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Purpose: This study was conducted to assess whether ciprofol vs propofol could affect the incidence of postoperative delirium (POD)
in elderly patients with lung cancer after thoracoscopic surgery.

Patients and Methods: In this study, a total of 84 elderly patients undergoing thoracoscopic surgery for lung cancer were recruited
and randomized into two groups to receive anesthesia with either ciprofol or propofol. The primary outcome was the incidence of POD
within three days after surgery. Secondary outcomes included the Confusion Assessment Method (CAM) score, intraoperative
indicators related to mean arterial pressure (MAP), and cerebral tissue oxygen saturation (SctO,). Moreover, MAP- and SctO,-
related indicators associated with POD were analyzed.

Results: The incidence of POD was 7.1% and 16.7%, respectively, in the ciprofol group and the propofol group (risk ratio [RR], 0.37;
95% confidence interval [CI], 0.07 to 2.03; risk difference [RD], —9.6%; 95% CI, —23.3% to 4.1%; p = 0.178). Compared with those in
the propofol group, patients in the ciprofol group had lower CAM scores three days after surgery (13 (12, 15) vs 15 (14, 17); 12 (11,
13) vs 14 (13, 16); 12 (11, 12) vs 13 (12, 14), p<0.05). Besides, patients in the ciprofol group exhibited higher mean and minimum
MAP (88.63 + 6.7 vs 85 £ 8.3; 69.81 £+ 9.59 vs 64.9 + 9.43, p<0.05) and SctO, (77.26 £ 3.96 vs 75.3 £ 4.49, 71.69 = 4.51 vs 68.77 +
6.46, p<0.05) and percentage of time for blood pressure stabilization (0.6 + 0.14 vs 0.45 + 0.14, p<0.05) than those in the propofol
group. Furthermore, MAP and SctO,-related indicators were validated to correlate with POD.

Conclusion: Anesthesia with ciprofol did not increase the incidence of POD compared with propofol. The results demonstrated that
ciprofol could improve intraoperative MAP and SctO, levels and diminish postoperative CAM scores.
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Introduction

Postoperative delirium (POD) is an acute perioperative fluctuating mental state change, primarily characterized by such
symptoms as inattention, impaired consciousness, and disorganized thinking. This condition may induce cognitive impair-
ment and prolonged hospitalization, thus leading to a significantly worse prognosis. Advanced age has been identified as an
independent risk factor for the development of POD.'* With population aging and increasing environmental pollution, lung
cancer exhibits a higher incidence and has become the most prevalent cancer. The median age of patients at the diagnosis of
lung cancer is 71 years,’ with the mortality accounting for 19.4% of total cancer-related deaths.”

Video-assisted thoracic surgery (VATS) is the most effective and essential treatment for early-stage lung cancer.’
However, one-lung ventilation (OLV) performed during VATS may impair cerebral oxygen supply-demand balance,
leading to POD. Notably, it has been reported that the incidence of intraoperative cerebral tissue oxygen saturation
(SctO,) reduction in elderly patients undergoing OLV can reach up to 70%,° and the incidence of POD ranges from 7%
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to 23%.”° Importantly, there is a significant correlation between the incidence of POD and the reduction in intraoperative
blood pressure and SctO,.'°'* Furthermore, it has been established that controlling the blood pressure at a high level
contributes to optimal cerebral perfusion, improves the SctO, level, and diminishes the incidence of POD.'*'®

As revealed in previous studies, the choice of sedative medications in the same type of surgery influences the occurrence
of POD. For instance, low-dose dexmedetomidine infusion significantly reduces the incidence of POD in elderly patients
after non-cardiac surgery within seven days after surgery.'’ Conversely, patients sedated with benzodiazepines exhibit
a higher incidence of POD compared with those sedated with non-benzodiazepines.'® Ciprofol, a novel intravenous
sedative, has the advantages of faster onset of action, quicker awakening, less injection pain, less respiratory and circulatory
depression, and an extended safety margin.'®*? It has been indicated that ciprofol leads to a lower incidence of hypotension
in patients undergoing prolonged sedation or maintenance of anesthesia compared with propofol.’ Additionally, there is
emerging evidence suggesting that ciprofol may exert neuroprotective effects by down-regulating the expression of pro-
inflammatory cytokines, enhancing neuronal and mitochondrial functions, up-regulating the expression of nigrostriatal
tyrosine hydroxylase,”> and inhibiting the activation of the Wnt/B-catenin signaling pathway.**

Nevertheless, there is no reports on the administration of ciprofol throughout the entire anesthesia process for thoracic
surgery in the elderly, and the effect of ciprofol on POD remains inconclusively established. Consequently, this study was
designed to explore the effect of ciprofol on POD in elderly patients undergoing thoracoscopic surgery for lung cancer
based on a randomized, controlled, double-blind clinical trial.

Materials and Methods
Study Design and Ethics

This prospective, randomized, controlled, double-blind trial was conducted at Liaoning Cancer Hospital, and the trial
design was reviewed and approved by the Ethics Committee of Liaoning Cancer Hospital (Ethics Approval
No. 202304118). It was registered with the Chinese Clinical Trial Registry (ChiCTR2300075345). The study was
conducted according to the principles of the Declaration of Helsinki, and all patients or their legal representatives signed
an informed consent.

Patients
From May 1, 2023 to August 31, 2023, a total of 150 patients were enrolled in the trial based on the inclusion criteria.
Among them, 66 patients were excluded or dropped out; eventually, 84 patients were included in the trial (Figure 1).
The inclusion criteria included (1) patients undergoing VATS single lobectomy; (2) patients willing to accept total
intravenous anesthesia; (3) patients aged 65 to 80 years with a body mass index (BMI) ranging from 18 kg/m? to 30 kg/
m? or classified as American Society of Anesthesiologists (ASA) I or II; (4) patients without a history of surgery in the
past three months; (5) patients with preoperative arterial blood gas analysis within the normal range. Those who met all
inclusion criteria were enrolled in the study. The exclusion criteria included (1) patients allergic to the anesthesia drugs
used in this study; (2) patients with a history of alcohol, sedative-analgesic drugs, psychotropic drugs, or substance abuse
and addiction; (3) patients unable to cooperate in completing the Mini-Mental State Examination (MMSE) or scoring
below specified thresholds (illiterate < 17, primary school level < 20, secondary school level < 22, and university level <
23);%* (4) patients with a history of stroke, transient ischaemic attack, traumatic brain injury, and moderate-to-severe
cerebral stenosis, or patients with preoperative SctO, < 60%;>° (5) patients with any of the following characteristics:
severely impaired respiratory function (forced expiratory volume in 1 second < 50% of the predicted value or vital
capacity < 50% of the predicted value), New York Heart Association (NYHA) Classification III-IV, severe hepatic or
renal insufficiency (creatinine > 176 umol/L, blood urea nitrogen > 7.1 mmol/L, albumin < 30 g/L, etc.); (6) patients with
skin damage on the forehead; (7) patients refusing to participate in the study.

Randomization and Blinding
Patients were randomized into either the ciprofol or propofol groups at a ratio of 1:1 using a computer-generated random
sequence and a sealed envelope method administered by a medical statistician. Specifically, the anesthetist opened the envelope
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Enrollment Assessed for eligibility (n=150)

Excluded (n=45)

*Declined to participate (n=5)
*Hearing impairment (n=3)
*Cerebral applexy (n=28)
eAlcoholism (n=8)
*Depression (n=1)

Y

Y

Randomized (n=105)

Allocation
Allocated to ciprofol group (n=53) Allocated to propofol group (n=52)
*Received allocated intervention (n=45). *Received allocated intervention (n=46).
*Did not receive allocated intervention (n=8) *Did not receive allocated intervention (n=6)
surgery cancelled (n=2) surgery cancelled (n=3)
changed to thoracotomy (n=3) changed to thoracotomy (n=1)
persistent hypoxemia (n=2) persistent hypoxemia (n=1)
incomplete date (n=1) acute blood loss (n=1)
i Follow-up v
Lost to follow-up (n=3) Lost to follow-up (n=4)
Dropped out (n=0) Dropped out (n=0)
v Analysis !
Analysed (n=42). Analysed (n=42).
*Excluded from analysis (n=0) *Excluded from analysis (n=0)

Figure | CONSORT diagram describing each stage of the randomized trial.

after the patient entered the operating room, retrieved the grouping information, and administered the anesthetic agent
accordingly. The anesthesiologist was only responsible for intraoperative anesthesia management and did not participate in
the study design, data recording, or analysis. All study personnel, including data recorders, follow-up staff, outcome analysts, and
patients, remained unaware of the group assignment except for the anesthesiologist. The group assignment results were unveiled
only after the data analysis was completed.

Study Procedures

On the day before surgery, researchers measured the noninvasive blood pressure and heart rate (HR) for patients in stress-
free, pain-free, and awake (or mildly sedated) states. The measurement was repeated non-consecutively three times for
patients in a lying position on the ward at 07:00, 13:00, and 19:00. Additionally, MMSE was performed to assess the
cognitive ability of patients. No patient received pre-anesthetic medication.
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These patients were transferred to the operating room in a lying position, and venous access to the upper limb was
established. The electrocardiogram (ECG), HR, blood oxygen saturation (SpO,), non-invasive cuff blood pressure
(NIBP), and bispectral index (BIS) of patients were monitored continuously. Relevant data were collected
every minute by the monitoring equipment. Bilateral prefrontal SctO, was monitored using a cerebral oxygen monitor,
with data recorded every 2 seconds. Before the induction of anesthesia, the radial artery puncture cannulation on the non-
operative side was performed under local anesthesia. An arterial pressure transducer was connected for the continuous
monitoring of invasive arterial pressure, and the results were calibrated with NIBP. All procedures were performed by the
same surgeon team under general anesthesia with double-lumen endotracheal intubation.

The induction of anesthesia involved the intravenous administration of sufentanil at a dose of 0.3—0.4 pg/kg, ciprofol
at a dose of 0.3-0.4 mg/kg for the ciprofol group (Group C), and propofol at a dose of 1.5-2.0 mg/kg for the propofol
group (Group P). The administration persisted for over 30 seconds. When the eyelash reflex had disappeared and the BIS
value was < 60, rocuronium bromide was injected at 0.6 mg/kg. Then, tracheal intubation was performed when sufentanil
and muscarinic drugs had taken full effect, and the tube’s precise positioning was confirmed by fibreoptic bronchoscopy.

Mechanical ventilation was conducted in volume-controlled ventilation mode. Tidal volume settings were adjusted to
6-8 mL/kg for two-lung ventilation and 4-6 mL/kg for one-lung ventilation based on the calibrated body weight. The
airway pressure was maintained below 30 cmH,O, and the inhaled oxygen concentration (FiO,) was maintained at 100%.
The respiratory rate, inspiratory-expiratory time ratio, and positive end-expiratory pressure were adjusted individually to
maintain the PaCO, level within 3545 mmHg.

The maintenance of anesthesia was achieved through total intravenous anesthesia (TIVA). Patients in Group
C received an initial dose of 1 mgekg 'sh™' with a maximum permissible rate of 2.4 mgekg 'sh™'; Those in Group
P received an initial dose of 4 mgekg 'sh™' with a maximum permissible rate of 12 mgekg 'sh™'. Remifentanil was
intravenously administered at a rate of 8~15 pgekg 'sh™'. The administration rate was adjusted to maintain the BIS value
between 40 and 60. After lying in the lateral position, patients underwent T4 - T6 paravertebral nerve block based on the
surgical incision marking. The pumping rate of maintenance drugs was adjusted according to BIS and hemodynamic
parameters. If analgesia was not achieved even after remifentanil reached its maximal rate, sufentanil was administered
intraoperatively to augment analgesia. Rocuronium bromide was administered to maintain muscle relaxation intermit-
tently. In case of hypotension (the MAP was less than 80% of the baseline blood pressure (BP) for more than 1 min), the
anesthetic depth was adjusted or norepinephrine was administered at 0.05-0.10 pgekg 'sh™' until the MAP exceeded
80% of the baseline BP. Conversely, the anesthetic depth was adjusted or urapidil (10 mg) was administered in case of
hypertension (the MAP exceeded 120% of the baseline BP for more than 1 min).

Sufentanil (0.1-0.2 pg/kg 30 min) was used before the end of the procedure to prevent the occurrence of post-
operative discomfort. Rocuronium bromide was no longer given after the restoration of two-lung ventilation. The
infusion of intravenous anesthetics was terminated at the end of the procedure. Subsequently, patients were transferred
to the Post-Anesthesia Care Unit (PACU). When the train-of-four (TOF) index of patients reached > 2, neostigmine was
administered at a dose of 0.04 mg/kg. The tracheal tube was removed once patients could open their eyes, breathe
spontaneously, have adequate tidal volume, and achieve circulatory stability.

Patients were assessed through Ramsay sedation score (Ramsay) and Bruggrmann comfort scale (BCS) in the
PACU.?>**® The follow-up evaluation was conducted for patients in the ward 24, 48, and 72 hours after surgery. The
patient-controlled analgesia infusion pump was primarily responsible for postoperative analgesia after patients were
transferred to the ward. The postoperative pain intensity was measured using the visual analog scale (VAS);>’ The
sedation level was assessed with the Richmond Agitation Sedation Scale (RASS) score, and the incidence of POD was
estimated by the confusion assessment method (CAM) if the RASS score exceeded —3, with the scores < 19 indicating no
POD, 20-22 indicating suspected POD, and > 22 indicating the presence of POD.*®

Outcome Measures
The primary outcome was the incidence of POD within three days after surgery. Secondary outcomes included the CAM
score three days after surgery, intraoperative MAP and SctO,, quality of awakening, anesthetic dosage, and vasoactive
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drug dosage. During surgery, the vital signs of patients were recorded. Additionally, an in-depth analysis was conducted
to explore the correlation between the occurrence of POD and the indicators related to MAP and SctO,.

The baseline MAP and HR of patients were determined by taking the mean of three measurements the day before
surgery. The NIBP was utilized to calibrate and identify the target range of invasive arterial blood pressure before the
induction of anesthesia. The baseline SctO, was calculated as the mean of left and right SctO, under the condition that
patients were in a conscious and resting state with voluntary respiration. MAP-related measures included the mean MAP,
minimum MAP, and stable blood pressure range (intraoperative MAP maintained at 90-110% of the baseline MAP). The
percentage of time for blood pressure stabilization during anesthesia was also computed. SctO,-related measures
included the mean SctO,, minimum SctO,, absolute decrease (the difference between the baseline and minimum
SctO,), relative decrease (the ratio of the absolute decrease to the baseline), incidence of intraoperative SctO, desatura-
tion (SctO, maintained below 90% of the baseline for 15s), and the area under the threshold (AUT) (the cumulative area
where SctO, was maintained below 90% of the baseline). The quality of awakening was assessed based on the time taken
to awaken, post-extubation Ramsay scores (1: anxious, restless, irritable; 2: quiet, cooperative, orientated; 3: responsive
only to commands; 4: asleep but sensitive to stimuli; 5: asleep, slowly response to stimuli; 6: asleep and unable to be
awakened), and BCS scores (0: persistent pain; 1: no pain at rest but severe pain with deep breathing or coughing; 2: no
pain at rest but slight pain with deep breathing or coughing; 3: deep breathing without pain; 4: no pain symptoms).
Additionally, the incidence of postoperative nausea and vomiting (PONV) and delayed awakening (the time from
anesthesia discontinuation to achieving OAA/S > 5 exceeded 90 min) were recorded. Intraoperative adverse events
included hypoxemia (SpO2 < 90%), hypertension, hypotension, bradycardia (HR less than 80% of the baseline HR for
more than 30s), and tachycardia (HR exceeding 120% of the baseline HR for more than 30s).

The observation time points from TO to T6 were also established (TO: before the induction of anesthesia; T1: after the
induction of anesthesia, before intubation; T2: immediately after intubation; T3: at the beginning of surgery; T4: 30 min
of OLV; T5: 60 min of OLV; T6: before the end of surgery). MAP, HR, SpO,, SctO,, BIS, and PgrCO, of patients were
recorded at TO-To6.

Sample Size Calculation

The sample size required for this study was calculated based on the pre-test results of a POD incidence of 0% in Group
C and a POD incidence of 23% in Group P, with a detection rate of 80% and a two-sided significance level of 0.05. With
the aid of G*power software, it was determined that each group should consist of 34 subjects, totaling 68 subjects for the
study. Given that approximately 20% of patients were excluded, the total number of participants was determined to be 84,
with 42 patients allocated to each group.

Statistical Analysis

The statistical analysis was performed by SPSS 26.0. The normality of quantitative data was tested using histograms and
the Shapiro—Wilk test. Continuous variables that were normally distributed were presented as mean and standard
deviation (X £ s), and the comparison between groups was performed by the #-test; while those that were not normally
distributed were presented as medians and quartiles [M (P25, P75)], and the comparison between groups was performed
by the Mann—Whitney U-test. Qualitative data were presented as percentages, and the comparison between groups was
performed by the chi-square test. The comparison of indicators at each observation time point was analyzed using
repeated measures ANOVA, which applied the Greenhouse-Geisser correction. Bonferroni’s method was employed to
correct within-group two-by-two comparisons. The data that were not normally distributed were analyzed through
a generalized linear model.

Patients were divided into positive (POD) and negative (NPOD) groups according to the presence or absence of POD.
Subsequently, the univariate analysis of all independent variables was performed to assess their association with POD.
Subsequently, logistic regression analyses were performed on the screened independent variables with differences. To
enhance the robustness of the results, sensitivity analyses were carried out by introducing additional covariates, such as
age, duration of anesthesia, gender, and the presence of hypertension or diabetes mellitus.

All statistical tests were two-sided, and P < 0.05 was considered statistically significant.
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Results

From May 2023 and August 2023, a total of 150 patients who met the inclusion criteria were assessed. Among them, 45
patients were excluded before randomization. Eventually, 105 patients were randomized into Group C (n=53) and Group
P (n=52). Among these 105 patients, 21 patients were dropped from the analysis, including 1 patient with incomplete
data, 5 with surgery cancellations, 4 converted to thoracotomy due to pleural abnormalities, 3 with persistent hypoxemia,
1 with hemorrhage, and 7 with a loss to follow-up. Eventually, the data of 84 participants were incorporated into the final
analysis of this study. Detailed information on these participants is shown in Figure 1.

Participant Characteristics
The baseline characteristics and intraoperative data are depicted in Table 1. The characteristics of participants were well-
balanced between both groups.

Primary Outcome

The overall incidence of POD in this trial was 11.9%, including 3 (7.1%) patients in Group C and 7 (16.7%) patients in
Group P (RD, —9.6%; 95% CI, —23.3% to 4.1%; P = 0.178) (Table 2). There was no significant difference in the
incidence of POD 1, 2, and 3 days after surgery (P = 0.178, P =1, P = 1).

Secondary Outcomes

The CAM score of patients in Group C was consistently lower than that in Group P within 3 days after surgery, and the
differences were statistically significant (13 (12, 15) vs 15 (14, 17), P <0.001; 12 (11, 13) vs 14 (13, 16), P < 0.001; 12
(11, 12) vs 13 (12, 14), P < 0.01).

Table | Demographic Characteristics and Intraoperative Data

Group C (n=42) | Group P (n=42) | P-value

Age, (y) 68.5 (67, 72) 68 (67, 71.3) 0.773
Male, n (%) 21 (50.0) 18 (42.9) 0.512
BMI, (kg/m?) 23.09 £ 3.07 2321 £ 3.0l 0.863
Education level, n (%) 0.281

llliterates 2 (4.8) 0 (0)

Primary school 20 (47.6) 28 (66.7)

Junior high school 14 (33.3) 10 (23.8)

University or higher 6 (14.3) 2 (4.8)
MMSE 27.69 £ 1.19 27.26 £ 1.31 0.225
ASA classification, n (%) 0.415

| 10 (23.8) 7 (l16.7)

I 32 (76.2) 35 (83.3)
Surgical type, n (%) 0.826

Left lobectomy 18 (42.8) 19 (45.2)

Right lobectomy 24 (57.1) 23 (54.8)
Preoperative comorbidities, n (%)

Hypertension 22 (524) 26 (61.9) 0.378

Diabetes 6 (14.3) 9 (21.4) 0.393

Coronary artery disease 11 (26.2) 6 (14.3) 0.175
Duration of operation, (min) 119.67 + 37.30 115.33 + 35.16 0.585
Duration of anesthesia, (min) 134.26 + 39.15 131.04 + 37.16 0.701
Fluid intake, (mL) 750 (650, 1100) 950 (750, 1200) 0.148
Fluid loss, (mL) 200 (137.5, 212.5) 200 (100, 200) 0.463

Notes: Data are presented as the mean + SD, median (interquartile range), or number of patients (%).
Abbreviations: BMI, Body Mass Index; MMSE, Mini-Mental State Examination; ASA, American Society of
Anesthesiologists; SD, standard deviation.
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Table 2 Primary Outcome

Group C (n=42) | Group P (n=42) | P-value

Postoperative delirium incidence, n (%)

| day after surgery 3 (7.1%) 7 (16.7%) 0.178
2 days after surgery I (2.4%) 2 (4.8%) |
3 days after surgery 0 0 |

Notes: Data are presented as the number of patients (%).

In terms of hemodynamics, there was no statistically significant difference in the baseline MAP between both groups.
However, patients in Group C exhibited a higher mean MAP (88.63 + 6.7 vs 85 + 8.3, P < 0.05), a higher minimum MAP
(69.81 £9.59 vs 64.9 + 9.43, P < 0.01), and a larger percentage of the time for blood pressure stabilization (0.6 + 0.14 vs
0.45 £ 0.14, P < 0.001) compared with those in Group P.

In terms of SctO,-related measures, no statistically significant differences were observed in the baseline SctO,, absolute
decrease, relative decrease, or incidence of desaturation between both groups. However, patients in Group C had a higher
mean SctO, (77.26 £3.96 vs 75.3 £ 4.49, P < 0.05), a higher minimum SctO, (71.69 + 4.51 vs 68.77 £ 6.46, P < 0.05), and
a smaller AUT (0 (0, 0) vs 0 (0, 14), P < 0.05) than those in Group P.

In terms of drug dosages, compared with patients in Group P, those in Group C received a significantly lower dosage
of sedatives (170.46 £ 9.23 vs 787.56 = 37.23, P < 0.05) and norepinephrine (160.40 (88.80, 291.05) vs 334.20 (194.20,
573.75), P < 0.05). The dosages of analgesics and muscle relaxants were similar between both groups.

Intraoperative adverse effects and awakening quality did not differ significantly between both groups. Moreover, no
patients in either group experienced intraoperative awareness or delayed awakening (Table 3).

Table 3 Secondary Outcomes

Group C (n=42) Group P (n=42) P-value
CAM
| day after surgery 13 (12, 15) 15 (14, 17) <0.001
2 days after surgery 12 (11, 13) 14 (13, 16) <0.001
3 days after surgery 12 (11, 12) 13 (12, 14) 0.004
MAP-related indicators
Baseline, (mmHg) 985 % 10.13 98 £ 10 0.821
Mean, (mmHg) 88.63 + 6.7 85 +83 0.03
Minimum, (mmHg) 69.81 + 9.59 64.9 + 943 0.005
Percentage of stable time, (%) 0.6 +0.14 0.45 +0.14 <0.001
SctO,-related indicators
Baseline, (%) 75.28 + 4.02 74.44 £ 501 0.397
Mean, (%) 77.26 + 3.96 753 + 449 0.039
Minimum, (%) 71.69 + 451 68.77 + 6.46 0.019
Absolute decrease, (%) 3.59 £ 0.66 5.19 £ 0.92 0.163
Relative decrease, (%) 4(1,9) 6 (I, 12) 0.185
Desaturation < 90% of the Baseline, n (%) 8 (19%) 15 (35.7%) 0.087
AUT< 90% of the baseline 0 (0, 0) 0(0, 14) 0.042
Drug dosage
C/P, (mg) 170.46 + 9.23 787.56 + 37.23 <0.001
Remifentanil, (ug) 836.50 (498.95, 1225) | 751.03 (529.25, 1200) 0.879
Sufentanil, (pg) 40 (30, 40) 35 (30, 40) 0.376
Rocuronium, (mg) 60 (50, 70) 60 (58.75, 80) 0.956
Noradrenaline, (ug) 160.40 (88.80, 291.05) | 334.20 (194.20, 573.75) 0.001

(Continued)
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Table 3 (Continued).

Group C (n=42) Group P (n=42) P-value

Intraoperative adverse events, n (%)

Hypoxia 6 (14.3) 2 (4.8) 0.265

Hypotension 33 (78.6) 36 (85.7) 0.57

Hypertension 10 (23.8) Il (26.2) |

Bradycardia 5(11.9) 6 (14.3) |

Tachycardia 1 (2.4%) 3(7.1) 0.616
Quality of awake

Time to being fully alert from the end of 23.30 + 1261 20.76 + 10.00 0.308

drug administration (OAA/S > 5, min)

Ramsay scores 242 +0.36 2.51 £0.70 0.266

BCS scores 1.85 + 0.62 1.86 + 0.31 0.833

PONV, n (%) 6 (14.3%) 5 (11.9%) 0.746

Wake delay, n (%) 0 0 |
VAS

| day after surgery 3 (275, 4) 33,5 0.262

2 days after surgery 2 (1.75, 2) 22,4 0.108

3 days after surgery 1 (0, 2) 1 (1, 2) 0.345

Notes: Data are presented as the mean + SD, median (interquartile range), or number of patients (%).

Abbreviations: C, Ciprofol; P, Propofol; CAM, Confusion assessment method; MAP, Mean arterial pressure; Scto,, Cerebral tissue
oxygen saturation; AUT, Area under the threshold; OAA/S, Observer’s assessment of alertness/sedation; Ramsay, Ramsay Sedation
Scale; BCS, Bruggrmann comfort scale; PONV, Post-operative nausea and vomiting; SD, standard deviation; VAS, visual analogue scale.

Vital Signs

The changes in various vital signs of patients during surgery are presented in Figure 2. The ANOVA results indicated
significant differences in MAP, SctO,, and BIS over time between both groups (P < 0.05). However, there was no
significant difference in HR, SpO,, and PgrCO, between both groups at individual time points (P > 0.05). After
induction, patients in Group C consistently exhibited higher MAP and SctO, and lower BIS than those in Group P at
all time points. Specifically, MAP was significantly higher in Group C than in Group P at T2 and T3, SctO, was
considerably higher in Group C than in Group P at T2 and T4, and BIS was significantly lower in Group C than in Group
P at T1 and T5. However, patients in the two groups had no statistically significant difference in the changes in HR,
SpO2, and PETCO?2 at various time points during surgery (Figure 2).

The Correlation of MAP and SctO, with POD

The demographic characteristics and perioperative data of patients in the POD and NPOD groups were compared (Table 4).
It was demonstrated that there was no statistically significant difference in age, BMI, preoperative MMSE score, ASA
classification, education level, underlying disease, fluid intake and output, baseline MAP, mean MAP, baseline SctO,, and
postoperative VAS score between both groups (P > 0.05). However, statistically significant differences were observed in
gender, anesthesia time, minimum MAP, percentage of the time for blood pressure stabilization, mean SctO,, minimum
SctO,, SctO, desaturation incidence, absolute decrease, relative decrease, and AUT (P < 0.05).

Logistic Regression Analysis of POD-Associated Risk Factors

The logistic regression analysis results revealed several intraoperative factors associated with the risk of POD. Lower
minimum MAP during surgery (OR=0.838, 95% CI 0.748-0.938, P=0.002), percentage of time to MAP stabilization
(OR=0.926, 95% CI 0.875-0.980, P=0.008), mean SctO, mean SctO, (OR=0.801, 95% CI=0.618-0.942, P=0.007), and
minimum SctO, (OR=0.55, 95%CI=0.396-0.764, P<0.001) were identified as risk factors related to POD. Conversely,
a higher absolute decrease of SctO, during surgery (OR=1.134, 95% CI 1.002-1.284, P=0.046), relative decrease of
SctO, (OR=1.324, 95% CI 1.121-1.564, P=0.001), and <90% baseline AUT (OR=1.056, 95%CI=1.026-1.087, P<0.001)
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Figure 2 Intraoperative vital signs include (A) MAP, (B) SctO,, (C) HR, (D) BIS, (E) SpO,, and (F) PerCO,. Values are expressed as means. *p<0.05 between the two
groups at the same time point.

Abbreviations: To, before induction; T1, after induction; T2, immediately after intubation; T3, At the beginning of surgery; T4, 30 min after the start of surgery; T5, 60 min
after the start of surgery; T6, at cessation of anesthetics; HR, heart rate; MAP, mean arterial pressure; SpO2, pulse oxygen saturation; SctO,, cerebral tissue oxygen
saturation; BIS, bispectral index; PerCO,, end-tidal CO, pressure.
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Table 4 Demographic Cha Racteristics and Perioperative Data

NPOD (n=74) POD (n=10) P-value

Age, (y) 69.16 £ 3.19 70 + 3.49 0.444
Male, n (%) 31 (41.9) 8 (80) 0.039
BMI, (kg/m?) 23.19 £ 3.00 22.84 + 3.66 0.727
MMSE 2740 £ 1.29 27.6 £ 0.96 0.648
ASA classification, n (%) 0415

| 14 (18.9) 3 (30)

1l 60 (81.1) 7 (70)
Education level, n (%) 0.146

llliterates 2(27) 2 (20)

Primary school 43 (58.7) 5 (50)

Junior high school 21 (284) 3 (30)

University or higher 8 (10.8) 0
Preoperative comorbidities, n (%)

Hypertension 44 (59.5) 6 (60) |

Diabetes 13 (17.6) 3 (30) 0.393

Coronary artery disease 16 (21.6) I (10) 0.465
Duration of anesthesia, (min) 129.54 + 37.82 155.7 £ 31.98 0.04
Fluid intake, (mL) 850 (687.5, 1100) | 1075 (750, 1250) 0.112
Fluid loss, (mL) 200 (100, 200) 200 (137.5, 300) 0.362
MAP-related indicators

Baseline, (mmHg) 98.70 £ 10.17 94.9 + 8.38 0.262

Mean, (mmHg) 86.77 + 7.59 87.141 + 8.99 0.888

Minimum, (mmHg) 68.32 + 8.84 572 £ 11.12 0.001

Percentage of stable time, (%) 53.14 + 14.47 38.72 = 14.49 0.004
SctO,-related indicators

Baseline, (%) 75.01 + 447 74.25 + 520 0.62

Mean, (%) 76.6 + 4.17 72.33 £ 421 0.003

Minimum, (%) 71.23 + 457 60.7 + 2.86 <0.001

Absolute decrease, (%) 3.95 + 499 7.65 + 6.02 0.035

Relative decrease, (%) 4.55 (1.3, 9.9) 14.05 (7.85, 16.95) 0.001

Desaturation < 90% of the baseline, n (%) 17 (23) 6 (60) 0.023

AUT< 90% of the baseline 0 (0, 0) 70.5 (0, 116.38) <0.001
VAS

| day after surgery 3,4 3.5(2,5) 0915

2 days after surgery 2(2,3) 2 (1.75, 4.25) 0.686

3 days after surgery 1 (1,2) 1.5 (0, 3) 0.695

Notes: Data are presented as the mean * SD, median (interquartile range), or number of patients (%).
Abbreviations: POD, Postoperative delirium; BMI, Body Mass Index; MMSE, Mini-Mental State Examination; ASA,
American Society of Anesthesiologists; MAP, Mean arterial pressure; Scto,, Cerebral tissue oxygen saturation; AUT,
Area under the threshold; VAS, visual analogue scale; SD, standard deviation.

were also associated with an increased risk of POD. Furthermore, intraoperative SctO, desaturation (OR=0.199, 95% CI
0.050-0.787, P=0.021) was identified as an additional risk factor for POD. However, the sedative medication was not
a risk factor for POD (OR=0.370, 95% CI 0.068-2.025, P=0.252).

Sensitivity Analysis

To assess the robustness of our results, two sensitivity analyses were performed in this study. In the first sensitivity
analysis, more covariates, including age, gender, MMSE, and duration of anesthesia, were incorporated. In the second
sensitivity analysis, three additional covariates related to the medical history of patients, including hypertension, diabetes,
and coronary heart disease, were incorporated. The results of these sensitivity analyses (Table 5) demonstrated that our
results remained unchanged, confirming the robustness of these results.
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Table 5 Logistic Regression and Sensitivity Analysis Among MAP, SctO,, and POD

Unadjusted Adjusted | Adjusted 2
P OR 95% CI P OR 95% CI P OR 95% CI
Sedative medication
Propofol (Reference)
Ciprofol 0.252 0.370 | (0.068, 2.025) | 0.175 0.290 | (0.048, 1.735) | 0.344 | 0.360 | (0.043, 2.982)
MAP-related indicators
Minimum, mmHg 0.002 0.838 | (0.748, 0.938) | 0.003 0.812 | (0.709, 0.93) | 0.003 | 0.784 | (0.669, 0.918)

Percentage of stable time, % | 0.008 | 0.926 | (0.875, 0.98) 0.014 | 0.925 | (0.868,0.984) | 0.013 | 0.907 | (0.840, 0.980)

SctO,-related indicators

Mean, % 0.007 | 0801 | (0.618,0.942) | 0020 | 0813 | (0.683,0.967) | 0.026 | 0.810 | (0.672, 0.975)
Minimum, % <0.001 | 055 | (0396, 0.764) | 001 | 0443 | (0.239,0.822) | 0.014 | 0407 | (0.198, 0.833)
Absolute decrease, % 0.046 | 1.134 | (1.002, 1.284) | 0.008 | 1.125 | (1.055, 1.423) | 0.011 | 1.255 | (1.054, 1.493)
Relative decrease, % 0.001 | 1324 | (1.121, 1.564) | 0002 | 1.557 | (1.183,2.049) | 0.004 | 1.826 | (1.213, 2.748)
Desaturation 0021 | 0.199 | (0.050,0.787) | 0.016 | 0.138 | (0.028, 0.688) | 0.017 | 0.126 | (0.023, 0.695)
AUT <0.001 | 1.056 | (1.026, 1.087) | 0014 | 1.096 | (1.018, 1.779) | 0.019 | 1.137 | (1.021, 1.276)

Notes: Adjusted |: adjusted for age, gender, MMSE, and duration of anesthesia. Adjusted 2: adjusted for age, gender, MMSE, duration of anesthesia, hypertension,
diabetes, and coronary artery disease.
Abbreviations: MAP, Mean arterial pressure; Scto,, Cerebral tissue oxygen saturation; AUT, Area under the threshold.

Discussion

To the best of our knowledge, this may be the first prospective randomized controlled study to explore the effect of
a novel intravenous sedative drug, ciprofol, on the occurrence of POD in elderly patients undergoing thoracoscopic
surgery for lung cancer. These findings revealed several noteworthy outcomes. Specifically, ciprofol did not reduce the
incidence of POD within three days after surgery compared with propofol. However, patients receiving ciprofol exhibited
lower CAM scores, suggesting a potential improvement in postoperative cognitive function. Besides, ciprofol was
associated with the maintenance of higher MAP and SctO,. In addition, the administration of ciprofol resulted in
a deeper level of anesthesia while significantly reducing the dosage of sedatives and norepinephrine. Moreover, the
correlation of indicators related to MAP and SctO, with the incidence of POD was also identified. An increase in the
minimum MAP, the percentage of time for MAP stabilization, mean SctO,, and minimum SctO, corresponded to
a decreased risk of POD. Conversely, an increase in the absolute decrease, relative decrease, and AUT of SctO, was
associated with a higher risk of POD. Intraoperative SctO, desaturation events were also linked to an increased risk of
POD. These findings revealed the impact of ciprofol and the importance of monitoring MAP and SctO, in the prevention
of POD during thoracoscopic surgery for lung cancer.

The pathophysiological mechanisms of POD still need to be further unraveled. It is widely acknowledged that cerebral
ischemia and hypoxia,” commonly induced by intraoperative hypoxemia and hypotension, may contribute to the devel-
opment of POD. In this study, the results indicated that there was no significant difference in the incidence of POD between
both groups within three days after surgery. Besides, higher MAP and SctO, levels can be maintained during surgery in
Group C. Previous research has revealed a significant correlation between the intraoperative reduction in SctO, levels and
the onset of POD. However, it remains controversial over the precise threshold of SctO, reduction.**=? Notably,
a prospective cohort study on thoracotomy with one-lung ventilation suggested that a relatively decreased ratio of 10% for
SctO, compared with the baseline value was highly related to POD.?* Based on that, a similar threshold for SctO, decrease
was utilized in this study. It was concluded that the incidence of SctO, desaturation and the AUT of SctO, <90% of the
baseline were associated with the development of POD, which was consistent with the finding of Fan Cui et al.

The results of this study suggested that sustained intraoperative hypotension may lead to perioperative cerebral
ischemia and hypoxia, which can result in damage to hippocampal cells and mitochondrial structural dysfunction,
ultimately increasing the risk of POD.** Some scholars have proposed that maintaining blood pressure levels above
110% of the baseline contributes to a lower incidence of POD. Besides, the perioperative blood pressure within the range
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of 80% to 90% of the baseline MAP for more than 30 min can influence SctO, values and the incidence of POD.>?
Similarly, this study examined the percentage of time, during which the MAP was maintained within the range of 110%
to 90% of the baseline, yielding similar findings.

This result contradicted the established principles of neurovascular coupling and the cerebral vasculature autoregula-
tion confirmed in most studies.>® This suggested that postanesthetic hypotension may not significantly impact cerebral
perfusion, indicating that the MAP was maintained above the lower threshold of the cerebrovascular autoregulation
threshold (50 mmHg). However, the majority of patients in this trial consisted of elderly patients aged over 65, and the
reduced vascular elasticity, cerebral ischemia, chronic hypertension, diabetes mellitus, and congenital cerebral circulatory
anomalies of these patients may blunt the normal regulatory mechanisms responsible for maintaining cerebral
perfusion.®® For instance, hypertension can elevate the autoregulatory threshold of cerebral blood flow, a condition
that persists even after prolonged and effective antihypertensive therapy.’”*® Elderly patients with a history of cardio-
vascular and cerebrovascular diseases may have a particularly higher risk of immediate or sustained hypotension.

The dosage of propofol not only depresses the circulation but also constricts cerebral blood vessels, thus reducing the
cerebral oxygen metabolism rate, cerebral blood flow, and cerebral blood volume in a dose-dependent manner.**** It
remains unclear about the effects of ciprofol on the cerebrovascular system. However, the results of this study indicated
that combining ciprofol with remifentanil for anesthesia maintenance during thoracoscopic surgery in elderly patients can
improve intraoperative blood pressure and SctO,, potentially reducing postoperative organ injury risks. Meanwhile, the
mean dose of ciprofol used for anesthesia maintenance was only 1/5 to 1/4 of that of propofol. Despite the lower dose,
patients in Group C consistently maintained lower intraoperative BIS values than those in Group P. This result further
demonstrated that ciprofol had a stronger binding activity to GABA, receptors, allowing patients to achieve adequate
anesthesia depth with a much smaller dose compared with propofol. The evidence from an animal study also indicated
that ciprofol exhibited a 2.4 times higher therapeutic index and a broader safety profile than propofol.*! The difference
may be attributed to the introduction of a ciprofol group to the core structure of propofol, which reduced lipophilicity,
broke the original structure’s symmetry, and enhanced the affinity of GABA4 receptors.** There are also some trials
reporting that ciprofol is superior to propofol in target selectivity and higher acting strength.** The special structure of
ciprofol conduces to achieving the required surgical anesthesia depth with minimal risks of circulatory depression.

Additionally, the dosage of intraoperative norepinephrine in Group C was much smaller than that in Group P, which
may further affect changes in the intraoperative blood pressure and SctO,. It has been demonstrated that the adminis-
tration of norepinephrine can lead to a sustained decrease in SctO,, which may be attributed to alterations in the cerebral
arterial-to-venous blood volume ratio resulting from the reduced cardiac output and arteriolar autoconstriction.***>

This trial may be the first scientific attempt to compare the effects of ciprofol with propofol on POD. As a derivative
of propofol, ciprofol had no analgesic effect. Besides, there was no difference in the dosages of intraoperative analgesia
and postoperative pain scores between the two groups in this study. This suggested that ciprofol did not reduce POD by
alleviating postoperative pain. However, the results of this study indicated that the low incidence of POD in Group
C may be related to the hemodynamically stabilizing properties of ciprofol. In addition, its anti-inflammatory effects, as

demonstrated in other experiments,*>*

might be one of the contributing factors. So far, there is no trial to explore the
effect of ciprofol on POD compared with other sedatives, which may provide a direction for future research.

Some medical associations, such as the European Society of Anaesthesiology and the American Geriatrics Society,
offer evidence-based guidelines for POD management,*® with a focus on the identification of precipitating etiologies and
relevant treatment. Our findings provided new insights into the prevention of POD, especially in elderly patients.
Compared with propofol, ciprofol applied to thoracic surgery in elderly patients is more likely to maintain higher
MAP and SctO, during surgery, avoiding larger hemodynamic fluctuations or insufficient oxygen supply. Therefore, in
addition to preoperative education and pain management, anesthesiologists can choose anesthesia drugs with hemody-
namic stabilization and anti-inflammatory effects, such as ciprofol and dexmedetomidine. This conduces to maintaining
a relatively high level of MAP and SctO, during surgery for the treatment of patients at high risks, which may prevent
POD at a larger extent.

In this study, the difference in CAM scores was calculated, and significant changes in MAP and SctO, were identified
as risk factors associated with POD. However, there was no significant difference in the incidence of POD between both
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groups. The overall incidence of POD was 11.9%, lower than that reported in previous studies, possibly due to the
following reasons. Firstly, the sample size of this study was insufficient. Although the sample size of the trial was
calculated based on pre-test results, a closer examination of outcomes suggested that a much larger cohort, approximately
785 cases, was required to establish a significant clinical difference. Secondly, the majority of subjects in this study
consisted of elderly patients without cerebrovascular diseases, characterized by a good preoperative cognitive ability, and
the surgical duration was no more than three hours. Favorable patient conditions, shorter surgical duration, and minimally
invasive thoracoscopic surgery may avoid some risk factors associated with POD. Thirdly, a single POD assessment
method was employed in this study, which may introduce false positives and negatives in the final evaluation. Lastly,
only clinically relevant data were monitored in this study and POD-related markers were not investigated at the
molecular level. These limitations may induce some bias in the results of this study. Furthermore, the differences in
the postoperative quality of recovery and hospitalization length were not analyzed in the short-term study. It is necessary
to further explore the long-term effects of ciprofol or its application in different patient populations.

Conclusion

Compared with propofol, the administration of ciprofol did not increase the incidence of POD during general anesthesia
in elderly patients undergoing thoracoscopic surgery for lung cancer. Notably, ciprofol exhibited advantages in main-
taining superior hemodynamic stability, optimizing cerebral oxygenation, and reducing postoperative CAM scores. The
effect of ciprofol on POD still needs to be further confirmed through multicenter trials with different surgical types.
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