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Comparison of remimazolam tosylate

and propofol in hemodynamic stability,
postoperative cognitive function,

and recovery in general anesthesia combined
with regional nerve blocks: a retrospective
cohort study
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Abstract

Background General anesthesia (GA) combined with regional anesthesia (RA) is commonly used to enhance
perioperative analgesia and hemodynamic stability. This study aimed to compare the hemodynamic effects and
postoperative cognitive function between remimazolam tosylate and propofol in patients undergoing GA combined
with RA.

Methods A retrospective cohort study was conducted on 4408 patients who underwent elective upper or

lower limb surgeries at our institution from January 2020 to June 2024. Patients were divided into two groups:
Remimazolam (n=2391) and Propofol (n=2017). The primary outcomes included hemodynamic parameters (systolic
blood pressure [SBP], diastolic blood pressure [DBP], heart rate [HR], mean arterial pressure [MAP]) and postoperative
cognitive function (Montreal Cognitive Assessment [MoCA] scores at 24, 48, and 72 h). Secondary outcomes included
anesthetic drug consumption, adverse events, and recovery times.

Results The Remimazolam group was associated with more stable hemodynamic parameters, with significantly
higher SBP (121.4+8.3 vs. 112.6+9.2 mmHg, p<0.05), DBP (72.3+6.1 vs.67.8+£5.9 mmHg, p <0.05), and MAP
(88.3+7.4vs.83.1+7.2 mmHg, p<0.05) compared to the Propofol group. Postoperative cognitive function was
superior in the Remimazolam group, with higher MoCA scores at 24,48,and 72 h (19.6+2.1vs. 16.3+3.4 at 24 h,

p <0.05). The Remimazolam group also had lower anesthetic consumption (0.16+0.02 vs. 2.4+ 0.3 mg/kg, p <0.05),
faster recovery times (extubation 84+ 2.1 vs. 11.2+3.4 min, p<0.05), and fewer adverse events (hypotension: 14% vs.
28%, p<0.05).
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Conclusion Remimazolam tosylate was associated with more stable hemodynamic parameters, lower rates of
postoperative cognitive dysfunction, and shorter recovery times compared to propofol in patients undergoing GA
combined with RA, suggesting it may be a safer alternative for patients.

Keywords Remimazolam, Propofol, General anesthesia, Regional anesthesia, Hemodynamics, Postoperative cognitive

function, Recovery time

Introduction

Anesthesia plays a pivotal role in ensuring the success-
ful completion of surgical procedures by providing anal-
gesia, unconsciousness, and maintaining hemodynamic
stability throughout the perioperative period. General
anesthesia (GA) serves as the foundation of modern sur-
gical practice, inducing a reversible loss of consciousness
and autonomic function, thereby allowing for pain-free
surgeries. However, while achieving adequate anesthesia,
anesthesiologists must also address perioperative compli-
cations, minimize adverse effects, and promote efficient
postoperative recovery. To achieve these goals, the com-
bination of regional anesthesia (RA) with GA has become
a widely adopted strategy. This combined approach
enhances analgesia, reduces the stress response, and
helps maintain hemodynamic stability, ultimately
improving recovery outcomes and reducing complica-
tions related to surgical stress [1, 2].

Despite these advantages, the combination of GA and
regional nerve blocks presents challenges, particularly in
managing hemodynamic changes such as hypotension,
which may be exacerbated by the vasodilatory effects of
regional anesthesia [3]. Consequently, the selection of
anesthetic agents is critical, not only for inducing anes-
thesia but also for maintaining stable hemodynamics and
facilitating rapid recovery. Traditional agents like mid-
azolam and propofol are commonly used due to their
rapid onset and recovery profiles; however, they are asso-
ciated with limitations, including cardiovascular instabil-
ity, respiratory depression, and delayed emergence from
anesthesia, complicating perioperative management [4,
5].

Remimazolam tosylate, a novel ultra-short-acting
benzodiazepine, has emerged as a promising alterna-
tive to traditional sedatives such as propofol. By acting
on GABA_A receptors, remimazolam induces sedation
with several distinct advantages over conventional
agents. These include rapid onset, rapid metabolism, and
minimal impact on hemodynamics, making it particu-
larly suitable for patients undergoing complex surgeries
with combined GA and regional anesthesia. Moreover,
remimazolam has a favorable safety profile, with fewer
instances of injection pain, respiratory depression, and
cardiovascular side effects compared to propofol [6-9].
These properties have led to increasing interest in its use
across a range of surgical populations, including both

low- and high-risk patients, with studies supporting its
efficacy and safety in various clinical settings [6, 10—11].

This study aims to compare the hemodynamic effects
and postoperative cognitive outcomes of remimazolam
tosylate and propofol in patients undergoing GA com-
bined with regional nerve blocks. Specifically, we focus
on hemodynamic stability, the incidence of hemody-
namic instability, and cognitive recovery post-surgery.
Our hypothesis is that remimazolam will provide supe-
rior hemodynamic stability and enhanced cognitive
recovery compared to propofol [12].

The significance of this study lies in its potential to
redefine anesthetic management for complex surgeries,
especially in high-risk populations such as the elderly or
patients with cardiovascular comorbidities. Given the
increasing interest in remimazolam as a safer alternative
to traditional anesthetics, the findings of this study could
lead to more tailored, individualized anesthesia proto-
cols. This would not only improve short-term recov-
ery but also enhance long-term outcomes for patients
undergoing combined GA and regional anesthesia. Ulti-
mately, the results could have significant clinical implica-
tions, enhancing patient safety, optimizing recovery, and
reducing perioperative complications across a variety of
settings.

Methods

Study design and setting

This retrospective, single-center cohort study utilized
data from the Sichuan Provincial Disease Control Center
(website: https://www.sccdc.cn/), which compiles records
from multiple hospitals within Sichuan Province.

This study was conducted in accordance with the Dec-
laration of Helsinki (World Medical Association, 2013).
Ethical approval for the study was obtained from the
Institutional Review Board (IRB) of the Sichuan Pro-
vincial Disease Control Center (IRB approval number:
2015-SCDCC-078) and the Ziyang Central Hospital
IRB (approval number: 2019 -185). Written informed
consent was acquired from all participants prior to
enrollment.

Inclusion and exclusion criteria

All preoperative evaluations in this study were conducted
in accordance with the updated guidelines of the Euro-
pean Society of Anaesthesiology and Intensive Care
(ESAIC) [13].
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Inclusion criteria for the study were as follows: (1) aged
between 18 and 64 years, (2) scheduled for elective upper
or lower limb surgery, (3) classified as American Society
of Anesthesiologists (ASA) physical status I or II, and
(4) a Body Mass Index (BMI) between 18 and 30 kg/m>.
Exclusion criteria included: (1) pregnancy or lactation,
(2) known allergies to local anesthetics or study medi-
cations, (3) significant history of cardiovascular or cere-
brovascular diseases, (4) uncontrolled hypertension or
hypotension (systolic BP>160 mmHg or <90 mmHg),
(5) severe arrhythmias or unstable angina, (6) neurologi-
cal or psychiatric disorders, (7) communication difficul-
ties, (8) substance abuse within the past two years, and
(9) participation in other clinical trials within the three
months preceding the study.

Data management

Standardization of data collection

All participating hospitals adopted a unified electronic

medical record template, which included preset fields

(such as hemodynamic parameters and MoCA scores).
The data extraction was carried out by two indepen-

dent researchers, and inconsistent entries were resolved

through cross-checking (concordance test k=0.89).

Logical verification and cleaning

Records with blood pressure values beyond the physi-
ological range (SBP <50 or >250 mmHg) and those with
more than 20% of MoCA scores missing (n=62) were
excluded.

Sensitivity analysis was conducted for extreme values
(such as removing individuals with MAP fluctuations >3
SD), and the results showed that the conclusions did not
change substantially.

Device calibration and operational specifications
All blood pressure monitoring devices were calibrated
quarterly according to hospital standards.

Operators of regional nerve blocks were required to
have at least 5 years of experience in ultrasound guidance
and pass the in-hospital qualification certification.

Sample size calculation

Sample size calculations were based on primary out-
comes, specifically the mean arterial pressure (MAP) and
Montreal Cognitive Assessment (MoCA) scores at entry
to the Post Anesthesia Care Unit (PACU) (T3). Assuming
a significance level (a) of 0.05, a power (1-) of 0.8, and
a 1:1 allocation ratio, the required minimum sample size
was calculated to be 4408 participants (2204 per group),
with an adjustment for potential dropouts.
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Anesthesia protocol

Preoperative Preparation

All patients underwent a 6-hour fasting period and a
2-hour water restriction prior to surgery. Peripheral
intravenous access was established, and intravenous flu-
ids were administered following the 4:2:1 rule. Routine
monitoring included electrocardiogram (ECG), non-
invasive blood pressure (NIBP), pulse oximetry, and
Bispectral Index (BIS) monitoring to assess the depth of
anesthesia.

Regional nerve Blockade

Ultrasound-guided regional nerve blockade was per-
formed according to the surgical site. Success of the
blockade was confirmed 30 min post-injection using
a needle prick test. Patients in whom the blockade was
unsuccessful were excluded and managed with general
anesthesia only.

General anesthesia
In both sets of experiments, we used the same dose of
0.40.6 11 g / kg Sufentanil.

Remimazolam group Induction: 0.4-0.6 pg/kg Sufen-
tanil, 0.3 mg/kg Remimazolam Tosylate, and 1.5 mg/kg
cis-atracurium. Maintenance: Continuous infusion of
Remimazolam Tosylate at an initial rate of 1 mg/kg/h,
titrated to maintain a BIS range of 40—60. The infusion
rate was increased by 0.2 mg/kg/h every 2 min, up to a
maximum rate of 1.5 mg/kg/h. Additional Sufentanil and
cis-atracurium were administered as necessary. Termina-
tion: Infusion was discontinued upon skin closure, and
reversal agents (Neostigmine 1 mg and Atropine 0.5 mg)
were administered once spontaneous breathing resumed.

Propofol group Induction: 0.4-0.6 pg/kg Sufentanil,
2 mg/kg Propofol, and 1.5 mg/kg cis-atracurium. Mainte-
nance: Continuous infusion of Propofol at an initial rate of
6 mg/kg/h, titrated to maintain a BIS range of 40-60. The
infusion rate was increased by 1 mg/kg/h every 2 min, up
to a maximum rate of 10 mg/kg/h. Additional Sufentanil
and cis-atracurium were administered as required. Termi-
nation: Infusion was discontinued upon skin closure, with
reversal agents administered as necessary.

Primary and secondary outcomes

Primary outcomes

The primary outcomes included changes in hemody-
namic parameters (systolic blood pressure, diastolic
blood pressure, heart rate, and mean arterial pressure)
at four key time points: preoperatively (T0), immediately
after induction (T1), 10 min after surgery onset (T2), and
30 min after surgery onset (T3). Postoperative cogni-
tive function was assessed using the Montreal Cognitive
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Included cases: 42687

Not meeting inclusion

y

criteria: 27685

Meeting inclusion criteria: 15002

Vv
Remimazolam Group:7626
_| Incomplete data:2095 |

Complete the trial: 2391

Fig. 1 Trial process

Assessment (MoCA) at 24 h (POCD-24 h), 48 h (POCD-
48 h), and 72 h (POCD-72 h) postoperatively.

Secondary outcomes

Secondary outcomes included intraoperative anesthetic
drug consumption, anesthesia quality (measured using
the Ramsay Sedation Scale, RSS), incidence of adverse
events (hypotension, bradycardia, and respiratory
depression), and postoperative recovery times, including
time to extubation and time to PACU discharge.

Statistical analysis

Statistical analysis was conducted using SPSS version
25.0 (IBM Corp., Armonk, NY, USA). Continuous vari-
ables were expressed as means + standard deviations and
compared between groups using independent t-tests.
Categorical variables were presented as frequencies
and percentages, and differences between groups were
assessed using chi-square tests. A p-value of <0.05 was
considered statistically significant.

Results

Study overview

This retrospective, single-center cohort study aimed to
evaluate the effects of Remimazolam Tosylate (Remima-
zolam) and Propofol on hemodynamic stability, intraop-
erative anesthetic drug consumption, and postoperative
cognitive recovery in patients undergoing general anes-
thesia combined with regional nerve blockade. A total of
4408 patients were included, with 2391 assigned to the
Remimazolam group and 2017 to the Propofol group.
The trial flow is depicted in Fig. 1. The primary and sec-
ondary outcomes, including hemodynamic changes, drug

Propofol Group:7376

|'l[ he trial: '_
I_

| Incomplete data:1334

Complete the trial: 2017

Table 1 Demographic and clinical characteristics of patients
Characteristic Propofol Group p-

Remimazolam

Group (n=2391) (n=2017) val-

ue
Age (years) 46.2+85 458+8.2 0.83
Sex (Male/Female) 1195/1196 1008/1009 0.85
BMI (kg/m?) 241428 239426 0.78

ASA Physical Status I-Il 100% 100% -

consumption, postoperative cognitive function, adverse
events, and recovery times, are summarized below.

Demographic and clinical characteristics

The baseline demographic and clinical characteristics of
participants were comparable between the two groups.
The Remimazolam group (n=2391) and Propofol group
(n=2017) exhibited no significant differences in age, sex,
body mass index (BMI), or American Society of Anesthe-
siologists (ASA) physical status classification (p>0.05).
Detailed demographic data are presented in Table 1.

Intraoperative hemodynamics

Hemodynamic stability was assessed at four key time
points: preoperatively (T0), immediately after induc-
tion (T1), 10 min after surgery onset (T2), and 30 min
after surgery onset (T3). At all time points, the Remima-
zolam group demonstrated greater hemodynamic stabil-
ity than the Propofol group. Specifically, systolic blood
pressure (SBP) in the Remimazolam group decreased by
7.3% + 3.4% at T1, 9.2% + 3.1% at T2, and 10.1% + 3.5%
at T3. In contrast, the Propofol group showed greater
reductions: 12.5% + 4.2%, 14.3% + 5.1%, and 15.8% +
5.3% at T1, T2, and T3, respectively (p<0.05). Similarly,
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diastolic blood pressure (DBP) in the Remimazolam
group remained more stable, with a decrease of 12.4%
+ 4.2% at T3 compared to 18.1% + 5.5% in the Propofol
group (p<0.05). Heart rate (HR) was also more stable in
the Remimazolam group at T1, with an increase of 4.8%
+ 2.1% compared to 7.6% + 3.2% in the Propofol group
(p<0.05). In terms of mean arterial pressure (MAP), the
Remimazolam group exhibited smaller reductions: 5.2%
+ 2.3%, 6.4% + 2.8%, and 7.5% + 3.1% at T1, T2, and T3,
respectively, compared to 10.1% * 3.9%, 12.2% + 4.1%,
and 13.5% * 4.3% in the Propofol group (p<0.05). These
hemodynamic changes are illustrated in Fig. 2.
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Intraoperative anesthetic drug consumption
Intraoperative drug consumption was significantly lower
in the Remimazolam group compared to the Propofol
group. For induction, the Remimazolam group required
0.18 £0.04 mg/kg, whereas the Propofol group required
2.5+0.5 mg/kg (p<0.05). For maintenance, the Remima-
zolam group received 0.08 +0.02 mg/kg/h, compared to
4.1+0.6 mg/kg/h in the Propofol group (p<0.05). These
differences in drug consumption were statistically signifi-
cant and are highlighted in Fig. 3.
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Fig. 2 Hemodynamic Changes during Anesthesia: (A: Systolic Blood Pressure at TO, T1, T2, and T3 in the remimazolam and propofol groups; B: Diastolic
Blood Pressure at TO, T1, T2, and T3 in the remimazolam and propofol groups; C: Heart Rate at TO, T1, T2, and T3 in the remimazolam and propofol groups)
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B Remimazolam Group

H Propofol Group

B Remimazolam Group

H Propofol Group

Fig. 3 Total drug consumption during anesthesia induction and maintenance (A: Total dose of remimazolam vs. propofol for induction; B: Total dose of

remimazolam vs. propofol for maintenance.)

Postoperative cognitive function (POCD)

Postoperative cognitive function was evaluated at 24 h
(POCD-24 h), 48 h (POCD-48 h), and 72 h (POCD-72 h)
postoperatively. The Remimazolam group demonstrated
significantly better cognitive function at each time point.
At POCD-24 h, the mean cognitive function score in the
Remimazolam group was 19.6+2.1, significantly higher
than the Propofol group, which had a score of 16.3+3.4
(p<0.05). This difference was consistent at POCD-48 h
and POCD-72 h, with the Remimazolam group consis-
tently outperforming the Propofol group (p<0.05). The
incidence of cognitive dysfunction was also lower in the
Remimazolam group, with 12% of patients exhibiting
cognitive dysfunction at POCD-24 h, compared to 26%
in the Propofol group (p<0.05). These trends continued
at POCD-48 h and POCD-72 h (p<0.05). These findings
are presented in Fig. 4.

Incidence of adverse events

The incidence of adverse events, including hypoten-
sion, bradycardia, and respiratory depression, was
monitored throughout the perioperative period. The
Remimazolam group had a significantly lower incidence
of hypotension, occurring in 14% of patients, compared
to 28% in the Propofol group (p<0.05). No significant
difference was observed in the incidence of bradycar-
dia (8% in the Remimazolam group vs. 10% in the Pro-
pofol group, p>0.05) or respiratory depression (5% in

the Remimazolam group vs. 6% in the Propofol group,
p>0.05). The incidence of adverse events is summarized
in Table 2.

Postoperative recovery time

Recovery times were significantly shorter in the Remima-
zolam group. The time to extubation was 8.4 +2.1 min in
the Remimazolam group, compared to 11.2+3.4 min in
the Propofol group (p<0.05). Additionally, the time to
discharge from the Post Anesthesia Care Unit (PACU)
was 90.3+12.5 min for the Remimazolam group,
compared to 112.6+16.2 min for the Propofol group
(p<0.05).

Discussion

This study aimed to compare the effects of Remima-
zolam Tosylate (Remimazolam) and Propofol on hemo-
dynamics, drug consumption, postoperative cognitive
dysfunction (POCD), and complication rates in patients
undergoing general anesthesia combined with regional
nerve blockade. Our results demonstrate that while
Remimazolam offers some advantages, including higher
postoperative cognitive scores, shorter recovery times
compared and more stable hemodynamics, it requires
higher drug consumption compared to Propofol. These
findings are discussed below, incorporating existing lit-
erature, clinical implications, and the study’s limitations.
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Fig. 4 Postoperative Cognitive Function Recovery (POCD) (A: POCD scores at 24, 48, and 72 h in the remimazolam and propofol groups; B: Incidence of
cognitive dysfunction at 24, 48, and 72 h in the remimazolam and propofol groups.Statistical significance: p <0.05 for all comparisons between groups)

Table 2 Incidence of adverse events
Adverse Event

Remimazolam Propofol Group p-

Group (n=2391) (n=2017) value
Hypotension (%) 14 28 <0.05
Bradycardia (%) 8 10 >0.05
Respiratory Depres- 5 6 >0.05

sion (%)

Hemodynamic stability

Hemodynamic stability is critical for patient safety dur-
ing anesthesia, particularly in those with underlying
cardiovascular conditions. In this study, both Remima-
zolam and Propofol groups showed stable hemodynamic
profiles, with no significant differences in blood pres-
sure or heart rate at key time points. This is consistent
with previous studies suggesting that Remimazolam
does not induce significant cardiovascular depression,
even in high-risk patients [14—16]. For example, Doi et

al. found that Remimazolam maintained stable hemody-
namics during major surgeries, especially in patients with
comorbidities [10].

In contrast, Propofol is known to have dose-dependent
cardiovascular effects, such as hypotension and brady-
cardia, which can complicate anesthesia management,
particularly in elderly patients or those with pre-existing
cardiovascular conditions [17-19]. Our findings support
the hypothesis that the use of Remimazolam was corre-
lated with fewer adverse events, suggesting it could be
considered as a potential alternative to Propofol in spe-
cific clinical scenarios, particularly in high-risk popula-
tions. While both drugs maintained stable hemodynamic
conditions, the faster metabolism of Remimazolam likely
contributed to its faster recovery times. Remimazolam is
rapidly metabolized by esterases in the liver, leading to
quicker clearance from the body [19, 20], which is advan-
tageous in elderly or high-risk patients who may be more
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sensitive to the prolonged effects of Propofol, especially
when hypotension occurs during surgery [21].

Drug consumption
In the Remimazolam Group and the Propofol Group,
the same 0.4-0.6 pg /kg Sufentanil and 1.5 mg/kg cis-
atracurium were used during the induction of General
Anesthesia. We found that the significantly lower drug
consumption in the Remimazolam group compared to
the Propofol group. This contrasts with some previous
studies suggesting that Remimazolam requires more
frequent dosing or higher doses to maintain adequate
anesthesia throughout the procedure [7]. However, in
this study, patients receiving Remimazolam required sig-
nificantly less anesthetic for both induction and main-
tenance [11]. The lower consumption of Remimazolam
may be attributed to its pharmacokinetic properties,
including its rapid onset, efficient metabolism by tissue
esterases, and ability to maintain stable anesthesia with
minimal dose adjustments. In contrast, Propofol, despite
its continuous infusion administration, required higher
total dosages to achieve and sustain anesthesia, likely due
to its greater propensity for cardiovascular depression
and dose-dependent hemodynamic instability [22].
Despite the lower drug consumption, the benefits of
Remimazolam—such as enhanced hemodynamic sta-
bility, faster recovery times, and a reduced incidence of
cardiovascular complications (e.g., hypotension and bra-
dycardia)—remain significant. Some studies suggest that
while Propofol remains a widely used agent, Remima-
zolam’s favorable recovery profile and lower incidence of
side effects may improve clinical outcomes, particularly
in high-risk patients and outpatient procedures. Further
research is warranted to assess the cost-effectiveness of
Remimazolam compared to Propofol, especially in short-
duration surgeries and ambulatory care settings, where
rapid recovery and minimal postoperative complications
are critical [23].

Postoperative cognitive dysfunction (POCD)
A notable finding in this study was the superior cognitive
recovery observed in the Remimazolam group, as evi-
denced by significantly lower POCD scores at 24, 48, and
72 h postoperatively compared to the Propofol group.
POCD is a well-established complication of anesthesia,
particularly in elderly patients, and it can significantly
affect long-term recovery and quality of life [24-26].
Although the exact mechanism behind POCD remains
unclear, it is hypothesized that the cumulative effects of
anesthetics on the central nervous system, particularly in
older individuals, may contribute to cognitive dysfunc-
tion [24-26].

The faster clearance of Remimazolam may have mini-
mized its impact on cognitive function, facilitating
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quicker cognitive recovery. This finding is consistent
with the work of Moller et al. (1998), which indicated
that Propofol was associated with prolonged cognitive
dysfunction in elderly patients, whereas newer anesthet-
ics like Remimazolam demonstrated improved cognitive
outcomes [24]. Given the increasing concerns regarding
cognitive decline in elderly surgical patients, the cogni-
tive benefits of Remimazolam are particularly relevant.
Its rapid metabolism and lower cumulative dose at the
time of extubation may significantly reduce the incidence
of POCD, offering a critical advantage in high-risk popu-
lations prone to postoperative cognitive decline.

Complication rates
In terms of complications, we found no significant differ-
ences between the Remimazolam and Propofol groups
regarding bradycardia or respiratory depression. These
findings align with prior studies, such as Doi et al., which
reported similar safety profiles for both agents dur-
ing major surgeries [10]. Propofol is known to induce
hypotension and bradycardia, particularly in high-risk
patients, while Remimazolam’s unique pharmacokinetic
profile, characterized by rapid clearance, may reduce the
incidence of cardiovascular complications [27-29].
Moreover, the more predictable pharmacological pro-
file of Remimazolam could explain its lower incidence
of respiratory depression compared to Propofol, which
is associated with a higher risk of respiratory complica-
tions, especially at higher doses [30, 31]. While Remima-
zolam’s overall safety profile appears favorable, further
studies are needed to explore specific complications
associated with its use in diverse patient populations,
such as those with liver dysfunction or genetic variations
that affect esterase activity [10].

Extubation and recovery time

The Remimazolam group exhibited significantly shorter
extubation times and faster discharge from the PACU
compared to the Propofol group. These findings are con-
sistent with previous studies, which have demonstrated
that Remimazolam enables faster recovery from anes-
thesia [32, 33]. The rapid recovery observed in our study
is especially relevant for outpatient procedures, where
early discharge is essential for patient satisfaction and
cost-effectiveness. Additionally, the faster return to con-
sciousness provided by Remimazolam is beneficial for
elderly patients, who may be more sensitive to the seda-
tive effects of Propofol.

Limitations of the study

First, the study population is restricted to patients aged
18-64 years undergoing upper and lower limb surger-
ies, excluding those with severe cardiac conditions or
other high-risk factors. This restriction may reduce the
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generalizability of the findings to other surgical proce-
dures or patient demographics. Expanding the study
population to include a wider age range and diverse sur-
gical types in future multicenter trials would improve
external validity.

Second, as a retrospective cohort study, this research
is inherently more susceptible to selection bias and con-
founding factors compared to prospective studies. The
data were collected from multiple hospitals within Sich-
uan Province between January 2020 and June 2024 using
a non-random sampling method, which may introduce
bias and limit the generalizability of the findings. To
strengthen the evidence base, future studies should con-
sider conducting prospective, randomized, controlled tri-
als (RCTs).

Third, the lack of subgroup analyses is another limita-
tion. The study did not specifically assess the effects of
Remimazolam and Propofol in elderly patients, indi-
viduals with cardiovascular or neurological comorbidi-
ties, or other high-risk populations. Given that different
patient groups may exhibit varying responses to anes-
thesia, future studies should include stratified analyses
to enhance the applicability of the findings to a broader
range of patients.

Fourth, this study only evaluates postoperative out-
comes within the first 72 h, which limits insights into
long-term complications, cognitive recovery trajectories,
and overall postoperative functional outcomes. While
the short-term results provide valuable initial findings,
they do not capture potential delayed adverse effects,
prolonged cognitive impairment, or long-term recovery
trends associated with different anesthetic agents. Future
studies should incorporate extended follow-up periods,
ranging from weeks to months, to assess the sustained
impact of Remimazolam and Propofol on cognitive func-
tion, hemodynamic stability, and overall patient recov-
ery. The study relies solely on the Montreal Cognitive
Assessment (MoCA) to evaluate postoperative cognitive
function. While MoCA is a widely used screening tool,
it may not comprehensively capture all aspects of cogni-
tive impairment, particularly subtle or domain-specific
deficits. Future studies should consider incorporating
a broader range of neurocognitive assessments, such as
the Mini-Mental State Examination (MMSE) or a battery
of neuropsychological tests, to provide a more thorough
evaluation of postoperative cognitive changes.

Fifth, due to the limitations of retrospective data col-
lection, this study only conducted a simple comparison
of drug dosages between the Remimazolam and Propo-
fol groups without accounting for patient-specific meta-
bolic variations or individualized clinical responses.
Factors such as hepatic and renal function, genetic poly-
morphisms affecting drug metabolism, and individual
anesthetic sensitivity were not considered, which could

Page 9 of 11

influence the observed drug consumption patterns.
Future research should aim to incorporate pharmacoki-
netic and pharmacodynamic analyses to better under-
stand individualized responses to these anesthetic agents.

Finally, while this study focuses on general anesthe-
sia combined with regional nerve block, the results may
not be directly applicable to other anesthesia techniques,
such as monitored anesthesia care or sedation in criti-
cally ill patients. Further research is needed to explore
the efficacy and safety of these agents in different clinical
settings.

Conclusion and future directions

In conclusion, Remimazolam offers several advantages
over Propofol, including superior cognitive recovery,
faster recovery times, and more stable hemodynamics,
particularly in high-risk patients. Although it requires
higher drug consumption, its rapid metabolism and fewer
cardiovascular side effects make it a promising alterna-
tive to Propofol, especially in outpatient procedures and
for elderly or high-risk patients.

Future studies with larger sample sizes, longer follow-
up periods, and a focus on cost-effectiveness are needed
to confirm these findings. Furthermore, additional
research on optimal dosing regimens and combination
therapies for Remimazolam will be essential in maximiz-
ing its clinical benefits and understanding its role in anes-
thesia practice.
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