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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 ± 7.4 vs. 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 ± 2.1 vs. 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 8.4 ± 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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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].

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.
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function, Recovery time

https://www.sccdc.cn/


Page 3 of 11Li et al. BMC Anesthesiology          (2025) 25:126 

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/m². 
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 κ = 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 (α) of 0.05, a power (1 − β) 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.

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 µ g / kg Sufentanil.

Remimazolam group  Induction: 0.4–0.6  µg/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  µg/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 



Page 4 of 11Li et al. BMC Anesthesiology          (2025) 25:126 

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 

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, 

Table 1  Demographic and clinical characteristics of patients
Characteristic Remimazolam 

Group (n = 2391)
Propofol Group 
(n = 2017)

p-
val-
ue

Age (years) 46.2 ± 8.5 45.8 ± 8.2 0.83
Sex (Male/Female) 1195/1196 1008/1009 0.85
BMI (kg/m²) 24.1 ± 2.8 23.9 ± 2.6 0.78
ASA Physical Status I-II 100% 100% --

Fig. 1  Trial process
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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.

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.

Fig. 2  Hemodynamic Changes during Anesthesia: (A: Systolic Blood Pressure at T0, T1, T2, and T3 in the remimazolam and propofol groups; B: Diastolic 
Blood Pressure at T0, T1, T2, and T3 in the remimazolam and propofol groups; C: Heart Rate at T0, T1, T2, and T3 in the remimazolam and propofol groups)
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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.

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.)
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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 

Table 2  Incidence of adverse events
Adverse Event Remimazolam 

Group (n = 2391)
Propofol Group 
(n = 2017)

p-
value

Hypotension (%) 14 28 < 0.05
Bradycardia (%) 8 10 > 0.05
Respiratory Depres-
sion (%)

5 6 > 0.05

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)
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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  µg /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 

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 

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.

Abbreviations
GA	� General Anesthesia
SBP	� Systolic Blood Pressure
DBP	� Diastolic Blood Pressure
HR	� Heart Rate
MAP	� Mean Arterial Pressure
POCD	� Postoperative Cognitive Dysfunction
PACU	� Post Anesthesia Care Unit
ASA	� American Society of Anesthesiologists
BMI	� Body Mass Index
POCD-24 h	� Postoperative Cognitive Dysfunction at 24 h
POCD-48 h	� Postoperative Cognitive Dysfunction at 48 h
POCD-72 h	� Postoperative Cognitive Dysfunction at 72 h
IRB	� Institutional Review Board
IRBSCDCC	� Institutional Review Board of the Sichuan Provincial Disease 

Control Center
IRBZYCH	� Institutional Review Board of Ziyang Central Hospital

Acknowledgements
We would like to thank the Sichuan Provincial Disease Control Center for 
providing access to the data used in this study. We also express our sincere 
gratitude to the Institutional Review Board of Ziyang Central Hospital for 
their approval and support throughout this research. Special thanks to all 
the patients who participated in this study and provided their consent, 
making this research possible. Additionally, we acknowledge the invaluable 
contributions of our colleagues at the research team, whose efforts were 
critical to the successful completion of this project. Finally, we are grateful for 
the financial support from the Sichuan Medical Association (SC202402) and 
the guidance of our mentors throughout the study.

Author contributions
Jiaman Li completed data collection, analysis, and manuscript preparation. 
Liao Li, Chunyi Shao, Yifeng Yang, Yan Tang, Wei Qiang, and Li Xu provided 



Page 10 of 11Li et al. BMC Anesthesiology          (2025) 25:126 

assistance with manuscript preparation. All authors agreed to submit the 
article to the BMC Anesthesiology journal.

Funding
This study was supported by funding from the Sichuan Medical Association 
(Project No. SC202402). The funding recipient was Jiaman Li.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
This study was conducted in full compliance with the ethical principles 
outlined in the Declaration of Helsinki (World Medical Association, 2013). 
Ethical approval was granted by the Institutional Review Boards (IRBs) of the 
Sichuan Provincial Disease Control Center (IRB approval number: 2015-
SCDCC-078) and Ziyang Central Hospital (IRB approval number: 2019 − 185). 
As this was a retrospective cohort study, it was not registered in any clinical 
trial registry. Informed consent was obtained from all participants prior to 
their inclusion in the study. Written informed consent was provided by each 
participant, acknowledging their understanding of the study procedures, 
the voluntary nature of participation, and the use of their medical data for 
research purposes. All patient data were handled in accordance with strict 
confidentiality guidelines to ensure privacy and anonymity.

Consent for publication
Not applicable. This study does not contain any identifiable images or 
personal data that could impact the anonymity of the participants.

Competing interests
The authors declare no competing interests.

Author details
1Anesthesia and Surgery Center, Ziyang Central Hospital, No. 66, Rende 
West Road, Yanjiang District, Ziyang City, Sichuan Province 641300, China

Received: 9 December 2024 / Accepted: 19 February 2025

References
1.	 Turbitt LR, Mariano ER, El-Boghdadly K. Future directions in regional anaes-

thesia: not just for the cognoscenti. Anaesthesia. 2020;75(3):293–7. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​a​​n​a​e​.​1​4​7​6​8.

2.	 Yang X, Bao L, Gong X, Zhong H. Impacts of Ultrasound-Guided nerve block 
combined with general anesthesia with laryngeal mask on the patients with 
lower extremity fractures. J Environ Public Health. 2022;2022:3603949. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​5​5​​/​2​​0​2​2​/​3​6​0​3​9​4​9.

3.	 Garraza-Obaldia M, Jaramillo S, Parra-Guillen ZP, Valencia JF, Gambús PL, 
Trocóniz IF. Pharmacodynamic model of the hemodynamic effects of 
Propofol and remifentanil and their interaction with noxious stimulation. 
Pharmaceutics. 2024;16(12):1615. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​p​​h​a​r​​m​a​c​​e​u​t​i​​c​s​​1​6​1​
2​1​6​1​5. PMID: 39771593; PMCID: PMC11677492.

4.	 Dalia AA, Raines DE. Etomidate and adrenocortical suppression: should we 
take the concerns to heart?? J Cardiothorac Vasc Anesth. 2021;35(4):1086–8. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​3​​/​j​​.​j​v​c​a​.​2​0​2​1​.​0​1​.​0​3​4.

5.	 Barends CR, Absalom A, van Minnen B, Vissink A, Visser A. Dexmedetomidine 
versus Midazolam in procedural sedation. A systematic review of efficacy and 
safety. PLoS ONE. 2017;12(1):e0169525. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​o​n​​e​.​​
0​1​6​9​5​2​5.

6.	 Ripoll JG, Orjuela RB, Kanaparthi A, Diaz Soto JC, ElSaban MA, Peclat TR, 
Wieruszewski PM, Abcejo AS, Chang MG, Bittner EA, Ramakrishna H. Remima-
zolam in cardiac anesthesia: analysis of recent data. J Cardiothorac Vasc 
Anesth. 2025;39(1):273–85. Epub 2024 Aug 22. PMID: 39261212.

7.	 Kilpatrick GJ, McIntyre MS, Cox RF, et al. CNS 7056: a novel ultra-short-acting 
benzodiazepine. Anesthesiology. 2007;107(1):60–6.

8.	 Upton RN, Martinez AM, Grant C. Comparison of the sedative proper-
ties of CNS 7056, Midazolam, and Propofol in sheep. Br J Anaesth. 
2009;103(6):848–57.

9.	 Lohmer LL, Schippers F, Petersen KU, et al. Time-to-Event modeling for 
remimazolam for the indication of induction and maintenance of general 
anesthesia. J Clin Pharmacol. 2020;60(4):505–14.

10.	 Doi M, Morita K, Takeda J, et al. Efficacy and safety of remimazolam versus 
Propofol for general anesthesia: a multicenter, single-blind, randomized, 
parallel-group, phase IIb/III trial. J Anesth. 2020;34(4):543–53.

11.	 Nakayama J, Ogihara T, Yajima R, Innami Y, Ouchi T. Anesthetic management 
of super-elderly patients with Remimazolam: a report of two cases. JA Clin 
Rep. 2021;7(1):71. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​4​0​9​8​1​-​0​2​1​-​0​0​4​7​4​-​4.

12.	 Intzilaki CV, Davodi J, Vilmann P, Møller AM. The clinical role of remimazolam: 
Protocol for a scoping review. Acta Anaesthesiol Scand. 2024;68(7):956–959. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​a​​a​s​.​1​4​4​2​1. Epub 2024 Apr 1. PMID: 38561232.

13.	 Lamperti M, Romero CS, Guarracino F, Cammarota G, Vetrugno L, Tufegdzic 
B, Lozsan F, Macias Frias JJ, Duma A, Bock M, Ruetzler K, Mulero S, Reuter DA, 
La Via L, Rauch S, Sorbello M, Afshari A. Preoperative assessment of adults 
undergoing elective noncardiac surgery: updated guidelines from the 
European society of anaesthesiology and intensive care. Eur J Anaesthesiol. 
2025;42(1):1–35. Epub 2024 Nov 2. PMID: 39492705.

14.	 Park S, Kim J, Ha Y, Kim KN, Yi S, Koo BN. Preoperative mild cognitive impair-
ment as a risk factor of postoperative cognitive dysfunction in elderly 
patients undergoing spine surgery. Front Aging Neurosci. 2024;16:1292942. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​n​a​g​i​.​2​0​2​4​.​1​2​9​2​9​4​2

15.	 Romanello M, Napoli CD, Green C, et al. The 2023 report of the lan-
cet countdown on health and climate change: the imperative for a 
health-centred response in a world facing irreversible harms. Lancet. 
2023;402(10419):2346–94.

16.	 Al-Husinat L, Azzam S, Al Sharie S, et al. Impact of the American society of 
anesthesiologists (ASA) classification on hip fracture surgery outcomes: 
insights from a retrospective analysis. BMC Anesthesiol. 2024;24(1):271. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​7​1​-​0​2​4​-​0​2​6​6​0​-​0

17.	 Kilpatrick GJ, Remimazolam. Non-Clinical and clinical profile of a new seda-
tive/anesthetic agent. Front Pharmacol. 2021;12:690875. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​
8​9​​/​f​​p​h​a​r​.​2​0​2​1​.​6​9​0​8​7​5.

18.	 Ebert TJ. Sympathetic and hemodynamic effects of moderate and deep seda-
tion with Propofol in humans. Anesthesiology. 2005;103(1):20–4.

19.	 Wang Y, Zhou H, Wu B, Zhou Q, Cui D, Wang L. Protein kinase C isoforms dis-
tinctly regulate Propofol-induced Endothelium-dependent and Endothe-
lium-independent vasodilation. J Cardiovasc Pharmacol. 2015;66(3):276–84. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​F​​J​C​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​0​2​7​5.

20.	 Sneyd JR, Gambus PL, Rigby-Jones AE. Current status of perioperative hyp-
notics, role of benzodiazepines, and the case for Remimazolam: a narrative 
review. Br J Anaesth. 2021;127(1):41–55. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​b​j​a​.​2​0​2​1​.​0​3​.​
0​2​8.

21.	 Zhang H, Li H, Zhao S, Bao F. Remimazolam in general anesthesia: A compre-
hensive review of its applications and clinical efficacy. Drug Des Devel Ther. 
2024;18:3487–98. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​4​7​​/​D​​D​D​T​.​S​4​7​4​8​5​4.

22.	 Raman V, Segaran S, Ramyavel T et al. Comparison of haemodynamic 
changes between Propofol and ketofol as induction agents in patients 
undergoing laparoscopic surgeries under general anaesthesia. J Anaesthesiol 
Clin Pharmacol 2022 Apr-Jun;38(2):215–20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​1​0​3​​/​j​​o​a​c​p​.​J​O​A​
C​P​_​2​5​1​_​2​0

23.	 Raeder J. Procedural sedation in ambulatory anaesthesia: what’s new? Curr 
Opin Anaesthesiol. 2019;32(6):743–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​A​​C​O​.​​0​0​0​​0​0​0​0​​0​0​​
0​0​0​0​7​9​2.

24.	 Moller JT, Cluit.mans P, Rasmussen LS, et al. Long-term postoperative cogni-
tive dysfunction in the elderly: ISPOCD1 study. Lancet. 1998;351(9106):857–
61. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​s​​0​1​4​0​-​6​7​3​6​(​9​7​)​0​7​3​8​2​-​0.

25.	 Evered L, Silbert B, Knopman DS, et al. Recommendations for the nomencla-
ture of cognitive change associated with anaesthesia and surgery-2018. Br J 
Anaesth. 2018;121(5):1005–12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​b​j​a​.​2​0​1​7​.​1​1​.​0​8​7.

26.	 Zheng L, Ye M, Ma J, et al. Effects of adding adjuvants to Propofol on the 
post-anesthesia cognitive function in patients undergoing gastroscopy/
colonoscopy: a systematic review and meta-analysis. Expert Opin Drug Saf. 
2024;23(8):995–1005.

27.	 Liu P, Zhao S, Qiao H, et al. Does Propofol definitely improve postoperative 
cognitive dysfunction?-a review of Propofol-related cognitive impairment. 
Acta Biochim Biophys Sin (Shanghai). 2022;54(7):875–81. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​
7​2​4​​/​a​​b​b​s​.​2​0​2​2​0​6​7.

28.	 Choi GJ, Kang H, Baek CW, et al. Comparison of bolus versus continuous infu-
sion of Propofol for procedural sedation: a meta-analysis. Curr Med Res Opin. 
2017;33(11):1935–43. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​0​​3​0​0​​7​9​9​​5​.​2​0​​1​7​​.​1​3​7​0​4​1​9.

https://doi.org/10.1111/anae.14768
https://doi.org/10.1111/anae.14768
https://doi.org/10.1155/2022/3603949
https://doi.org/10.1155/2022/3603949
https://doi.org/10.3390/pharmaceutics16121615
https://doi.org/10.3390/pharmaceutics16121615
https://doi.org/10.1053/j.jvca.2021.01.034
https://doi.org/10.1053/j.jvca.2021.01.034
https://doi.org/10.1371/journal.pone.0169525
https://doi.org/10.1371/journal.pone.0169525
https://doi.org/10.1186/s40981-021-00474-4
https://doi.org/10.1111/aas.14421
https://doi.org/10.1111/aas.14421
https://doi.org/10.3389/fnagi.2024.1292942
https://doi.org/10.3389/fnagi.2024.1292942
https://doi.org/10.1186/s12871-024-02660-0
https://doi.org/10.1186/s12871-024-02660-0
https://doi.org/10.3389/fphar.2021.690875
https://doi.org/10.3389/fphar.2021.690875
https://doi.org/10.1097/FJC.0000000000000275
https://doi.org/10.1097/FJC.0000000000000275
https://doi.org/10.1016/j.bja.2021.03.028
https://doi.org/10.1016/j.bja.2021.03.028
https://doi.org/10.2147/DDDT.S474854
https://doi.org/10.4103/joacp.JOACP_251_20
https://doi.org/10.4103/joacp.JOACP_251_20
https://doi.org/10.1097/ACO.0000000000000792
https://doi.org/10.1097/ACO.0000000000000792
https://doi.org/10.1016/s0140-6736(97)07382-0
https://doi.org/10.1016/j.bja.2017.11.087
https://doi.org/10.3724/abbs.2022067
https://doi.org/10.3724/abbs.2022067
https://doi.org/10.1080/03007995.2017.1370419


Page 11 of 11Li et al. BMC Anesthesiology          (2025) 25:126 

29.	 Chen W, Xu Y, Zeng Y, Xing G. A meta-analysis and systematic review based 
on perioperative management of elderly patients: is Ciprofol an alternative to 
Propofol?? Eur J Clin Pharmacol. 2024 Nov;20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​2​2​
8​-​0​2​4​-​0​3​7​8​2​-​7.

30.	 Morimoto Y. Efficacy and Safety Profile of Remimazolam for Sedation in 
Adults Undergoing Short Surgical Procedures. Ther Clin Risk Manag. 2022. 
PMID: 35140469.

31.	 Chen W, Chen S, Huang Y. Induction and maintenance of procedural seda-
tion in adults: focus on remimazolam injection. Expert Rev Clin Pharmacol. 
2021;14(4):411–26. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​7​5​1​​2​4​3​​3​.​2​0​​2​1​​.​1​9​0​1​5​7​5.

32.	 Lee J, Kim DH, Ju JW, et al. Comparison of recovery profiles between total 
intravenous anaesthesia with Propofol or remimazolam reversed with 

Flumazenil in patients undergoing breast surgery: A randomised controlled 
trial. Eur J Anaesthesiol. 2024;41(3):199–207. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​E​​J​A​.​​0​0​0​​0​
0​0​0​​0​0​​0​0​0​1​9​5​1.

33.	 Hung KC, Wang WT, Liu WC, et al. Comparing subjective quality of recovery 
between remimazolam- and propofol-based total intravenous anesthesia for 
surgical procedures: a meta-analysis. Syst Rev. 2024;13(1):235. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​
1​0​​.​1​1​​​8​6​​/​s​1​3​​6​4​3​-​​0​2​4​-​0​​2​6​6​0​-​8.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1007/s00228-024-03782-7
https://doi.org/10.1007/s00228-024-03782-7
https://doi.org/10.1080/17512433.2021.1901575
https://doi.org/10.1097/EJA.0000000000001951
https://doi.org/10.1097/EJA.0000000000001951
https://doi.org/10.1186/s13643-024-02660-8
https://doi.org/10.1186/s13643-024-02660-8

	﻿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
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and setting
	﻿Inclusion and exclusion criteria
	﻿Data management
	﻿Standardization of data collection
	﻿Logical verification and cleaning
	﻿Device calibration and operational specifications


	﻿Sample size calculation
	﻿Anesthesia protocol
	﻿Preoperative Preparation
	﻿Regional nerve Blockade
	﻿General anesthesia
	﻿Remimazolam group
	﻿Propofol group


	﻿Primary and secondary outcomes
	﻿Primary outcomes
	﻿Secondary outcomes

	﻿Statistical analysis
	﻿Results
	﻿Study overview
	﻿Demographic and clinical characteristics
	﻿Intraoperative hemodynamics
	﻿Intraoperative anesthetic drug consumption
	﻿Postoperative cognitive function (POCD)
	﻿Incidence of adverse events
	﻿Postoperative recovery time

	﻿Discussion
	﻿Hemodynamic stability
	﻿Drug consumption
	﻿Postoperative cognitive dysfunction (POCD)
	﻿Complication rates
	﻿Extubation and recovery time
	﻿Limitations of the study

	﻿Conclusion and future directions
	﻿References


