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Purpose: This randomized controlled trial compared the effects of remimazolam tosylate versus propofol on postoperative memory
function in young and middle-aged adults undergoing laparoscopic surgery.

Patients and Methods: 228 patients were randomized to receive either remimazolam or propofol (n=114 each) for induction and
maintenance of general anesthesia, guided by Bispectral Index (BIS). Memory and cognitive functions were assessed preoperatively
and on postoperative days 1 and 3 using the Three-Word Recall Test (TRT), Memory and Executive Screening (MES), and Montreal
Cognitive Assessment (MoCA), with a follow-up at one month via the Telephone Interview for Cognitive Status-modified (TICS-m).
Serum levels of IL-6, S100B, and NfL were measured preoperatively, at 30 minutes, and 24 hours post-surgery. Perioperative
parameters and adverse events were recorded.

Results: The incidence of early postoperative memory decline on days 1 and 3 was significantly lower in the remimazolam group
compared to the propofol group (P < 0.05). The remimazolam group also exhibited significantly lower postoperative levels of IL-6 and
S100B, more stable hemodynamics, and a reduced incidence of hypotension and bradycardia (all P < 0.05). The incidence of
postoperative cognitive dysfunction (POCD) did not differ significantly between groups. Multivariate analysis identified lower
educational level, diabetes, propofol use, and longer anesthesia duration as independent risk factors for early postoperative memory
decline.

Conclusion: For young and middle-aged patients undergoing laparoscopic surgery, remimazolam reduces the incidence of early
postoperative memory decline (within the first three days) and provides superior hemodynamic stability with a milder inflammatory
response compared to propofol. However, no significant difference was observed in cognitive function at one month postoperatively,
indicating that the benefits are primarily confined to the early recovery period.

Keywords: remimazolam tosylate, propofol, postoperative memory function, laparoscopic surgery

Introduction

Perioperative neurocognitive disorders (PND) are common central nervous system complications after surgery, primarily
encompassing postoperative cognitive dysfunction (POCD) and postoperative delirium (POD)." They also represent
potentially serious complications associated with memory impairment following general anesthesia, characterized by
deficits in memory, attention, language comprehension, and social functioning.Studies have shown that subjective
cognitive impairment and short-term memory deficits occur in middle-aged patients undergoing both cardiac and non-
cardiac surgery. Notably, the incidence of memory impairment after non-cardiac surgery reaches as high as 38.9% at 7
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days and 49.0% at 12 months postoperatively.” Evidence suggests that anesthetic agents may act on multiple ion
channels, receptors, and cellular signaling pathways within the central nervous system, thereby affecting cognitive
functions such as learning and memory.> Consequently, the appropriate selection and administration of anesthetics are
crucial for patient safety.

Laparoscopic surgery, a major minimally invasive technique, has been widely adopted globally, with clinical adoption
rates ranging from 40% to 80%.* Owing to its benefits of minimal trauma, reduced pain, and fewer complications,” it is
extensively applied across all age groups, with young and middle-aged patients representing a substantial proportion.To
satisfy the requirements for artificial pneumoperitoneum and muscle relaxation during such procedures, general anesthe-
sia is the preferred anesthetic modality. Given the high proportion of young and middle-aged patients undergoing
laparoscopic surgery and the potential impact of anesthesia on neurocognitive function, comparing the effects of different
anesthetic agents has become clinically relevant. Notably, laparoscopic procedures vary in surgical complexity and extent
of tissue trauma across different specialties (eg., cholecystectomy, gynecologic surgery, colorectal surgery), which may
influence the degree of perioperative stress and neuroinflammatory responses. Acknowledging this heterogeneity
provides important context for interpreting postoperative cognitive outcomes.

Propofol is one of the most commonly used sedatives in general anesthesia due to its advantages of rapid induction
and recovery. Nevertheless, it is associated with certain adverse effects, such as injection pain and dose-dependent
cardiovascular depression.Previous studies have indicated that propofol induces dose-dependent intraoperative amnesia
and may even lead to a dissociation between consciousness and memory.*’ Remimazolam tosylate is a novel benzodia-
zepine with a short half-life, rapid onset of action, and rapid recovery profile. Emerging evidence suggests that
remimazolam may alleviate postoperative cognitive impairment by inhibiting inflammation-associated signaling path-
ways, attenuating the release of inflammatory cytokines, suppressing oxidative stress, and mitigating neuronal injury.®’

In clinical practice, anesthesiologists tend to prioritize postoperative recovery in elderly patients and high-risk
populations, often paying insufficient attention to young and middle-aged adults with greater demands for memory
function. Currently, limited research has been conducted on the effects of remimazolam on postoperative memory
function in this patient cohort when administered for both induction and maintenance of general anesthesia. Therefore,
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this randomized controlled trial was designed to evaluate the impacts of remimazolam tosylate versus propofol on
postoperative memory function in young and middle-aged patients undergoing laparoscopic surgery.

Materials and Methods
Ethical Approval

This study was approved by the Ethics Committee of the First Affiliated Hospital of the University of Science and
Technology of China (Anhui Provincial Hospital) (Ethics Approval No. 2025KY Lun Audit No. 037) and registered with
the China Clinical Trial Registry (Registration No. ChiCTR2500097649).

Inclusion and Exclusion Criteria

Patients aged 18-59 years, with an American Society of Anesthesiologists (ASA) physical status of I-III, a body mass
index (BMI) of 18.5-24 kg/m?, and scheduled for laparoscopic surgery under general anesthesia with an anticipated
duration of 2—4 hours were eligible for inclusion.Exclusion criteria comprised a history of neurological or psychiatric
disorders, or significant craniocerebral trauma; substance or alcohol abuse; known or suspected allergy to the study
medications; visual, hearing, or language impairments that could interfere with cognitive testing; exposure to surgeries or
medications affecting cognition within one month before or after surgery; use of corticosteroids or non-steroidal anti-
inflammatory drugs within one week preoperatively or planned use postoperatively; and a preoperative Three-Word
Recall Test (TRT) score <3, Memory and Executive Screening (MES) score <75, or Montreal Cognitive Assessment
(MoCA) score <26. Patients were withdrawn from the study if they experienced: severe perioperative complications;
inadvertent deviation from the anticipated anesthetic duration or changes to the surgical approach; or refusal to cooperate
with scale assessments during follow-up or inadvertent use of medications explicitly prohibited by the study protocol.

Sample Size Calculation

Based on a large cohort study reporting an approximate 40% incidence of short-term memory impairment at 7 days after
non-cardiac surgery in middle-aged patients,” we assumed a 40% incidence in the propofol group. To detect a 50%
reduction in this incidence in the remimazolam group with a two-sided o of 0.05 and 80% power (1-p= 0.8), an initial
sample size of 182 patients was calculated using PASS 15.0 software. Accounting for an anticipated 20% dropout rate,
the final sample size was inflated to 114 patients per group, resulting in a total of 228 participants.

Randomization

This prospective randomized controlled trial enrolled young and middle-aged patients undergoing elective laparoscopic
surgery at our hospital between February and August 2025. Patients were stratified by gender and educational attainment,
then randomly allocated at a 1:1 ratio to the remimazolam group or propofol group via a random number table Allocation
sequences were sealed in opaque, sequentially numbered envelopes, which were only accessible to anesthesiologists
responsible for anesthetic administration. Patients, follow-up assessors, and data analysts were masked to treatment group
assignments.

Anesthesia and Perioperative Care

Upon entering the operating room, peripheral venous access was established, and routine continuous monitoring
(Mindray, Shenzhen, China) was commenced, including non-invasive blood pressure, electrocardiography, pulse oxygen
saturation (SpO,), and bispectral index (BIS; Covidien IIC, USA). Anesthesia induction was performed after at least
3 minutes of preoxygenation. In the remimazolam group, induction was achieved with remimazolam 0.2-0.3 mg/kg; in
the propofol group, induction was achieved with propofol 2.0-2.5 mg/kg.Both agents were administered intravenously
via an infusion pump over | minute.If adequate sedation (BIS < 60) was not achieved within 1 minute of drug
administration, a supplemental dose (remimazolam 0.1-0.2 mg/kg or propofol 0.5 mg/kg) was administered.Following
induction, sufentanil 0.5 pg/kg and rocuronium 0.6 mg/kg were administered intravenously.After achieving adequate
muscle relaxation, endotracheal intubation and mechanical ventilation were performed.During surgery, the end-tidal
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carbon dioxide partial pressure (PetCO2) was maintained at 35—45 mmHg. Anesthesia was maintained with remimazo-
lam (0.4-1 mg/kg/h) in Group R and propofol (4-12 mg/kg/h) in Group P, alongside a continuous infusion of
remifentanil (0.2-0.4 pg/kg/min) in both groups. Doses of remimazolam or propofol were adjusted to maintain BIS
within 40-60. Additionally, cisatracurium was administered intermittently during maintenance to sustain the muscle
relaxation required for surgery.

Perioperative hemodynamics were managed with norepinephrine or nicardipine to keep blood pressure within +10%
of baseline, and with atropine or esmolol to maintain heart rate between 50 and 100 beats per minute. Ephedrine was
available for use in cases of concurrent hypotension and bradycardia.Infusions of remimazolam/propofol were discon-
tinued upon pneumoperitoneum closure, and remifentanil was terminated upon completion of skin suturing.A patient-
controlled intravenous analgesia (PCIA) pump was initiated, containing sufentanil 100 pg and ondansetron 16 mg, with
settings as follows: initial bolus 2 mL, background infusion rate 2 mL/h, patient-controlled bolus 2 mL per activation,
lockout interval 15 minutes, and maximum hourly limit 8 mL.Patients were transferred to the Post-Anesthesia Care Unit
(PACU) immediately postoperatively. Tracheal extubation was performed following spontaneous awakening and recov-
ery of muscle strength. Patients were discharged from the PACU to the ward upon achieving a Steward score >4, with
stable vital signs and no complaints of discomfort.

All anesthetic procedures were performed by attending anesthesiologists with at least five years of clinical experience
in general anesthesia, who received standardized training on the study protocol prior to patient enrollment.

Data Collection

The primary outcome measure was the incidence of postoperative memory decline in both groups. Meanwhile, mean
arterial pressure (MAP) and heart rate (HR) were collected at several key time points, including before anesthesia
induction, after tracheal intubation, after pneumoperitoneum establishment, and at emergence.We also recorded intrao-
perative variables: anesthesia and surgery duration, emergence time, PACU and hospital length of stay, induction dose of
the study drugs, the BIS-min value during induction, use of vasoactive drugs, and the incidence of hypotension and
bradycardia.Venous blood samples collected at three time points (before anesthesia induction, 30 minutes postopera-
tively, and 24 hours postoperatively) to measure serum concentrations of IL-6, S1008, and NfL concentrations.
Perioperative adverse events, including postoperative nausea and vomiting (PONV), delayed emergence, emergence
agitation, and visual analog scale (VAS) pain scores on postoperative day 1, which were monitored and recorded.

Memory and Cognitive Function Assessment

Intra-Hospital Follow-Up

Cognitive and memory function were assessed by a trained investigator on the day before surgery (preoperatively) and on
postoperative days 1 (POD 1) and 3 (POD 3). All assessments were conducted in a quiet room by the same investigator,
who was blinded to patient group assignments. The Three-Word Recall Test (TRT) and Memory and Executive Screening
(MES) Scale were used to evaluate memory function changes, while the Montreal Cognitive Assessment (MoCA) was
applied to assess global cognitive function. Postoperative memory decline was defined as a TRT score < 3 and an MES
score < 75. Postoperative cognitive dysfunction (POCD) was defined as a MoCA score < 26.

Post-Discharge Follow-Up

Cognitive and memory function were evaluated via telephone interview 1 month postoperatively using the Telephone
Interview for Cognitive Status-modified (TICS-m). During the interview, family members were instructed to turn off
televisions and radios, remove paper and pens to minimize distractions, maintain a quiet environment, and avoid external
interruptions. A TICS-m score > 31 indicated normal cognitive function, while a score < 28 indicated severe cognitive
impairment.'®

Details of Assessment Scales
(1) Three-Word Recall Test (TRT): This test requires participants to recall three unrelated words shortly after presentation
(typically interspersed with several brief intervening questions), serving as an objective measure of short-term memory,
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a key aspect of cognitive function.We used the Word Recall part of the Mini-Cog24 and applied different words listed in
the Three Word Registration for each survey. The TRT is considered a sensitive screening tool for amnesia among
individuals with mild cognitive impairment (MCI).!' Scores range from 0 to 3, with lower scores indicating more severe
short-term memory impairment; we defined a score less than 3 as TRT abnormality, indicating short-term memory
impairment.

(2) Memory and Executive Screening (MES) Scale:The MES consists of two subscales (Memory [M] and Executive
[E]) with a total score out of 100. Research indicates that an MES total score <75 identifies amnestic mild cognitive
impairment (aMCI) with an area under the curve (AUC) of 0.89,a sensitivity of 80%, and a specificity of 83%.'* In
addition to assessing core memory functions, the MES comprehensively evaluates executive functions through tasks such
as semantic fluency and digit-symbol coding. It enables rapid assessment of impairments in major cognitive domains,
including executive function and episodic memory, without ceiling or floor effects.'?

(3) Montreal Cognitive Assessment (MoCA):A sensitive and widely used screening tool for MCI, the MoCA
demonstrates a sensitivity of 90% and a specificity of 87%.'*'* It assesses cognitive function across eight domains:
visual-spatial and executive function, naming, memory, attention and calculation, language, abstraction, delayed recall,
and orientation. The total score is 30 points, with 1 additional point added for participants with < 12 years of education.

(4) Telephone Interview for Cognitive Status-modified (TICS-m):One of the most widely used telephone-based
cognitive assessment tools, the TICS-m exhibits excellent reliability and validity, with higher validity for MCI than
the Mini-Mental State Examination (MMSE).'” The results require adjustment based on years of education: add 5 points
for individuals with <8 years of education, add 2 points for 8—10 years, no adjustment for 11-15 years, and subtract 2
points for those with >16 years of education. An education-adjusted TICS-m score < 31 is the optimal cutoff for

distinguishing cognitively impaired individuals from the general population.'”

Enzyme-Linked Immunosorbent Assay

Venous blood samples were collected preoperatively (before anesthesia induction), 30 minutes postoperatively, and
24 hours postoperatively to measure serum concentrations of IL-6, S100B, and NfL. The samples were centrifuged at
3000 x g for 15 minutes at 4 °C, and the separated serum was stored at —80 °C until batch analysis. Serum IL-6, S100p,
and NfL concentrations were quantified using enzyme-linked immunosorbent assay (ELISA) kits (Lunchangshuo,
Xiamen, China) in accordance with the manufacturer’s instructions.

Statistical Analysis

Statistical analysis was performed using SPSS 30.0 and GraphPad Prism 9.0.Continuous variables were tested for
normality with the Kolmogorov—Smirnov test. Those following a normal distribution are reported as mean + SD and
compared with the independent ¢-test; non-parametric data are reported as median (IQR) and compared with the
Mann-Whitney U-test. Categorical data, presented as n (%), were analyzed by the y’-test or Fisher’s exact test.
Univariate logistic regression analysis was performed as the initial step to identify potential risk factors for post-
operative memory decline. Variables with P < 0.05 in the univariate analysis were included in a multivariate logistic
regression model to adjust for potential confounders. Multicollinearity was assessed using the variance inflation factor
(VIF), and the model’s goodness-of-fit was evaluated with the Hosmer-Lemeshow test. The predictive accuracy of the
model was determined by the area under the receiver operating characteristic (ROC) curve.P < 0.05 was considered
statistically significant.

Results

Patient Characteristics and Baseline Data

The study flow is depicted in Figure 1. Based on the inclusion and exclusion criteria, 228 patients were ultimately
enrolled and randomly allocated to the remimazolam (R) group or propofol (P) group. In the remimazolam group, 4
patients were excluded: 2 due to intraoperative changes in surgical approach and 2 due to prolonged anesthesia duration.
In the propofol group, 3 patients were excluded (2 due to changes in surgical approach and 1 due to prolonged anesthesia
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Figure | Flow Diagram of the Study.
duration). Ultimately, 110 patients in the remimazolam group and 111 patients in the propofol group completed the study

per protocol and were included in the final analysis. Baseline characteristics of patients in both groups are summarized in
Table 1, with no statistically significant differences between groups (P > 0.05).

Table | Basic Characteristics

Characteristics Group R (n=110) Group P (n=111) p
Ages(y) 49(40-54) 53(43-56) 0.054
Youth (%) 36(32.7) 30(27.0) 0.355
Middle age (%) 74(67.3) 81(73.0)
BMI (kg/m?) 23.3(21.5-23.8) 22.9(20.8-23.7) 0.074
Gender (%) 0.947
Female 55(50.0) 55(49.5)
Male 55(50.0) 56(50.5)
ASA (%) 0.641
I 48(43.6) 45(40.5)
n 62(56.4) 66(59.5)
Education (%) 0.422
llliteracy 8(7.3) 4(3.6)
Elementary school 26(23.6) 38(34.2)
Middle school 32(29.1) 29(26.1)
High school 13(11.8) 10(9.0)
University/above 31(28.2) 30(27.0)
Pre-MES scores 89(86-91) 88(85-90) 0.079
Pre-MoCA scores 26(25-26) 26(24-27) 0.985
Complications (%)
Hypertension 30(27.3) 25(22.5) 0.414
Diabetes mellitus 7(6.4) 10(9.0) 0.461
Cerebral infarction 5(4.5) 4(3.6) 0.989
Arrhythmia 3(27) 3(2.7) 1.0
Hepatitis B 9(8.2) 11(9.9) 0.654
Thyroid diseases 6(5.5) 4(3.6) 0.735
(Continued)
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Table | (Continued).

Characteristics Group R (n=110) Group P (n=111) p
Types of surgeries (%) 0.167
General surgery 36(32.7) 27(24.3)
Gynecology surgery 66(60.0) 75(67.6)
Urology surgery 8(7.3) 9(8.1)
Pneumoperitoneum time, min 117.5(103.8-160.0) 128.0(111.0-165.0) 0.052
Anesthesia time, min 148.5(131.0-196.3) 165.0(149.0-204.0) 0.068

Notes: The data are expressed as median (25th to 75th percentiles), or number of patients (%).
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists; MES, Memory and
Executive Screening Scale; MoCA, Montreal Cognitive Assessment.

Memory and Cognitive Outcomes

The incidence of postoperative memory decline in the remimazolam group was significantly lower than in the propofol
group on postoperative day 1 (36.4% vs. 53.2%, P < 0.05) and postoperative day 3 (23.6% vs. 37.8%, P < 0.05; Table 2).
The incidence of postoperative cognitive dysfunction (POCD) in the remimazolam group was numerically lower than in
the propofol group on POD 1 (27.3% vs. 35.1%, P = 0.207), POD 3 (16.4% vs. 22.5%, P = 0.248), and 1 month
postoperatively (6.4% vs. 8.1%, P = 0.617); however, these between-group differences were not statistically significant
(Figure 2).

Hemodynamics and Intraoperative Conditions

Statistical analysis of perioperative hemodynamic parameters showed temporal variations in mean arterial pressure
(MAP) and heart rate (HR) in both groups. Significant between-group differences were noted at two time points: after
intubation and after pneumoperitoneum (P < 0.05, Figure 3A and B).The use of remimazolam was associated with
superior hemodynamic stability, resulting in a lower incidence of hypotension (6.4% vs. 16.2%) and bradycardia (15.5%
vs. 30.6%), alongside a reduced requirement for vasoactive agents (atropine and norepinephrine) (Table 3).Compared
with the propofol group, the remimazolam group had a significantly higher maximum electroencephalographic (EEG)
effect during induction [47 (42-48) vs. 44 (41-48), P < 0.05, Figure 3C], whereas the total remifentanil dosage was
significantly lower [8.06 (7.30-9.08) mg vs. 8.82 (7.74-9.79) mg, P < 0.05, Figure 3D].

Levels of IL-6, SI00-f, and NfL

Compared with pre-induction levels, serum concentrations of IL-6 and S100B were significantly increased at 30 minutes
postoperatively in both groups (P < 0.05), with no statistically significant difference noted in NfL concentration. At
24 hours postoperatively, IL-6 concentration remained significantly elevated in the propofol group (P < 0.05), whereas no
statistically significant differences were observed in S100p or NfL concentrations. Relative to the propofol group, the

Table 2 The Incidence of Postoperative Memory Decline and Postoperative Cognitive
Decline in Patients Under General Anesthesia with Different Drugs

Incidence Group R (n=110) | Group P (n=111) p
Postoperative Memory Decline (n, %)

Postoperative day | 40(36.4%) 59(53.2%) 0.012
Postoperative day 3 26(23.6%) 42(37.8%) 0.022
Postoperative Cognitive Decline (n, %)

Postoperative day | 30(27.3%) 39(35.1%) 0.207
Postoperative day 3 18(16.4%) 25(22.5%) 0.248
Postoperative month | 7(6.4%) 9(8.1%) 0617

Notes: The data are presented as the number of patients (%).
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the two groups; (D) Comparison of rimazolam dosage between two groups. * indicates p < 0.05.

Abbreviation: BIS, bispectral index.

remimazolam group had significantly lower serum IL-6 and S100B concentrations at both 30 minutes and 24 hours

postoperatively (P < 0.05); no statistically significant between-group difference was found in NfL concentration

(Figure 4A—C).Additionally, patients with postoperative memory decline had significantly higher serum IL-6 and

S100B concentrations at 24 hours postoperatively than those without memory decline (P < 0.05), while no significant

difference in NfL concentration was detected between these two subgroups (Figure 4D-F).

Table 3 Comparison of the Incidence of Hypotension and Bradycardia
and the Use of Vasoactive Drugs Between the Two Groups

Variable Group R (n=110) | Group P (n=111) p
Hypotension (cases) 7(6.4%) 18(16.2%) 0.021
Bradycardia (cases) 17(15.5%) 34(30.6%) 0.007
Vasoactive Drugs (cases)
Norepinephrine 35(31.8%) 51(45.9%) 0.031
Atropine 1(0.9%) 9(8.1%) 0.024
Ephedrine 33(28.9%) 43(37.7%) 0.365
Nicardipine 1(0.9%) 2(1.8%) 1.000
Esmolol 1(0.9%) 0(0.0%) 0.996

Notes: The data are presented as the number of patients (%).
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Abbreviation: POMD, postoperative memory decline.

Perioperative Parameters and Adverse Events

Intra-hospital comparisons between the two groups revealed no statistically significant differences in pneumoperitoneum
duration, time to emergence, PACU or hospital length of stay (Figure 5A-D). For perioperative adverse events, no
significant between-group differences were noted in the incidence of PONV, delayed emergence, emergence agitation, or
VAS pain scores at 1 day postoperatively (Figure SE-H).

Prognostic Factors for Postoperative Memory Decline

Univariate logistic regression analysis identified age, ASA physical status classification, educational attainment, pre-
operative MES and MoCA scores, hypertension, diabetes mellitus, anesthetic drugs, anesthesia and pneumoperitoneum
time, time to emergence, and the duration of hospitalization as risk factors for postoperative memory decline
(Supplement 1). The incidence of postoperative memory decline was positively associated with increasing age,
a history of hypertension or diabetes mellitus, ASA physical status III, and longer anesthesia and hospitalization
durations.Conversely, higher preoperative MES and MoCA scores, higher educational level, and the use of remimazolam
were inversely associated with the incidence of postoperative memory decline.

Variables with univariate significance (P < 0.05) were included in the multivariate logistic regression model to adjust
for potential confounders. Assessment of multicollinearity using the variance inflation factor (VIF) revealed a high
correlation between anesthesia duration and pneumoperitoneum duration (VIF > 10). After removing confounders, all
retained variables exhibited VIF < 2.9 (1.052-2.836), indicating less collinearity. The model demonstrated good fit
(Hosmer-Lemeshow test, P = 0.371) and possessed excellent predictive accuracy, as evidenced by an area under the curve
(AUC) of 0.937 (95% CI: 0.906-0.968). Finally, educational level, diabetes, the use of propofol (versus remimazolam),
and anesthesia time were identified as independent risk factors for early postoperative memory decline (Figure 6).
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Figure 5 Comparison of perioperative parameters between two groups.

Notes: (A) Comparison of pneumoperitoneum duration between the two groups; (B) Comparison of the time to emergence between the two groups; (C) Comparison of
PACU stay duration between the two groups; (D) Comparison of hospital length of stay between the two groups; (E) Comparison of the incidence of delayed emergence
between two groups; (F) Comparison of the incidence of emergence agitation between two groups; (G) Comparison of PONV cases between the two groups; (H)
Comparison of VAS pain scores on the POD| between the two groups. ns indicates no significance.

Abbreviations: PACU, Post-Anesthesia Care Unit; PONV, Postoperative Nausea and Vomiting; POD |, Post-Operative Day |.

Multivariate analysis

Variable OR(95%Cl) P
Ages, years 4 3.74(0.99-13.97) 0.051
ASA (Il k —f 1.64(0.59-4.57) 0.343
Education (EI tary school) k — 0.46(0.04-5.05) 0.527
Education (Middle school) Dm— 1 0.08(0.07-1.05) 0.055
Education (High school) P 1 0.07(0.06-0.96) 0.047
Education (University/above) [y | 0.07(0.00-0.15) 0.002
Pre-MES scores — — 0.97(0.84-1.11) 0.646
Pre-MoCA scores [ d 0.91(0.60-1.34) 0.609
Complications (Hypertension ) b — 2.19(0.76-6.27) 0.144
Complications (Diabetes mellitus ) I- il 3.45(1.20-10.65) 0.033
Group P ¥ | —] 2.54(1.04-6.20) 0.040
Anesthesia time, min = = 1.05(1.01-1.09) 0.021
Recovery time, min [ 2] 1.01(0.99-1.03) 0.356
Duration of hospitalization, days L, Ll oy | L, 0.97(0.87-1.08) 0.554
r ' T 77/ T
0 1 14

Figure 6 Multivariate Logistic regression analysis of risk factors associated with postoperative memory decline.
Abbreviations: ASA, American Society of Anesthesiologists; MES, Memory and Executive Screening Scale; MoCA, Montreal Cognitive Assessment; OR, Odds Ratio.
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Discussion

The present randomized controlled trial supports the superiority of remimazolam over the conventional anesthetic
propofol for reducing postoperative memory impairment in young and middle-aged adults undergoing laparoscopic
surgery, with demonstrated benefits in hemodynamic safety and stability. By focusing on this specific demographic, our
study addresses a notable gap in clinical neurocognitive function research regarding younger patients. These findings
contribute valuable insights to the growing body of literature on anesthetic neuroprotection, particularly within the
context of increasingly prevalent laparoscopic procedures.

Postoperative memory decline represents a key component of PND. Previous studies have demonstrated that
remimazolam exerts favorable neurocognitive protective effects. In a retrospective analysis of 98 TAVI patients reported
a significantly lower incidence of PND within 3 postoperative days in the remimazolam group compared with the
propofol group (8% vs. 26%).'® In our study, the incidence of postoperative memory decline in the propofol group was
consistent with previous reports,” while the remimazolam group exhibited a significantly lower incidence. Propofol
potentiates GABAA receptors and inhibits NMDA receptors, thereby suppressing long-term potentiation (LTP) and
facilitating long-term depression (LTD) in the hippocampal CA1 region. It also promotes serotonin release, consequently
affecting learning and memory functions.'” ?° Studies indicate that remimazolam significantly mitigates impairment of
short-term learning and memory in juvenile mice compared to the traditional benzodiazepine midazolam. The underlying
mechanism may involve attenuated hippocampal neuronal apoptosis, downregulated PSD95 expression, and inhibited
hippocampal LTP.?' As a novel ultra-short-acting benzodiazepine, remimazolam exerts its pharmacological effects via
positive allosteric modulation of GABAA receptors,enhancing GABAergic neurotransmission and inducing anterograde
amnesia. Notably, the a5 subunit of GABAA receptors is highly expressed in the hippocampus and critically involved in
memory encoding and consolidation.Activation of the a5 subunit by conventional benzodiazepines is considered a key
factor contributing to anterograde amnesia and memory impairment.”> Although remimazolam also activates these
receptors, it possesses unique pharmacokinetic properties: rapid hydrolysis by tissue esterases, renal or hepatic function-
independent metabolism, and a short elimination half-life.>> These features may result in a transient and controllable
activation of the a5 subunit, potentially enabling remimazolam to provide effective sedation while significantly reducing
persistent intraoperative memory impairment. Consequently, it demonstrates milder postoperative memory deficits and
more rapid recovery of cognitive function.

Mild cognitive impairment (MCI) represents an intermediate stage between normal cognition and the onset of
dementia.During this phase, patients may exhibit declines in memory or other cognitive functions; however, these do
not interfere with activities of daily living and do not meet the diagnostic criteria for dementia.”* Amnestic mild
cognitive impairment(aMCI) is a common subtype of MCI, characterized predominantly by memory decline, and is
most closely associated with Alzheimer’s disease(AD).>> While clinical attention is often focused on postoperative
cognitive function in the elderly patients, we frequently overlook postoperative cognitive outcomes in young and middle-
aged patients who reside in learning or working environments requiring higher memory capacity. The TRT is brief and
easy to administer, yet its simple memory task places low cognitive demands, potentially leading to underdiagnosis of
MCI. The MES scale addresses this limitation, demonstrating high sensitivity and strong specificity in identifying MCI.*®
Given that postoperative cognitive changes in young and middle-aged patients are typically subtle, the MES’s high
sensitivity to mild cognitive deficits facilitates earlier and more accurate identification of patients at risk for POCD.In the
present study, both TRT and MES scores were used as objective indicators of postoperative memory impairment.POCD is
clinically characterized by concurrent impairments across multiple cognitive domains, including memory encoding and
retrieval, working memory, and executive function.”’” The MES scale enables rapid assessment of deficits in key
cognitive domains, such as executive function and episodic memory. It comprehensively and precisely reflects the
cognitive domains most vulnerable to postoperative impairment, overcoming the limitations of unidimensional assess-
ment while providing direction for subsequent clinical intervention priorities.

Compared with propofol, remimazolam demonstrated superior perioperative hemodynamic stability in our study, signifi-
cantly reducing the incidence of hypotension and bradycardia, as well as decreasing the requirement for vasoactive agents,
which is consistent with previous findings. Propofol frequently induces marked dose-dependent hypotension and bradycardia
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due to its potent direct vasodilatory and myocardial depressant effects.”® Intraoperative hypotension is a well-established risk
factor for PND by inducing cerebral hypoperfusion, particularly impairing function in the highly ischemia-sensitive hippo-
campal region,” it triggers neuroinflammation and synaptic dysfunction, potentially leading to postoperative memory
impairment.>**! Therefore, reducing the occurrence of perioperative hypotension may effectively lowers the risk of PND
and other neurocognitive complications.*> Notably, patients in the remimazolam group exhibited a higher maximum
electroencephalographic(EEG) effect during anesthesia induction compared with the propofol group, suggesting that while
remimazolam effectively induced unconsciousness, it produced less synchronized cortical inhibition, preserved more EEG
activity, and afforded a wider neural safety margin with improved clinical safety.Concurrently, we observed that remimazolam
significantly reduced required remifentanil dosage compared with propofol while maintaining equivalent anesthetic depth. This
may be attributed to remimazolam’s analgesic properties, which involve enhanced inhibition of spinal dorsal horn interneurons
via GABAA receptor modulation.*> Reduced remifentanil dosage directly diminishes its dose-dependent cardiovascular
suppression, contributing to more stable hemodynamics throughout anesthesia. Additional benefits include lower risks of
postoperative acute opioid tolerance and hyperalgesia,* potentially simplifying early postoperative pain management.

Inflammatory responses and elevated S100p protein levels are both significant factors contributing to POCD.***¢ IL-6
mediates early inflammatory responses and tissue damage, with its expression levels correlated with systemic and central
nervous system inflammatory states. S100B protein serves as a biomarker for blood-brain barrier integrity and astrocyte
injury, and is regarded as a specific predictor of PND.>’ In this study, postoperative IL-6 and S100p levels were
significantly elevated compared with preoperative baseline in all patients, with notably higher concentrations observed
in those with postoperative memory decline. This finding may be associated with surgery-induced release of inflamma-
tory factors and subsequent neuroinflammatory responses. Studies have shown that the activity of a5 GABAA receptors,
which are widely distributed in the hippocampus can be activated by anesthetic drugs, also increases during inflammation
and that this increase is critical for inflammation-induced memory deficits.*® The remimazolam group exhibited lower
concentrations of IL-6 and S100p at both postoperative time points compared with the propofol group, suggesting that
remimazolam may attenuate postoperative inflammation and exert a milder impact on cognitive function. Emerging
evidence indicates that remimazolam can provide neuroprotective effects by inhibiting neuronal apoptosis and reducing
the expression and release of inflammatory factors.*>*° In contrast, propofol’s lipophilicity and potential to activate
microglia might exacerbate hippocampal inflammation, thereby contributing to memory impairment. No significant
differences in serum NfL levels were observed either between groups or across time points in this study. NfL is
a delayed biomarker of neuronal axonal injury. Since a latency period is required for NfL to be released into the
bloodstream following axonal injury, the relatively early detection time points selected in this study may explain the lack
of observed between-group differences in serum NfL levels postoperatively.

Although the direct pharmacological effects of remimazolam and propofol typically dissipate within hours post-
surgery, these agents can initiate a cascade of perioperative events, including neuroinflammation, oxidative stress, and
neuronal injury. The downstream consequences of these reactions may persist long after the drugs themselves have been
cleared from the system. Furthermore, surgical trauma, systemic inflammatory responses, blood-brain barrier disruption,
postoperative pain, and sleep disturbances can all trigger sustained neuroinflammatory reactions and synaptic dysfunc-
tion, thereby exerting lasting effects on cognitive function. As highlighted by Yang et al® the incidence of short-term
memory impairment after non-cardiac surgery exhibits a dynamic U-shaped trajectory, suggesting that early and late
cognitive outcomes may be driven by distinct yet interconnected mechanisms. While our study did not find a significant
difference in the incidence of POCD between the two groups at one month post-surgery, assessing this intermediate time
point remains clinically valuable. It serves as a crucial bridge connecting early postoperative changes (postoperative days
1-3) with potential long-term cognitive decline, helping to differentiate between patients who achieve complete short-
term recovery and those who may experience persistent or progressive cognitive impairment, thus providing foundational
data for future studies with longer follow-up periods. Moreover, for young and middle-aged patients, the ability to return
to baseline cognitive function at one month post-surgery is a critical determinant of their quality of life and capacity to
resume work. Therefore, while the one-month cognitive assessment does not directly reflect the immediate effects of the
drugs, it offers an important perspective on the cumulative impact of multiple perioperative factors on patient prognosis,
making it an essential component of comprehensively evaluating anesthetic drug safety and patient outcomes.
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To identify the risk factors affecting postoperative memory function, univariate logistic regression analysis was
performed and the results were basically consistent with previous studies.*' ™ Further multivariate regression analysis
revealed that educational attainment, diabetes mellitus, anesthetic drug selection, and anesthesia duration were independent
risk factors for postoperative memory decline. Contrary to previous reports identifying age as an independent risk factor for
POCD, we found age was not identified as such in the present study, potentially related to our study population selection.
Younger patients possess greater physiological reserve capacity than older individuals, enabling them to better tolerate the
trauma of anesthesia and surgery. Additionally, laparoscopic surgery is associated with relatively minimal invasiveness,
potentially resulting in a lower overall burden of neuroinflammation and physiological stress, thereby attenuating the impact
of age as a risk factor. Furthermore, our finding that diabetes increases the risk of postoperative memory decline is consistent
with a meta-analysis reporting a 44% elevated POCD risk in diabetic patients.** We speculate that this may be related to the
pathophysiological features of diabetes. Sustained hyperglycemia exhibits neurotoxicity,” while hypoglycemia can lead to
neuronal hypoxia, particularly reducing hippocampal glutathione levels, resulting in impairments in spatial and contextual
memory.*® Diabetic patients are more prone to perioperative glycemic fluctuations than non-diabetic patients,*” which may
adversely affect their cognitive prognosis. Therefore, in clinical practice, it is essential to develop appropriate perioperative
neurocognitive protection strategies for diabetic patients with diverse backgrounds.

The present study has several limitations.First, it was a single-center study, with data collected from only one
research center, necessitating further multi-center studies to confirm the generalizability of our findings.Second,
although all procedures included were laparoscopic surgeries, invasiveness varies across surgical specialties, which
may confound the evaluation of neuroinflammatory responses and cognitive outcomes. Finally, we only evaluated
early postoperative changes in memory and cognitive function, without assessing long-term memory and cognitive
performance following hospital discharge. Future studies should address this limitation by incorporating long-term
neurocognitive prognosis into the research scope to provide more comprehensive evidence.

Conclusion

For young and middle-aged patients undergoing elective laparoscopic surgery, remimazolam tosylate for anesthetic
induction and maintenance effectively reduces the incidence of early postoperative memory impairment, lowers the
risk of perioperative hypotension and bradycardia, and exhibits superior performance in maintaining hemodynamic
stability and mitigating postoperative inflammatory responses. This study validates the safety and efficacy of
remimazolam for anesthetic induction and maintenance. Compared with propofol, remimazolam offers distinct
clinical advantages in protecting perioperative neurocognitive function in this patient population, supporting its
broader clinical application. Further studies with longer follow-up periods are warranted to determine whether
these early cognitive benefits translate into sustained improvements in long-term neurocognitive outcomes.
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