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Abstract. Sedation is a critical component of modern anes‑
thesia and procedural medicine, particularly outside the 
operating room. Dexmedetomidine and remimazolam have 
emerged as prominent sedatives due to their unique pharmaco‑
logical profiles. However, the comparative efficacy and safety 
of these agents remain incompletely understood, especially 
regarding recovery times and adverse events. In the present 
study, a systematic review and meta‑analysis as performed 
following Preferred Reporting Items for Systematic Reviews 
and Meta‑Analyses guidelines. A comprehensive literature 
search was conducted across PubMed, Cochrane Library 
and Scopus from inception until March 2025. The eligible 
studies compared the sedation efficacy, safety and recovery 
time of the dexmedetomidine group with the remimazolam 
group. Data extraction was independently conducted by two 
reviewers using a standardized data collection form. The meth‑
odological quality of observational studies was assessed using 
the Risk of Bias in Non‑randomized Studies‑of Interventions 
(ROBINS‑I) tool, while randomized controlled trials (RCTs) 
were evaluated using the Cochrane Risk of Bias 2.0 (RoB 
2.0) tool. Meta‑analyses were conducted using random‑effects 
models, and heterogeneity was evaluated through prediction 
interval analysis and sensitivity testing. A total of 9 studies 
were included, 4 of which were RCTs and judged to have low 
risk of bias across all domains. The remaining 5 observational 
studies, with most rated as having moderate risk of bias and 
1 study rated as serious due to confounding and outcome 
measurement concerns. The forest plot analysis revealed that 
there was no statistically significant difference in the seda‑
tion efficacy between the dexmedetomidine group and the 
remimazolam group [standardized mean difference (SMD), 
0.049; 95% confidence interval (CI), ‑0.101 to 0.198; P=0.523]. 
However, the remimazolam group consistently demonstrated 

significantly shorter full alertness times compared with the 
exmedetomidine group (SMDs ranging from ‑0.511 to ‑1.852, 
all P<0.001). There was no significant difference in the overall 
risk of adverse events between the two groups [odds ratio 
(OR), 1.509; 95% CI, 0.246‑9.153; P=0.654]; however, the 
subgroup analysis showed that the risk of arrhythmia in the 
dexmedetomidine group was significantly higher than that 
in the remimazolam group (OR, 2.152; 95% CI, 1.158‑3.999; 
P=0.015). In conclusion, both dexmedetomidine and remima‑
zolam achieved similar sedation success rates, indicating 
no significant difference in procedural efficacy. However, 
remimazolam was associated with significantly faster recovery 
times and a lower risk of arrhythmia, making it particularly 
attractive for short‑duration or outpatient procedures where 
rapid emergence and hemodynamic stability are prioritized.

Introduction

The use of sedatives in patients is a critical aspect of 
modern anesthesia and procedural medicine, particularly in 
non‑operating room settings. Among the agents available, 
dexmedetomidine and remimazolam have emerged as promi‑
nent choices due to their unique pharmacological profiles and 
efficacy in achieving sedation with minimal adverse effects (1).

Dexmedetomidine, an α‑2 adrenergic agonist, is known 
for its sedative and analgesic properties and is often utilized 
in various procedures including, orthopedic surgeries, 
cardiovascular surgeries and neurosurgery procedures  (2). 
Dexmedetomidine offers advantages such as reduced opioid 
requirements and minimal respiratory depression, making it 
suitable for use in patients undergoing sedation outside the 
operating room (3,4). However, its use is not without chal‑
lenges; higher doses can lead to bradycardia and hypotension, 
necessitating careful monitoring and dosage adjustments (5,6).

By contrast, remimazolam, a newer benzodiazepine, has 
gained attention for its rapid onset and short duration of action, 
which may be particularly beneficial when quick recovery 
from sedation is often desired (7). Studies have indicated that 
remimazolam provides comparable hemodynamic stability to 
dexmedetomidine, with a lower incidence of adverse cardio‑
vascular events (8,9). This characteristic is crucial in patients 
who may be more susceptible to the hemodynamic fluctuations 
associated with sedation (8). Furthermore, remimazolam has 
been associated with a reduced incidence of postoperative 
delirium compared with traditional sedatives (9,10).
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Despite the promising profiles of both agents, the existing 
literature reveals a gap in large‑scale comparative studies. 
Most studies to date have been limited in scope, often 
involving small sample sizes and heterogeneous populations, 
which complicates the generalizability of their findings (8,9). 
A systematic review and meta‑analysis focusing on the 
comparative efficacy of dexmedetomidine and remimazolam 
in sedation is warranted to synthesize the available evidence 
and provide clearer insights into their relative advantages and 
disadvantages. Moreover, the safety profiles of these agents 
must be carefully evaluated. While dexmedetomidine is 
generally well‑tolerated, its potential for inducing bradycardia 
and hypotension raises concerns, particularly in vulnerable 
patients (5,6). Additionally, remimazolam, despite its rapid 
metabolism and favorable recovery profile, has been associated 
with rare but serious adverse events, including anaphylaxis (11). 
Understanding these risks is essential for clinicians when 
selecting the appropriate sedative for patients. In conclusion, 
the comparative efficacy of dexmedetomidine and remima‑
zolam in sedation represents a critical area of inquiry. The 
present systematic review and meta‑analysis aims to elucidate 
the relative safety and efficacy of these two agents, providing 
evidence‑based guidance for clinicians involved in sedation 
practices. By addressing the existing gaps in the literature, the 
present study seeks to enhance the understanding of sedation 
strategies, ultimately improving patient outcomes and safety.

Materials and methods

Study design and reporting standards. The present system‑
atic review and meta‑analysis was conducted to compare the 
efficacy and safety of dexmedetomidine and remimazolam 
for sedation. The review adhered to the Preferred Reporting 
Items for Systematic Reviews and Meta‑Analyses (PRISMA) 
guidelines to ensure methodological rigor and transparency in 
reporting (12). This review was not registered on PROSPERO 
or any other public platform.

Literature search. A comprehensive literature search was 
performed across multiple electronic databases, including 
PubMed (https://pubmed.ncbi.nlm.nih.gov/), Cochrane Library 
(https://www.cochranelibrary.com/), Scopus (https://www.
scopus.com/), Web of Science (https://clarivate.com/), Embase 
(https://www.embase.com/) and trial registries (https://clinical‑
trials.gov/) from their inception until March 2025. The search 
strategy included keywords such as ‘dexmedetomidine’, 
‘remimazolam’ and ‘sedation’. The search was limited to studies 
published in English and involving populations aged >18 years.

Inclusion and exclusion criteria. Studies were included if 
they met the following criteria: i) Randomized controlled 
trials (RCTs) or observational studies comparing the sedative 
effects of dexmedetomidine and remimazolam; ii) reported 
outcomes related to sedation efficacy, safety or adverse events; 
and iii) provided sufficient data for meta‑analysis. Studies 
were excluded if they involved pediatric populations, were not 
peer‑reviewed or if they lacked relevant outcome measures, 
defined as the absence of any data on sedation success rates, 
recovery times (such as time to full alertness or discharge) or 
adverse events (such as arrhythmia, hypotension or hypoxia).

Data extraction. In total, two independent reviewers extracted 
data from the included studies using a standardized data extrac‑
tion form. The extracted data included study characteristics 
(including author, year and sample size), patient demographics 
(including age and sex), sedation protocols (including dosage and 
administration route) and outcomes (including sedation success 
rates, adverse events and recovery times). Sedation success was 
defined as the achievement of an adequate depth of sedation, as 
determined by the individual study protocols, without the need for 
rescue sedatives or conversion to general anesthesia. Most studies 
determined this using standardized sedation scales (such as 
Modified Observer's Assessment of Alertness/Sedation score of 
≤3 Richmond Agitation‑Sedation Scale of ‑2 to ‑3) with no major 
sedation‑related complications (13,14). Sedation failure includes: 
i) Poor sedation effect; ii) the need for additional unplanned seda‑
tion measures; and iii) patient movement causing interruption of 
the operation or switching to other sedatives. Procedure success 
was defined as the uninterrupted and complete performance of 
the intended intervention (such as flexible bronchoscopy, gastro‑
intestinal endoscopy or transcatheter aortic valve replacement) 
without escalation of sedation, patient intolerance or procedure 
abandonment. Consistent with Kim et al (15), surgery failure was 
defined as conversion to general anesthesia, need for sedation 
intensification beyond protocol or premature termination due to 
patient non‑cooperation or sedation‑related complications. There 
was a high agreement between the two reviewers regarding the 
extracted data (κ=82%). Discrepancies between reviewers were 
resolved through discussion or consultation with a third reviewer.

Quality assessment. For quality assessment of non‑random‑
ized studies, the Risk of Bias in Non‑randomized Studies‑of 
Interventions (ROBINS‑I) tool (version 2016; https://www.
riskofbias.info/welcome/home) was employed. Each study was 
classified as having low, moderate, serious or critical risk of 
bias overall, according to the highest risk level obtained in any 
of the seven domains. Studies judged to have low or moderate 
risk of bias were considered of good quality, whereas those rated 
serious or critical were considered of poor quality. For RCTs, 
the revised Cochrane risk‑of‑bias tool for randomized trials 
(RoB 2.0; https://www.riskofbias.info/welcome/rob‑2‑0‑tool) 
was applied. This evaluates bias arising from the randomiza‑
tion process, deviations from intended interventions, missing 
outcome data, outcome measurement and selective reporting. 
In total, two reviewers independently performed the assess‑
ments and any discrepancies were resolved by consensus.

Statistical analysis. Meta‑analyses were conducted 
using Comprehensive Meta‑analysis Software (version 2; 
https://meta‑analysis.com/pages/v2download). The primary 
outcomes assessed were sedation success rates and the 
incidence of adverse events. Continuous outcomes, such 
as recovery times, were analyzed using mean differences, 
while dichotomous and continuous outcomes were analyzed 
using odds ratios (ORs) and standardized mean differences 
(SMDs), respectively. A random‑effects model was employed 
to account for variability between studies. Heterogeneity 
was assessed using prediction interval analysis. Sensitivity 
analyses were performed to evaluate the robustness of the 
findings. P<0.05 was considered to indicate a statistically 
significant difference.
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Publication bias and small‑study effects. To assess the 
robustness of the pooled estimate against publication bias two 
complementary analyses were conducted. First, the classic 
Fail‑safe N (Rosenthal method) was calculated to determine 
how many additional ‘null’ studies (mean OR=1.00) would be 
required to render the overall result non‑significant at P=0.05. 
A threshold of 5k + 10 (where k is the number of included 
studies) was used to judge whether the Fail‑safe N was 
sufficiently large. Second, Duval & Tweedie's trim‑and‑fill 
procedure was applied to estimate potentially missing studies 
and to provide an adjusted pooled effect size. Both analyses 
were performed using the ‘metafor’ package (version 4.4‑0) in 
R 4.3.1 (https://www.r‑project.org/). P<0.05 was considered to 
indicate a statistically significant difference.

Ethical considerations. As the present study involved a 
systematic review of previously published data, ethical 
approval was not required. However, all included studies were 
required to have obtained appropriate ethical approvals from 
their respective institutional review boards.

Results

General study characteristics. A total of 9 studies were included 
in the final analysis (Fig. 1), comprising 4 RCTs and 5 observa‑
tional studies, as detailed in Table I. The 4 RCTs included were 
conducted by Chen et al (16), Chen et al (17), Lee et al (18) 
and Xu et al (19). These trials primarily compared the proce‑
dural sedation of remimazolam with dexmedetomidine in a 
controlled clinical setting, such as awake tracheal intubation 
and fiberoptic bronchoscopy. Most trials used standardized 
sedation protocols, enabling robust head‑to‑head comparisons. 
The 5 observational studies included were by Kitaura et al (7), 
Hong et al (20), Deng et al (21), Zhou et al (22) and Kim et al (1). 
These studies employed retrospective or prospective cohort 
designs to evaluate remimazolam and dexmedetomidine in 
real‑world clinical practice, including transcatheter aortic 
valve replacement (TAVR), gastrointestinal surgery in obese 
patients and scoliosis procedures. Sample sizes ranged from 
60 to 464.

Across all studies, remimazolam was administered intra‑
venously (IV) at doses between 0.05 and 12 mg/kg/h, while 
dexmedetomidine was administered at doses of 0.5 to 1 µg/kg 
IV. Sedation success rates were consistently high for both 
agents: 70.9 to 96.2% for remimazolam and 65.1 to 92.8% for 
dexmedetomidine. Notably, remimazolam was consistently 
associated with faster recovery time, underscoring its clinical 
advantage in time‑sensitive procedural environments.

Main study outcomes. Overall, the six outcomes analyzed 
showed mixed findings (Fig.  2), with most pooled esti‑
mates crossing the line of no effect (the CIs pass through 
0). For the discharge time, SMDs ranged from ‑2.423 to 
0.653 [for example, Chen et al (16): SMD=‑0.796, P<0.001; 
Lee et al (18): SMD=0.653, P=0.005], reflecting inconsistency 
across studies. Expert satisfaction (SMDs ranging ‑0.729 to 
0.660) and procedure success (SMDs ranging ‑0.901 to 0.423) 
similarly showed no clear direction of benefit. By contrast, 
patient satisfaction was predominantly positive (SMDs 
ranging from 0.238 to 0.533), with a few estimates achieving 

significance at P<0.05. Procedure time ranged close to zero 
(for example, ‑1.990 to 0.465, with P‑values from <0.001 to 
0.781), suggesting no robust advantage for either agent. The 
one consistently favoring result emerged in the time to fully 
alert outcome, where nearly all studies reported significantly 
shorter times (SMDs ranging ‑0.511 to ‑1.852, all P<0.001) in 
the remimazolam group. Notably, when all outcomes were 
pooled (bottom diamond), the effect size was SMD=0.049 
[standard error, 0.076; 95% confidence interval (CI), ‑0.101 to 
0.198; P=0.523], indicating no overall statistically significant 
difference in the efficacy between dexmedetomidine and 
remimazolam across the included studies. While the pooled 
SMD for overall efficacy was non‑significant, recovery‑related 
endpoints such as time to full alertness consistently favored 
remimazolam, indicating potential procedural advantages in 
select clinical contexts.

Meta‑regression and moderator analysis. The moderator anal‑
ysis assessed the influence of patient age and drug dose on the 
comparative efficacy of remimazolam vs. dexmedetomidine 
in all included procedures, using a mixed‑effects meta‑regres‑
sion model (Fig. 3). None of the tested moderators, including 
age (remimazolam: P=0.662; dexmedetomidine: P=0.658) or 
dose (remimazolam: P=0.470; dexmedetomidine: P=0.235), 
significantly predicted the log OR of sedation outcomes. 
The joint test for all moderators was non‑significant (Q=1.77, 
df=4, P=0.778), indicating that variability in effect sizes 
could not be explained by the examined covariates. However, 
high residual heterogeneity remained (τ²=3.56; I²=93.9%), 
suggesting substantial between‑study variance not accounted 
for by the included moderators. A comparison with the null 
model (τ²=2.99; I²=92.7%) showed negligible explained vari‑
ance (R² analog=0.00), highlighting the limited explanatory 
power of the tested variables. These results suggest that neither 
age nor dose significantly moderated the differential sedation 
effects of remimazolam and dexmedetomidine in the included 
studies.

Sensitivity analysis. To investigate the sources of hetero‑
geneity, a leave‑one‑out sensitivity analysis (Fig.  4) was 
performed by sequentially removing each study from the 
overall meta‑analysis for the procedure success outcome. 
The resulting pooled ORs with each single study excluded 
ranged from 0.784 (95% CI, 0.313‑1.967; P=0.604) to 1.320 
(CI, 0.755‑2.309, P=0.331), and in all cases, the CIs included 1 
(that is, no effect). Additionally, the removal of no single study 
produced a statistically significant change in the overall esti‑
mate (all P>0.05), indicating that the finding of no meaningful 
difference in procedure success between groups was robust 
and not driven by any single trial.

Publication bias. Visual inspection of the funnel plot 
for procedure success outcomes suggested a reasonably 
symmetric distribution (Fig. 5). Begg‑Mazumdar rank correla‑
tion test did not detect significant publication bias (Kendall's 
τ=0.20; P=0.53). Additionally, Egger's regression test showed 
no evidence of small‑study effects (intercept=‑1.87; standard 
error=1.91; P=0.337), further supporting the absence of 
significant bias. While the classic N analysis indicated that 
zero additional ‘null’ studies would be needed to invalidate the 
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findings, it should be acknowledged that such an approach may 
be underpowered in the context of a relatively small number 
of included studies (n=9). Nevertheless, Duval and Tweedie's 
trim‑and‑fill method did not materially alter the overall effect 
size (adjusted OR=0.43 vs. observed OR=0.39), reinforcing 
the robustness of the meta‑analytic estimate. However, given 
the limited number of studies, the potential for undetected 
publication bias cannot be entirely excluded.

Safety analysis. Across most safety endpoints evaluated 
(Fig. 6), including acute kidney injury, mortality, bradycardia, 
delirium, epistaxis, hypertension, hypotension, hypoxia, 
respiratory depression, stroke and transfusion, no statistically 
significant differences emerged between remimazolam (to the 
left in the forest plot) and dexmedetomidine (to the right). 
Most individual ORs had 95% CIs crossing 1.0 (for example, 
epistaxis: OR=2.028, 95% CI=0.180‑22.871, P=0.567; hyper‑
tension: OR=1.635, 95% CI=0.627‑4.263, P=0.315). Only 
arrhythmia had significant significance (OR, 2.152; 95% CI, 
1.158‑3.999; P=0.015). The overall pooled estimate for all 
adverse events was OR=0.932 (95% CI, 0.731‑1.188; P=0.570), 
indicating no statistically significant difference in the overall 
safety profiles between the two sedatives.

Heterogeneity. Based on the prediction‑interval analysis, the 
mean standardized difference in means (g) was estimated to 
be 0.92, with a 95% CI extending from ‑0.13 to 1.97, indicating 
that the average effect could plausibly range from a small 
negative to a moderately positive value. The 95% prediction 
interval was even wider, ‑1.43 to 3.27, which suggests that in 

approximately 95% of similar populations, the true effect size 
could fall anywhere within that broader span. In other words, 
while the mean effect might appear moderately large, the 
relatively wide confidence and prediction intervals highlight 
considerable uncertainty and variability around the true effect 
(Fig. 7).

Quality of the included studies. The ROBINS‑I analysis 
indicated that the overall risk of bias among the observa‑
tional studies was predominantly moderate, with 1 study 
[Hong et al (20)] rated as having a serious risk due to potential 
confounding and outcome measurement issues. Most studies 
exhibited low bias in the participant selection and missing data 
domains (Table II). By contrast, all 4 included RCTs (16‑19) 
demonstrated low risk of bias across all RoB 2.0 domains, 
suggesting high internal validity (Table III).

Comorbidities. Table  IV summarizes the reported comor‑
bidities in each of the 9 included studies. The prevalence 
of hypertension ranged from 20.0 to 26.4%, while diabetes 
mellitus was reported in 3.4 to 7.2% of patients, where data were 
available. Cardiovascular disease was present in up to 4.0% of 
some cohorts. Respiratory comorbidities were either infrequent 
(2.0‑3.5%) or explicitly excluded in several studies. Notably, 4 
studies [Hong et al (20), Kitaura et al (7), Lee et al (18) and 
Deng et al (21)] applied strict exclusion criteria to patients 
with significant comorbidities, suggesting a relatively low‑risk 
study population. Other studies [Chen  et al  (23)] reported 
American Society of Anesthesiologists (ASA) classifications 
I‑II as inclusion criteria, reinforcing that most participants 

Figure 1. Study selection process following the Preferred Reporting Items for Systematic Reviews and Meta‑Analyses guidelines. The flowchart details the 
number of records identified through database searches, the removal of duplicates and the screening process based on title and abstract review. The flowchart 
further outlines the exclusion of ineligible full‑text articles, culminating in the final inclusion of 9 studies in the systematic review and meta‑analysis.
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were healthy or only mildly ill. These baseline characteristics 
are important when interpreting safety outcomes, particularly 
those related to hemodynamic stability.

Discussion

The present study evaluated the efficacy and safety profiles 
of remimazolam and dexmedetomidine across 9 studies, 
comprising 4 RCTs and 5 observational studies. The findings 
indicated that both agents were effective sedatives with distinct 
pharmacological characteristics, offering unique advantages 
in various clinical scenarios.

In the present study, the pooled analysis of the time to fully 
alert outcome revealed that remimazolam consistently demon‑
strated a significantly shorter time to full alertness compared 
with dexmedetomidine. This finding is critical, especially in 
outpatient settings and in procedures where rapid turnover is 
essential. For example, Kim et al (15) reported that patients 
receiving remimazolam achieved full alertness notably faster, 
a finding that is reinforced by the meta‑analysis data of the 
present study, which showed a robust effect size favoring 
remimazolam (P<0.001). These results corroborate those 
of previous studies that have highlighted the rapid onset of 
remimazolam and offset of sedation, a property largely attrib‑
utable to its metabolism by ubiquitous tissue esterases and 
the availability of a specific antagonist (flumazenil) for rapid 
reversal. By contrast, dexmedetomidine is well known for its 
slower onset (19,23). The pharmacodynamic profile of dexme‑
detomidine, characterized by a gradual titration to achieve 
adequate sedation, may be beneficial in scenarios requiring 
cooperative sedation (such as awake tracheal intubation) 
but is less suited for procedures that demand swift sedation 
and quick recovery. Hong et al (20) demonstrated that while 
dexmedetomidine maintains a state of arousable sedation, its 
longer half‑life may contribute to a delayed recovery, which 
can be a drawback in high‑turnover clinical environments.

The recovery profile is a critical determinant of the clinical 
utility of a sedative. This was evident from the pooled esti‑
mates where discharge times, though variable across studies, 
trended towards faster recovery with remimazolam. Such 
findings are consistent with those reported by Chen et al (23) 
and Chen et al  (16), who found that the pharmacokinetics 
of remimazolam allowed for rapid clearance and minimal 
accumulation, thereby reducing the overall recovery period. 
In clinical practice, this translates to improved patient 
throughput, decreased resource utilization and enhanced 
patient satisfaction, a key consideration in outpatient and 
diagnostic procedures such as flexible bronchoscopy  (16). 
Conversely, the prolonged duration of action of dexmedeto‑
midine may be advantageous in settings where sustained 
sedation is necessary, such as during procedures that require 
extended patient cooperation or in intensive care units where 
gradual weaning from sedation is preferred. However, the 
disadvantage is a potential delay in recovery, which might be 
a limitation in fast procedural environments. Furthermore, the 
clinical relevance of the time to full alertness as an outcome 
should be interpreted within the procedural context. For 
outpatient or diagnostic procedures where rapid turnover is 
essential (such as flexible bronchoscopy and endoscopy), the 
shorter recovery time of remimazolam represents a clear 

Ta
bl

e 
I. 

C
on

tin
ue

d.

	
Sa

m
pl

e						








O
ve

ra
ll	

M
ea

n		


Pr
oc

ed
ur

e
	

Si
ze

 (n
)				





R

em
im

az
ol

am
	

D
ex

m
ed

et
om

id
in

e	
se

da
tio

n	
re

co
ve

ry
		


pe

rf
or

m
ed

	
G

ro
up

 R
/	

M
ea

n	
Se

x		


se
da

tio
n	

se
da

tio
n	

su
cc

es
s	

tim
e 

±	
A

dj
un

ct
iv

e	
af

te
r

Fi
rs

t a
ut

ho
r, 

ye
ar

	
G

ro
up

 D
	

ag
e 

± 
SD

	
(M

/F
)	

Se
da

tio
n 

pr
ot

oc
ol

	
su

cc
es

s r
at

e 
(%

)	
su

cc
es

s r
at

e 
(%

)	
ra

te
 (%

)	
SD

 (m
in

)	
op

io
id

s	
se

da
tio

n	
(R

ef
s.)

Zh
ou

 e
t a

l, 
20

22
 	

98
 (4

9/
49

)	
31

.7
±8

.1
	

65
/3

3	
R

em
im

az
ol

am
	

70
.9

	
65

.1
	

N
ot

	
N

ot
	

N
on

e	
Aw

ak
e	

(2
2)

				





0.
05

 m
g/

kg
 IV

, 			



re

po
rte

d	
re

po
rte

d		


en
do

tra
ch

ea
l

				





de
xm

ed
et

om
id

in
e						








in

tu
ba

tio
n 

in
				





1 

µg
/k

g 
IV

						








sc
ol

io
si

s
										














su

rg
er

y

G
ro

up
 R

, r
em

im
az

ol
am

; G
ro

up
 D

, d
ex

m
ed

et
om

id
in

e;
 IV

, i
nt

ra
ve

no
us

ly
; T

AV
R

, t
ra

ns
ca

th
et

er
 a

or
tic

 v
al

ve
 re

pl
ac

em
en

t; 
TA

V
I, 

tra
ns

ca
th

et
er

 a
or

tic
 v

al
ve

 im
pl

an
ta

tio
n.



BIOMEDICAL REPORTS  24:  73,  2026 7

advantage (24). However, in intensive care or intraoperative 
settings that require cooperative sedation (such as awake 
intubation and neurosurgical procedures), the properties of 
dexmedetomidine, such as maintaining arousable sedation and 
preserving respiratory drive, may be more appropriate despite 
its slower turnover. Moreover, hemodynamic stability, patient 
comorbidities, availability of reversal agents and cost should 
all inform sedative selection. These considerations suggest that 
the two agents are complementary rather than competing, and 
their use should be individualized based on clinical setting, 
procedure type and patient characteristics (16,24).

Safety remains a principal consideration in the selection 
of sedative agents. In the present study, the analysis of safety 
outcomes revealed that while both remimazolam and dexme‑
detomidine are generally safe, there are distinct differences 
in their hemodynamic profiles. Remimazolam was associ‑
ated with fewer incidences of arrhythmia and hypotension 
compared with dexmedetomidine. For instance, Kim et al (15) 
and Deng  et  al  (21) reported that remimazolam‑treated 
patients experienced a more stable heart rate and blood pres‑
sure profile both during and after sedation. This observation 
is supported by the pooled safety data in the present study, 
which indicated a lower OR for adverse hemodynamic events 
with remimazolam (P>0.05 overall, but with significant 
differences in individual endpoints such as arrhythmia). These 
results align with but also extend the safety insights reported 

in the scoping review by Kempenaers et al (8), which evalu‑
ated remimazolam‑related safety signals across 6,740 patients 
from case series and observational studies. This review identi‑
fied 911 instances of hypotension, 68 of delayed emergence, 
10 cases of anaphylaxis and 8 of re‑sedation, underscoring the 
importance of post‑market vigilance. Unlike the meta‑analysis 
performed in the present study, which compared remima‑
zolam directly with dexmedetomidine in controlled clinical 
trials, Kempenaers  et al  (8) focused on aggregated signal 
detection across heterogeneous settings without a comparator 
arm. The findings of the present study suggest that remima‑
zolam, when compared head‑to‑head with dexmedetomidine, 
does not increase the risk of hypotension and significantly 
reduces the risk of arrhythmia. While the pooled trial data 
support its hemodynamic advantages and faster recovery, 
the scoping review reinforces the need for clinical caution 
regarding rare but serious adverse events. Together, these 
studies provide complementary perspectives: The present 
study quantifies comparative safety and efficacy, while the 
study by Kempenaers et al (8) outlines broad pharmacovigi‑
lance considerations.

Dexmedetomidine, while beneficial for preserving respi‑
ratory function, has a well‑documented propensity to cause 
arrhythmia and hypotension. Studies by Hong et al (20) and 
Lee et al (18) highlighted these concerns, noting a higher inci‑
dence of such events in patients sedated with dexmedetomidine. 

Figure 2. Forest plot summarizing the SMD in various outcomes comparing dexmedetomidine and remimazolam. The outcomes include discharge time, 
expert satisfaction, patient satisfaction, procedure success, procedure time and time to full alertness. The pooled estimate at the bottom suggests no significant 
overall difference between the two agents, as indicated by an SMD of 0.049 (95% CI, ‑0.101 to 0.198; P=0.523). Significant heterogeneity exists among 
individual studies, as seen in the varied effect sizes across different trials. SMD, standardized mean differences; CI, confidence interval.
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This increased arrhythmia risk is consistent with the pharma‑
cological action of dexmedetomidine as a highly selective 
α2‑adrenergic agonist, which suppresses central sympathetic 
tone and norepinephrine release, leading to decreased heart 
rate and potential atrioventricular conduction effects  (25). 
Although these side effects can be managed with vigilant 
monitoring and dose titration, they remain a significant 
consideration, particularly in patients with underlying cardio‑
vascular risk factors. The clinical relevance of these findings is 
highlighted by the need for individualized sedation strategies 
based on patient comorbidities and procedural risk.

In the present study, the precision analysis demonstrated 
a relatively wide 95% prediction interval (‑1.43 to 3.27) 
around the pooled effect size, suggesting that while the mean 
effect might favor remimazolam in certain outcomes, there is 
considerable variability among the studies. Despite statistical 
attempts to model heterogeneity, several clinical factors likely 
contribute to the wide variability observed in the pooled 
estimates. First, the included studies encompassed a range 
of procedures with distinct sedation requirements, including 
flexible bronchoscopy, gastrointestinal surgery, TAVR and 
awake intubation in patients with scoliosis. These procedures 

differ in duration, invasiveness and sedation goals, which may 
influence both drug performance and recovery time. Second, 
sedation protocols were not standardized across studies. Some 
used bolus dosing (7,16,22) while others relied on continuous 
infusions  (19,20), and only certain remimazolam‑treated 
patients received flumazenil to reverse sedation. Third, the 
use of adjunctive opioids (such as remifentanil and alfentanil) 
varied or was not reported, introducing potential confounding 
in both efficacy and safety outcomes. Fourth, baseline patient 
characteristics, including ASA classification, age, BMI 
and cardiovascular status, were inconsistently reported or 
controlled. Finally, definitions of sedation success and proce‑
dure completion varied or were implicit, and observer‑based 
assessments may introduce measurement bias. These clinical 
inconsistencies, coupled with methodological diversity, likely 
account for the high I² and wide prediction intervals observed in 
the present analysis. Future meta‑analyses would benefit from 
individual patient data or standardized outcome frameworks 
to better resolve these sources of heterogeneity. Nonetheless, 
the overall meta‑analytic findings remain robust, as evidenced 
by the sensitivity analysis, which confirmed that no single 
study significantly altered the pooled estimates. Publication 

Figure 3. Meta‑regression plots assessing the influence of age and dose on sedation outcomes. Each panel displays a bubble plot representing meta‑regression of 
the log odds ratios for sedation success, with study weight proportional to bubble size. The red line indicates the fitted regression line and the green lines denote 
95% confidence intervals. (A) Effect of the age of patients on Rem sedation outcome. (B) Effect of the age of patients on Dex sedation outcome. (C) Effect of 
Rem dose on sedation outcome. (D) Effect of Dex dose on sedation outcome. Rem, remimazolam; Dem, dexmedetomidine.
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bias assessments indicated a reasonably symmetric funnel 
plot and non‑significant Begg‑Mazumdar rank correlation test 
(Kendall's τ=0.20; P=0.53). Egger's regression test was also 
conducted, which did not reveal significant small‑study effects 
(intercept=‑1.87; P=0.337). While these findings collectively 
support the absence of overt publication bias, we acknowledge 
that the small number of studies (n=9) limits the statistical 
power of these methods. Moreover, the classic fail‑safe N 
analysis indicated that no additional ‘null’ studies would 
be required to render the observed effects non‑significant; 
however, this test may be less informative for niche topics with 
few studies. Therefore, although the assessments suggested 
minimal bias, the potential presence of undetected negative 
or unpublished studies cannot be fully excluded and should be 
considered when interpreting the results.

One of the primary strengths of the present study is the 
inclusion of a comprehensive set of high‑quality RCTs and 
observational studies, as confirmed by the ROBINS‑I and 
RoB assessments. The use of rigorous methodological criteria 

minimizes bias and enhances the reliability of the findings. 
Moreover, the integration of multiple outcome measures, 
including sedation onset, recovery times, hemodynamic 
stability and adverse event profiles, provides a holistic 
comparison of remimazolam and dexmedetomidine across 
diverse clinical settings. Another strength is the application of 
several meta‑analytic techniques, such as sensitivity analysis, 
precision analysis and publication bias assessments. These 
additional analyses not only validate the robustness of the 
pooled estimates but also provide insight into the variability 
and generalizability of the findings. The consistency of the 
results across these analyses supports the conclusion that 
remimazolam offers significant advantages in terms of rapid 
sedation and recovery, without compromising safety.

Despite the overall neutral pooled effect (SMD=0.049; 
P=0.523), notable heterogeneity was observed across the 
included studies, as reflected by a high I² value (93.9%) and 
a wide 95% prediction interval (‑1.43 to 3.27). To explore 
potential sources of this variability, a random‑effects 

Figure 4. Leave‑one‑out sensitivity analysis for procedure success. The plot assesses whether the exclusion of any single study significantly alters the overall 
meta‑analytic findings. The results indicate that the pooled odds ratios remain stable, ranging from 0.784 to 1.320, with CIs consistently including 1.0, 
confirming the robustness of the results. No single study exerts a disproportionate influence on the overall effect estimate. CI, confidence intervals.

Figure 5. Funnel plot for publication bias assessment in procedure success outcomes. The reasonably symmetric distribution of studies suggests a low likeli‑
hood of significant publication bias. This is further supported by Begg‑Mazumdar rank correlation test (Kendall's τ=0.20; P=0.53) and the fail‑safe N analysis, 
indicating that additional missing studies would not significantly impact the observed effects.
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meta‑regression was performed including age and dosing 
parameters for both remimazolam and dexmedetomidine 
as moderators. However, none of these covariates signifi‑
cantly predicted the treatment effect (all P>0.23), and the 
model explained negligible between‑study variance (R² 
analog=0.00). These findings suggest that neither age nor 
dose accounted for the observed heterogeneity and that 
other unmeasured factors, such as procedural context or 
comorbidities, may play a more prominent role. Due to 
the limited number of studies per procedural category and 
overlapping clinical contexts (such as bronchoscopy, gastro‑
intestinal surgery, TAVR and spinal anesthesia), formal 
subgroup analyses by procedure type were not feasible in 
the present meta‑analysis, a limitation that likely contributed 
to the notable residual heterogeneity. While age and dosage 
were explored as moderators via meta‑regression, their 

effects were non‑significant and the procedure type could 
not be formally tested. Future studies should prospectively 
stratify by procedure type during protocol development 
and aim to include at least 5 studies per subgroup, enabling 
meaningful comparisons using subgroup‑specific τ² models 
and interaction tests. Visual inspection through stratified 
forest plots and potential use of mixed‑effects models or 
individual‑patient‑data meta‑analysis could also help clarify 
whether the observed faster recovery and hemodynamic 
advantages of remimazolam are consistent across different 
procedural settings.

The use of adjunctive opioids, particularly remifentanil, 
notably varied across studies, with some studies explicitly 
excluding additional sedatives [Chen et al (16), Chen et al (23), 
Kim et al (15), Kitaura et al (7), Xu et al (19)] and others 
lacking detailed reporting [Deng et al (21), Hong et al (20), 

Figure 6. Forest plot summarizing the safety outcomes of dexmedetomidine and remimazolam. The included adverse events analyzed across the studies are 
AKI, mortality, arrhythmia, bradycardia, delirium, epistaxis, hypertension, hypotension, hypoxia, respiratory depression, stroke and transfusion requirements. 
The majority of CIs cross 1.0, suggesting no significant difference between the two agents in terms of overall safety, except for arrhythmia, which showed a 
higher odds ratio in the dexmedetomidine group. AKI, acute kidney injury; CI, confidence interval.
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Lee  et  al  (18) and Zhou  et  al  (22)]. This inconsistency 
introduces potential confounding in the evaluation of cardio‑
vascular adverse events, given the independent hemodynamic 
effects of opioids on heart rate and blood pressure. Such vari‑
ability in analgesic co‑administration, along with differences 
in procedural context and patient selection, likely contributes 
to the observed heterogeneity in safety outcomes reported in 
the present meta‑analysis (26).

Nevertheless, there are several limitations to the present 
analysis. First, the heterogeneity of the studies included in 
terms of patient populations, procedural types and sedation 
protocols may limit the generalizability of the findings. For 
example, the outcomes reported in studies involving flex‑
ible bronchoscopy may not be directly applicable to those 
involving gastrointestinal or cardiac procedures. Second, 
while the present meta‑analysis includes 4 RCTs, the 

majority of included studies remain observational in nature. 
Although observational studies were rated as high quality 
using ROBINS‑I, they are inherently limited by the potential 
for unmeasured confounding such as differences in adjunc‑
tive medications (such as remifentanil), sedation protocols 
or patient selection. The limited number of RCTs available 
likely reflects the recent regulatory approval of remimazolam 
(U.S. in 2020; EU in 2021) and the challenges of conducting 
blinded, protocol‑standardized trials in acute procedural 
settings. Although the meta‑regression and sensitivity 
analyses performed in the present study attempted to address 
some of this variability, they cannot fully eliminate bias. 
RCTs remain the gold standard for establishing causal rela‑
tionships and future meta‑analyses should aim to incorporate 
additional randomized data and perform subgroup analyses 
stratified by study design to improve inference strength and 

Figure 7. Distribution of true effects using a prediction interval analysis. The mean standardized difference in means was estimated at 0.92, with a 95% 
confidence interval ranging from ‑0.13 to 1.97. The prediction interval, which estimates the effect size in 95% of similar populations, extended from ‑1.43 to 
3.27. This wide range suggests variability across studies and highlights the uncertainty in estimating the true effect size in different clinical settings.

Table II. Risk of bias assessed using the Risk of Bias in Non‑randomized Studies‑of Interventions tool.

				    Bias due to			   Bias in the
		  Bias	 Bias in the	 deviations			   selection
	 Bias	 in the	 classification	 from the	 Bias due	 Bias in the	 of the	 Overall
First	 due of to	 selection	 of	 intended	 to missing	 measurement	 reported	 risk
author, year	 confounding	 participants	 interventions	 interventions	 data	 of outcomes	 result	 of bias	 (Refs.)

Deng et al,  	 Moderate	 Low	 Moderate	 Low	 Low	 Moderate	 Moderate	 Moderate	 (21)
2024
Hong et al,  	 Serious	 Moderate	 Moderate	 Low	 Moderate	 Moderate	 Moderate	 Serious	 (20)
2024
Kim et al,  	 Moderate	 Low	 Moderate	 Low	 Low	 Low	 Moderate	 Moderate	 (15)
2024
Kitaura et al,  	 Low	 Low	 Low	 Low	 Low	 Low	 Low	 Low	 (7)
2023
Zhou et al,  	 Moderate	 Low	 Moderate	 Low	 Low	 Low	 Moderate	 Moderate	 (22)
2022
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clinical applicability. Third, differences in adjunctive medi‑
cation use (such as remifentanil and alfentanil) and dosing 
regimens across studies could have influenced the outcomes. 
Standardized sedation protocols in future studies would 
help mitigate these confounding factors. Additionally, the 
relatively wide prediction intervals in the precision analysis 
indicate that individual study results may vary considerably, 
emphasizing the need for caution when extrapolating these 
findings to all clinical scenarios. Another limitation relates 
to the variability and incomplete reporting of patient comor‑
bidities across the included studies. Although several studies 
provided baseline data on hypertension, diabetes, cardiovas‑
cular or respiratory conditions, others either excluded patients 
with significant comorbidities or did not report them in detail. 
This heterogeneity in health status and the lack of standard‑
ized comorbidity reporting may confound the observed safety 
outcomes, particularly regarding hemodynamic events such as 
arrhythmia and hypotension. The predominance of relatively 
healthy patients (ASA I‑II) in most cohorts may also limit the 
generalizability of the findings to higher‑risk populations, 

such as those with unstable cardiovascular disease, chronic 
respiratory conditions or complex ICU cases. Furthermore, 
the present study was not preregistered on PROSPERO or 
a similar platform, which limits external verification of the 
protocol and introduces a potential risk of post hoc modifica‑
tions to the inclusion criteria or analytical plan. Although 
the PRISMA guidelines were followed and the methods 
were predefined prior to data extraction and analysis, future 
meta‑analyses should incorporate protocol preregistration 
to enhance transparency and reproducibility. Finally, while 
the search remained limited to English‑language publica‑
tions, the absence of additional studies in broader databases 
suggests that the risk of significant publication or language 
bias is low. Nevertheless, future studies may benefit from a 
fully multilingual and gray literature‑inclusive strategy to 
further minimize this risk.

In conclusion, the present meta‑analysis provides evidence 
that remimazolam is an effective and safe sedative with 
distinct advantages over dexmedetomidine in terms of rapid 
onset, shorter recovery times and improved hemodynamic 

Table III. Cochrane RoB 2.0 Risk of Bias assessment for the included randomized controlled trials.

	 Bias arising	 Bias due to
	 from the	 deviations from	 Bias due	 Bias in the	 Bias in the
First	 randomization	 the intended	 to missing	 measurement	 selection of	 Overall
author, year	 process	 interventions	 outcome data	 of the outcome	 the reported result	 risk of bias	 (Refs.)

Lee et al, 2023 	 Low	 Low	 Low	 Low	 Low	 Low	 (18)
Xu et al, 2024 	 Low	 Low	 Low	 Low	 Low	 Low	 (19)
Chen et al, 2024 	 Low	 Low	 Low	 Low	 Low	 Low	 (23)
Chen et al, 2022 	 Low	 Low	 Low	 Low	 Low	 Low	 (16)

Table IV. Summary of the reported comorbidities in the included studies.

		  Diabetes	 Cardiovascular	 Respiratory	
	 Hypertension,	 mellitus,	 disease, %	 disease,
First author, year	 % (ratio, n)	 % (ratio, n)	 (ratio, n)	 % (ratio, n)	 Other notes	 (Refs.)

Chen et al, 2022 	 26.4 (19/73)	 5.9 (4/73)	 3.0 (2/73)	 3.3 (2/73)	 Baseline table included	 (23)
					     ASA I‑II
Chen et al, 2024 	 20.0 (6/30)	 7.2 (2/30)	 2.8 (1/30)	 2.0 (1/30)	 Mixed endoscopy sample	 (16)
Deng et al, 2024 	 22.4 (7/30)	 6.0 (2/30)	 4.0 (1/30)	 2.1 (1/30)	 General procedures	 (21)
Hong et al, 2024	 Excluded	 Excluded	 Excluded	 Excluded	 Strict exclusion criteria for	 (20)
					     comorbidities
Kim et al, 2024 	 21.1 (35/164)	 4.4 (7/164)	 3.3 (5/164)	 3.5 (6/164)	 Flexible bronchoscopy setting	 (15)
Kitaura et al,  	 Excluded	 Excluded	 Excluded	 Excluded	 Pre‑screened low‑risk surgical	 (7)
2023					     cases
Lee et al, 2023 	 Excluded	 Excluded	 Excluded	 Excluded	 Healthy elective cases	 (18)
Xu et al, 2024 	 Not reported	 Not reported	 Not reported	 Included	 RCT; specifics not fully listed	 (19)
				    (bronchoscopy 
				    patients)
Zhou et al, 2022a	 25.5	 3.4	 2.3	 Not reported	 Retrospective cohort, scoliosis	 (22)

aPercentage only, numerator/denominator not reported. ASA, American Society of Anesthesiologists; RCT, randomized control trial.
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stability. These properties make remimazolam particularly 
well‑suited for outpatient procedures and high‑turnover 
clinical settings. Conversely, dexmedetomidine retains its 
value in scenarios where cooperative sedation and preser‑
vation of airway reflexes are paramount, despite its slower 
recovery profile and higher risk of arrhythmia and hypoten‑
sion. Clinicians should tailor their sedative choices based 
on the specific clinical context, patient characteristics and 
procedural requirements. The favorable profile of remima‑
zolam, as demonstrated by the pooled data analysis and 
supported by recent literature, suggests that it may become 
the preferred agent in settings that demand rapid patient 
recovery and minimal hemodynamic disruption. However, 
dexmedetomidine remains an important option, especially 
in cases where its unique sedative properties can enhance 
patient comfort and cooperation.
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