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Abstract: Background and Objectives: Appropriate sedation and anesthesia are crucial for
ensuring comfortable endoscopic procedures. Propofol is one of the most often used
sedatives. However, its safety and adverse effects restrict its usage. Remimazolam is a
relatively new intravenous benzodiazepine that offers many benefits. Our analysis aims
to evaluate the effectiveness and safety of remimazolam during short endoscopic pro-
cedures. Materials and Methods: We conducted a comprehensive search of the PubMed,
Web of Science, ClinicalTrials.gov, and Turning Research Into Practice databases up to 31
December 2023, for randomized controlled trials published in English. Statistical analyses
were performed using Cochrane Review Manager 5.4.1 and Stata Software/MP. Results:
The success rate of sedation with remimazolam was slightly lower than that with propofol
(RR: 0.99, 95% CI: 0.98~1.00; p = 0.004; 2= 42%). As for anesthetic effect-related outcomes,
remimazolam did not show advantages in onset time (MD = 12.72, 95% CI: 6.53~18.90,
p <0.001, I? = 94%), recovery time (MD = 0.86, 95% CI: —0.55~2.27, p = 0.23, 1? = 98%), or
intraoperative body movement (RR: 1.18, 95% CI: 0.60~2.32, p = 0.62, I? = 87%). How-
ever, compared to propofol, remimazolam significantly reduced the incidence of several
adverse events, including injection pain (RR: 0.07, 95% CI: 0.03~0.14, p < 0.001, I? = 69%),
intraoperative hypotension (RR: 0.38, 95% CI: 0.31~0.47, p < 0.001, 2= 65%), bradycardia
(RR: 0.25, 95% CI: 0.15~0.45, p < 0.001, I? = 0%), and respiratory depression (RR: 0.34, 95%
CI: 0.25~0.46, p < 0.001, I? = 50%). The incidence of postoperative nausea and vomiting
(PONV) was slightly higher with remimazolam (RD: 0.01, 95% CI: 0.00~0.03, p = 0.04,
12 = 33%). Conclusions: Remimazolam is a promising sedative for short endoscopic pro-
cedures due to its superior safety profile despite a slightly lower sedation success rate
compared to propofol.

Keywords: remimazolam; propofol; deep sedation; short endoscopic procedures

1. Introduction

Endoscopic procedures are becoming more and more common in clinical applications
globally as a result of advancements in medicine and technology. These benefits include
being less invasive, having fewer adverse responses, and having a high success rate for
diagnosis and treatment [1-3]. In the United States alone, more than 18 million endoscopic
procedures are performed annually for both diagnostic and therapeutic purposes, including
bronchoscopies, hysteroscopies, and digestive endoscopies [4-6]. Despite their benefits,
endoscopic procedures are still invasive and can cause patients to experience tension, anxi-
ety, fear, discomfort, and even pain [7-9]. Effective sedation and anesthesia are, therefore,

Medicina 2025, 61, 453

https://doi.org/10.3390/medicina61030453


https://doi.org/10.3390/medicina61030453
https://doi.org/10.3390/medicina61030453
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/medicina
https://www.mdpi.com
https://orcid.org/0000-0001-5517-3556
https://doi.org/10.3390/medicina61030453
https://www.mdpi.com/article/10.3390/medicina61030453?type=check_update&version=3

Medicina 2025, 61, 453

20f 18

essential to alleviate patient anxiety, reduce procedural risks, and enhance patient tolerance
and satisfaction [10].

Propofol is one of the most commonly used sedatives during endoscopic procedures
due to its short half-life, rapid recovery, and low incidence of nausea and vomiting [11-13].
However, its use is associated with several safety concerns and side effects, which limit
its broader application [14-16]. In addition to injection pain, cardiovascular depression-
related hypotension, bradycardia, myocardial depression, respiratory depression-related
hypoxia, aspiration pneumonia, and even the need for tracheal intubation are all possible
side effects of propofol [17,18]. The American Academy of Anesthesiologists (ASA) advises
against prescribing propofol to healthcare providers who are not proficient in airway
management [19].

Remimazolam is a relatively novel intravenous benzodiazepine that functions as a
positive allosteric modulator by interacting with the benzodiazepine binding site of the
y-aminobutyric acid subtype A (GABA 4 ) receptor [20,21]. Because the structure contains a
methyl propionate side chain, it has some of the pharmacological properties of remifentanil,
including rapid onset, short duration of action, inactivity of metabolites, and insensitivity
to infusion time [22-24]. In the meantime, remimazolam does not need to be cleared by
the kidneys or liver but by a widely distributed enzyme called carboxylesterase, unlike
midazolam, making it appropriate for individuals with renal or liver impairment [19,25,26].
Furthermore, remimazolam retains key benzodiazepine characteristics, such as water
solubility, reversibility, and the absence of injection pain [22-24], making it especially
suitable for outpatient procedures where patients can be discharged on the same day.

Given these advantages, remimazolam holds promise as an effective and safer sedative
for short endoscopic procedures. To evaluate its effectiveness and safety, we conducted a
meta-analysis of recent randomized controlled trials (RCTs) assessing remimazolam in the
context of sedation for brief endoscopic operations.

2. Materials and Methods

This meta-analysis followed the PRISMA statement and registered with the Interna-
tional Prospective Register of Systematic Reviews (CRD42023470513). The protocol of our
study is in the Supplementary Materials.

2.1. Data Sources and Searches

We conducted a comprehensive literature search using the PubMed, Web of Science,
ClinicalTrials.gov, and Turning Research Into Practice (TRIP) databases until 31 December
2023. Only RCTs published in English would be included. We used the following search
terms: ((“remimazolam” OR “CNS 7056”) AND propofol) AND (“bronchoscopy” OR
“polypectomy” OR “hysteroscopy” OR “cystoscopy” OR “gastroscopy” OR “endoscopy”
OR “colonoscopy”) or searched the keyword separately in ClinicalTrials.gov. Then, by
rigorously and carefully screening the titles and abstracts, we eliminated literature that
clearly did not meet the inclusion criteria. Finally, we reviewed the entire text and selected
the literature that met the requirements based on the inclusion and exclusion criteria. This
stage of work was independently completed by two authors. In cases of disagreement, the
authors were advised to seek input from co-authors to reach consensus.

2.2. Inclusion Criteria and Exclusion Criteria

To determine study eligibility for this meta-analysis, we used the following criteria:
(a) RCTs; (b) studies using remimazolam as the intervention group; (c) studies using propo-
fol as a positive control; (d) inclusion of patients with ASA grades I, II, and III; (e) studies
reporting at least the primary outcome. The exclusion criteria were as follows: (a) studies
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where the positive control group did not include propofol; (b) studies using only placebo
as a control; (c) dose-finding studies that divided participants into different dose groups to
determine the optimal dose. Two authors independently reviewed the titles and abstracts
of the identified RCTs to determine their eligibility for the current investigation. The entire
texts of potentially relevant studies were independently reviewed using the inclusion and
exclusion criteria.

2.3. Outcome Measures

The primary outcome measure of this study was the success rate of sedation during
brief endoscopic procedures when comparing remimazolam to propofol. The secondary
outcome measures included anesthesia-related outcomes and adverse event-related out-
comes. Anesthesia-related outcomes included sedation onset time, intraoperative body
movement, and recovery time. Adverse events and pharmacological safety outcomes
included injection pain, hypotension, bradycardia, respiratory depression, postoperative
dizziness, and postoperative nausea and vomiting (PONV). The definitions of these out-
comes were consistent with those used in each individual study. If multiple sedative drugs
were involved, we only included data from the remimazolam and propofol groups.

2.4. Data Extraction and Risks of Bias Assessment

The data extracted from each included study consisted of the following information:
the first author’s name, year of publication, sample size, type of procedure, patient’s
age, gender, body mass index (BMI), American Society of Anesthesiologists Physical
Status (ASA-PS), and dosage of remimazolam or propofol. The outcomes included those
mentioned above.

Two authors independently evaluated the possibility of several biases, including
allocation, performance, attrition, measurement, reporting, and overall biases, across the
included RCTs using Cochrane’s technique (RoB 2) [27]. The above work was carried out
by two authors and disagreements were resolved by consulting a third author.

2.5. Statistical Analysis

For the analysis of dichotomous outcome data, we employed the Mantel-Haenszel
random-effects or fixed-effects model based on the I? statistic (random-effects model:
12 > 50%, fixed-effects model: I < 50%). Additional leave-one-out sensitivity analyses
were conducted to exclude statistical outliers whenever substantial heterogeneity (1> > 75%)
was observed [28]. The results were shown as risk difference (RD) or risk ratios (RR) with
95% confidence intervals (ClIs). Continuous variable results were given as mean differences
(MD) and 95% ClIs. We utilized the Inverse-Variance random-effects or fixed-effects model
also based on the I? statistic (random-effects model: I? > 50%, fixed-effects model: I> < 50%).
If the article only provided the median and interquartile range as results, the Box-Cox
transform method was employed to estimate the mean and standard deviation [29]. If
multiple subgroups needed to be merged for analysis, we referred to the books of Lortie,
CJ et al. [30], and Cochrane Handbook for Systematic Reviews of Interventions version
6.4 (updated August 2023), Chapter 23. For all the comparisons, two-tailed tests were
performed with a significance level of p < 0.05. Subgroup analysis was performed based
on the initial dosage of remimazolam (<0.15 mg/kg or >0.15 mg/kg). The Cochrane
Review Manager (RevMan 5.4.1; Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014) was used for data analysis and drawing of forest plots. We assessed
publication bias using a funnel plot and the Harbord test for the binary variables or
the Egger test for the continuous variables [31] by the Stata Software/MP, Version 15.0
(StataCorporation, College Station, TX, USA). A p-value of less than 0.05 indicated the
potential existence of publication bias.
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3. Results
3.1. Literature Retrieval

A total of 137 articles were identified through the electronic database search based on
the search criteria: 29 articles from PubMed, 46 articles from Web of Science, 21 items from
ClinicalTrials.gov, and 41 articles from TRIP. After eliminating duplicates, 68 publications
were reviewed.

Based on the titles and abstracts, 47 papers were excluded, and 1 paper was withdrawn.
Consequently, 21 potentially relevant studies were identified, and their full texts were
obtained for further review. Upon full-text examination, three studies were excluded as
they did not assess the success rate of sedation, and one study focused only on the success
rate during the induction stage rather than the entire procedure. Ultimately, this meta-
analysis included 17 articles that satisfied the predetermined inclusion criteria regarding
both content and methodology. The PRISMA flowchart (Figure 1) provided a visual
representation of the literature search process. The characteristics of the included studies
are presented in Table 1.

& Records identified from:
S PubMed (l.l =29) o | Records removed before screening:
£ Web of Science (n = 46) o Duplicate records removed (n = 68)
5 Trip medical database (n = 41)
) ClinicalTrials.gov (n = 21)
—
) ‘
Records screened > Records excluded:
n=069) By title and abstract (n =47)
A
Reports sought for retrieval Reports not retrieved:
—>
2 n=22) Article has been withdrawn (n =1)
&
2
3 \ 4
R Reports excluded:
R ] for el |
e[_) orts assessed for eligibility ——»| No evaluation of sedation success
(n=21) .
rate (n =3)
Assess the sedative success rate only
at the initial dosage, not for the
whole duration of the procedure (n
=1)
A4
3 - N
3 Studies included in review
‘_é n=17)

Figure 1. PRISMA flow plot of study selection for the current meta-analysis.
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Table 1. Characteristics of studies (n = 17).
Initial Dose/ Initial Dose/
Patients Age (Year, Male/Female BMI (kg/mz, R ASA- Procedures Additional or Additional or
(Number) Rvs. P) (Rvs. P) vs. P) PS Maintenance Maintenance
Dose, R Dose, P
44.47 +11.67 diagnostic or
Chen et al. 73/121 vs. 23.19 +2.92 vs. - 1.5mg/kg
¢ 384 Vs. -0 therapeutic 5 mg (2.5 mg)
2020 (A) [32] 4443 +£11.37 88/102 2321 +2.84 colon}(p)scopy & g (05mg/kg)
40.78 £ 11.10 upper gas-
Chen et al., 78/111 vs. 23.00 + 3.05 vs. . ; . 1.5 mg/kg
wo@ ] 378 v ot 04g  69/120 23115 + 2.88 HI terr?égtsisg;“yal Smg25mg) (55 mg/kg)
Zhang X et al., 43.8 £8.0vs. 247 +£2.7vs = 0.2mg/kg 1.5-2.0 mg/kg
2021 [33] 82 452+ 7.0 NA 241428 - hysteroscopy (1 o 7kg /h) (3.0-6.0 mg /kg /h)
32.60 + 5.06 0.25 mg/kg
/ 23.58 +3.48,
ZhangSetal, g, BLI3£395  \a 2250 £ 2.64vs. LIl hysteroscopy (048 mg/kg/h  2ms/kg (50
2021 [34] vs. 2370 £ 273 * or mg/kg/h)
32.70 £ 5.25 * : : 0.6 mg/kg/h) *
66.4 + 4.8, 22.7 £ 3.0, upper gas- 0.1 mg/kg or -
ggiz‘le[t%lj' 99 655+52vs. 1/ Sf'/%/fa’ 234 +39'vs 11 trointestinal 0.2 mg/kg (1(505 31'15 I/Ii(g/)kg
- 66.2 +£50* : 2324+30* endoscopy (0.05 mg/kg) * -0 mg/Kg
(68.5 + 53 kg,
167.2 £5.7 cm
Cao et al. 47.6 £58vs 42/32 vs.
’ 148 Vs. TI-111 astrosco 0.107 mg/kg 2 2mg/kg 2
2022 [36] 485+7.1 45/29 (67.7 + 63 kg, & Py 8/%8 8/%8
165.6 £ 5.3 cm) &
Guoetal., 77 704 +£39vs 25/14 vs. 23.0 £ 3.0 vs. LI gastrointestinal 0.15 mg/kg 1.5 mg/kg
2022 [37] 69.1+ 4.0 22/16 23.0 + 3.4 endoscopy (0.05 mg/kg) (0.5 mg/kg)
54.11 & 12.08, 0.1 me/k
2220 +1.71, 8/ Kg,
Xin et al., 114 gggg i ggg’ %8 ; %2‘,35/ 7 2243 +1.77, I colonoscopic 0.15 mg/kg, or 2mg/kg
2022 [38] vs. : 17/10® : 22.40 + 1.67 vs. polypectomy 0.2 mg/kg (0.66-1 mg/kg)
56.00 + 10.13 > 2.28 +1.61 (25mg)®
Hu et al,, 216 TOILE737 69/104 vs. 275+315vs. o Astrosco 02 mg/kg 1.5 mg/kg
2022 [39] toop 4757  72/101 2273 +3.23 8 PY  (0.67mg/kg) (0.5 mg/kg)
Zhou et al., 49.7 £134vs. 72/83 vs. 23.0 + 2.62 vs. 0.2mg/kg 2 mg/kg
2022 [40] 310 519+ 118 82/73 235+275 I-II bronchoscopy (g 1 mg /kg) (0.75 mg,/kg)
Luetal, 100 70.6 £47vs.  78/122vs. 222425vs I Ef)gftrefgfl'al 300 mg/h 3.0g/h
2022 [41] 70.1 £45 83/117 222423 endoscopy (2.5 mg) (0.5 mg/kg)
. 44.3 22.82 Ik
Wang X et al., (33.0-54.0) vs.  154/203 vs. (20.70-24.90) vs. = 1.5 mg/kg
2022 [42] 476 46 4 56/63 5787 -1 colonoscopy 7.5 mg (2.5 mg) (05 mg/kg)
(37.5-56.0) 4 (21.10-24.60) 4
drug-
Zhang]etal, P06£918 Svs.3lp  200£270vs o induced 0.2 mg/kg 1.5 mg/kg
2023 [43] 20,00 - 1017 : 27.96 + 3.22 sleepen- (25 mg) (0.5 mg/kg)
’ ’ doscopy
489 +11.9, i 0.2 mg/kg,
Cui etal,, )18 4956+ 103, gggé&f /25, uLzeUE upPergas - 03mg/kgor  2mg/kg
2023 [44] 446 +122'vs : 7 VS trointestina 0.4mg/k (0.5 mg/ke)
b 38/17P 24+46 endoscopy 5758 &/X8
43.95 +7.51
Fanetal, 22.93 4 3.02 vs. = 0.25 mg/kg 2.5mg/kg
2023 [45] 83 Sostoon A 23.03 + 2.96 - hysteroscopy 5 5 mg) (0.5-1 mg/kg)
Wang Cetal, ;- 03721248 49/43vs. 2448 +£236vs. g rstrosco 75 mg 15 mg/kg
2023 [46] © 1019 £ 1139 41749 23.72 + 3.74 & PY  (3.75mg) (0.5 mg/kg)
Wei et al, 208 444+ 13 vs. 50/61 vs. 22.8+28vs. . E&gfff;“mi' 02 mg/kg 2 mg/kg
2023 [47] © 46 + 13 48/49 235+29 endoscopy (2.5 mg) (0.5 mg/kg)

*: Three patient cohorts were included, with two cohorts receiving remimazolam and one cohort receiving propofol.
&: Height and weight data were utilized in the study without calculating body mass index (BMI). #: A 20 mg dose
of propofol was employed as a rescue sedative in both the remimazolam and propofol cohorts. P: Four patient
cohorts were included, with three cohorts receiving remimazolam and one cohort receiving propofol. ¢: Only
data from the remimazolam and propofol groups were included in the analysis. 9: Data are presented as the
median along with the interquartile range (IQR). ASA-PS: American Society of Anesthesiologists Physical Status;
BMLI: body mass index; NA: not applicable; P: propofol; R: remimazolam.
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3.2. Primary Outcome

The primary outcome assessed the success rate of sedation throughout the entire
procedure. Although the overall efficacy of sedation with remimazolam was slightly
inferior to that of propofol (RR: 0.99, 95% CI: 0.98~1.00, p = 0.004, 12: 42%, Figure 2A), both
agents met clinical sedation requirements.

Remimazolam

Propofol

Risk Ratio

Risk Ratio
M-H. Fix i

M-H. Fix

0,

Cao 2022 74 74 74 74 4.4% 1.00[0.97, 1.03] -1
Chen 2020 (A) 188 194 190 190 11.2% 0.97 [0.94, 1.00]
Chen 2020 (B) 184 189 189 189 11.1% 0.97 [0.95, 1.00] =
Cui 2023 150 163 55 55  4.8% 0.93[0.88, 0.98] R
Fan 2023 37 40 43 43 2.5% 0.93[0.84, 1.02]
Guo 2022 39 39 38 38 23% 1.00 [0.95, 1.05] -1
Hu 2022 172 173 173 173 10.1% 0.99 [0.98, 1.01] -
Lu 2022 200 200 200 200 11.7% 1.00 [0.99, 1.01] T
Tan 2021 66 66 33 33  26% 1.00 [0.96, 1.05]
Wang C 2023 81 83 90 0 51% 0.98 [0.94, 1.02] I
Wang X 2022 353 357 119 120 10.4% 1.00 [0.98, 1.02] N
Wei 2023 110 111 97 97  6.1% 0.99[0.97, 1.02] 1
Xin 2022 87 87 27 27 24% 1.00 [0.95, 1.05] -1
Zhang J 2023 31 32 26 32 15% 1.19[1.00, 1.42] >
Zhang S 2021 60 60 30 30 24% 1.00 [0.95, 1.05] - 1
Zhang X 2021 41 41 41 41 2.4% 1.00 [0.95, 1.05] - 1
Zhou 2022 154 154 153 153  9.0% 1.00 [0.99, 1.01] =
Total (95% Cl) 2063 1585 100.0% 0.99 [0.98, 1.00]
Total events 2027 1578 ) ) . )
Heterogeneity: Chi? = 27.54, df = 16 (P = 0.04); I> = 42% T ' T '
Test for overall effect: Z = 2.88 (P = 0.004) 0.85 0.9 L 11 12
B Remimazolam Propofol Risk Ratio Risk Ratio
r I Even Total Events Total Weight M-H. Fix Y M-H. Fix % Cl
<0.15mg/kg
Cao 2022 74 74 74 74 6.0% 1.00 [0.97, 1.03] -1
Chen 2020 (A) 188 194 190 190 15.4% 0.97 [0.94, 1.00] -
Chen 2020 (B) 184 189 189 189 15.2% 0.97 [0.95, 1.00] - ]
Guo 2022 39 39 38 38 3.1% 1.00 [0.95, 1.05] D
Tan 2021 (R1) 33 33 16 16  1.8% 1.00 [0.91, 1.10]
Xin 2022 (AR1+AR2) 58 58 14 14 1.9% 1.00 [0.91, 1.10]
Subtotal (95% CI) 587 521 434%  0.98[0.97,0.99] <>
Total events 576 521
Heterogeneity: Chi2 = 4.18, df = 5 (P = 0.52); I?= 0%
Test for overall effect: Z = 2.64 (P = 0.008)
>0.15mg/kg
Cui 2023 150 163 55 55  6.6% 0.93[0.88, 0.98] -
Fan 2023 37 40 43 43 3.4% 0.93[0.84, 1.02]
Hu 2022 172 173 173 173 13.9% 0.99[0.98, 1.01] S
Tan 2021 (R2) 33 33 17 17 1.8% 1.00 [0.92, 1.09]
Wei 2023 110 111 97 97  83% 0.99[0.97, 1.02] 1
Xin 2022 (AR3) 29 29 13 13 1.5% 1.00 [0.89, 1.12]
Zhang J 2023 31 32 26 32 21% 1.19[1.00, 1.42] >
Zhang S 2021 60 60 30 30 32% 1.00 [0.95, 1.05] -1
Zhang X 2021 41 41 41 41 3.3% 1.00 [0.95, 1.05] -1
Zhou 2022 154 154 153 153 12.4% 1.00 [0.99, 1.01] =
Subtotal (95% Cl) 836 654 56.6% 0.99 [0.98, 1.01]
Total events 817 648
Heterogeneity: Chi2 = 14.85, df =9 (P = 0.10); I> = 39%
Test for overall effect: Z=1.24 (P = 0.21)
Total (95% Cl) 1423 1175 100.0% 0.99 [0.98, 1.00] L 2
Total events 1393 1169
Heterogeneity: Chi? = 22.16, df = 15 (P = 0.10); I = 32% 0;35 ofg ] 1f1 12‘

Test for overall effect: Z = 2.65 (P = 0.008)

Test for subgroup differences: Chi? = 1.25, df = 1 (P = 0.26), 1> = 19.9%

Figure 2. Forest plot illustrating sedation success rate and dosage subgroup analysis [1,32-47].
(A) sedation success rate; (B) dosage subgroup analysis.

The results presented in Figure 2B indicate that the examination of dosage subgroups
revealed a marginally reduced success rate of sedation when the initial induction dose of
remimazolam was below 0.15 mg/kg compared to propofol (RR: 0.98, 95% CI: 0.97~0.99,
p = 0.008, I?: 0%). However, when the initial induction dose exceeded 0.15 mg/kg, the
sedation success rate of remimazolam was comparable to that of propofol (RR: 0.99, 95%
CI: 0.98~1.01, p = 0.21, 1%: 39%).
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3.3. Outcomes Related to Anesthetic Effects

We next evaluated the outcomes related to anesthesia efficacy, which mainly included
sedation onset time, recovery time, and intraoperative body movement.

For ideal sedatives, rapid onset and recovery are important features [48]. A compar-
ison was made between remimazolam and propofol regarding the sedation onset time
during brief endoscopic procedures in ten studies. In contrast to propofol, remimazolam
induced sedation considerably more slowly according to our analysis (MD = 12.72, 95%
CI: 6.53~18.90, p < 0.001, 12: 94%, Figure 3A). The intra-dosage subgroup analysis showed
that remimazolam had a longer onset time of sedation despite different initial intervention
doses (<0.15 mg/kg: MD = 19.32, 95% CI: 5.10~33.54, p = 0.008, I?: 97%; >0.15 mg/kg:
MD = 8.08, 95% CI: 3.54~12.61, p < 0.001, Figure 3B).

A B Remimazolam Propofol Mean Difference Mean Difference
Study or Subgr M SD Total Mean _ SD Total Weight IV, Random, 95% C! Random, 95% C
<0.15mglkg
Cao 2022 883 107 74 627 104 74 159% 2560(22.25,28.95] -
Remimazolam Propofol Mean Difference Mean Difference Chen 2020 (A) 10067 5533 194 75 3391 190 132% 25.67[16.51,34.83] —
r i om.95%Cl Guo 2022 207 61 39 132 52 38 162%  7.50[4.97,10.03] -
Cao 2022 883 107 74 627 101 74 111% 2560 (22.25,28.95] - Subtotal (95% CI) 307 302 453% 19.32[5.10,33.54] -
Chen 2020 (A) 10067 5533 194 75 3391 190 92% 2567[1651,34.83] I Heterogeneity: Tau® = 149.64; Chi* = 77.23, df = 2 (P < 0.00001); I = 97%
Cui 2023 531 3922 163 469 114 55 10.1%  6.20[0.531293] — Test for overall effect: Z = 2.66 (P = 0.008)
Guo 2022 207 61 39 132 52 38 113%  7.50(4.97,1003] -
Hu 2022 7351 2541 173 65 2243 173 107% 851346, 13.56) - >0.15mglkg
Lu2022 126 24 200 126 24 200 10.8% 0.00 [-4.70, 4.70] T Cui 2023 531 3922 163 469 114 55 145%  6.20(-0.53,12.93 ~
Wang C 2023 10284 46.43 83 6447 2436 90 84% 38.37[27.19,49.55] - Hu 2022 7351 2541 173 65 2243 173 153% 8.51(3.46, 13.56] -
Wang X 2022 787 1677 353 7007 164 119 11.1%  8.63(5.20,12.06] - Zhang J 2023 9437 1953 26 9935 3446 26 98% -4.98[2021,1025] T
Zhang J 2023 9437 1953 26 9935 3446 26  6.8% -4.98(-20.21,10.25) _ Zhou 2022 6522 2694 155 5292 2245 155 15.1%  12.30(6.78,17.82 -
Zhou 2022 6522 2694 155 5292 2245 155 10.5%  12.30(6.78,17.82) - Subtotal (95% CI) 517 409 547%  8.08[3.54,12.61] *
Heterogeneity: Tau® = 8.86; Chi* = 5.27, df = 3 (P = 0.15); I = 43%
Total (95% CI) 1460 1120 100.0%  12.72[6.53, 18.90] - Test for overall effect: Z = 3.49 (P = 0.0005)

Heterogeneity: Tau* = 86.50; Chi* = 142.88, df = 9 (P < 0.00001); I* = 94%
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tudy or Subgroup  Mean  SD Total Mean  SD Total Weight IV, Random, 95% C1 IV. Random, 95% C1
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0
F: R f F: P foll
Test for subgroup differences: Chi = 1.99, df = 1 (P = 0.16), I* = 49.8% avours [Remimazolam] - Favours [Propofol)

Figure 3. Forest plot illustrating anesthetic effect-related outcomes and dosage subgroup
analysis [32,33,35-47]: (A,B) sedation onset time; (C,D) recovery time; (EF) intraoperative body movement.

As for recovery time, the results of the analysis demonstrated that the recovery time
of remimazolam was not substantially shorter compared to propofol (MD = 0.86, 95%
CL: —0.55~2.27, p = 0.23, I%: 98%, Figure 3C). The dosage subgroup analysis found that
the recovery time with remimazolam was not significantly shorter than propofol when
the starting dose of remimazolam was no more than 0.15 mg/kg (MD = —1.64, 95%
CI: —3.83~0.56, p = 0.14, 12: 82%, Figure 3D). The recovery time was even longer compared
with that of propofol when the initial dose of remimazolam was greater than 0.15 mg/kg
(MD = 2.00, 95% CI: 0.77~3.23, p = 0.001, 1%: 92%), as depicted in Figure 3D.
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Intraoperative body movement as a sign of an insufficient level of sedation should be
avoided as much as possible during the whole procedure [49]. Our results revealed that
the incidence of body movement had no significant difference between the two groups
(RR: 1.18, 95% CI: 0.60~2.32, p = 0.62, 12: 87%, Figure 3E). The analysis within the dosage
subgroup showed that compared to propofol, when the induction dose of remimazolam
was no more than 0.15 mg/kg, the incidence was not significantly different (RR: 0.63, 95%
CI: 0.36~1.08, p = 0.09, 12: 25%, Figure 3F). When the initial dose of remimazolam exceeded
0.15 mg/kg, there was no significant difference in the occurrence of body movement
compared to propofol (RR: 1.23, 95% CI: 0.57~2.63, p = 0.60, I?: 78%, Figure 3F).

The leave-one-out sensitivity analysis showed that none of the individual studies had
a disproportionate impact on the pooled MD (Supplementary Figure S1A,B, Supplementary
Tables S1 and S2) or RR (Supplementary Figure S1C, Supplementary Table S3) estimates.
The effect size remained consistent across all the iterations, with no dependence on any
single study.

3.4. Outcomes Pertaining to Adverse Events and Pharmacological Safety

In this section, we summarized the incidence of adverse events related to sedation,
focusing on injection pain, intraoperative hypotension, bradycardia, respiratory depression,
postoperative dizziness, and PONV.

We first analyzed the occurrence of injection pain in eleven trials comparing remi-
mazolam and propofol. The results showed that remimazolam was associated with a
significantly lower frequency of injection pain compared to propofol (RR: 0.07, 95% CI:
0.03~0.14, p < 0.001, I?: 69%, Figure 4A). We also assessed the incidence of injection pain
in the subgroup receiving the different remimazolam induction dose. The results of the
analysis revealed that remimazolam exhibited a considerable reduction in injection pain
when compared to propofol irrespective of the starting dosage (<0.15 mg/kg: RR: 0.04,
95% CI: 0.01~0.18, p < 0.001, I?: 0%; > 0.15 mg/kg: RR: 0.08, 95% CI: 0.03~0.23, p < 0.001,
12: 72%, Figure 4B).

We also examined the incidence of intraoperative hypotension, which is a known
side effect of propofol due to its reduction in systemic vascular resistance [50]. Data from
fourteen trials comparing remimazolam and propofol indicated that remimazolam was
associated with a significantly lower incidence of hypotension (RR: 0.38, 95% CI: 0.31~0.47,
p < 0.001, I?: 65%, Figure 4C). After conducting a dosage subgroup analysis, the results
demonstrated that regardless of the initial dose of remimazolam, the rate of hypotension
induced by remimazolam was significantly lower in comparison to propofol (<0.15 mg/kg:
RR: 0.35, 95% CI: 0.27~0.47, p < 0.001, I%: 31%; >0.15 mg/kg: RR: 0.38, 95% CI: 0.25~0.56,
p < 0.001, I2: 69%, Figure 4D).

Bradycardia is also a common adverse reaction to sedatives. In our analysis of nine
trials comparing the occurrence of bradycardia between remimazolam and propofol, the
results showed that the incidence of bradycardia in the remimazolam group was lower com-
pared to the propofol group throughout the sedation period (RR: 0.25, 95% CI: 0.15~0.45,
p <0.001, I%: 0%, Figure 4E). A subgroup analysis based on the induction dose of remi-
mazolam demonstrated that a lower starting dose (<0.15 mg/kg) was associated with a
significant reduction in bradycardia compared to propofol (RR: 0.25, 95% CI: 0.09~0.65,
p =0.004, 12: 0%, Figure 4F). Similarly, a higher initial dose of remimazolam (>0.15 mg/kg)
also resulted in a significant decrease in the occurrence of bradycardia compared to propofol
(RR: 0.34, 95% CI: 0.14~0.79, p = 0.01, 1%: 0%, Figure 4F).
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Total events 327 661 Tan 2021 (R2) 7 3 8 16 59% 042(0.19,0.96] —
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Total events
Cao 2022 o 74 4 74 83%  011[001,203 [ Heterogeneity: Tau® = 0.09; Chi* = 28.71, df = 12 (P = 0.004); I* = 58% 005 o 0
Chen 2020 (A) 2 1% 7190 131%  028(0.06,1.33 —— Test for overall effect: Z = 7.96 (P < 0.00001) . f
Chen 2020 (8) o 189 1189 28%  033[001,813] —_— Test for subgroup differences: Chit = 0.06, df = 1 (P = 0.80), ¥ = 0% FeveuR [RammSzoaml S FavSurs (Fropofcil
Hu 2022 3 73 3 173 56%  100(0.20,4.89] — T
Lu2022 3200 17 200 315%  0.18[0.05,059] — F
Wel 2023 PR 3 o7 5% 029003275 _ Remimazolam Propofol Risk Ratio Risk Ratio
Xin 2022 6 &7 7 27 198%  027(0.10,072) —— _smmugﬂ:m;:n_mm_hmiummgmﬂmm—m
Zhang J 2023 o 32 5 32 102%  0.09[0.01,1.58 T =0.45moka
znzg X 2021 0 4 1 41 28% 033 {o.m. 7.55} —_— Cao 2022 o 74 4 74 123%  0.11[0.01,209) - [
Chen 2020 (A) 2 194 7190 19.3%  028(0.06,1.33) T
Total (95% CI) 1101 1023 100.0%  0.25([0.15,0.45] > Chen 2020 (B) 0 189 1189 41%  033(0.01,8.13)
Total avents 15 P Xin 2022 (AR1+AR2) 4 58 3 13 134%  030[0.08,1.18) —
Heterogeneily: Chi* = 4.1, df = 8 (P = 0.85); F = 0% ” = 5 P :;Z‘\::.(‘f % CI) . 515 15 466 49.1%  0.25([0.09, 0.65) -
Test for overall effect: Z = 4.7 (P < 0.00001) Favours [Remimazolam] - Favours [Propofol] Heterogeneity: Chi? = 0.42, df = 3 (P = 0.94); = 0%
Test for overall effect: Z = 2.84 (P = 0.004)
>0.15mglkg
Hu2022 3 7 3 173 82%  1.00(0.20,4.89) — T
‘ Wei 2023 1 3 97 88%  029[0.03,275 1
Xin 2022 (AR3) 2 29 4 14 148%  024(0.05,1.16] —
Zhang J 2023 o 5 a2 150% 009[001,158) — "
imazolam Propofol Risk Ratio Risk Ratio Zhang X o 4 141 41%  033(001,7.95] —
Subtotal (95% CI) 386 357 509%  0.34[0.14,079] -
Cao 2022 2 74 13 74 83%  015[0.04,066] — Total events 6 16
Chen 2020 (A) 6 194 32 190 206%  0.8[0.08,043] I Heterogeneity: Ch” = 281, df = 4 (P = 0.59); = 0%
Chen 2020 (8) 2 189 13 189 83%  0.15[0.04,067] — Test for overall effect: Z = 2,50 (P = 0.01)
Guo 2022 2 39 9 38 58% 022005094 -]
Hu 2022 17 173 31 173 19.8% 0.55(0.32, 0.95] —— Total (95% CI) 901 100.0%  0.29[0.15, 0.55] -
Lu2022 9 200 20 200 127% 0.45[0.21, 0.96] -/ Total events 12
Tan 2021 7 e 7 33 59%  050[0.19,131] — Heterogeneity: Chi = 3.45, df = 8 (P = 0.90); = o o s
Wang C 2023 0 8 16 9 101% 003[000,054] Test for overall effect: 2 = 3.78 (P = 0.0002) Favours [Remimazolam] - Favours [Propofol]
Zhang S 2021 2 60 430 34%  025[005.129] T Test for subgroup differences: Chi = 0.21, df = 1 (P = 0.64), F = 0%
Zhou 2022 9 155 8 155 51%  1.13[045,284] — H
Total (5% GO 23 034 [0:25,048) PS Remimazolam _Propofol )  Risk Ratio , RiskRatio
I:e:I “msny Chit= 1787, :16 9(P =004y, F S045mglkg
rogeneity: Chi = 17.67, df = 9 (P = 0.04); FF = I
' 001 01 1 10 100 Cao 2022 2 74 13 T4 8e% 0.15[0.04,0.66]
Testfor overall effect: 2= 7.11 (P < 0.00001) Favours [Remimazolam] ~ Favours [Propofol] Chen 2020 (A) 6 194 3@ 190 148% 0.18[0.08,0.43] ——
Chen 2020 (B) 2 189 13 189 85% 0.15[0.04,067] S
Guo 2022 2 39 9 38 86% 0.22(0.05,0.94] —
Tan 2021 (R1) PR 7 16 55% 0.07[0.01,0.52) —_—
Subtotal (95% CI) 529 507 46.0% 0.16 [0.09, 0.29] >
Total events 1 7
I Heterogeneity: Tau* = 0.00; Ch = 0.93, df = 4 (P = 0.92); F = 0%
Test for overall effect: Z = 6.16 (P < 0.00001)
Remimazolam  Propofol Risk Difference Risk Difference >0.15mglkg
jom.9s%Cl Hu2022 773 31 173 189% 055(0.32,0.95] —
Cao 2022 ) 3 74 204%  -003[0.08,003 Tan 2021 (R2) 6 33 717 139% 044(0.18,1.11) —
Chen 2020 () 46 194 46 190 130%  -0.00(0.09,008] — T Zhang S 2021 2 e 4 30 74% 0.25[0.05, 1.29) T
Cui2023 LI 5 55 105% 0.16(0.06, 0.26] - hou 2022 9 155 8 155 13.9% 1.13[0.45, 2.84] T
Guo 2022 11 39 14 38 33% 009[029,012) — ———————— Subtotal (95% CI) 21 375 54.0% 0.58 [0.37, 0.90] 4
Lu2022 o 200 0 200 304% 0.00[0.01,001] Total events 34 50
Wang C 2023 2 83 2 90 224% 0.00-0.04, 0.05) — Heterogeneity: Tau? = 0.03; Ch* = 336, df = 3 (P = 0.34), F = 11%
Test for overall effect: Z = 2.41 (P = 0.02)
Total (95% ClI) 753 647 100.0% 0.01[-0.03, 0.05] -
Total events 101 70 Total (95% C1) 950 882 100.0% 0.31[0.18, 0.54] >
Heterogeneity: Tau* = 0.00; Ch# = 16,07, df = 5 (P = 0.007); F = 69% P PR Total events 47 124
Test for overall effect: Z = 0.40 (P = 0.69) Favours [Remimazolam] _ Favours (Propofon Heterogenety: Tau? = 0.32; Ch* = 16.85, df = 8 (P = 0.03), I = 53%

Test for overalleffect: Z = 4.24 (P < 0.0001)

.005 10
F R lam] ~ Favours [Propofol]
I< Test for subgroup differences: Chi* = 11.32, df = 1 (P = 0.0008), = 91.2% avours (Remimazolam] - Favours [Propofol

Remimazolam  Propofol Risk Difference Risk Difference
_Studyor Subgroup _ Events Total Events Total Weight M-H.Fixed.95%Cl  M-M.Fixed.95%Cl
J <0.15mglkg
2 82%  0.01[0.03,006) T
Chen 2020 (A) 6 194 213%  0.03(-000,005] —
Rimimazolam Propofol Risk Difference Risk Difference Guo 2022 0 3 43%  005[:0.14,023)
Xin 2022 (AR1+AR2) 1 88 25%  0.02(0.08,0.12) o
Cao 2022 2 74 1 74 62% 03,0.06] Subtotal (95% CI) 365 36.2%  0.02[-0.01,0.05) -
Chen 2020 (A) 6 194 10190 16.1% 00,0.05] — Total events 19
Cui2023 4 163 0 55 69% 002(-001,006 e Heterogeneity: Ch? = 0.31, df =3 (P = 0.96);
Guo 2022 0 39 8 38 32% 005[-0.14,023) — Test for overalleffect: Z = 1.62 (P = 0.10)
Hu 2022 17 0 173 145% -0.01,0.02) T P
Lu2022 0 200 0 200 168%  0.00(-0.01,001] T >0.15mglkg
Wang C 2023 1 83 5 90 73% -0.04(-0.10,0.01] /T Cui 2023 4 163 0 55 91%  002[-001,0.06] T
Wei 2023 2 0 97 87% 0.02[-001,005 e Hu 2022 1 0 173 192%  0.01[-0.01,0.02) ™
Xin 2022 2 a7 0 27 35% 0020004008 -1 Wei 2023 2 0 97 115%  002(001,005 T
Zhang S 2021 2 & 13 37%  0.004007,007) —_— Xin 2022 (AR3) 129 0 13 20% 003(0.09,0.16]
Zhou 2022 12 155 6 155 130%  004[-0.01,0.09] T Zhang S 2021 2 66 138 49%  000[-007,007) - 1
Zhou 2022 12 155 6 155 17.2%  0.04[(001,0.09] T
Total (95% CI) 1345 0.01[0.00,0.03] - Subtotal (95% CI) 697 526 63.8%  0.02[0.00,0.04] g
Total events 4 2 Total events 2 7
Heterogeneity: Chi* = 15.01, df = 10 (P = 0.13); F = = o o eter o 101.261';‘5 'P;u%,m' =
2= - h st for overall effe
Test for overall effect: 2 = 2.07 (P = 0.04) Favours [Remimazolam] - Favours [Propofol]
Total (95% CI) 1062 842 100.0%  0.02[0.01,0.04] >
Total events
Heterogeneity: Chi = 5.0, df = 9 (P = 0.83); = 0% o
70 7 N

-0.1 0.1
Testfor overall effect 2 = =0007) Favours [Remimazolam]  Favours [Propofol]

(
Test for subgroup differences: Chi? = 0.07, df = 1 (P = 0.79), 1= 0%

Figure 4. Forest plot illustrating adverse events-related outcomes and dosage subgroup
analysis [1,32-44,46,47]: (A,B) injection pain; (C,D) hypotension; (E,F) bradycardia; (G,H) respiratory
depression; (I) postoperative dizziness; (J,K) PONV.
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Sedation results in the loss of awareness and defensive reflexes, and can lead to res-
piratory depression [51]. We included ten trials comparing the incidence of respiratory
depression with propofol and remimazolam, which revealed that the probability of res-
piratory depression in the remimazolam group was substantially lower than that in the
propofol group (RR: 0.34, 95% CI: 0.25~0.46, p < 0.001, 12: 50%, Figure 4G). Similarly, it
was determined that the incidence of respiratory depression was considerably reduced
in comparison to propofol when the initial dose of remimazolam was below 0.15 mg/kg
(RR: 0.16, 95% CI: 0.09~0.29, p < 0.001, 12: 0%, Figure 4H). The occurrence of respiratory
depression remained lower at doses of remimazolam exceeding 0.15 mg/kg (RR: 0.58, 95%
CI: 0.37~0.90, p = 0.02, I?: 11%, Figure 4H).

Safe sedation requires postsedation care and confirmation of recovery. One of the
discharge criteria is the absence of dizziness and PONV [51]. We analyzed six trials
comparing the occurrence of postoperative dizziness following sedation with remimazolam
and propofol. The results revealed no statistically significant difference in the occurrence of
postoperative dizziness between the two groups (RD: 0.01, 95% CI: —0.03~0.05, p = 0.69,
12: 69%, Figure 4I).

In addition to hypotension, PONV is the most common adverse response to anes-
thesia [52]. In our analysis of eleven trials comparing the incidence of PONV between
remimazolam and propofol, the results showed that the patients in the remimazolam
group had a higher risk of developing PONV (RD: 0.01, 95% CI: 0.00~0.03, p = 0.04, I?: 33%,
Figure 4]). The patients who used remimazolam exceeding 0.15 mg/kg for the initial dosage
had a higher incidence of PONV (RD: 0.02, 95% CI: 0.00~0.04, p = 0.03, I2: 0%, Figure 4K).
Nevertheless, the results of the dosage subgroup analysis displayed no statistically signifi-
cant disparity in the occurrence of PONV between the remimazolam and propofol groups
when the initial dosage of remimazolam was no more than 0.15 mg/kg (RD: 0.02, 95%
CIL: —0.01~0.05, p = 0.10, I?: 0%, Figure 4K).

3.5. Risk of Bias Assessment

During the risk of bias assessment (RoB assessment), it was found that eight out of
seventeen studies were judged to have “some concerns”; moreover, one study was judged
to be “high risk”, while the remaining eight trials were rated as having “low risk” (Figure 5).
The reason for the “high risk” was that the author did not report the outcome completely.
Nine enrollment trial’s randomization was deemed to raise “some concerns” since the
assignment scheme’s description was unclear. Two studies did not indicate whether the
outcome evaluator was aware of the participants’ assigned intervention.

Study ID D1 D2 D3 D4 DS Overall

Zhang J 2023 + +
Tan 2022 !
Hu 2022 &
Cui 2023 !
|
|
!
1
|

+) Low risk

! Some concerns
@ 1ighrisk

Zhang X 2021
Zhang S 2021
Fan 2023

Guo 2022
Chen 2020 (B)
Cao 2022

Lu 2022
Wang C 2023
Xin 2022

Wei 2023
Zhou 2022
Wang X 2022 +
Chen 2020 (A) &

D1 Randomisation process

D2 Deviations from the intended interventions
D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

- - -
e

+ + + + + + + + + + +
+ + + + + + +* + +* + + + + + + +*
00--0000-0000000

X K X X R X X R X

Figure 5. Risks of bias of the included studies [1,32-47].
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The publication bias revealed that, with the exception of hypotension (p = 0.009), all
the outcomes exhibited no publication bias (p > 0.05). The summary of the funnel plot and
tests’” details can be found in Figure 6 and Table 2.
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Figure 6. Funnel plot analyses: (A) injection pain; (B) hypotension; (C) bradycardia; (D) res-
piratory depression; (E) postoperative dizziness; (F) PONV; (G) sedation onset time; (H) recov-
ery time; (I) intraoperative body movement. RR: risk ratio; RD: risk difference; WMD: weighted

mean difference.

Table 2. Results of the Harbord test and the Egger test.

Outcomes Methods Coefficient 95% CI p-Value
injection pain Harbord test ~ —2.300 —5.601t01.002  0.150
hypotension Harbord test  —2.371 —4.024to —0.718  0.009
bradycardia Harbord test ~ —0.238 —-1.784t01.308  0.727
Lpiratory Harbord test  —1.290 ~4.651t02.071  0.402
epression
postoperative Harbord test 0325 —2139t02.789  0.733
izziness
PONV Harbord test  0.634 —0.452t01.720  0.219
sedation onset time Egger test 1.083 —5.781t07.948  0.725
recovery time Egger test —4.455 —14.074to 5.164  0.310
intraoperative body  pyarpord test  —6.150 ~12.687 00386 0.061

movement
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4. Discussion

An ideal sedative for procedures like short endoscopies—which require light to mod-
erate sedation—should possess characteristics such as rapid onset, precise efficacy, short
duration of action, controllable recovery, and minimal impact on respiratory and circula-
tory systems [53]. Nowadays, propofol, x-receptor agonists like dexmedetomidine, and
benzodiazepines like midazolam are commonly utilized as sedatives during short endo-
scopies [53-55]. However, each of these agents has limitations. Propofol has a narrow
therapeutic index due to its potential for cardiovascular and respiratory depression, which
can impede its use [19,56]. Midazolam has a lengthy half-life, roughly 1.8 to 6.4 h, and
could lead to a comparatively protracted sedative effect [8]. Dexmedetomidine requires
special attention because it can cause bradycardia [57].

Remimazolam, a newer benzodiazepine, has a unique molecular structure that allows
it to be rapidly converted into an inactive form by carboxylesterase—an enzyme widely
distributed in the body—eliminating the need for liver metabolism [26]. After administra-
tion, remimazolam plasma levels decline predictably and quickly. When administered in
appropriate doses, it does not result in a prolonged sedative effect [58]. Moreover, like other
benzodiazepines, its sedative effect can be reversed with flumazenil. Considering its phar-
macodynamic and pharmacokinetic properties, remimazolam may be a more appropriate
choice for clinical sedation in brief endoscopic procedures.

Administering anesthesia and sedation in non-operating room environments presents
unique clinical challenges, requiring anesthesiologists to ensure patient safety and comfort
under less controlled conditions [59]. The success rate of sedation is closely associated with
procedural complications, as well as the satisfaction of both endoscopists and patients [10,
60]. All the included trials met the sedation requirements for clinical endoscopic procedures
and adhered to non-inferiority standards. However, our analysis revealed that the sedation
success rate with remimazolam is marginally lower than that of propofol.

For safety evaluation, the occurrence and intensity of bradycardia, hypotension, and
respiratory depression mostly dictate the safety of sedatives [61]. Our study indicated that
overall, remimazolam was a well-tolerated sedative with fewer adverse effects than propo-
fol no matter the different initial dosage of remimazolam. More precisely, remimazolam
can lower the rate of these three abovementioned undesirable responses. Moreover, the
occurrence of intraoperative hypotension and bradycardia is a predictive indicator of post-
operative adverse outcomes such as acute kidney injury and postoperative cardiovascular
events [62-64]. Therefore, reducing the occurrence of hypotension and bradycardia during
short endoscopic procedures will be beneficial for the prognosis and recovery of patients.
Furthermore, respiratory depression may elevate the risk of respiratory complications,
particularly in elderly individuals with inadequate cardiovascular and pulmonary function
reserves [39,65]. Remimazolam has a distinct advantage over propofol in reducing the
occurrence of respiratory depression, making it a preferable choice for elderly patients
undergoing brief endoscopic procedures.

The time required for recovery is a critical element in guaranteeing the safety and
efficiency of both patients and endoscopy centers [66]. It was also reported that rapid
recovery agents for colonoscopy can provide economic benefits [67]. Our findings indicated
that remimazolam had a longer sedation onset time and did not offer a shorter recovery
time compared to propofol. However, a recent study found that for adult patients under-
going endoscopic ultrasonography, remimazolam had a much faster induction time than
propofol [68]. Additionally, for elderly patients undergoing gastrointestinal endoscopy,
remimazolam significantly shortened recovery time compared to propofol [66]. These
discrepancies may arise from differences in the induction dosages of remimazolam and
propofol, as well as variations in patient demographics. Further clinical research is needed
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to better understand and clarify these findings. Our findings showed that the onset time
of remimazolam was roughly 12 s longer than that of propofol. However, the existing
evidence suggested that an increase in sedative onset time by approximately 10 s did not
negatively impact the satisfaction of either patients or endoscopists [69,70]. Although a
prolonged onset time may lengthen room turnover, it is not consistently a key determinant
of endoscopic unit efficiency [71]. Future research is needed to assess how changes in
sedative onset time may affect clinical satisfaction and the efficiency of endoscopic units.
For intraoperative body movement, there was no significant difference between the remi-
mazolam group and the propofol group in our study. The restricted number of included
studies assessed intraoperative body movement calls for obtaining more clinical trial data
to provide a further assessment of the brief endoscopies, consequently guiding our choice
of the more efficient sedative.

Injection pain, postoperative dizziness, and PONV all participate in determining the
sedation of patients” experiences and feelings and, at the same time, can also be a source of
stress-causing intraoperative and postoperative hypertension and tachycardia. According
to our findings, the incidence of injection pain was much lower in the remimazolam group
than in the propofol group, regardless of dosage. This conclusion is consistent with the
findings of other studies that evaluated the safety of remimazolam [48,72]. The finding may
also encourage the promotion of remimazolam in clinical settings. Additionally, our study
revealed that propofol, rather than remimazolam, had more advantages in reducing the
incidence of PONV, especially when the induction dosage of remimazolam is greater than
0.15 mg/kg. This finding aligns with the conclusion of a retrospective study by Suzuki
et al. [73]. Postoperative outcomes, including discharge from the postanesthesia care unit
(PACU), discharge home, and readmission after discharge, are all adversely affected by
PONV [74]. Minimizing the occurrence of PONV in patients is also a key consideration for
anesthesiologists. When the induction dose of remimazolam is higher than 0.15 mg/kg,
the possible impact of PONV on patient prognosis should be taken into consideration.

From a pharmacoeconomic perspective, remimazolam was found to have a higher
drug cost for intravenous anesthesia and sedation compared to propofol [75]. However,
remimazolam offers two potential economic advantages that warrant further exploration.
First, its safety profile allows for administration by qualified non-anesthesiologists, which
could reduce personnel-related costs associated with specialized anesthesia care [75]. Sec-
ond, remimazolam significantly decreased the incidence of intraoperative hypotension, a
known risk factor for prolonged hospitalization and increased healthcare costs [76]. Fur-
thermore, due to its superior airway safety, remimazolam may help mitigate the additional
costs associated with airway interventions. Currently, only cost-effectiveness assessments
of remimazolam in ICU patients have been conducted [77], and there is a lack of compre-
hensive cost-effectiveness analyses specifically focused on its perioperative application.
Therefore, future health economic studies should focus on remimazolam’s cost-saving
potential, particularly through reductions in cardiovascular and respiratory complications
perioperatively, as well as shorter hospital stays.

There are several limitations to the current analysis. Firstly, despite conducting a
dose subgroup analysis, substantial heterogeneity persisted due to variations in the ad-
ministration techniques of remimazolam (weight-based versus fixed dosages) and the
use of opioid medications across the included trials. Additionally, differences in gender
inclusion and gender ratios are notable factors. This heterogeneity limits the robustness of
our subgroup analysis and may impact the reliability of the current results. Second, given
that sedation is commonly used in elderly patients undergoing diagnostic and therapeutic
endoscopes, several factors contribute to the heightened sensitivity of these patients to anes-
thetic drugs [78,79]. These factors include reduced liver and kidney function, diminished
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physiological calcium storage, decreased body water content, and increased fat content.
Administering the same adult dose of remimazolam may result in more deep sedation
and longer recovery durations. The studies involved had notable variations in the age
ranges used to define the elderly, preventing us from conducting effective age subgroup
analyses (e.g., employing a consistent age range). Elderly individuals are more susceptible
to various complications, necessitating additional research to figure out the efficacy and
safety of remimazolam in elderly individuals. Third, Among the included studies, eight
showed methodological limitations that warranted a “some concerns” rating in the risk of
bias assessment. These limitations were primarily due to insufficient details on random-
ization procedures and the implementation of blinding protocols. Additionally, one trial
did not provide comprehensive outcome reporting. While these limitations are common
challenges in meta-analyses, rather than specific shortcomings of our study, they require
cautious interpretation of the findings and may affect the external validity of our conclu-
sions. This highlights the critical need for rigorously designed and well-implemented RCTs
to strengthen evidence synthesis in future research. Fourth, there was publication bias
for the hypotension. Similarly, enhancing the evidential quality for this outcome requires
higher standards of large-sample study support.

5. Conclusions

In conclusion, remimazolam demonstrates potential as a sedative agent for short
endoscopic procedures due to its favorable safety profile and pharmacokinetic properties.
While its success rate of sedation is marginally inferior to that of propofol, remimazolam
offers advantages in reducing adverse effects such as bradycardia, hypotension, and respi-
ratory depression, expected to be more suitable for sedation in elderly patients. However,
the potential for increased PONV at higher induction doses warrants caution. Further
large-scale RCTs are necessary to fully establish remimazolam’s efficacy and safety across
diverse patient populations and procedural contexts.
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Abbreviations

The following abbreviations are used in this manuscript:

ASA American Academy of Anesthesiologists

GABA,  y-aminobutyric acid subtype A

RCT randomized controlled trial

BMI body mass index

ASA-PS  American Society of Anesthesiologists Physical Status
RD risk difference

RR risk ratios

CI confidence interval

MD mean differences

PONV postoperative nausea and vomiting

References

1.

10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

Chen, S.H.; Yuan, TM,; Zhang, ].; Bai, H.; Tian, M.; Pan, C.X,; Bao, H.G,; Jin, X.].; Ji, EH.; Zhong, T.D.; et al. Remimazolam tosilate
in upper gastrointestinal endoscopy: A multicenter, randomized, non-inferiority, phase IlI trial. ]. Gastroenterol. Hepatol. 2021, 36,
474-481. [CrossRef]

Ferreira, A.O.; Cravo, M. Sedation in gastrointestinal endoscopy: Where are we at in 2014? World ]. Gastrointest. Endosc. 2015, 7,
102-109. [CrossRef] [PubMed]

Nakano, T.; Sato, C.; Sakurai, T.; Kamei, T.; Nakagawa, A.; Ohuchi, N. Use of water jet instruments in gastrointestinal endoscopy.
World . Gastrointest. Endosc. 2016, 8, 122-127. [CrossRef]

Peery, A.E; Crockett, S.D.; Murphy, C.C.; Lund, J.L.; Dellon, E.S.; Williams, J.L.; Jensen, E.T.; Shaheen, N.J.; Barritt, A.S.; Lieber,
S.R.; et al. Burden and Cost of Gastrointestinal, Liver, and Pancreatic Diseases in the United States: Update 2018. Gastroenterology
2019, 156, 254-272.e11. [CrossRef]

He, Z.; Wang, P,; Liang, Y.; Fu, Z.; Ye, X. Clinically Available Optical Imaging Technologies in Endoscopic Lesion Detection:
Current Status and Future Perspective. J. Healthc. Eng. 2021, 2021, 7594513. [CrossRef] [PubMed]

Ee, C.; Thuraisingam, S.; Pirotta, M.; French, S.; Xue, C.; Teede, H.; Kristoffersen, A.E.; Sirois, F.; Stub, T.; Engler, ].; et al. World
Congress Integrative Medicine & Health 2017: Part two: Berlin, Germany, 3-5 May 2017. BMC Complement. Altern. Med. 2017, 17,
317. [CrossRef]

Moon, D.U.; Esfahani-Bayerl, N.; Finke, C.; Salchow, D.]J.; Menk, M.; Bayerl, S.; Kempter, R.; Ploner, C.J. Propofol Modulates Early
Memory Consolidation in Humans. eNeuro 2020, 7, ENEURO.0537-0519.2020. [CrossRef] [PubMed]

Moon, S.H. Sedation regimens for gastrointestinal endoscopy. Clin. Endosc. 2014, 47, 135-140. [CrossRef]

Moon, S.H.; Kim, HK.; Myung, D.S.; Yoon, S.M.; Moon, W. Patient Monitoring and Associated Devices during Endoscopic
Sedation. Korean J. Gastroenterol. 2017, 69, 64—67. [CrossRef]

Wiggins, T.E; Khan, A.S.; Winstead, N.S. Sedation, analgesia, and monitoring. Clin. Colon Rectal Surg. 2010, 23, 14-20. [CrossRef]
Propofol. Available online: https:/ /pubchem.ncbi.nlm.nih.gov/compound/Propofol (accessed on 28 January 2025).

Diprivan (Propofol) Injectable Elmulsion. 2014. Available online: https://www.accessdata.fda.gov/drugsatfda_docs/label /2014
/0196275062Ibl.pdf (accessed on 28 January 2025).

Song, N.; Yang, Y.; Zheng, Z.; Shi, W.C,; Tan, A.P; Shan, X.S.; Liu, H.; Meng, L.; Peng, K.; Ji, EH. Effect of Esketamine Added to
Propofol Sedation on Desaturation and Hypotension in Bidirectional Endoscopy: A Randomized Clinical Trial. JAMA Netw. Open
2023, 6, €2347886. [CrossRef] [PubMed]

Pambianco, D.J.; Borkett, K.M.; Riff, D.S.; Winkle, PJ.; Schwartz, H.I.; Melson, T.I.; Wilhelm-Ogunbiyi, K. A phase IIb study
comparing the safety and efficacy of remimazolam and midazolam in patients undergoing colonoscopy. Gastrointest. Endosc.
2016, 83, 984-992. [CrossRef] [PubMed]

Triantafillidis, ].K.; Merikas, E.; Nikolakis, D.; Papalois, A.E. Sedation in gastrointestinal endoscopy: Current issues. World J.
Gastroenterol. 2013, 19, 463-481. [CrossRef]

Rex, D.K,; Deenadayalu, V.P; Eid, E.; Imperiale, T.E; Walker, ].A.; Sandhu, K.; Clarke, A.C.; Hillman, L.C.; Horiuchi, A.; Cohen,
L.B.; et al. Endoscopist-directed administration of propofol: A worldwide safety experience. Gastroenterology 2009, 137, 1229-1237;
quiz 1518-1229. [CrossRef]

Choi, G.J.; Kang, H.; Baek, C.W,; Jung, Y.H.; Ko, ].S. Etomidate versus propofol sedation for electrical external cardioversion: A
meta-analysis. Curr. Med. Res. Opin. 2018, 34, 2023-2029. [CrossRef]

Wernli, K.J.; Brenner, A.T.; Rutter, C.M.; Inadomi, ].M. Risks Associated With Anesthesia Services During Colonoscopy. Gastroen-
terology 2016, 150, 888-894; quiz e818. [CrossRef] [PubMed]

Goudra, B.G,; Singh, PM. Remimazolam: The future of its sedative potential. Saudi |. Anaesth. 2014, 8, 388-391. [CrossRef]


https://doi.org/10.1111/jgh.15188
https://doi.org/10.4253/wjge.v7.i2.102
https://www.ncbi.nlm.nih.gov/pubmed/25685266
https://doi.org/10.4253/wjge.v8.i3.122
https://doi.org/10.1053/j.gastro.2018.08.063
https://doi.org/10.1155/2021/7594513
https://www.ncbi.nlm.nih.gov/pubmed/33628407
https://doi.org/10.1186/s12906-017-1783-3
https://doi.org/10.1523/ENEURO.0537-19.2020
https://www.ncbi.nlm.nih.gov/pubmed/32295771
https://doi.org/10.5946/ce.2014.47.2.135
https://doi.org/10.4166/kjg.2017.69.1.64
https://doi.org/10.1055/s-0030-1247852
https://pubchem.ncbi.nlm.nih.gov/compound/Propofol
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/019627s062lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/019627s062lbl.pdf
https://doi.org/10.1001/jamanetworkopen.2023.47886
https://www.ncbi.nlm.nih.gov/pubmed/38117498
https://doi.org/10.1016/j.gie.2015.08.062
https://www.ncbi.nlm.nih.gov/pubmed/26363333
https://doi.org/10.3748/wjg.v19.i4.463
https://doi.org/10.1053/j.gastro.2009.06.042
https://doi.org/10.1080/03007995.2018.1519501
https://doi.org/10.1053/j.gastro.2015.12.018
https://www.ncbi.nlm.nih.gov/pubmed/26709032
https://doi.org/10.4103/1658-354X.136627

Medicina 2025, 61, 453 16 of 18

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Masui, K.; Stohr, T.; Pesic, M.; Tonai, T. A population pharmacokinetic model of remimazolam for general anesthesia and
consideration of remimazolam dose in clinical practice. J. Anesth. 2022, 36, 493-505. [CrossRef]

Sigel, E.; Ernst, M. The Benzodiazepine Binding Sites of GABAA Receptors. Trends Pharmacol. Sci. 2018, 39, 659—-671. [CrossRef]
Sneyd, ].R. Remimazolam: New beginnings or just a me-too? Anesth. Analg. 2012, 115, 217-219. [CrossRef]

Sneyd, J.R.; Rigby-Jones, A.E. Remimazolam for anaesthesia or sedation. Curr. Opin. Anaesthesiol. 2020, 33, 506-511. [CrossRef]
Wesolowski, A.M.; Zaccagnino, M.P.; Malapero, R.J.; Kaye, A.D.; Urman, R.D. Remimazolam: Pharmacologic Considerations and
Clinical Role in Anesthesiology. Pharmacotherapy 2016, 36, 1021-1027. [CrossRef]

Anesthesia Physical Classification System. Available online: https://my.clevelandclinic.org/health/articles/12976-anesthesia-
physical-classification-system (accessed on 28 January 2025).

Kilpatrick, G.J.; McIntyre, M.S.; Cox, R.E; Stafford, J.A.; Pacofsky, G.J.; Lovell, G.G.; Wiard, R.P.,; Feldman, PL.; Collins, H,;
Waszczak, B.L.; et al. CNS 7056: A novel ultra-short-acting Benzodiazepine. Anesthesiology 2007, 107, 60-66. [CrossRef] [PubMed]
Sterne, J.A.C.; Savovic, ].; Page, M.].; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.Y.; Corbett, M.S.; Eldridge,
S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, 14898. [CrossRef] [PubMed]
Steinmann, M.; Lampe, D.; Grosser, ].; Schmidyt, J.; Hohoff, M.L.; Fischer, A.; Greiner, W. Risk factors for herpes zoster infections:
A systematic review and meta-analysis unveiling common trends and heterogeneity patterns. Infection 2024, 52, 1009-1026.
[CrossRef]

McGrath, S.; Zhao, X.; Steele, R.; Thombs, B.D.; Benedetti, A.; Collaboration, D.E.S.D. Estimating the sample mean and standard
deviation from commonly reported quantiles in meta-analysis. Stat. Methods Med. Res. 2020, 29, 2520-2537. [CrossRef] [PubMed]
Lortie, C.J. Doing Meta-Analysis with R—A Hands-On Guide. J. Stat. Softw. 2022, 102, 1-4. [CrossRef]

Sterne, J.A.; Sutton, A.].; loannidis, J.P; Terrin, N.; Jones, D.R.; Lau, ]J.; Carpenter, J.; Rucker, G.; Harbord, R.M.; Schmid, C.H.; et al.
Recommendations for examining and interpreting funnel plot asymmetry in meta-analyses of randomised controlled trials. BM]
2011, 343, d4002. [CrossRef]

Chen, S.-H.; Wang, J.; Xu, X.; Huang, Y.; Xue, S.; Wu, A.-S.; Jin, X.; Wang, Q.; Lyu, J.; Wang, S.; et al. The efficacy and safety of
remimazolam tosylate versus propofol in patients undergoing colonoscopy: A multicentered, randomized, positive-controlled,
phase III clinical trial. Am. J. Transl. Res. 2020, 12, 4594-4603.

Zhang, X.; Li, S.; Liu, J. Efficacy and safety of remimazolam besylate versus propofol during hysteroscopy: Single-centre
randomized controlled trial. BMC Anesthesiol. 2021, 21, 156. [CrossRef]

Zhang, S.; Wang, J.; Ran, R.; Peng, Y.; Xiao, Y. Efficacy and safety of remimazolam tosylate in hysteroscopy: A randomized,
single-blind, parallel controlled trial. J. Clin. Pharm. Ther. 2022, 47, 55-60. [CrossRef] [PubMed]

Tan, Y,; Ouyang, W.; Tang, Y.; Fang, N.; Fang, C.; Quan, C. Effect of remimazolam tosilate on early cognitive function in elderly
patients undergoing upper gastrointestinal endoscopy. J. Gastroenterol. Hepatol. 2022, 37, 576-583. [CrossRef] [PubMed]

Cao, Y.; Chi, P; Zhou, C.; Lv, W.; Quan, Z.; Xue, F.S. Remimazolam Tosilate Sedation with Adjuvant Sufentanil in Chinese Patients
with Liver Cirrhosis Undergoing Gastroscopy: A Randomized Controlled Study. Med. Sci. Monit. 2022, 28, €936580. [CrossRef]
Guo, J.; Qian, Y;; Zhang, X.; Han, S.; Shi, Q.; Xu, J. Remimazolam tosilate compared with propofol for gastrointestinal endoscopy
in elderly patients: A prospective, randomized and controlled study. BMC Anesthesiol. 2022, 22, 180. [CrossRef]

Xin, Y.; Chu, T.; Wang, J.; Xu, A. Sedative effect of remimazolam combined with alfentanil in colonoscopic polypectomy: A
prospective, randomized, controlled clinical trial. BMC Anesthesiol. 2022, 22, 262. [CrossRef]

Hu, B.; Jiang, K.; Shi, W.; Xiao, S.; Zhang, S.; Zhang, Y.; Zhou, Y.; Tan, C.; Tan, S.; Zou, X. Effect of Remimazolam Tosilate on
Respiratory Depression in Elderly Patients Undergoing Gastroscopy: A Multicentered, Prospective, and Randomized Study.
Drug Des. Dev. Ther. 2022, 16, 4151-4159. [CrossRef]

Zhou, Y.Y,; Yang, S.T.; Duan, KM,; Bai, Z.H.; Feng, Y.E; Guo, Q.L.; Cheng, Z.G.; Wu, H.; Shangguan, W.N.; Wu, X.M.; et al. Efficacy
and safety of remimazolam besylate in bronchoscopy for adults: A multicenter, randomized, double-blind, positive-controlled
clinical study. Front. Pharmacol. 2022, 13, 1005367. [CrossRef] [PubMed]

Lu, K.; Wei, S.; Ling, W.; Wei, Y; Ran, X.; Huang, H.; Wang, M.; Wei, N.; Liao, Y.; Qin, Z.; et al. Remimazolam versus propofol for
deep sedation/anaesthesia in upper gastrointestinal endoscopy in elderly patients: A multicenter, randomized controlled trial. J.
Clin. Pharm. Ther. 2022, 47, 2230-2236. [CrossRef]

Wang, X.; Hu, X.; Bai, N.; Li, L.; Zhang, M.; Cheng, Z.; Guo, Q. Safety and efficacy of remimazolam besylate in patients undergoing
colonoscopy: A multicentre, single-blind, randomized, controlled, phase III trial. Front. Pharmacol. 2022, 13, 900723. [CrossRef]
Zhang, J.; Zhang, Y.; Fang, X.; Weng, L.; Zhu, S.; Luo, N.; Huang, D.; Guo, Q.; Huang, C. Comparison of Remimazolam and
Propofol for Drug-Induced Sleep Endoscopy: A Randomized Clinical Trial. Otolaryngol.-Head Neck Surg. 2023, 169, 1356—1365.
[CrossRef]

Cui, X,; Cheng, Z.; Li, H.; Zhang, X.; Luan, H.; Zhao, Z.; Zhu, P. Efficacy and Safety of Different Doses of Remimazolam Tosilate
Applied in Upper Gastrointestinal Endoscopy: A Prospective Randomized Controlled Double-Blind Trial. Drug Des. Dev. Ther.
2023, 17, 2889-2896. [CrossRef] [PubMed]


https://doi.org/10.1007/s00540-022-03079-y
https://doi.org/10.1016/j.tips.2018.03.006
https://doi.org/10.1213/ANE.0b013e31823acb95
https://doi.org/10.1097/ACO.0000000000000877
https://doi.org/10.1002/phar.1806
https://my.clevelandclinic.org/health/articles/12976-anesthesia-physical-classification-system
https://my.clevelandclinic.org/health/articles/12976-anesthesia-physical-classification-system
https://doi.org/10.1097/01.anes.0000267503.85085.c0
https://www.ncbi.nlm.nih.gov/pubmed/17585216
https://doi.org/10.1136/bmj.l4898
https://www.ncbi.nlm.nih.gov/pubmed/31462531
https://doi.org/10.1007/s15010-023-02156-y
https://doi.org/10.1177/0962280219889080
https://www.ncbi.nlm.nih.gov/pubmed/32292115
https://doi.org/10.18637/jss.v102.b02
https://doi.org/10.1136/bmj.d4002
https://doi.org/10.1186/s12871-021-01373-y
https://doi.org/10.1111/jcpt.13525
https://www.ncbi.nlm.nih.gov/pubmed/34655087
https://doi.org/10.1111/jgh.15761
https://www.ncbi.nlm.nih.gov/pubmed/34907594
https://doi.org/10.12659/msm.936580
https://doi.org/10.1186/s12871-022-01713-6
https://doi.org/10.1186/s12871-022-01805-3
https://doi.org/10.2147/DDDT.S391147
https://doi.org/10.3389/fphar.2022.1005367
https://www.ncbi.nlm.nih.gov/pubmed/36313321
https://doi.org/10.1111/jcpt.13797
https://doi.org/10.3389/fphar.2022.900723
https://doi.org/10.1002/ohn.387
https://doi.org/10.2147/DDDT.S422531
https://www.ncbi.nlm.nih.gov/pubmed/37750066

Medicina 2025, 61, 453 17 of 18

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Fan, S.; Zhu, Y.; Sui, C; Li, Q.; Jiang, W.; Zhang, L. Remimazolam Compared to Propofol During Hysteroscopy: A Safety and
Efficacy Analysis. Pain Ther. 2023, 12, 695-706. [CrossRef]

Wang, C,; Gao, Y; Li, J.; Zhang, L.; Li, Q.; Li, Y;; Lu, Y;; Sun, J.; Zhang, Y.; Cheng, Y.; et al. Safety and effectiveness of the
combination of remimazolam tosilate and propofol in gastroscopy: A multicenter, randomized controlled, single-blind clinical
trial. Front. Pharmacol. 2023, 14, 1124667. [CrossRef] [PubMed]

Wei, A.; Ma, S.; Dou, Y.; Wang, X.; Wu, J.; Zhou, S.; Deng, Y.; Liu, X.; Li, D.; Yang, M. The safety and efficacy of remimazolam
tosylate combined with propofol in upper gastrointestinal endoscopy: A multicenter, randomized clinical trial. PLoS ONE 2023,
18, €0282930. [CrossRef] [PubMed]

Oka, S.; Satomi, H.; Sekino, R.; Taguchi, K.; Kajiwara, M.; Oj, Y.; Kobayashi, R. Sedation outcomes for remimazolam, a new
benzodiazepine. J. Oral Sci. 2021, 63, 209-211. [CrossRef]

De Vico, P; Biasucci, D.G.; Aversano, L.; Polidoro, R.; Zingaro, A.; Millarelli, ER.; Del Vecchio Blanco, G.; Paoluzi, O.A.; Troncone,
E.; Monteleone, G.; et al. Feasibility and safety of deep sedation with propofol and remifentanil in spontaneous breathing during
endoscopic retrograde cholangiopancreatography: An observational prospective study. BMC Anesthesiol. 2023, 23, 260. [CrossRef]
Sneyd, J.R.; Absalom, A.R.; Barends, C.R.M.; Jones, ].B. Hypotension during propofol sedation for colonoscopy: A retrospective
exploratory analysis and meta-analysis. Br. J. Anaesth. 2022, 128, 610-622. [CrossRef]

Hara, T.; Ozawa, A.; Shibutani, K.; Tsujino, K.; Miyauchi, Y.; Kawano, T.; Ito, K.; Sakai, H.; Yokota, M.; The Working Group for the
Preparation of Practical Guidelines for Safe Sedation, Safety Committee of the Japanese Society of Anesthesiologists. Practical
guide for safe sedation. ]. Anesth. 2023, 37, 340-356. [CrossRef]

Dessai, S.; Ninave, S.; Bele, A. The Rise of Remimazolam: A Review of Pharmacology, Clinical Efficacy, and Safety Profiles. Cureus
2024, 16, €57260. [CrossRef]

De Cosmo, G.; Elisabetta, C. Is sedation for endoscopy as safe as you think? Minerva Anestesiol. 2017, 83, 1118-1120. [CrossRef]

Lan, H.; Shan, W.; Wu, Y,; Xu, Q.; Dong, X.; Mei, P; Duan, G.; You, M.; Jin, L.; Wu, J. Efficacy and Safety of Ciprofol for
Sedation/Anesthesia in Patients Undergoing Hysteroscopy: A Randomized, Parallel-Group, Controlled Trial. Drug Des. Dev.
Ther. 2023, 17,1707-1717. [CrossRef] [PubMed]

Zhang, F; Chang, H; Qing, W.; Yu, R.; Liao, Q.; Tong, J. Remimazolam Tosylate Combined with Low-Dose Propofol Improves
Sedation and Safety in Hysteroscopy. Drug Des. Dev. Ther. 2022, 16, 4101-4108. [CrossRef] [PubMed]

Keam, S.J. Remimazolam: First Approval. Drugs 2020, 80, 625-633. [CrossRef] [PubMed]

Davy, A.; Fessler, ].; Fischler, M.; Le Guen, M. Dexmedetomidine and general anesthesia: A narrative literature review of its major
indications for use in adults undergoing non-cardiac surgery. Minerva Anestesiol. 2017, 83, 1294-1308. [CrossRef]

Kim, S.H.; Fechner, ]J. Remimazolam—Current knowledge on a new intravenous benzodiazepine anesthetic agent. Korean J.
Anesthesiol. 2022, 75, 307-315. [CrossRef]

Zhong, ].; Zhang, J.; Fan, Y.; Zhu, M.; Zhao, X.; Zuo, Z.; Zhou, X.; Miao, C. Efficacy and safety of Ciprofol for procedural sedation
and anesthesia in non-operating room settings. J. Clin. Anesth. 2023, 85, 111047. [CrossRef]

Zhu, H.; Su, Z.; Zhou, H.; Ly, J.; Wang, X.; Ji, Z.; Chen, S.; Wang, X.; Yao, M.; Lu, Y,; et al. Remimazolam Dosing for Gastroscopy:
A Randomized Noninferiority Trial. Anesthesiology 2024, 140, 409-416. [CrossRef]

Antonik, L.J.; Goldwater, D.R,; Kilpatrick, G.J.; Tilbrook, G.S.; Borkett, KM. A placebo- and midazolam-controlled phase I single
ascending-dose study evaluating the safety, pharmacokinetics, and pharmacodynamics of remimazolam (CNS 7056): Part I.
Safety, efficacy, and basic pharmacokinetics. Anesth. Analg. 2011, 115, 274-283. [CrossRef]

Cheung, C.C.; Martyn, A.; Campbell, N.; Frost, S.; Gilbert, K.; Michota, F; Seal, D.; Ghali, W.; Khan, N.A. Predictors of
intraoperative hypotension and bradycardia. Am. J. Med. 2015, 128, 532-538. [CrossRef]

Penev, Y.; Ruppert, M.M,; Bilgili, A.; Li, Y.; Habib, R.; Dozic, A.V.; Small, C.; Adiyeke, E.; Ozrazgat-Baslanti, T.; Loftus, T.J.; et al.
Intraoperative hypotension and postoperative acute kidney injury: A systematic review. Am. J. Surg. 2024, 232, 45-53. [CrossRef]
Wesselink, E.M.; Wagemakers, S.H.; van Waes, ].A.R.; Wanderer, ].P.; van Klei, W.A.; Kappen, T.H. Associations between
intraoperative hypotension, duration of surgery and postoperative myocardial injury after noncardiac surgery: A retrospective
single-centre cohort study. Br. |. Anaesth. 2022, 129, 487-496. [CrossRef] [PubMed]

Gonzalez Castro, L.N.; Mehta, ].H.; Brayanov, J.B.; Mullen, G.J. Quantification of respiratory depression during pre-operative
administration of midazolam using a non-invasive respiratory volume monitor. PLoS ONE 2017, 12, e0172750. [CrossRef]
[PubMed]

Chen, H.Y;; Wang, X.X.; Lu, Y.G,; Tang, S.H.; Ding, T.; Song, ].C.; Chen, G. Comparison of the recovery time of remimazolam
besylate and propofol for gastrointestinal endoscopy sedation in elderly patients. Int. J. Med. Sci. 2024, 21, 1250-1256. [CrossRef]
Vargo, ].].; Bramley, T.; Meyer, K; Nightengale, B. Practice efficiency and economics: The case for rapid recovery sedation agents
for colonoscopy in a screening population. J. Clin. Gastroenterol. 2007, 41, 591-598. [CrossRef]

Choe, ].W.; Chung, M.].; Park, SSW.; Oh, D.; Han, S.Y.; Yang, M.].; Kim, E.J.; Cho, ].H.; Lee, K.J.; Jang, S.I. Safety and efficacy
of remimazolam versus propofol during EUS: A multicenter randomized controlled study. Gastrointest. Endosc. 2024, 100,
183-191e181. [CrossRef]


https://doi.org/10.1007/s40122-023-00483-4
https://doi.org/10.3389/fphar.2023.1124667
https://www.ncbi.nlm.nih.gov/pubmed/37324493
https://doi.org/10.1371/journal.pone.0282930
https://www.ncbi.nlm.nih.gov/pubmed/37535618
https://doi.org/10.2334/josnusd.21-0051
https://doi.org/10.1186/s12871-023-02218-6
https://doi.org/10.1016/j.bja.2021.10.044
https://doi.org/10.1007/s00540-023-03177-5
https://doi.org/10.7759/cureus.57260
https://doi.org/10.23736/S0375-9393.17.12260-1
https://doi.org/10.2147/DDDT.S414243
https://www.ncbi.nlm.nih.gov/pubmed/37333961
https://doi.org/10.2147/DDDT.S390403
https://www.ncbi.nlm.nih.gov/pubmed/36471692
https://doi.org/10.1007/s40265-020-01299-8
https://www.ncbi.nlm.nih.gov/pubmed/32274703
https://doi.org/10.23736/S0375-9393.17.12040-7
https://doi.org/10.4097/kja.22297
https://doi.org/10.1016/j.jclinane.2022.111047
https://doi.org/10.1097/ALN.0000000000004851
https://doi.org/10.1213/ANE.0b013e31823f0c28
https://doi.org/10.1016/j.amjmed.2014.11.030
https://doi.org/10.1016/j.amjsurg.2024.02.001
https://doi.org/10.1016/j.bja.2022.06.034
https://www.ncbi.nlm.nih.gov/pubmed/36064492
https://doi.org/10.1371/journal.pone.0172750
https://www.ncbi.nlm.nih.gov/pubmed/28235069
https://doi.org/10.7150/ijms.93045
https://doi.org/10.1097/01.mcg.0000225634.52780.0e
https://doi.org/10.1016/j.gie.2024.04.001

Medicina 2025, 61, 453 18 of 18

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Liu, X;; Ding, B.; Shi, E; Zhang, Y; Liu, L.; Sha, Y.; Zhao, T. The Efficacy and Safety of Remimazolam Tosilate versus Etomidate-
Propofol in Elderly Outpatients Undergoing Colonoscopy: A Prospective, Randomized, Single-Blind, Non-Inferiority Trial. Drug
Des. Dev. Ther. 2021, 15, 4675-4685. [CrossRef]

Gao, S.H.; Tang, Q.Q.; Wang, C.M.; Guan, Z.Y.; Wang, L.L.; Zhang, J.; Yan, Z.L. The efficacy and safety of ciprofol and propofol in
patients undergoing colonoscopy: A double-blind, randomized, controlled trial. J. Clin. Anesth. 2024, 95, 111474. [CrossRef]
Kaushal, N.K.; Chang, K,; Lee, ].G.; Muthusamy, V.R. Using efficiency analysis and targeted intervention to improve operational
performance and achieve cost savings in the endoscopy center. Gastrointest. Endosc. 2014, 79, 637-645. [CrossRef] [PubMed]
Cornett, EIM.; Novitch, M.B.; Brunk, A.J.; Davidson, K.S.; Menard, B.L.; Urman, R.D.; Kaye, A.D. New benzodiazepines for
sedation. Best Pr. Res. Clin. Anaesthesiol. 2018, 32, 149-164. [CrossRef]

Suzuki, Y.; Kawashima, S.; Makino, H.; Doi, M.; Nakajima, Y. Comparison of postoperative nausea and vomiting between
remimazolam and propofol: A propensity score-matched, retrospective, observational, single-center cohort study. Korean ].
Anesthesiol. 2023, 76, 143-151. [CrossRef]

Gan, TJ.; Belani, K.G.; Bergese, S.; Chung, F; Diemunsch, P.; Habib, A.S; Jin, Z.; Kovac, A.L.; Meyer, T.A.; Urman, R.D; et al.
Fourth Consensus Guidelines for the Management of Postoperative Nausea and Vomiting. Anesth. Analg. 2020, 131, 411-448.
[CrossRef] [PubMed]

White, P.F. Remimazolam—Can it become a cost-effective alternative to propofol for intravenous anesthesia and sedation? J. Clin.
Anesth. 2023, 84,110977. [CrossRef]

D’Amico, E; Fominskiy, E.V; Turi, S.; Pruna, A; Fresilli, S.; Triulzi, M.; Zangrillo, A.; Landoni, G. Intraoperative hypotension and
postoperative outcomes: A meta-analysis of randomised trials. Br. J. Anaesth. 2023, 131, 823-831. [CrossRef] [PubMed]

Yao, Z.; Liao, Z.; Li, G.; Wang, L.; Zhan, L.; Xia, W. Remimazolam tosylate’s long-term sedative properties in ICU patients on
mechanical ventilation: Effectiveness and safety. Eur. ]. Med. Res. 2023, 28, 452. [CrossRef] [PubMed]

Travis, A.C.; Pievsky, D.; Saltzman, J.R. Endoscopy in the elderly. Am. |. Gastroenterol. 2012, 107, 1495-1501; quiz 1494, 1502.
[CrossRef]

Kim, D.K. Nonoperating room anaesthesia for elderly patients. Curr. Opin. Anaesthesiol. 2020, 33, 589-593. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.2147/DDDT.S339535
https://doi.org/10.1016/j.jclinane.2024.111474
https://doi.org/10.1016/j.gie.2013.10.037
https://www.ncbi.nlm.nih.gov/pubmed/24321391
https://doi.org/10.1016/j.bpa.2018.06.007
https://doi.org/10.4097/kja.22441
https://doi.org/10.1213/ANE.0000000000004833
https://www.ncbi.nlm.nih.gov/pubmed/32467512
https://doi.org/10.1016/j.jclinane.2022.110977
https://doi.org/10.1016/j.bja.2023.08.026
https://www.ncbi.nlm.nih.gov/pubmed/37739903
https://doi.org/10.1186/s40001-023-01440-9
https://www.ncbi.nlm.nih.gov/pubmed/37865799
https://doi.org/10.1038/ajg.2012.246
https://doi.org/10.1097/ACO.0000000000000883

	Introduction 
	Materials and Methods 
	Data Sources and Searches 
	Inclusion Criteria and Exclusion Criteria 
	Outcome Measures 
	Data Extraction and Risks of Bias Assessment 
	Statistical Analysis 

	Results 
	Literature Retrieval 
	Primary Outcome 
	Outcomes Related to Anesthetic Effects 
	Outcomes Pertaining to Adverse Events and Pharmacological Safety 
	Risk of Bias Assessment 

	Discussion 
	Conclusions 
	References

