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Abstract

BACKGROUND

Remimazolam is characterized by rapid action and inactive metabolites. It is used
as the general anesthetic for many clinical surgeries. In this study, we performed a
meta-analysis to evaluate whether remimazolam is superior to propofol for
gastroenteroscopy in older patients.

AIM
To compare the adverse events and efficacy of remimazolam and propofol during
gastroenteroscopy in older adults.

METHODS

The PubMed, Web of Science, the Cochrane Library databases were queried for
the relevant key words "remimazolam,” "and propofol,” "and gastrointestinal
endoscopy or gastroscopy.” The search scope was "Title and Abstract,” and the
search was limited to human studies and publications in English. Seven studies
wherein remimazolam and propofol were compared were included for the meta-
analysis.

RESULTS

We selected seven randomized controlled trials involving 1445 cases for the
analysis. Remimazolam reduced the hypotension (relative risk, RR = 0.44, 95%Cl:
0.29-0.66, P = 0.000), respiratory depression (RR = 0.46, 95%CI: 0.30-0.70, P =
0.000), injection pain (RR = 0.12, 95%ClI: 0.05-0.25, P = 0.000), bradycardia (RR =
0.37, 95%CI: 0.24-0.58, P = 0.000), and time to discharge [weighted mean
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difference (WMD) = -0.58, 95%Cl: -0.97 to -0.18, P = 0.005], compared to those after propofol administration. No
obvious differences were observed for postoperative nausea and vomiting (RR = 1.09, 95%CI: 0.97-1.24, P = 0.151),
dizziness (RR = 0.77, 95%CI: 0.43-1.36, P = 0.361), successful sedation rate (RR = 0.96, 95%CI: 0.93-1.00, P = 0.083), or
the time to become fully alert (WMD = 0.00, 95%CI: -1.08-1.08, P = 0.998).

CONCLUSION
Remimazolam appears to be safer than propofol for gastroenteroscopy in older adults. However, further studies
are required to confirm these findings.

Key Words: Remimazolam; Propofol; Gastroenteroscopy; Anesthesia; Older adults; Sedation; Adverse events

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We searched the databases of PubMed, Web of Science, and the Cochrane Library spanning from its establishment
until October 2023. After carefully screening, 7 randomized controlled trials encompassing 1445 cases were included in our
study. The Cochrane tool was utilized to evaluate the potential for bias. Ultimately, our findings indicate that using
remimazolam in painless gastroenteroscopy for older patients offers greater hemodynamic stability and fewer negative side
effects compared to propofol. Thus, remimazolam seemed like a safer option than propofol for gastroenteroscopy for older
patients.

Citation: Li FZ, Zhao C, Tang YX, Liu JT. Safety and efficacy comparison of remimazolam and propofol for intravenous anesthesia
during gastroenteroscopic surgery of older patients: A meta-analysis. World J Clin Cases 2024; 12(7): 1272-1283
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INTRODUCTION

Gastroenteroscopy is the gold standard for the diagnosis of gastrointestinal diseases; however, patients often feel unwell
during the examination, and may find it difficult to complete the process. Currently, painless gastroscopy, wherein sleep
is induced through anesthesia to ensure safe and comfortable completion of the process is the standard model[1].
Consequently, various sedatives such as benzodiazepines, opioids (pethidine and fentanyl), propofol, ketamine, and
haloperidol are used during gastroscopy[2].

With the aging of China's society, the demand for painless gastroenteroscopy for older patients is increasing[3]; most
older patients have a combination of chronic diseases, and with aging, organ functions decrease, degenerative changes
occur in tissues and cells, and the older patients who are on a variety of anesthetic drugs are less tolerant. Propofol is a
typical clinical anesthetic used for painless gastroenteroscopy in China[4]. However, its usage is accompanied by various
adverse reactions. Because propofol is an emulsion injection, patients are prone to strong pain during injection, and
simultaneously, the drug has different degrees of inhibitory effects on the respiration of patients. Respiratory depression
and hypotension are common during the operation, and dizziness and vomiting are common during the postoperative
period, along with various other adverse reactions. The main effects of benzodiazepines include sedation, hypnosis,
anxiety reduction, and anticonvulsant activity[5]. Remimazolam benzenesulfonate is a new short-acting benzodiazepine,
which exerts sedative and anesthetic effects by facilitating GABA binding to the receptor benzodiazepine binding site[6-
8]. Remimazolam was first used in Japan and has since been used under the supervision of other countries[9]. Currently,
it is widely used clinically and has been highly effective during Phase III clinical trials in patients requiring endoscopy
[10]. It has been subjected to various stages of clinical trials and relevant studies and can be used safely and effectively for
procedural sedation (e.g., gastrointestinal endoscopy and bronchoscopy) as well as general anesthesia[11-14]. However, a
review or meta-analysis of randomized controlled trials (RCTs) of remimazolam vs propofol for painless gastroenter-
oscopy in older adults has not been reported. Therefore, we determined the risk of adverse effects of remimazolam and
propofol in the older population through RCTs and further explored the sedative effects of both.

MATERIALS AND METHODS

A meta-analysis to analyze the performance of remimazolam was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)[15], and the Cochrane manual was used to assess the quality
of the included studies to ensure reliable and valuable results.

Data sources
The PubMed, Web of Science, and the Cochrane Library databases were thoroughly searched by two researchers. Data
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from their inception to October 2023 were included. The search keywords were as follows: “remimazolam,” “and
propofol,” and “and gastrointestinal endoscopy or gastroscopy”. The reference lists were also checked to determine
relevant potentially eligible trials.

Eligibility criteria

The eligibility criteria included patients: (1) Aged 60-95 years; (2) of BMI within 18-30 kg/m? (3) who underwent
gastrointestinal endoscopy in outpatient operating rooms; (4) with an ASA-PS score of no more than grade II; and (5) who
provided informed consent.

Exclusion criteria

The exclusion criteria were those: (1) With cardiac dysfunction; (2) with abnormal results in routine blood tests before
endoscopy; (3) who were hospitalized after endoscopic surgery; (4) those who took benzodiazepines or opioids every day
within 1 month; and (5) with allergies to flumazenil or naloxone.

Interventions and exposures
The inclusion criterion was endoscopic surgery using remimazolam or propofol for sedation.

Research selection

The inclusion criteria were: (1) Published RCT for clinical trials; (2) at least 80% follow-up rate for the study with one
primary outcome; (3) complete treatment outcome; and (4) a report of either the amount of remimazolam or propofol
administered during surgery, with incidence of adverse reactions.

The exclusion criteria included: Review articles, protocols, animal studies, case studies irrelevant to the question, and
non-extractable studies. The authors independently evaluated all eligible studies and resolved any differences between
them through discussions with the first co-author.

Data extraction

The following data were extracted and analyzed: name of the first author, publication date, number of cases, and adverse
reactions. The following data were extracted but not discussed: age, sex, anesthesia classification, and BMI of patients. We
analyzed and integrated only the data in RCTs and did not analyze missing research data. Two authors (Fang-Zhuo Li,
Cheng Zhao) independently extracted the data of all eligible studies and resolved any differences between them through
discussions with the other authors.

Statistical analysis

The pooled data were analyzed using Stata/SE 17.0. After the chi-square test, heterogeneity was assessed using I* and P
values; results with I? <50% and P = 0.1 were regarded as having no substantial heterogeneity[16]. When the hetero-
geneity was high, a random effects model was selected; otherwise, a fixed effects model was applied[17,18], For
continuous variables, weighted mean difference (WMD) and 95%CI were used to describe the results[16]. The RR and
95%ClI were computed for dichotomous variables[19].

RESULTS

Identification of studies

A flowchart of the search process is shown in Figure 1. A total of 3111 publications were searched. In total, 73 duplicates
and 3038 papers were excluded. Ultimately, seven RCTs were included (Table 1), with a total of 1445 patients were
included[20-26]. Among these, a grouping study on the dose of remimazolam was performed in one trial[21]; among the
two conditions “Tan 2022 (0.1 mg/kg)” and “Tan 2022 (0.2 mg/kg),” we selected “Tan 2022 (0.1 mg/kg)” for our meta-
analysis, as it was more close to the dose used in other studies.

Risk-of-bias assessment

The risk of bias was evaluated using the Cochrane tool, and the results, shown in Figure 2, indicated that one study
exhibited a high risk of selection bias because the study did not describe any randomized plan; however, all RCTs were of
high quality.

Outcomes of intervention: Adverse events

Hypotension: Details on hypotension caused by remimazolam and propofol use in patients during and after
gastrointestinal endoscopic surgery were reported in 7 trials(Table 2)[20-26]. The hypotension of the patients less during
and after gastrointestinal endoscopic surgery when sedated with remimazolam (RR = 0.44, P = 0.000) was lower than that
of the patients of the propofol group. These studies had slightly higher heterogeneity; therefore, the random effects model
was applied (I*=76.1%, P < 0.000; Figure 3A).

Respiratory depression: Five trials reported the risk of respiratory depression in older patients after using the two
sedatives during gastrointestinal endoscopic surgery (Table 2)[20,22,24-26]. The patients sedated with remimazolam
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Table 1 The characteristics of included studies

Ref. Age (yr) Gender (M/F) ASA (1) BMI (kg/m?) No. of patients
Ye et al[20], 2023 Remimazolam 68. 67 + 4.55 189//25) 44/64 NM 64
Propofol 68. 67 +4.55 36/29 48/65 NM 65
Tan et al[21], 2021 Remimazolam 664148 19/14 18/15 22.7+3.0 33
Propofol 66.2+5.0 21/12 18/15 23.2+3.0 33
Hu et al[22], 2022 Remimazolam 70.11+7.37 69/104 20/144 22.75+3.15 173
Propofol 69.92 +£7.57 72/101 26/140 22.73£3.23 173
Liu et al[23], 2023 Remimazolam 67.5+4.9 51/58 11/96 23.7+3.0 107
Propofol 67.5+5.7 51/56 10/99 24.0+2.6 109
Guo et al[24], 2022 Remimazolam 704 +3.9 25/14 7/32 23.0+3.0 38
Propofol 69.1+4.0 22/16 7/31 23.0+34 38
Lu et al[25], 2022 Remimazolam 70.6 £4.7 78/122 6/192 222+25 200
Propofol 70.1+45 83/117 17/181 222+23 200
Liu et al[26], 2021 Remimazolam 68.87 +2.58 54/61 37/78 25.35+2.07 115
Propofol 69.12+2.75 58/59 46/71 2475+2.16 117

ASA: American Society of Anesthesiologists Score; BMI: Body mass index; NM: Not mentioned.

Identification of studies v/a databases

c
.2
el
E Records identified from*: Additional records identified
.‘3 Databases (7 = 3111) through other sources (7 = 0)
S
-

| Records duplicates removed (7 = 73) ‘

’ Records screened (7 = 3038) }—> Reco?:;;’:gig?; v_wtzhg;ec:)a;sons:

Reports excluded:
Meetings/letter/protocol (7 = 3)
Review (7 = 15)
Systematic review and meta-analysis (7 = 8)
Animal/cell (7 = 3)
Non-RCT (7 = 25)
Case report (7 = 17)
No clear distinction between elderly (7 = 24)
Not gastroenteroscopy (77 = 12)
Studies included in qualitative Not full-text (7 = 2)
synthesis (7 = 7)

Full-text articles assessed for
eligibility (7 = 109)

Eligibility

Figure 1 The selection of literature for the included studies.

experienced lower respiratory depression during gastrointestinal endoscopic surgery (RR = 0.46, P = 0.000) than that of
the patients of the propofol group. There was no obvious heterogeneity among these studies, and the fixed effects model
was applied (I> = 0.0%, P = 0.703; Figure 3B).

Injection pain: Five trials reported the occurrence of injection pain in older patients after using the two sedatives
(Table 2)[20,22,24-26]. Among them, remimazolam was shown to have a lower risk of causing injection pain (RR = 0.12, P
=0.000). A random-effects model was selected for the test (> = 0.00%, P = 0.590; Figure 3C).
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Table 2 Significant features of each group

Time
No. of Respiratol Injection Successful Time to to
Ref. " Hypotension .ry J, Bradycardia PONV Dizziness sedation .
patients depression  pain rate discharge total

alert

Yeet Remimazolam 64 9 1 0 7 NM 1 64 NM 9+

al 1.51

[20],

2023  Propofol 65 47 3 8 30 NM 3 65 NM 7.67 +
227

Tan Remimazolam 33 1 NM NM NM NM NM NM NM 3.82+

etal 249

[21],

2021  Propofol 33 16 NM NM NM NM NM NM NM 433+
297

Huet Remimazolam 173 56 17 1 3 1 NM 172 19.92+ 634 15.09

al +4.06

[22],

2022  Propofol 173 88 31 8 3 0 NM 173 1955+7.6 13.75
£4.22

Liuet Remimazolam 107 3 NM NM 5 11 4 39 NM NM

al

[23], Propofol 109 14 NM NM 6 7 4 107 NM NM

2023

Guo Remimazolam 38 6 2 0 NM 10 11 35 NM NM

etal

[24], Propofol 38 17 9 5 NM 8 14 36 NM NM

2022

Luet Remimazolam 200 73 9 2 3 NM NM 200 NM 9.8 +

al 3.7

[25],

2022  Propofol 200 139 20 24 17 NM NM 200 NM 93+
37

Liuet Remimazolam 115 15 0 4 6 103 NM 111 NM NM

al

[26],  Propofol 117 12 0 15 9 101 NM 117 NM NM

2021

PONV: Postoperative nausea and vomiting; NM: Not mentioned.

Bradycardia: Bradycardia caused by the two sedatives was also reported in five trails (Table 2)[20,22,24-26]. From these
trials, we concluded that bradycardia caused by the sedative effects of remimazolam in older patients (RR = 0.37, P =
0.000) was lower than that caused by propofol. These studies exhibited no heterogeneity; therefore, a heterogeneity-fixed
effects model was selected (I* = 48.1%, P = 0.103; Figure 3D).

Postoperative nausea and vomiting: Postoperative nausea and vomiting (PONV) is a common adverse event, partic-
ularly in older patients. Four trials reported PONV caused by the two sedatives (Table 2)[22-24,26]. From these limited
number of trials, we found no obvious difference in PONV caused by the sedative effects of remimazolam or propofol
during endoscopic surgery (RR = 1.09, P = 0.151), There was no difference in heterogeneity among the trials; hence, fixed
effects model was selected (I> = 0.00%, P = 0.520; Figure 3E).

Dizziness: Three trials reported the occurrence of dizziness in older patients after the use of two sedatives (Table 2)[20,23,
24], which showed no obvious differences (RR = 0.77, P = 0.361), and these three trials had low heterogeneity; hence, the
fixed-effects model was selected for the test (> = 0.0%, P = 0.709; Figure 3F).

Secondary outcomes

Time to discharge: Two trials recorded the time to discharge (Table 2)[22,26], and these studies were assessed based on
the WMD to identify which sedative could reduce the time to discharge. Older patients injected with remimazolam had
shorter discharge times (WMD = -0.58, P = 0.005); however, the abovementioned trials had obvious heterogeneity; hence,
we selected a fixed-effects model for the analysis (I = 41.3%, P = 0.192; Figure 4A).

Time to become fully alert: The time taken by the patients to become completely alert after the operation was recorded in
three trials (Table 2)[22,25,26]. We used the WMD for evaluation, which revealed that the time for patients to awake after
remimazolam or propofol sedation were not statistically different (WMD = 0.00, 95%ClI: -1.08-1.08, P = 0.998). Because the
heterogeneity of the studies was quite high, the random effects model model was used in the test (I* = 89.0%, P < 0.000;
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Figure 2 The graph (A) and summary (B) of risk bias of randomized controlled trials. The seven studies showed a low bias risk for they assessed
randomized sequence generation (100%), blinding of participants (100%), blinding of outcome (25%), selective reporting (100%), and others (100%).

Figure 4B).

Successful sedation rate: Successful sedation rates were noted in seven trials (Table 2)[20-26]. The studies showed that
both the sedatives could accomplish their respective functions during endoscopic surgery. Apparently, both anesthetics
exhibited similar rates of sedation completion (RR = 0.96, P = 0.083). Owing to the lack of a statistical significance, we
used a fixed-effects model for the analysis (I* = 92.1%, P < 0.000); Figure 4C).

DISCUSSION

The meta-analysis results of the present study indicate that remimazolam is more suitable than propofol in terms of
reduced adverse reactions such as hypotension, respiratory depression, injection pain, and bradycardia, after or during
anesthesia; it could also reduce the patients” discharge time. Owing to the lack of adequate clinical trials, the current data
showed no obvious difference in the successful sedation rates of remimazolam and propofol and the time to complete
alertness after surgery.

In this study, the remimazolam group experienced fewer postoperative adverse reactions than did the propofol group.
The use of remimazolam for induction sedation was found safe and valuable for anesthesia sedation and, to some extent,
reduced the incidence of adverse events during surgery. Propofol emulsions are characterized by a hydrated and lipid-
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Figure 3 Forest plots of adverse events after administration of remimazolam or propofol. A: Hypotension; Seven cohort studies reported that the
hypotension after administration of remimazolam or propofol the overall estimated prevalence was 44%; B: Respiratory depression; In terms of respiratory
depression, four reported that the overall estimated prevalence was 46%; C: Injection pain; Five studies provided comprehensive information regarding the injection
pain after administration, with a pooled prevalence of 12%; D: Bradycardia; A total of five cohort studies investigated bradycardia after the two sedatives, with a
pooled prevalence of 37%; E: Postoperative nausea and vomiting; In terms of postoperative nausea and vomiting reported in four limited studies, it showed that hat
there was no significant difference between the injection of the two drugs; F: Dizziness; A total of three studies investigated dizziness, with a pooled prevalence of
7%.
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Figure 4 Forest plots of secondary outcomes after administration of remimazolam or propofol. A: The forest plot of the time to discharge after
administration of remimazolam or propofol. Only two studies provided comprehensive information regarding the time to discharge, we found that compared to propofol
group, elderly patients who were injected with remimazolam have the shorter discharge time, weighted mean difference equals -0.58; B: The forest plot of the time to
fully alert after administration of remimazolam or propofol. A total of three cohort studies investigated which revealed that the time for patients to be fully alert after
remimazolam sedation and that after propofol sedation without statistical significance P = 0.998; C: The forest plot of the successful sedation rate after administration
of remimazolam or propofol. A total of six cohort studies investigated the successful sedation rate, and pooled analysis showed 96%.

encapsulated states, and injection pain is mainly caused by high concentrations of propofol in the hydrated state[27]. The
prevalence of this problem in foreign countries is reportedly 28%-90% in adults and 28%-85% in children[28,29]; however,
this could be an underestimation. In a questionnaire survey of patients and anesthesiologists, this problem ranked
seventh[30]. This can undoubtedly increase the psychological burden on the older adults and children, by aggravating
tension and anxiety, thus affecting the prognosis of the patients to a certain extent or reducing their quality of life, leading
to a negative cycle.
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Remimazolam is an ester-based drug whose metabolism is independent of organ functioning. The total dose of
remimazolam has no effect on postoperative awakening or extubation times, and age is not a factor for extubation time or
the infusion rate required to ensure adequate sedation[31]. This potential role offers tremendous advantages and clinical
promise for anesthesia in older patients. Next, the effect of remimazolam could be reversed by flumazenil antagonism,
terminating anesthesia and the patient's vital signs can be rapidly restored to baseline levels. These features provide
unlimited prospects for promoting remimazolam use in patients who are critically ill. In addition, there are fewer clinical
studies on remimazolam for intubation under general anesthesia than for painless endoscopy.

A recent meta-analysis[32] comparing the performance of remimazolam and propofol for painless endoscopy showed
that remimazolam is a promising sedative for endoscopic cases, and the resultant respiratory and circulatory depression
rates were less than those of the other drugs. In our study, we focused on the safety of older patients because the combi-
nation of hypertension in older patients decreased their vascular compliance, and choking, coughing, or vomiting caused
by strong throat stimulation during painless gastroendoscopy will lead to violent fluctuations in blood pressure, making
these patients prone to cardio-cerebral or cerebro-vascular accidents during diagnosis and treatment. Therefore,
identifying the appropriate medications is essential. Moreover, quick recovery and maintenance of cognitive function are
key goals so that older patients can recover easily and safely. Tan et al[21] demonstrated that the use of remimazolam
during gastrointestinal endoscopy can decrease adverse effects on cognitive function at a dosage of 0.1 mg/kg RT. In
summary, the application of remimazolam for painless gastroenteroscopy in older patients was associated with more
stable hemodynamics and fewer adverse effects, such as injection pain, low blood pressure, respiratory depression, and
bradycardia, than the application of propofol.

Study limitations

(1) The included literature was limited, and more clinical studies are needed; (2) further high-quality studies are needed
for analyzing the effects of sedation and clinical application of anesthesia in patients who are critically ill; (3) the dosages
of remimazolam and propofol as well as their combination of are slightly different, and the final results could have been
biased; (4) the quality of some studies was on the lower side, and some degree of heterogeneity was present; and (5)
because of the lack of relevant international studies there were only seven articles in English.

CONCLUSION

The findings suggest that remimazolam may offer a safer alternative to propofol for gastroenteroscopy in elderly patients.
The reduced incidence of hypotension, respiratory depression, injection pain, and bradycardia, along with a shorter time
to discharge, support the favorable profile of remimazolam. While there were no significant differences in postoperative
nausea and vomiting, dizziness, successful sedation rate, or time to full alertness, further research is warranted to validate
and refine these conclusions.

ARTICLE HIGHLIGHTS

Research background
Remimazolam is a new benzodiazepine with the advantages of rapid response, low metabolite activity, and no injection
pain. An increasing number of clinical surgeries use remimazolam as the general anesthetic.

Research motivation
To the best of our knowledge, this is the first systematic review of the safety and efficacy of remimazolam as an
intravenous anesthetic for gastroenteroscopy in older patients.

Research objectives
This study aimed to assess the safety and efficacy of remimazolam for sedation in older patients undergoing gastroenter-
oscopy.

Research methods
We searched databases of PubMed, Cochrane Library, and the Web of Science, from the original to Oct 2023. The search

terms include "remimazolam", "and propofol", "and gastrointestinal endoscopy or gastroscopy", search scope was "Title
and Abstract". The search was limited to human studies and literature in English.

Research results

According to a meta-analysis, remimazolam surpasses propofol in managing negative effects such as hypotension,
respiratory depression, injection pain, and bradycardia and shortens patients” discharge time. However, the absence of
sufficient clinical studies indicates that there is no clear variance in the successful sadation rate and time to full alertness
after surgery.
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Research conclusions
In older patients undergoing endoscopy, remimazolam may be a safer option than propofol. However, further studies are
required to confirm these findings.

Research perspectives

With the increasing age of China’s population, the demand for painless gastroenteroscopy in older patients is increasing.
The administration of remimazolam ensures sedation during endoscopy and simultaneously reduces the occurrence of
complications and adverse events during surgery.
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