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Abstract

:

In recent years, remimazolam has gained approval for use in adult procedural sedation in both the United Kingdom and the United States, potentially offering an alternative to conventional sedatives like propofol and midazolam for procedural sedation. However, there is a limited body of literature that systematically reviews the outcomes of a remimazolam-alfentanil combination protocol for routine office-based dental procedures. The primary objective of this pilot study was to assess the occurrence of significant adverse events associated with the use of a remimazolam-alfentanil sedation protocol for adult dental procedures. Secondary outcomes included evaluating physiological responses, sedation effectiveness, patient and clinician satisfaction and the incidence of intraprocedural awareness. Notably, no significant adverse events were reported among the 25 adult subjects who received remimazolam and alfentanil, and all dental procedures were successfully completed. Patients and clinicians expressed high levels of satisfaction, and patients did not report any distressing memories associated with the dental procedure. These findings suggest that in a limited cohort, the remimazolam-alfentanil regimen appears to be well tolerated and effective for office-based dental procedures in adult patients, with a low risk of adverse events, acceptable hemodynamic effects, rapid onset and recovery and minimal intraoperative awareness. This study provides valuable insights into the potential use of the remimazolam-alfentanil combination in dental sedation practice.
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1. Introduction


Remimazolam is a novel sedative agent. It is classified as an intravenous benzodiazepine and is a selective ligand for GABA-A receptors in the central nervous system. As a modification of midazolam, remimazolam is metabolized by tissue esterases to inactive metabolites. With a more rapid elimination half-life than midazolam, remimazolam may offer the advantage of faster induction to targeted sedation depth and more rapid recovery.



To date, worldwide, remimazolam has limited adult labelling in only a few countries in very recent years [1]. Remimazolam sedation has been described for adult gastrointestinal endoscopies with results that suggest a similar induction and better recovery profile to propofol [2,3,4,5,6]. When compared to midazolam, remimazolam offers the benefits of faster recovery and a constant elimination half-life during prolonged exposure. The sedative effects of remimazolam can be antagonized by flumazenil [1]. Alfentanil is a synthetic opioid analgesic, and compared to fentanyl and sufentanil, it has a more rapid analgesic onset and time-to-peak effect, as well as the shortest distribution and elimination half-life [7].



The combination of remimazolam and alfentanil has been described for gastrointestinal endoscopies as well as for some simple dental procedures (third molar extractions) [8,9]. There is limited experience with remimazolam for office-based dental procedures [10]. Although remimazolam use has been reported for select maxillofacial surgical procedures, to date, there is no published literature that reviews the outcomes of a protocol that uses a remimazolam-alfentanil combination for a wide range of routine office-based dental procedures [10,11].



Our primary objective in this pilot study was to determine whether there are any significant adverse events related to a remimazolam-alfentanil sedation protocol for office-based adult dental procedures. Adverse events were identified using a standardized objective template created by the International Committee for the Advancement of Procedural Sedation [12]. Our secondary outcome was to evaluate the physiological response, sedation profile, patient and clinician satisfaction and presence of intraprocedural awareness associated with our remimazolam-alfentanil combination.




2. Materials and Methods


Between 7 October 2022 and 19 April 2023, 146 adult patients scheduled for office-based dental procedures were offered the option of receiving single or combination sedation with midazolam, propofol, ketamine, alfentanil or a combination of alfentanil and remimazolam.



The remimazolam combination was offered to the patients as a recently approved sedative with the reported possibility of an improved recovery profile. There was an additional cost associated with choosing for this type of sedation. Overall, 25 patients requested the remimazolam-alfentanil protocol. All patients signed informed consent for the sedation and consented to have the collected data used without Health Insurance Portability and Accountability Act (HIPAA) Identifiers for quality improvement activity, research and publication. Per the United States Department of Health and Human Services definition and National Health Service Medical Research Council of the United Kingdom (UK), Institutional Review Board (IRB) approval was not required for this quality assurance initiative intended to improve the quality of patient care [13,14]. Remimazolam was administered following approved guidelines for remimazolam sedation and alfentanil was delivered as an adjunct per a protocol that the provider (RS) has established as his standard of care [15]. Physiologic data, patient and clinician satisfaction and patient awareness metrics were collected on all patients as part of routine sedation documentation and the ongoing quality assurance initiative. All sedation was administered by a single provider (RS).



The sample size was calculated to evaluate the number of adverse events reported based on a 20% prevalence of experiencing an adverse event of any kind (sentinel to minor) vs. a 1% prevalence (incidence of sentinel events).



The number of subjects plus allowing for an additional 20% required a total of 25 subjects.



Inclusion criteria were adult patients ≥ 18 years old, ASA 1 and 2, with no history of Obstructive Sleep Apnea, no benzodiazepine allergies, Body Mass Index < 40 kg/m2 and no uncontrolled gastroesophageal reflux or vomiting.



All patients were nil per os (NPO) for solids and clear fluids for a minimum of four hours. All patients were pre-screened using a template-designed preoperative questionnaire to ensure a comprehensive medical history, the presence of any allergies and a review of the organ systems. Sedation monitoring and documentation followed the American Society of Anesthesiologists (ASA) Moderate Sedation Guidelines and the United Kingdom IACSD Guidelines [15,16]. Standard-of-care monitoring equipment included non-invasive blood pressure (Withings BPM Connect Blood Pressure), oxygen saturation (Nellcor Bedside SpO2 Patient Monitoring System PM100N) and a waveform carbon dioxide monitor (Newtech NT1D Handheld Mainstream EtCO2). Baseline vital signs were recorded prior to sedation initiation and during the sedation until discharge criteria were met. The protocol followed the approved UK guidelines for the use of remimazolam combined with an opioid, which specify the administration of an initial remimazolam bolus of 2.5 mg for frail patients (ASA 3–4, or patients < 50 kg) or a bolus of 5 mg for ASA 1 and 2 patients under 65 years of age over 1 min followed by alfentanil 100–200 micrograms as clinically warranted. Supplemental boluses of remimazolam of 1.25–2.5 mg were administered at least 2 min after the initial bolus under continuous assessment of the level of sedation [17,18].



Vital signs were monitored and recorded until discharge criteria were met. Sedation depth was assessed using the modified Ramsay Sedation Scale (RSS) every 10 min from the initiation of sedation until discharge home [19]. Dental surgery commenced once the desired sedation depth of minimum RSS 3 was achieved, and the duration of surgery was documented, starting from the initial injection of local anesthesia. Alfentanil (100–200-microgram bolus) was administered when appropriate and alternated with remimazolam (2.5-milligram bolus) to maintain the desired sedation level. Administration of the sedative and opioid was stopped when the dental procedure was completed.



In recovery, after discharge criteria were met (minimum Aldrete score of 8), each patient completed a Patient Sedation Satisfaction Interview and a validated amnesia questionnaire to assess for awareness and dreaming during the sedation [20,21,22]. The dentist completed the Clinician Sedation Satisfaction Interview to evaluate the level of sedation and patient cooperation during the dental procedure [22].



Adverse events were collected and evaluated based on the International Committee for the Advancement of Procedural Sedation using the standardized metrics for procedural sedation outcome [12].




3. Results


Summaries of data were calculated using descriptive statistics: number of patients (n), mean, standard deviation (SD), median, minimum and maximum, as well as frequency counts with percentages for categorical variables. Baseline demographic and disease characteristic information: gender, age, height, weight and body mass index (BMI); ASA score; Ramsay low and Ramsay high were summarized with descriptive statistics. Procedural and drug dosage amount were also summarized.



Patient awareness questions, the Clinical Sedation Satisfaction Index (CSSI) and the Patient Sedation Satisfaction Index (PSSI) were summarized by the number of subjects with each response.



Vital signs (End Tidal CO2, Oxygen Saturation, Respiratory Rate, Heart Rate) were collected prior to procedure and every 10 min. Results at each timepoint, as well as the change from baseline and percent change from baseline, were calculated. Similarly, blood pressure was collected at various timepoints and was summarized in the same manner as the vital sign data.



Statistical analyses were performed using SAS® statistical software (version 9.4, SAS® Institute, Cary, NC, USA).



Baseline and demographics data were summarized using descriptive statistics and are shown in Table 1. There were 25 subjects in the study: 17 (68.0%) females and 8 (32.0%) males. The median age was 60 years old with a range from 21 to 82 years old.



There were no adverse events experienced by any subject. All subjects received remimazolam and alfentanil, and all procedures were successfully completed. The duration of procedure was a mean (SD) of 67.4 (42.82) minutes, with the duration of remimazolam administration a mean (SD) of 61.8 (44.01) minutes. The mean (SD) time to discharge after treatment was 35.4 (17.91) minutes. The median (interquartile range) time to discharge was 30 (25, 41.25) minutes. The mean (SD) time to discharge following the last dose of remimazolam was 41.4 (20.59) minutes. The median (interquartile range) time to discharge following the last dose of remimazolam was 40 (35, 45) minutes. Overall, 19 (76%) subjects had a Ramsay high score of 3 or 3a. These results are summarized in Table 1.



Table 2 summarizes the responses of five questions upon receiving the anesthesia. There were nine (36.0%) subjects who responded that the time before or after the initial dose, respectively, was the last thing they remembered before going to sleep. In total, 92% did not recall the injection of the local anesthesia, which marked the initiation of the surgical procedure. One patient recalled the start of the procedure. In total, 52% did not have any recall of the procedure, and 14 (56.0%) subjects said that the worst thing about the procedure was the pre-operative anxiety.



The percent change from baseline MAP for each patient’s lowest and highest recorded MAP was calculated. The number of patients in each group was measured by categorizing them into three groups: those with little change from baseline (from 0% to 20% change), those with a moderate change from baseline (from 20% to 30% change) and those with a large change from baseline (30% or greater).



The median (range) percent change from baseline to the lowest MAP was −23.3 (−36.9, 0). There were 23 patients (92.0%) with a drop in MAP below their baseline, and 2 (8.0%) showed no drop. The distribution of percent changes from baseline to the lowest MAP is illustrated in Figure 1.



The median (range) percent change from baseline to the highest MAP was 0.0 (−11.1, 36.5). There were 9 (36.0%) patients with an increase in the highest MAP and 16 (64.0%) without an increase. The distribution of percent changes from baseline to the highest MAP is illustrated in Figure 2.



Similarly for heart rate (HR), the percent change from baseline HR for each patient’s lowest and highest recorded HR was calculated and grouped into the three categories of change. The median (range) percent change from baseline to lowest HR was −13.3 (−29.4, 3.2). Of the 25 patients, 22 (88.0%) experienced a decrease in HR below their baseline, whereas 3 (12.0%) showed no decrease. The distribution of percent changes from baseline to the lowest HR is illustrated in Figure 3.



The median (range) percentage difference from the baseline to the highest HR was recorded as 9.2 (−3.3, 34.2). Of the 25 patients, 17 (68.0%) experienced an increase in HR above their baseline, whereas 8 (32.0%) showed no increase. The distribution of percent changes from baseline to the highest HR is illustrated in Figure 4.



The Clinical Sedation Satisfaction Index (CSSI) is summarized by question and response in Table 3. Overall, 24 (100%) of subjects responded that they were very satisfied with the procedure and with the sedation part of the procedure. Moreover, 22 subjects (91.7%) responded they were satisfied with the effectiveness of the sedation received and the effect the sedation had on the procedure.



The Patient Sedation Satisfaction Index (PSSI) is summarized by question and response in Table 4. Overall, 24 (96%) of subjects responded that they were very satisfied with their overall satisfaction with the sedation experience. There were 23 (92.0%) of subjects who were very satisfied with the pain associated with the sedation delivery, the amount of sedation received (enough to make you drowsy or go to sleep), the amount of nausea after the procedure, and the ease of recovery after the procedure.




4. Discussion


Remimazolam is the newest sedative to be introduced since dexmedetomidine, over 20 years ago. The early phase 1 trials with remimazolam demonstrated that remimazolam can elicit a dose-dependent sedation that can achieve sedation depths similar to midazolam but with a faster recovery profile. Its maximum effect was shown to be at 3 min [23]. The pharmacokinetic profile of remimazolam is similar in adults and children with a high clearance and short context-sensitive half-life of 7 min vs. 17 min in adults and children, respectively [24,25]. The electroencephalogram beta ratio in response to remimazolam shows a 0.79 prediction probability score for the Modified Observer’s Assessment of Alertness and Sedation [26].



Propofol, a common agent used for ambulatory procedures, has been compared to remimazolam for upper gastrointestinal endoscopes in phase 3 trials performed in China. The time to achieve sedation and recovery were slightly faster with propofol (by approximately one minute), but remimazolam exhibited less hypotension, less respiratory depression and fewer adverse events [27]. In combination with alfentanil, propofol can exhibit more respiratory depression in spontaneously ventilating patients than that seen with the alfentanil-remimazolam combination. Hypotension was more common in those who received propofol [28]. A meta-analysis of randomized controlled trials comparing propofol to remimazolam for procedural sedation demonstrated less bradycardia, hypotension and respiratory depression with remimazolam but with a similar efficacy and side effect profile (nausea, vomiting, dizziness) [29]. The induction and recovery time comparing propofol and remimazolam (when reversed with flumazenil) for ambulatory procedures has been shown to be comparable [30]. When compared to propofol, remimazolam may lessen the degree of short-term cognitive dysfunction in the elderly (over 65 years) and is similar to dexmedetomidine in reducing post op cognitive dysfunction seen at 3 and 7 days [31,32].



There are some reports of remimazolam being used for oral surgery, maxilla-facial and dental procedures. When compared to midazolam, remimazolam has been shown to be more successful than midazolam in achieving adequate sedation depth to complete oral maxilla-facial surgical procedures [10]. For the removal of impacted wisdom teeth, remimazolam produced faster onset and recovery, fewer post-operative side effects and greater patient satisfaction than midazolam [11]. A small series that compared remimazolam-alfentanil to propofol-alfentanil for third molar extraction described faster recovery and discharge with the remimazolam group [9].



One patient in our study had a delayed discharge time (100 min vs. 41 min average) because of nausea and vomiting after becoming fully alert. In this particular patient, a large amount of blood had been swallowed during the procedure, probably due to inadequate suctioning. The prolonged recovery time in the situation did not reflect the sedation technique or delivery.



There are some adverse events that have been reported with remimazolam along with some precautionary recommendations. Remimazolam should be administered with normal saline, as lactate ringer can create precipitate which has occluded venous catheters [33,34]. Case reports of anaphylaxis have been recently reported. The etiology, hypothesized to be Ige mediated from remimazolam or non-IgE mediated from the dextran, has not yet been determined [35] Flumazenil, often used to reverse the sedative effects of remimazolam in order to expedite recovery, competed with remimazolam at the receptor. Re-sedation after flumazenil, particularly when flumazenil is administered in large dosages, is a risk [36].



Our pilot study validates prior studies which demonstrate the rapid induction and recovery profile of remimazolam. Our average time to achieve favorable conditions to begin the procedure averaged 5 min, with an average of 34 and 41 min to meet discharge criteria after the last dose of remimazolam and the completion of the procedure, respectively. We did not administer flumazenil to any patient as there was no clinical indication. Remimazolam seems to have anterograde amnesia, with the majority of our patients having no recall from the time of initial dosing until after completion of the procedure. In total, 100% of the patients were very satisfied with the sedation, and 88% of those who had received alternative sedatives for past procedures were very satisfied with this remimazolam-alfentanil combination. Overall, 96% reported being satisfied or very satisfied with their ability to think clearly after the procedure. Our initial results are encouraging, suggesting that remimazolam is efficacious, safe and with minimal effects on post-procedure cognition. Further studies will be needed to look specifically at each of these components on a larger scale, with patients over a range of ASA status and ages.



Our procedure had some limitations. Our patients were healthy, non-obese adults who were not at the extreme of old age. None of the patients had hepatic or renal dysfunction, either of which can affect the pharmacokinetics [37]. Our induction time, procedure time and time to meet discharge criteria was relatively short, lending itself to the office-based setting. We did not reverse any of the patients with flumazenil, a practice often utilized in order to expedite awakening and return of psychomotor function and memory retention [38,39]. Although we did not report any significant adverse events in this pilot study, it is possible that larger studies are needed to detect occurrences of sentinel, life threatening adverse events which occur at a low incidence. We do not know the incidence of significant adverse events with remimazolam in the adult population, as large studies and reports of significant adverse events (aside from anaphylaxis) have not yet been widely reported. Larger studies are needed to determine the profile of remimazolam on the extremes of age, those with organ dysfunction and those with longer procedures. The effect of flumazenil on psychomotor return as well as recovery should be evaluated. Although none of our patients seemed to suffer from procedural awareness, follow-up studies should be performed to follow those patients in terms of their recall. As a sedative with negligible respiratory effects and minimal effects on cognitive function, the value of remimazolam in ambulatory and outpatient surgical procedures may be far-reaching.




5. Conclusions


Remimazolam may offer a safe alternative to propofol and midazolam for office-based dental procedures in adult patients, with minimal risk of adverse events, clinically acceptable hemodynamic effects, rapid induction and emergence and negligible intraoperative awareness.







Author Contributions


Conceptualization, K.P.M., S.S.A.M. and R.S.; methodology, K.P.M., SM. and R.S.; formal analysis, D.C.; investigation, R.S.; resources, R.S.; data curation, S.S.A.M.; writing—original draft preparation, S.S.A.M., D.C., K.P.M. and R.S.; writing—review and editing, K.P.M., S.S.A.M. and D.C.; visualization, S.S.A.M., D.C. and K.P.M.; supervision, K.P.M.; All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Ethical review and approval were waived for this study per the United States Department of Health and Human Services definition and National Health Service Medical Research Council of the United Kingdom (UK); Institutional Review Board (IRB) approval was not required for this quality assurance initiative intended to improve the quality of patient care.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to privacy restrictions.




Conflicts of Interest


Rudi Swart is employed by the company Advanced Sedation Ltd. and David Cavanaugh is employed by the company Boston Biostatistical Consulting. The remaining 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.




References


	



Kilpatrick, G.J. Remimazolam: Non-Clinical and Clinical Profile of a New Sedative/Anesthetic Agent. Front. Pharmacol. 2021, 12, 690875. [Google Scholar] [CrossRef] [PubMed]

	



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

	



Lee, J.; Jeong, S.; Lee, D.H.; Park, J.S. Finding the ideal sedative: A non-inferiority study of remimazolam vs. propofol in endoscopic retrograde cholangiopancreatography. J. Gastroenterol. Hepatol. 2023. [Google Scholar] [CrossRef]

	



Zhao, M.J.; Hu, H.F.; Li, X.L.; Li, X.M.; Wang, D.C.; Kuang, M.J. The safety and efficacy between remimazolam and propofol in intravenous anaesthesia of endoscopy operation: A systematic review and meta-analysis. Int. J. Surg. 2023, 109, 3566–3577. [Google Scholar] [CrossRef] [PubMed]

	



Yao, Y.; Guan, J.; Liu, L.; Fu, B.; Chen, L.; Zheng, X. Discharge readiness after remimazolam versus propofol for colonoscopy: A randomised, double-blind trial. Eur. J. Anaesthesiol. 2022, 39, 911–917. [Google Scholar] [CrossRef] [PubMed]

	



Rex, D.K.; Bhandari, R.; Desta, T.; DeMicco, M.P.; Schaeffer, C.; Etzkorn, K.; Barish, C.F.; Pruitt, R.; Cash, B.D.; Quirk, D.; 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, 427–437.e6. [Google Scholar] [CrossRef] [PubMed]

	



Scholz, J.; Steinfath, M.; Schulz, M. Clinical pharmacokinetics of alfentanil, fentanyl and sufentanil. An update. Clin. Pharmacokinet. 1996, 31, 275–292. [Google Scholar] [CrossRef]

	



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

	



Zhao, N.; Zeng, J.; Fan, L.; Wang, J.; Zhang, C.; Zou, S.; Zhang, B.; Li, K.; Yu, C. Moderate sedation by total intravenous remimazolam-alfentanil vs. propofol-alfentanil for third molar extraction: A prospective randomized controlled trial. Front. Med. 2022, 9, 950564. [Google Scholar] [CrossRef]

	



Guo, Z.; Wang, X.; Wang, L.; Liu, Y.; Yang, X. Can Remimazolam Be a New Sedative Option for Outpatients Undergoing Ambulatory Oral and Maxillofacial Surgery? J. Oral Maxillofac. Surg. 2023, 81, 8–16. [Google Scholar] [CrossRef]

	



Li, X.; Tian, M.; Deng, Y.; She, T.; Li, K. Advantages of Sedation with Remimazolam Compared to Midazolam for the Removal of Impacted Tooth in Patients with Dental Anxiety. J. Oral Maxillofac. Surg. 2023, 81, 536–545. [Google Scholar] [CrossRef] [PubMed]

	



Roback, M.G.; Green, S.M.; Andolfatto, G.; Leroy, P.L.; Mason, K.P. Tracking and Reporting Outcomes of Procedural Sedation (TROOPS): Standardized Quality Improvement and Research Tools from the International Committee for the Advancement of Procedural Sedation. Br. J. Anaesth. 2018, 120, 164–172. [Google Scholar] [CrossRef] [PubMed]

	



U.S. Department of Health and Human Services, Office for Human Research Protections, Regulations, 45 CFR 46. Available online: https://www.hhs.gov/ohrp/regulations-and-policy/regulations/45-cfr-46/index.html (accessed on 4 October 2023).

	



National Health Service, Health Research Authority, Medical Research Council, Decision Tool. Available online: https://www.hra.nhs.uk/ (accessed on 4 October 2023).

	



Royal College of Surgeons of England, Faculty of Dental Surgery, Standards for Conscious Sedation in the Provision of Dental Care and Accreditation, April 2015, Revised March 2020. Available online: https://www.rcseng.ac.uk/dental-faculties/fds/publications-guidelines/standards-for-conscious-sedation-in-the-provision-of-dental-care-and-accreditation/ (accessed on 4 October 2023).

	



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, 437–479.

	



Intercollegiate Advisory Committee for Sedation in Dentistry The Intercollegiate Advisory Committee for Sedation in Dentistry Is an Intercollegiate Committee of the Following: The Faculty of Dental Surgery of the Royal College of Surgeons of England (FDS RCS Eng), The Faculty of General Dental Practice (UK) (FGDP (UK)), The Faculty of Dental Surgery of the Royal College of Surgeons of Edinburgh (FDS RCS Edin), The Dental Faculty of the Royal College of Physicians and Surgeons of Glasgow (FDS RCPSG) The Royal College of Anaesthetists (RCoA) Remimazolam for Intravenous Conscious Sedation for Dental Procedures IACSD Standard on Clinical Use and Training. 9 January 2023. Available online: https://www.saad.org.uk/index.php/component/users/?view=remind&Itemid=435 (accessed on 4 October 2023).

	



European Medicines Agency, Science Medicine Health, Medicines, Human Byfavo|European Medicines Agency. Available online: https://www.ema.europa.eu/en/medicines/human/EPAR/byfavo (accessed on 4 October 2023).

	



Ramsay, M.A.; Savege, T.M.; Simpson, B.R.; Goodwin, R. Controlled sedation with alphaxalone-alphadolone. Br. Med. J. 1974, 2, 656–659. [Google Scholar] [CrossRef] [PubMed]

	



Brice, D.D.; Hetherington, R.R.; Utting, J.E. A simple study of awareness and dreaming during anaesthesia. Br. J. Anaesth. 1970, 42, 535–542. [Google Scholar] [CrossRef] [PubMed]

	



Nordström, O.; Engström, A.M.; Persson, S.; Sandin, R. Incidence of awareness in total i.v. anaesthesia based on propofol, alfentanil and neuromuscular blockade. Acta Anaesthesiol. Scand. 1997, 41, 978–984. [Google Scholar] [CrossRef] [PubMed]

	



Vargo, J.; Howard, K.; Petrillo, J.; Scott, J.; Revicki, D.A. Development and validation of the patient and clinician sedation satisfaction index for colonoscopy and upper endoscopy. Clin. Gastroenterol. Hepatol. 2009, 7, 156–162. [Google Scholar] [CrossRef]

	



Antonik, L.J.; Goldwater, D.R.; Kilpatrick, G.J.; Tilbrook, G.S.; Borkett, K.M. 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, 274–283. [Google Scholar] [CrossRef]

	



Gao, Y.-Q.; Ihmsen, H.; Hu, Z.-Y.; Sun, W.; Fang, Y.-B.; Wang, Z.; Schüttler, J.; Jeleazcov, C.; Liu, H.-C. Pharmacokinetics of remimazolam after intravenous infusion in anaesthetised children. Br. J. Anaesth. 2023, 131, 914–920. [Google Scholar] [CrossRef]

	



Schüttler, J.; Eisenried, A.; Lerch, M.; Fechner, J.; Jeleazcov, C.; Ihmsen, H. Pharmacokinetics and Pharmacodynamics of Remimazolam (CNS 7056) after Continuous Infusion in Healthy Male Volunteers: Part I. Pharmacokinetics and Clinical Pharmaco-dynamics. Anesthesiology 2020, 132, 636–651. [Google Scholar] [CrossRef]

	



Eisenried, A.; Schüttler, J.; Lerch, M.; Ihmsen, H.; Jeleazcov, C. Pharmacokinetics and Pharmacodynamics of Remimazolam (CNS 7056) after Continuous Infusion in Healthy Male Volunteers: Part II. Pharmacodynamics of Electroencephalogram Effects. Anesthesiology 2020, 132, 652–666. [Google Scholar] [CrossRef] [PubMed]

	



Chen, S.; Yuan, T.; Zhang, J.; Bai, H.; Tian, M.; Pan, C.; Bao, H.; Jin, X.; Ji, F.; Zhong, T.; et al. Remimazolam tosilate in upper gastrointestinal endoscopy: A multicenter, randomized, non-inferiority, phase III trial. J. Gastroenterol. Hepatol. 2021, 36, 474–481. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, L.; Yu, L.; Xu, L.; Wang, J.-F.; Li, J.-Y.; Chen, Z.-J. Effectiveness of remimazolam besylate combined with alfentanil for fiberoptic bronchoscopy with preserved spontaneous breathing: A prospective, randomized, controlled clinical trial. Eur. Rev. Med. Pharmacol. Sci. 2023, 27, 6071–6080. [Google Scholar] [CrossRef] [PubMed]

	



Chang, Y.; Huang, Y.T.; Chi, K.Y.; Huang, Y.T. Remimazolam versus propofol for procedural sedation: A meta-analysis of randomized controlled trials. PeerJ 2023, 11, e15495. [Google Scholar] [CrossRef] [PubMed]

	



Luo, W.; Sun, M.; Wan, J.; Zhang, Z.; Huang, J.; Zhang, J.; Xiong, W.; Xia, L.; Xu, P.; Miao, C.; et al. Efficacy and safety of remimazolam tosilate versus propofol in patients undergoing day surgery: A prospective randomized controlled trial. BMC Anesthesiol. 2023, 23, 182. [Google Scholar] [CrossRef] [PubMed]

	



Kuang, Q.; Zhong, N.; Ye, C.; Zhu, X.; Wei, F. Propofol Versus Remimazolam on Cognitive Function, Hemodynamics, and Oxygenation during One-Lung Ventilation in Older Patients Undergoing Pulmonary Lobectomy: A Randomized Controlled Trial. J. Cardiothorac. Vasc. Anesth. 2023, 37, 1996–2005. [Google Scholar] [CrossRef] [PubMed]

	



Liao, Y.Q.; Min, J.; Wu, Z.X.; Hu, Z. Comparison of the effects of remimazolam and dexmedetomidine on early postoperative cognitive function in elderly patients with gastric cancer. Front. Aging Neurosci. 2023, 15, 1123089. [Google Scholar] [CrossRef]

	



Matsuo, M.; Okada, K.; Onuki, Y.; Yamazaki, M. Incompatibility of remimazolam besylate with Ringer’s acetate infusion resulting in total occlusion of an intravenous catheter. BMJ Case Rep. 2021, 14, e241622. [Google Scholar] [CrossRef]

	



Sasaki, H.; Hoshijima, H.; Mizuta, K. Ringer’s acetate solution-induced precipitation of remimazolam. Br. J. Anaesth. 2021, 126, e87–e89. [Google Scholar] [CrossRef]

	



Cinotti, R. An update on remimazolam and anaphylaxis. Eur. J. Anaesthesiol. 2023, 40, 153–154. [Google Scholar] [CrossRef]

	



Masui, K. Caution!! Reappearance of remimazolam effect after a flumazenil bolus: A larger bolus of flumazenil and a lower total remimazolam clearance are higher risks. J. Anesth. 2022, 37, 1–5. [Google Scholar] [CrossRef]

	



Stöhr, T.; Colin, P.J.; Ossig, J.; Pesic, M.; Borkett, K.; Winkle, P.; Struys, M.M.; Schippers, F. Pharmacokinetic properties of remimazolam in subjects with hepatic or renal impairment. Br. J. Anaesth. 2021, 127, 415–423. [Google Scholar] [CrossRef]

	



Nobukuni, K.; Shirozu, K.; Maeda, A.; Funakoshi, K.; Higashi, M.; Yamaura, K. Recovery of memory retention after anesthesia with remimazolam: An exploratory, randomized, open, propofol-controlled, single-center clinical trial. JA Clin. Rep. 2023, 9, 41. [Google Scholar] [CrossRef] [PubMed]

	



Chen, X.; Sang, N.; Song, K.; Zhong, W.; Wang, H.; Jiang, J.; Huang, Y.; Hu, P. Psychomotor Recovery Following Remimazolam-induced Sedation and the Effectiveness of Flumazenil as an Antidote. Clin. Ther. 2020, 42, 614–624. [Google Scholar] [CrossRef]








[image: Jcm 12 07308 g001] 





Figure 1. Percent Change from Baseline to Lowest Mean Arterial Blood Pressure (MAP). 
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Figure 2. Percent Change from Baseline to Highest Mean Arterial Blood Pressure (MAP). 
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Figure 3. Percent Change from Baseline to Lowest Heart Rate (HR). 
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Figure 4. Percent Change from Baseline to Highest Heart Rate (HR). 
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Table 1. Baseline, demographics and procedural data.






Table 1. Baseline, demographics and procedural data.










	Variable
	N (%) or Mean (SD)
	Min, Max





	Gender
	
	



	 Female
	17 (68.0)
	



	 Male
	8 (32.0)
	



	Weight (kg)
	76.9 (19.56)
	38.0, 123.0



	Age (years)
	55.7 (18.48)
	21.0, 82.0



	Height (cm)
	169.7 (8.80)
	152.0, 182.0



	BMI (kg/m2)
	27.6 (6.49)
	15.0, 40.0



	ASA
	
	



	 1
	11 (44.0)
	



	 2
	14 (56.0)
	



	Adverse Events
	
	



	 No adverse events
	25 (100.0)
	



	Remimazolam total dose (mg)
	30.9 (14.12)
	12.5, 60.0



	Remimazolam administered (mg/kg/duration in minutes)
	0.0083557 (0.0045309)
	0.0036134, 0.0263158



	Remimazolam duration administered (min)
	61.8 (44.01)
	15.0, 205.0



	Alfentanil total dose (microgram)
	1276.0 (1104.26)
	200.0, 4400.0



	Alfentanyl total dose (microgram/kg)
	16.3 (13.31)
	2.4, 62.9



	Duration of procedure (min)
	67.4 (42.82)
	15.0, 209.0



	Intraprocedural Modified Ramsay sedation scale
	3.2 (0.47)
	2.0, 4.0



	Aldrete Discharge Score
	9.8 (0.52)
	8.0, 10.0



	Time to discharge after treatment (min)
	35.4 (17.91)
	15.0, 100.0



	Discharge after last dose of remimazolam (min)
	41.4 (20.59)
	10.0, 120.0



	Start of procedure after initial dose (min)
	4.9 (2.35)
	2.0, 10.0










 





Table 2. Awareness and dreaming questionnaire.






Table 2. Awareness and dreaming questionnaire.





	
Question

	
Response n (%)






	
What is the last thing you remember before going to sleep?

	
A. Time before initial dose administered

	
9 (36.0)




	

	
B. Time initial dose delivered

	
5 (20.0)




	

	
C. Time after initial dose before LA

	
9 (36.0)




	

	
D. Time LA given

	
1 (4.0)




	

	
F. Time procedure started

	
1 (4.0)




	
What is the first thing you remember waking up?

	
H. Immediately after the procedure

	
12 (48.0)




	

	
I. More than 5 min after the procedure

	
13 (52.0)




	
Do you remember anything between going to sleep and waking up?

	
No discomfort

only instructions/talking

	
9 (36.0)




	

	
Nothing

	
13 (52.0)




	

	
Some events unrelated to the procedure

	
3 (12.0)




	
Did you dream during the procedure?

	
Nil

	
2 (8.0)




	

	
No

	
16 (64.0)




	

	
Not sure

	
1 (4.0)




	

	
Yes

	
1 (4.0)




	

	
Yes, but can’t remember what

	
5 (20.0)




	
What was the worst thing about your operation/procedure?

	
Intravenous cannulation

	
4 (16.0)




	

	
Post procedure numbness, teeth extraction, denture

	
3 (12.0)




	

	
Paying the bill

	
1 (4.0)




	

	
Post-operative vomiting

	
1 (4.0)




	

	
Pre-operative anxiety

	
14 (56.0)




	

	
Pre-operative fasting

	
1 (4.0)




	

	
Procedure being delayed

	
1 (4.0)











 





Table 3. Clinician Sedation Satisfaction Index (CSSI).
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	Question
	Very

Satisfied
	Satisfied
	Somewhat

Satisfied
	Neither

Satisfied or Dissatisfied
	Somewhat Dissatisfied
	Dissatisfied
	Very Dissatisfied





	Effectiveness of the sedation received
	22 (91.7)
	2 (8.3)
	0
	0
	0
	0
	0



	Effect the sedation had on the procedure
	22 (91.7)
	2 (8.3)
	0
	0
	0
	0
	0



	Patient’s ability to communicate post operatively
	24 (100.0)
	0
	0
	0
	0
	0
	0



	Patient’s ability to retain post operative information
	19 (79.2)
	4 (16.7)
	0
	1 (4.2)
	0
	0
	0



	Recovery time associated with the sedation
	21 (87.5)
	3 (12.5)
	0
	0
	0
	0
	0



	Your overall satisfaction with the procedure
	24 (100.0)
	0
	0
	0
	0
	0
	0



	Your overall satisfaction with the sedation part of the procedure
	24 (100.0)
	0
	0
	0
	0
	0
	0



	Patient’s cooperation level
	23 (95.8)
	0
	1 (4.2)
	0
	0
	0
	0



	Overall ease of the procedure
	23 (95.8)
	1 (4.2)
	0
	0
	0
	0
	0



	Method of sedation compared with other methods of sedation
	21 (87.5)
	3 (12.5)
	0
	0
	0
	0
	0







Percentages based on the number of subjects that responded.













 





Table 4. Patient Sedation Satisfaction Index (PSSI).
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	Question
	Very

Satisfied
	Satisfied
	Somewhat

Satisfied
	Neither

Satisfied or Dissatisfied
	Somewhat Dissatisfied
	Dissatisfied
	Very Dissatisfied





	Pain associated with the sedation delivery
	23 (92.0)
	2 (8.0)
	0
	0
	0
	0
	0



	Amount you remember during the procedure
	19 (76.0)
	3 (12.0)
	2 (8.0)
	1 (4.0)
	0
	0
	0



	Amount of drowsiness with the medication
	17 (68.0)
	4 (16.0)
	2 (8.0)
	1 (4.0)
	0
	1 (4.0)
	0



	Amount of sedation you received (enough to make you drowsy or go to sleep)
	23 (92.0)
	1 (4.0)
	0
	1 (4.0)
	0
	0
	0



	Amount of nausea after the procedure
	23 (92.0)
	1 (4.0)
	0
	0
	0
	0
	1 (4.0)



	Amount you remember about the procedure
	20 (80.0)
	3 (12.0)
	1 (4.0)
	0
	1 (4.0)
	0
	0



	Length of time you felt the effects of the sedation received
	22 (88.0)
	3 (12.0)
	0
	0
	0
	0
	0



	Drowsiness after the procedure
	14 (56.0)
	7 (28.0)
	3 (12.0)
	1 (4.0)
	0
	0
	0



	Grogginess after the procedure
	18 (72.0)
	4 (16.0)
	2 (8.0)
	1 (4.0)
	0
	0
	0



	How tired you felt after the proced