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Introduction: To evaluate the recovery quality between remimazolam and propofol after
general anesthesia surgery. Methods: Eligible Randomized controlled trials (RCTs) in
PubMed, Cochrane Central, Scopus, and Web of Science up to January 15, 2024 for
comparison the recovery quality of remimazolam and propofol after general anaesthesia.
The primary outcomes were the total QoR-15 and ûve dimensions of QoR-15 on
postoperative day 1 (POD1). Results: Seven RCTs with a total of 817 patients were
included in this meta-analysis. Our statistical analysis showed that remimazolam group
had higher QoR-15 score. In the ûve dimensions of QoR-15, remimazolam group was
superior to propofol group in terms of physical independence, and there were no
signiûcant diûerence in terms of emotional status, psychological support, physical comfort
and pain. The intraoperative and postoperative time characteristics were similar in the two
groups. Remimazolam group was lower than propofol group in incidence of hypotension,
bradycardia and injection pain. Conclusions: Our analysis showed that the recovery quality
of the remimazolam group after general anaesthesia was more superior. The incidence of
adverse events was low in remimazolam group. As a potential anesthetic, we need a larger
sample RCTs to verify the beneûts of recovery quality in patients treated with
remimazolam.
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1 Comparison of the recovery quality between remimazolam and 

2 propofol after general anesthesia: Systematic review and A Meta-

3 analysis of randomized controlled trials

4 Introduction: To evaluate the recovery quality between remimazolam and 

5 propofol after general anesthesia surgery.

6 Methods: Eligible Randomized controlled trials (RCTs) in PubMed, Cochrane 

7 Central, Scopus, and Web of Science up to January 15, 2024 for comparison the 

8 recovery quality of remimazolam and propofol after general anaesthesia. The 

9 primary outcomes were the total QoR-15 and five dimensions of QoR-15 on 

10 postoperative day 1 (POD1). 

11 Results: Seven RCTs with a total of 817 patients were included in this meta-

12 analysis. Our statistical analysis showed that remimazolam group had higher QoR-

13 15 score. In the five dimensions of QoR-15, remimazolam group was superior to 

14 propofol group in terms of physical independence, and there were no significant 

15 difference in terms of emotional status, psychological support, physical comfort 

16 and pain. The intraoperative and postoperative time characteristics were similar in 

17 the two groups. Remimazolam group was lower than propofol group in incidence 

18 of hypotension, bradycardia and injection pain.

19 Conclusions: Our analysis showed that the recovery quality of the remimazolam 

20 group after general anaesthesia was more superior. The incidence of adverse events 

21 was low in remimazolam group. As a potential anesthetic, we need a larger sample 
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22 RCTs to verify the benefits of recovery quality in patients treated with 

23 remimazolam.

24 Keywords: general anaesthesia, meta-analysis, propofol, quality of recovery, QoR, 

25 remimazolam, systematic review 

26
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27 1 Introduction

28 In recent years, surgical technology has unique advantages in clinic treatment 

29 and anesthetic plays an important role in surgical techniques. Doctors and patients 

30 are increasingly concerned about the quality of recovery (QoR) after general 

31 anesthesia, not just the success or failure of surgery [1]. Choosing the right drug 

32 among the various anesthetics can be a challenge. Propofol has long been 

33 considered a more comfortable administration of general anesthesia than inhalation 

34 anesthesia because of its low incidence of nausea and vomiting. However, it also 

35 has limitations, such as low blood pressure and a high incidence of injection pain 

36 [2]. Remimazolam is a benzodiazepine sedative/anesthesia that can be 

37 administered intravenous [3]. Due to rapid metabolism by tissue esterases into 

38 inactive metabolites [4], it has the characteristics of rapid onset and offset in vivo, 

39 and can be antagonized by flumazenil [5]. Clinical trials have demonstrated the 

40 safety and efficacy of general anesthesia [6]. Remimazolam has a similar sedative 

41 effect to propofol and is superior to propofol in terms of injection pain and the risk 

42 of hypotension. Acturally, propofol may be superior to remimazolam in terms of 

43 depth of anesthesia [7]. 

44 Quality of recovery is a broad concept that assesses recovery from multiple 

45 perspectives of the patient[8], at present, QoR-15 is the most widely used to 

46 evaluate the quality of postoperative recovery. The QoR-15 was evolved from the 

47 larger QoR-40, and they were just equally effective in measuring quality of 
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48 postoperative recovery [9]. A meta-analysis of the hemodynamic effects by Peng et 

49 al. [10] only included two RCTs that showed no significant difference between 

50 remimazolam and propofol in total QoR-15 scores on POD1. We systematically 

51 updated this study by collecting 7 RCTs and conducted a comprehensive meta-

52 analysis about quality of recovery after general anaesthesia between remimazolam 

53 and propofol. 

54 2 Methods

55 We conducted and reported analyses in accordance with the Preferred Reporting 

56 Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020. The protocol 

57 has been listed in PROSPERO International Prospective Register of Systematic 

58 Reviews (CRD42024497497). From January 15, 2024 to January 22, 2024, we 

59 screened the articles. Then we took a week to extract the data until January 30, 

60 2024. Finally we spent a month analyzing the data until February 29, 2024.

61 2.1 Search strategy

62 We searched PubMed, Scopus, Cochrane Central, and Web of Science databases 

63 for eligible studies up to January 15, 2024, in unrestricted languages. Checking the 

64 registration number at Clinical Trials and the database to make sure no data was 

65 missing. The search strategy is as follows: Title /Abstract �remimazolam� and 

66 Title/Abstract �propofol� and All Fields �quality of recovery�, and we did not 

67 search grey literature. CZ and FQ independently performed the search strategy and 

68 resolved their disagreements through discussion.
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69 2.2 Eligibility criteria and study selection

70 The two authors completed the selection of articles independently. If there was 

71 different point of view, they resolved it through discussion. There are no language 

72 restrictions for articles in this search. We included all RCTs that met the following 

73 PICO study question criteria. 1) Population: patients requiring surgery under 

74 general anesthesia, no surgical type is considered; 2) Intervention: the study 

75 experimental group used remimazolam to induce and maintain anesthesia; 3) 

76 Comparator: the study control group used propofol to induce and maintain 

77 anesthesia; 4) Outcomes: quality of recovery index, intraoperative and 

78 postoperative time characteristic indexs and adverse events. We excluded studies 

79 with the following criteria: duplicate literature, review or meta-analysis artiles, 

80 studies without using propofol as a control group, data unavailable for analysis, 

81 and no project data reported.

82 2.3 Outcome measures

83 The primary outcome was the recovery quality of total QoR-15 and five 

84 dimensions of QoR-15 on POD1 (physical comfort, physical independence, 

85 emotional state, psychological support, and pain) between remimazolam and 

86 propofol group. Secondary outcomes were duration of PACU stay (min), time to 

87 extubation (min), duration of anesthesia (min), duration of operation (min), 

88 duration of postoperative hospital stay (day), the QoR-40 and adverse events. The 

89 QoR-15 consists of 15 items, including physical comfort (5 items), emotional state 
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90 (4 items), psychological support (2 items), physical independence (2 items) and 

91 pain (2 items), each item is scored on an 11-point scale according to the frequency 

92 on the scale, the total score range from 0 to 150, the higher the score, the better the 

93 quality of recovery. The QoR-40 scale ranges from 40 to 200 and the higher the 

94 score, the better the quality of recovery.

95 2.4 Data extraction 

96 The extracted data includes first author, year of publication, registration number, 

97 country, sample size, American Society of Anesthesiologists (ASA) physical status, 

98 body mass index (BMI), gender ratio, type of surgery, specific interventions and 

99 comparisons methods, scale design and predetermined outcomes. Two independent 

100 authors used standard tables for data extraction and resolved their disagreements 

101 through discussion.

102 2.5 Risk of bias assessment 

103 Our two authors independently assessed the risk of bias domains using the 

104 Cochrane risk of bias assessment tool. The Cochrane risk of bias tool detects the 

105 following types of bias: random sequence generation, allocation concealment, 

106 binding of participants and personnel, blinding of outcome assessment, incomplete 

107 outcome date and selective reporting. Each bias domain was judged as having a 

108 high, unclear, or low risk of bias.

109 2.6 Statistical analysis

PeerJ reviewing PDF | (2024:04:100073:0:1:NEW 26 Apr 2024)

Manuscript to be reviewed



110 Review Manager (Rev Man 5.4.1; The Cochrane Collaboration, 2020) was used in 

111 this meta-analysis, we pooled continuous outcomes as mean differences (MDs) 

112 with 95% CIs under the fixed-effect model. Inverse Variance method was utilized 

113 to calculate the MDs value. If the results were represented in quartiles, we contact 

114 the article author by email or phone to get the original data, and if there was no 

115 response, we convert the data to mean and standard deviation when it meets the 

116 conversion criteria. Moreover, Mantel-Haenszel odds ratio (OR) and 95% CI were 

117 used for the number of events and samples of dichotomous data. We adopted a 2-

118 tailed test and P < 0.05 for the overall effect observed was indicated significant 

119 differences. Statistical heterogeneity was assessed with the Q test and I-square (I2) 

120 statistic test. The random effects model was used to evaluate the stability of the 

121 combined results of the fixed effects model. If a strong heterogeneity (I2g50%) was 

122 found, a leave-one-out sensitivity analysis was employed to evaluate the single 

123 comparison-driven conclusion, and if no source of heterogeneity was found, a 

124 random effects model was put to use.

125 3 Results

126 3.1 Study results

127 A total of 193 relevant literatures were searched in PubMed, Scopus, Cochrane 

128 Central, and Web of Science databases (FIGURE 1). 129 articles were removed 

129 using the tool, 51 were removed by reading the title and abstract, and 6 were 

130 removed after reading the full text. We also checked ClinicaTrials. gov to make 
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131 sure there are no missing articles. Finally, we received 7 unique literatures were 

132 retrieved for this systematic review and meta-analysis [11-17].

133 3.2 Demographics and characteristics

134 Our analysis included seven studies with a total of 817 patients, of which four were 

135 conducted in China and three were conducted in Korea. Patients aged from18 to 86 

136 years were divided into remimazolam group and propofol group, respectively. The 

137 doses in the remimazolam group were not exactly the same, induction dose of 

138 remimazolam: four RCTs used the dosage recommended by the instructions (6 

139 mg/kg/h), one RCT used larger dose (12 mg/kg/h) and two RCTs used a bolus dose 

140 (0.2-0.3 mg/kg and 0.3 mg/kg, respectively); maintenance dose of remimazolam: 

141 six RCTs used the dosage recommended by the instructions, only one RCT used a 

142 lesser dose (0.3 mg/kg/h). Table 1 shows the baseline summary of the included 

143 RCTs.

144 3.3 Quality assessment of included studies

145 According to the Cochrane Risk of Bias Assessment Tool, the quality of the 

146 included randomized controlled trials was estimated to be medium to high. The 

147 summary and risk of bias for the included studies are shown in FIGURE 2.

148 3.4 Comparison of remimazolam with propofol in the term of total QoR-15 on 

149 the POD1 

150 The primary outcome was the change in QoR-15 on the POD1. Three studies [11, 

151 14, 17] with 304 patients examined QoR-15 on the pre-operation. Our statistical 
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152 analysis showed there was no significant difference between the two groups (MD = 

153 -0.09; 95% CI, -1.41 to 1.23; I² = 39%; P = 0.89) (FIGURE 3A). Four studies [11, 

154 14, 15, 17] involving 418 patients investigated QoR-15 on the POD1. Our 

155 statistical analysis showed that the score of QoR-15 in remimazolam group was 

156 higher than that in propofol group (MD = 3.68; 95% CI, 2.21 to 5.15; I² = 67%; P

157 ÿ0.00001), which indicated that remimazolam group had better quality of 

158 recovery on the POD1 (FIGURE 3B). Due to the high heterogeneity, we adopted 

159 the leave-one-out method to eliminate the study of Zhao et al., and the analysis still 

160 reached the same conclusion, supporting the superiority of remimazolam group 

161 (MD = 2.44; 95% CI, 0.74 to 4.13; I² = 0%; P=0.005) (FIGURE 3C).

162 3.5 Comparison of remimazolam with propofol in the term of five dimensions 

163 of QoR-15

164 We analyzed five dimensions of QoR-15 scores, emotional status, physical comfort, 

165 psychological support, physical independence, pain. Three studies [11, 15, 17] 

166 involving 361 patients have reported these five dimensions. In term of physical 

167 independence, remimazolam group was better than propofol group, with significant 

168 difference and low heterogeneity (MD = 0.79; 95% CI, 0.31 to 1.27; I² = 0%; 

169 P=0.001) (FIGURE 4D). There was no significant difference in emotional status, 

170 physical comfort, psychological support and pain between remimazolam group and 

171 propofol group (pÿ0.05) (FIGURE 4A, 4B, 4C, 4E).

172 3.6 Comparison of remimazolam with propofol in the term of intraoperative 
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173 and postoperative time characteristics and QoR-40 on POD1

174 We also analyzed other factors related to the quality of postoperative recovery. 4 

175 [11, 15-17], 5 [11, 13, 15-17], 5 [13-17], 5 [11, 14-17], 4 [11, 14, 16, 17], 2 [12, 13] 

176 studies were involved in time to extubation, duration of anesthesia, duration of 

177 surgery, duration of PACU, duration of postoperative hospital stay and QoR-40 on 

178 the POD1, respectively. However, no significant differences were observed in 

179 these respects (pÿ0.05), and the heterogeneity was low to high (FIGURE 5A, 5B, 

180 5C, 5D, 5E, 5F).

181 3.7 Incidence of adverse events

182 Table 2 show adverse events reported by two or more RCTs. The incidence of 

183 postoperative nausea/vomiting (PONV) in remimazolam group was higher than 

184 that in propofol group, but there was no significant difference between the two 

185 groups after statistical analysis (RR = 1.66; 95% CI, 0.98 to 2.79; I² = 0%; 

186 P=0.06)(Supplementary Figure S1). Remimazolam group was lower than propofol 

187 group in incidence of hypotension, bradycardia and injection pain.

188 4 Discussion

189 In this meta-analysis study, we reviewed seven RCTs analyzing remimazolam for 

190 the quality of recovery after general anaesthesia. A total of 817 patients in 

191 remimazolam group and propofol group were included in our report. Our aim was 

192 to evaluate the recovery quality between remimazolam and propofol after general 

193 anesthesia surgery.
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194 Remimazolam, used for general anesthesia in surgery, is a benzodiazepine with the 

195 basic sedative structure of midazolam and the ester structure of remifentanil. After 

196 entering the body, it directly binds to GABAA receptors producing anesthetic effect 

197 [18], with an onset time of 1-3 min. Tissue esterases in vivo can break the ester 

198 bond and metabolize it into inactive CNS7054 with lose efficacy time of 6.8-9.9 

199 min [3]. These pharmacokinetics characteristics enable the remifentanil to reach 

200 the operable state quickly, and patient can recover quickly after the surgery with 

201 few adverse reactions. Among the RCTs included in our analysis, 4 RCTs used 6 

202 mg/kg/h for anesthesia induction and 3 RCTs used 12 mg/kg/h or a bolus dosage. 

203 The use of large doses was based on the effectiveness and safety of previous 

204 studies[19, 20].

205 According to our findings, the quality of recovery of remimazolam group was 

206 better than that of propofol group, and that incidence of adverse effects, such as 

207 hypotension, bradycardia and injection pain, remimazolam group was lower than 

208 propofol group. In terms of time to extubation, duration of anesthesia, duration of 

209 surgery, duration of PACU and duration of postoperative hospital stay, 

210 remimazolam group was similar to propofol group. 

211 At present, the scales commonly used to evaluate the quality of postoperative 

212 recovery include QoR-15, QoR-40 and the post-operative quality of recovery scale 

213 (PostopQRS).
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214 QoR-15 was developed from QoR-40, and both were evaluated in five dimensions, 

215 including physical comfort, physical independence, emotional state, psychological 

216 support, and pain, with the highest scores were 150 and 200, respectively [21, 22]. 

217 The higher score indicates a better recovery quality of rehabilitation [23]. The RCT 

218 of Mao, et al. [24] evaluated QoR-15 after general anesthesia with remimazolam in 

219 urological surgery, showing that remimazolam was significantly lower than 

220 propofol. The meta-analysis by Peng et al. [10] found no significant difference 

221 between remimazolam and propofol including Mao, et al. and an RCT. Our pooled 

222 analysis of four RCTs showed the superiority of remimazolam but with high 

223 heterogeneity. The high heterogeneity might be due to the inclusion of patients 

224 aged 60 to 80 years in Zhao's RCT, remimazolam has a significantly higher 

225 superiority in postoperative recovery quality on the POD1, and the advantages of 

226 remimazolam in anesthesia in the elderly might be the direction of future research. 

227 Excluding the RCT of Zhao et al., the superiority of remimazolam were the same 

228 and the heterogeneity was low.

229 We further wanted to validate previous results with QoR-40 on POD1. 

230 The RCT of li et al. [16] used QoR-40 to evaluate the recovery quality elderly 

231 patients 3 days after surgery, and found that remimazolam was significantly better 

232 than propofol. Two RCTs used PostopQRS scale [25, 26] enrolled colonoscopy 

233 patients aged 18 to 75 years. One research showed that remimazolam was superior 

234 to propofol in the rate of cognitive recovery on POD1 and POD7 and the overall 
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235 recovery rate on POD7, while the other research showed that there was no 

236 significant difference between remimazolam and propofol in recovery quality on 

237 POD1. Due to the lack of original data of PostopQRS scale in literature, we 

238 included only two RCTs and reached a simple conclusion that there was no 

239 significant difference between remimazolam and propofol in QoR-40 on POD1.

240 We also analyzed other measures related to QoR, which showed no significant 

241 differences in PACU residence time, extubation time, anesthesia time, surgical 

242 time and postoperative hospital stay between remimazolam and propofol.

243 The adverse reactions of anesthetics should also be paid attention to. According to 

244 our statistical results, the incidence of injection pain, hypotension and bradycardia 

245 in the remimazolam group was lower than those in the propofol group, which was 

246 consistent with the precious literature results [6, 7]. It seems to indicate that 

247 remimazolam could be used as anesthesia in clinical surgery to better improve 

248 patient comfort.

249 This paper presents the first comprehensive systematic review and meta-analysis of 

250 the recovery quality after general anesthesia surgery with remimazolam. There are 

251 some limitations to our study. The races included in our analysis were all Asian, so 

252 our results may only apply to Asians. The age range of patients included in each 

253 RCT is different. It is not possible to determine whether there is a difference in the 

254 quality of postoperative recovery between elderly and non-elderly people. In the 

255 future, we will need larger sample sizes for subgroup analysis.
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256 5 Conclusions

257 Our systematic review and meta-analysis showed that in patients with general 

258 anaesthesia surgery, remimazolam treatment was superior to propofol group in 

259 terms of the total QoR-15 scores, and comparable to propofol group in terms of 

260 time to extubation, duration of anesthesia, duration of surgery, duration of PACU 

261 stay, duration of postoperative hospital stay and QoR-40 on the POD1. Additional 

262 RCTs with larger sample sizes and longer follow-up periods are needed to 

263 consolidate the benefits of recovery quality in patients treated with remimazolam.
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Table 1(on next page)

Baseline summary of the included RCTs

RCT: randomized controlled trials; ASA: American Society of anesthesiologists; BMI: body
mass index; IV: intravenous; TCI: target-controlled infusion.
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Table 2(on next page)

Adverse events

R: remimazolam group; P: propofol group; PONV: postoperative nausea/vomiting
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Figure 1
PRISMA2020 ûow diagram of articles.
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Figure 2
Risk of bias Assessment

(A) Risk of bias evaluated by the Cocharne Collaboration Risk of Bias Assessment Instrument
(B) Risk of bias assessment for included articles
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Figure 3
Forest plot comparing between remimazolam group and propofol group.

(A) QoR-15 on the pre-operation; (B) QoR-15 on the POD1; (C) QoR-15 after leave-one-out on
the POD1 (CI, conûdence interval; IV, inverse variance)
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Figure 4
Forest plot comparing between remimazolam group and propofol group.

(A) Emotional status (B) physical comfort (C) psychological support (D) physical
independence (E) pain (CI, conûdence interval; IV, inverse variance)
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Figure 5
Forest plot comparing between remimazolam group and propofol group.

(A) time to extubation (B) duration of anesthesia (C) duration of surgery (D) duration of PACU
(E) duration of postoperative hospital stay (F) QoR-40 on the POD1 (CI, conûdence interval;
IV, inverse variance)
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