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Objective: To study the efficacy and safety of different doses of remimazolam used for induction and maintenance in short
laparoscopic surgery.

Methods: A randomized controlled trial was conducted between May 2021 and May 2022 on patients underwent laparoscopic surgery
for 30 minutes to an hour. Based on the drug used and the infusion rate, included patients were allocated into the Low-group of
remimazolam (using a constant infusion rate of 6.0 mg/kg/h for induction and the rate of 1 mg/kg/h for maintenance), the Median-
group (9.0 mg/kg/h for induction, 2 mg/kg/h for maintenance), the High-group (12.0 mg/kg/h for induction, 3.0 mg/kg/h for
maintenance), and the Propofol group. The postoperative extubation time was used as the primary outcome.

Results: A total of 192 patients were included in the study, with 47, 48, 48, and 49 patients in the Low-, Median-, High-, and Propofol
group, respectively. There was a significant difference in postoperative extubation time, with the High-group having the highest
duration of 15.21+2.34 minutes compared to the Median-group (13.17+1.71 minutes, p<0.001), Low- group (12.72+1.31 minutes,
p<0.001), and the Propofol group (12.24+1.23 minutes, p<0.001). No significant difference was found between the Low-group and the
Propofol group, while the Median-group still showed higher postoperative extubation time compared to the Propofol group (p=0.008).
Conclusion: Compared to propofol, total intravenous induction and maintenance with high and median dosages of remimazolam may
prolong postoperative extubation time. Remimazolam can be safely used for induction and maintenance at various doses while not
increasing the likelihood of adverse events.
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Introduction
Remimazolam, a new ultrashort benzodiazepine, acts through gamma-aminobutyric acid-a (GABA-A) receptors at the
amygdala and reticulum activating system binding sites.' By altering the conformation of chloride channels, it inhibits
the action of these channels in the central nervous system and causes hyperpolarization.”? Midazolam, a traditional
benzodiazepine used for sedation and anticonvulsants since 1982, has some drawbacks that limit its use for the
maintenance of general anesthesia, including drug accumulation and prolonged sedation.®> Remimazolam, on the other
hand, is a midazolam derivative with an ester moiety added and two forms - besylate and tosylate.* Non-specific tissue
esterases metabolize it, with its main metabolite CNS7054 possessing reduced binding capacity with the GABA-A
receptor.* Reports indicate that remimazolam has the advantages of rapid onset of action, short recovery time, and stable
hemodynamics.* Furthermore, flumazenil can quickly and specifically reverse its sedative effects, making it increasingly
used for clinical anesthesia.’

Remimazolam was first approved for procedural sedation during gastrointestinal endoscopy.* It was only recently
approved in November 2021 for inducing and maintaining general anesthesia in China. Despite the package insert
allowing for a 3-fold difference between the maximum and minimum dose of remimazolam for induction and
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maintenance doses, few studies have been conducted to compare the efficacy of different doses of remimazolam used for
induction and maintenance of general anesthesia. To address this gap, this study applied different doses of remimazolam
for short laparoscopic surgery and compared it with Propofol, focusing on the efficacy and safety of the different doses of
remimazolam for induction and maintenance of general anesthesia, particularly in terms of anesthesia recovery and

incidences of adverse event.

Methods and Materials

Patients, Grouping, and Blinding
The study recruited patients who underwent short laparoscopic surgery between May 2021 and May 2022 at Suining
Central Hospital as participants. Inclusion criteria were as follows: aged between 18 and 60 years old, American Society
of Anesthesiologists (ASA) grade I-II, operation time of 30 minutes to 1 hour, voluntary participation with informed
consent signed by the patients and their families. Exclusion criteria included emergency surgeries, body mass index
(BMI) > 30, significant blood volume loss or shock, use of other anesthesia methods, transplantation of heart, liver or
kidney, severe liver dysfunction, anemia or thrombocytopenia, severe heart disease or infectious heart disease, uncon-
trolled hypertension or diabetes, potential difficult airway, history of drug abuse or alcoholism, mental system diseases,
and allergy to benzodiazepines. Patients were randomly assigned to remimazolam Low-, Median-, and High- groups, as
well as the Propofol group, using the digital random table method. Personnel responsible for patient recruitment, follow-
up, and data analysis were not informed of the drugs administered. Independent personnel organized different doses of
remimazolam and managed patients during the recovery period. The researchers responsible for intraoperative anesthesia
management did not participate in other research sessions.

This trial was approved by the Ethics Committee of Suining Central Hospital on September 2, 2020
(LLSNCH20200035) and registered in the Chinese Clinical Trial Registration Center (ChiCTR2000038094, 2020/09/
10). This study was conducted in accordance with the principles of the Declaration of Helsinki, and all patients

participating in this study provided written informed consent.

Anesthesia Protocol
To calculate the induction and maintenance doses, the patient’s height and weight were obtained. On the day of the
operation, standard monitoring was carried out as per ASA recommendations, with the depth of sedation and anesthesia
monitored using the bispectral index (BIS) monitor from Aspect Medical Systems, US. Total intravenous induction was
carried out in a sequential order of remimazolam (Jiangsu Hengrui Pharmaceutical Co., Ltd., China) or propofol (Sichuan
Guorui Pharmaceutical Co., Ltd., China), sufentanil (0.5 ug/kg, Yichang Renfu Pharmaceutical Co., Ltd., China), and
cisatracurium (0.15 mg/kg, Shanghai Pharmaceutical Dongying Pharmaceutical Co., Ltd., China), which was followed by
endotracheal intubation. The time from the beginning of intravenous induction to the disappearance of eyelash reflex was
recorded as the time of loss of consciousness (LoC). An infusion system (B. Braun, Germany) was used for target-
controlled infusion. Remimazolam was administered to the Low group with a constant pump rate of 6.0 mg/kg/h and then
changed to 1 mg/kg/h for maintenance until the end of the operation, while the Median- and High-groups had induction
rates of 9.0 mg/kg/h and 12.0 mg/kg/h respectively, and maintenance rates of 2 mg/kg/h and 3.0 mg/kg/h respectively.
The Propofol group received an induction dose of 2.0 mg/kg and a maintenance rate of 6.0 mg/kg/h. During the
operation, total intravenous anesthesia was maintained with remifentanil added at a rate of 8-10 ug/kg/h (Yichang Renfu
Pharmaceutical Co., Ltd., China). Intraoperative hypotension was treated with norepinephrine to maintain the mean
arterial pressure at or above 65mmHg, and to ensure that the systolic blood pressure did not fluctuate more than 20% of
the baseline value. Accordingly, the atropine was taken to prevent bradycardia. Core temperature was monitored and
maintained at 36.3-36.8°C.

Additionally, a quality of recovery —40 questionnaire (QoR-40)° was finished face-to-face as a baseline value
(QoR-40p,se1ine) 1 day before to the operation. The questionnaire was completed under the guidance of a researcher
who had received training on the QoR-40 questionnaire survey.
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Anesthesia Recovery Protocol and Follow-Up
The patients were transferred from the operation room to the Post-Anesthesia Care Unit (PACU). The Anesthesiologists
in the PACU monitored the awakening of the patients using the Richmond agitation-sedation scale (RASS).” Eight
minutes after entering the PACU, their name was called every 2 minutes, and the passive eye-opening time was recorded.
Once consciousness was regained with a RASS score between —3 and 0 and a train-of-four rate (TOFR) greater than
90%, the tracheal tube was removed and the extubation time was noted. After extubation, administer 4-5 L/min medium-
flow mask oxygen therapy to the patient and continuously monitor the breathing and state of consciousness. If the RASS
score of the patient remains at —3 or even drops to —4 within 5 minutes after extubation, 2mg Flumazenil (Jiangsu Nhua
Pharmaceutical Co., Ltd., China) and 0.25 pg/kg nalmefene (Chengdu Tiantaishan Pharmaceutical Co., Ltd., China) were
used for intervention. The assessment was repeated every 10 minutes after the intervention, and the same dose of
flumazenil and nalmefene was repeated once if necessary. The inability to maintain pulse oxygen saturation (SpO,) levels
above 90 after extubation with medium-flow mask oxygen therapy was classified as a post-extubation respiratory
depression event. Similarly, a RASS score greater than +2 points was considered as emergence agitation, while
a score of —4 or —5 points after 30 minutes in the PACU suggested delayed recovery. In addition, postoperative nausea
and vomiting (PONV) were monitored, and tropisetron (5Smg, Qilu Pharmaceutical Co., Ltd., China) was used to treat the
condition. Once the Alderete score was > 9, patients were transferred to the general ward, and the PACU stay duration
was recorded. Following transfer, a nasal cannula was used to deliver continuous low-flow oxygen therapy and SpO,
levels were monitored continuously until 24 hours post-operation. Any SpO, values below 90 during this period were
considered a respiratory depression event. All patients received ultrasound-guided transversus abdominis plane block and
intravenous parecoxib sodium (40 mg, Pharmacia & Upjohn Company LLC) as an analgesic in the PACU.
Hydromorphone was used as a supplement if pain relief was found to be inadequate.

On the day following the surgery, the patients underwent follow-up, during which they completed the QoR-40
questionnaire (QoR-40,og0perative)- The incidence of respiratory depression and nausea and vomiting were carefully
documented, and the modified Brice questionnaire® was used to evaluate the occurrence of awareness during operation.

Outcomes

The primary outcome was the time to extubation after surgery. The secondary outcomes comprised various parameters
such as: time of LoC, the time of PACU stay, passive eye-opening time, BIS values at different time points (TO: 5
minutes after induction, T1: at the beginning of the operation, T2: 30 minutes after the operation, T3: at the end of the
operation, T4: 10 minutes after the operation), type of operation and operation time, volume of intraoperative infusion,
dosage of remimazolam, propofol and remifentanil, usage rate of norepinephrine, flumazenil and nalmefene, and
incidence of PONV. Besides, the study observed the impact of the sedative drug’s economic cost on the patients and
assessed postoperative recovery quality using the QoR-40 questionnaire. The QoR-40 questionnaire included five
dimensions of recovery, namely physical comfort (12 items), emotional state (9 items), physical independence (5
items), psychological support (7 items), and pain (7 items). Each item was rated on a five-point Likert scale - none of
the time, some of the time, usually, most of the time, and all of the time. The total score obtained through QoR-40
assessment ranged from 40 (indicating poor quality of recovery) to 200 (indicating supreme quality of recovery).®
Besides, the study assessed the basic information of the patients, including gender, age, height, weight, and BMI.

Sample Size Calculation and Statistical Analysis

The PASS software (version 15.0) was used to calculate the sample size for multiple sample mean comparisons. In the
preliminary trial, the average postoperative extubation time of each group was: 11.31+1.21 minutes (Low-group), 13.15
+1.17 minutes (Median-group), 16.79+1.52 minutes (High-group), and 14.97+1.19 minutes (Propofol-group) respec-
tively, with the lowest detectable difference of 1.82. Mean and standard deviation comparisons were performed using the
Turkey method, with 0=0.05 and p=0.2. The groups were designed to have a 1:1 ratio, and 42 participants in each group
were required to achieve a power of 0.8. Considering a dropout rate of 20%, it was planned to recruit 50 patients to each

group.
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The statistical evaluation was executed utilizing SPSS software (Version 27.0, Chicago, Illinois, USA). Mean =+
standard deviation (M+SD) was adopted to signify measurement data, followed by multi-sample mean-variance analysis.
For Count data, n (%) was employed, along with either the chi-square test or Fisher’s exact test. The LSD method was
used to performrepeated analysis of variance (ANOVA) measurements and multiple comparisons within and between
groups. P-values less than 0.05 were deemed statistically significant.

Results

From May 2021 to May 2022, a total of 211 people met the initial inclusion and exclusion criteria and were divided into groups
according to the digital random number method. Among them, 14 people were excluded because the operation lasted more
than one hour, 3 people were excluded due to conversion to laparotomy, and 2 people were excluded because the operation
time was less than half an hour. In the end, a total of 192 people were included in the study, with 47 people in the Low-group,
48 people in the Median-group, 48 people in the High-group, and 49 people in the Propofol group (Figure 1).

Primary Outcome

The postoperative extubation time in the High-group was 15.21+2.34 minutes, which was significantly longer than the
Median-group (13.17+1.71 minutes, p<0.001), the Low-group (12.72+1.31 minutes, p<0.001), and the Propofol group
(12.24+1.23 minutes, p<0.001). The Low-group exhibited no significant difference in the postoperative extubation time
compared to the Propofol group, whereas the Median-group still showed a higher postoperative extubation time when
compared to the Propofol group, with a p-value of 0.008. (Table 1) The High-group had a range of 11-20 minutes of
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Figure | The CONSORT Flow Diagram.
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Table | Results of Outcomes

Outcomes Low-Group, n=47

Median-Group, n=48

High-Group, n=48

Propofol Group, n=49

Primary outcome

Postoperative extubation time, M+SD (minute) 12.72+1.31°

Secondary outcome
Demographic information

Gender, male/female. n(%) 32(68.09)/15(31.91)

Age, M+SD (years) 38.83+13.25
Height, M£SD (m) 1.7320.13
Weight, M£SD (kg) 71.28+12.09
BMI, M+SD 23.69+3.23
Anesthesia and surgical information
Anesthesia duration, M+SD (minute) 64.36x11.02
Time to loss of consciousness (second) 100.23424.79>¢
Surgery duration, M+SD (minute) 46.38+8.46
Types of laparoscopic surgery, n(%)
Cholecystectomy 38(80.85)
Appendectomy 6(12.77)
Removal of ovarian cysts 2(4.26)
Exhumation of uterine fibroids 1(2.13)
Postoperative passive eye opening time, M+SD (minute) 11.74£1.29
Duration of PACU stay, M+SD (minute) 32.60+7.45
Intraoperative consumption of remifentanil, M+SD (ug) 605.40+118.71
Intraoperative consumption of remimazolam or propofol, M+SD (mg) 93.50%16.77>
Intraoperative crystalloid fluid infusion volume, M+SD (mL) 353.19+60.53
Rate of intraoperative norepinephrine usage, Y/N, n(%) 11(23.40)/36(76.60)°
Incidence of postoperative nausea and vomiting, Y/N, n(%) 4(8.51)/43(91.49)
Incidence of emergence agitation in the PACU, Y/N, n(%) 2(4.26)/45(95.74)

Incidence of flumazenil and nalmefene used in PACU, Y/N, n(%)

Adverse events

4(8.51)/43(91.49)
The incidence of intraoperative awareness, Y/N, n(%) 0(0.00)/100(100.00)
0(0.00)/100(100.00)
4(8.51)/43(91.49)°
0(0.00)/100(100.00)

Incidence of respiratory depression after extubation, Y/N, n(%)
Incidence of intraoperative hypotension, Y/N, n(%)
Incidence of delayed emergence, Y/N, n(%)

Cost information

Cost of Remimazolam or Propofol, M+SD (yuan) 169.77£36.09°¢

13.17+1.71

27(56.25)/21(43.75)
41.40%11.55
1.730.10
72.46x11.70°
24.24+2.95%

67.29+10.14
82.08+33.28%
45.7749.24

36(75.00)
8(16.67)
3(6.25)
1(2.08)
12.42¢1.67
33.408.09
651.17+146.56
188.17+39.74°
354.00457.30
15(31.25)/33(68.75)°
6(12.50)/42(87.50)
1(2.08)/47(97.92)
3(6.25)/45(93.75)

0(0.00)/100(100.00)
2(4.17)/46(95.83)

6(12.50)/42(87.50)°

0(0.00)/100(100.00)

311.39+62.38%¢

15.21+2.34%%4

21(43.75)/27(56.25)
39.92+12.59
1.72%0.11
67.96+12.64
22.84+2.93°

67.75+11.27
60.00+35.5]2>
43.7548.43

40(83.33)
5(10.42)
1(2.08)
2(4.17)
12.54£1.91
33.00+6.73
616.15+163.20
255.37463.10°°
342.48+59.50
18(37.50)/30(62.50)°
5(10.42)/43(89.58)
3(6.25)/45(93.75)
5(10.42)/43(89.58)

0(0.00)/100(100.00)
2(4.17)/46(95.83)

8(16.67)/40(83.33)°

0(0.00)/100(100.00)

417.89+99.10%¢

12.24+1.23%

23(46.94)/26(53.06)
37.37£12.16
1.71%0.11
66.96+10.87°
23.01+2.87°

66.63+11.10
34.47+12.56%¢
43.04+8.34

38(77.55)
9(18.37)
1(2.04)
1(2.04)
11.67+1.30
32.57+7.80
596.04+144.68
580.95+125.70
346.96+63.18
26(53.06)/23(46.94)
8(16.33)/41(83.67)
4(8.16)/45(91.84)
3(6.12)/46(93.88)

0(0.00)/100(100.00)
3(6.12)/46(93.88)

15(30.61)/34(69.39)

0(0.00)/100(100.00)

58.89+11.68%¢

Notes:*compared with the Low-group, p<0.05;"Compared with the Median-group, p<0.05;°Compared with the High-group, p<0.05; compared with the Propofol-group, p<0.05.

Abbreviations: M+SD:, mean * standard deviation; Y/N, Yes/No; PACU, Post-Anesthesia Care Unit; BMI, body mass index.
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postoperative extubation time, while the Median-group had a range of 10—16 minutes, and the Low-group had a range of
10-15 minutes. Finally, the Propofol group exhibited a range of 10—16 minutes.

Secondary Outcomes

The duration of LoC decreased gradually with increasing doses of remimazolam, and there were statistically significant
differences among the groups. The High-group had the shortest LoC time, which was 60.00+35.51 seconds, followed by
the Median-group (82.08+33.28 seconds, p<0.001) and the Low-group (100.23+24.79 seconds, p<0.001). The Propofol
group had the shortest LoC time of all, at 34.47+12.56 seconds (p<0.001), as per Table 1.

Patients in the Propofol group had a lower average actual body weight (66.96+£10.87 kg) compared to the Median-
group (72.46£11.70 kg, p=0.023) along with a lower BMI (23.01£2.87 vs 24.24+2.95 in Median-group, p=0.045 and
22.84+2.93 in High-group, p=0.023). The Propofol group also had a higher intraoperative norepinephrine usage rate and
intraoperative hypotensive event rate (53.06% vs 30.61%) compared to the other three groups who received remimazo-
lam during the operation (p<0.05). Furthermore, there were significant differences in the consumption of remimazolam
and propofol as well as their corresponding costs among the four groups (p<0.001), as shown in Table 1. There was no
statistically significant difference between other outcomes, p>0.05 (Table 1).

The average score of BIS in the Propofol group at T1 and T2 was 48.69+6.44 vs 49.65+6.20, respectively, which was
significantly lower than those in the Low-group (56.3248.28, p<0.001 vs 54.36+9.12, p=0.008), in the Median-group
(57.50+8.85, p<0.001 vs 53.79+8.41, p=0.018), and in the High-group (56.06+9.10, p<0.001 vs 55.21+10.08, p=0.002).
At T3, the BIS value of the Propofol group was 49.8446.50, which was lower than that of the Median-group (54.21+£9.34,
p=0.008) and that of the High-group (53.23£8.06, p=0.04). Additionally, significant differences in the changes of BIS
values within each group at each time point were present, p<0.05 (Figure 2).

Compared with the preoperative basic conditions, the total scores of the QoR-40 in the four groups were all
statistically reduced after the operation within groups, p<0.05, but the differences were without statistical significance
between groups. Correspondingly, the four sub-items of QoR-40 (Emotional status, Physical comfort, Psychological
support, and Physical independence) also have statistical differences in the comparison of time before and after the
operation, p<0.05, and similarly, there is no statistical difference between the four groups about these four sub-items.
Regarding the Pain sub-item of QoR-40, no statistically significant differences were observed within or between the four
groups, p>0.05 (Table 2).

80
BN Low-group
# # # ' @ 1 Median-group
60— 1 High-group
‘é’ 1 Propofol-group
40
20 I 1 1 I |

T0 T T2 T3 T4

Figure 2 Bispectral index (BIS) at different times.

Notes: Data were shown as a Violin plot with the median value and quartiles. *Compared with the Low-, Median-, and High- group of remimazolam at the same time,
p<0.05. TO: 5 minutes after induction; T1: at the beginning of the operation; T2: 30 minutes after the operation; T3: at the end of the operation; T4: |0 minutes after the
operation.
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Table 2 Results of Preoperative and Postoperative Analysis of the Quality of Recovery-40 (QoR-40) Questionnaire

Low-Group, Median-Group, High-Group, Propofol Group,
n=47 n=48 n=48 n=49
Emotional status QoR-404,5cline 43.96+0.83 44.06+0.78 43.92+0.79 44.08+0.79
9 items*5 QOoR-40,05coperative | 43.47%1.12% 43.38+1.23* 43.54+1.18% 43.69+1.18%
Physical comfort QoR-404,5cline 58.32%1.18 58.27x1.09 58.52+0.99 58.35+1.09
12 items*5 QoR-40,6coperative | 57.28+1.92% 56.94x|.88* 56.98+1.80* 57.37£1.90*
Psychological support QoR-404,5cline 33.43%1.10 33.77x1.04 33.56x1.11 33.22+1.09
7 items*5 QOoR-40,5coperative | 32.83%1.63* 32.90+1.68* 32.40%1.62% 32.71%1.76*
Physical independence QoR-404,5cline 23.94+0.82 23.96+0.87 24.00+0.88 23.88+0.83
5 items*5 QOoR-40,65coperative | 22.96%1.43% 23.151.29* 22.83%|.46* 23.10+1.39%
Pain QoR-404,5cline 33.66x1.11 33.15%1.09 33.40%1.09 33.29+0.98
7 items*5 QoR-40p0scoperative | 33.62%1.13 33.46x1.13 33.23%1.06 33.57%1.12
Total score QoR-40p,5cline 193.30+2.20 193.21£2.04 193.40+1.95 192.8242.12
40 items*5 QOoR-40,05coperative | 190.15+3.28* 189.81+3.42* 188.98+3.20* 190.45+3.29*

Note: *Compared with the baseline, p<0.05.

Discussion

Remimazolam is an ultra-short-acting benzodiazepine, which can be rapidly metabolized to CNS7054 mainly by non-
specific esterase [mainly carboxylesterase 1A (CES 1A)] in the human liver, with a half-life of about 6.8 minutes.’
Postoperative extubation time refers to the time after surgery that the patient is off the ventilator and the endotracheal
tube is successfully extubated, which can reflect patient recovery and postoperative safety. Early identification of
abnormalities during recovery can lead to further evaluation and treatment, benefiting high-risk patients.'® A shorter
postoperative extubation time usually means a faster recovery for the patient and a lower risk of postoperative
complications. It is widely used as an index to evaluate the quality and effect of surgery and to evaluate the effectiveness
and safety of new anesthetic drugs and techniques.'' A standard post-awakening extubation strategy was used in this
study, and we found a statistical difference in postoperative extubation time among the Low-group (using a constant
infusion rate of 6.0 mg/kg/h for induction and 1 mg/kg/h for maintenance), the Median-group (9.0 mg/kg/h for induction,
2 mg/kg/h for maintenance), High-group (12.0 mg/kg/h for induction, 3.0 mg/kg/h for maintenance), and the Propofol
group. The postoperative extubation time of the High-group (15.21£2.34 minutes) and the Median-group (13.17+1.71
minutes) was longer than that of the Low-group (12.72+1.31 minutes) and the Propofol group (12.24+1.23 minutes),
which was similar to the median time of the extubation time [21 minutes, 95% confidence interval (CI) (15-28) minutes]
reported previously.'? Although the statistical difference was achieved, the clinical value of the time difference remains
to be explored. Similar to the average loss of consciousness (LoC) time reported in previous studies (81.7 seconds vs
97.2 seconds in two groups),'® there were also differences in the time of LoC after induction and the amount of
remimazolam used among the three groups and the duration of LoC decreased gradually with increasing doses of
remimazolam. The High-group had the shortest LoC time, which was 60.00+35.51 seconds, followed by the Median-
group (82.08+33.28 seconds) and the Low-group (100.23+24.79 seconds). The Propofol group had the shortest LoC time
of all, at 34.47+12.56 seconds. Additionally, the intraoperative norepinephrine usage and hypotension incidence rate were
lower in the remimazolam group than in the Propofol group, indicating better hemodynamic stability. Nevertheless, the
cost associated with the administration of remimazolam was greater compared to the Propofol group, and this cost
increased notably as the dosage of remimazolam increased.

The possibility of resedation and secondary respiratory depression after using remimazolam is a major concern for
clinicians, as they can adversely affect clinical quality and safety.” Administration of high doses of remimazolam
followed by antagonizing with flumazenil has resulted in reports of resedation with respiratory depression.'*'
However, in this study, the High-group, which administered the upper limit of the recommended dosage of remimazolam
for anesthesia management, did not cause any more cases of postoperative respiratory depression, increased incidences of
flumazenil or nalmefene use in the PACU, or re-sedation events, indicating that remimazolam may be safe for the
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respiratory tract. This may be due to its quick metabolism without accumulation and not affecting the level of respiratory
muscle tension. Results may also be attributed to the emphasis on protecting patients’ body temperature during the
operation.

Personalized sedative drug use is recommended in medical routine, and the titration method is commonly used.'®
However, as a new drug for clinical use, this study did not adopt a sequential design'” or Dixon up-and-down methods'’ to
explore the dosage distribution of remimazolam. Instead, three dosage regimens were directly designed based on the
recommended labeled induction and maintenance doses combined with standard intervention measures to reduce bias and
confoundings. This methodology was based on existing reports of remimazolam’s safety and limited data on its clinical
application.' Since remimazolam is a new generation of benzodiazepines, delayed awakening or delirium during awakening in
the recovery room should be considered.'® The incidence of emergence agitation did not differ significantly among the four
groups and no delayed emergence occurred. This suggests that remimazolam’s application may reduce emergence agitation
compared to midazolam, which needs further study. Future studies should focus on postoperative delirium in high-risk groups,
such as elderly patients or patients who have been sedated with remimazolam for an extended period. The focus of this study
was short laparoscopic surgery in ASA grade I-1I patients; thus, extrapolation of the research findings may be limited.

According to the results of this study, the BIS value in the remimazolam group during the operation was higher in
comparison to the Propofol group. However, there were no significant differences in the BIS value among the three
different dosages of remimazolam administered. These findings indicate that using BIS value to accurately monitor the
depth of anesthesia during maintenance with remimazolam may not be entirely reliable. This study’s conclusion is
consistent with prior research'*'” and highlights the need for further calibration and exploration of the correlation
between remimazolam and BIS values, and the underlying mechanisms.

The pilot experiment revealed that patients who received remimazolam for induction and maintenance were more fatigued
after waking up in the PACU compared to those who received propofol. To evaluate the quality of recovery, the study
employed the QoR-40 questionnaire. However, no discrepancies in the quality of recovery were found between the groups that
received remimazolam and the group that received propofol. The limited sample size may have lowered the power of studying
the QoR-40 questionnaire between groups. Additionally, the questionnaire was completed 1 day postoperatively instead of
immediately postoperatively which may have contributed to the absence of differences between groups. Future studies should
consider shortening the interval for the postoperative evaluation using the QoR-40 questionnaire.

This study has the following limitations. Firstly, the induction effect of remimazolam has not been compared with that
of midazolam. Secondly, other possible adverse reactions caused by remimazolam were not given enough consideration,
such as the deterioration of liver function and changes in the blood system. Lastly, the short follow-up period did not
allow for the observation of potential long-term adverse events.

Conclusions

Compared to propofol, total intravenous induction and maintenance with high and median dosages of remimazolam
prolonged postoperative extubation time. Remimazolam can be safely used for induction and maintenance at various
doses while not increasing the likelihood of adverse events. But remimazolam has a relatively high cost of use when
compared to propofol.
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