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Background: Remimazolam is a new ultrashort-acting benzodiazepine. Remimazolam has been approved for procedural sedation by the US Food and Drug Administration in 2020. However, prior trials and the participants they enrolled were limited.

Aim: In this meta-analysis, we investigated the effectiveness and adverse events (AEs) of remimazolam during procedural sedation.

Materials and Methods: The study protocol was registered (doi: 10.37766/inplasy2020.8.0043), and six databases were searched. We performed meta-analysis, trial sequential analysis (TSA), and Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) methodology for judging the certainty of evidence (CoE).

Results: A total of five randomized controlled trials with 1,248 participants were included. Compared with the use of midazolam, the utilization of remimazolam resulted in an increase in procedure success rate [odds ratio (OR) = 9.01, 95% confidence interval (CI): 2.35–34.57], a reduction in the application of rescue medication (OR = 13.58, 95% CI: 3.46–53.28), a decrease in time to recovery [minutes, weighted mean difference (WMD) = −5.70, 95% CI: −8.68 to −2.72], and a better cognitive recovery of Hopkins Verbal Learning Test-Revised (WMD = 5.22, 95% CI: 2.88–7.55). No difference was found in completion of procedure (OR = 1.68, 95% CI: 0.72–3.90) with inconclusive in TSA. Despite no difference of total AEs (OR = 0.60, 95% CI: 0.24–1.50), more detailed analysis of AEs remained inconclusive in TSA. The GRADE assessment demonstrated low to very low CoE.

Conclusion: Our analysis suggested that remimazolam may be a better choice for procedural sedation than midazolam. Nevertheless, further studies are warranted to conclusively establish its safety.
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INTRODUCTION

Endoscopic procedures, such as colonoscopy and bronchoscopy, are common for diagnostic and intervention purposes, and more than 18 million endoscopic procedures take place annually in the United States (1). Sedation is frequently used to minimize the endoscopic procedure-related anxiety, reduce the potential for injury during the procedures, and improve patient tolerability and satisfaction (2). Benzodiazepines are widely used for procedural sedation with minimal respiratory depression and hypotension. Diazepam and midazolam are the most used benzodiazepines for endoscopic sedation. Midazolam is frequently the drug of choice because of rapid onset, short duration of action, high potency, and lack of associated phlebitis (3). Midazolam has superior patient satisfaction with reduced respiratory depression compared with diazepam (4, 5). However, midazolam has minimal predictable post-procedural sedation due to the possible cumulative effects of its active metabolites (6).

Remimazolam is an ester-based benzodiazepine and can be rapidly hydrolyzed into inactive metabolites by tissue esterases (7). The onset of action of remimazolam is 1–3 min and has considerably short metabolic half-life (0.75 h), thereby providing adequate moderate sedation but faster recovery after intervention (8). The Food and Drug Administration has approved the BYFAVOTM (remimazolam) for the induction and the maintenance of procedural sedation in adults undergoing procedures lasting 30 min or less. Several clinical trials and reports about the sedation effects of remimazolam on endoscopic procedures are available, but studies and enrolled cases are limited. Moreover, systematic reviews and meta-analyses focusing on remimazolam are not available. Therefore, we have systematically reviewed randomized controlled trials (RCTs) to evaluate the effectiveness and safety issues of remimazolam in patients undergoing endoscopic procedures.



MATERIALS AND METHODS


Protocol and Registration

Two independent investigators (BJ Jhuang, BH Yeh) systematically searched PubMed, Web of Science, Embase, Airiti Library, Google Scholar, and Cochrane Library from inception to May 31, 2021, without language limitation. The keywords searched using free texts and medical subject headings included “remimazolam,” “midazolam,” “safety,” “adverse event,” “efficacy,” “procedure,” “sedation,” “endoscopy,” “bronchoscopy,” and “colonoscopy.” In addition, we searched ClinicalTrials.gov and European Union Drug Regulating Authorities Clinical Trials Database for any unpublished or ongoing trial and additional data from published trials. The final list of included studies was decided by discussion among all authors with full agreement required before inclusion. We also reviewed the reference lists from original manuscripts, published reviews, systematic reviews, and meta-analyses to identify trials that were not listed in the original database. Our search strategy aimed to include every RCT that investigated the effectiveness of remimazolam on procedural sedation.

This study followed the latest statement of the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA 2020) (9). The report did not need ethics committee approval because raw data of human beings were not involved. We registered our protocols on the INPLASY with registration number of INPLASY202080043 (doi: 10.37766/inplasy2020.8.0043) and the protocol was updated and recorded the changes till June 13, 2021 (10).



Study Selection

Titles and abstracts obtained from the initial literature search were screened independently by two authors (BJ Jhuang, BH Yeh). The authors also performed a full-text article review. Any discrepancy was resolved through group consensus. We enrolled the RCTs, in which interventions refer to subsequent or a single dose of remimazolam compared with midazolam groups on procedural sedation. We excluded studies with any of the following conditions: 1. review articles, case reports, or case series; 2. the included participants undergoing any endoscopic procedures with unclear anesthetics; 3. compared with any other anesthetics in the control group instead of midazolam; 4. unavailable data or without any relevant data for meta-analysis; 5. duplicated publications.



Data Collection

Data were extracted and finalized from the eligible studies included by all authors. The data extracted from the eligible studies included demographic data, publication year, sample size, proportion of males, mean age, the American Society of Anesthesiologists physical (ASA) status, and funding sources. The primary outcomes included procedure success, completion of procedure, and no administration of rescue medication. Secondary outcomes were safety outcomes, including time to recovery, cognition recovery of Hopkins Verbal Learning Test-Revised (HVLT-R), and adverse events (AEs). Time to recovery was defined as time to first of three consecutive Modified Observer's Assessment of Alertness and Sedation (MOAA/S) scores of 5 after the end of the procedure. The MOAA/S scale is a measure of alertness/sedation and is derived from the original Observer's Assessment of Alertness/Sedation scale (11). The modified form was widely used for monitoring the sedation effect with the scale ranging from awake (5 point) to unresponsive (1 point). Cognition recovery was represented by change in Hopkins Verbal Learning Test-Revised (HVLT-R) (12). HVLT-R was administered by asking the patient to remember a list of 12 words read out by an investigator. The patient was then asked to recall as many as possible as he or she could immediately and at different times. This test was performed at baseline before any study drug and then within 5 min of becoming fully alert after endoscopy. Changes from before-dose to after-dose to total recall of the 12 words were compared between the remimazolam and midazolam groups. The risk of bias (RoB) was assessed by two authors (PC Lai and YT Huang) independently using the Risk-of-bias tool 2.0 (RoB 2.0) (13). Any assessment of RoB that may affect the cumulative evidence was also assessed by confirming the results by two authors (PC Lai and YT Huang) independently. Divergences were resolved by consensus. The results of RoB 2.0 were drawn using the “Risk-of-Bias Visualization tool” (14).



Statistical Analysis

Dichotomous and continuous outcomes were presented as odds ratio (OR) and weighted mean difference (WMD), respectively, with 95% confidence intervals (CIs) (15). Statistical analysis was performed using the Microsoft Excel (Microsoft, Redmont, WA, USA) add-in MetaXL 5.3 (EpiGear International, Sunrise Beach, Australia) utilizing the inverse variance heterogeneity (IVhet) model (16) for dichotomous data. The random-effect model was used for analyzing the continuous data. Heterogeneities among studies were assessed using the I square (I2) statistics. An I2 higher than 50% represented substantial heterogeneity. For each outcome, we performed further subgroup analysis according to different procedure. To determine the subgroup of AEs, we analyzed the AEs of cardiovascular events (hypotension, hypertension, and bradycardia), respiratory events (decreased oxygen saturation), and neurological events (headache). As for the zero event, we further performed sensitivity analysis by Bayesian approach with Markov Chain Monte Carlo method (17). We used Microsoft-Excel-based NetMetaXL V.1.6.1 (Canadian Agency for Drugs and Technologies in Health, Ottawa, Canada) to perform WinBUGS 1.4.3 (MRC Biostatistics Unit, Cambridge, and Imperial College School of Medicine, London, UK) under the setting of with 150,000 simulations without zero correction and random-effect model with vague or informative prior (18). For publication bias, we presented the Doi plot with Luis Furuya-Kanamori (LFK) index for each endpoint (19). Values of LFK index outside the interval between −1 and +1 were defined as asymmetry of Doi plot, which may indicate publication bias.



Trial Sequential Analysis

The TSA is used to approach and quantify the statistical reliability of data through repetitive and cumulative testing especially for meta-analyses (20). TSA was conducted using the TSA version 0.9.5.10 beta (Copenhagen Trial Unit, Center for Clinical Intervention Research, Rigshospitalet, Copenhagen, Denmark). Type I and Type II errors were set at 5 and 20%, respectively, in the model. The O'Brien–Fleming monitoring boundaries were applied for hypothesis testing. The cumulative effect of TSA was considered true positive if the Z curve crossed the O'Brien–Fleming monitoring boundaries and considered true negative if the Z curve entered the futility area. A total sample size that did not achieve the required information size (RIS) was defined as underpower. Random-effects model by using the Biggerstaff-Tweedie method was chosen (21). The calculated RIS considered the proportion of investigational and control events and the anticipated heterogeneity variance of the meta-analysis. The incidence of intervention and control arms was filled in the “overall events/total cases” of the enrolled studies. For continuous data, the “empirical” item or minimal difference was set for MD and variance, and the “model-based variance” item was applied.



Grading of the Certainty of Evidence

We assessed every result by using the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) methodology (22). According to the GRADE methodology, the overall certainty of evidence (CoE) was judged by five downgrading and three upgrading domains. The level of CoE was classified as high, moderate, low, or very low. Grading was made using the GRADEpro software (available from gradepro.org).




RESULTS

A total of 322 articles were identified from the primary electronic databases [PubMed, 96; EMBASE, 131; Cochrane library, 25; ClinicalTrials.gov, 31; International Clinical Trials Registry Platform (ICTRP), 39]. In the search of gray literature, 6 records identified via websites (n = 1), citation searching (n = 5). A total of 79 studies were excluded due to duplication, 148 studies due to non-RCT, 4 studies due to pharmacology studies, 6 studies due to animal studies, 7 studies with unavailable full text, 59 studies due to non-endoscopic procedures and 20 studies due to control group instead of midazolam. Finally, five articles were included in the meta-analysis. The results were demonstrated as PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart (Figure 1) according to the PRISMA 2020 statement (9).


[image: Figure 1]
FIGURE 1. Flow diagram of preferred reporting items for systematic reviews and meta-analysis (PRISMA) 2020.


Table 1 demonstrated the characteristics of enrolled RCTs. The five included studies involved 1,248 participants. All studies were RCTs and conducted in the United States. The age of participants ranged from 18 to 95 years, and the proportion of males ranged from 45 to 55.8%. One trial (23) enrolled patients with an ASA status of 1 and 2, one trial (27) enrolled patients with an ASA status of 3 and 4, and three other trials (24–26) enrolled patients with an ASA status of 1, 2, and 3. The types of procedure included colonoscopy (24, 25, 27), UGI endoscopy (23), and bronchoscopy (26). All enrolled studies were all funded by PAION, UK Ltd.


Table 1. Characteristics of included trials.
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RoB Assessment

The overall RoB of the five enrolled studies were judged as “some concerns” in four trials (23–25, 27) and high in one trial (26) (Figure 2). In the domain of randomization, five enrolled trials were all judged as “some concerns” because the allocation concealment was not clearly described. As for the domain of deviation from the intended intervention, missing outcome data, and measurement of outcome, the five enrolled trials had low RoB. However, we compared the results of the trial from the ClinicalTrials.gov of NCT02296892 (28) and the published article (26). The reported rate of AEs showed significant difference in the remimazolam (88.45 vs. 34.7%) and the midazolam (91.30 vs. 31.9%) groups. Given the difference in reporting AEs, the domain of selective reporting bias was judged as “some concerns” in the trial reported by Pastis et al. Finally, the overall RoB was judged as high for this trial.


[image: Figure 2]
FIGURE 2. Risk-of-bias assessment.




Outcomes


Primary Outcomes: Procedure Success (Five Trials)

Based on the pooling of data from five trials with 1,093 participants, our analyses showed statistical difference between the use of remimazolam and midazolam on procedure success (OR = 9.01, 95% CI: 2.35–34.57). Heterogeneity among all studies was high with I2 of 90% (Figure 3A). We further examined the results by using TSA. The cumulative Z Curve showed that the sample size was adequate, and the traditional boundaries were crossed since the first two studies, indicating a true positive result (Figure 3D). Results indicated that remimazolam was significantly superior to midazolam in the outcome of procedure success under the indication of procedural sedation. Doi plot yielded minor asymmetry with LFK index of 1.36 (Supplementary Figure 1A). We further performed subgroups analysis. In the subgroup of colonoscopy, the OR of procedural success of remimazolam to midazolam was 22.86 (95% CI: 6.56–79.66, I2: 71%), which remained statically significant.


[image: Figure 3]
FIGURE 3. Forest plot (A–C) and trial sequential analysis (D–F) of procedure success (A,D), completion of procedure (B,E), and no administration of rescue medication (C,F) between remimazolam and midazolam, respectively. OR, odds ratio; CI, confidence interval; RIS, required information size.




Primary Outcomes: Completion of Procedure (Five Trials)

Our analysis showed no statistically significant difference in the completion of procedure in the use of remimazolam compared with the use of midazolam (OR = 1.68, 95% CI: 0.72–3.90) with low heterogeneity (I2 = 0%; Figure 3B). The cumulative Z curve in TSA neither crossed the O'Brien–Fleming monitoring boundaries nor enter the inner wedge of futility borders, which indicated an inconclusive result (Figure 3E). Doi plot yielded major asymmetry with LFK index of 2.31 (Supplementary Figure 1B).



Primary Outcomes: No Administration of Rescue Medication (Five Trials)

Five trials demonstrated that the rescue medication usage in the remimazolam group was significantly reduced compared with that in the midazolam group (OR = 13.58, 95% CI: 3.46–35.28, I2 = 89%; Figure 3C). The cumulative Z curve in TSA showed that the sample size was adequate and that the Z curve crossed traditional boundaries since the first two studies, indicating the true positive result in the favor of remimazolam usage (Figure 3F). Doi plot yielded major asymmetry with LFK index of 2.28 (Supplementary Figure 1C). In the subgroup analysis of the colonoscopy, the OR of this outcome between remimazolam and midazolam group was 21.37 (95% CI: 5.90–77.45, I2: 71%).



Secondary Outcomes: Time to Recovery (Five Trials)

Five trials with 1,041 participants demonstrated that the time to recovery significantly reduced with the use of remimazolam compared with the use of midazolam (WMD = −5.70, 95% CI: −8.68 to −2.72, I2 = 72%; Figure 4A). The cumulative Z curve crossed the O'Brien–Fleming boundaries, which indicated true positive result and adequate sample size (Figure 4D). Doi plot yielded major asymmetry with LFK index of 2.31 (Supplementary Figure 1D). In the subgroup analysis of colonoscopy, the WMD was −6.25 (95% CI: −10.09 to −2.41, I2: 84%).


[image: Figure 4]
FIGURE 4. Forest plot (A–C) and trial sequential analysis (D–F) of time to recovery (A,D), cognition recovery of Hopkins Verbal Learning Test-Revised (HVLT-R; B,E), and adverse events (AEs; C,F) between remimazolam and midazolam, respectively. OR, odds ratio; WMD, weighted mean difference; CI, confidence interval; RIS, required information size.




Secondary Outcomes: Change in HVLT-R (Two Trials)

Two trials (23, 24) with 209 participants demonstrated better cognitive recovery in the remimazolam group compared with the midazolam group (WMD = 5.22, 95% CI: 2.88–7.55, I2 = 33%; Figure 4B). TSA showed that the cumulative Z curve crossed the traditional boundaries and the cases of included trials were more than the RIS. Doi plot were not able to be presented when only two studies were enrolled. The above results indicated significantly true positive result with conclusion that remimazolam was superior to midazolam (Figure 4E).



Secondary Outcomes: AEs (Five Trials)

Five trials with 1,091 participants demonstrated that no statistical difference between the remimazolam and the midazolam groups in episode of AEs (OR = 0.79, 95% CI: 0.38–1.66, I2 = 68%; Figure 4C). The cumulative Z curve in TSA crossing into the futility area indicated a conclusion of indifference between 2 groups (Figure 4F). The cumulative Z curve did not cross the line of RIS, which may downgrade the CoE in the domain of imprecision. Doi plot yielded minor asymmetry with LFK index of 1.36 (Supplementary Figure 1E). As for more detailed AEs, Supplementary Figure 2 showed that there was no statistically difference of remimazolam and midazolam in (A) decreased oxygen saturation (OR = 1.15, 95% CI: 0.65–2.03), (B) headache (OR = 1.10, 95% CI: 0.35–3.52), (C) hypotension (OR = 0.61, 95% CI: 0.29–1.28), (D) hypertension (OR = 0.99, 95% CI: 0.68–1.43), and (E) bradycardia (OR = 0.65, 95% CI: 0.38–1.12). The TSA results of above detailed AEs were shown as Supplementary Figures 2F–L, respectively. Only in the reported AEs of hypotension (panel J), the cumulative Z curve in TSA crossed the RIS. There was one zero event presented in the AE with “bradycardia” in the midazolam group, so we further performed sensitivity analysis by random-effect model Bayesian approach. The OR of bradycardia with vague and informative prior showed 0.71 [95% credible interval (CrI): 0.22–2.89] and 0.68 (95% CrI: 0.39–1.22), respectively (Supplementary Figure 3).




GRADE Assessment

The GRADE assessment demonstrated an overall low CoE in the outcomes of procedure success, no administration of rescue medication, and HVLT-R. In addition, overall very low CoE was ranked in the outcomes of completion of procedure, time to recovery, and AEs (Table 2). We downgraded the overall CoE in the domain of RoB, imprecision, and publication bias. The serious study-limitation was concerned because all enrolled articles were judged as “some concern” in overall RoB. Although high heterogeneity was found in some endpoints (procedure success, no administration of rescue medication, and time to recovery), the result in each individual study faced the same direction in each endpoint. Therefore, we did not rate down the CoE in the domain of inconsistency. Serious imprecision in the outcome of completion of procedure and AEs was defined by the pooled cases do not fill with the number of RIS in TSA. The publication bias was presented in all endpoints because asymmetry was observed in all Doi plots and enrolled studies were all funded by PAION, UK Ltd with limited sample sizes (29).


Table 2. GRADE assessment.
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DISCUSSION

For the moderate procedural sedation, such as UGI endoscopy and colonoscopy, benzodiazepine, especially midazolam, remains to be the drug of choice in sedatives according to the American Society of Anesthesia guidelines (30). However, increased anterograde amnesia has been reported in the midazolam group compared to other medications in a publication of Cochrane Database Systematic Review (31). Recent systematic reviews and meta-analyses also focused on comparing midazolam and propofol in procedural sedation (32–34). Although propofol has some advantage of shorter recovery time, propofol-related hypotension remains an important issue. It seems necessary to find out a new candidate medication for procedural sedation with better efficacy and safety than current standard choices. This study provided some potential benefits of remimazolam as a qualified drug for procedural sedation in the future.

Remimazolam is a benzodiazepine developed to provide sedative effects with an ultrashort half-life (8), translating into a quick onset and offset of effect. One of the potential benefits of remimazolam over midazolam comes from the design of the molecule. Remimazolam is rapidly degraded into an inactive metabolite by ubiquitous tissue esterases and is not metabolized by cytochrome-dependent hepatic pathways (7). Like other benzodiazepines, remimazolam can be reversed with flumazenil to terminate sedation or anesthesia. Therefore, remimazolam seems a good candidate for procedural sedation based on abovementioned properties of pharmacodynamics and pharmacokinetics. Remimazolam has been approved on 23 January 2020 in Japan for use in general anesthesia and on 5 July 2020 in the United States for procedural sedation (35). For procedural sedation, RCTs have only compared remimazolam with midazolam as abovementioned studies or propofol (36, 37). To determine the beneficial evidence of remimazolam compared to current standard regiments, more large-scale RCTs are warranted. During the waiting period for future RCTs, meta-analysis with trial sequential analysis may be good tools to determine the pooled effects from the past trials.

This study is the first report to compare remimazolam to midazolam for procedural sedation by pooled estimates of meta-analyses. As for the primary outcomes, the effect of remimazolam in procedure success and no need for administration of rescue medication has a number-needed-to-treat of 2 and 2, respectively. Moreover, our analysis shows a significant reduction in the time to recovery and better cognitive recovery scored by HVLT-R after remimazolam administration compared with those after midazolam administration, which can be attributed to less rescue medication needed and less time needed to regain full alertness. These results may be explained by the difference of mean terminal elimination half-life between remimazolam and midazolam (~0.75 and 4 h, respectively) (7, 38). These findings result in a rapid and predictable recovery of patients from their sedation and benefit the patients by potentially being able to leave the unit quickly and perform everyday tasks rapidly in the gastroenterology suite (23) and bronchoscopy laboratories (26). From the meta-analyses of sparse studies, remimazolam may be both effective and efficient drug for procedure sedation. Although our pooled results concluded no statistical difference of AEs between the remimazolam and the midazolam groups via TSA, we realized that the variety of AEs may indicate different meanings and importance, so we also calculated most frequent reported five AEs individually. Due to currently limited data, result of individual AEs remained inconclusive. Although obvious and significant difference in comparison of remimazolam and midazolam was observed in many endpoints, the CoE based on the GRADE methodology demonstrates only low to very low. Only enrolling more rigorous RCTs with numerous cases can upgrade the CoE in the future.

In this study, we performed some statistical methods for the further confirmation of precise results. We used the IVhet model for minimized the possibility or under- or over-estimate the heterogeneity by traditional random or fixed effect setting in meta-analyses with sparse studies (16). Besides, we applied TSA and Doi plot, as assistant tools for advanced and rigorous rating of CoE in GRADE. One study reported that TSA adoption would lead to a more frequent downgrading of the CoE and could be a potential supplement for a more thorough assessment of imprecision in GRADE (39). Recently Jia et al. demonstrated that many meta-analyses of rare events were underpowered, and the individual AEs in our meta-analyses were consistent with this observation based on the results of TSA (40). In contrast, Z curves of many endpoints crossed the O'Brien–Fleming boundaries and the lines of RIS early only after accumulation of the first two studies, and we thought these results might also hints of effective and efficient properties of remimazolam for procedure sedation. We preferred using Doi plot because the LFK index of Doi plot demonstrated a higher sensitivity to judge publication bias, compared with Egger's regression test when fewer studies were enrolled (19). Xu et al. highly recommended using a proposed framework when dealing with zero event in meta-analysis, including a conduct of sensitivity analysis using other available statistical methods for duplicate confirmation (17). Due to the zero event in the single arm of midazolam group in the AEs of bradycardia, we decided to use Bayesian approach, one of the recommended methodology, to test whether the results were robust (17, 41). Consistent results were observed between frequentist approach with IVhet model and Bayes' theorem with vague or informative prior.

In conclusion, this meta-analysis has systematically reviewed the RCTs to clarify the effects of remimazolam in procedural sedation. The pooled data show statistically significant differences in the outcome of procedure success. The use of remimazolam has resulted in less administration of rescue medication, less time to recovery, and better cognitive recovery compared with the use of midazolam during procedural sedation. We rated the evidence, in the main, as being of low to very low quality based on standard methodology of GRADE. Under the consideration the potential benefit and harm conclusively, we give a conditional recommendation for the use of remimazolam in procedural sedation based on the pooled estimates of good effect and acceptable safety. For determining the evidence of such a new drug, more RCTs with updated meta-analyses is warranted.



LIMITATION

Many of the limitations of this study were already examined in the discussion. The main limitations of this study were the limited numbers of studies and participants. Only five trials were included in this meta-analysis. Thus, the conclusion might not be definitive. Nevertheless, the results of TSA showed that several outcomes were with an adequate sample size and statistical significance.



CONCLUSION

We clarified the effects of the newest benzodiazepine, namely, remimazolam, on procedural sedation via meta-analysis and TSA of RCTs. The pooled data showed that the use of remimazolam resulted in a higher rate of procedure success, lesser administration of rescue medication, shorter time to recovery, and better cognitive recovery than the use of midazolam during procedural sedation. However, this meta-analysis did not conclusively establish the safety of remimazolam. Despite there was no difference of total AEs between remimazolam and midazolam group, more detailed analysis of AEs yielded inconclusive results. Nevertheless, our study was the first to compare the utilization of remimazolam and midazolam for procedural sedation by pooling RCTs with small samples. The endpoints with statistical significance still demonstrated the potential clinical applications of remimazolam in procedural sedation.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



AUTHOR CONTRIBUTIONS

Y-TH and P-CL: conceptualization, validation, and formal analysis. B-JJ and B-HY: methodology, software, and writing of the original draft of the manuscript. P-CL: data curation, reviewing and editing of the manuscript, and supervision. Y-TH: visualization. All authors have read and agreed to the published version of the manuscript.



ACKNOWLEDGMENTS

We are grateful to the English editors of KGSupport for helping with language editing.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.641866/full#supplementary-material



REFERENCES

 1. Peery AF, Crockett SD, Murphy CC, Lund JL, Dellon ES, Williams JL, et al. Burden and cost of gastrointestinal, liver, and pancreatic diseases in the United States: update 2018. Gastroenterology. (2019) 156:254–72.e211. doi: 10.1053/j.gastro.2018.08.063

 2. Wiggins TF, Khan AS, Winstead NS. Sedation, analgesia, and monitoring. Clin Colon Rectal Surg. (2010) 23:14–20. doi: 10.1055/s-0030-1247852

 3. Muller M, Wehrmann T. How best to approach endoscopic sedation? Nat Rev Gastroenterol Hepatol. (2011) 8:481–90. doi: 10.1038/nrgastro.2011.122

 4. Cole SG, Brozinsky S, Isenberg JI. Midazolam, a new more potent benzodiazepine, compared with diazepam: a randomized, double-blind study of preendoscopic sedatives. Gastrointest Endosc. (1983) 29:219–22. doi: 10.1016/S0016-5107(83)72588-5

 5. Bell GD, Spickett GP, Reeve PA, Morden A, Logan RF. Intravenous midazolam for upper gastrointestinal endoscopy: a study of 800 consecutive cases relating dose to age and sex of patient. Br J Clin Pharmacol. (1987) 23:241–3. doi: 10.1111/j.1365-2125.1987.tb03037.x

 6. Carrasco G, Molina R, Costa J, Soler JM, Cabre L. Propofol vs midazolam in short-, medium-, and long-term sedation of critically ill patients. A cost-benefit analysis. Chest. (1993) 103:557–64. doi: 10.1378/chest.103.2.557

 7. Kilpatrick GJ, Mcintyre MS, Cox RF, Stafford JA, Pacofsky GJ, Lovell GG, et al. CNS 7056: a novel ultra-short-acting Benzodiazepine. Anesthesiology. (2007) 107:60–6. doi: 10.1097/01.anes.0000267503.85085.c0

 8. Antonik LJ, Goldwater DR, Kilpatrick GJ, Tilbrook GS, 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. (2012) 115:274–83. doi: 10.1213/ANE.0b013e31823f0c28

 9. Page MJ, Mckenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. (2021) 372:n71. doi: 10.31222/osf.io/v7gm2

 10. Xu C, Furuya-Kanamori L, Kwong JSW, Li S, Liu Y, Doi SA. Methodological issues of systematic reviews and meta-analyses in the field of sleep medicine: a meta-epidemiological study. Sleep Med Rev. (2021) 57:101434. doi: 10.1016/j.smrv.2021.101434

 11. Chernik DA, Gillings D, Laine H, Hendler J, Silver JM, Davidson AB, et al. Validity and reliability of the observer's assessment of alertness/sedation scale: study with intravenous midazolam. J Clin Psychopharmacol. (1990) 10:244–51. doi: 10.1097/00004714-199008000-00003

 12. Shapiro AM, Benedict RH, Schretlen D, Brandt J. Construct and concurrent validity of the Hopkins verbal learning test-revised. Clin Neuropsychol. (1999) 13:348–58. doi: 10.1076/clin.13.3.348.1749

 13. Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. (2019) 366:l4898. doi: 10.1136/bmj.l4898

 14. Mcguinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): an R package and Shiny web app for visualizing risk-of-bias assessments. Res Synth Methods. (2020) 12:55–61 doi: 10.1002/jrsm.1411

 15. Doi SA, Furuya-Kanamori L, Xu C, Lin L, Chivese T, Thalib L. Questionable utility of the relative risk in clinical research: a call for change to practice. J Clin Epidemiol. (2020) S0895-4356(20)31171-9. doi: 10.1016/j.jclinepi.2020.08.019

 16. Doi SA, Barendregt JJ, Khan S, Thalib L, Williams GM. Advances in the meta-analysis of heterogeneous clinical trials I: the inverse variance heterogeneity model. Contemp Clin Trials. (2015) 45:130–8. doi: 10.1016/j.cct.2015.05.009

 17. Xu C, Furuya-Kanamori L, Zorzela L, Lin L, Vohra S. A proposed framework to guide evidence synthesis practice for meta-analysis with zero-events studies. J Clin Epidemiol. (2021) 135:70–8. doi: 10.1016/j.jclinepi.2021.02.012

 18. Brown S, Hutton B, Clifford T, Coyle D, Grima D, Wells G, et al. A Microsoft-Excel-based tool for running and critically appraising network meta-analyses–an overview and application of NetMetaXL. Syst Rev. (2014) 3:110. doi: 10.1186/2046-4053-3-110

 19. Furuya-Kanamori L, Barendregt JJ, Doi SAR. A new improved graphical and quantitative method for detecting bias in meta-analysis. Int J Evid Based Healthc. (2018) 16:195–203. doi: 10.1097/XEB.0000000000000141

 20. Brok J, Thorlund K, Wetterslev J, Gluud C. Apparently conclusive meta-analyses may be inconclusive–Trial sequential analysis adjustment of random error risk due to repetitive testing of accumulating data in apparently conclusive neonatal meta-analyses. Int J Epidemiol. (2009) 38:287–98. doi: 10.1093/ije/dyn188

 21. Kang H. Trial sequential analysis: novel approach for meta-analysis. Anesth Pain Med. (2021) 16:138–50. doi: 10.17085/apm.21038

 22. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: an emerging consensus on rating quality of evidence and strength of recommendations. BMJ. (2008) 336:924–6. doi: 10.1136/bmj.39489.470347.AD

 23. Borkett KM, Riff DS, Schwartz HI, Winkle PJ, Pambianco DJ, Lees JP, et al. A Phase IIa, randomized, double-blind study of remimazolam (CNS 7056) versus midazolam for sedation in upper gastrointestinal endoscopy. Anesth Analg. (2015) 120:771–80. doi: 10.1213/ANE.0000000000000548

 24. Pambianco DJ, Borkett KM, Riff DS, Winkle PJ, Schwartz HI, Melson TI, et al. A phase IIb study comparing the safety and efficacy of remimazolam and midazolam in patients undergoing colonoscopy. Gastrointest Endosc. (2016) 83:984–92. doi: 10.1016/j.gie.2015.08.062

 25. Rex DK, Bhandari R, Desta T, Demicco MP, Schaeffer C, Etzkorn K, et al. A phase III study evaluating the efficacy and safety of remimazolam (CNS 7056) compared with placebo and midazolam in patients undergoing colonoscopy. Gastrointest Endosc. (2018) 88:427–37.e426. doi: 10.1016/j.gie.2018.04.2351

 26. Pastis NJ, Yarmus LB, Schippers F, Ostroff R, Chen A, Akulian J, et al. Safety and efficacy of remimazolam compared with placebo and midazolam for moderate sedation during bronchoscopy. Chest. (2019) 155:137–46. doi: 10.1016/j.chest.2018.09.015

 27. Rex DK, Bhandari R, Lorch DG, Meyers M, Schippers F, Bernstein D. Safety and efficacy of remimazolam in high risk colonoscopy: a randomized trial. Dig Liver Dis. (2021) 53:94–101. doi: 10.1016/j.dld.2020.10.039

 28. Nct02296892 CGI. A Phase III Study of Remimazolam in Patients Undergoing Bronchoscopy. (2019). Available online at: https://clinicaltrials.gov/ct2/show/NCT02296892 (accessed June 30, 2021).

 29. Guyatt GH, Oxman AD, Montori V, Vist G, Kunz R, Brozek J, et al. GRADE guidelines: 5. Rating the quality of evidence–publication bias. J Clin Epidemiol. (2011) 64:1277–82. doi: 10.1016/j.jclinepi.2011.01.011

 30. Apfelbaum J, Gross J, Connis R, Agarkar M, Arnold D, Coté C, et al. Practice guidelines for moderate procedural sedation and analgesia 2018: a report by the American Society of Anesthesiologists Task Force on Moderate Procedural Sedation and Analgesia, the American Association of Oral and Maxillofacial Surgeons, American College of Radiology, American Dental Association, American Society of Dentist Anesthesiologists, and Society of Interventional Radiology. Anesthesiology. (2018) 128:437–79. doi: 10.1097/ALN.0000000000002043

 31. Conway A, Rolley J, Sutherland JR. Midazolam for sedation before procedures. Cochrane Database Syst Rev. (2016) 2016:CD009491. doi: 10.1002/14651858.CD009491.pub2

 32. Wang Z, Hu Z, Dai T. The comparison of propofol and midazolam for bronchoscopy: a meta-analysis of randomized controlled studies. Medicine. (2018) 97:e12229. doi: 10.1097/MD.0000000000012229

 33. Zhang R, Lu Q, Wu Y. The comparison of midazolam and propofol in gastrointestinal endoscopy: a systematic review and meta-analysis. Surg Laparosc Endosc Percutan Tech. (2018) 28:153–58. doi: 10.1097/SLE.0000000000000532

 34. Dossa F, Medeiros B, Keng C, Acuna SA, Baxter NN. Propofol versus midazolam with or without short-acting opioids for sedation in colonoscopy: a systematic review and meta-analysis of safety, satisfaction, and efficiency outcomes. Gastrointest Endosc. (2020) 91:1015–26.e1017. doi: 10.1016/j.gie.2019.12.047

 35. Keam SJ. Remimazolam: first approval. Drugs. (2020) 80:625–33. doi: 10.1007/s40265-020-01299-8

 36. Chen S, Wang J, Xu X, Huang Y, Xue S, Wu A, 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) 12:4594–603.

 37. 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. doi: 10.1186/s12871-021-01390-x

 38. Wong SL, Goldberg MR, Ballow CH, Kitt MM, Barriere SL. Effect of Telavancin on the pharmacokinetics of the cytochrome P450 3A probe substrate midazolam: a randomized, double-blind, crossover study in healthy subjects. Pharmacotherapy. (2010) 30:136–43. doi: 10.1592/phco.30.2.136

 39. Castellini G, Bruschettini M, Gianola S, Gluud C, Moja L. Assessing imprecision in cochrane systematic reviews: a comparison of GRADE and trial sequential analysis. Syst Rev. (2018) 7:110. doi: 10.1186/s13643-018-0770-1

 40. Jia P, Lin L, Kwong JSW, Xu C. Many meta-analyses of rare events in the cochrane database of systematic reviews were underpowered. J Clin Epidemiol. (2021) 131:113–22. doi: 10.1016/j.jclinepi.2020.11.017

 41. Ren Y, Lin L, Lian Q, Zou H, Chu H. Real-world performance of meta-analysis methods for double-zero-event studies with dichotomous outcomes using the cochrane database of systematic reviews. J Gen Intern Med. (2019) 34:960–8. doi: 10.1007/s11606-019-04925-8

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Jhuang, Yeh, Huang and Lai. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-641866-t001.jpg
Trials

Borkett et al. (23)
NCT00869440

Pambianco et al. (24)
NCTO1145222

Rex etal. (25)
NCT02290873

Pastis et al. (26)
NCT02296892

Rexetal. (27)
NCT02532647

Funding

PAION UK Ltd.

PAION UK Ltd.

PAION UK Ltd.

PAION UK Ltd.

PAION UK Ltd.

Age (yr)
mean (£SD)

41 (13.86)

54.6(+9.02)

54.4(£10.12)

62 (£12)

62.5 (+0.32)

Male (%)

46

45

497

46

56.8

UGI, upper gastrointestinal; HVLT-R, Hopkins Verbal Leamning Test-Revised.

Procedures

ual
endoscopy

Colonoscopy

Colonoscopy

Bronchoscope

Galonoscopy

Country  ASA physical
status
UsA 1,2
USA 1,2,8
USA 1,2,3
USA 1,2,3
UsA 3,4

Sample
size

100

162

461

446

79

Intervention/comparator

o PN

N

. Remimazlolam 0.10 mg/kg
. Remimazlolam 0.15 mg/kg
. Remimazlolam 0.20 mg/kg
. Midazolam 0.075 mg/kg

. Remimazlolam 8.0/3.0mg
. Remimazlolam 7.0/2.0mg
. Remimaziolam 5.0/3.0mg
. Midazolam 2.5/1.0mg

. Remimazolam 5.0mg
. Placebo 5.0mg
. Midazolam 1-1.75mg

. Remimazolam 5.0mg
. Placebo 5.0mg
. Midazolam 1-1.75 mg

. Remimazolam 2.5-6.0mg
. Placebo
. Midazolam 1.0mg

Main outcome measures

1. Procedure success
Completion of procedure

No administration of rescue
medication

. Time to recovery

Adverse events

Cognition recovery of HVLT-R

Procedure success
Completion of procedure

. No administration of rescue
medication

Time to recovery

Adverse events

Cognition recovery of HVLT-R

Procedure success
Completion of procedure

. No administration of rescue
medication

Time to recovery

Adverse events

BB

Bt o s

B wion

Procedure success
Completion of procedure

No administration of rescue
medication

. Time to recovery

Adverse events

RE=2r

Procedure success

. Time to Start of Procedure
. Time to recovery

. Adverse events

TSN





OPS/images/fmed-08-641866-t002.jpg
Remimazolam compared to midazolam for procedural sedation

Certainty assessment

Participants Risk of Inconsistency Indirectness Imprecision
(studies) bias
Follow up

Procedure success
1091 (5 RCTs) Serious® Not serious Not serious Not serious

Completion of procedure
1091 (5 RCTs) Serious® Not serious Not serious Serious®

No administration of rescue medication
1091 (5 RCTs) Serious® Not serious Not serious Not serious

Time to recovery
1041 (5 RCTS) Serious ® Not serious Not serious Not serious

Change in cognition recovery of Hopkins Verbal Learning Test-Revised
209 (2 RCTy) Serious® Not serious Not serious Not serious

Adverse event
1091 (5 RCTs) Serious® Not serious Not serious Serious®

Publication
bias.

Publication
bias strongly
suspected

Publication
bias strongly
suspected®

Publication
bias strongly
suspected®

Publication
bias strongly
suspected®

Publication
bias strongly
suspected®

Publication
bias strongly
suspected®

Overall
certainty of
evidence

000
Low

®000
VERY LOW

@000
Low

@800
Low

®600
Low

®000
VERY LOW

Summary of findings

Anticipated
absolute effects Risk
difference

478 more per 1,000
(from 209 more to 598
more)

10 more per 1,000
(from 10 fewer to 19
more)

482 more per 1,000
(from 293 more to 535
more)

MD 5.7 fewer (8.68
fewer to 2.72 fewer)

MD 5.22 higher (2.88
higher to 7.55 higher)

58 fewer per 1,000
(from 237 fewer to 113
more)

“Overall risk of bias by Cochrane Rob 2.0 tool was judged as “some concem’. ®Asymmetry in Doi plot, and all commercially funded by PAION, UK Ltd with small sample sizes.

CInsufficient sample size, calculated by trial sequential analysis.





OPS/images/fmed-08-641866-g003.gif





OPS/images/fmed-08-641866-g004.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Efficacy and Safety of Remimazolam for Procedural Sedation: A Meta-Analysis of Randomized Controlled Trials With Trial Sequential Analysis



		Introduction



		Materials and Methods



		Protocol and Registration



		Study Selection



		Data Collection



		Statistical Analysis



		Trial Sequential Analysis



		Grading of the Certainty of Evidence







		Results



		RoB Assessment



		Outcomes



		Primary Outcomes: Procedure Success (Five Trials)



		Primary Outcomes: Completion of Procedure (Five Trials)



		Primary Outcomes: No Administration of Rescue Medication (Five Trials)



		Secondary Outcomes: Time to Recovery (Five Trials)



		Secondary Outcomes: Change in HVLT-R (Two Trials)



		Secondary Outcomes: AEs (Five Trials)









		GRADE Assessment







		Discussion



		Limitation



		Conclusion



		Data Availability Statement



		Author Contributions



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Efficacy and Safety of Remimazolam
for Procedural Sedation: A
Meta-Analysis of Randomized
Controlled Trials With Trial Sequential
Analysis





OPS/images/fmed-08-641866-g001.gif
: — e =






OPS/images/fmed-08-641866-g002.gif
i

3

s
o5 |










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





