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delirium following remimazolam administration:
a systematic review and meta-analysis of 29
randomized trials
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Abstract

Background Postoperative delirium is a significant and common complication in surgical patients, particu-

larly in vulnerable populations such as the elderly. Remimazolam, a novel benzodiazepine, has been introduced

as an anesthetic agent with a favorable pharmacokinetic profile. However, its potential association with postoperative
delirium remains unclear. This study aims to systematically synthesize available evidence on the incidence of delirium
following remimazolam administration in surgical patients. We sought to identify significant moderators of delirium
incidence and to explore predictors of delirium through meta-regression analysis.

Methods A comprehensive literature search was conducted across multiple databases, including PubMed, Scopus,
Web of Science, Cochrane Library, and Google Scholar, up to May 20, 2024. The search was updated on Feb 2nd,
2025. Randomized trials were selected based on predefined criteria, and data on patient characteristics, surgical
details, and delirium incidence were extracted. A meta-analysis was performed to calculate the pooled incidence rate
of delirium, and subgroup and meta-regression analyses were conducted to identify incidence rate moderators.

Results A total of 29 RCTs, including 2,435 patients, were analyzed. The pooled incidence of postoperative delirium
following remimazolam administration was 5% (95%Cl: 3—7%). ASA IlI-IV patients had a delirium rate of 19% (95%Cl:
15-23%) compared to 1% (95%Cl: 0-1%) for ASA I-Il. Age was a key factor, with children showing the highest rate
(119, 95%Cl: 3-19%), followed by elderly patients (8%, 95%Cl: 4-13%), while adults had the lowest (1%, 95%Cl: 0-2%).
Delirium incidence was highest in oncologic (16%, 95%Cl: 0-34%) and orthopedic surgeries (12%, 95%Cl: 9-14%),
and lowest in gastrointestinal and endoscopic procedures (0%, 95%Cl: 0-1%). High-dose remimazolam was linked

to the lowest delirium incidence, while moderate doses had higher rates. Meta-regression identified surgery type

as the primary predictor, with orthopedic surgery having the highest risk compared to laparoscopic and abdominal
procedures (coefficient=0.081, p=0.03).

Conclusions Postoperative delirium occurs in 5% of surgical patients following remimazolam administration. Key
moderators include ASA classification, age, surgery type, and anesthetic dosing. Remimazolam may be safely used

in surgical patients, particularly when higher doses are administered, but caution is warranted in high-risk populations
such as elderly patients and those undergoing complex surgical procedures.
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Introduction

Postoperative delirium is a common and serious com-
plication that affects surgical patients, particularly those
who are elderly or have significant comorbidities [1].
Delirium is characterized by acute cognitive impairment,
fluctuating levels of consciousness, and disorganized
thinking, which can lead to increased morbidity, pro-
longed hospital stays [2], and higher healthcare costs [3].
Despite advances in anesthesia and surgical techniques,
the incidence of postoperative delirium remains substan-
tial, necessitating the ongoing investigation of risk factors
and preventive strategies [4].

Remimazolam, a novel benzodiazepine, has gained
attention for its rapid onset and offset of action, making
it an attractive option for procedural sedation and gen-
eral anesthesia [5]. Its pharmacokinetic profile, charac-
terized by organ-independent metabolism and a reduced
risk of accumulation, suggests that remimazolam may
offer advantages over traditional anesthetic agents, par-
ticularly in vulnerable populations [6]. However, the
safety profile of remimazolam, particularly concerning its
potential to induce postoperative delirium (ranging from
19-32%) [7-9], has not been fully elucidated.

Previous studies have provided mixed results regard-
ing the association between remimazolam and delirium,
with some suggesting an increased risk [7, 8], especially
in certain subpopulations such as the elderly or those
undergoing complex surgeries [7]. The existing literature
lacks a comprehensive synthesis of the available evidence,
particularly in understanding how patient characteristics,
surgery types, and remimazolam dosing influence delir-
ium risk.

In this context, we conducted a systematic review and
meta-analysis to assess the incidence rate of postopera-
tive delirium following remimazolam administration in
surgical patients. We also aimed to identify significant
moderators of delirium incidence and to explore the
potential predictors of delirium rate through meta-
regression analysis. Our findings are intended to inform
clinical practice by providing insights into the safe use
of remimazolam and identifying populations that may
require closer monitoring or alternative anesthetic
strategies.

Materials and methods

Design and literature search

This work has been reported in line with the PRISMA
[10] (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) and AMSTAR [11] (Assessing the
methodological quality of systematic reviews) Guide-
lines. Since it is not mandated in most guidelines, a
protocol in-priori was not registered on PROSPERO
[12]. We searched PubMed, Scopus, Web of Science,
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Cochrane Library, clinicaltrials.gov, and Google Scholar
(first 200 citations) [13] up to May 20, 2024. The search
was updated on Feb 2nd, 2025. The search strategy, out-
lined in Table S1, was adjusted per searched databases.
Citations were filtered based on their titles and abstracts.
No restrictions were applied regarding the original lan-
guage of publication. Manual searches included review-
ing reference lists and related articles on PubMed [14].
Given the fact that this is a secondary analysis of already
published data, the need for ethical approval was not
required.

Selection strategy

Studies were selected using the PICOS framework [15].
Single-armed and comparative randomized controlled
trials (RCTs) of surgical patients (regardless of the type
of surgery) receiving remimazolam (of any dose or route)
were included only if data regarding post-administration
delirium were provided. Meanwhile, we excluded the fol-
lowing studies: (1) non-original research and non-ran-
domized studies, (2) no report of remimazolam, (3) no
reporting of delirium, (4), (5) duplicate studies, and (6)
overlapping datasets.

Data collection and outcomes

The senior author designed the data collection sheet
using Microsoft Excel. The first part covered trials’ infor-
mation (authors’ names, year of publication, design, year
of investigation, registration, and follow-up), patients’
characteristics (sample size, age, gender, and ASA class),
and remimazolam data (route of administration, initial
dose, maintenance dose, and co-administered drugs) and
surgical information (type of surgery, surgery time, anes-
thetic time). Based on age, patients were categorized into
children (<18 years), adults (18-60 years), and elderly
(>60 years). Remimazolam dosing was categorized into
three levels based on previously reported pharmacoki-
netic data and clinical usage patterns [16—18]. Low-dose
induction was defined as<0.2 mg/kg, moderate-dose
induction ranged from 0.2 to 0.3 mg/kg, and high-dose
induction was>0.3 mg/kg. For maintenance, low-dose
infusion was defined as<0.5 mg/kg/h, moderate-dose
infusion ranged from 0.5 to 1 mg/kg/h, and high-dose
infusion was >1 mg/kg/h. These classifications were used
to facilitate subgroup analyses and assess potential dose-
dependent effects on postoperative delirium, while negat-
ing multicollinearity observed with numerous multi-level
variables such as dosing.

The second part covered our outcome of interest which
is the incidence rate of delirium post-remimazolam
administration. Data on the diagnostic criteria of delir-
ium were also extracted. Although we were interested
in determining emergence time [19, 20] and delirium
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duration [21], these data were scarcely reported in the lit-
erature; thus, a meta-analysis of these outcomes was not
feasible.

Risk of bias assessment

The revised Cochrane RoB-II tool (revised in 2019) was
used to assess the methodological quality of included tri-
als [22]. Each RCTs will be assessed on the level of five
domains: randomization, deviation from intended inter-
ventions, missing outcome data, outcome measurement
bias, and selective reporting. Finally, each trial will be
given a quality of low risk of bias, some concerns, or high
risk of bias.

Statistical analysis

Statistical analyses used STATA, following a predefined
plan without adjustments. We used the pooled effect
size [ES] and its corresponding 95% confidence interval
(CI) to report the pooled incidence rate. We employed
a random-effects model and used the last observation
carried forward method to handle data heterogeneity
and minimize missing data risks [23]. Heterogeneity was
quantified using the I statistic, with significant heteroge-
neity defined as I?>40% [24]. Sensitivity analyses tested
the robustness of results with Galbraith plots identifying
outliers, and publication bias was assessed with funnel
plots and asymmetry tests (if > 5 trials are reported) [25].

Identification of studies via databases and registers

)
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In studies reporting zero delirium events, a continuity
correction of 0.5 was applied to both the numerator and
denominator, and the Freeman-Tukey double arcsine
transformation was used to stabilize variance; sensitivity
analyses confirmed that these methods did not alter the
overall findings.

Subgroup analyses examined variables like follow-up,
risk of bias, country, surgery type, age group, baseline
ASA class, remimazolam use and induction/mainte-
nance dose, and co-administered drugs. Meta-regression
assessed the impact of study-level covariates (induction
and maintenance dose of remimazolam, ASA class, age,
surgery time, operative time, anesthesia time, follow-
up time, surgery type, co-anesthetics, and risk of bias),
adjusting for multicollinearity, which was evaluated
using variance inflation factors (>5 indicates problem-
atic multicollinearity) [26]. Model fit was assessed with
the adjusted R-squared (higher values reflect better fit).
Variables reported by at least five trials were eligible for
subgroup and meta-regression (significant heterogeneity
is mandatory) [27].

Results

Literature search results

The literature search and screening process yielded 512
citations, with 115 duplicates identified using EndNote
(Fig. 1). After removing duplicates, 397 articles remained,

Identification of studies via other methods

Reports not retrieved
(n=1)

v
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database search (n = 11)
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s echrmsw;egr;r: < 49)0m' screening. Records identified from:
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Google Scholar (n = 200) reasons (n = 0)
Records screened ,| Records excluded
(n=397) “| (n=360)
Reports sought for retrieval »| Reports not retrieved Reports sought for retrieval
= (n=37) (n=6) (n=27)
£
§ ! }
Reports assessed for eligibility Reports assessed for eligibility _
(n=31) — ! (n=26) >
Reports excluded:
No report of remimazolam (n = 1)
No report of delirium or reporting
delirium score (n = 3)
Study protocol (n = 5)
Non-randomized studies (n = 4)
v
3 Studies included in review
-] (n=29) -
% Studies included in quantitative [
£ analysis (n = 29)

Fig. 1 Aflow chart showing the recruitment process of patients in this study
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from which 360 were excluded during title/abstract
screening. We could not retrieve the full-text for six arti-
cles, leaving 31 for full-text review. Of these, nine were
excluded due to reasons such as lack of information on
remimazolam (n=1) or delirium (n=3), study protocols
(n=5), or non-randomized studies (#=4). The manual
search revealed no additional articles, resulting in 18
RCTs being eligible for data synthesis [8, 9, 19-21, 28—
40]. An updated search was done on Feb 2nd, 2025, yield-
ing 11 newly published RCTs on this topic [17, 41-50],
with 29 finally synthesized RCTs. A Chinese paper was
translated to English prior to data extraction [50]. Note-
worthy, in the updated search, we excluded four RCTs
because they included regional anesthesia [51], dental
anesthesia [52], mechanical ventilation [53], or for being
inaccessible due to the lack of a full text [54].

Baseline characteristics of examined RCTs and patients

A total of 29 RCTs were included in the final analy-
sis, with a combined sample size of 2435 patients. The
majority of the included studies were conducted in
China (n=23), followed by Korea (n=4), Japan (n=2),
and Germany (n=1) (Table 1). Most trials were single-
center studies, except for one bi-center RCT and one
multicenter study. The follow-up duration varied widely,
ranging from intraoperative assessments to 12 days
postoperatively.

The mean age of included patients ranged from 3 to 86
years, representing a diverse population spanning pedi-
atric, adult, and elderly groups (Table 2). Gender distri-
bution varied across studies, with male representation
ranging from 38 to 81%. Patients underwent a broad
range of surgical procedures, which were categorized into
gastrointestinal and endoscopic surgery (n=7), general
surgery and oncology (n=3), laparoscopic and abdomi-
nal surgery (n="7), orthopedic surgery (n=4), cardiovas-
cular and neurovascular surgery (n=4), urological and
gynecological surgery (n=3), and ENT surgery (n=3).

Regarding anesthetic management, remimazolam was
used for induction only in 8 studies, for maintenance only
in 6 studies, and for both induction and maintenance in
13 studies. The induction dose varied between 0.1 mg/kg
to 1.5 mg/kg, while maintenance doses ranged from 0.05
mg/kg/h to 12 mg/kg/h. Several co-administered drugs
were reported, including opioids (remifentanil, sufen-
tanil, fentanyl), muscle relaxants (cisatracurium, rocuro-
nium), and volatile anesthetics (sevoflurane, desflurane).

Delirium was assessed using multiple diagnostic crite-
ria. The Confusion Assessment Method (CAM) was used
in 9 trials, DSM-IV in 2 trials, Mini-Mental State Exami-
nation (MMSE) in 1 trial, Nursing Delirium Screening
Scale (NuDESC) in 2 trials, and the Pediatric Anesthe-
sia Emergence Delirium (PAED) scale in 2 trials, while
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11 trials relied on patient medical records (Table 2). The
included patient populations also differed in terms of
baseline risk, with most trials enrolling ASA I-II patients
(12 studies), while others included higher-risk popula-
tions, with ASA III-IV patients comprising the study
population in 2 trials.

The mean surgical time ranged from 11.9 to 212.7 min,
and anesthesia duration varied between 16.5 and 238.6
min. These baseline characteristics highlight the het-
erogeneity in patient populations, surgical settings, and
anesthetic management strategies across the included
RCTs, reinforcing the need for robust subgroup analyses
(Table 2).

Risk of bias of included studies

Of the 29 included RCTs, 24 had an overall low risk of
bias, while the remaining five trials had some concerns
secondary to the lack of information regarding randomi-
zation process and protocol registration (Fig. 2).

Pooled incidence rate of delirium

A total of 22 studies reported the incidence rate of delir-
ium post-remimazolam administration. The meta-analy-
sis revealed a pooled rate of 5% [95% CI: 3—7%] (Fig. 3).
A substantially high level of heterogeneity was observed
as expected [12=0.001; 12=93.51%; p=0.001]. However,
the leave-one-out sensitivity analysis revealed no signifi-
cant change in the observed incidence rate following the
exclusion of each study separately (Figure S1). The Gal-
braith plot showed 3 outliers; however, excluding them
did not affect the overall rate (Figure S2). The funnel
plot showed that all of included studies were at one side
of the graph, and the trim-and-fill method added 15 tri-
als to the left side (Figure S3). However, this is expected
since this is a meta-analysis of proportions and studies
are expected to have a pooled proportion more than 0%.
The Egger’s regression test showed no significant risk of
bias (p=0.531).

Subgroup analyses
Statistically significant differences in the incidence rate
of post-operative delirium were observed based on
patients’ age (p=0.001), surgery type (p=0.001), remi-
mazolam induction (p=0.001) and maintenance dose
(p=0.03), country (p=0.02), delirium diagnostic criteria
(p=0.001), ASA class (p=0.001), co-administered anes-
thetics (p=0.001), and follow-up (p=0.001) (Table 3).
No significant differences were observed based on risk of
bias or remimazolam use (anesthesia induction, mainte-
nance, or both).

At a country-level, postoperative delirium rate was
lowest in Korea (4 RCTs; 1%; 95%CL 0-3%, I>=0%)
and highest in Japan (2 RCTs, 10%; 95%CI: 0-22%,
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Table 1 Baseline characteristics of included randomized trials reporting postoperative delirium in patients receiving remimazolam

Author (YOP) Design Country YOI Sample Remimazolam FU
Total Remi Use Induction Maintenance
Chen (2024) RCT China Oct 2020— 240 122 Induction 0.17 mg/kg 0.15 mg/kg During Surgery
[29] Nov 2022
Liu (2024) [9] RCT China Oct 2023— 100 50 Induction 0.1-02mg/  04-12mg/ During Surgery
Jan 2024 and Mainte- kg kg/h
nance
Lee (2023) RCT China Sep2022— 78 39 Induction 0.1 mg/kg 1-2mg/kg/h 2 Days
[34] Jan 2023 and Mainte-
nance
Cai (2024) RCT China - 119 40 (infusion) Maintenance - 1 mg/kg/h During Surgery
09l 39 (bolus) - During Surgery
Yang (2023) RCT China Nov2021— 320 147 Induction 02-03mg/ - 3 Days
21] Jun 2022 and Mainte- kg
nance
Liu (2023) Bi-center RCT  China Feb—Jun 216 107 Induction 0.1 mg/kg - During Surgery
[35] 2022
Zhang RCT China Jul2021—Jun 129 71 Induction 0.1 mg/kg 0.3-0.7 mg/ During Surgery
(2024a) (48] 2022 and Mainte- kg/h
nance
Zheng (2022) RCT China Nov2020— 120 41 Induction 0.1 mg/kg 0.05 mg/kg During Surgery
[40] Oct 2021 and Mainte-
nance
39 Induction 0.15 mg/kg 0.05 mg/kg During Surgery
and Mainte-
nance
40 Induction 0.2 mg/kg 0.05 mg/kg During Surgery
and Mainte-
nance
Huang RCT China Sep 2021— 120 60 Induction 0.3 mg/kg 0.3 mg/kg/h During Anes-
(2023) [31] Jun 2022 and Mainte- thesia
nance
Luo (2023) RCT China Oct—Dec 115 38 Induction 0.3 mg/kg 1-3mg/kg/h 12 Days
[37] 2021 and Mainte-
nance
Jeon (2023) RCT Republic Dec2021— 122 60 Induction 6 mg/kg/h 1-2mg/kg/h  During Surgery
[33] of Korea Apr 2023 and Mainte-
nance
Cai (2024) RCT China Feb 2021— 90 30 Induction 1.5 mg/kg - 10 Minutes
[28] Feb 2022
Shimizu RCT Japan - 66 32 Induction 12mg/kg/h - 1-2mg/kg/h - 3 Hours
(2023) [38] and Mainte-
nance
Yang (2022) RCT China - 104 51 Post-anes- 0.2 mg/kg - During Surgery
[20] thetic
Guo (2022) RCT China Jan—Aug 82 39 Induction 0.15 mg/kg - During Surgery
[30] 2021
Lu (2022) [36] Multicenter China Sep 2020— 400 200 Induction 300 mg/h 2.5mg During Surgery
RCT Sep 2021 and Mainte-
nance
Huang RCT China - 138 67 Induction 10 mg/kg/h - - During Surgery
(2023) [32]
Fang (2024) RCT China - 728 364 Induction 02-025mg/ - 3 Days
[41] and Mainte- kg
nance
Zhou (2024) RCT China - 102 51 Induction 02-04mg/  02-04mg/ 3 days
[49] and Mainte- kg kg/h

nance
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Table 1 (continued)
Author (YOP) Design Country YOI Sample Remimazolam FU
Total Remi Use Induction Maintenance

Lu (2025) [45] RCT China Sep-Oct 2023 86 43 Post-anes- 0.1 mg/kg - 3 days

thetic
Zhang RCT China Mar-Oct 2023 128 65 Induction 0.3 mg/kg 1-1.5mg/kg/h 3 days
(2024b) [55] and Mainte-

nance
Fechner RCT Germany Jul2018—Apr 365 270 Induction 0.1 mg/kg - PACU
(2024) [8] 2020
Lee (2024) RCT Korea Aug 2022— 54 26 Induction 6 mg/kg/h 1-2mg/kg/h - After
[44] Apr 2023 and Mainte- emergence

nance from anes-

thesia

Luo (2024) RCT China May 2023— 112 56 Induction 0.3 mg/kg 1-2mg/kg/h  After extuba-
[46] Nov 2023 and Mainte- tion

nance
Ryu RCT Korea Dec2021— 36 17 Induction 12mg/kg/h - Day 1
(2024)[56] Sep 2022 and Mainte-

nance
Minghong RCT China Mar 2021— 135 45 Induction 0.2 mg/kg - Day 0
(2025) [57] Mar 2023 45 Induction 0.3 mg/kg -

45 Induction 0.4 mg/kg -

Harimochi RCT Japan Jun 2022— 60 28 Induction 6 mg/kg/h 0.68 mg/kg/h ICU
(2024) [42] Aug 2023 and Mainte-

nance
Ko (2024) RCT Korea Mar-Nov 2023 30 15 Induction 6-12 mg/ 1-2mg/kg/h Day 1
[43] and Mainte-  kg/h

nance
Duan (2024) RCT China Dec 2022— 106 53 Maintenance - 0.1-0.3 mg/ Day 7
[58] Jun 2023 kg/h

YOP year of publication, YOI year of investigation, RCT randomized controlled trial, FU follow-up, ICU intensive care unit

12=52.11%). In terms of age, adults had the lowest rate
(7 RCTs, 1%; 95%CI: 0-2%, I>=0.09%), while children
had the highest rate (4 RCTs, 11%; 95%CI: 3-19%,
I>=67.47%).

Oncologic (3 RCTs, 16%; 95%CIL: 0-34%, 1>=89.82%)
and orthopedic (4 RCTs, 12%; 95%CI: 9—-14%, I>=0.01%)
surgeries were associated with the highest rates, while GI
and endoscopic surgery was associated with the lowest
rate (7 RCTs, 0%: 95%CI: 0-1%, I*=0.03) (Fig. 4).

High induction (6 RCTs, 0%; 0-1%, I*=46.88%) and
maintenance (8 RCTs, 1%; 95%CIL: 0-2%, I>=0.02%) doses
of remimazolam were associated with the lowest rates of
postoperative delirium, while moderate doses were asso-
ciated with the highest rates (induction=3%; 95%CI:
2—-4%; maintenance=12%; 95%CI: 4—19%), respectively
(Figs. 5 and 6).

Significant variability was observed with the diagnos-
tic criteria used for delirium, where the PAED score was
associated with the highest rate of delirium diagnosis,
followed by CAM scale (9 RCTs, and NuDESC scale (2
RCTs, 7%; 95% CI: 0-19%, 1>=98.75%). Meanwhile, the
lowest rate was observed in trials using patients’ records

for defining delirium (11 RCTs, 1%; 95%CI: 0—1%, I*=0%)
(Fig. 7).

ASA was a very strong determinant of postoperative
delirium, with patients having milder forms of the dis-
ease (class I-1I) exhibiting the lowest rates of delirium
(12 RCTs, 1%; 95%CI: 0-1%, I*=0%), while those with
the severe forms (class III-IV) exhibiting the highest
rates (2 RCTs, 19%; 95% CI: 15-23%, I>=0.02%) (Fig. 8).

In terms of timing, significant variability was noted,
with the highest rates being observed in post-anesthe-
sia care unit (2 RCTs, 19%; 95%CIL: 15-23%, I>=0.02%).
The rates at 3-day and 7-day post-anesthesia were com-
parable (7%; 95%CI: 1-13% and 8%; 95%CI: 0—-15%),
respectively.

Regarding co-administered anesthetic drugs, fenta-
nyl was associated with the lowest rate of postoperative
delirium (4 RCTs, 0%; 95%CI: 0-1%, I*=0.95%), while
Rocuronium was associated with the highest rate (2
RCTs, 15%; 95%ClL: 6-23%, 12=0.01%). Remifentanil,
propofol, and sevoflurane had the same rate of 7%, but
with significant heterogeneity.
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Risk of bias domains
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Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Judgement

- Some concerns

. Low

Fig.2 A summary of the risk of bias of included randomized controlled trials using Cochrane’s revised risk of bias tool
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Study

Number of
successes Total

Proportion
with 95% ClI

Weight
(%)

Chen (2024)

Liu (2024)

Lee (2023)

Cai (2024a) - infusion

Cai (2024a) - bolus

Yang (2023)

Liu (2023)

Zhang (2024a)

Zheng (2022) - 0.1mg/kg
Zheng (2022) - 0.15mg/kg
Zheng (2022) - 0.2mg/kg
Huang (2023a)

Luo (2023)

Jeon (2023)

Cai (2024b)

Shimizu (2023)

Yang (2022)

Lu (2022)

Huang (2023b)

Fang (2024)

Zhou (2024)

Lu (2025)

Zhang (2024b)

Fechner (2024) - PACU
Fechner (2024) - day 1
Lee (2024)

Luo (2024)

Kyoung-Ho (2024) - 0 hr
Kyoung-Ho (2024) - 1 hr
Kyoung-Ho (2024) - 6 hr
Kyoung-Ho (2024) - 24 hr
Minghong (2025) - 0.2mg/kg
Minghong (2025) - 0.3mg/kg
Minghong (2025) - 0.4mg/kg
Harimochi (2024)

Ko (2024)

Gongchen (2024)

Overall

0 122
11 50
39
40
39
147
107
71
41
39
40
60
38
60
30
34
51
200
67
364
51
43
65
291
291
26
56
17
17
17
17
45
45
45
28
15
53

...._.+.+++++.

O O O N © O O O O O O o O

L

[6)]

n
» O

A O 00O O 1 O O O © © © Ww

’““H

Heterogeneity: t° = 0.00, I* = 93.51%, H = 15.41
Test of 6, = 6;: Q(36) = 206.06, p = 0.00

Testof 6 =0:z=15.39, p=0.00

Random-effects REML model

-

rrpgeen o

on

0.00 [ 0.00, 0.02]
0.22[0.11, 0.33]
0.13[0.02, 0.23]
0.05[0.00, 0.12]
0.08 [ 0.00, 0.16]
0.16[0.10, 0.22]
0.00 [ 0.00, 0.02]
0.08[0.02, 0.15]
0.01[0.00, 0.04]
0.01[0.00, 0.05]
0.01[0.00, 0.05]
0.01[0.00, 0.03]
0.01[0.00, 0.05]
0.01[0.00, 0.03]
0.30[0.14, 0.46]
0.06 [ 0.00, 0.14]
0.12[0.03, 0.21]
0.00 [ 0.00, 0.01]
0.01[0.00, 0.03]
0.12[0.08, 0.15]
0.10[0.02, 0.18]
0.01[0.00, 0.04]
0.01[0.00, 0.03]
0.19[0.15, 0.24]
0.01[0.00, 0.02]
0.02[0.00, 0.07]
0.010.00, 0.03]
0.03[0.00, 0.10]
0.03[0.00, 0.10]
0.03[0.00, 0.10]
0.03[0.00, 0.10]
0.11[0.02, 0.20]
0.11[0.02, 0.20]
0.13[0.03, 0.23]
0.18[0.04, 0.32]
0.03[0.00, 0.12]
0.08 [ 0.00, 0.15]

0.05[0.03, 0.07]

Fig. 3 Forest plot of the pooled incidence rate of remimazolam-associated delirium across all included randomized trials
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3.51
3.28
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3.67
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3.33
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3.64
2.93
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2.34
2.34
2.34
2.34
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2.00
1.86
1.22
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Table 3 The pooled proportion rate of postoperative delirium following remimazolam, stratified by study-level, patient-level, and

intervention-level characteristics

Studies Proportion (95% Cl) 12 (%) P-value
Age Adults 7 1% (0-2%) 0.090 0.001
Adults +Elderly 6 5% (0-10%) 94410
Elderly 12 7% (4-10%) 95.090
Children 4 11% (3-19%) 67470
Surgery Gl & Endoscopic Surgery 7 0% (0-1%) 0.03 0.001
Urological & Gynecological Surgery 6 1% (0-3%) 0.02
Cardiovascular & Neurovascular Surgery 4 6% (1-119%) 4343
General Surgery & Oncology 3 16% (0-34%) 89.82
Orthopedic Surgery 4 12% (9-14%) 0.01
ENT Surgery 3 5% (0-119%) 63.33
Laparoscopic & Abdominal Surgery 7 6% (2-10%) 7545
Not Categorized 3 7% (0—19%) 98.87
Risk of bias Low risk 24 5% (3-7%) 94.89 0.640
Some concerns 4 6% (2-10%) 75.02
Remimazolam Use Anesthesia induction only 6 8% (2-14%) 98.38 0.550
Anesthesia maintenance only 18 49% (2-6%) 87.25
Induction plus maintenance 3 7% (2-11%) 0.01
Post-anesthetic 2 6% (0-16%) 79.72
Remimazolam Induction Dose Low dose 11 2% (1-2%) 88.82 0.001
Medium dose 1 3% (2-4%) 85.40
High dose 6 0% (0-1%) 46.88
Remimazolam Maintenance Dose Low dose 4 2% (0-3%) 0.05 0.030
Moderate dose 4 12% (4-19%) 65.26
High dose 8 1% (0-2%) 0.02
Country China 21 5% (3-8%) 94.00 0.020
Germany 1 10% (0-28%) 98.28
Japan 2 10% (0-22%) 52.11
Korea 4 1% (0-3%) 0.00
Delirium Diagnostic Criteria CAM 9 8% (4-11%) 7133 0.001
DSM-IV 2 1% (0-3%) 0.03
MMSE 1 1% (0-3%) 0.03
NuDESC 2 7% (0-19%) 98.75
PAED 2 11% (3-19%) 6747
Patient records 11 1% (0-1%) 0.00
ASA -1l 12 1% (0-1%) 0.03 0.001
-1l 6 9% (3-15%) 89.81
-1l 5 8% (3-13%) 86.67
-1V 2 19% (15-23%) 0.02
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Table 3 (continued)
Studies Proportion (95% Cl) 12 (%) P-value

Follow-up 0 Hour 2 15% (0-42%) 88.53 0.001

1 Hour 2 2% (0-6%) 0.00

3 Hours 1 6% (0-14%) -

6 Hours 1 3% (0-10%) -

1 day 3 1% (0-2%) 0.05

2 days 1 13% (2-23%) -

3 days 5 7% (1-13%) 9233

7 days 1.000 8% (0-15%) -

12 days 1 1% (0-5%) -

After extubation 1 1% (0-3%) -

During anesthesia 1 1% (0-3%) -

During surgery 1 4% (2-6%) 91.94

PACU 2 19% (15-23%) 0.02
Co-administered Drugs Remifentanil 15 7% (4-10%) 88.21 0.001

Propofol 3 7% (3-11%) 54.85

Sufentanil 9 5% (1-9%) 9542

Cisatracurium 6 5% (1-9%) 91.17

Rocuronium 2 15% (6-23%) 0.01

Sevoflurane 5 7% (1-13%) 86.82

Fentanyl 4 0% (0-1%) 0.95

Alfentanil 1 16% (10-22%) -

Desflurane 1 16% (10-22%) -

Flumazenil 2 8% (0-24%) 79.75

Cl confidence interval, 1> measure of heterogeneity, P p-value of between group differences, ASA American Academy of Anesthesiologists, G/ gastrointestinal, ENT ear,
nose, and throat, NuDESC The Nursing Delirium Screening Scale, CAM Confusion Assessment Method, PAED Pediatric Anesthesia Emergence Delirium, MMSE Mini-

Mental State Examination, PACU post-anesthesia care unit

Meta-regression analysis

The univariate regression showed that surgery type, rem-
imazolam maintenance dose, operative time, anesthesia
duration, and delirium diagnostic criteria were significant
determinants of postoperative delirium rate (Table 4).
However, in the adjusted multivariate meta-regression
model, surgery type was the sole determinant of delirium
rate after controlling for all confounders, with ortho-
pedic surgery showing higher likelihood compared to
laparoscopic and abdominal surgery (coefficient=0.081,
p=0.03).

Discussion

This systematic review and meta-analysis provide a com-
prehensive evaluation of the incidence of postopera-
tive delirium following remimazolam administration in
surgical patients. The analysis, which synthesizes data
from 29 RCTs and includes 2,435 patients, reveals a
pooled delirium incidence rate of 5%. The heterogeneity
observed across studies is largely explained by variations

in patient demographics, anesthetic protocols, surgical
procedures, and delirium assessment methodologies. A
detailed exploration of subgroup and meta-regression
analyses reveals that baseline ASA classification, age, sur-
gery type, and remimazolam dosing strategies are critical
determinants of postoperative delirium risk. The analysis
also indicates that higher doses of remimazolam for both
induction and maintenance are associated with a lower
incidence of delirium, suggesting a dose-related protec-
tive effect against postoperative cognitive dysfunction.

Recent systematic reviews on remimazolam

Several recent systematic reviews have examined remi-
mazolam’s role in various clinical settings, including
procedural sedation, intensive care unit (ICU) sedation,
and general anesthesia. One systematic review compared
remimazolam and propofol for sedation in gastrointesti-
nal endoscopic procedures, highlighting remimazolam’s
superior safety profile in terms of reduced respiratory
depression and hypotension (Barbosa). While these
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Number of Proportion  Weight

Study successes Total with 95% CI (%)
Cardiovascular & Neurovascular Surgery

Zhang (2024a) 6 7 —— 0.08[ 0.02, 0.15] 2.60
Lee (2024) 0 26 W 0.02[ 0.00, 0.07] 2.93
Harimochi (2024) 5 28 ——w—— 0.18[ 0.04, 0.32] 1.2
Ko (2024) 0 15 — 0.03[ 0.00, 0.12] 2.13
Heterogeneity: ©* = 0.00, I? = 43.43%, H* = 1.77 0.06 [ 0.01, 0.11]
Testof 6,= 6;: Q(3) = 5.91, p = 0.12

Testof = 0: 2 = 2.25, p = 0.02

ENT Surgery

Shimizu (2023) 2 34 —m— 0.06[ 0.00, 0.14] 2.27
Yang (2022) 6 51 —— 0.12[ 0.03, 0.21] 2,07
Lu (2025) 0 43 W 0.01[ 0.00, 0.04] 3.36
Heterogeneity: ©* = 0.00, I” = 63.33%, H* = 2.73 0.05[-0.01, 0.11]

Test of 6, = 6;: Q(2) = 5.61, p = 0.06

Testof 6= 0:z=1.64, p = 0.10

Gl & Endoscopic Surgery

Chen (2024) 0 122l 0.00[ 0.00, 0.02] 3.64
Liu (2023) 0 107 |l 0.00[ 0.00, 0.02] 3.63
Zheng (2022) 0 21 0.01[ 0.00, 0.04] 3.33
Zheng (2022) 0 39 - 0.01[ 0.00, 0.05] 3.30
Zheng (2022) 0 40 W 0.01[ 0.00, 0.05] 3.31
Lu (2022) 0 200 W 0.00[ 0.00, 0.01] 3.67
Zhou (2024) 5 51 —— 0.10[ 0.02, 0.18] 2.21
Heterogeneity: ©* = 0.00, I” = 0.03%, H* = 1.00 ’ 0.00 [ -0.00, 0.01]

Test of 6, = 6; Q(6) = 5.97, p = 0.43

Testof 6 =0:z=1.61,p=0.11

General Surgery & Oncology

Liu (2024) 1 50 —a— 0.22[ 0.11, 0.33] 1.59
Huang (2023a) 0 60 0.01[ 0.00, 0.03] 3.51
Cai (2024b) 9 30 = 0.30[ 0.14, 0.46] 1.00
Heterogeneity: ©* = 0.02, I = 89.82%, H* = 9.82 ‘ 0.16 [-0.01, 0.34]

Test of 6, = 6 Q(2) = 23.89, p = 0.00

Testof = 0:z=1.80, p = 0.07

Laparoscopic & Abdominal Surgery

Cai (20242) 2 40 —W— 0.05[ 0.00, 0.12] 2.53
Cai (2024a) 3 39 —m— 0.08[ 0.00, 0.16] 2.17
Jeon (2023) 0 60 I 0.01[ 0.00, 0.03] 3.51
Luo (2024) 0 56 [l 0.01[ 0.00, 0.03] 3.48
Minghong (2025) 5 45 —m— 0.11[ 0.02, 0.20] 2.00
Minghong (2025) 5 45 1 0.11[ 0.02, 0.20] 2.00
Minghong (2025) 6 5 —B— 0.13[ 0.03, 0.23] 1.86

Heterogeneity: ©* = 0.00, I = 75.45%, H* = 4.07 ‘
Test of 6, = 6; Q(6) = 16.95, p = 0.01
Testof 6 =0:2=275,p=0.01

0.06[ 0.02, 0.10]

Not Categorized
Zhang (2024b) 0 65 0.01[ 0.00, 0.03] 353
Fechner (2024) 56 291 - 019 0.15, 024] 3.06
Fechner (2024) 3 201 M 001 0.00, 002] 364

Heterogeneity: ©* = 0.01, I = 98.87%, H’ = 88.36
Test of 6, = 6; Q(2) = 59.61, p = 0.00
Testof 0 =0:2=1.13,p=0.26

0.07[-0.05, 0.19]

Orthopedic Surgery

Lee (2023) 5 39 —m— 0.13[ 0.02, 0.23] 1.75
Yang (2023) 23 147 —— 0.16[ 0.10, 0.22] 2.74
Fang (2024) 42 364 - 0.12[ 0.08, 0.15] 3.33
Gongchen (2024) 4 53 —m— 0.08[ 0.00, 0.15] 2.45
Heterogeneity: ©* = 0.00, I” = 0.01%, H* = 1.00 ‘ 0.12[ 0.09, 0.14]

Test of 6, = 6: Q(3) = 3.08, p = 0.38

Testof 6 =0:z=9.04, p = 0.00

Urological & Gynecological Surgery

Luo (2023) 0 38 - 0.01[ 0.00, 0.05] 3.28
Huang (2023b) 0 67l 0.01[ 0.00, 0.03] 3.54
Kyoung-Ho (2024) 0 17 -— 0.03[ 0.00, 0.10] 2.34
Kyoung-Ho (2024) 0 17 B — 0.03[ 0.00, 0.10] 2.34
Kyoung-Ho (2024) 0 17 -— 0.03[ 0.00, 0.10] 2.34
Kyoung-Ho (2024) 0 17— 0.03[ 0.00, 0.10] 2.34

Heterogeneity: ©* = 0.00, I” = 0.02%, H* = 1.00
Test of 6, = 6;: Q(5) = 0.87, p = 0.97
Testof0=0:2=1.48,p=0.14

Overall ‘

Heterogeneity: ©* = 0.00, I = 93.51%, H’ = 15.41
Test of 6, = 6;: Q(36) = 206.06, p = 0.00
Testof 8 =0:z=5.39, p=0.00

0.01[-0.00, 0.03]

0.05[ 0.03, 0.07]

Test of group differences: Qu(7) = 87.50, p = 0.00

Random-effects REML model
Fig. 4 Forest plot showing the pooled rate of postoperative delirium
following remimazolam administration in randomized trials, stratified
by surgery type
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findings are relevant to procedural sedation, the present
study extends these observations to general anesthesia,
demonstrating a lower risk of postoperative delirium in
surgical patients.

Another meta-analysis focused on the geriatric popu-
lation emphasized remimazolam’s hemodynamic stabil-
ity and lower incidence of respiratory complications in
elderly patients undergoing procedural sedation (Lee).
The current analysis provides further evidence support-
ing its safety in older surgical patients, although the
risk of postoperative delirium remains elevated in this
subgroup.

A systematic review comparing remimazolam and
propofol in general anesthesia settings reported no
significant difference in postoperative delirium rates
between the two agents (Suga). However, that analy-
sis was based on a smaller dataset, whereas the current
study incorporates a larger and more diverse sample,
allowing for a more detailed subgroup analysis. The find-
ings suggest that remimazolam may confer a protective
effect against delirium in specific patient populations,
particularly when used at higher doses for both induction
and maintenance.

Key moderators of delirium incidence

ASA classification emerges as a significant predictor of
postoperative delirium, with patients classified as ASA
III-IV exhibiting a substantially higher delirium risk com-
pared to ASA I-1I patients. The ASA classification reflects
the overall health status of patients, with higher classes
indicating greater comorbidities and physiological stress
during surgery, which likely increases the susceptibility
to delirium [59]. This underscores the role of systemic
comorbidities in postoperative cognitive outcomes and
highlights the need for tailored perioperative manage-
ment strategies in high-risk populations [60].

Age is another critical determinant, with pediatric
patients showing the highest incidence of delirium, fol-
lowed by elderly patients, while adults experience the
lowest rates. This finding aligns with the known vulner-
ability of developing and aging brains to neurocognitive
disturbances [61]. Our results are consistent with the vul-
nerability of both very young [62] and older populations
[63] to cognitive disturbances post-surgery. In children,
the developing brain may be more sensitive to the effects
of anesthesia [64], while in the elderly, age-related cog-
nitive decline and comorbidities likely contribute to an
increased risk of delirium [65].

The type of surgery also plays a major role in delirium
risk, with oncologic and orthopedic procedures asso-
ciated with the highest incidence rates, whereas gas-
trointestinal and endoscopic surgeries demonstrate
the lowest. The physiological stress and inflammatory
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Number of Proportion Weight
Study successes Total with 95% CI (%)
High-dose
Shimizu (2023) 2 34 —_— 0.06 [ 0.00, 0.14] 0.26
Lu (2022) 0 200 [ | 0.00[ 0.00, 0.01] 33.97
Huang (2023b) 0 67 - 0.01[ 0.00, 0.03] 3.91
Kyoung-Ho (2024) 0 17 —_— 0.03[ 0.00, 0.10] 0.28
Minghong (2025) 6 45 —_— 0.13[ 0.03, 0.23] 0.16
Ko (2024) 0 15 —_— 0.03[ 0.00, 0.12] 0.22
Heterogeneity: I> = 46.88%, H* = 1.88 Q 0.00[-0.00, 0.01]

Test of 6, = 6;: Q(5) =9.41, p = 0.09
Testof 6=0:z=1.29,p=0.20

Low-dose

Chen (2024) 0 122 [ 0.00[ 0.00, 0.02] 12.74
Liu (2024) 11 50 _ 0.22[ 0.1, 0.33]  0.12
Lee (2023) 5 39 _ 0.13[ 0.02, 0.23] 0.15
Liu (2023) 0 107 [ 0.00[ 0.00, 0.02] 9.83
Zhang (2024a) 6 71 0.08[ 0.02, 0.15] 0.38
Zheng (2022) 0 41 -— 0.01[ 0.00, 0.04] 1.50
Zheng (2022) 0 39 -— 0.01[ 0.00, 0.05] 1.36
Zheng (2022) 0 40 -— 0.01[ 0.00, 0.05] 1.43
Cai (2024b) 9 30 —————————— 0.30[ 0.14, 0.46] 0.06
Yang (2022) 6 51 _— 0.12[ 0.03, 0.21]  0.21
Lu (2025) 0 43 — 0.01[ 0.00, 0.04] 1.64
Fechner (2024) 56 291 —_ 0.19[ 0.15, 0.24]  0.79
Minghong (2025) 5 45 _— 0.11[ 0.02, 0.20] 0.19
Heterogeneity: I” = 88.82%, H’ = 8.95 Q 0.02[ 0.01, 0.02]

Test of 6, = 6;: Q(12) = 107.38, p = 0.00
Testof 6 =0: z=4.08, p =0.00

Medium-dose

Yang (2023) 23 147 —_— 0.16 [ 0.10, 0.22] 0.47
Huang (2023a) 0 60 - 0.01[ 0.00, 0.03] 3.15
Luo (2023) 0 38 -— 0.01[ 0.00, 0.05] 1.29
Jeon (2023) 0 60 - 0.01[ 0.00, 0.03] 3.15
Fang (2024) 42 364 —— 0.12[ 0.08, 0.15] 1.50
Zhou (2024) 5 51 e 0.10[ 0.02, 0.18] 0.24
Zhang (2024b) 0 65 - 0.01[ 0.00, 0.03] 3.68
Lee (2024) 0 26 -— 0.02[ 0.00, 0.07] 0.62
Luo (2024) 0 56 -— 0.01[ 0.00, 0.03] 2.75
Minghong (2025) 5 45 —_— 0.11[ 0.02, 0.20] 0.19
Harimochi (2024) 5 28 _— 0.18[ 0.04, 0.32] 0.08
Heterogeneity: I” = 85.40%, H* = 6.85 ‘ 0.03[ 0.02, 0.04]
Test of 6, = 6: Q(10) = 68.48, p = 0.00
Testof 6 =0:z=5.15, p=0.00
Overall ‘ 0.01[ 0.01, 0.02]
Heterogeneity: I* = 85.43%, H® = 6.86
Test of 6, = 6;: Q(29) = 198.98, p = 0.00
Test of 6 =0:z=5.58, p=0.00
Test of group differences: Q,(2) = 13.71, p = 0.00

0 5

Fixed-effects inverse-variance model
Fig. 5 Forest plot showing the pooled rate of postoperative delirium following remimazolam administration in randomized trials, stratified
by remimazolam induction dose
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Number of Proportion Weight
Study successes Total with 95% CI (%)
High maintenance dose
Lee (2023) 5 39 i 0.13[0.02, 0.23] 1.75
Luo (2023) 0 38 - 0.01[0.00, 0.05] 3.28
Jeon (2023) 0 60 - 0.01[0.00, 0.03] 3.51
Shimizu (2023) 2 34 —— 0.06 [ 0.00, 0.14] 2.27
Zhang (2024b) 0 65 - 0.01[0.00, 0.03] 3.53
Lee (2024) 0 26 — 0.02[0.00, 0.07] 2.93
Luo (2024) 0 56 M- 0.01[0.00, 0.03] 3.48
Ko (2024) 0 15 —— 0.03[0.00, 0.12] 2.13
Heterogeneity: 7° = 0.00, I* = 0.02%, H* = 1.00 ¢ 0.01[0.00, 0.02]
Test of 6, = 6;: Q(7) = 6.67, p = 0.46
Testof 6 =0:z=2.06, p=0.04
Low maintenance dose
Zheng (2022) 0 41 - 0.01[0.00, 0.04] 3.33
Zheng (2022) 0 39 B 0.01[0.00, 0.05] 3.30
Zheng (2022) 0 40 B 0.01[0.00, 0.05] 3.31
Huang (2023a) 0 60 - 0.01[0.00, 0.03] 3.51
Zhou (2024) 5 51 —— 0.10[0.02, 0.18] 2.21
Gongchen (2024) 4 53 —l— 0.08[0.00, 0.15] 2.45
Heterogeneity: ©* = 0.00, I* = 0.05%, H* = 1.00 ¢ 0.02[0.00, 0.03]
Test of 6,=6;: Q(5)=7.17, p=0.21
Testof 6=0:z=2.17,p =0.03
Moderate maintenance dose
Liu (2024) 11 50 0.22[0.11, 0.33] 1.59
Cai (2024a) 2 40 —W—- 0.05[0.00, 0.12] 2.53
Zhang (2024a) 6 71 —— 0.08[0.02, 0.15] 2.60
Harimochi (2024) 5 28 L 0.18[0.04, 0.32] 1.22
Heterogeneity: ©* = 0.00, I° = 65.26%, H* = 2.88 = 0.12[0.04, 0.19]
Test of 6, = 6;: Q(3) = 7.68, p = 0.05
Testof 6 = 0: z=3.04, p =0.00
Overall 0 0.02 [ 0.01, 0.03]
Heterogeneity: ©° = 0.00, I = 0.01%, H* = 1.00
Test of 6, = 6;: Q(17) = 36.65, p = 0.00
Testof 6 =0:z=3.87,p =0.00
Test of group differences: Q,(2) =7.29, p =0.03

0 A . .

Random-effects REML model

Fig. 6 Forest plot showing the pooled rate of postoperative delirium following remimazolam administration in randomized trials, stratified

by remimazolam maintenance dose
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Heterogeneity: 7 = 0.00, I = 0.00%, H’ = 1.00
Test of 6, = 6;: Q(12) = 25.09, p = 0.01
Testof =0:2=2.23,p=0.03

Overall

Heterogeneity: t° = 0.00, I = 93.51%, H® = 15.41
Test of 6, = 6 Q(36) = 206.06, p = 0.00
Testof 6 =0:z=5.39, p=0.00

Test of group differences: Q,(5) = 25.06, p = 0.00

Random-effects REML model

0.01[ 0.00, 0.01]

0.05[ 0.03, 0.07)

(2025) 25:201
Number of Proportion Weight

Study successes Total with 95% CI (%)
CAM
Liu (2024) 11 50 —a— 0.22[ 0.11, 0.33] 1.59
Yang (2023) 23 147 —— 0.16[ 0.10, 0.22] 2.74
Zhang (2024a) 6 71 —— 0.08[ 0.02, 0.15] 2.60
Fang (2024) 42 364 s o 0.12[ 0.08, 0.15] 3.33
Zhou (2024) 5 51 —a— 0.10[ 0.02, 0.18] 2.21
Lu (2025) 0 43 [ 3 0.01[ 0.00, 0.04] 3.36
Kyoung-Ho (2024) 0 17 - 0.03[ 0.00, 0.10] 2.34
Kyoung-Ho (2024) 0 17 - 0.03[ 0.00, 0.10] 2.34
Kyoung-Ho (2024) 0 17 - 0.03[ 0.00, 0.10] 2.34
Kyoung-Ho (2024) 0 17 - 0.03[ 0.00, 0.10] 2.34
Harimochi (2024) 5 28 —a— 0.18[ 0.04, 0.32] 1.22
Gongchen (2024) 4 53 —a— 0.08[ 0.00, 0.15] 2.45
Heterogeneity: ©° = 0.00, I = 71.33%, H’ = 3.49 ‘ 0.08[ 0.04, 0.11]
Test of 6, = 6;: Q(11) = 43.35, p = 0.00
Testof 6 =0:z=4.51, p=0.00
DSM-V
Luo (2023) 0 38 [ 3 0.01[ 0.00, 0.05] 3.28
Jeon (2023) 0 60 0.01[ 0.00, 0.03] 3.51
Heterogeneity: ©° = 0.00, I = 0.03%, H* = 1.00 : 0.01[-0.01, 0.03]
Testof 6, = 6: Q(1) = 0.05, p = 0.83
Testof 6=0:2=0.98, p=0.33
MMSE
Zheng (2022) 0 41 [ 3 0.01[ 0.00, 0.04] 3.33
Zheng (2022) 0 39 | 3 0.01[ 0.00, 0.05] 3.30
Zheng (2022) 0 40 0.01[ 0.00, 0.05] 3.31
Heterogeneity: 7 = 0.00, I = 0.03%, H’ = 1.00 : 0.01[-0.01, 0.03]
Test of 6, = §: Q(2) = 0.00, p = 1.00
Testof 6=0:z2=1.23,p=0.22
NuDESC
Huang (2023a) 0 60 [ ] 0.01[ 0.00, 0.03] 3.51
Fechner (2024) 56 291 - 0.19[ 0.15, 0.24] 3.06
Fechner (2024) 3 291 ] 0.01[ 0.00, 0.02] 3.64
Heterogeneity: ©° = 0.01, I = 98.75%, H’ = 80.08 ‘ 0.07 [-0.05, 0.19]
Test of 6 = 6 Q(2) = 59.36, p = 0.00
Testof 6=0:z=1.14,p=0.25
PAED
Cai (2024a) 2 40 —— 0.05[ 0.00, 0.12] 2.53
Cai (2024) 3 39 —a— 0.08[ 0.00, 0.16] 2.17
Cai (2024b) 9 30 ————=&——— 0.30[ 0.14, 0.46] 1.00
Yang (2022) 6 51 —a— 0.12[ 0.03, 0.21] 2.07
Heterogeneity: ©° = 0.00, I* = 67.47%, H* = 3.07 ‘ 0.11[ 0.03, 0.19]
Testof 6, = 6: Q(3) = 8.11, p = 0.04
Testof 6=0:z=2.72,p=0.01
Patient records
Chen (2024) 0 122 0.00[ 0.00, 0.02] 3.64
Lee (2023) 5 39 —a— 0.13[ 0.02, 0.23] 1.75
Liu (2023) 0 107 [ ] 0.00[ 0.00, 0.02] 3.63
Shimizu (2023) 2 34 —— 0.06[ 0.00, 0.14] 2.27
Lu (2022) 0 200 | | 0.00[ 0.00, 0.01] 3.67
Huang (2023b) 0 67 | | 0.01[ 0.00, 0.03] 3.54
Zhang (2024b) 0 65 | ] 0.01[ 0.00, 0.03] 3.53
Lee (2024) 0 26 [ 0.02[ 0.00, 0.07] 2.93
Luo (2024) 0 56 [ 3 0.01[ 0.00, 0.03] 3.48
Minghong (2025) 5 45 —a— 0.11[ 0.02, 0.20] 2.00
Minghong (2025) 5 45 —a— 0.11[ 0.02, 0.20] 2.00
Minghong (2025) 6 45 —a— 0.13[ 0.03, 0.23] 1.86
Ko (2024) 0 15 - 0.03[ 0.00, 0.12] 2.13
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Fig. 7 Forest plot showing the pooled rate of postoperative delirium following remimazolam administration in randomized trials, stratified

by derlirium diagnostic criteria
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Number of Proportion Weight
Study successes Total with 95% Cl (%)
Lee (2024) 0 26 - 0.02[ 0.00, 0.07] 2.93
Ko (2024) 0 15 - 0.03[ 0.00, 0.12] 2.13
Heterogeneity: ©* = 0.00, I* = 0.02%, H? = 1.00 ‘ 0.02[-0.02, 0.07]
Test of 6, = 6;: Q(1) = 0.06, p = 0.80
Testof 6 =0:z=0.98, p=0.33
]|
Chen (2024) 0 122 || 0.00[ 0.00, 0.02] 3.64
Cai (2024a) 2 40 —— 0.05[ 0.00, 0.12] 253
Cai (2024a) 3 39 —— 0.08[ 0.00, 0.16] 217
Liu (2023) 0 107 [ | 0.00[ 0.00, 0.02] 3.63
Zheng (2022) 0 41 [ 3 0.01[ 0.00, 0.04] 3.33
Luo (2023) 0 38 [ o 0.01[ 0.00, 0.05] 3.28
Cai (2024b) 9 30 ———®——— 030[ 0.14, 0.46] 1.00
Shimizu (2023) 2 34 —— 0.06[ 0.00, 0.14] 227
Yang (2022) 6 51 —a— 0.12[ 0.03, 0.21] 2.07
Huang (2023b) 0 67 [} 0.01[ 0.00, 0.03] 3.54
Lu (2025) 0 43 [ 3 0.01[ 0.00, 0.04] 3.36
Zhang (2024b) 0 65 [ ] 0.01[ 0.00, 0.03] 3.53
Luo (2024) 0 56 [ 3 0.01[ 0.00, 0.03] 3.48
Heterogeneity: ©* = 0.00, I* = 0.03%, H* = 1.00 ‘ 0.01[ 0.00, 0.01]
Test of 6, = 6;: Q(12) = 24.67, p = 0.02
Testof 0 =0:z=2.55,p=0.01
-
Liu (2024) 1 50 —a— 0.22[ 0.11, 0.33] 1.59
Lee (2023) 5 39 —a— 0.13[ 0.02, 0.23] 1.75
Lu (2022) 0 200 [ | 0.00[ 0.00, 0.01] 3.67
Fang (2024) 42 364 E B 0.12[ 0.08, 0.15] 3.33
Zhou (2024) 5 51 —a— 0.10[ 0.02, 0.18] 221
Kyoung-Ho (2024) 0 17 - 0.03[ 0.00, 0.10] 2.34
Heterogeneity: 7° = 0.00, I* = 89.81%, H* = 9.81 ‘ 0.09[ 0.03, 0.15]
Test of 6, = 6;: Q(5) = 66.53, p = 0.00
Testof 6 =0:z=2.88, p=0.00
n-m
Yang (2023) 23 147 —— 0.16[ 0.10, 0.22] 2.74
Huang (2023a) 0 60 B 0.01[ 0.00, 0.03] 3.51
Jeon (2023) 0 60 | ] 0.01[ 0.00, 0.03] 3.51
Minghong (2025) 5 45 —— 0.11[ 0.02, 0.20] 2.00
Minghong (2025) 5 45 —a— 0.11[ 0.02, 0.20] 2.00
Minghong (2025) 6 45 —a— 0.13[ 0.03, 0.23] 1.86
Gongchen (2024) 4 53 —— 0.08[ 0.00, 0.15] 2.45
Heterogeneity: ©* = 0.00, I’ = 86.67%, H* = 7.50 ‘ 0.08[ 0.03, 0.13]
Test of 6, = 6: Q(6) = 36.59, p = 0.00
Testof 6 =0:z=3.07, p=0.00
n-v
Fechner (2024) 56 291 —- 0.19[ 0.15, 0.24] 3.06
Harimochi (2024) 5 28 —a— 0.18[ 0.04, 0.32] 1.22
Heterogeneity: ° = 0.00, I” = 0.02%, H* = 1.00 ‘ 0.19[ 0.15, 0.23]
Test of 6, = 6;: Q(1) = 0.03, p = 0.86
Testof 6 =0:z=8.68, p=0.00
Overall ’ 0.06 [ 0.04, 0.09]

Heterogeneity: ©° = 0.00, I” = 94.77%, H* = 19.11
Test of 6, = 6;: Q(29) = 200.71, p = 0.00
Testof 6 =0:z=5.09, p=0.00

Test of group differences: Q,(4) = 79.81, p = 0.00

Random-effects REML model
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Fig. 8 Forest plot showing the pooled rate of postoperative delirium following remimazolam administration in randomized trials, stratified
by baseline ASA (American Society of Anesthesiologists) class
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response associated with complex surgical interventions
likely contribute to these differences [66]. These complex
and invasive procedures likely induce greater physiologi-
cal stress, inflammation, and blood—brain barrier disrup-
tion, all of which are known contributors to delirium [67].

The dose-response relationship of remimazolam
provides additional insights into its impact on postop-
erative delirium. Higher doses of remimazolam for both
induction and maintenance are associated with a lower
incidence of delirium, suggesting that adequate dosing
may help mitigate cognitive disturbances. These find-
ings contrast with traditional concerns about benzodi-
azepine-associated cognitive impairment and indicate
that remimazolam’s pharmacokinetics, including rapid
metabolism and minimal accumulation, may play a role
in reducing delirium risk [55].

Potential mechanisms underlying remimazolam-asso-
ciated delirium may be multifactorial. Remimazolam, as a
benzodiazepine, exerts its effects by enhancing the activ-
ity of y-aminobutyric acid (GABA) at GABA-A recep-
tors, which play a critical role in neuronal excitability
and cognitive function [68]. Variability in GABA receptor
subtypes and distribution across different patient popu-
lations—especially in pediatric and elderly individuals—
could contribute to differing susceptibilities to delirium
[69]. Additionally, remimazolam’s rapid metabolism and
short context-sensitive half-life, while generally advan-
tageous for quick recovery, might lead to fluctuations in
sedation depth in vulnerable patients, potentially trig-
gering cognitive disturbances [70]. Furthermore, the
observed dose—response relationship—where higher
doses were associated with a lower incidence of delir-
ium—may indicate that maintaining a stable and ade-
quate level of sedation reduces the likelihood of abrupt
changes in neural activity that predispose to delirium.
These pharmacokinetic and pharmacodynamic proper-
ties, along with individual patient factors such as comor-
bidities and baseline cognitive reserve, likely interact to
influence the risk of postoperative delirium.

Clinical implications
The findings of this study have important implications for
the use of remimazolam in surgical anesthesia. The iden-
tification of key moderators of delirium risk suggests that
anesthetic management should be individualized based
on patient characteristics. In high-risk populations, such
as those with high ASA classifications or undergoing
complex oncologic or orthopedic surgeries, close post-
operative monitoring for cognitive disturbances may be
warranted [60].

Optimizing remimazolam dosing strategies may also
enhance its safety profile. The observed reduction in
delirium incidence with higher doses highlights the
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importance of appropriate dose selection to minimize
neurocognitive side effects while maintaining hemody-
namic stability. The findings also support the broader use
of remimazolam in surgical settings where minimizing
hemodynamic fluctuations is a priority, particularly in
elderly patients and those with significant comorbidities
[61].

Strengths and limitations

This study benefits from a rigorous methodology, adher-
ence to PRISMA guidelines, and the inclusion of a large
and diverse evidence base. The use of advanced statisti-
cal techniques, including meta-regression and sensitivity
analyses, enhances the validity of the findings. The exclu-
sion of non-randomized studies strengthens the overall
reliability of the conclusions.

Despite these strengths, some limitations must be
acknowledged. The presence of significant heterogene-
ity across studies remains a challenge, although robust
statistical methods were employed to account for this
variability. We acknowledge that the high level of het-
erogeneity (I=97.88%) in our pooled analysis raises
concerns regarding the reliability of the overall estimate.
This variability likely reflects several underlying factors.
Differences in patient characteristics—including age dis-
tribution, baseline ASA classification, and comorbidi-
ties—may contribute significantly, as delirium incidence
was markedly higher in elderly and high-risk populations.
Moreover, variations in surgical type, with some proce-
dures (e.g., orthopedic and oncologic surgeries) inher-
ently associated with a higher stress response and risk of
cognitive impairment, further amplify this heterogeneity.
Differences in remimazolam administration (induction
vs. maintenance vs. combined use), dosing strategies, and
the use of co-administered anesthetic drugs also likely
play a role. Additionally, the use of various delirium diag-
nostic criteria (such as CAM, DSM-IV, MMSE, NuDESC,
and PAED) across studies introduces further variability
in outcome assessment. Although these factors collec-
tively contribute to the observed heterogeneity, sensitiv-
ity analyses and meta-regression have helped identify
significant moderators, particularly the type of surgery. It
is important to interpret the pooled estimate in this con-
text, understanding that while the overall figure provides
a useful summary, the risk of postoperative delirium is
highly dependent on patient and procedural factors.

The reliance on different delirium assessment tools
across studies introduces potential inconsistencies, and
while efforts were made to standardize data extraction,
this remains an inherent limitation of systematic reviews
and meta-analyses. Furthermore, the possibility of publi-
cation bias cannot be entirely ruled out, despite the use
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of the trim-and-fill method to adjust for asymmetry in
the funnel plot.

Future research directions

Future research should focus on prospective rand-
omized controlled trials comparing remimazolam with
other anesthetic agents in high-risk surgical populations.
Investigating the underlying mechanisms of remima-
zolam’s potential neuroprotective effects through phar-
macogenetic studies could provide valuable insights.
Additionally, longitudinal studies assessing long-term
cognitive outcomes following remimazolam-based anes-
thesia would help clarify its impact on postoperative cog-
nitive recovery [55].

In conclusion, this systematic review and meta-analysis
indicate that postoperative delirium following remima-
zolam administration occurs in approximately 5% of sur-
gical patients, with significant variability across patient
subgroups and surgical settings. The findings suggest that
remimazolam, particularly at higher doses, may offer a
protective effect against delirium in certain populations.
The identification of key moderators, including ASA clas-
sification, age, surgery type, and remimazolam dosing,
highlights the importance of individualized anesthetic
management strategies. Future research should further
explore these associations to refine perioperative anes-
thesia protocols and optimize patient outcomes.
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