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Abstract
Background: Remimazolam, a short-acting benzodiazepine, has emerged as a potential safer
alternative for sedation in Flexible Bronchoscopy (FB). This meta-analysis compares its efficacy
and safety with Propofol, Dexmedetomidine, and Midazolam in adult patients undergoing FB.
Methods: PubMed, Embase, and Cochrane databases were searched on July 17, 2025, for trials
comparing Remimazolam with other sedatives. Primary outcomes included hypotension, brady-
cardia, and intraprocedural opioid consumption; secondary outcomes were hypoxia, respiratory
depression, patient satisfaction, induction time, and recovery time. Pooled Risk Ratios (RR),
Mean Differences (MD), and Standardized Mean Differences (SMD) were calculated using a ran-
dom-effects model in R (4.4.0). Risk of bias was assessed using the RoB2 tool, and subgroup anal-
yses were conducted for each comparator.
Results: Eleven trials (1,884 patients) were included. Remimazolam reduced respiratory depres-
sion (RR = 0.44 [95% CI 0.29; 0.67]; p = 0.0002; I2 = 0%), hypoxia incidence (RR = 0.60 [95% CI 0.39;
0.93]; p = 0.0227; I2 = 64.7%), bradycardia (RR = 0.39 [95% CI 0.20; 0.77]; p = 0.0069; I2 = 52.3%),
and hypotension (RR = 0.61 [95% CI 0.40; 0.95]; p = 0.0289; I2 = 74.0%) compared to all sedatives.
Compared to Propofol, Remimazolam reduced the incidence of hypotension (RR = 0.42 [95% CI
0.31; 0.58]; p < 0.0001; I2 = 0%), respiratory depression (RR = 0.41 [95% CI 0.25; 0.68];
p = 0.0005; I2 = 12.3%), but increased induction time (MD = 0.61 min [95% CI 0.23; 0.99];
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p = 0.002; I2 = 90.9%). Compared to Dexmedetomidine, it improved satisfaction (SMD = 0.23 [95%
CI 0.07; 0.39]; p = 0.004; I2 = 0%) and reduced recovery time (MD = -1.79 min [95% CI -2.66;
-0.92]; p < 0.001; I2 = 90.7%), hypoxia incidence (RR = 0.49 [95% CI 0.28; 0.88]; p = 0.0162;
I2 = 60.3%), and induction time (MD = -2.21 min [95% CI -2.41; -2.00]; p < 0.001; I2 = 0%). Com-
pared to Midazolam, Remimazolam increased sedation success (RR = 2.03 [95% CI 1.40; 2.95];
p = 0.0002; I2 = 50%), shortened induction time (MD = -0.69 min [95% CI -1.37; -0.01]; p = 0.047;
I2 = 81.5%), and recovery time (MD = -4.49 min [95% CI -7.06; -1.92]; p < 0.001; I2 = 40.9%).
Conclusions: Remimazolam reduced respiratory depression overall and demonstrated improved
safety, faster recovery, and greater efficacy compared to Propofol, Dexmedetomidine, and Mida-
zolam, respectively, supporting its potential as an effective alternative for sedation in FB. None-
theless, substantial heterogeneity in certain outcomes and the relatively small sample size in
some comparisons limit the generalizability of our findings.
Systematic review protocol: PROSPERO (CRD 42024568148).
© 2026 Published by Elsevier España, S.L.U. on behalf of Sociedade Brasileira de Anestesiologia.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/
by/4.0/).
Introduction

Flexible Bronchoscopy (FB) is a widely performed procedure
for diagnosing and treating pulmonary diseases.1-3 In the
United States alone, over 500,000 FB procedures are done
annually, underscoring the clinical importance of optimizing
sedation strategies in high-volume settings.4 This high pro-
cedural burden is also reflected globally, where FB remains a
cornerstone in the diagnosis and management of respiratory
conditions, with utilization having expanded significantly
worldwide over the past two decades.5 Ensuring optimal
sedation during this procedure is critical to patient safety,
comfort, and procedural success. Propofol, Dexmedetomi-
dine and Midazolam are commonly employed to guarantee
adequate sedation during FB, and Remimazolam has
emerged as a promising alternative.6,7

Remimazolam is a novel short-acting benzodiazepine that
enhances GABAA receptor activity and is rapidly hydrolyzed
by nonspecific esterases, forming an inactive metabolite.8

Propofol is an intravenous hypnotic agent that acts as a
g-aminobutyric acid-A (GABAA) receptor agonist and has
been widely used over the past three decades.9 Dexmedeto-
midine, a selective a-2 adrenoceptor agonist approved in
the United States in 1999, is commonly used for sedation.10

Midazolam, a benzodiazepine, is one of the most frequently
used sedatives, primarily modulating GABAA receptors.

11

Due to Remimazolam’s pharmacological properties, it has
emerged as an alternative for bronchoscopy sedation,
highlighting its clinical relevance due to its quick onset, high
procedure success rate, minimal residual effect, hemody-
namic and respiratory stability.7,12,13 Additionally, tradi-
tional sedatives used for FB are associated with various
adverse effects. Propofol is linked to hypotension, bradycar-
dia, and respiratory depression.6,7,14 Dexmedetomidine may
prolong recovery time.15 Midazolam is known to cause pro-
longed post-procedure sedation and delayed recovery.6,14

Although Remimazolam has shown promising results, there
is a lack of comprehensive evidence comparing its efficacy
and safety with these sedatives for FB procedure.

This systematic review and meta-analysis compares
Remimazolam versus Propofol, Dexmedetomidine and Mida-
zolam in terms of efficacy and safety outcomes ‒ hypoten-
sion, bradycardia, intraprocedural opioid consumption,
2

hypoxia, respiratory depression, patient satisfaction, induc-
tion time, and recovery time ‒ with subgroup analyses com-
paring Remimazolam with each sedative individually.
Methods

This systematic review and meta-analysis were performed
and reported following the Cochrane Collaboration Hand-
book for Systematic Review of Interventions16 and the Pre-
ferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) Statement guidelines.17 This review was
registered in the International Prospective Register of Sys-
tematic Reviews (PROSPERO) database on July 22, 2024 (reg-
istration number CRD 42024568148), https://www.crd.york.
ac.uk/PROSPERO/view/CRD42024568148. There were no
deviations from the pre-specified protocol in this systematic
review and meta-analysis, including eligibility criteria, out-
come definitions, data extraction, and statistical methods.

Systematic literature search

We conducted a comprehensive systematic search on July
17, 2025 across PubMed, Embase, and Cochrane Library
databases to identify all relevant studies. A combination of
the following terms was used to search all databases: Remi-
mazolam; Byfavo; “CNS 7056”. The complete search strat-
egy for each database is provided in the Supplementary
Appendix. Only studies in the English language were
included; no further restrictions were applied to the search,
and the grey literature was not searched, in order to
enhance methodological rigor and ensure the reliability of
the synthesized evidence.

Selection criteria and data extraction

We included only Randomized Controlled Trials (RCTs) in English
in this systematic review and meta-analysis. Two authors inde-
pendently assessed the titles and abstracts using Rayyan,
assessed the full texts of potentially eligible studies and
removed the duplicates.18 We consulted a third author to reach
a consensus in cases of unresolved disagreement and included
studies based on the Population, Intervention, Control, and
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Outcomes (PICO) guidelines.19,20 The inclusion criteria were: 1)
Population: Adult patients undergoing flexible bronchoscopy; 2)
Intervention: use of intravenous Remimazolam for sedation; 3)
Comparison: intravenous Propofol, Dexmedetomidine, or Mida-
zolam for sedation; and 4) Outcomes: incidence of hypotension
during the procedure, bradycardia, intraprocedural opioid con-
sumption, respiratory depression, patient satisfaction, success
of sedation, time to complete recovery of consciousness, hyp-
oxia and induction time to sedation.

We excluded: 1) Studies with overlapping populations,
defined as the same institutions and recruitment periods; 2)
Studies reporting no outcomes of interest; 3) No control
group; 4) Non-RCTs; 5) Patients undergoing rigid bronchos-
copy; 6) Conference abstracts; and 7) Patients under con-
scious sedation. There were no restrictions based on the
publication date. We did not search the grey literature and
contacted the corresponding author for specific study
results, in cases of missing data from individual studies. All
included and cited studies will be systematically screened
for potential retractions using the PubMed/MEDLINE and
Retraction Watch databases.

Two reviewers independently collected data using a pre-
designed Excel datasheet. The following variables were col-
lected: publication year; country; enrollment period; baseline
characteristics; Remimazolam dosage; comparator sedative
dosages; analgesic regimen; sedation level; incidence of
adverse events (hypotension, respiratory depression, bradycar-
dia, hypoxia); intraprocedural opioid consumption; patient sat-
isfaction, sedation success; recovery time; and induction time.

Quality and risk assessment

Two reviewers independently evaluated the risk of bias using
version 2 of the Cochrane Risk of Bias tool (RoB2) for random-
ized controlled trials. They assigned a judgment of “low
risk”, “some concerns”, or “high risk” for each of the five
domains: bias arising from the randomization process, devia-
tions from intended interventions, missing outcome data,
outcome measurement, and selection of the reported results.
Any disagreements were resolved through consensus.21

To assess the robustness of the obtained estimates and
evaluate heterogeneity, a leave-one-out analysis (Supplemen-
tal Fig. 1) was performed for all outcomes. When an outcome
included at least 10 studies, we assessed publication bias
through the funnel plot and Egger’s test (Supplemental Fig.
2). Additionally, Baujat plots were used to identify individual
studies that contributed substantially to heterogeneity in
cases where I2 was 50% or higher (Supplemental Fig. 3).22

Primary and secondary outcomes

Our primary outcomes were the incidence of hypotension,
bradycardia and intraprocedural opioid consumption. Hypo-
tension was defined as Systolic Blood Pressure (SBP) < 90
mmHg or 20% lower than baseline,23,24 or a Mean Arterial
Pressure (MAP) reduction > 20% of baseline.23-26 Bradycardia
was defined as a Heart Rate (HR) < 60 Beats Per Minute
(BPM) or a reduction greater than 20% compared with base-
line or an HR < 50 BPM.25,26 Intraprocedural opioid consump-
tion was expressed in intravenous morphine equivalents,
calculated using the method proposed by Kane et al., follow-
ing the guidelines of the American Pain Society.27
3

We pooled results whenever three or more studies
reported the same outcome. The secondary outcomes
included respiratory depression, defined as < 10 breaths per
minute or < 8 breaths per minute;25 hypoxia, defined as oxy-
gen saturation < 90%.23-26 Patient satisfaction score was
assessed by a standardized 5-point or 10-point scale, where
lower scores indicate lower satisfaction; induction time;
sedation success, defined as successful completion of the FB
procedure; and time to complete recovery of consciousness,
defined as the interval from the bronchoscopy completion to
full awakening.
Statistical analysis

We analyzed the data using R software, version 4.4.0. We
computed Risk Ratios (RR) with 95% Confidence Intervals (95%
CI) for each binary endpoint. We defined statistical signifi-
cance as p < 0.05. We reported continuous outcomes as Mean
Differences (MD) with 95% CI when studies used the same
scale and as Standardized Mean Differences (SMD) with 95% CI
when different scales were used to measure the same out-
come. When continuous data were reported as medians with
IQR or range, we calculated the mean and SD using the meth-
ods proposed by Luo et al. and Wan et al.28,29 Considering the
anticipated clinical and methodological heterogeneity across
studies, including variability in patient populations, dosing
regimens, and comparators, a random-effects model was
deemed the most suitable approach for synthesizing the
pooled results.28,29 Additionally, we assessed heterogeneity
among the trials using the I2 statistic, with I2 > 50% indicating
significant heterogeneity and explored heterogeneity sources
with leave-one-out sensitive analysis and Baujat plot.22,30 We
conducted subgroup analyses for each comparator (Propofol,
Dexmedetomidine and Midazolam) to distinguish their individ-
ual effects on the pooled results. The data and analytical
code supporting the findings of this study are available from
the corresponding author upon reasonable request.
Results

Search results

We identified a total of 3,696 reports through our search
strategy, with 1,548 duplicates. We screened the titles and
abstracts of the remaining 2,148 reports, excluding 2,129.
We assessed the full text of nineteen trials, excluding eight
(Fig. 1). The remaining eleven RCTs were included in this sys-
tematic review and meta-analysis.
Study characteristics

We included eleven RCTs with 1,884 patients.23-26,31-37 Of
these, 1,057 received Remimazolam, while 827 received
comparator sedatives, including Dexmedetomidine, Propo-
fol, and Midazolam. All patients were classified as ASA I‒III.
Nine studies were conducted in China. The dose of Remima-
zolam varied across the RCTs. Details of the individual stud-
ies, like drug dosages and relevant characteristics, are
summarized in Table 1.



Figure 1 PRISMA-compliant flow diagram of study screening
and selection. PRISMA, Preferred Reporting Items for Systematic
Reviews and Meta-analysis.
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Risk of bias

Among the eleven included studies in this systematic review
and meta-analysis, two were assessed as having an overall
low risk of bias, while the remaining nine were classified as
presenting “some concerns”, predominantly due to limita-
tions in the domain of selective reporting of results. Impor-
tantly, no study was deemed to have a high overall risk of
bias. A summary of the assessment for each specific domain
is provided in Figure 2.

The primary source of bias concerns was incomplete or
unclear reporting of prespecified outcomes, which may
introduce a risk of reporting bias. Nevertheless, all studies
provided sufficient data for the extraction and analysis of
primary and secondary outcomes. Moreover, domains critical
to internal validity, including the randomization process,
adherence to intended interventions, completeness of out-
come data, and outcome measurement, were predominantly
judged to be at low risk, thereby enhancing the overall reli-
ability of the evidence base.

Outcomes

Primary outcomes
The Remimazolam group demonstrated a statistically signifi-
cant reduction in the incidence of hypotension (RR = 0.61
[95% CI 0.40; 0.95]; p = 0.0289, I2 = 74.0%, 11 trials, 1,883
patients, Fig. 3A). When individually compared to Propofol,
the Remimazolam group was associated with a significantly
lower incidence of hypotension (RR = 0.42 [95% CI 0.31;
4

0.58]; p < 0.0001, I2 = 0%, 5 trials, 688 patients, Fig. 3A). No
significant differences were observed between Remimazo-
lam and Dexmedetomidine or Midazolam in the subgroup
analysis for this outcome. The certainty of evidence was
deemed low for the hypotension incidence outcome.

Remimazolam showed a statistically significant reduction
in the incidence of bradycardia in the overall analysis
(RR = 0.39 [95% CI 0.20; 0.77]; p = 0.0069, I2 = 52.3%, 9 trials,
1479 patients, Fig. 3B). The certainty of evidence was
deemed low for the bradycardia incidence outcome. The
subgroup analysis showed no significant difference between
Remimazolam and any individual comparator for this out-
come.

Similarly, intraprocedural opioid consumption did not sig-
nificantly differ between Remimazolam and the overall sed-
ative group (MD = -0.58 mg of intravenous morphine [95% CI
-1.31; 0.14]; p = 0.114, I2 = 95%, 6 trials, 1,451 patients,
Fig. 3C), with no statistical differences found in the sub-
group comparisons. The certainty of evidence was deemed
low for the intraprocedural opioid consumption outcome.

Secondary outcomes
The Remimazolam group showed a statistical reduction in
respiratory depression compared to the overall analysis
(RR = 0.44 [95% CI 0.29; 0.67]; p = 0.0002, I2 = 0%, 5 trials,
1080 patients, Fig. 4A) and when individually compared to
Propofol (RR = 0.41 [95% CI 0.25; 0.68]; p = 0.0005,
I2 = 12.3%, 3 trials, 562 patients, Fig. 4A). No significant dif-
ferences were observed with the other sedatives. The cer-
tainty of evidence was deemed moderate for the respiratory
depression incidence outcome.

Our analysis revealed no statistically significant differ-
ence between the Remimazolam group and the overall anal-
ysis on the patient satisfaction score (SMD = 0.15 [95% CI
-0.03; 0.33]; p = 0.109, I2 = 46.7%, 7 trials, 1041 patients,
Fig. 4B). However, Remimazolam sedation was associated
with higher patient satisfaction compared to the Dexmede-
tomidine individual group (SMD = 0.23 [95% CI 0.07; 0.39];
p = 0.004, I2 = 0%, 3 trials, 629 patients, Fig. 4B). There was
no significant difference between Remimazolam and the
other comparators. The certainty of evidence was deemed
moderate for the patient satisfaction score outcome.

No significant difference was observed for sedation suc-
cess between Remimazolam and the overall analysis
(RR = 1.18 [95% CI 0.94; 1.47; p = 0.1557, I2 = 82.3%, 7 trials,
1168 patients, Fig. 4C). However, subgroup analysis showed
a significantly higher success rate with Remimazolam com-
pared to Midazolam (RR = 2.03 [95% CI 1.40; 2.95];
p = 0.0002, I2 = 50%, 2 trials, 466 patients, Fig. 4C), but no
significant difference with Propofol or Dexmedetomidine.
The certainty of evidence was deemed low for sedation suc-
cess outcome.

Overall, there was no difference in induction time (MD = -
0.77 minutes [95% CI -1.83; 0.29]; p = 0.156, I2 = 99.2%, 6 trials,
929 patients, Fig. 5A), although our subgroup analysis demon-
strated Remimazolam had a significant shorter induction time
compared to Midazolam (MD = -0.69 minutes [95% CI -1.37;
-0.01]; p = 0.047, I2 = 81.5%, 2 trials, 194 patients, Fig. 5A) and
Dexmedetomidine (MD = -2.21 minutes [95% CI -2.41; -2.00]; p
< 0.001, I2 = 0%, 2 trials, 483 patients, Fig. 5A). The compari-
son with Propofol demonstrated a longer induction time
(MD = 0.61 minutes [95% CI 0.23; 0.99] p = 0.002, I2 = 90.9%, 2
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trials, 252 patients, Fig. 5A). The certainty of evidence was
deemed low for induction time outcome.

No significant difference was observed between the Remi-
mazolam and the pooled comparator group in the time to
complete recovery of consciousness (MD = -0.67 minutes [95%
CI -2.38; 1.04], p = 0.440, I2 = 98.8%, 10 trials, 1789 patients,
Fig. 5B). However, we noted a significant faster recovery with
Remimazolam compared to Midazolam (MD = -4.49 minutes
[95% CI -7.06; -1.92], p < 0.001, I2 = 40.9%, 2 trials, 472
patients, Fig. 5B) and Dexmedetomidine (MD = -1.79 minutes
[95% CI -2.66; -0.92], p < 0.001, I2 = 90.7%, 3 trials, 629
patients, Fig. 5B). In contrast, no difference was found with
Propofol for this outcome (MD = 1.32 minutes [95% CI -0.53;
3.17] p = 0.161, I2 = 97.2%, 5 trials, 688 patients, Fig. 5B).
The certainty of evidence was deemed low for the time to
complete recovery of consciousness outcome.

Furthermore, Remimazolam’s incidence of hypoxia was
statistically lower when compared with the overall sedatives
(RR = 0.60 [95% CI 0.39; 0.93]; p = 0.0227, I2 = 64.7%, 9 trials,
1631 patients, Fig. 5C). When compared specifically with
dexmedetomidine, Remimazolam also presented a signifi-
cant reduction in hypoxia events (RR = 0.49 [95% CI 0.28;
0.88]; p = 0.0162, I2 = 60.3%, 3 trials, 629 patients, Fig. 5C).
No significant difference was found in the comparison of
Remimazolam and Midazolam or Propofol. The certainty of
evidence was deemed low for the hypoxia outcome.

Sensitivity analysis

The robustness of the finding regarding hypotension was fur-
ther evaluated through a leave-one-out sensitivity analysis
and a Baujat plot. The pooled RRs ranged from 0.54 to 0.67
(95% CI 0.35 to 1.09). However, statistical significance was
not maintained in most analyses, with a loss of significance
observed upon exclusion of Zhou et al. (2024), Gao et al.
(2023), Zhang et al. (2023), Zhou et al. (2022), Chai et al.
(2025), and Luo et al. (2025). Heterogeneity remained rela-
tively stable across exclusions, ranging from 64.8% to 76.4.
(Supplemental Fig. 1A) The Baujat analysis revealed Zhou et
al. (2024) and Pastis et al. (2019) as the studies with the
largest contribution to both heterogeneity and influence on
overall result (Supplemental Fig. 2A).

The bradycardia overall pooled analysis demonstrated
consistent results across the leave-one-out sensitivity analy-
sis, with RR ranging from 0.33 to 0.54 (95% CIs between 0.16
and 0.95). Notably, the exclusion of Zhou et al. (2024)
resulted in a substantial reduction in heterogeneity
(I2 = 0%). However, the omission of any single study did not
alter the direction or significance of the pooled effect, rein-
forcing the robustness of the findings (Supplemental Fig.
1B). The Baujat analysis reinforced Zhou et al. (2024) as the
study with the highest contribution to both heterogeneity
and influence on the overall result (Supplemental Fig. 2B).

Intraprocedural opioid consumption heterogeneity was
not statistically influenced by any single study, with MD rang-
ing from -0.81 to -0.35 milligrams of intravenous morphine
(95% CIs between -1.64 and 0.39). Statistical significance
favoring Remimazolam was observed only when Zhou et al.
(2022) was excluded (MD = -0.81, [95% CI -1.52; -0.10],
I2 = 92.3%). Overall heterogeneity remained high throughout
the analysis (I2 = 78.3% to 96.0%), indicating that no
single study disproportionately influenced between-study



Figure 2 Risk of bias assessment with Cochrane’s risk of bias tool for randomized trials.
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variability (Supplemental Fig. 1C). However, the Baujat plot
revealed Zhang et al. (2023) as the study with the largest
contribution to both heterogeneity and influence on the
overall result (Supplemental Fig. 2C).

The respiratory depression overall pooled analysis had
low heterogeneity (I2 = 0%), with individual studies’ RR rang-
ing from 0.38 to 0.56 (95% CIs between 0.24 and 1.02).
Leave-one-out showed that omitting Zhang et al. (2023) led
to the loss of statistical significance (RR = 0.56 [95% CI 0.31;
1.02], I2 = 0%), indicating its substantial contribution to the
observed effect. In contrast, removing Pastis et al. (2019)
slightly increased heterogeneity (I2 = 2.5%), but did not
affect statistical significance (Supplemental Fig. 1D). As the
heterogeneity for this outcome was considerately low, a
Baujat plot was not generated in accordance with our prede-
fined methodological strategy.

Patient satisfaction score leave-one-out analysis revealed
that removing Zhang et al. (2023) reduced heterogeneity
substantially from 46.7% to 0% and led to statistical signifi-
cance favoring Remimazolam (SMD = 0.22 [95% CI 0.09;
0.36], I2 = 0%). Overall SMD ranged from 0.11 to 0.22 (95%
CIs between -0.09 and 0.37) (Supplemental Fig. 1E). Since
the heterogeneity for this outcome was below 50 percent, a
Baujat plot was not assessed, consistent with our predefined
methodological strategy.

Hypoxia had a RR range from 0.52 to 0.70 (95% CIs
between 0.34 and 1.07). Loss of statistical significance
occurred when excluding Zhou et al. (2024), Luo et al.
(2025), or Gao et al. (2023), indicating these studies contrib-
uted meaningfully to the overall significance. Heterogeneity
remained relatively stable across exclusions, with I2 values
ranging from 40.0% to 68.9% (Supplemental Fig. 1F). The
Baujat plot revealed Zhou et al. (2024) as the study with the
7

largest contribution to both heterogeneity and influence on
the overall result (Supplemental Fig. 2D).

For induction time, high heterogeneity persisted regard-
less of which studies were excluded. Notably, exclusion of
Gao et al. (2023) resulted in a statistically significant reduc-
tion in induction time favoring the Remimazolam group
(MD = -1.09 [95% CI -2.14; -0.03] I2 = 98.8%) (Supplemental
Fig. 1G). The Baujat plot revealed Gao et al. (2023) as the
study exerting the greatest influence on the pooled effect,
whereas Zhou et al. (2024) accounted for the largest contri-
bution to heterogeneity (Supplemental Fig. 2E).

Leave-one-out sensitivity analysis for sedation success
revealed no significant changes in either heterogeneity or
effect estimates, with RR range from 1 to 1.22 (95% CIs
between 0.90 and 1.60) (Supplemental Fig. 1H). The Baujat
plot revealed Zhou et al. (2022) as the study exerting the
greatest influence on the pooled effect, whereas Pastis et
al. (2019) accounted for the largest contribution to hetero-
geneity (Supplemental Fig. 2F).

For time to complete recovery of consciousness, high het-
erogeneity persisted regardless of which studies were
excluded, with no impact on the direction or significance of
the combined effect, with MD range from -1.18 to -0.21 (95%
CIs between -2.77 and 1.40) (Supplemental Fig. 1I). The Bau-
jat plot revealed Zhou et al. (2022) as the study with the
largest contribution to both heterogeneity and influence on
the overall result (Supplemental Fig. 2G).

Funnel plot analysis and Egger’s test were performed for the
outcomes of hypotension and time to complete recovery of con-
sciousness, as both included at least 10 studies. The funnel plots
demonstrated symmetrical distributions around the pooled
effect estimates, and Egger’s test did not indicate evidence of
publication bias for either outcome (Supplemental Fig. 3).



Figure 3 (A) The incidence of hypotension was significantly reduced in the Remimazolam group compared to Propofol and in the
overall analysis. (B) The Remimazolam group showed a significant reduction in bradycardia in the overall analysis. (C) Intraprocedural
opioid consumption, in milligrams of intravenous morphine, did not present a statistical difference between Remimazolam and stud-
ied groups.

L.F. Ribeiro, L.R. Freitas, T.T. Oliveira et al.
Certainty of evidence

According to the GRADE approach, the initial certainty of the
evidence was considered high, as all included studies were
8

randomized controlled trials. The certainty was subsequently
downgraded based on the assessment of risk of bias, inconsis-
tency, imprecision, and potential publication bias. Respira-
tory depression incidence, and patient’s satisfaction score



Figure 4 (A) Respiratory depression was statistically decreased in the Remimazolam group compared to the overall analysis and
compared to Propofol. (B) The Remimazolam group demonstrated a significantly higher patient satisfaction score, in comparison to
Dexmedetomidine. (C) The Remimazolam group presented a statistically higher success of sedation compared to Midazolam.
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were judged to have moderate certainty, whereas hypoten-
sion, bradycardia, intraprocedural opioid consumption, suc-
cess of sedation, induction time, time to complete recovery
of consciousness, and hypoxia were classified as low certainty.
A detailed GRADE assessment and summary of findings are
presented in Table 2.
9

Discussion

In this systematic review and meta-analysis, including 1,884
patients from 11 RCTs, we found that Remimazolam was
associated with a significantly lower risk of respiratory
depression, hypoxia, hypotension, and bradycardia



Figure 5 (A) Induction time, in minutes, was significantly reduced in the Remimazolam group compared to Midazolam and Dex-
medetomidine. Remimazolam sedation presented a statistically higher induction time compared with Propofol. (B) Time to com-
plete recovery of consciousness, in minutes, was statistically faster in the Remimazolam group, in comparison to Midazolam and
Dexmedetomidine. (C) Hypoxia was significantly reduced in the Remimazolam group compared to Dexmedetomidine and in the
overall analysis.
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compared to commonly used sedatives. Subgroup analyses
showed that 1) Compared to Propofol, Remimazolam
reduced the incidence of hypotension and respiratory
depression, and increased induction time; 2) Compared to
10
Dexmedetomidine, it resulted in higher patient satisfaction,
faster recovery of consciousness, and induction time, as
well as a statistically lower hypoxia incidence; and 3) Com-
pared to Midazolam, it achieved higher sedation success,



Table 2 GRADE assessment and summary of findings.Author(s):Question: Remimazolam compared to Dexmedetomidine, Midazolam and Propofol for bronchoscpySetting:Bibliog-
raphy.

Certainty assessment N° of patients Effect Certainty Importance

N° of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other
considerations

[Intervention] [Comparison] Relative (95%
CI)

Absolute (95% CI)

Hypotension
11 Randomized trials Seriousa Serious Not serious Not serious None 246/1057 (23.3%) 280/826 (33.9%) RR 0.61

(0.40 to 0.95)
132 fewer per 1.000 (from
203 fewer to 17 fewer)

⨁⨁�� Lowa Important

Bradycardia
9 Randomized trials Seriousa Seriousb Not serious Not serious None 37/856 (4.3%) 114/623 (18.3%) RR 0.39

(0.20 to 0.77)
112 fewer per 1.000 (from
146 fewer to 42 fewer)

⨁⨁�� Lowa,b Important

Intraprocedural opioid consumption
6 Randomized trials Seriousa Seriousb Not serious Not serious None 842 609 ‒ MD 0.58 mg of IV mor-

phine equivalent lower
(1.31 lower to 0.14 higher)

⨁⨁�� Lowa,b Important

Respiratory depression
5 Randomized trials Seriousa Not serious Not serious Not serious None 33/657 (5.0%) 64/423 (15.1%) RR 0.44

(0.29 to 0.67)
85 fewer per 1.000 (from
107 fewer to 50 fewer)

⨁⨁⨁� Moderatea Important

Patient satisfaction score
7 Randomized trials Seriousa Not serious Not serious Not serious None 520 521 ‒ SMD 0.15 SD higher (0.03

lower to 0.33 higher)
⨁⨁⨁� Moderatea Important

Success of sedation
7 Randomized trials Seriousa Seriousb Not serious Not serious None 614/700 (87.7%) 378/468 (80.8%) RR 1.10

(0.04 to 1.47)
81 more per 1.000 (from
775 fewer to 380 more)

⨁⨁�� Lowa,b Important

Induction time
6 Randomized trials Seriousa Seriousb Not serious Not serious None 463 466 ‒ MD 0.77 minutes lower

(1.83 lower to 0.29 higher)
⨁⨁�� Lowa,b Important

Time to complete recovery of consciouness
10 Randomized trials Seriousa Seriousb Not serious Not serious None 1011 778 ‒ MD 0.67 minutes lower

(2.38 lower to 1.04 higher)
⨁⨁�� Lowa,b Important

Hypoxia
9 Randomized trials Seriousa Seriousb Not serious Not serious None 132/931 (14.2%) 161/700 (23.0%) RR 0.60

(0.39 to 0.93)
92 fewer per 1.000 (from
140 fewer to 16 fewer)

⨁⨁�� Lowa,b Important

CI, Confidence Interval; MD, Mean Difference; RR, Risk Ratio; SMD, Standardized Mean Difference.
Explanations:
a Outcome significantly carried out by studies with “some concerns” risk of bias. Downgraded by one level.
b High heterogeneity (I2 > 50%). Downgraded by one level for inconsistency.
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shorter induction time, and faster recovery. No significant
differences were observed between groups regarding brady-
cardia, or intravenous morphine consumption.

The reduced incidence of hypotension and bradycardia
associated with Remimazolam, compared to the general
sedative group and reduced hypotension compared to Propo-
fol, can be attributed to its selective action on GABAA recep-
tors while maintaining a negligible effect on sympathetic
tone.38,39 In contrast, Propofol induces a dose-dependent
decrease in blood pressure through the suppression of sym-
pathetic activity, resulting in vasodilation and a reduction in
peripheral vascular resistance.40 Furthermore, Remimazo-
lam experiences rapid biotransformation by tissue esterases
into a pharmacologically inactive metabolite (CNS 7054) and
is characterized by a brief context-sensitive half-life, which
reinforces its swift recovery profile in contrast to Midazolam
and Dexmedetomidine.38 The reduction in respiratory
depression in the Remimazolam group compared to both the
overall, and Propofol groups can be explained by its higher
respiratory depression threshold compared to Propofol.12

The advantageous pharmacokinetic attributes of Remi-
mazolam likely enhance patient satisfaction, promote a
quicker induction, and facilitate a more rapid recovery
when compared with Dexmedetomidine, alongside superior
sedation outcomes and reduced induction and recovery
times when contrasted with Midazolam. Overall, the differ-
ences in pharmacodynamics and pharmacokinetics provide
insight into the enhanced safety and efficacy of Remimazo-
lam, as indicated in this meta-analysis, especially in clinical
contexts where cardiorespiratory stability and procedural
efficiency are critical.

Our meta-analysis provides a more comprehensive and
robust evaluation of Remimazolam compared to the work by
Zhou et al. Our broad search strategy identified 3,696 initial
reports, contrasting their 40 initial reports, allowing us to
include more than double the number of trials: 11 RCTs com-
prising 1,884 patients, compared to their 5 RCTs with 1,080
patients. Methodologically, our analysis incorporated a
leave-one-out sensitivity analysis and Baujat plots to test
the stability of our findings, a step not reported by Zhou et
al. Furthermore, we assessed a wider array of clinically rele-
vant outcomes, including induction time, recovery time,
and patient satisfaction, which were not addressed in their
study. While our findings were largely concordant, with both
analyses concluding that Remimazolam is associated with a
reduced incidence of hypotension and respiratory depres-
sion, as well as a higher success rate than Midazolam, our
more powerful analysis also detected a significant reduction
in bradycardia, a finding not observed by Zhou et al. Notably,
while their analysis suggested a reduction in hypoxia com-
pared to Propofol, our larger analysis did not find this effect
to be statistically significant, indicating that our conclusion
is likely the more reliable estimate.37

Our findings indicate that Remimazolam may serve as an
effective, reliable, and safe sedative for flexible bronchos-
copy, providing a clearer understanding of the potential
trade-offs associated with selecting a sedative. For
instance, Propofol acts rapidly; however, it may increase the
likelihood of hypotension and respiratory complications.
Conversely, Remimazolam appears to exhibit a superior
12
safety profile, evidenced by a substantial reduction in seri-
ous events during the procedure, including a 40% decrease
in hypotension and hypoxia, as well as a diminished inci-
dence of bradycardia. This safer profile may be particularly
beneficial for elderly individuals or those with additional
health concerns.

Compared to Midazolam, Remimazolam demonstrated
higher success of sedation, faster induction, and shorter
recovery times by approximately 4.5 minutes. In clinical
practice, where an average of ten FB procedures is per-
formed daily without transbronchial needle aspiration, each
session lasts around 19 minutes and costs USD 289.00.41,42

Our analysis reveals a total inefficiency of 5.18 minutes per
procedure, resulting from a 0.69-minute longer induction
and 4.49 minutes of delayed recovery compared to Midazo-
lam. This results in a daily cost impact of roughly USD
788.71. We suggest that Remimazolam could serve as a use-
ful alternative, enhancing patient safety and workflow effi-
ciency. Future large-scale RCTs should establish
standardized dosing protocols and evaluate performance in
vulnerable populations, such as patients with severe cardio-
pulmonary disease and morbid obesity. Pharmacoeconomic
analyses are paramount for determining whether benefits
translate into cost savings, and research on long-term cogni-
tive effects is essential for clarifying its role in procedural
sedation.

A major limitation was the high heterogeneity in some
outcomes, including hypotension and hypoxia, which our
sensitivity analysis and Baujat plot revealed was primarily
driven by two methodologically distinct trials: Pastis et al.
and Zhou et al. (2024) (Supplemental Fig. 2).32,37 These
studies diverge significantly from the other nine trials in our
analysis. Pastis et al. stands out as the only study conducted
in a US population, using a bolus-only dosing strategy and
Midazolam as the comparator, with a primary endpoint of
procedural success. Conversely, Zhou et al. (2024) is unique
for its use of Dexmedetomidine as the comparator and the
ultra-short-acting opioid Remifentanil as a co-analgesic.37

The remaining nine trials were more homogenous, essen-
tially comparing Remimazolam infusions with Propofol in
East Asian populations while using short-acting synthetic
opioids like Fentanyl or Alfentanil. This concentration of
heterogeneity within two studies with unique protocols sug-
gests that while our overall pooled estimates are valuable,
the clinical effects of Remimazolam are significantly
affected by the choice of comparator drug, dosing strategy,
patient ethnicity, and the specific opioid used.

Another significant limitation stems from the geographic
concentration of most included RCTs. Since most of them
were conducted in China, the ethnic diversity of the patients
is narrow, which raises clear questions about generalizabil-
ity. This is a notable consideration for Remimazolam, as it is
metabolized by tissue Carboxylesterases (CES). Genetic var-
iations in these enzymes are common within the Chinese
population, and these polymorphisms can significantly affect
how a person responds to a drug, affecting both its efficacy
and potential for toxicity.43,44 Because these genetic profiles
differ across the globe, the specific safety and effectiveness
we observed might not be the same for patients in North
America or Europe.45 Therefore, validating our findings in
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trials with more diverse, multi-ethnic populations is a neces-
sary next step to truly understand Remimazolam’s global
clinical value. Furthermore, in two of the studies included in
this analysis, flumazenil was routinely administered at the
end of the procedure to reverse sedation.23,25 This practice
was standard protocol rather than a response to adverse
events and could potentially have influenced outcomes such
as recovery time and patient satisfaction. However, includ-
ing these studies did not increase heterogeneity or change
the overall significance of the pooled results, including those
related to recovery time and satisfaction.

Further methodological limitations should also be acknowl-
edged. Data regarding three outcomes, time to recovery of con-
sciousness, induction time, and patient satisfaction, were
reported as median and IQR or median and range. Despite apply-
ing the validated methods proposed by Luo and Wan, this vari-
ability can lead to inaccuracies and imprecision.28,29

Additionally, the precision of our estimates in certain subgroup
analyses was constrained by the limited number of included tri-
als. This scarcity of head-to-head comparisons, combined with
the overall clinical heterogeneity, ultimately precluded our abil-
ity to perform a meta-regression to investigate the dose-related
effects of Remimazolam.
Conclusion

Remimazolam is associated with a significantly lower risk
of hypotension, bradycardia, hypoxia, and respiratory
depression compared to pooled sedatives. Our findings
clarify the clinical trade-offs: it is demonstrably safer
than Propofol, while also offering greater sedation suc-
cess than Midazolam, higher satisfaction, lower hypoxia
incidence, shorter induction time and faster recovery
than Dexmedetomidine. It presents a reliable balance of
safety and efficacy, making it a valuable agent for FB.
Nonetheless, these conclusions should be interpreted in
light of certain methodological limitations, such as the
presence of high heterogeneity in some outcomes, the
predominance of single-country data, and the limited
number of trials for specific subgroup comparisons.
Future trials should focus on standardized dosing, vulner-
able populations, and the pharmacoeconomic impact of a
broad adoption of Remimazolam.
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