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Remimazolam vs propofol for postoperative delirium in
adults undergoing general anesthesia: A meta-analysis

Huijin Zhou ®Y*, Jing Zhang ®2, and Chunyan Du ®!?

Postoperative delirium (POD) is a prevalent and serious complication in adults undergoing surgery with general anesthesia.
Remimazolam, an innovative ultra-short-acting benzodiazepine, has been identified as a potential alternative to propofol due to its
advantageous pharmacological properties. However, its impact on POD remains uncertain. This study conducted a systematic review
and meta-analysis following PRISMA guidelines. A comprehensive search of the PubMed, Embase, Cochrane Library, Web of Science,
CNKI, and Wanfang databases was performed up to March 29, 2025. Randomized controlled trials (RCTs) comparing remimazolam and
propofol in adult surgical patients under general anesthesia, specifically reporting on POD incidence, were included. A random-effects
model was utilized to calculate pooled odds ratios (ORs) with 95% confidence intervals (Cls), accounting for heterogeneity.

The analysis included seventeen RCTs encompassing 3133 patients. Overall, remimazolam significantly decreased the risk of POD
compared to propofol (OR: 0.71, 95% Cl: 0.52-0.97, P = 0.03; I> = 36%). Sensitivity analyses, which involved excluding one study at a
time, yielded consistent results, reinforcing the robustness of the findings. Subgroup analyses revealed uniform effects across different
study designs (single-blind vs double-blind; OR: 0.73 vs 0.64; P = 0.71) and age groups (adults vs elderly; OR: 0.64 vs 0.72; P = 0.79).
Atrend toward greater benefit was observed in studies with longer follow-up periods (7 days: OR: 0.42) and in those employing the
CAM or CAM-ICU for POD diagnosis, although subgroup differences were not statistically significant. In conclusion, remimazolam is
associated with a significantly reduced risk of POD compared to propofol in adults undergoing general anesthesia.
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Introduction

Postoperative delirium (POD) is an acute and fluctuating dis-
turbance in attention, awareness, and cognition that typi-
cally manifests within days following surgery, particularly in
elderly or high-risk patients [1, 2]. POD occurs in approximately
10%-50% of adults undergoing major surgery with general
anesthesia, with prevalence rates even higher among older indi-
viduals and those with comorbidities or preexisting cognitive
impairment [3]. The onset of POD is independently linked to
multiple adverse outcomes, including extended hospitalization,
increased risk of postoperative complications, long-term cog-
nitive decline, and higher mortality rates [4, 5]. Consequently,
identifying modifiable perioperative risk factors and imple-
menting preventive strategies is essential for enhancing patient
outcomes [6].

Anesthetic agents have garnered increasing attention as
significant contributors to POD due to their direct impact on
central nervous system function [7, 8]. Recent research aligns
with the growing interest in pharmacologic strategies aimed
at enhancing postoperative neurocognitive outcomes. Specifi-
cally, a study indicated that the administration of parecoxib was
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linked to improved postoperative cognitive function in elderly
patients [9].

Notably, remimazolam—a novel ultra-short-acting benzodi-
azepine—targets gamma-aminobutyric acid type A (GABA_A)
receptors, providing rapid onset and recovery with minimal
drug accumulation [10]. Its unique pharmacokinetic profile
is characterized by organ-independent metabolism via tissue
esterases, stable hemodynamic effects, and a low risk of respi-
ratory depression [11]. These attributes position remimazolam
as a promising alternative to propofol for general anesthesia,
particularly in vulnerable patient populations [12, 13]. Further-
more, remimazolam may reduce the risk of POD by preventing
deep sedation, preserving circadian rhythms, and exerting min-
imal suppression on cortical arousal and melatonin regulation,
although the exact mechanisms underlying these effects require
further investigation [14].

Several randomized controlled trials (RCTs) have recently
compared remimazolam and propofol for general anesthe-
sia, with some reporting on the incidence of POD [15-31].
While certain trials indicate a lower risk of POD associated
with remimazolam [18, 24, 26], the majority of studies reveal
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comparable outcomes [15-17, 19-23, 25, 27-31]. These findings
are influenced by factors such as patient age, type of surgery,
anesthetic protocol, and duration of follow-up. Although a few
meta-analyses have investigated this issue [14, 32, 33], they are
constrained by the limited number of RCTs included. Given the
expanding evidence base, the present study seeks to conduct an
updated and comprehensive meta-analysis of RCTs to assess the
impact of remimazolam compared to propofol on the incidence
of POD in adult patients undergoing surgical procedures under
general anesthesia.

Materials and methods

In the design and execution of this study, we adhered to the
guidelines established by Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) [34, 35] and the
Cochrane Handbook [36]. The protocol for the meta-analysis
has been registered with International Prospective Regis-
ter of Systematic Reviews (PROSPERO) under the identifier
CRD420251055246.

Study inclusion and exclusion criteria
This meta-analysis incorporated studies that fulfilled the inclu-
sion criteria outlined by the PICOS framework.

P (Patients): Adult patients (aged 18 years or older) undergo-
ing surgeries under general anesthesia;

I (Intervention): Administration of remimazolam as the
primary agent for induction and/or maintenance of general
anesthesia;

C (Control): Administration of propofol as the primary agent
for induction and/or maintenance of general anesthesia;

O (Outcome): Incidence of POD, with a comprehensive
description of diagnostic criteria and assessment tools;

S (Study Design): RCTs with parallel groups.

Studies excluded from the analysis included reviews, edi-
torials, preclinical studies, non-RCT designs, those involv-
ing pediatric patients, patients who did not undergo surgery,
patients not receiving general anesthesia, studies that failed to
compare remimazolam and propofol, those that did not report
POD outcomes, or lacked descriptions of diagnostic criteria or
assessment tools for POD. In cases where studies involved over-
lapping patient populations, the study with the largest sample
size was selected for inclusion in the meta-analysis.

Database search

The Medline (PubMed), Embase (Ovid), CENTRAL (Cochrane
Library), Web of Science, Wanfang, and CNKI (China National
Knowledge Infrastructure) databases were searched using a
combination of the following terms: (1) “remimazolam” OR
“CNS 7056 OR “ONO 2745”; (2) “propofol” OR “ICI 35868” OR
“disoprofol”; (3) “delirium” OR “confusion” OR “disorientation”
OR “cognitive” OR “cognition”; and (4) “random” OR “random-
ized” OR “randomized” OR “RCT” OR “RCTs” OR “randomly.”
Only studies involving human subjects that were published as
full-length articles in peer-reviewed journals were included.
Grey literature and conference abstracts were excluded due to
their lack of peer review and potential deficiencies in method-
ological detail, which could compromise the reliability and
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reproducibility of the findings. Additionally, references to rel-
evant reviews and original articles were screened as part of
the final database search. This comprehensive search was con-
ducted on March 29, 2025. The detailed search strategy for each
database is presented in Supplemental data.

Data collection and quality evaluation

Two authors conducted independent database searches, data
collection, and quality assessments. In cases of disagreement,
discussions were held with the corresponding author. A stan-
dardized electronic data extraction form was utilized to gather
information on study characteristics, patient demographics,
interventions, comparators, diagnostic criteria for POD, and
outcomes. Inter-reviewer agreement was high, with « values of
0.88 for data extraction and 0.84 for risk of bias assessment. For
studies with overlapping cohorts or duplicate publications, only
the dataset with the largest sample size was included.

The collected data encompassed several dimensions, includ-
ing overall study information (e.g., first author, publication
year, and study country), study design (double-blind or single-
blind), patient and surgery characteristics (number of patients,
mean age, sex, American Society of Anesthesiologists [ASA]
class, and type of surgery), details of the intervention involving
remimazolam, controls with propofol, follow-up durations, and
tools used for diagnosing POD. The quality of the included RCTs
was assessed using the Cochrane Risk of Bias Tool [36]. This tool
evaluated multiple aspects, including random-sequence gen-
eration, allocation concealment, participant blinding, outcome
assessment, handling of incomplete outcome data, selective
reporting, and other potential sources of bias.

Additionally, two reviewers independently assessed the
certainty of evidence utilizing the Grading of Recommen-
dations, Assessment, Development, and Evaluation (GRADE)
system, which considers risk of bias, inconsistency, indirect-
ness, imprecision, and publication bias [37]. The certainty of
evidence was classified as very low, low, moderate, or high.
Disagreements were resolved through discussion with the cor-
responding author.

Statistical analysis

The influence of remimazolam on the incidence of POD was
evaluated using odds ratios (ORs) and corresponding 95% con-
fidence intervals (CIs) [36]. Heterogeneity among studies was
assessed using the Cochrane Q test [36], and the I? statistic
was calculated, with thresholds of I? < 25%, 25%-75%, and
>75% indicating mild, moderate, and substantial heterogene-
ity, respectively [38]. A random-effects model was employed
to pool the results, utilizing the generic inverse variance
method in RevMan with the DerSimonian-Laird estimator to
account for between-study variance, thereby accommodating
the potential influence of heterogeneity [36]. For studies with
a zero-event arm, we applied a standard continuity correc-
tion of 0.5 to both arms, following Cochrane guidelines [36],
to facilitate the calculation of OR. Sensitivity analyses were
conducted by sequentially excluding one study at a time
to assess the robustness of the findings [36]. Additionally,
subgroup analyses were performed to investigate the impact
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[ Identification of studies via databases and registers J

Records identified from:
Databases (n = 344)
PubMed 37
Embase 74

Records removed before screening:

Web of Science 52
Cochrane Library 70
Wanfang 54

CNKI 57

Identification

\ 4

Records screened

Duplicate records removed
(n=108)

Records excluded (n = 200)
Reviews

(n = 236)

A4

Reports sought for retrieval

Editorials
Irrelevant studies
Meta-analyses

Reports not retrieved

(n = 36)

Screening

\4

Reports assessed for eligibility
(n=36)

Reports included in review
(17 studies)

Included

Figure1l. Flowchart for the literature search and study inclusion.

of various study characteristics on outcomes, including study
design (single-blind vs double-blind), patient age group (adults
vs those aged 60 years or older), follow-up durations, and
diagnostic tools for POD. The assessment of publication bias
was conducted through visual inspection of funnel plots and
Egger’s regression asymmetry test [39]. A P value of < 0.05 was
deemed statistically significant. Statistical analyses were per-
formed using RevMan (version 5.1; Cochrane, Oxford, UK) and
Stata software (version 17.0; Stata Corporation, College Station,
TX, USA).

Results

Literature search

Figure 1 illustrates the flowchart outlining the database search
process and study identification, culminating in the selection
of studies for inclusion. Initially, 344 articles were retrieved
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> [ ]

(n=0)

Reports excluded:

Not in adult patients (n = 2)

® Not in patients undergoing
surgery (n =4)

® Not under general anaesthesia

(n=4)
®  Not compared to propofol
(n=3)

® POD not reported or no
detailed diagnostic criteria for
POD (n =5)

®  Studies with overlapped
patients (n = 1)

from the database search, which was subsequently narrowed
down to 236 after removing duplicate records. Following this,
200 articles were excluded based on a review of their titles and
abstracts, primarily due to their irrelevance to the objectives
of the present meta-analysis. Additionally, 19 of the remaining
36 articles were excluded after full-text reviews, for reasons
detailed in Figure 1. Ultimately, 17 RCTs [15-31] were identified
as suitable for quantitative analysis.

Study characteristics and data quality

An overview of the included studies is presented in Table 1.
This meta-analysis incorporates 17 RCTs [15-31] published
between 2022 and 2025. These studies were conducted in China,
Japan, and various European countries, collectively enrolling
3133 adult patients undergoing diverse surgeries under general
anesthesia. The surgical procedures encompassed orthopedic
interventions, urologic surgeries, rigid bronchoscopy, cerebral
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Blinding of Blinding of Selective
Sequence Allocation participants and outcome Incomplete outcome Other potential
Studies generation concealment personnel assessment outcome data reporting threats
Mao, 2022 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Pan, 2023 Low risk Low risk High risk Low risk Low risk Low risk Low risk
Yang, 2023 Low risk Low risk High risk Low risk Low risk Low risk Low risk
Fechner, 2024 Low risk Low risk High risk Unclear Low risk Low risk Low risk
Li, 2024a Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Duan, 2024 Low risk Unclear High risk Low risk Low risk Low risk Low risk
Kotani, 2024 Low risk Low risk High risk Low risk Low risk Low risk Low risk
Zhang, 2024 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Liu, 2024a Low risk Unclear High risk Low risk Low risk Low risk Low risk
Ma, 2024 Low risk Unclear High risk Low risk Low risk Low risk Low risk
Zhou, 2024 Low risk Unclear High risk Low risk Low risk Low risk Low risk
Wang, 2024 Low risk Unclear Low risk Low risk Low risk Low risk Low risk
Tian, 2024 Low risk Unclear High risk Low risk Low risk Low risk Low risk
Liu, 2024b Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Li, 2024b Low risk Unclear Low risk Unclear Low risk Low risk Low risk
Fan, 2024 Low risk Unclear Low risk Unclear Low risk Low risk Low risk
Fang, 2025 Low risk Low risk High risk Low risk Low risk Low risk Low risk

endovascular procedures, cardiac valve surgery, and neurovas-
cular interventions. The mean age of the participants ranged
from 47.7 to 83.7 years, while the proportion of male patients
varied between 35.0% and 90.0%.

All included trials compared remimazolam and propofol
as anesthetic agents during surgery and reported the inci-
dence of POD. The duration of POD observation spanned
1-7 days, employing various diagnostic tools, such as the Con-
fusion Assessment Method (CAM), the CAM for the Intensive
Care Unit (CAM-ICU), the 3-Minute Diagnostic Interview for
CAM-defined Delirium (3D-CAM), and the Nursing Delirium
Screening Scale (Nu-DESC).

Quality evaluation, utilizing the Cochrane Risk of Bias Tool,
indicated that all 17 studies were at low risk of bias regarding
random sequence generation and outcome data completeness.
Nevertheless, nine studies [15-17, 20, 21, 25, 27, 30, 31] were
assessed as having a low risk of allocation concealment. How-
ever, blinding of participants and personnel was rated as high
risk in 10 studies [16-18, 20-23, 26, 28, 31], reflecting the inher-
ent challenges of maintaining blinding in anesthesia trials.
Most studies adequately blinded outcome assessment, although
three were classified as unclear in this regard [19, 20, 29]. Over-
all, there were no indications of selective outcome reporting
or other significant threats to validity in any of the studies
(Table 2).

Comparing the influence of remimazolam vs propofol on POD
A total of 1651 patients were assigned to the intervention group
receiving remimazolam, while 1482 patients were allocated to
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the control group. Among these, 423 patients (13.5%) were
diagnosed with POD, including 186 patients (11.3%) from the
intervention group and 237 patients (16.0%) from the con-
trol group. The pooled analysis of 17 RCTs [15-31] revealed
that remimazolam significantly decreased the risk of POD in
adult patients undergoing surgeries with general anesthesia
compared to propofol (OR: 0.71, 95% CI: 0.52-0.97, P = 0.03;
Figure 2), exhibiting moderate heterogeneity (I> = 36%). This
finding corresponds to an absolute risk reduction of 4.7%, with a
number needed to treat of approximately 21, indicating that one
case of POD could potentially be prevented for every 21 patients
treated with remimazolam instead of propofol.

The summary of evidence certainty, as assessed using the
GRADE system, is presented in Table 3. We downgraded the evi-
dence by one level due to potential bias stemming from blind-
ing limitations in certain studies, ultimately categorizing the
evidence as moderate certainty. Sensitivity analyses, excluding
one study at a time, yielded consistent results (OR: 0.66-0.76,
P < 0.05 for all). Subsequent subgroup analyses indicated com-
parable outcomes in single-blind vs double-blind studies (OR:
0.73 vs 0.64, P for subgroup difference = 0.71; Figure 3A).

When focusing exclusively on the five double-blind stud-
ies with adequate blinding of both participants and outcome
assessment, the association between remimazolam and reduced
POD risk remained in the same direction but was no longer
statistically significant (OR: 0.64, 95% CI: 0.38-1.09, P = 0.10;
Figure 3A), likely due to diminished statistical power resulting
from the smaller sample size. No significant differences were
observed between studies involving the overall adult patients
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Remimazolam Propofol Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV. Random, 95% CI 1V, Random, 95% Cl
Mao 2022 6 64 2 64 3.1% 3.21[0.62, 16.53] 1
Pan 2023 0 15 1 15  0.9% 0.31[0.01, 8.28]
Yang 2023 23 147 19 153 10.5% 1.31[0.68, 2.52] ™
Fechner 2024 2 270 0 95 1.0% 1.78 [0.08, 37.38] -
Li 2024a 5 73 7 73 51% 0.69 [0.21, 2.29] 1
Duan 2024 4 53 15 53 52% 0.21[0.06, 0.67] -
Kotani 2024 3 17 3 17 2.7% 1.00[0.17, 5.83] - 1
Zhang 2024 11 71 17 71 8.1% 0.58 [0.25, 1.35] 7T
Liu 2024a 3 51 2 52 25% 1.56 [0.25, 9.76] A
Ma 2024 7 40 6 40 5.1% 1.20 [0.37, 3.95] -
Zhou 2024 12 105 25 105 9.2% 0.41[0.19, 0.87] Bl
Wang 2024 8 80 19 80 7.6% 0.36 [0.15, 0.87] .
Tian 2024 2 49 8 49  3.2% 0.22 [0.04, 1.09] ]
Liu 2024b 11 50 15 50 7.5% 0.66 [0.27, 1.62] I
Li 2024b 0 42 5 42 1.1% 0.08 [0.00, 1.50] B
Fan 2024 47 160 55 1589 13.5% 0.79[0.49, 1.26] -
Fang 2025 42 364 38 364 13.7% 1.12[0.70, 1.78] T
Total (95% CI) 1651 1482 100.0% 0.71 [0.52, 0.97] ¢
Total events 186 237
Heterogeneity: Tau? = 0.13; Chi? = 25.17, df = 16 (P = 0.07); I = 36% *0‘001 0f1 : 1’0 1000’

Test for overall effect: Z=2.17 (P = 0.03)

Figure 2.

Favours remimazolam Favours propofol

Forest plot comparing the effect of remimazolam vs propofol on the incidence of postoperative delirium (POD) in adult surgical patients

under general anesthesia. The figure presents individual and pooled ORs with 95% confidence intervals from randomized controlled trials. Abbreviations:
POD: Postoperative delirium; OR: Odds ratio; Cl: Confidence interval; IV: Inverse variance; RCT: Randomized controlled trial.

and those focusing solely on older patients (OR: 0.64 vs 0.72,
P for subgroup difference = 0.79; Figure 3B). Notably, remima-
zolam appeared to be associated with a lower risk of POD in
studies with a follow-up duration of 7 days compared to those
with follow-up durations of 3 or 1 day (OR: 0.42 vs 0.85 and
0.90), although this difference was not statistically significant
(P = 0.10; Figure 4A). Additionally, remimazolam was linked
to a lower risk of POD in studies utilizing the CAM and 3D-
CAM/CAM-ICU, but not in studies employing the Nu-DESC
(OR: 0.51 and 0.79 vs 1.97). However, the difference between
these subgroups was also not statistically significant (P = 0.19;
Figure 4B).

Publication bias

The funnel plots for the meta-analysis comparing the effects of
remimazolam and propofol on POD are presented in Figure 5.
Visual inspection of these plots reveals symmetry, suggesting
a low risk of publication bias. Additionally, Egger’s regression
test corroborated this finding, indicating a low risk of publica-
tion bias (P = 0.74).

Discussion

This comprehensive meta-analysis of 17 RCTs involving 3133
adult patients indicates that remimazolam is associated with
a significantly reduced risk of POD compared to propofol in
surgeries conducted under general anesthesia. Sensitivity anal-
yses confirmed the robustness of these findings, while sub-
group analyses demonstrated consistent effects across various
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study designs (single-blind vs double-blind), age demographics
(adults vs elderly), and diagnostic instruments for POD.
Although not statistically significant, a trend suggesting greater
benefit was identified in studies with extended follow-up peri-
ods and those employing validated diagnostic tools like CAM or
the CAM for CAM-ICU.

The positive effects of remimazolam in mitigating POD can
be attributed to its unique pharmacological and molecular
properties. Remimazolam is an innovative, ultra-short-acting
benzodiazepine that functions as a GABA_A receptor agonist,
akin to midazolam [40]. However, unlike conventional ben-
zodiazepines, remimazolam is rapidly metabolized by tissue
esterases into an inactive metabolite, facilitating a swift onset
and short duration of action while minimizing drug accumula-
tion, even with extended use [11, 41]. This characteristic con-
tributes to its smooth induction and rapid recovery profile,
reducing the risk of oversedation or delayed emergence from
anesthesia [42].

In contrast, although propofol is widely utilized for its rapid
induction and recovery, it can lead to significant cardiovascu-
lar side effects, including hypotension and bradycardia, par-
ticularly in elderly or hemodynamically unstable patients [43].
Propofol is also known to induce deep sedation and disrupt
the natural sleep-wake cycle, which may interfere with cir-
cadian regulation [44]. At the molecular level, propofol inter-
acts not only with GABA_A receptors but also with muscarinic
acetylcholine receptors, whose dysfunction is linked to the
onset of delirium [45]. Furthermore, propofol is associated
with diminished melatonin secretion and disruption of the
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sleep-wake rhythm, both of which are crucial for cognitive
stability postoperatively [46, 47].

In contrast, remimazolam is believed to preserve sleep archi-
tecture and maintain more physiological arousal patterns [48].
Its gentle modulation of cortical activity and avoidance of deep
sedation may aid in sustaining neural network integrity and
cognitive function [49, 50]. These attributes, along with its
favorable hemodynamic profile, may enhance its protective
effect against POD, particularly in vulnerable populations such
as the elderly and individuals with preexisting cognitive risk
factors [51].

Our subgroup analyses reinforce the robustness of the over-
all findings. The effect of remimazolam in reducing POD was
consistent across both single- and double-blind studies, as well
as among adult and elderly populations. Notably, studies with
follow-up durations of seven days or longer demonstrated a
stronger protective association, indicating that the benefits of
remimazolam may be more pronounced when POD is assessed

Biomolecules
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beyond the early postoperative period. Furthermore, studies
using CAM or the CAM-ICU—tools recognized for their high
specificity in detecting POD—exhibited a protective associa-
tion. In contrast, the small Nu-DESC subgroup yielded a point
estimate above one (ORs 1.97) with a wide CI, suggesting
potential harm but with significant imprecision. This diver-
gence may be attributed to the measurement characteristics, as
Nu-DESC is a brief nursing screening tool that is generally less
specific than CAM-based instruments. Additionally, differences
in case mix or surgical context within the Nu-DESC trials may
have influenced the results [52].

Compared to previous meta-analyses, the current study
presents several advantages. First, it encompasses a greater
number of RCTs and a more diverse patient population. Second,
stringent inclusion criteria were implemented, concentrating
exclusively on adult patients undergoing general anesthesia
and utilizing validated diagnostic tools for POD. Third, multiple
sensitivity and subgroup analyses were performed to evaluate

A Remimazolam Propofol Odds Ratio Odds Ratio
E V. 9 m, 95% CI
1.21R, SB
Pan 2023 0 15 1 15  0.9% 0.31[0.01, 8.28] —
Yang 2023 23 147 19 153 10.5% 1.31[0.68, 2.52] ™
Fechner 2024 2 270 0 95 1.0% 1.78 [0.08, 37.38] - 1
Duan 2024 4 53 15 53 52% 0.21[0.06, 0.67] -
Kotani 2024 3 17 3 17 27% 1.00[0.17, 5.83] - 1
Liu 2024a 3 51 2 52 2.5% 1.56 [0.25, 9.76] 1
Ma 2024 7 40 6 40  51% 1.20[0.37, 3.95] -
Zhou 2024 12 105 25 105 9.2% 0.41[0.19, 0.87] |
Tian 2024 2 49 8 49  3.2% 0.22[0.04, 1.09] |
Li 2024b 0 42 5 42 1.1% 0.08 [0.00, 1.50] B
Fan 2024 47 160 55 159 13.5% 0.79 [0.49, 1.26] -
Fang 2025 42 364 38 364 13.7% 1.12[0.70, 1.78] T
Subtotal (95% ClI) 1313 1144 68.7% 0.73 [0.49, 1.08] L
Total events 145 177
Heterogeneity: Tau? = 0.16; Chi* = 18.67, df = 11 (P = 0.07); I?=41%
Test for overall effect: Z=1.58 (P = 0.11)
1.2.2R, DB
Mao 2022 6 64 2 64 3.1% 3.21[0.62, 16.53] T
Li 2024a 5 73 7 73  51% 0.69 [0.21, 2.29] T
Zhang 2024 11 71 17 71 8.1% 0.58 [0.25, 1.35] 7T
Wang 2024 8 80 19 80 7.6% 0.36 [0.15, 0.87] I
Liu 2024b 11 50 15 50 7.5% 0.66 [0.27, 1.62] BN
Subtotal (95% CI) 338 338 31.3% 0.64 [0.38, 1.09] L 4
Total events 41 60
Heterogeneity: Tau? = 0.10; Chi? = 5.40, df = 4 (P = 0.25); I* = 26%
Test for overall effect: Z = 1.63 (P = 0.10)
Total (95% ClI) 1651 1482 100.0% 0.71 [0.52, 0.97] ¢
Total events 186 237
Heterogeneity: Tau? = 0.13; Chi? = 25.17, df = 16 (P = 0.07); 1> = 36% ‘0.001 0f1 1 150 1000’
Test for overall effec.:t: 2=2.147 (P,= 0.03) Favours remimazolam Favours propofol
Test for subaroup differences: Chi2 = 0.14. df =1 (P = 0.71). 2= 0%
Figure 3. Continued on next page
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B Remimazolam Propofol
r I Even Total Events Total Weigh

1.3.1 Adults

Mao 2022 6 64 2 64 3.1%
Pan 2023 0 15 1 15 0.9%
Fechner 2024 2 270 0 95 1.0%
Kotani 2024 3 17 3 17 2.7%
Zhang 2024 11 71 17 71 8.1%
Tian 2024 2 49 8 49 3.2%
Li 2024b 0 42 5 42 1.1%
Subtotal (95% Cl) 528 353 20.1%
Total events 24 36

Heterogeneity: Tau? = 0.30; Chi? = 8.28, df = 6 (P = 0.22); 1> = 28%
Test for overall effect: Z = 1.08 (P = 0.28)

1.3.2 Older patients (aged 60 years or older)

Yang 2023 23 147 19 153 10.5%
Li 2024a 5 73 7 73 5.1%
Duan 2024 4 53 15 53 5.2%
Liu 2024a 3 51 2 52 2.5%
Ma 2024 7 40 6 40 5.1%
Zhou 2024 12 105 25 105 9.2%
Wang 2024 8 80 19 80 7.6%
Liu 2024b 11 50 15 50 7.5%
Fan 2024 47 160 55 159 13.5%
Fang 2025 42 364 38 364 13.7%
Subtotal (95% Cl) 1123 1129  79.9%
Total events 162 201

Heterogeneity: Tau? = 0.13; Chi? = 16.49, df =9 (P = 0.06); I* = 45%
Test for overall effect: Z =1.81 (P = 0.07)

Total (95% ClI) 1651 1482 100.0%

Total events 186 237

Heterogeneity: Tau? = 0.13; Chi? = 25.17, df = 16 (P = 0.07); 1> = 36%

Test for overall effect: Z=2.17 (P = 0.03)
Test for subaroup differences: Chi2 = 0.07. df =1 (P =0.79). 12 = 0%
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Odds Ratio
IV, Random, 95% CI

3.21[0.62, 16.53]
0.31[0.01, 8.28]
1.78 [0.08, 37.38]
1.00 [0.17, 5.83]
0.58 [0.25, 1.35]
0.22 [0.04, 1.09]
0.08 [0.00, 1.50] —
0.64 [0.29, 1.43]

_—

—
—_—1

1.31[0.68, 2.52]
0.69 [0.21, 2.29]
0.21[0.06, 0.67)
1.56 [0.25, 9.76]
1.20 [0.37, 3.95]
0.41[0.19, 0.87)
0.36 [0.15, 0.87)
0.66 [0.27, 1.62]
0.79 [0.49, 1.26]
1.12[0.70, 1.78]
0.72 [0.51, 1.03]

<*

0.71 [0.52, 0.97]

0.001 01 1 10 1000
Favours remimazolam Favours propofol

Figure3. (Continued)Forestplot of subgroup analyses comparing the effects of remimazolam versus propofol on the incidence of POD. (A) Subgroup
analysis by blinding method (single-blind vs double-blind); (B) Subgroup analysis by patient age (overall adults vs older patients). Abbreviations: POD:
Postoperative delirium; OR: Odds ratio; Cl: Confidence interval; R, SB: Randomized single-blind; R, DB: Randomized double-blind.

the consistency of findings across various study characteristics.
In contrast, earlier meta-analyses included fewer studies
(6-11) [14,32,33], some of which involved mixed anes-
thesia types or procedural sedation [14,32], and reported
non-significant associations between remimazolam and
POD [14, 32, 33]. This meta-analysis, by exclusively examining
the intraoperative use of remimazolam during general anes-
thesia, effectively addresses these limitations and offers a more
precise estimate of the treatment effect.

Several limitations must be acknowledged. Moderate het-
erogeneity was observed (I> = 36%), likely due to variations
in surgical types, patient characteristics, and dosing regimens
of remimazolam and propofol. Although most studies focused
on elderly or high-risk patients, demographic and clinical vari-
ability may impact the risk of POD. Furthermore, the diag-
nostic criteria and follow-up durations for POD varied among
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studies, ranging from 1 to 7 days postoperatively, which may
lead to underestimation or misclassification of POD incidence.
The majority of studies were conducted in China, potentially
limiting the generalizability of findings to wider international
populations. The predominance of Asian participants, particu-
larly Chinese patients, raises concerns about potential ethnic
variations in pharmacogenetics and differences in periopera-
tive care protocols and anesthetic practice patterns, which may
influence both baseline POD risk and the comparative effects of
remimazolam and propofol. Caution is warranted when extrap-
olating these findings to non-Asian populations.

Another consideration is the variation in induction and
maintenance doses of remimazolam and propofol across the
included trials. Such differences may affect the depth of seda-
tion and, consequently, the risk of POD. However, inconsistent
reporting and the absence of complete dose data in several stud-
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ies hindered the calculation of pooled mean doses. This hetero-
geneity in dosing should be considered when interpreting the
results and applying them in clinical practice. Lastly, as this
meta-analysis is based on study-level rather than individual
patient-level data, residual confounding factors could not be
fully addressed.

Clinically, these findings suggest that remimazolam may
serve as a safer anesthetic alternative to propofol for patients at
risk of POD, particularly among the elderly and those undergo-
ing high-risk surgeries. Its favorable hemodynamic profile and
reduced neurocognitive side effects could facilitate recovery
and decrease postoperative complications [53]. Future research
should explore dose-response relationships, the effects of remi-
mazolam in specific surgical populations (e.g., cardiac and

Biomolecules
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neurosurgical patients), and its comparative efficacy against
other anesthetics, such as dexmedetomidine [53]. Additionally,
large-scale, multicenter RCTs across diverse healthcare settings
are essential to validate these findings.

Conclusion

In conclusion, this meta-analysis indicates that remimazolam
is associated with a significantly lower incidence of POD com-
pared to propofol in adult patients undergoing general anes-
thesia. Given its pharmacological advantages and consistent
efficacy demonstrated across studies, remimazolam may serve
asapromising strategy for preventing delirium in perioperative
care.

A Remimazolam Propofol Odds Ratio Odds Ratio
1d O 1bg O . m 95% QI
1.4.1 1 day
Mao 2022 6 64 2 64 3.1% 3.21[0.62, 16.53] T
Pan 2023 0 15 1 15 0.9% 0.31 [0.01, 8.28] - 1
Fechner 2024 2 270 0 95 1.0% 1.78 [0.08, 37.38] -1
Li 2024a 5 73 7 73 5.1% 0.69 [0.21, 2.29] T
Kotani 2024 3 17 3 17 2.7% 1.00 [0.17, 5.83] - 1
Li 2024b 0 42 5 42 1.1% 0.08 [0.00, 1.50] - I
Subtotal (95% Cl) 481 306 13.9%  0.90 [0.38, 2.11] <@
Total events 16 18
Heterogeneity: Tau? = 0.15; Chi? = 5.71, df = 5 (P = 0.34); 1> = 13%
Test for overall effect: Z = 0.24 (P = 0.81)
1.4.2 3 days
Yang 2023 23 147 19 153 10.5% 1.31[0.68, 2.52) ™
Zhang 2024 11 71 17 71 81% 0.58 [0.25, 1.35] T
Ma 2024 7 40 6 40 5.1% 1.20 [0.37, 3.95] -
Zhou 2024 12 105 25 105 9.2% 0.41[0.19, 0.87] -
Fan 2024 47 160 55 159 13.5% 0.79 [0.49, 1.26] -
Fang 2025 42 364 38 364 13.7% 1.12[0.70, 1.78] T
Subtotal (95% Cl) 887 892 60.2% 0.85[0.61, 1.19] ¢
Total events 142 160
Heterogeneity: Tau? = 0.06; Chi? =7.73, df =5 (P = 0.17); I = 35%
Test for overall effect: Z = 0.95 (P = 0.34)
1.4.3 7 days
Duan 2024 4 53 15 53 5.2% 0.21 [0.06, 0.67] -
Liu 2024a 3 51 2 52  2.5% 1.56 [0.25, 9.76] -1
Wang 2024 8 80 19 80 7.6% 0.36 [0.15, 0.87] -
Tian 2024 2 49 8 49 3.2% 0.22[0.04, 1.09] -
Liu 2024b 11 50 15 50 7.5% 0.66 [0.27, 1.62] DUl
Subtotal (95% CI) 283 284 25.9% 0.42 [0.23, 0.75] ‘
Total events 28 59
Heterogeneity: Tau? = 0.10; Chi? = 5.08, df =4 (P = 0.28); I?=21%
Test for overall effect: Z =2.92 (P = 0.004)
Total (95% CI) 1651 1482 100.0% 0.71 [0.52, 0.97] ¢
Total events 186 237
Heterogeneity: Tau? = 0.13; Chi? = 25.17, df = 16 (P = 0.07); I? = 36% :o.oo p of PR 1’0 ] ooo:

Test for overall effect: Z=2.17 (P = 0.03)

Favours remimazolam Favours propofol

Test for subarouo differences: Chi? = 4.53. df =2 (P = 0.10). 1> = 55.8%

Figure 4. Continued on next page
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B Remimazolam Propofol Odds Ratio Odds Ratio
_Study or Subgroup  Events  Total Events Total Weight IV, Random, 95% ClI IV, Random. 95%CI
1.5.1 Nu-DESC
Mao 2022 6 64 2 64 3.1% 3.21[0.62, 16.53] =i T
Pan 2023 0 15 1 15  0.9% 0.31[0.01, 8.28] TS
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Total events 8 3

Heterogeneity: Tau? = 0.00; Chi? = 1.56, df = 2 (P = 0.46); 1> = 0%
Test for overall effect: Z = 1.00 (P = 0.32)

1.5.2 CAM

Yang 2023 23 147 19 153 10.5% 1.31[0.68, 2.52] \im
Li 2024a 5 73 7 73 51% 0.69 [0.21, 2.29] i
Duan 2024 4 53 15 53 5.2% 0.21[0.06, 0.67]

Ma 2024 7 40 6 40 51% 1.20 [0.37, 3.95] NI
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Figure 4. (Continued) Forest plot of subgroup analyses comparing the effects of remimazolam vs propofol on the incidence of POD. (A) Subgroup
analysis by follow-up duration (1 day, 3 days, or 7 days); (B) Subgroup analysis by delirium assessment tool (Nu-DESC, CAM, or 3D-CAM/CAM-ICU).
Abbreviations: POD: Postoperative delirium; OR: Odds ratio; Cl: Confidence interval; Nu-DESC: Nursing delirium screening scale; CAM: Confusion assessment
method; CAM-ICU: Confusion assessment method for the intensive care unit.
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Supplemental data

Detailed search strategy for each database

PubMed

(“Remimazolam”[Supplementary Concept] OR remimazolam[tiab] OR “CNS 7056”[tiab] OR “ONO 2745”[tiab]) AND (“Propofol”’[MeSH Terms]
OR propofol[tiab] OR “ICI 35868”[tiab] OR disoprofol[tiab]) AND (“Delirium”[MeSH Terms] OR delirium[tiab] OR confusion[tiab] OR disorienta-
tion[tiab] OR cognitive[tiab] OR cognition[tiab]) AND (“Randomized Controlled Trial”[Publication Type] OR randomized[tiab] OR randomly|[tiab]
OR RCT[tiab] OR RCTs|[tiab])

Embase

(‘remimazolam’/exp OR remimazolam:ti,ab OR ‘CNS 7056’:ti,ab OR ‘ONO 2745’:ti,ab) AND (‘propofol’/exp OR propofol:ti,ab OR ‘ICI 35868":ti,ab
OR disoprofol:ti,ab) AND (‘delirium’/exp OR delirium:ti,ab OR confusion:ti,ab OR disorientation:ti,ab OR cognitive:ti,ab OR cognition:ti,ab) AND
(‘randomized controlled trial’/exp OR random*:ti,ab OR RCT:ti,ab OR RCTs:ti,ab) AND [humans]/lim

Cochrane Library (CENTRAL)
(remimazolam OR “CNS 7056” OR “ONO 2745”) AND (propofol OR “ICI 35868” OR disoprofol) AND (delirium OR confusion OR disorientation OR
cognitive OR cognition) AND (randomized controlled trial OR randomized OR randomly OR RCT OR RCTs)

Web of Science
TS=(remimazolam OR “CNS 7056” OR “ONO 2745") AND TS=(propofol OR “ICI 35868” OR disoprofol) AND TS=(delirium OR confusion OR
disorientation OR cognitive OR cognition) AND TS=(randomized OR randomly OR RCT OR RCTs)

CNKI
(FA: “HHZEML” OR “CNS 7056” OR “ONO 2745”) AND (X /&8 “PiEE” OR “ICI 35868” OR “disoprofol”) AND (EH#: “RFEE" OR “IE%E” OR
“BRIERR” OR “B IR OR “IAKITIREREHS” OR “IA%0”) AND (FA: “FEHLY BRI OR “RCT” OR “BE#HL” OR “BEHL541”)

English translation

(Subject: “Remimazolam” OR “CNS 7056” OR “ONO 2745”) AND (Subject: “Propofol” OR “ICI 35868” OR “disoprofol”) AND (Subject: “Postoper-
ative delirium” OR “Delirium” OR “Disorders of consciousness” OR “Disorientation” OR “Cognitive impairment” OR “Cognition”) AND (Subject:
“Randomized controlled trial” OR “RCT” OR “Randomized” OR “Random allocation”)

Wanfang Data
FH: (“BREML” OR “CNS 7056” OR “ONO 2745”) AND E/: (“FIABRY” OR “ICI 35868” OR “disoprofol”) AND Eil: (“RIFIEE" OR “IEE” OR
“BNERS” OR “AEIFERS” OR “IA40”) AND M (“FEHLY BRIAES” OR “BEHL” OR “RCT”)

English translation

Subject: (“Remimazolam” OR “CNS 7056” OR “ONO 2745”) AND Subject: (“Propofol” OR “ICI 35868” OR “disoprofol”) AND Subject: (“Postoperative
delirium” OR “Delirium” OR “Disorders of consciousness” OR “Cognitive impairment” OR “Cognition”) AND Subject: (“Randomized controlled trial”
OR “Randomized” OR “RCT”)

Zhou et al.
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