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Objective: To study the effect of different doses of remimazolam on the maintenance of anesthesia and its impact on postoperative
cognitive function in elderly patients undergoing laparoscopic colorectal surgery.

Methods: A total of 120 elderly patients scheduled for laparoscopic colorectal surgery under general anesthesia (both sexes included,
ASA grade (II-III) were randomly assigned to experimental groups (R1-R3) and control group (P), with 30 cases per group. The
experimental groups received different remimazolam maintenance doses: R1 (0.5 mg/kg/h), R2 (1.0 mg/kg/h), and R3 (1.5 mg/kg/h),
while the control group received propofol for sedation. Perioperative cognitive function was evaluated using MMSE (Mini-Mental
State Examination) and MoCA (Montreal Cognitive Assessment) preoperatively, and on postoperative days 3 and 7, to analyze
differences in cognitive effects and safety profiles of remimazolam across the four groups.

Results: A total of 117 patients were ultimately included, with 3 excluded due to intraoperative conversion to open surgery.
Participants were randomly allocated into four groups according to remimazolam maintenance dosing regimens: 30 in the Rl
group, 28 in the R2 group, 30 in the R3 group, and 29 in the P group.There was no statistically significant difference in postoperative
cognitive function scores between the R2 and R3 groups, and both groups had scores that were significantly higher than those of the
R1 and P groups, with statistically significant differences.

Conclusion: Compared to propofol, remimazolam at medium and high doses can reduce the incidence of perioperative neurocog-
nitive dysfunction in elderly patients. High-dose remimazolam anesthesia maintenance may prolong extubation time, increase the
incidence of postoperative shivering, and potentially lead to re-sedation after awakening, so medium-dose remimazolam is more
suitable for intraoperative anesthesia maintenance in elderly patients without increasing the incidence of adverse events.
Keywords: remimazolam, general anesthesia, elderly, cognitive function

Introduction

The incidence of PND is between 7% and 26% after non-cardiac surgery,' and it can be as high as 14% to 60% after
cardiac surgery.” Postoperative cognitive dysfunction is more common in the elderly population aged 65 and older.
Reports indicate that the incidence of postoperative cognitive dysfunction one week after surgery in adults over 65 years
old ranges from 9% to 54%.> Advanced age is a recognized risk factor for PND, with causes including changes in brain
structure, the development of dementia, lower cognitive reserve, and the depletion of the brain’s limited recovery
potential.* Reducing the incidence of postoperative cognitive dysfunction in elderly patients has become a significant
challenge. Several studies suggest that remimazolam, a recently introduced benzodiazepine used in clinical anesthesia,
may be beneficial in alleviating postoperative cognitive dysfunction in the elderly compared to traditional intravenous
sedatives. However, current research primarily focuses on the effects of remimazolam during anesthesia induction on
cognitive function in older adults, and there is a lack of studies on its use as a maintenance anesthetic in this population,
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particularly regarding the impact of different doses on PND. In the initial clinical applications of remimazolam, the
Expert Consensus on the Clinical Application of Remimazolam served as the primary reference. However, this consensus
does not specify the recommended maintenance dose range for elderly patients. Leveraging our medical center’s
extensive experience in colorectal cancer surgeries (with elderly patients accounting for 75.7% of cases), our research
team has summarized substantial clinical practice with remimazolam. Building upon the expert consensus, we have
identified three maintenance concentrations as a preliminary exploration of optimal dosing strategies.This study aims to
explore the effects of different doses of remimazolam on perioperative neurocognitive dysfunction in elderly patients
using Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA) as cognitive assessment
tools, providing a reference for determining the optimal maintenance dosage for anesthesia in older adults.

Materials and Methods

Study Design

From April 2024 to July 2024, 120 elderly patients underwent laparoscopic colorectal cancer surgery at the Affiliated
Hospital of North Sichuan Medical College. Researchers not involved in perioperative management and data analysis
used computer-generated random numbers to assign patients to groups in the order they were enrolled.This anesthe-
siologist assessed whether patients met inclusion and exclusion criteria one day before the surgery and obtained
informed consent for clinical trials from those who met the inclusion criteria (all patients were from the same surgical
team). After entering the anesthesia preparation room, the anesthesia nurse retrieved opaque envelopes from the
anesthesiologist. Once the patients were grouped and the verification was completed by all parties, routine anesthesia
induction was performed. Two infusion pumps were used for intraoperative medication delivery: Pump 1 was managed
by the anesthesia nurse (who did not participate in anesthesia management or data collection and analysis), admin-
istering different doses of remimazolam while keeping it concealed. Pump 2 was operated by the anesthesiologist to
administer propofol and remifentanil, with the infusion rate adjusted based on the BIS values. After all patient
information was collected, the blinding was revealed. The blind files were preserved, and emergency letters were
prepared, with the grouping information and intervention details disclosed upon trial termination and completion of
data analysis (Figure 1).

Inclusion Criteria: (a) Patients undergoing elective laparoscopic radical resection for colorectal cancer under general
anesthesia, with no restriction on gender; (b) ASA classification: II-I1II; (c) Age: >65 years; (d) Capable of independently
completing the Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA).

Exclusion Criteria: (a) Preoperative cognitive impairment assessed by Mini-Mental State Examination (MMSE) or
Montreal Cognitive Assessment (MoCA) (illiterate preoperative score <17, elementary preoperative score <20, middle
school <22, college <23); (b) History of cardiac surgery, cerebrovascular accident, or alcoholism; (c) Presence of severe
organic diseases, such as liver or kidney dysfunction; (d) Coagulation disorders; (¢) Severe visual and hearing impair-
ments that hinder communication; (f) History of mental illness or prolonged use of sedative or antidepressant
medications.

Elimination Criteria: (a) Patients who experienced excessive intraoperative bleeding requiring blood transfusion; (b)
Patients with adverse reactions to the drugs used or other reasons necessitating premature termination of the study.

This study was authorized by the Ethics Committee of the Affiliated Hospital of North Sichuan Medical College, with
ethics approval number [2024ER196-1]. All patients provided informed consent by signing a comprehensive consent
form. The trial has been registered with the Chinese Clinical Trial Registry [(ChiCTR2400083122)]. The study protocol
adheres to CONSORT guidelines and operates within the scope of relevant guidelines.

Anesthesia Protocol

Upon entering the operating room, standard monitoring is applied, including five-lead electrocardiography (ECG), non-
invasive blood pressure (NIBP), heart rate (HR), oxygen saturation (SpO,), and bispectral index (BIS) monitoring for
anesthesia depth. A peripheral venous access is established under local anesthesia with 1% lidocaine, and the radial artery
is cannulated.
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Figure |1 The CONSORT Flow Diagram.

Anesthesia Induction

Following comprehensive preoperative preparation, oxygen is administered by face mask for denitrogenation. Anesthesia
is induced sequentially with sufentanil at 0.4 pg/kg, etomidate at 0.1-0.4 mg/kg, and cisatracurium besylate at 0.15 mg/
kg. After 3—5 minutes following the administration of cisatracurium besylate, once the BIS value reaches 40-60 and
muscle relaxation is adequate for intubation, tracheal intubation is performed. An additional dose of sufentanil at 0.2 pg/
kg is given at the time of skin incision. The PETCO, is maintained at 35-45 mmHg by adjusting tidal volume and

respiratory rate.

Anesthesia Maintenance

R1 Group (low-dose group): Continuous infusion of remimazolam tosylate at 0.5 mg/kg/h and remifentanil at
0.05-0.2 pg/kg/min.R2 Group (medium-dose group): Continuous infusion of remimazolam tosylate at 1 mg/kg/h and
remifentanil at 0.05-0.2 pg/kg/min.R3 Group (high-dose group): Continuous infusion of remimazolam tosylate at
1.5 mg/kg/h and remifentanil at 0.05-0.2 pg/kg/min.P Group: Continuous infusion of propofol at 1-10 mg/kg/h and
remifentanil at 0.05-0.2 pg/kg/min.
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Administer vasoactive drugs intraoperatively based on circulatory fluctuations (blood pressure deviation exceeding
20% of the baseline), and adjust the propofol infusion dosage to maintain a BIS value between 40 and 60. Discontinue
sedative infusion 10 minutes before the end of surgery. Administer 0.2 mg of flumazenil at the end of surgery. If the
patient’s consciousness has not recovered after 1 minute, administer an additional 0.1 mg of flumazenil. If necessary,
continue to administer additional doses at intervals until a maximum total dose of 1 mg is reached.

Postoperative Analgesia Protocol

Ten minutes before the end of the surgery, 5 pg of sufentanil is administered as an analgesic bridge. Upon transfer to the
Post-Anesthesia Care Unit (PACU), patient-controlled intravenous analgesia (PCIA) is provided with a mixture of
sufentanil 100 pg and ondansetron 32 mg.

Observational Indicators
Primary Indicators

Assess patients’ cognitive function using the MMSE and MoCA scales on the day before surgery (T0) and on the 3rd day
(T5) and 7th day (T6) after surgery, recording both preoperative and postoperative scores. Calculate the standard
deviation of the preoperative MMSE and MoCA scores; if the difference between preoperative and postoperative scores
decreases by >1 standard deviation from the preoperative standard deviation, cognitive impairment is diagnosed.

Secondary Indicators

Hemodynamic parameters include heart rate (HR) and mean arterial pressure (MAP) changes recorded at the following
times: the day before surgery (TO0), skin incision (T1), one hour after the start of surgery (T2), at the end of surgery (T3),
and upon entering the PACU (T4). Other indicators include intraoperative remifentanil and propofol dosages, extubation
time post-surgery, PACU stay duration, and postoperative opioid usage. Pain levels on postoperative days 3 (T5) and 7
(T6) are assessed using the Visual Analog Scale (VAS). Monitor and record any adverse reactions within 48 hours post-
surgery in the four groups, such as respiratory depression, hypotension, bradycardia, drowsiness, and nausea or vomiting.

Statistical Methods

Data analysis was conducted using SPSS 26.0 statistical software, and graphs were created with Origin 2021 software.
Data with normal or approximately normal distribution are presented as mean + standard deviation, followed by multi-
sample mean-variance analysis. Comparisons of measurements at different time points were performed using repeated
measures ANOVA. Data not following a normal distribution are described by median and interquartile range, and
comparisons of group means were conducted using the rank-sum test. For count data, n (%) was employed, with either
the chi-square test or Fisher’s exact test. A P-value of < 0.05 was considered statistically significant.

Results

General Information
There were no statistically significant differences among the four groups in terms of age, gender, BMI, years of
education, surgery duration, ASA classification, or preoperative comorbidities (Table 1).

Table | Preoperative Characteristics of Patients

Rl Group | R2 Group | R3 Group | P Group
Age (years) 73.9+6.3 69.7+4.4 72.315.6 71.5%5.2
Sex (male/female) 14/16 12/16 13/17 15/14
BMI (kg/m?) 21.60+1.97 | 21.55+2.02 | 21.84£2.10 | 21.57+2.13
Ope ration time (minute) | 210£33.6 223.6+43.3 | 225.5+41.7 | 218.2+374
ASA (II/11) 17/13 18/10 19/11 17/12
(Continued)
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Table | (Continued).

Rl Group | R2 Group | R3 Group | P Group
Years of Education (years) | 10.5+3.3 10.9£3.9 11.1£3.3 10.7+2.9
Smoking 15/15 /17 13/17 14/15
Preoperative Syndrome
Diabetes 9 (30.2%) 10 35.1%) | 8 (26.6%) 9 (31%)
Hypertension 15 (50.0%) | 15 (53.5%) | 13 (43.3%) | 16 (55.1%)
Coronary heart disease 6 (20.0%) 4 (14.2%) 4 (13.3%) 6 (20.6%)
Stroke 2 (6.6%) I (3.5%) 2 (6.7%) 3 (10.3%)

Note: The four groups of patients had no significant differences in their preoperative baseline

characteristics.

Hemodynamic Parameters

At time points T1, T2, and T3, the HR and MAP of patients in groups R2 and R3 were significantly higher than those in
groups R1 and P (p < 0.05), with no significant difference between groups R2 and R3. The incidence of intraoperative

hypotension was highest in group P and lowest in group R3 (p < 0.05) (Figure 2).

Anesthesia Indicators

There was no difference in extubation time among the R1, R2, and P groups postoperatively, with all showing
significantly shorter times compared to the R3 group. There was no statistically significant difference in PACU stay
time among the four groups (p > 0.05), and the intraoperative remifentanil dosage did not differ significantly among the

four groups (p > 0.05) (Table 2).

MAP (mmHg)

R1
R2
R3

Figure 2 MAP at different times.

O TL T

2o T3 T4

Notes: Data is presented as a Line chart displaying mean + standard deviation. At time points T1, T2, and T3, the MAP of patients in groups R2 and R3 were significantly
higher than those in groups RI and P. the day before surgery (TO0), skin incision (T1), one hour after the start of surgery (T2), at the end of surgery (T3), and upon entering

the PACU (T4).
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Table 2 Secondary Outcome

Rl Group R2 Group R3 Group P Group P value
Remifentanil (ug) 1123.3+£125.2 | 1233.5+153.5 | 1198.6£165.9 | 1296+198.6 | >0.05
Extubation time (minute) | 12.72+1.31 13.17£1.71 15.21+£2.34% 12.24+1.23 | <0.05
PACU time (minute) 32.60+7.45 33.40+ 8.09 33.00+7.67 32.57+7.80 | >0.05
Sufentanil (ug) 86.3+11.4 90.6+9.2 88.3+10.1 89.9+9.9 >0.05
Flumazenil (mg) 0.21+0.03 0.23+0.05 0.28+0.06* - <0.05
PONV 3 2 3 2 >0.05
Respiratory Depression 2 0 0 2 >0.05
Re-sedation 0 0 | | >0.05
Shivering | 2 8* 2 <0.05

Notes: *Indicates a significant difference between the R3 group and the RI, R2, and P groups.

Cognitive Function

On the preoperative day (TO0), there was no statistically significant difference in MMSE and MoCA scores among the
three groups (p > 0.05). At postoperative days 3 (T5) and days 7 (T6), MMSE and MoCA scores for groups R2 and R3
showed no statistically significant difference (p > 0.05), but both groups scored significantly higher than groups R1 and
P (p < 0.05) (Figures 3 and 4).

Comparison of Postoperative Pain and Adverse Reactions During Recovery
On postoperative days 3 (T5) and 7 (T6), the VAS scores and opioid consumption were compared among the four groups.

The incidence of postoperative adverse events was lowest in group R2 and highest in group R3 (Table 2).
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Figure 3 MMSE Scores at different times.
Notes: Data is presented as a bar chart displaying mean + standard deviation.*R2 and R3 groups scored significantly higher than groups Rl and Ppreoperative day (TO);
postoperative days 3 (T5); postoperative days 7 (T6).
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Figure 4 MoCA Scores at different times.
Notes: Data is presented as a bar chart displaying mean * standard deviation. *R2 and R3 groups scored significantly higher than groups R| and Ppreoperative day (T0);
postoperative days 3 (T5); postoperative days 7 (T6).

Discussion
Various risk factors associated with PND have been previously reported. First, advanced age is the most common
precipitating factor. A randomized study reported that, among patients over and under the age of 70, the incidence of
postoperative cognitive dysfunction in the first week after major non-cardiac surgery was 29% and 23%, respectively. For
those aged 60 to 69, the incidence was 36%, while the overall incidence rate was between 2-3%.” It is essential to adopt
effective anesthesia strategies to prevent PND in elderly patients. Researchers hope to find breakthroughs in anesthetic
drugs to prevent PND. Studies on commonly used inhalational and intravenous general anesthetics indicate that volatile
anesthetics have a greater impact on cognitive function compared to propofol.® The newly applied, water-soluble, ultra-
short-acting benzodiazepine drug remimazolam has demonstrated effectiveness comparable to that of propofol in clinical
practice. It features a high clearance rate, small volume of distribution, short half-life, rapid onset, and quick
deactivation.”* Unlike propofol, remimazolam is metabolized by tissue esterases and eliminated through first-order
pharmacokinetics, making it less likely to accumulate or prolong effects even with high single doses, prolonged infusion,
or administration to patients with liver or kidney impairment.”'® Additionally, the sedative effect of remimazolam can be
rapidly reversed by flumazenil, greatly enhancing the controllability of anesthesia.'’

Previous studies have shown that remimazolam exhibits excellent cognitive protection. In a retrospective analysis of
98 TAVI patients, the incidence of PND within 3 days post-surgery was significantly lower in the remimazolam group
compared to the propofol group (8% vs 26%).'> Compared to sevoflurane anesthesia maintenance in elderly patients, the
incidence of delirium on postoperative day 3 was significantly lower in the remimazolam group.'® In addition to
improvements in subjective scoring, perioperative inflammatory markers were notably reduced in the remimazolam
group compared to the propofol group. In elderly patients undergoing hip surgery, remimazolam use resulted in
significantly lower postoperative serum cortisol and norepinephrine levels compared to the propofol group.'* Similar
to the aforementioned studies, cognitive function scores in the R2 and R3 groups in this study were significantly higher
than those in the R1 and P groups postoperatively. In surgeries involving elderly patients, the use of remimazolam
appears to be more beneficial for early postoperative cognitive function recovery compared to propofol. Among the four
patient groups, the primary intraoperative difference was in hemodynamic changes, with a lower incidence of hypoten-
sion in the remimazolam groups. During the peri-anesthesia period, prolonged intraoperative hypotension can increase
the risk of postoperative cognitive dysfunction in elderly patients. Intraoperative hypotension may reduce cerebral blood
flow, so avoiding hypotension can help maintain effective cerebral perfusion in elderly patients and reduce the risk of
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PND and other perioperative neurocognitive disorders.'>'® A multicenter retrospective cohort study involving over
300,000 non-cardiac surgery patients indicated that the incidence of postoperative cognitive and functional impairment is
directly proportional to the duration of MAP < 55 mmHg, especially in patients undergoing prolonged surgeries.'”'® In
addition to the frequency and duration of hypotension, the degree of intraoperative blood pressure fluctuations during the
perioperative period is still significantly associated with POD in elderly patients undergoing non-cardiac surgery.'®
Therefore, reducing perioperative hypotension and maintaining hemodynamic stability in elderly patients are important
measures for decreasing postoperative cognitive dysfunction. In this study, patients in the R2 and R3 groups demon-
strated more stable intraoperative blood pressure and a lower incidence of hypotension compared to those in the R1 and
P groups. Additionally, mean arterial pressure during surgery was significantly higher in the remimazolam groups than in
the propofol group, which may be one of the key reasons why remimazolam more effectively reduces postoperative
cognitive dysfunction compared to propofol.

Since the widespread adoption of remimazolam in clinical anesthesia across Asian countries in 2021, most studies
have focused on its effects during anesthesia induction on perioperative outcomes. To explore the optimal maintenance
dose of remimazolam for elderly patients, we examined its effects on postoperative cognitive function using different
maintenance dosages. Sequential methods are often used in clinical trials to determine the optimal dose. However, as
remimazolam is a relatively new drug in clinical practice, we based our study on limited clinical experience and safety
data to compare the effects of three commonly used maintenance doses (low, medium, and high) on early postoperative
cognitive function in elderly patients. Additionally, since a single neurological scale cannot adequately assess cognitive
changes in elderly patients, we recognize that the widely used MMSE has low sensitivity and specificity for diagnosing
moderate cognitive impairment,20 to overcome the limitations of the MMSE, we used both the MMSE and MoCA scales
together to assess patients’ postoperative cognitive function.”’ This study demonstrated that the medium-high dose
groups exhibited significantly higher postoperative cognitive function scores compared to both the low-dose and
propofol-based groups, alongside a marked reduction in the incidence of postoperative cognitive dysfunction among
these cohorts.Similar to the propofol group, the low-dose group had a higher incidence of intraoperative hypotension and
greater intraoperative blood pressure fluctuations, which may have contributed to the differences in postoperative
cognitive function among the three groups. There was no significant difference in postoperative cognitive scores between
the medium- and high-dose groups, and their perioperative hemodynamic changes were similar. However, it is worth
noting that one patient in the high-dose group experienced re-sedation approximately 30 minutes after receiving
flumazenil antagonism upon awakening and transfer to the PACU. The patient entered a drowsy state again, requiring
immediate flumazenil administration, and regained consciousness within five minutes. We speculate that factors such as
patient age and comorbidities may have reduced the clearance rate of remimazolam, resulting in a high residual
concentration after drug discontinuation. When the competitive antagonism of flumazenil weakened, re-sedation
occurred. Additionally, the incidence of postoperative shivering was significantly higher in the high-dose group than
in the medium-dose group. Previous studies have shown that flumazenil use is associated with an increased incidence of
postoperative shivering.”>** In this experiment, the significantly increased use of flumazenil in the high-dose group
appears to support this view. The study results indicate that maintenance with medium- to high-dose remimazolam,
compared to propofol and low-dose remimazolam, can significantly reduce the incidence of postoperative cognitive
dysfunction in elderly patients. Additionally, the medium-dose group experienced fewer postoperative complications,
suggesting that using a medium dose of remimazolam for anesthesia maintenance is safer for elderly patients and helps
protect their perioperative cognitive function.

This study has the following limitations. First, other potential adverse effects of remimazolam, such as liver function
deterioration, hematologic changes, and possible long-term adverse events, were not adequately considered. The primary
evaluation metrics focused on cognitive function scores.Owing to staffing limitations, the present investigation did not
evaluate remimazolam’s long-term neurocognitive sequelae in elderly patients or its extrapolation to geriatric populations
beyond colorectal surgery. Subsequent phases will extend recruitment to diverse surgical cohorts (eg, orthopedic,
urologic) and employ multidimensional metrics (eg, the Quality of Recovery-40 scale), to establish dose-response

relationships across heterogeneous demographics.
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