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Purpose: Elderly patients are susceptible to dose-dependent perioperative hypotension caused by propofol. This study investigates
whether general anesthesia induction with ciprofol reduces subsequent propofol maintenance requirements and improves hemody-
namic stability compared to propofol induction in elderly patients undergoing total knee arthroplasty (TKA).

Participants and Methods: In this prospective, double-blind, randomized controlled trial, 52 elderly participants (> 65 years, ASA I-III)
undergoing TKA were randomly allocated to receive propofol (2 mg/kg) or ciprofol (0.4 mg/kg) for anesthesia induction. All participants
received standardized anesthesia protocol for maintenance. The primary outcome was the average propofol infusion rate. Secondary
outcomes included intraoperative norepinephrine utilization, mean arterial pressure (MAP) fluctuations, time to extubation, and post-
operative modified Aldrete scores. Data were analyzed using ¢-tests, Wilcoxon rank-sum, or Chi-square/Fisher’s exact tests as appropriate.
Results: The mean age was 70.62 = 3.86 years in the ciprofol group and 69.08 + 3.52 years in the propofol group with balanced sex
distribution. During anesthesia maintenance, the ciprofol group required a significantly lower propofol infusion rate than the propofol
group (2.70 + 0.75 mg/kg/h vs. 4.18 + 1.66 mg/kg/h; mean difference, —1.48 mg/kg/h; [95% confidence interval, —2.19 to —0.77], P =
0.009). Additionally, the ciprofol group presented with a lower norepinephrine utilization rate (46.2% vs. 84.6%, P = 0.004) and
a reduced median norepinephrine infusion rate (0 [interquartile range (IQR), 0-0.05] pg/kg/min vs. 0.05 [IQR, 0.01-0.08] png/kg/min,
P = 0.030). Norepinephrine initiation was significantly delayed in the ciprofol group (P = 0.047). No significant differences were
observed in MAP variability or postoperative modified Aldrete scores.

Conclusion: In relatively healthy elderly patients undergoing total knee arthroplasty, anesthesia induction with ciprofol is associated
with reduced propofol maintenance requirements and decreased intraoperative norepinephrine utilization. Ciprofol may represent
a promising alternative for anesthesia induction in this population, although further multicenter validation is warranted.
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Introduction
Knee osteoarthritis is a chronic degenerative joint disease and a major cause of disability, particularly among the elderly
population.' In elderly Chinese individuals, the prevalence of symptomatic knee osteoarthritis is reported to be 10.3% in

women and 5.7% in men.’ Total knee arthroplasty (TKA) represents a standard procedure for patients with end-stage
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knee osteoarthritis. However, aging-related physiological changes render this population more susceptible to intrao-
perative hemodynamic instability.”

Propofol exerts its sedative effect by potentiation of the inhibitory neurotransmitter y-aminobutyric acid (GABA) at
the GABA 5 receptor.’® It is widely used for both induction and maintenance of general anesthesia due to its rapid onset,
rapid distribution, and quick recovery profile.” However, propofol-induced dose-dependent hypotension is common in
geriatric patients.® Perioperative hypotension has been associated with acute kidney injury, postoperative delirium,
increased mortality and other adverse events in elderly patients.”'' Therefore, optimal strategies for the prevention of
perioperative hypotension, including appropriate choice of combination of general anesthetic drugs, should be carefully
considered in this population.

Ciprofol, a novel sedative-hypnotic agent, exhibits a wider therapeutic window compared to propofol.'* Recent
studies have demonstrated that ciprofol is noninferior to propofol for successful anesthesia induction'?® and provides
better hemodynamic stability during induction in elderly patients.'* However, propofol remains the established agent for
anesthesia maintenance. It remains unclear whether ciprofol as an induction agent has impact on subsequent propofol-
based general anesthesia.

We hypothesized that induction with ciprofol may reduce the propofol requirement during anesthesia maintenance in
elderly patients undergoing TKA, thereby attenuating dose-dependent hypotension induced by propofol and improving
intraoperative hemodynamic stability. To test this hypothesis, we conducted this prospective, double-blind, randomized
controlled trial.

Participants and Methods

Ethics and Recruitment

This prospective, double-blind, randomized controlled trial was approved by the Clinical Research and Laboratory
Animal Ethics Committee of the First Affiliated Hospital of Sun Yat-sen University (No: [2025]102) and was registered
at the Chinese Clinical Trial Registry (No: ChiCTR2500102267). This trial was conducted in accordance with ethical
principles of the Declaration of Helsinki and followed the CONSORT reporting guidelines. Participants were recruited
from the First Affiliated Hospital of Sun Yat-sen University between June 2025 and October 2025. Written informed
consent was obtained from all participants or their legal authorized representatives.

The inclusion criteria included: (1) age over 65 years regardless of gender; (2) American Society of Anesthesiologists
(ASA) physical status I-III; (3) scheduled for total knee arthroplasty. The exclusion criteria included: (1) history of cardiac
or cerebrovascular disease; (2) untreated grade 2 or 3 hypertension; (3) hepatic impairment or renal insufficiency; (4) known
allergy to eggs, soy products, propofol or ciprofol; (5) participation in another clinical trial within the past month.

Randomization and Blinding

Electronic medical record screening was conducted by an investigator to identify potential trial participants. Random
sequence was generated using the website randomizer.org. Participants were randomly assigned to either the propofol or
ciprofol groups in a 1:1 ratio. Group allocations were sealed in opaque envelopes and kept by one investigator not
involved in recruitment, anesthesia care and outcome assessment. The calculated drug dose for each participant was
diluted with normal saline to 25 mL in identical syringes by a research nurse. Syringes were then labelled “trial drug” and
provided to the designated anesthesiologists who administrated the induction medication and provided the anesthesia
care. Participants, anesthesiologists, surgeons and outcome assessors were blinded to the group assignments, with
unblinding being permitted only in emergencies.

Perioperative Management and Intervention

All participants received our center’s standard anesthesia protocol for TKA procedure besides the trial intervention.
A detailed timeline of the perioperative management and intervention procedures is presented in Figure 1. On the day of
surgery, participants had an intravenous access established and standard monitoring was applied upon arrival in the
anesthesia preparation unit. Ultrasound-guided ipsilateral femoral nerve block (FNB) (20 mL of 0.2% ropivacaine)
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Ultrasound-guided FNB (0.2%
ropivacaine 20 ml) and iPACK
(0.2% ropivacaine 10 ml)
Induction agent administration (ciprofol 0.4 mg/kg or propofol 2 mg/kg)

- Rocuronium 0.6 mg/kg and sufentanil 0.3 ug/kg IV after confirmation of LOC

- Endotracheal intubation

Propofol TCI (Marsh model, initiate at 1ug/ml to titrate target Narcotrend
index D,-E; with a single increment or decrement of 0.1-0.2 ug/ml)

Initiate norepinephrine at 0.05 pg/kg/min and adjust to maintain MAP > 65
mmHg when MAP < 65 mmHg

Remifentanil TCl (Minto model, 2-4 ng/ml)
Dexmedetomidine infusion (0.5 pg/kg/h)
Mechanical ventilation (FiO, 50%, EtCO, 32-35 mmHg)
Maintain oropharyngeal temperature between 36°C and 37°C

PONV prophylaxis at 30 minutes before the end of surgery
(dexamethasone 5 mg and palonosetron 0.25 mg)
Transfer to PACU
for extubation

Pre-anesthesia preparation Anesthesia induction Anesthesia maintenance Emergence

Figure | Timeline of the standardized perioperative anesthesia management and intervention protocol.

Abbreviations: EtCO,, end-tidal carbon dioxide; FiO,, fraction of inspired oxygen; FNB, femoral nerve block; iPACK, infiltration between the popliteal artery and
posterior capsule of the knee; 1V, intravenous; LOC, loss of consciousness; MAP, mean arterial pressure; PACU, post-anesthesia care unit; PONY, postoperative nausea and
vomiting; TCI, target-controlled infusion.

combined with infiltration between the popliteal artery and posterior capsular of the knee (iPACK) (10 mL of 0.2%
ropivacaine) was performed for analgesia.

Based on the randomized assignment, participants in the propofol group received an intravenous infusion of propofol
at a dose of 2 mg/kg over 1 minute for induction, whereas those in the ciprofol group received ciprofol at a dose of 0.4
mg/kg over 1 minute.

This was followed by the administration of rocuronium (0.6 mg/kg) and sufentanil (0.3 pg/kg) after confirmation of
loss of consciousness. Endotracheal intubation was performed using a video laryngoscope 5 minutes later. Following
intubation, mechanical ventilation was initiated with an oxygen-air mixture (fraction of inspired oxygen, 50%), and
ventilation parameters were adjusted to maintain an end-tidal carbon dioxide concentration between 32 and 35 mmHg
with a tidal volume of 6-8 mL/kg predicted body weight and a positive end-expiratory pressure of 5 cmH,
O. Dexmedetomidine was initiated as a continuous infusion at a rate of 0.5 pg/kg/h after intubation. Concurrently,
propofol was administered via plasma-targeted controlled infusion (TCI) using the Marsh model'” with an initial target
plasma concentration of 1 pug/mL and remifentanil was delivered through effect-site TCI based on the Minto model'®
maintaining an effect-site concentration of at least 2 ng/mL. After induction, an ipsilateral thigh tourniquet was applied
by the surgeon at a standardized pressure.

Intraoperatively, the target propofol concentration was adjusted (with a single increment or decrement of
0.1-0.2 pug/mL) to maintain the depth of anesthesia within the range of D,-E,, as monitored by Narcotrend®. The
effect-site concentration of remifentanil was maintained at 2—4 ng/mL throughout the procedure. Oropharyngeal
temperature was monitored and maintained between 36°C and 37°C using the Bairhugger® system. Lactated
Ringer’s solution was infused in accordance with the “4-2-1 rule”'” supplemented with an additional of 4 mL/kg/
h. Norepinephrine was initiated at 0.05 pg/kg/min when the intraoperative mean arterial pressure (MAP) was below
65 mmHg and adjusted accordingly to maintain MAP > 65 mmHg. All participants received 5 mg of dexamethasone
and 0.25 mg of palonosetron 30 minutes before the end of surgery for postoperative nausea and vomiting (PONV)
prophylaxis. At the end of surgery, all anesthetics were discontinued and participants were transferred to the post-
anesthesia care unit (PACU). Extubation was performed when the criteria for extubation were met. Participants were
discharged from the PACU to the ward when the modified Aldrete score was > 9.
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Outcomes
The primary outcome was the average infusion rate of propofol (mg/kg/h) during the anesthesia maintenance phase,
calculated as total propofol dose divided by body weight and infusion duration.

Secondary outcomes included: the intraoperative norepinephrine utilization (the utilization rate of norepinephrine, the
median infusion rate of norepinephrine and the time to initiation of norepinephrine from anesthesia induction); average
intraoperative MAP; range of MAP (maximum - minimum); duration of anesthesia; time to extubation; modified Aldrete

score at 1 minute and 5 minutes after emergence from anesthesia.

Sample Size Calculation

Our pilot study revealed a mean difference of 1.097 mg/kg/h in the average propofol infusion rate between groups. Based
on this, we aimed to detect a difference with 80% power at a 0.05 significance level, and sample size calculations
revealed that a total of 46 participants were required using PASS (version 15.0, NCSS, Kaysville, Utah). Considering

a 10% of dropout rate, the final sample size was determined at 52 (26 per group).

Statistical Analysis

Statistical analysis was performed using SPSS (version 27.0, IBM, Chicago, IL). Normally distributed data are expressed
as mean + standard deviation (SD) and were compared using Welch’s #-test. Non-normally distributed data are presented
as median (interquartile range [IQR]) and were compared using the Wilcoxon rank-sum test. Categorical data are
presented as number (percentage) and were analyzed using the chi-square test or Fisher’s exact test, as appropriate.
All randomized patients completed the study without protocol violations. Therefore, the analysis was conducted on an
intention-to-treat basis. A two-tailed P < 0.05 was considered statistically significant.

Results

Demographic and Clinical Characteristics of the Participants

A total of 52 participants who met the inclusion and exclusion criteria were enrolled in this study and were randomly
assigned to either the propofol group (n = 26) or the ciprofol group (n = 26). All participants completed the scheduled
anesthesia and surgery, as shown in Figure 2.

Enroliment ‘ Assessed for eligibility (n=52) ‘

Excluded (n=0):
1. Did not meet inclusion criteria (n=0)
2. Declined to participate (n=0)

’ Randomized (n=52) ‘
l— Allocation —l

Propofol Group (n=26) Ciprofol Group (n=26)
Received propofol (2 mg/kg) for induction Received ciprofol (0.4 mg/kg) for induction

Follow-up
‘ Lost to follow-up (n=0) | | Lost to follow-up (n=0) ‘

Analysis
’ Analyzed (n=26) ‘ ‘ Analyzed (n=26) ‘

Figure 2 CONSORT Flow Diagram.
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Table | Baseline Characteristics of Patients in the Propofol Group and Ciprofol Group

Characteristics Propofol Group Ciprofol Group Mean Difference P value
(n =26) (n=26) or RR (95% CI)
Age, years 69.08+3.52 70.62+3.86 1.54 (-0.13, 3.57) 0.139
Male sex, n (%) 12 (46.15%) 14 (53.85%) 1.17 (0.68, 1.99) 0.579
BMI, kg/m? 27.06 (24.43-27.06) | 26.75 (23.71-27.06) -2 0.589
Smoking history, n (%) 2 (7.69%) 0 (0%) b 0.490
Alcohol use, n (%) 0 (0%) 0 (0%) b 1.000
Hypertension, n (%) 10 (38.46%) 14 (53.85%) 1.40 (0.76, 2.58) 0.266
ASA physical status, n (%) 1.14 (0.72, 1.82) 0.575
Class Il 14 (53.85%) 16 (61.54%)
Class IlI 12 (46.15%) 10 (38.46%)
Child-Pugh grade, n (%) b 1.000
A 26 (100%) 26 (100%)
BorC 0 (0%) 0 (0%)
Hemoglobin, g/L 127.08+8.36 122.38+19.37 —4.70 (—12.98, 3.58) 0.264
Blood urea nitrogen, mmol/L 6.40x1.10 6.99+2.35 0.59 (-0.43, 1.61) 0.254
Serum creatinine, umol/L 72.62+14.32 77.30+25.22 4.68 (—6.71, 16.07) 0.415
Baseline MAP, mmHg 98.93+6.94 101.66+10.23 2.73 (-2.11, 7.57) 0.266

Notes: Data are presented as mean + SD, median with IQR, or number (percentage). *effect size calculation is omitted due to non-
normal distribution. ®RR cannot be calculated due to zero events.

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; Cl, confidence interval; IQR, interquartile range;
MAP, mean arterial pressure; RR, risk ratio; SD, standard deviation.

Baseline characteristics were well balanced between the two groups (Table 1). The mean age was 69.08 + 3.52 years
in the propofol group and 70.62 + 3.86 years in the ciprofol group. The proportion of male patients and the distribution of
ASA physical status were similar between the two groups. No significant differences were observed in smoking history,
alcohol use, and hypertension prevalence. Preoperative laboratory parameters, including hemoglobin level, blood urea
nitrogen, and serum creatinine, were also comparable between the groups. Intraoperative parameters, such as duration of
anesthesia, and baseline MAP, did not differ significantly.

Primary Outcome

The average propofol infusion rate during anesthesia maintenance was significantly lower in the ciprofol group than in
the propofol group (4.18 = 1.66 mg/kg/h in the propofol group vs. 2.70 + 0.75 mg/kg/h in the ciprofol group; mean
difference, —1.48; 95% confidence interval, —2.19 to —0.77; P = 0.009) (Table 2), indicating that participants receiving
ciprofol for induction required significantly less propofol infusion rate for maintenance.

Secondary Outcomes

During anesthesia maintenance period, norepinephrine was required in 84.6% of patients in the propofol group vs. 46.2%
in the ciprofol group (P = 0.004) (Table 2). The median norepinephrine infusion rate was significantly lower in the
ciprofol group (0 [IQR, 0-0.05] pg/kg/min) than in the propofol group (0.05 [IQR, 0.01-0.08] pg/kg/min; P = 0.030).
The time interval from induction to the initiation of norepinephrine was also significantly longer in the ciprofol group
(85.0 [IQR, 18.0—129.0] min) compared with the propofol group (15.0 [IQR, 10.0—71.3] min, P = 0.047), indicating that
patients in the propofol group required earlier norepinephrine support to maintain MAP > 65 mmHg.

The average MAP during both induction and maintenance phases did not show significant differences between two
groups. Similarly, the range of MAP (maximum — minimum) was comparable between groups during both phases (Table 2).
No significant differences were observed in time to extubation, anesthesia duration, or modified Aldrete scores at any time
point (Table 2). The blood pressure trends within the first hour after the start of surgery are illustrated in Figure 3.
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Table 2 Primary and Secondary Outcomes of the Two Groups

Propofol Group | Ciprofol Group | Mean Difference P value
(n =26) (n = 26) or RR (95% CI)

Primary Outcome
Average infusion rate of propofol, mg/kg/h 4.18+1.66 2.70+0.75 —1.48 (-2.19, —0.77) 0.009%*
Secondary Outcomes
Utilization rate of norepinephrine, n (%) 22 (84.6%) 12 (46.2%) 0.55 (0.35, 0.85) 0.004**
Median infusion rate of norepinephrine, pg/kg/min | 0.05 (0.01-0.08) 0 (0-0.05) -2 0.030*
Time to initiation of norepinephrine, min 15.0 (10.0-71.3) | 85.0 (18.0-129.0) -2 0.047*
Average MAP (Induction period), mmHg 96.33+10.66 102.48+16.30 6.15 (—1.55, 13.85) 0.115
Average MAP (maintenance period), mmHg 83.06+6.84 86.17+6.14 3.11 (-0.51, 6.73) 0.091
Range of MAP® (Induction period), mmHg 23.74+14.66 24.36x15.01 0.62 (—7.50, 8.74) 0.88l
Range of MAP® (maintenance period), mmHg 35.77x12.27 42.10£16.06 6.33 (—1.48, 14.14) 0.117
Time to extubation, min 14.0 (5.5-21.5) 16.0 (9.0-39.0) -2 0.158
Anesthesia duration, min 116.69+36.99 118.38+37.98 1.69 (—19.01, 22.39) 0.869
Modified Aldrete scores (I min after emergence) 10 (9-10) 9 (9-10) -2 0.440
Modified Aldrete scores (5 min after emergence) 10 (10-10) 10 (9.5-10) -2 0.286
Modified Aldrete scores (discharge from PACU) 10 (10-10) 10 (10-10) -2 1.000

Notes: Data are presented as mean * SD, median with IQR, or number (percentage). *: P < 0.05; **: P < 0.01. ®effect size calculation is omitted due to non-
normal distribution. ®Range of MAP was calculated as the difference between maximum and minimum MAP values.

Abbreviations: Cl, confidence interval; IQR, interquartile range; MAP, mean arterial pressure; PACU, post-anesthesia care unit; RR, risk ratio; SD,
standard deviation.

Adverse Events

No severe adverse events such as profound bradycardia requiring intervention, allergic reactions, or delayed emergence
were observed in either group. PONV was prevented by routine prophylactic antiemetics. The primary adverse event was
transient intraoperative hypotension, which was promptly corrected with norepinephrine infusion as per protocol. No
participant experienced sustained hypotension refractory to vasopressor support.

150 —@— Propofol group

- Ciprofol group

100 -

Change in MAP (mmHg)
a o
o O,
L1

0 T T T T T T —>
0 10 20 30 40 50 60

Time (min)
Figure 3 Comparison of blood pressure trends between the two groups.

Notes: Data were presented as mean * standard deviation. No statistically significant differences in blood pressure were observed between the two groups at all time
points.
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Discussion

This randomized controlled trial demonstrates that, in elderly patients undergoing TKA, induction of general anesthesia
with ciprofol significantly reduces the propofol requirement during maintenance and decreases the need for intraoperative
norepinephrine support compared with propofol induction. Furthermore, the initiation of norepinephrine is substantially
delayed following ciprofol induction. These findings suggest that ciprofol may offer hemodynamic advantages when used
as an induction agent in this vulnerable population.

Dose-dependent cardiovascular depressant effects of propofol are a well-established independent predictor of post-
induction hypotension.'®!'? This effect is particularly pronounced in elderly patients,® who often require vasopressor
support to maintain blood pressure during surgery. Intraoperative hypotension has been shown to be significantly
associated with increased 30-day postoperative mortality,”” and is a recognized risk factor for postoperative acute kidney
injury.?! In elderly patients, episodes of intraoperative MAP falling below 55 mmHg may also increase the incidence of
postoperative delirium.?? Thus, the prevention and prompt management of intraoperative hypotension is critical.
Norepinephrine is a commonly used vasopressor to maintain blood pressure in older patients during anesthesia.”
However, overreliance on norepinephrine may introduce additional risks, including reflex reduction in cardiac output,
elevations in lactate and glycogen production, and increased susceptibility to postoperative infections.***® Therefore,
strategies that minimize propofol requirements and reduce norepinephrine use are clinically valuable.

Previous reports have demonstrated that the use of ciprofol instead of propofol for induction was associated with
a reduced incidence of hypotension and severe hypotension.zg’30 No studies have specifically examined the impact of
ciprofol as an induction agent on subsequent propofol-based anesthesia maintenance. In the present study, using ciprofol for
general anesthesia induction reduced the propofol maintenance infusion rate by 1.48 mg/kg/h. To put this into clinical
perspective, for a standard 70 kg patient, this translates to a reduction of approximately 100 mg of propofol per hour. This
reduction may attenuate the dose-dependent hypotension of propofol, thereby reducing the requirement for norepinephrine
to maintain MAP during surgery. Regarding postoperative recovery, no statistically significant differences were observed in
the time to extubation or recovery scores between the two groups, which is consistent with the previous studies.®'~*

Our study also demonstrated that there were no statistically significant differences between the two groups in the
average MAP or the intraoperative range of MAP, indicating that blood pressure was maintained at a comparable level
throughout surgery. Additionally, the Narcotrend index was maintained within similar ranges in both groups during the
procedure, indicating that the observed differences in propofol requirement and norepinephrine consumption were not
attributable to variations in the depth of anesthesia. Notably, the norepinephrine was administered later intraoperatively in
the ciprofol group than in the propofol induction group, further supporting that ciprofol as an induction agent contributed
to more stable blood pressure during subsequent propofol maintenance.

Several mechanisms may explain this phenomenon. The addition of a cyclopropyl group to the side chain of the
ciprofol structure disrupts the symmetry of the original molecule by increasing the spatial effect, resulting in stereo-
selective products.'* A recent study reported this modification enhances ciprofol’s GABA  receptor affinity compared to

propofol.*?

This enhanced binding is believed to contribute to ciprofol’s improved clinical profile, including more stable
hemodynamics and reduced adverse effects during anesthesia induction.'**” We speculate that a single bolus of ciprofol
administered for induction may have a potential synergistic or additive interaction with propofol at the GABA 4 receptor
level, thereby reducing the target blood concentration of propofol required to achieve adequate sedation depth during
anesthesia maintenance. However, as ciprofol is characterized by rapid metabolic clearance and its hypnotic effect
gradually diminishes over time following a single induction dose, this synergistic interaction wanes throughout the
procedure. Consequently, the propofol infusion rate must be titrated upward accordingly to maintain the desired
anesthetic depth.

In the standard TKA anesthesia and analgesia protocol of our center, nerve block and dexmedetomidine are two
important components of multimodal and opioid sparing analgesia. Peripheral nerve block is strongly recommended by
multiple high-quality guidelines for TKA to reduce postoperative pain and opioid requirements without increasing
complications or adverse outcomes.***> The combination of FNB and iPACK is one of the recommended nerve block
methods for TKA.*® And dexmedetomidine is also recommended for elderly patients to reduce postoperative delirium,
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pain and opioid use.’”° A recent study revealed that the co-application of nerve block combined with intravenous
dexmedetomidine accelerates rehabilitation for elderly patients undergoing TKA.*® These practices align with our study’s
perspective which is optimizing perioperative care through anesthetic sparing and enhanced multimodal analgesia to
improve the clinical outcomes for elderly patients.

This study has several limitations. First, it was a pragmatic clinical trial conducted under our center’s standardized
anesthesia and analgesia protocol specifically for TKA procedure, which may limit generalizability. Second, as a single-
center study with a relatively small sample size, we recruited only relatively healthy elderly patients (ASA I-III) without
cardiac or cerebrovascular disease. Therefore, our findings may not apply to frail patients or those with significant
comorbidities. Third, we did not assess postoperative cognitive outcomes such as delirium or long-term recovery quality.
Fourth, the study was not designed to elucidate the molecular mechanisms underlying the observed interaction between
ciprofol and propofol. Finally, while we monitored MAP and vasopressor use, we did not measure cardiac output or
systemic vascular resistance, which could provide additional insights into hemodynamic changes. Future multicenter
trials with larger, more diverse elderly populations are warranted to validate our findings and assess their generalizability.

Conclusion

In elderly patients undergoing total knee arthroplasty, general anesthesia induction with ciprofol significantly reduces the
propofol requirement during maintenance and decreases the need for intraoperative norepinephrine support compared
with propofol induction. Within the context of a multimodal analgesia protocol, ciprofol represents a promising
alternative to propofol for anesthesia induction in relatively healthy geriatric patients. Further multicenter trials are
needed to confirm these findings and evaluate their applicability to broader surgical populations.

Data Sharing Statement
Deidentified data supporting the findings of this study are available from the corresponding author on reasonable request.
Data will be accessible beginning 6 months after publication and will remain available for 3 years.
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