in CPB surgery also shows mixed results.10

Ciprofol, a novel intravenous sedative agent, incorporates a cyclopropyl group into the chemical structure of propofol, 
thereby increasing its affinity for GABAA-R receptors.13 Compared with propofol, ciprofol has advantages such as more 
stable haemodynamic profiles, a reduced incidence of adverse reactions, and an increased safety margin.14 A recent study 
demonstrated that patients who received ciprofol for anesthesia induction and maintenance presented significantly lower 
Confusion Assessment Method (CAM) scores than did those who received propofol for anesthesia induction and 
maintenance.15 Therefore, we postulate that ciprofol therapy represents a potential strategy for mitigating the risk of 
cognitive impairment. Nevertheless, few studies have examined the impact of ciprofol on POD in patients undergoing 
cardiac surgery with CPB.

Consequently, the present study aimed to investigate the impact of ciprofol on postoperative cognitive function in 
patients undergoing cardiac surgery with CPB via a randomized, controlled, double-blind clinical trial design.

Materials and Methods
Study Design
This study was performed in accordance with the ethical standards of the Helsinki Declaration,16 which were developed by the 
World Medical Association. Moreover, this study was approved by the Medical Science Ethics Committee of the Affiliated 
Hospital of Guizhou Medical University (Approval No. 2022115K; Approval date, 2022/11/18) and was subsequently 
registered in the Chinese Clinical Trials Registry (www.chictr.org.cn; Trial Identifier: ChiCTR2200061712). The study was 
executed in accordance with the Consolidated Standards of Reporting Trials (CONSORT)17 guidelines, with all participants 
providing written informed consent.

Patients
Adult patients who had undergone cardiac surgery with CPB were included in the study. Eligible participants were at 
least 18 years of age, had an American Society of Anesthesiologists (ASA) classification of II–IV and a New York Heart 
Association (NYHA) functional class of II–IV, and were capable of participating in neuropsychological tests and follow- 
up assessments. Patients were excluded if they had a history of neurological or psychiatric disorders, such as dementia or 
speech impairment, were on long-term psychotropic medication, had severe hepatic or renal dysfunction. Additionally, 
patients who experienced severe hemodynamic instability or malignant arrhythmia during surgery, underwent secondary 
thoracotomy, or died within 24 hours after surgery were withdrawn. The definitions of severe hemodynamic instability 
and malignant arrhythmia can be found in the Supplementary Materials.
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Randomization and Blinding
Following the completion of the preoperative screening and baseline assessment by the assigned investigator, the patients 
were randomly allocated to either the Ciprofol group (Group C) or the Propofol group (Group P) at a 1:1 ratio using 
a random number table (generated by SPSS 27.0 software) method developed by another investigator. Upon a patient’s 
arrival in the operating room, an envelope containing the patient’s random number and corresponding group assignment 
was provided to the anesthesiologist by the researchers. All anesthesiologists were excluded from the study, and the 
researchers who participated in the randomized allocation and intraoperative data collection did not participate in the 
postoperative follow-up. In addition, all patients and personnel involved in the preoperative assessment, intraoperative 
data collection, and postoperative follow-up and statisticians remained blinded to the group assignments.

Sample Size
The sample size was determined on the basis of preliminary experiments. The incidence of POD following cardiac 
surgery was approximately 52% in Group P and 28% in Group C. Our calculations indicated that a sample size of 62 
patients per group would provide 80% power to detect a reduction of approximately half in POD incidence, at a two- 
sided significance level of 0.05. Consequently, we planned to enrol 138 patients (69 per group) to account for an expected 
dropout rate of 10%.

Intervention
The intervention process was divided into an anesthesia induction period and a maintenance period. During induction, after 
intravenous administration of 0.05 mg/kg midazolam and 0.5 µg/kg sufentanil in both groups, patients in groups C and 
P received intravenous injections of 0.4 mg/kg ciprofol and 2.0 mg/kg propofol, respectively. When the eyelash reflex had 
disappeared. All patients were given the muscle relaxant rocuronium 0.6 mg/kg intravenously. During the period of anesthesia 
maintenance and during off-cardiopulmonary circulation, patients in both groups were given a combined anesthesia regimen: 
Group C was given 0.4–0.8 mg·kg−1·h−1 intravenous ciprofol, and Group P was given 2–4 mg·kg−1·h−1 intravenous propofol. 
The dosing regimen for ciprofol in this study was selected based on its known relative potency (approximately 4–5 times that 
of propofol) and established effective dosing ranges from previous clinical studies aiming to achieve comparable anesthetic 
depth while leveraging its potentially favourable hemodynamic profile.13 In addition, the two groups of patients received the 
inhalation anesthetic sevoflurane (0.8–1 MAC) via a tracheal catheter and the analgesic sufentanil 0.5–1 µg·kg−1·h−1 

intravenously. During extracorporeal circulation, sevoflurane was discontinued in both groups. The patients in Group 
C received an intravenous injection of 0.8–2.4 mg·kg−1·h−1 ciprofol, the patients in Group P received an intravenous injection 
of 4–12 mg·kg−1·h−1 propofol, and the patients in both groups continued to receive analgesic treatment with 0.5–1 µg·kg−1·h−1 

sufentanil (Supplementary Figure S1). Patients in both groups were given intravenous rocuronium at 0.15–0.3 mg/kg per hour 
to ensure sustained muscle relaxation. All perioperative management procedures except for the interventions were consistent.

Perioperative Management
Upon entering the operating room, all patients first underwent peripheral intravenous cannulation. Standard monitoring 
protocols were then implemented, comprising five-lead electrocardiography (ECG), noninvasive blood pressure (NIBP) 
measurement, pulse oximetry (SpO2), and cerebral oxygen saturation (SctO2) monitoring. Moreover, arterial cannulation was 
established via radial artery access after passing Allen’s test for continuous mean arterial pressure (MAP) monitoring. 
A central venous catheter was subsequently inserted under ultrasound guidance through the right internal jugular vein for 
central venous pressure (CVP) monitoring and fluid administration. All patients underwent CPB via a cardiopulmonary 
machine (model: the Sorin Stockert S5, manufactured by Sorin Stockert Instruments GMBH, Germany). During CPB, the 
Bispectral Index (BIS) was controlled at 40–60, the MAP was maintained at 55–75 mmHg, the hematocrit (Hct) was 
maintained at 25–30%, the oxygenation index (OI = PO2/FiO2) was maintained at 300–400 mmHg, and the partial pressure 
of arterial blood carbon dioxide (PaCO2) was maintained at 35–45 mmHg. For SctO2, the target value was set at 60–80% 
(bilateral monitoring). If SctO2 dropped below 60% for more than 30 seconds, the following adjustments were made 
sequentially: 1) optimizing MAP within the target range (55–75 mmHg) by adjusting vasoactive drugs; 2) increasing 
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hematocrit to 28–30% via autotransfusion; and 3) checking for mechanical obstruction in the CPB circuit or adjusting cerebral 
perfusion pressure by modifying pump flow rate. Furthermore, autotransfusion was administered to all patients.

Outcomes
The primary outcome of the study was the incidence of POD, as ascertained by a positive assessment utilizing the CAM or the 
Confusion Assessment Method for the Intensive Care Unit (CAM-ICU), within the first 7 days following surgery or until the 
occurrence of discharge or death, whichever event preceded the others. CAM was used in patients who were awake or able to 
communicate verbally, and CAM-ICU was used in patients who were mechanically ventilated by endotracheal intubation and 
unable to communicate verbally.18 All CAM/CAM-ICU assessments were performed by a trained doctor (Chao Chen) who 
was blinded to group assignments and had completed certification in delirium assessment.

In addition, we evaluated the subtypes of POD and the incidence of two or more episodes of delirium. Drawing upon 
previous research, we categorized delirium into three distinct types: a low-activity type, a high-activity type, and a mixed 
type.19 A subgroup analysis was conducted to examine the occurrence of POD across preset subgroups.

Furthermore, the telephone version of the Montreal Cognitive Assessment (T-MoCA) was used to assess the patients’ 
cognitive function at 1 month and 3 months after surgery. The T-MoCA is a 22-point scale that briefly assesses a patient’s 
ability in the areas of auditory attention, mental dexterity, verbal fluency, sentence repetition, memory for lists of words, 
and orientation to time and place.20 A score less than 18 was considered to indicate POCD.

Baseline vital sign data for patients were collected five minutes after they had lain flat and rested upon entering the 
operating room. We documented various intraoperative adverse events, including postinduction (2 minutes after induction of 
anesthesia, T1) hypotension, bradycardia and tachycardia. Hypotension was defined as a MAP less than 65 mmHg. 
Tachycardia was defined as a heart rate (HR) exceeding 100 beats per minute, whereas a heart rate (HR) below 60 beats 
per minute was considered bradycardia. The observation time points were as follows: T0 (5 minutes after entering the 
operating room), T1 (2 minutes after induction of anesthesia), T2 (immediately after intubation), T3 (immediately before skin 
incision), T4 (10 minutes into the CPB), T5 (40 minutes into the CPB), T6 (immediately after the conclusion of the CPB), and 
T7 (immediately after surgery). The MAP, HR, SpO2, CVP, and SctO2 were recorded at these time points. To improve patient 
comfort and the safety of cardiac surgery, central venous puncture placement was performed after endotracheal intubation; 
therefore, central venous pressure was not monitored or recorded before the skin incision and during CPB.

We documented data pertaining to postoperative hospitalizations, including the duration of postoperative mechanical 
ventilation, the length of stay in the ICU, and the duration of the postoperative hospital stay. Additionally, we recorded 
the occurrence of postoperative complications, specifically postoperative pneumonia, postoperative pleural effusion, and 
postoperative acute kidney injury (AKI), in accordance with the European Perioperative Clinical Outcome (EPCO) 
definitions.21 Supplementary material that further elucidates these definitions is provided.

Statistical Analysis
The normality of the quantitative data was assessed using histograms. For normally distributed continuous variables, the 
means ± standard deviations (SDs) are reported, and group comparisons were performed via t tests. Otherwise, medians 
and quartiles are presented, with group comparisons carried out using the Mann‒Whitney U-test.

A chi-square test was used to compare the incidence of POD. The impact of ciprofol on POD incidence was 
quantified via the relative risk (RR) with a 95% confidence interval (CI). To investigate variations in the primary 
outcome, exploratory analyses were performed to assess differences among the predefined subgroups, which included 
subgroups classified by age, sex, ASA class, NYHA class, CABG status, CPB duration, and surgery duration. Logistic 
regression was used to analyze treatment-by-covariate interactions separately for each subgroup factor.

Multiple interpolation methods were employed to estimate the missing values in the postoperative neurocognitive 
function evaluation. An identical approach was used to verify the classification results. The detail approach of multiple- 
imputation can be found in Supplementary Materials. Additionally, the length of hospital stay and the duration of stay in 
the ICU were compared between the two groups using the Mann‒Whitney U-test, and the Hodges‒Lehman median 
difference (95% CI) was calculated. For multiple comparisons, we applied the Bonferroni correction to control the type 
I error rate in outcomes, and reported the adjusted p values.
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All the statistical analyses were conducted using SPSS 27.0 software. Statistical significance was defined as a two-sided 
p value < 0.05.

Results
Baseline Characteristics
Between March 2023 and February 2024, a total of 171 patients were assessed in the study. Ultimately, 138 patients met 
the inclusion criteria and were subsequently randomized to either Group C (n = 69) or Group P (n = 69). However, six 
patients were excluded from the study because they underwent secondary thoracotomy within 24 hours (n = 3) or surgery 
postponement or cancellation (n = 3), and three other patients were excluded owing to missing data (n = 1) or withdrawal 
of consent (n = 2). Consequently, 129 patients were included in the final analysis (Figure 1). The baseline characteristics 
(Table 1) and intraoperative data (Supplementary Table S1) of the two groups were comparable, with no statistically 
significant differences observed.

Primary Outcome
The study revealed that the incidence of POD in Group C was significantly lower than that in Group P (29.69% vs 
52.31%; RR 0.57, 95% CI 0.37–0.88; p = 0.009) (Table 2). No significant differences were observed in the three delirium 
subtypes between the two groups. Moreover, in Group C, 14 out of 64 patients (21.88%) experienced two or more 
delirium episodes, whereas 24 out of 65 patients (36.92%) experienced two or more delirium episodes in Group P; 
however, this difference did not reach statistical significance (RR 0.59, 95% CI 0.34–1.04; p = 0.061). Notably, the 
cumulative risk curve for POD indicated that the cumulative risk of delirium increased over time after surgery, with the 

Figure 1 Flow chart of patients enrollment. 
Abbreviations: CPB, cardiopulmonary bypass.
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peak incidence occurring on postoperative days 2 and 3 in both groups. Furthermore, the cumulative incidence of 
delirium in the control group was significantly greater than that in the intervention group (HR 2.791, 95% CI 
1.352–5.763; p = 0.006) (Figure 2). Additionally, subgroup analysis of POD demonstrated no significant interaction 
effect between the intervention and the predefined factors (Supplementary Figure S2).

Secondary Outcomes
One month after surgery, the incidence of POCD was 22.03% in Group C and 26.62% in Group P, with no statistically 
significant difference (p = 0.547). At the 3-month postsurgery follow-up, the incidence of POCD remained similar 
between the two groups (16.25% vs 16.00%; p = 0.771), again showing no significant difference.

Vital Signs
At all time points, no significant differences were observed in HR (Figure 3A), SpO2 (Figure 3C), CVP (Figure 3D), or 
bilateral SctO2 (Figure 3E and F) between the two groups. Notably, however, the postinduction (2 minutes after 
induction of anesthesia, T1) MAP in Group C was significantly greater than that in Group P (p = 0.021). In addition, 
the MAP in group C was greater than that in group P at other time points during anesthesia (T2 - T7), but the difference 

Table 1 Demographic Characteristics

Characteristics Total  
(n = 129)

Group C  
(n = 64)

Group P  
(n = 65)

P Value

Age, year, median (IQR) 55.00 (50.00, 62.00) 54.50 (51.00, 64.00) 55.00 (48.00, 60.00) 0.278

Age group, n (%) 0.790

< 65 years 104 (80.62) 51 (79.69) 53 (81.54)
≥ 65 years 25 (19.38) 13 (20.31) 12 (18.46)

Sex, n (%) 0.419

Male 57 (44.17) 26 (40.63) 31 (47.69)
Female 72 (55.81) 38 (59.38) 34 (52.31)

BMI, kg/m2, median (IQR) 22.83 (20.04, 25.08) 22.97 (20.03, 25.13) 22.68 (20.50, 25.00) 0.856
Education level, years, n (%) 0.741

< 6 83 (64.34) 43 (67.19) 40 (61.54)

6~9 32 (24.81) 14 (21.88) 18 (27.69)
> 9 14 (10.85) 7 (10.94) 7 (10.77)

Preoperative comorbidities, n (%)

Hypertension 33 (25.58) 17 (26.56) 16 (24.62) 0.800
Diabetes 10 (7.75) 3 (4.69) 7 (10.77) 0.336

COPD 2 (1.55) 2 (3.13) 0 (0.00) 0.469

Pulmonary arterial hypertension 23 (17.83) 14 (21.88) 9 (13.85) 0.234
Atrial fibrillation 28 (21.71) 13 (20.31) 15 (23.08) 0.558

Unstable angina 10 (7.75) 5 (7.81) 5 (7.69) 0.980

NYHA class, n (%) 0.408
II 15 (11.63) 8 (12.5) 7 (10.77)

III 105 (81.40) 53 (82.81) 52 (80.00)

IV 9 (6.98) 3 (4.69) 6 (9.23)
ASA class, n (%) 0.252

II 9 (6.98) 3 (4.69) 6 (9.23)

III 84 (65.12) 41 (64.06) 43 (66.15)
IV 36 (27.91) 20 (31.25) 16 (24.62)

Euroscore value, median (IQR) 1 (1, 2) 1 (1, 2) 1 (0, 2) 0.505

MMSE score‡, median (IQR) 27.00 (26.00, 28.00) 27.00 (26.00, 28.00) 27.00 (26.00, 29.50) 0.081

Notes: Data presented as n (%) or median (quartile 1, quartile 3), unless otherwise indicated. ‡ Scores range from 0 to 30, with higher 
scores indicating better function. 
Abbreviations: ASA, American Society of Anesthesiologists; BMI, Body mass index; NYHA, New York Heart Association; IQR, Inter 
quartile range; COPD, Chronic Obstructive Pulmonary Disease; MMSE, Mini-Mental State Examination.
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was not statistically significant (p > 0.05) (Figure 3B). Regarding cardiovascular adverse events during induction, there 
were no significant differences in the incidence rates of postinduction bradycardia and postinduction tachycardia between 
Groups C and P (Table 2). However, the incidence of postinduction hypotension was significantly greater in Group P than 
in Group C (44.62% vs 18.75%; p = 0.002).

Table 2 Primary and Secondary Outcomes

Outcomes Group C  
(n = 64)

Group P  
(n = 65)

Relative Risk or 
Estimated 
Difference  
(95% CI)

Adjusted 
P Value

Primary Outcome
Postoperative delirium incidence, n (%) 19 (29.69) 34 (52.31) 0.568 (0.365, 0.884) 0.009

Secondary Outcomes
Delirium subtypes

Hypoactive 10 (15.63) 16 (24.62) 0.635 (0.312, 1.292) 0.203

Hyperactive 7 (10.94) 14 (21.54) 0.508 (0.219, 1.175) 0.103
Mixed 2 (3.12) 4 (6.15) 0.508 (0.096, 2.676) 0.414

Occurring delirium two episodes or more within 7 days, n (%) 14 (21.88) 24 (36.92) 0.592 (0.338, 1.039) 0.061

Postinduction hypotension, n (%) 12 (18.75) 29 (44.62) 0.420 (0.236, 0.749) 0.002
Postinduction bradycardia, n (%) 9 (14.06) 4 (6.15) 2.285 (0.741, 7.046) 0.230

Postinduction tachycardia, n (%) 11 (17.19) 13 (20.00) 0.859 (0.461, 1.774) 0.681

Postoperative cognitive dysfunction incidence, n (%)
1 month after surgery 14.1 (22.03) 17.3 (26.62) 0.776 (0.341, 1.769) 0.547

3 months after surgery 10.4 (16.25) 10.4 (16.00) 1.016 (0.333, 2.258) 0.771

Postoperative T-MoCA score, median (IQR)
1 month after surgery 18.00 (18.00, 19.00) 18.00 (18.00, 18.00) 0.00 (0.00, 1.00) 0.105

3 months after surgery 18.00 (18.00, 19.00) 18.00 (18.00, 18.00) 0.00 (0.00, 0.00) 0.084

Notes: Data presented as n (%), unless otherwise indicated. 
Abbreviations: CI, confidence interval; T-MoCA, Telephone Montreal Cognitive Assessment; IQR, Inter quartile range.

Figure 2 Cumulative hazard of postoperative delirium. 
Notes: **p < 0.01, the cumulative hazard of postoperative delirium between the two groups. 
Abbreviations: POD, postoperative delirium; HR, hazard ratio; P, P-value.
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Postoperative Hospitalization Data and Complications
No significant differences were observed between the two groups in terms of the duration of postoperative mechanical 
ventilation, length of stay in the ICU, or length of postoperative hospital stay. In addition, there was no statistically 
significant difference in the incidence of postoperative pneumonia, pleural effusion, or AKI between the two groups 
(Table 3).

Figure 3 Intraoperative vital signs. 
Notes: (A) HR, (B) MAP, (C) SpO2, (D) CVP, (E) SctO2-Left, and (F) SctO2-Right. Values are expressed as means or IQR. *p < 0.05 between the two groups at the same 
time point. 
Abbreviations: IQR, Inter quartile range, T0, 5 minutes after entering the operating room; T1, 2 minutes after induction of anesthesia; T2, immediately after intubation; T3, 
immediately before skin incision; T4, 10 minutes into CPB; T5, 40 minutes into CPB; T6, immediately after the conclusion of CPB; T7, immediately after surgery; HR, heart 
rate; MAP, mean arterial pressure; SpO2, pulse oxygen saturation; CVP, central venous pressure; SctO2, cerebral oxygen saturation; CPB, cardiopulmonary bypass; ns, no 
significant (p > 0.05).

Table 3 Postoperative Complications and Hospitalization Data

Outcomes Group C  
(n = 64)

Group P  
(n = 65)

Relative Risk or 
Estimated 

Difference (95% CI)

Adjusted  
P Value

Postoperative complications, n (%)

Pneumonia, n (%) 8 (12.50) 8 (12.31) 1.016 (0.406, 2.541) 0.974
Pleural effusion, n (%) 1 (1.56) 3 (4.62) 0.339 (0.036, 4.701) 0.623

AKI, n (%) 14 (21.88) 23 (10.77) 0.618 (0.350, 1.091) 0.090

Mechanical ventilation duration, hour, median (IQR) 21.00 (17.00, 45.00) 21.00 (17.00, 27.50) 2.000 (−1.000, 10.000) 0.282
Length of intensive care unit stay, day, median (IQR) 3.00 (2.00, 4.00) 3.00 (2.00, 4.00) 0.000 (0.000, 1.000) 0.203

Length of hospital stay, day, median (IQR) 15.00 (13.00, 19.00) 15.00 (11.00, 20.50) 0.000 (−2.000, 2.000) 0.804

Notes: Data presented as n (%) or median (quartile 1, quartile 3), unless otherwise indicated. 
Abbreviations: IQR, Inter quartile range; CI, Confidence interval; AKI, Acute kidney injury.
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Discussion
This randomized controlled trial investigated the effects of ciprofol on postoperative cognitive function in patients who 
underwent cardiac surgery with CPB. The key findings are as follows:

First, compared with propofol, ciprofol significantly reduced the incidence of POD in patients who underwent cardiac 
surgery with CPB. Furthermore, ciprofol was associated with a lower cumulative risk of POD during the seven days after 
surgery. POD manifests clinically as altered consciousness, personality disorders, impaired attention and memory, and 
impaired spatial orientation, significantly impacting prognosis.22 The overall incidence of POD in our study was 41.09%, 
which aligns with the incidence of POD reported in previous studies of patients who underwent cardiac surgery with 
CPB.23,24 Notably, ciprofol significantly reduced the incidence of POD. Our findings offer novel insights into the 
prevention of POD in this patient population.

Another notable concern was that compared with propofol, ciprofol not only provided a greater postinduction 
mean arterial pressure but also significantly decreased the incidence of hypotension after induction. In addition, 
ciprofol also maintained a greater MAP than did propofol during the maintenance phase of anesthesia (T2-T7), 
although a comparison of the two data sets did not reveal statistical significance. These findings indicate that the 
ciprofol has a more favourable effect on sustaining more stable haemodynamics in patients undergoing cardiac 
surgery with CPB. Moreover, this may be associated with a lower incidence of POD in patients in group 
C undergoing cardiac surgery. Previous studies have shown that inadequate cerebral perfusion25 and low cerebral 
oxygen saturation26 due to hypotension may impair postoperative neurocognitive function in patients. Propofol not 
only causes circulatory depression but also induces cerebral vascular constriction, leading to a dose-dependent 
reduction in the cerebral oxygen metabolic rate, cerebral blood flow, and cerebral blood volume.27 The addition of 
cyclopropyl provides ciprofol with an asymmetric chemical structure that enhances its affinity for the GABAA-R 
receptor, thereby increasing its target selectivity and efficacy and increasing its target selectivity and potency.28 This 
specific mechanism enables the ciprofol to achieve an adequate depth of anesthesia while mitigating the risk of 
cerebral ischemia and hypoxia associated with circulatory depression. The results of this study revealed that patients 
in group C maintained higher brain tissue oxygen saturation during anesthesia than patients in group P did, although 
the difference was not statistically significant. These outcomes may be correlated with a lower incidence of POD in 
patients in group C who underwent cardiac surgery with CPB.

With respect to POCD, we employed the T-MoCA to assess mid- to long-term cognitive function. Unfortunately, 
despite performing multiple imputations for missing data, we did not observe significant differences in the incidence 
of POCD attributable to intervention factors. This lack of significance may be due to two factors. On the one hand, 
both ciprofol and propofol are short-acting intravenous anesthetics that are rapidly metabolized in vivo and thus do 
not significantly affect patients’ mid- to long-term cognitive function. On the other hand, as patients’ primary 
diseases improve, neurocognitive function is gradually restored.29 Therefore, the incidence of postoperative neuro
cognitive deficits did not significantly differ between the two groups of patients.

To investigate the effect of the ciprofol on patient prognosis, this study compared the incidence of different 
postoperative complications and hospitalization data between the two groups. We found that the incidence of each 
complication was similar between the two groups. One of the reasons for this may be that ciprofol and propofol are 
excreted from the body in a similar manner, being metabolized mainly by the liver and excreted by the kidneys.30 In 
addition, the metabolism of both drugs is largely unaffected in patients with mild to moderate hepatic and renal 
impairment.31 There were also no significant differences in the length of mechanical ventilation, ICU stay, or 
hospitalization between the two groups, which may be related to the similar and rapid elimination half-life of 
ciprofol and propofol,32,33 which would result in rapid clearance of both drugs from the patient’s body. Thus, there 
was no significant impact on patient prognosis.

This study has several limitations. First, as a single-center study, the generalizability of our findings may be 
limited. Second, our study recorded only vital signs and cognitive functions and did not investigate molecular 
markers related to PNDs in patients’ blood. Third, we lack direct data on cerebral perfusion (transcranial Doppler or 
cerebral blood flow measurements) to confirm the link between ciprofol-induced hemodynamic stability and reduced 
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POD. These limitations may have biased our results. In addition, our study evaluated only cardiac surgery patients, 
which could not benefit a larger patient population. Therefore, in subsequent studies, we will further investigate the 
effect of ciprofol on POD in different patient populations and investigate PND-related biomarkers.

Conclusion
In summary, compared with propofol, ciprofol can reduce the incidence of POD in patients undergoing cardiac surgery 
with CPB. However, this intervention has not been shown to significantly impact the incidence of POCD at the first 
month or three months after surgery. Furthermore, ciprofol decreased the incidence of hypotension after induction.
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