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Abstract

Background Remimazolam is a novel ultra-short-acting benzodiazepine that has been recently introduced

as an alternative to propofol for general anesthesia. While both agents have been compared in terms of safety
and efficacy, their relative effects on postoperative quality of recovery (QoR) remain unclear. Therefore, this meta-
analysis aimed to compare the effects of remimazolam and propofol on subjective QoR in surgical patients who
underwent general anesthesia.

Methods Medline, Embase, Google Scholar, and the Cochrane Central Register of Controlled Trials were searched
from inception to May 28, 2024 to identify randomized controlled trials comparing remimazolam and propofol

in terms of postoperative QoR. The Cochrane risk-of-bias tool (RoB 2) was used to assess study quality. QoR score
on postoperative day (POD) 1 (primary outcome), QoR scores on PODs 2-3, QoR dimensions, time to loss of con-
sciousness, other recovery characteristics, and rescue analgesia requirement were evaluated using random-effects
meta-analyses.

Results This meta-analysis included 13 studies published between 2022 and 2024 involving 1,418 patients. QoR

was evaluated using either the QoR-15 (10 studies) or QoR-40 (3 studies) questionnaire. The pooled results indicated
no significant difference in the QoR scores on POD 1 (standardized mean difference: 0.02, 95% confidence interval
[Cl]:—0.20,0.23, P=0.88, 1=73%) and PODs 2-3 between remimazolam and propofol. Furthermore, no significant
differences were observed in QoR dimensions, length of postanesthesia care unit (PACU) stay, and time to extubation
as well as in the risks of agitation and postoperative nausea and vomiting. Patients administered remimazolam exhib-
ited slower anesthetic induction (mean difference (MD): 32.27 s) but faster recovery of consciousness (MD:—1.60 min)
than those administered propofol. Moreover, remimazolam was associated with a lower risk of rescue analgesia
requirement in the PACU (risk ratio: 0.62, 95% Cl: 0.43, 0.89, P=0.009, F=0%) but not in the ward.
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Conclusion Remimazolam is a potential alternative to propofol for general anesthesia as it offers similar QoR
to the latter and has advantages in terms of consciousness recovery and immediate postoperative analgesia

requirement.

Keywords Remimazolam, Propofol, Quality of recovery, QoR, General anesthesia

Introduction

Postoperative subjective quality of recovery (QoR) refers
to the patient’s own perspective on how they feel during
the postoperative period, which can significantly differ
from the clinical or objective measures of recovery [1,
2]. Several tools and questionnaires have been devel-
oped to systematically evaluate subjective QoR, including
QoR-40 [3, 4] and its shorter version, QoR-15 [5]. These
instruments evaluate multiple domains of recovery (e.g.,
physical comfort and emotional well-being) to provide a
comprehensive overview of the patient’s subjective recov-
ery experience. In patients undergoing elective surger-
ies, poor QoR has been associated with postoperative
complications up to 30 days [6]. Furthermore, research
has shown that patients with suboptimal recovery qual-
ity were less likely to achieve disability-free survival three
months after abdominal surgery [7], highlighting the
importance of enhancing subjective QoR in clinical set-
tings. In recent years, improvement of patient care by
using prophylactic agents (e.g., lidocaine) or different
anesthetic techniques to enhance subjective QoR has
gained attention [8-14].

Propofol and volatile anesthetic agents are commonly
used in general anesthesia, enabling patients to undergo
invasive treatments without experiencing pain or aware-
ness. Compared with volatile agents, propofol-based
anesthesia may offer favorable recovery profiles, such
as better subjective QoR, reduced postoperative pain,
and lower incidence of postoperative nausea and vom-
iting (PONV), emergence agitation, and postoperative
cognitive dysfunction [15-17]. Remimazolam is a novel
ultra-short-acting benzodiazepine that acts on gamma-
aminobutyric acid (GABA) receptors to induce sedation,
hypnosis, and amnesia [18-20]. Compared with other
benzodiazepines, such as midazolam, remimazolam
has a more rapid onset and offset of action owing to its
unique pharmacokinetic profile [18—20]. It undergoes
rapid hydrolysis by tissue esterases, resulting in a shorter
duration of action and a more predictable recovery pro-
file [18—20]. Compared with propofol, emerging evidence
indicates that remimazolam is associated with lower risks
of hypotension, hypoxemia, and other adverse events
(e.g., bradycardia and pain at the injection site) [21-26].
These characteristics make remimazolam an attractive
choice for procedural sedation and general anesthe-
sia as it enables quicker patient recovery and improved

cardiopulmonary stability. However, studies comparing
subjective QoR between propofol and remimazolam are
scarce. To the best of our knowledge, only two recent
meta-analyses [24, 27] have evaluated the subjective QoR
between these two agents as a secondary outcome. How-
ever, these meta-analyses had notable limitations. First,
each meta-analysis included only two studies, leading to
insufficient statistical power to identify potential differ-
ences. Second, they [24, 27] did not examine the possible
impact of key factors such as the duration of surgery or
the dosage of remimazolam on the observed effect size.

To enable a comprehensive and reliable assessment of
the comparative effects of remimazolam and propofol
on postoperative QoR, a meta-analysis of randomized
controlled trials (RCTs) involving surgical patients who
underwent general anesthesia was conducted to increase
statistical power and resolve the knowledge gap in the
existing literature.

Methods

This systematic review was registered on PROSPERO
(CRD42024551877). The reporting of this meta-anal-
ysis adhered to the guidelines set forth by the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA).

Search strategies

Medline, Embase, Google Scholar, and the Cochrane
Central Register of Controlled Trials (CENTRAL) were
searched from their inception until May 28, 2024 to
identify RCTs comparing the effects of remimazolam
and propofol on postoperative QoR in patients who
underwent general anesthesia for any type of surgery.
The search strategy included the use of a combination of
keywords and MeSH terms pertaining to remimazolam,
propofol, surgery, and postoperative recovery. Specific
search strings for one of the databases are presented in
Supplemental Table 1. To capture all relevant studies,
the reference lists of the selected studies and published
meta-analyses comparing the differences between remi-
mazolam and propofol were also manually reviewed. The
search included all studies on humans, and no restric-
tions were imposed on publication date or language.
Two reviewers independently evaluated the titles and
abstracts of the retrieved records based on predefined
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inclusion criteria, followed by a full-text assessment of
potentially eligible studies by the same reviewers. Any
disagreements were resolved through discussion or by
involving a third reviewer.

Eligibility criteria
The inclusion criteria were as follows: (1) studies involv-
ing adult patients (i.e., age>18 years) who underwent
general anesthesia for any type of surgery, (2) RCTs using
remimazolam as the intervention and propofol as the
control for maintaining general anesthesia, and (3) stud-
ies reporting at least one subjective outcome measure
related to postoperative QoR, such as QoR-15 or QoR-40.
The exclusion criteria were as follows: (1) nonrand-
omized or observational studies; (2) studies involving
pediatric patients, sedative procedures (e.g., colonos-
copy), or regional anesthesia techniques; (3) studies not
reporting any relevant outcome measures related to post-
operative QoR; and (4) studies with duplicate publica-
tions or containing insufficient data for meta-analysis.

Outcome definition

The primary outcome of this meta-analysis was the QoR
score on postoperative day (POD) 1. QoR score is a vali-
dated, patient-reported outcome measure that evaluates
the quality of postoperative recovery across multiple
domains, including physical comfort, emotional state,
physical independence, psychological support, and pain.
Higher QoR scores indicate better postoperative recov-
ery. For studies reporting QoR scores using different
scales (e.g., QoR-15, QoR-40), the standardized mean
difference (SMD) was calculated to facilitate comparison
across studies. The SMD expresses the size of the inter-
vention effect in each study relative to the variability
observed in that study, allowing for the comparison and
pooling of results from studies that used different QoR
scales.

The secondary outcomes included QoR scores on
PODs 2-3, QoR dimensions (e.g., physical comfort, emo-
tional state, physical independence, psychological sup-
port, and pain), time to loss of consciousness (LOC),
time to recovery of consciousness (ROC), time to extuba-
tion, emergence agitation, length of postanesthesia care
unit (PACU) stay, PONYV, and rescue analgesia require-
ment in the PACU or ward.

Data collection

Data extraction was independently conducted by two
reviewers using a standardized form. Detailed infor-
mation was collected from each study, including study
characteristics (i.e., first author, publication year, design,
sample size, and country), participant demographics (i.e.,
age, sex, body mass index [BMI], physical status, surgical
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type, surgical duration), and specifics of interventions
and comparisons (i.e., dosing and administration of remi-
mazolam and propofol). Outcomes such as QoR scores
for PODs 1 and 2-3, other QoR dimensions, time to
LOC, time to ROC, time to extubation, emergence agi-
tation, length of PACU stay, PONYV, and rescue analgesia
requirement in the PACU or ward were also recorded.
Discrepancies between the reviewers were resolved by
consensus, and study authors were contacted for any
missing or unclear data. If the data remained unattain-
able, studies were excluded from specific analyses.

Risk-of-bias assessment

The risk of bias in our analyzed studies was indepen-
dently evaluated by two reviewers using the Cochrane
risk-of-bias tool (RoB 2) for RCTs. This tool assesses five
domains: bias from the randomization process, bias due
to deviations from intended interventions, bias from
missing outcome data, bias in outcome measurement,
and bias in the selection of reported results. The risk of
each domain was classified as low, some concerns, or
high. Subsequently, the overall risk for each study was
determined based on these assessments. Disagreements
between reviewers were resolved through discussion or
consultation with a third reviewer if necessary.

Certainty of evidence

The certainty of evidence for each outcome was evalu-
ated using the Grading of Recommendations, Assess-
ment, Development, and Evaluation (GRADE) approach.
GRADE categorizes evidence into four levels: high, mod-
erate, low, and very low. The outcomes from the meta-
analysis of RCTs initially have a high certainty rating.
But such a high rating may be downgraded due to risk of
bias, inconsistency, indirectness, imprecision, and publi-
cation bias. Two reviewers independently evaluated the
certainty of each outcome using the GRADE approach.
Disagreements were resolved through discussion or con-
sultation with a third reviewer if necessary.

Statistical analysis

The statistical analysis for our meta-analysis was con-
ducted using Cochrane Review Manager (RevMan, ver-
sion 5.4). The SMD or mean difference (MD) with 95%
confidence intervals (Cls) for continuous outcomes and
the risk ratio (RR) with 95% Cls for categorical outcomes
were calculated. For studies that reported continuous
outcomes as medians with interquartile ranges (IQRs),
we converted these values to means and standard devia-
tions (SDs) to facilitate the meta-analysis. The conversion
was performed using the method described by Wan et al.
[28]. A random-effects model was used in all analyses
to address variability both within and between studies.
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To avoid overlapping sample sizes in studies with mul-
tiple intervention groups, a strategy where participants
in the control groups were divided into subgroups was
employed. Each subgroup was then compared with its
corresponding specific intervention arm using a previ-
ously described method [29]. P-value <0.05 was consid-
ered to indicate statistical significance.

Heterogeneity was evaluated using the I? statistic, con-
sidering an I? value above 75% as indicative of substantial
heterogeneity. In cases of significant heterogeneity in the
primary outcome (i.e., QoR scores on POD 1), subgroup
analyses were conducted to identify potential sources
based on the surgical duration (i.e., <60 min vs.>60 min)
or the type of outcome measurement (i.e., QoR-15 and
QoR-40). Publication bias was assessed using funnel plots
when more than 10 studies or datasets were available for
a given outcome. Sensitivity analyses were conducted to
evaluate the robustness of the meta-analysis results. First,
we sequentially excluded individual studies to assess the
influence of each study on the pooled effect estimates.
Second, we re-ran the analyses after removing studies
deemed to have a high risk of bias to evaluate the impact
of study quality on the results.

Meta-regression analyses were conducted to explore
the potential influence of the duration of surgery or
remimazolam dose on the primary outcome (i.e., QoR
scores on POD 1). Remimazolam dosage or surgi-
cal time were treated as continuous variables. In cases
where the dosage was reported as a range, the midpoint
of the range was used. Studies that did not report remi-
mazolam dose or surgery duration were excluded from
the meta-regression analysis. Analyses were conducted
using Comprehensive Meta-Analysis (Version 4, Bio-
stat, Englewood, NJ, USA). In addition, trial sequential
analysis (TSA) was conducted to verify the adequacy of
the information size and the robustness of our primary
outcome. The TSA focused on the QoR-15 scale, which
is the most frequently used measure. According to pre-
vious research, the minimum clinically important differ-
ence for the QoR-15 scale is 6.0 [30]. Consequently, the
TSA settings included an alpha level of 0.05, a power of
80%, and a MD of 6.

Results

Study selection

The systematic literature search yielded 163 records
from four databases and reference lists from three rel-
evant meta-analyses [24, 27, 31] (Fig. 1). After eliminat-
ing 35 duplicates, 128 records were screened by title and
abstract, excluding 97 that did not meet the inclusion
criteria. The full texts of the remaining 31 reports were
assessed for eligibility, which led to the exclusion of addi-
tional 18 studies for the following reasons: review articles
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(n=4), studies involving inhalation agents (n=3), lack
of available outcomes (n=3), studies focusing on seda-
tive procedures (n=4), observational studies (n=2), and
articles presenting only the study protocol (n=2). Con-
sequently, 13 RCTs published between 2022 and 2024
involving 1418 patients were included in the system-
atic review and meta-analysis [32—44]. Two [34, 43] of
the thirteen studies were not retrievable from major
databases (i.e., Medline or Embase) and were primar-
ily sourced from Google Scholar. Additionally, although
one study [42] was listed in Embase, it is available only in
Chinese.

Characteristics of the studies

The main characteristics of the 13 RCTs included in this
meta-analysis are summarized in Table 1. These stud-
ies were conducted in China (#=7), Korea (n=5), and
Japan (n=1) and involved a total of 1,418 participants.
The sample sizes of the individual studies ranged from 36
to 192 patients. The mean age of the participants ranged
from 39 to 85 years, and the proportion of male patients
varied from 0 to 70%. Majority of the studies included
patients with American Society of Anesthesiologists
(ASA) physical status I-1I, whereas four [33, 36, 38, 40]
included patients with ASA III. The surgical procedures
performed in the studies were diverse, with the mean
surgical duration ranging from 9 to 286 min. The intra-
operative infusion dose of remimazolam ranged from 0.3
to 3 mg/kg/h, whereas the propofol dose ranged from 2
to 10 mg/kg/h or was administered as a target-controlled
infusion with effect-site concentrations ranging from 1 to
6 pug/mL. Remifentanil was the most commonly utilized
opioid during surgery. The anesthetic depth was moni-
tored using the bispectral index in most studies, with
a target range of 40-60. Two studies [36, 38] used the
patient state index to monitor the anesthetic depth, with
a target range of 25-50. The QoR was evaluated using
either the QoR-15 or the QoR-40 questionnaire. QoR-15
was used in 10 studies [32, 34, 36—38, 40—44], whereas
QoR-40 was used in the remaining 3 studies [33, 35, 39].

Quality of the studies

The risk-of-bias assessment led to the identification of
potential concerns in some domains of the two studies
included (Fig. 2). In the trial conducted by Jiao et al., 18
patients were excluded after randomization, which could
have introduced bias. In the trial by Zhao et al., the lack
of blinding of patients, study personnel, and outcome
assessors could have influenced the administered inter-
ventions and introduced bias in the outcome evaluations,
particularly for the subjective measures. In eight stud-
ies [33, 35-41], the anesthesiologists were not blinded
to the anesthetics used. However, this lack of blinding is
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Fig. 1 Flowchart for studies selection

unlikely to have influenced the assessed outcomes. Con-
sequently, the risk of bias stemming from deviations from
the intended interventions was deemed low in these stud-
ies. In summary, the overall risk of bias was considered to
be of some concern in 2 studies [34, 42] and low in the
remaining 11 studies [32, 33, 35-41, 43, 44] (Fig. 2).

Outcomes

Primary outcome

The meta-analysis comparing the effects of remimazolam
and propofol on postoperative QoR on POD 1 included
14 datasets from 12 studies, with a total of 1,384 par-
ticipants (738 in the remimazolam group and 646 in the
propofol group). The pooled results indicated a negligible
difference in the mean recovery scores between remima-
zolam and propofol (SMD: 0.02, 95% CI:—0.20 to 0.23,
P=0.88, P=73%) (Fig. 3), suggesting that there is no

Duplicate records removed
(n=135)

Records excluded by title and
abstract (n = 97)

Reports not retrieved (n = 0)

18 Reports excluded:

® Review articles (n = 4)

® Inhalation agents (n = 3)

® No outcomes available (n = 3)
® Sedative procedures (n = 4)
® Observational studies (n = 2)
® Only protocol (n = 2)

significant advantage of one drug over the other in terms
of QoR.

TSA was conducted with a focus on the QoR-15 scale
to evaluate the strength of the evidence. As shown in
Fig. 4, the z-curve intersected the futility boundary and
reached the required information size, indicating that
there is sufficient evidence to support the lack of differ-
ence in the QoR-15 scale outcomes between remima-
zolam and propofol.

Secondary outcome

The pooled analysis also revealed a negligible difference
in the QoR scores between the two anesthetics (SMD:
0.03, 95% CI:-0.31, 0.37, P=0.87, F=79%) on PODs
2-3 (Fig. 5). Nine studies involving 982 patients evalu-
ated various QoR dimensions on POD 1. The differences
in these QoR dimensions between the groups were mini-
mal, with the following metrics: emotional status (SMD:
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Fig. 2 Risk of bias assessment across studies. A Bias arising
from the randomization process. B Bias due to deviations

from intended interventions. C Bias due to missing outcome
data. D Bias in measurement of the outcome. E Bias in selection
of the reported result. F Overall risk of bias

Remimazolam Propofol

Chen 2024 1333 111 55 135 10.3 55  7.7%
Choi 2022 111.2 188 70 109.1 18.9 69 8.1%
Huang 2023 185 7.6 60 1853 9.1 60 7.9%
Jiao 2024 121.3 10.2 45 1262 M 45  7.3%
Kim 2023 176.7 125 94 1771 134 95  8.6%
Lee 2023 1233 19.5 28 126 22.6 29  6.3%
Lee 2024a 116 255 36 116 20.8 36 6.8%
Lee 2024b 139 116 32 1333 16.3 31 6.5%

Luo 2023 (high)
Luo 2023 (Low)
Luo 2023 (median)

188.98 3.2 48 190.45 3.29 17  59%
189.81 3.42 48 190.45 3.29 16  59%
190.15 3.28 47 190.45 3.29 16 5.9%

Mao 2022 1145 205 64 124 26 64  7.9%
Tang 2023 1242 57 56 1215 3.8 58 7.7%
Zhao 2023 1138 71 55 106.3 8.4 55  7.5%
Total (95% Cl) 738 646 100.0%

Heterogeneity: Tau? = 0.11; Chi® = 47.34, df = 13 (P < 0.00001); I* = 73%
Test for overall effect: Z=0.15 (P = 0.88)

Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

-0.46 [-0.88, -0.04]

-0.40 [-0.75, -0.05]
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0.02, 95% CI:—0.29, 0.34, P=0.88, >=83%) (Fig. 6), pain
(SMD:-0.05, 95% CI:—0.19, 0.10, P=0.55 F=21%)
(Fig. 7), physical comfort (SMD:—0.01, 95% CI:—0.22,
0.21, P=0.95, I’=62%) (Fig. 8), physical independ-
ence (SMD: 0.03, 95% CI:—0.17, 0.22, P=0.79, I’=54%)
(Fig. 9), and psychological support (SMD: 0.15, 95%
CI:-0.15, 0.45, P=0.32, P=77%) (Fig. 10). These results
indicated that there were no significant differences in
these QoR dimensions on POD 1 between patients
administered remimazolam and those administered
propofol. Similarly, on PODs 2-3, no differences were
observed in these QoR dimensions between the groups.
The aggregated data indicated that patients admin-
istered propofol lost consciousness significantly faster
than those administered remimazolam (MD: 32.27 s,
95% CI: 16.52, 48.02, P<0.001, ’=97%) (Supplemental
Fig. 1). However, patients administered remimazolam
regained consciousness more quickly than those admin-
istered propofol (MD:—1.60 min, 95% CI:—2.90,—0.31,
P=0.02, ’=96%) (Supplemental Fig. 2). However, no
significant difference was observed in time to extuba-
tion between the two anesthetic agents (MD: —0.87 min,
95% Cl:—2.76, 1.03, P=0.37, ’=97%) (Supplemental
Fig. 3). The incidence of emergence agitation in patients
administered remimazolam versus propofol during
general anesthesia was similar (RR: 0.81, 95% CI: 0.44,
1.48, P=0.49, P=0%) (Supplemental Fig. 4). Further-
more, there was no difference in the length of PACU
stay between the groups (MD: 0.28 min, 95% CI: —0.43,
0.98, P=0.44, P=0%) (Supplemental Fig. 5). The analy-
sis based on data from 12 studies revealed that the risk
of PONV between the groups was also not statistically
significant (RR: 1.12, 95% CI: 0.71, 1.76, P=0.62, =0%)
(Supplemental Fig. 6). Interestingly, patients adminis-
tered remimazolam exhibited a lower risk of rescue anal-
gesia requirement in the PACU than those administered

Std. Mean Difference
1IV. Random. 95% CI

-0.16 [-0.53, 0.22]
0.11 [-0.22, 0.44]
-0.04 [-0.39, 0.32]

-0.03 [-0.32, 0.25]
-0.13 [-0.65, 0.39]
0.00 [-0.46, 0.46]
0.40 [-0.10, 0.90]
-0.45[-1.01, 0.11]
-0.19 [-0.75, 0.38]
-0.09 [-0.66, 0.48]

0.56 [0.18, 0.93] —
0.96 [0.56, 1.35] —

0.02 [-0.20, 0.23] ?
0

1 2
Favours [Propofol] Favours [Remimazolam]

Fig. 3 Forest plot showing quality of recovery (QoR) at postoperative day (POD)1. SD: standard deviation; IV: invariance; Std: standardized
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Fig. 4 Trial sequential analysis (TSA) was conducted to evaluate the adequacy of the information size and the robustness of evidence
concerning the QoR-15 scale. The TSA was configured with an alpha level of 0.05, a power of 80%, and a mean difference of 6.0, reflecting
the minimal clinically important difference for the QoR-15 scale. The z-curve, representing the cumulative evidence, intersects the futility

boundary and surpasses the required information size (RIS) boundary, in
between remimazolam and propofol on the QoR-15 scale

Remimazolam Propofol

Std. Mean Difference

dicating that sufficient evidence exists to support no significant difference

Std. Mean Difference

Study or Subgroup _Mean SD_Total Mean SD Total Weight 1V, Random, 95% ClI 1V, Random, 95% ClI

Chen 2024 1348 8.2 55 136.1 8.9 55 15.1% -0.15[-0.53, 0.22] -

Choi 2022 124.8 14.9 70 123.7 16.5 69 15.7% 0.07 [-0.26, 0.40] I

Jiao 2024 136.8 6.9 45 138 6.2 45  14.5% -0.18 [-0.60, 0.23] -

Kotani 2024 127 187 17 131 127 17 10.7% -0.24 [-0.92, 0.43] - 1

Lee 2024a 1293 154 36 128 124 36 13.8% 0.09 [-0.37, 0.55] N

Mao 2022 138 14 64 143 11.5 64 15.5% -0.39 [-0.74, -0.04] I

Zhao 2023 130.6 4 55 1271 3.3 55 14.8% 0.95[0.55, 1.34] -
Total (95% CI) 342 341 100.0% 0.03 [-0.31, 0.37] ?
Heterogeneity: Tau? = 0.16; Chi? = 28.89, df = 6 (P < 0.0001); I> = 79% 2 1 5 1 2

Test for overall effect: Z = 0.16 (P = 0.87)

Favours [Propofol] Favours [Remimazolam]

Fig. 5 Forest plot showing no difference in quality of recovery (QoR) scores between remimazolam and propofol at postoperative day (POD) 2-3.

SD: standard deviation; IV: invariance; Std: standardized

propofol (RR=0.62, 95% CI: 0.43—0.89, P=0.009, I =0%)
(Supplemental Fig. 7). However, this difference was
not evident in the ward (RR=1.39, 95% CI: 0.89-2.16,
P=0.14, ’=0%) (Supplemental Fig. 7).

Sensitivity analysis
The sensitivity analyses conducted using the leave-
one-out approach for all outcomes are detailed in

Table 2. These analyses confirmed that the majority of
the results were robust and independent of any single
study (Table 2). However, two outcomes—time to ROC
and rescue analgesia requirement in the PACU—were
exceptions, indicating that the findings might have
been influenced by specific studies. Additionally, we
planned to conduct a sensitivity analysis by removing
studies deemed to have a high risk of bias. However,
since none of the studies included in our meta-analysis
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Remimazolam Propofol Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 POD 1
Chen 2024 396 0.8 55 39.7 08 55 11.6% -0.12 [-0.50, 0.25] [
Choi 2022 32 63 70 308 7.2 69 12.0% 0.18 [-0.16, 0.51] T
Kim 2023 40.33 226 94 40.33 3.01 95 12.5% 0.00 [-0.29, 0.29] -1
Luo 2023 (high) 43.54 1.18 48 4369 1.18 17 9.8% -0.13 [-0.68, 0.43] - 1
Luo 2023 (Low) 43.38 1.23 48 43.69 1.18 16 9.6% -0.25[-0.82, 0.32] - 1
Luo 2023 (median) 43.47 112 47 43.69 1.18 16 9.6% -0.19 [-0.76, 0.38] - 1
Mao 2022 365 5.8 64 38 3 64 11.9% -0.32[-0.67, 0.03] |
Tang 2023 365 1.9 56 37 1.52 58 11.7% -0.29 [-0.66, 0.08] - I
Zhao 2023 32.67 2.28 55 29.6 244 55 11.3% 1.29[0.88, 1.70] -
Subtotal (95% CI) 537 445 100.0% 0.02 [-0.29, 0.34] -
Heterogeneity: Tau? = 0.19; Chi? = 46.03, df = 8 (P < 0.00001); I> = 83%
Test for overall effect: Z=0.15 (P = 0.88)
1.5.2 POD 2-3
Chen 2024 396 0.8 55 396 0.8 55 23.8% 0.00 [-0.37, 0.37] B
Choi 2022 343 56 70 336 53 69 27.0% 0.13[-0.21, 0.46] -
Mao 2022 39 3 64 39 2 64 25.9% 0.00 [-0.35, 0.35] B
Zhao 2023 35.33 3.05 55 34 1.52 55 23.3% 0.55[0.17, 0.93] "
Subtotal (95% CI) 244 243 100.0% 0.16 [-0.08, 0.41] g
Heterogeneity: Tau? = 0.03; Chi? = 5.55, df = 3 (P = 0.14); I = 46%
Test for overall effect: Z =1.31 (P = 0.19)
-2 -1 0 1 2

Favours [Propofol] Favours [Remimazolam]

Fig. 6 Forest plot showing no difference in emotional status dimension between remimazolam and propofol at postoperative day (POD) 1

and POD 2-3. SD: standard deviation; IV: invariance; Std: standardized

Study or Subgroup

1.6.1 POD 1

Chen 2024

Choi 2022

Kim 2023

Luo 2023 (high)
Luo 2023 (Low)
Luo 2023 (median)
Mao 2022

Tang 2023

Zhao 2023
Subtotal (95% CI)

Heterogeneity: Tau? = 0.01; Chi? = 10.07, df =

Test for overall effect: Z = 0.60 (P = 0.55)

1.6.2 POD 2-3
Chen 2024
Choi 2022
Mao 2022

Zhao 2023
Subtotal (95% CI)

Test for overall effect: Z = 0.88 (P = 0.38)

Remimazolam Propofol Std. Mean Difference Std. Mean Difference
Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
19.7 05 55 198 04 55 12.0% -0.22 [-0.59, 0.16] I
121 36 70 112 37 69 14.3% 0.25[-0.09, 0.58] T
31 27 94 313 35 95 17.9% -0.10 [-0.38, 0.19] I
33.23 1.06 48 33.57 1.12 17  6.2% -0.31[-0.87, 0.24] - 1
3346 1.13 48 33.57 1.12 16  6.0% -0.10 [-0.66, 0.47] - ]
33.62 1.13 47 3357 1.12 16 6.0% 0.04 [-0.52, 0.61] -
18.5 5 64 20 3.8 64 13.4% -0.34 [-0.68, 0.01] |
17.67 0.76 56 17.67 0.76 58 12.4% 0.00 [-0.37, 0.37] -1
15 1.52 55 145 2.28 55 12.0% 0.26 [-0.12, 0.63] - -
537 445 100.0%  -0.05[-0.19, 0.10] >
8(P=0.26); 1?°=21%
20 0 55 198 04 55 Not estimable
149 33 70 15 37 69 34.9% -0.03 [-0.36, 0.30]
20 2 64 20 1.8 64 33.8% 0.00 [-0.35, 0.35]
17.33 0.76 55 16.5 2.28 55 31.3% 0.49[0.11, 0.86] —
244 243 100.0% 0.14 [-0.17, 0.46]
Heterogeneity: Tau? = 0.04; Chi? = 4.78, df =2 (P = 0.09); I*> = 58%
-1 -0.5 0 0.5 1

Favours [Propofol] Favours [Remimazolam]

Fig. 7 Forest plot showing no difference in pain dimension between remimazolam and propofol at postoperative day (POD) 1 and POD 2-3.SD:
standard deviation; IV: invariance; Std: standardized

were deemed to have a high risk of bias, we chose not

to perform this specific sensitivity analysis.

Publication bias

The potential for publication bias was evaluated for
four outcomes, each supported by more than 10 stud-
ies, using funnel plots. The plots indicated low risks of
publication bias for the following outcomes: QoR on
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Remimazolam Propofol Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.7.1 POD 1
Chen 2024 402 69 55 418 57 55 11.9% -0.25[-0.63, 0.12] T
Choi 2022 36.6 84 70 37 82 69 13.0% -0.05[-0.38, 0.28] e
Kim 2023 54 33 94 54 3.7 95 14.1% 0.00 [-0.29, 0.29] -1
Luo 2023 (high) 56.98 1.8 48 5737 1.9 17 8.3% -0.21[-0.77, 0.34] - 1
Luo 2023 (Low) 56.94 1.88 48 57.37 1.9 16  8.1% -0.23 [-0.79, 0.34] - 1
Luo 2023 (median) 57.28 1.92 47 5737 1.9 16  8.1% -0.05[-0.61, 0.52] - 1T
Mao 2022 375 10.8 64 415 108 64 12.6% -0.37 [-0.72, -0.02] -
Tang 2023 46.67 2.28 56 46 1.52 58 12.1% 0.34 [-0.03, 0.71] -
Zhao 2023 40.03 5.71 55 36.27 6.24 55 11.8% 0.62[0.24, 1.01] -
Subtotal (95% CI) 537 445 100.0% -0.01 [-0.22, 0.21] -
Heterogeneity: Tau? = 0.06; Chi? = 20.79, df = 8 (P = 0.008); I* = 62%
Test for overall effect: Z = 0.06 (P = 0.95)
1.7.2 POD 2-3
Chen 2024 40.7 51 55 429 4.9 55 24.8% -0.44 [-0.82, -0.06] -
Choi 2022 422 49 70 422 6.3 69 25.4% 0.00 [-0.33, 0.33] B
Mao 2022 45.5 6 64 475 5 64 252% -0.36 [-0.71, -0.01] -
Zhao 2023 4467 2.28 55 42.17 3.05 55 24.6% 0.92[0.53, 1.32] - =
Subtotal (95% ClI) 244 243 100.0% 0.03 [-0.55, 0.60] ———

Heterogeneity: Tau? = 0.31; Chi? = 30.26, df = 3 (P < 0.00001); 1> = 90%
Test for overall effect: Z =0.09 (P = 0.93)
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Fig. 8 Forest plot showing no difference in physical comfort dimension between remimazolam and propofol at postoperative day (POD) 1

and POD 2-3. SD: standard deviation; IV: invariance; Std: standardized

Remimazolam Propofol Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.8.1 POD 1
Chen 2024 145 3.9 55 142 42 55 12.0% 0.07 [-0.30, 0.45] 1
Choi 2022 145 341 70 14 37 69 13.2% 0.15[-0.19, 0.48] -
Kim 2023 204 39 94 202 44 95 14.7% 0.05 [-0.24, 0.33] -
Luo 2023 (high) 22.83 1.46 48 231 1.39 17 7.9% -0.18 [-0.74, 0.37] - 1
Luo 2023 (Low) 23.15 1.29 48 231 1.39 16  7.7% 0.04 [-0.53, 0.60] -
Luo 2023 (median) 2296 143 47 231 1.39 16  7.7% -0.10 [-0.66, 0.47] - 1
Mao 2022 25 1338 64 10 15.8 64 12.7% -0.50 [-0.85, -0.15] -
Tang 2023 8.83 1.52 56 8 1.52 58 12.0% 0.54[0.17, 0.92] -
Zhao 2023 8.67 5.33 55 827 48 55 12.0% 0.08 [-0.30, 0.45] -1
Subtotal (95% CI) 537 445 100.0% 0.03 [-0.17, 0.22] >
Heterogeneity: Tau? = 0.05; Chi? = 17.36, df = 8 (P = 0.03); I> = 54%
Test for overall effect: Z = 0.27 (P = 0.79)
1.8.2 POD 2-3
Chen 2024 162 1.7 55 143 22 55 23.2% 0.45[0.08, 0.83] -
Choi 2022 164 22 70 161 29 69 27.3% 0.12[-0.22, 0.45] B
Mao 2022 175 538 64 18 4.8 64 26.0% -0.09 [-0.44, 0.25] -
Zhao 2023 15 3.05 55 14.93 2.51 55 23.6% 0.02 [-0.35, 0.40] S
Subtotal (95% CI) 244 243 100.0% 0.12 [-0.10, 0.34] -
Heterogeneity: Tau? = 0.02; Chi? = 4.70, df = 3 (P = 0.20); I*> = 36%
Test for overall effect: Z = 1.04 (P = 0.30)
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Fig.9 Forest plot showing no difference in physical independence dimension between remimazolam and propofol at postoperative day (POD) 1

and POD 2-3. SD: standard deviation; IV: invariance; Std: standardized

POD 1 (Supplemental Fig. 8), time to extubation (Sup-
plemental Fig. 9), length of PACU stay (Supplemental
Fig. 10), and risk of PONV (Supplemental Fig. 11), as
evidenced by the symmetry in the funnel plots.

Meta-regression analysis for primary outcome
Meta-regression analysis revealed a significant asso-
ciation between the duration of surgery and SMD

in QoR scores between remimazolam and propofol
(P=0.004) (Fig. 11a). This finding suggests that as the
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Remimazolam Propofol Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.9.1 POD 1
Chen 2024 195 0.8 55 195 0.8 55 13.4% 0.00 [-0.37, 0.37] -1
Choi 2022 16 27 70 159 29 69 14.0% 0.04 [-0.30, 0.37] - |
Kim 2023 314 31 94 315 3 95 14.6% -0.03 [-0.32, 0.25] e
Luo 2023 (high) 324 1.62 48 32.71 1.76 17 10.7% -0.18 [-0.74, 0.37] - 1
Luo 2023 (Low) 329 1.68 48 32.71 1.76 16 10.5% 0.11[-0.46, 0.68] - 1
Luo 2023 (median) 32.83 1.63 47 32.71 1.76 16 10.5% 0.07 [-0.50, 0.64] -
Mao 2022 20 0 64 20 1 64 Not estimable
Tang 2023 15.67 3.04 56 12.83 1.52 58 13.0% 1.18[0.78, 1.58] -
Zhao 2023 17.67 0.76 55 17.67 0.76 55 13.4% 0.00 [-0.37, 0.37] — T
Subtotal (95% CI) 537 445 100.0% 0.15 [-0.15, 0.45] -
Heterogeneity: Tau? = 0.14; Chi? = 30.37, df = 7 (P < 0.0001); > =77%
Test for overall effect: Z = 1.00 (P = 0.32)
1.9.2 POD 2-3
Chen 2024 195 08 55 195 0.8 55 30.7% 0.00 [-0.37, 0.37] B
Choi 2022 171 22 70 168 28 69 38.7% 0.12[-0.21, 0.45] s
Mao 2022 20 0 64 20 0 64 Not estimable
Zhao 2023 19.67 0.76 55 19.67 0.76 55 30.7% 0.00 [-0.37, 0.37] T
Subtotal (95% CI) 244 243 100.0% 0.05 [-0.16, 0.25]
Heterogeneity: Tau? = 0.00; Chi? = 0.30, df =2 (P = 0.86); I? = 0%
Test for overall effect: Z =0.43 (P = 0.66)

-1 -0.5 0 0.5 1

Favours [Propofol]

Favours [Remimazolam]

Fig. 10 Forest plot showing no difference in psychological support dimension between remimazolam and propofol at postoperative day (POD) 1
and POD 2-3. SD: standard deviation; IV: invariance; Std: standardized

Table 2 Summary of outcomes and certainty of evidence based on the Grading of Recommendations Assessment, Development and

Evaluation (GRADE) approach

Outcomes nf  Participants AC ertam]t;/ assessglent (DDomams];w Effect size [95% CI] 2 S:E:;Zi:y Certainty
QoR POD1 14 1384 . . . . . SMD 0.02 [-0.20, 0.23] 73% Consistent | HEHEDED High
QoR POD2-3 7 683 . . . . - SMD 0.03 [-0.31, 0.37] 79% Consistent | OO Moderate
Emotional status POD 1 9 982 ® © o - SMD 0.02 [-0.29, 0.34] 83% | Consistent = A Moderate
Emotional status POD 2-3 4 487 . . ‘ . - SMD 0.16 [-0.08, 0.41] 46% Consistent | HEDEDE High
Pain POD 1 9 982 . . . . - SMD -0.05 [-0.19, 0.10] 21% Consistent | QHOD High
Pain POD 2-3 4 487 . . . . - SMD 0.14 [-0.17, 0.46] 58% Consistent | @A Moderate
Physical comfort POD 1 9 982 ® ®© © o - SMD -0.01[-0.22,0.21] | 62% | Consistent | @A Moderate
Physical comfort POD 2-3 4 487 ® © © o - SMD 0.03 [-0.55, 0.60] 90% | Consistent = OO0 Low
Physical independence POD 1 9 982 ® O © o - | SMD0.03 [-0.17,0.22] 54% | Consistent | B@ODO Moderate
Physical independence POD 2-3 | 4 487 ® ® o - SMD 0.12 [-0.10, 0.34] 36% | Consistent = DHEDD High
Psychological support POD 1 9 982 ® © © o - SMD 0.15 [-0.15, 0.45] 77% | Consistent = OO0 Low
Psychological support POD 2-3 | 4 487 . . . . - SMD 0.05 [-0.16, 0.25] 0% Consistent | @O Moderate
time to LOC sec 6 545 . . . . - MD 32.27[16.52,48.02] = 97% Consistent | @O0 Low
Time to ROC (min) 8 676 ® © © o - | MD -1.60 [-2.90, -0.31] 96% | Inconsistent = OO0 Low
Time to extubation 10 880 ® ® ® ® ® MD-087[-2761.03] 97% | Consistent = @D Moderate
Emergence agitation 7 564 ® ®  © - RR 0.81 [0.44, 1.48] 0% Consistent | @A Moderate
Duration of PACU stay 11 871 . . . . . MD 0.28 [-0.43, 0.98] 0% Consistent | HODD High
PONV 13 1274 . . . . . RR 1.12[0.71, 1.76] 0% Consistent | @B Moderate
Rescue analgesia in PACU 463 ® ® o ® - RR 0.62 [0.43, 0.89] 0% | Inconsistent = @@ Moderate
Rescue analgesia in ward 463 ® ® o ' - RR 1.39[0.89, 2.16] 0% Consistent | @@ Moderate

A: risk of bias; B: Inconsistency; C: Indirectness; D: Imprecision; E: publication bias; Green circular icon: not serious; Red circular icon: serious

RR Risk Ratio, SMD Standardized Mean Difference, C/ Confidence Interval, POD postoperative day, LOC Loss of Consciousness, ROC Return of Consciousness,

PACU Post-Anesthesia Care Unit, PONV Postoperative Nausea and Vomiting, [Ppublication bias assessed when more than ten studies or datasets were available for a
given outcome; Tnumber of studies or datasets
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Fig. 11 Meta-regression analyses exploring the influence of (a) surgical time and (b) remimazolam dose on the standardized mean difference
(SMD) in quality of recovery (QoR) scores between remimazolam and propofol on postoperative day 1. The size of each circle represents the weight
of the study in the meta-regression. The solid line represents the weighted regression line. A significant association was observed between surgical
time and the SMD in QoR scores (P=0.004), with longer surgical times favoring remimazolam. No significant association was found

between remimazolam dose and the SMD in QoR scores (P=0.46). Std diff: standardized difference

duration of surgery increases, the difference in QoR
scores between the two anesthetic agents becomes
more favorable for remimazolam. In other words, the
advantage of remimazolam over propofol in terms
of postoperative QoR increases with longer surgical
procedures. In contrast, the meta-regression analy-
sis for remimazolam dose did not show a significant
association with SMD in QoR scores between the
two anesthetic agents (P=0.46) (Fig. 11b). This find-
ing indicates that the dose of remimazolam used for
anesthesia maintenance did not significantly influence

the difference in postoperative QoR between remima-
zolam and propofol.

Certainty of evidence

The summary of findings and certainty of evidence are
shown in Table 2. The certainty of evidence for the pri-
mary outcome was high. For other secondary outcomes,
the certainty of evidence for majority of the outcomes
was moderate to high. Only four outcomes were consid-
ered to have low certainty of evidence, namely, physical
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comfort on PODs 2-3, psychological support on POD 1,
time to LOC, and time to ROC.

Discussion

This meta-analysis compared the effects of remimazolam
and propofol on postoperative QoR in surgical patients
who underwent general anesthesia. No significant dif-
ferences were found in QoR scores, QoR dimensions,
emergence agitation, length of PACU stay, or PONV
risk. However, remimazolam was associated with slower
anesthetic induction, faster ROC, and lower risk of res-
cue analgesia requirement in the PACU. The certainty of
evidence was high for the primary outcome and moder-
ate to high for most secondary outcomes. These find-
ings suggest that remimazolam is a potential alternative
to propofol for general anesthesia, offering similar QoR
with advantages in consciousness recovery and immedi-
ate postoperative analgesia.

Our meta-analysis specifically focused on comparing
the QoR of remimazolam and propofol for general anes-
thesia. A previous meta-analysis by Peng et al. included
QoR as a secondary outcome, but only analyzed global
QoR-15 scores on postoperative day 1 without looking at
the individual QoR dimensions [24]. Although Peng et al.
assessed the robustness of their evidence using TSA, they
concluded that it was insufficient [24]. On the other hand,
another meta-analysis by Qin et al. [27] explored individ-
ual dimensions of QoR but did not incorporate TSA to
evaluate the strength of the evidence. Our meta-analysis
provides a more detailed analysis of QoR by examining
QoR scores on both POD 1 and 2-3, as well as looking
at individual QoR dimensions. This allowed for a more
comprehensive comparison of the recovery profiles of
the two drugs. Furthermore, our meta-analysis included
a larger number of studies (13 RCTs) and 1418 patients
compared to previous meta-analyses [24, 27] that only
included two RCTs that focused on QoR. Our larger sam-
ple size increased the statistical power and precision of
our pooled effect estimates. Our TSA also validated the
adequacy of the sample size and the robustness of the
evidence. This strengthens the reliability of our finding
that there was no significant difference in QoR between
remimazolam and propofol.

The implications of these findings are significant for
clinical practice. First, the results indicated that remi-
mazolam can be considered as a viable alternative to
propofol for general anesthesia as it provides similar
postoperative QoR to the latter across various domains.
This provides anesthesiologists with more options for
tailoring anesthetic management to individual patient
needs and preferences. Remimazolam has been asso-
ciated with a lower risk of hypotension than propofol
[21, 45, 46]. Consequently, the use of remimazolam may
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provide comparable QoR without carrying the risk of
hypotension, which is particularly important for patients
with cardiovascular comorbidities or those undergoing
procedures with a high risk of hemodynamic instability.
Second, the comparable recovery profiles of remima-
zolam and propofol may have economic implications,
as the choice between these two could be based on fac-
tors such as cost, availability, and institutional proto-
cols without compromising patient outcomes. Finally, in
elderly patients who underwent sedative gastrointestinal
endoscopy, remimazolam significantly lowered the risk
of respiratory depression, hypoxemia, and hypotension
compared with propofol [46]. In ambulatory surgery or
sedation settings where rapid recovery is crucial, the
comparable QoR of both agents, coupled with the pul-
monary hemodynamic stability of remimazolam, sup-
ports its use.

Our meta-regression analyses provided additional
insights into the potential influence of surgical duration
and remimazolam dose on the comparison between rem-
imazolam and propofol in terms of postoperative QoR.
The significant association between surgical duration and
difference in QoR scores suggests that the advantage of
remimazolam over propofol increases with longer surgi-
cal procedures. This finding may have clinical implica-
tions for anesthesiologists when selecting an appropriate
anesthetic agent based on the anticipated duration of
surgery. However, due to the fact that only one study
included addressed prolonged surgery, additional
research is necessary to confirm our findings. The lack
of a significant association between remimazolam dose
and the difference in QoR scores suggests that the dose
of remimazolam used for anesthesia maintenance may
not be a critical factor in determining the postoperative
QoR compared to propofol. However, it is important to
acknowledge that the range of remimazolam doses used
in the included studies may not have been wide enough
to detect a significant dose—response relationship.

Patients administered propofol had a significantly
faster time to LOC than those administered remima-
zolam (MD: 32.27 s). This finding suggests that propofol
in the dosage studied is more suitable for rapid anes-
thetic induction, which could be advantageous in cer-
tain clinical situations, such as emergency surgeries or
surgeries involving patients with a high risk of aspira-
tion [47, 48]. Conversely, patients administered remima-
zolam had a significantly faster time to ROC than those
administered propofol (MD:—1.60 min). However, it is
noteworthy that the clinical significance of this differ-
ence may be relatively small. Prolonged time to extuba-
tion, longer PACU stay, and emergence agitation can
increase healthcare costs and reduce operating room
efficiency [49, 50]. Therefore, both anesthetic agents may
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be cost effective in terms of operating room utilization.
PONV is a common and distressing side effect of gen-
eral anesthesia that can adversely affect patient recov-
ery and satisfaction [51]. Propofol is recognized for its
beneficial effect in PONV risk reduction compared with
inhalation-based anesthesia [16]. The comparable risk
of PONYV between the two anesthetic agents in the cur-
rent meta-analysis suggests that remimazolam could be
an alternative to propofol, particularly for patients con-
cerned about the likelihood of experiencing PONV. Our
findings regarding the risk of PONV agree with those of
previous meta-analyses, which also demonstrated a sim-
ilar risk of PONV between remimazolam and propofol
in sedation settings [46].

An interesting finding from our current meta-analysis
is that the need for rescue analgesia in the PACU is lower
with remimazolam than with propofol. Remifentanil-
induced hyperalgesia [52, 53], which can increase pain
intensity after surgery, exerts a significant effect 1 h post-
operatively and minimal effect 24 h postoperatively [32].
Prophylactic agents such as N-methyl-D-aspartate recep-
tor antagonists and dexmedetomidine have proven effec-
tive in reducing remifentanil-induced hyperalgesia [52,
54, 55]. Our findings suggest that remimazolam helps
mitigate this effect of remifentanil-induced hyperalgesia.
The shorter time to ROC with remimazolam than with
propofol suggests that this beneficial effect is likely not
due to residual sedative properties. The potential mecha-
nisms, which may involve interactions with GABA recep-
tors and impacts on neural processing at both the spinal
and supraspinal levels [56—58], remain unclear. Never-
theless, due to the limited number of studies on this out-
come, further research is warranted to corroborate our
findings.

This meta-analysis has several limitations that need
to be acknowledged. First, the included studies were
mainly conducted on Asian populations, which may
limit the generalizability of the findings to other eth-
nic groups. Second, the surgical procedures and anes-
thetic protocols varied among the studies, potentially
contributing to heterogeneity in some outcomes. Third,
majority of the included studies focused on short-term
surgical procedures, and the impact of remimazolam on
postoperative recovery in longer or more complex sur-
geries remain unclear. Fourth, the included studies did
not provide sufficient data to assess the cost-effective-
ness of remimazolam compared with propofol, which is
an important consideration for the choice of anesthetic
in clinical practice. Fifth, while the risk of bias was gen-
erally low in the included studies, some concerns were
identified in a few domains, such as blinding of anes-
thesiologists and outcome assessors, which may have
introduced biases in the reported outcomes. Sixth, we
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did not involve a subject librarian in developing our
search strategy, which may have resulted in the omis-
sion of some relevant studies and potentially impacted
the completeness of our meta-analysis. For future
meta-analyses, involving a subject librarian is recom-
mended to ensure a more thorough and reliable search
process. Lastly, because only a few studies focused on
elderly patients (i.e., aged > 65 years), the applicability
of the results to this patient population may be lim-
ited. Thus, further research targeting this age group is
warranted.

In conclusion, this meta-analysis provides high cer-
tainty evidence that remimazolam and propofol offer
comparable postoperative QoR in surgical patients who
underwent general anesthesia. The advantage of remi-
mazolam over propofol appears to increase with longer
surgical procedures, highlighting the importance of
considering the anticipated duration of surgery when
selecting between these two anesthetic agents. Despite
some differences in induction and emergence times,
the overall recovery profiles were similar between the
two anesthetic agents. The potential advantage of remi-
mazolam in reducing immediate postoperative analge-
sia requirement warrants further investigation. Future
studies should focus on specific surgical populations,
evaluate long-term outcomes, and compare the cost-
effectiveness of remimazolam and propofol to facilitate
decision-making in anesthesia management.
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