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Introduction: This study compared the quality of postoperative recovery among older patients undergoing day surgery with induction
using remimazolam or etomidate.

Methods: This multicenter, randomized, parallel-group, double-blinded trial with a non-inferiority design was conducted in three
tertiary university hospitals. Older patients undergoing day surgery were randomly assigned to receive either remimazolam or
etomidate for pump-induced general anesthesia. The primary outcome was the 15-item Quality of Recovery (QoR-15) score on
postoperative day 1 (POD1). The mean difference between the groups was compared against a non-inferiority margin of —8. Secondary
outcomes included the QoR-15 score on POD2, scores for the five QoR-15 dimensions, and vital signs at predefined time points.
Results: In total, 118 older patients were randomized to the two groups. In the per-protocol set, the QoR-15 score on POD1 was 133.7+12.9 in
the remimazolam group, versus 131.2 + 17.3 in the etomidate group, with a mean difference of 2.5 [95% confidence interval [CI]: 3.2, 8.2). In
the modified intention-to-treat set, the QoR-15 scores were 133.5 = 12.9 and 131.2 £ 17.6 in the remimazolam and etomidate groups,
respectively, with a mean difference of 2.3 (95% CI: —3.3, 7.8). The lower limit of the confidence interval exceeded the predefined non-
inferiority cutoff of —8, confirming the non-inferiority of remimazolam (P < 0.001). We compared the QoR-15 dimension scores on POD1 with
the baseline scores in both groups. In the remimazolam group, only the physical independence score on POD1 was higher than at baseline,
whereas in the etomidate group, the total QoR-15, physical comfort, physical independence, and emotional state scores were all lower on POD1
than at baseline. During anesthesia maintenance, the remifentanil dosage was higher in the remimazolam group than in the etomidate group
(890.1 £5.7 pg vs 745.1 £ 45.3 pug, P =0.037).

Conclusion: In older patients undergoing day surgery, remimazolam exhibited non-inferiority to etomidate for anesthesia induction in
terms of QoR-15 scores on PODI.
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Introduction

In 2019, the number of ambulatory surgeries in China reached 1.45 million, accounting for 13.2% of elective operations.' With
societal aging, the proportion of older patients undergoing ambulatory surgeries is also increasing each year.” Older patients
exhibit reduced organ function and several co-morbidities, leading to a higher incidence of postoperative complications than
noted in younger patients.> ® Hemodynamic fluctuations during or after anesthesia induction comprise a common cause of
poor postoperative recovery in older patients. Therefore, most anesthesiologists prefer etomidate over propofol as the
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induction anesthetic given its stable hemodynamic characteristics.” However, etomidate exerts an inhibitory effect on adrenal
function, and it can cause muscle tremors and stiffness and increase postoperative nausea and vomiting, which collectively
hamper postoperative recovery.® !

Remimazolam is an ultra-short-acting benzodiazepine that exhibits hemodynamic stability during anesthesia induc-
tion with no evidence of adrenal function inhibition.'?"'* If remimazolam can provide similar hemodynamic stability and
postoperative recovery as etomidate, then it could emerge as a new option for anesthesia induction in older patients
during day surgery. To date, no study has compared the differences in postoperative recovery between etomidate and
remimazolam in older patients following ambulatory surgery. Thus, a direct head-to-head non-inferiority randomized
controlled trial is warranted. Meanwhile, as remimazolam is a benzodiazepine, its effect on postoperative delirium
remains controversial. Guidelines based on observational studies recommend that preoperative benzodiazepine use
should be avoided in older patients to prevent postoperative complications such as delirium.'>'® However, a large
randomized controlled trial involving 909 older patients undergoing non-cardiac surgery found that routine preoperative
intravenous midazolam injection did not increase the incidence of postoperative delirium.'” Moreover, some studies
demonstrated that preoperative benzodiazepine use alleviated patients’ anxiety and potentially improved patients’
satisfaction.'®'” Remimazolam, unlike other benzodiazepines (eg, midazolam), can replace propofol or etomidate as
a single sedative hypnotic combined with opioids for general anesthesia induction. Further study is needed to clarify
whether a single induction dose will increase postoperative delirium in older patients and affect the quality of post-
operative recovery. Therefore, a multicenter, randomized, parallel-controlled, double-blind study was designed to explore
the non-inferiority of remimazolam-induced laryngeal mask general anesthesia in older patients in comparison with
etomidate in terms of recovery quality and postoperative adverse events after day surgery.

Methods

Ethics and Recruitment

The study was approved by the Ethics Committees of Xijing Hospital of Air Force Military Medical University
(KY20222277-F-1), Xi’an People’s Hospital (KJLL-H-K-2023014), and Affiliated Hospital of Yan’an University (YAS-
HO01-202307008) and registered with ClinicalTrials.gov (registration date: January 29, 2023; registration number:
NCT05748665). This study was conducted in compliance with the guidelines of the Declaration of Helsinki. After obtaining
written informed consent from all patients, the trial was conducted from August 2023 to January 2024. Older patients (>60
years) with American Society of Anesthesiologists (ASA) physical status I-1II and body mass index (BMI) of 18-30 kg/m2
were eligible. These patients were scheduled to receive laryngeal mask general anesthesia for day surgery. Patients with
cognitive dysfunction, neuropsychiatric disorders, benzodiazepine or opioid use within 1 month preoperatively, estimated
difficult airways, adrenocortical insufficiency, porphyria, a history of chronic corticosteroid therapy, and known contra-
indications or allergies to benzodiazepines, opioids, or etomidate or its components were excluded.

Interventions and Anesthesia

This multicenter, randomized, parallel-group trial with a non-inferiority design was conducted in three tertiary university
hospitals. A doctor who was not involved in data management and statistical analyses generated the random number
sequence using Depax EDC (DAP Software, Beijing, China). Randomization was conducted using a 1:1 allocation ratio,
and enrollment was conducted by the research center. Subjects were blinded to the induction agent used. Blinded
researchers performed screening, recruitment, data collection, mask ventilation, laryngeal mask insertion, and outcome
evaluation. Unblinded nurses prepared and administered the drugs, while concealing the syringe, syringe pump, and
intravenous catheter during the infusion process.

The patients received remimazolam or etomidate at a dose of 0.2 mg/kg within 1 min depending on their grouping.
When the Modified Observer’s Assessment of Alertness/Sedation (MOAA/S) score was <2, sufentanil (0.2 pg/kg) and
rocuronium (0.6 mg/kg) were intravenously administered. Conversely, if the MOAA/S score was 2 or higher, 0.5-1 mg/
kg propofol was used as a rescue hypnotic. The laryngeal mask was placed 2 min after anesthesia induction. Sevoflurane
and remifentanil were used in both groups to maintain the anesthesia index (Ai) between 40 and 60 (ConView system,
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version 2.4.1, Pearlcare Medical Technology Company Limited, Zhejiang, China), with rocuronium added as required.
Vasoactive drugs were administered as needed to maintain patients’ blood pressure and heart rate (HR) within 20% of the
baseline values.

No premedication was given before anesthesia. Upon entering the operating theater, standard monitoring was
commenced, including electrocardiogram (ECG), pulse oximetry, non-invasive or invasive blood pressure measurement,
and anesthesia depth assessment. All patients were given nonsteroidal anti-inflammatory drugs and local incision
infiltration for analgesia, along with antiemetics to prevent postoperative nausea and vomiting. Neostigmine or sugam-
madex was provided as necessary to antagonize residual muscarinic effects. The return of consciousness (ROC) was
confirmed by removing the laryngeal mask, with ROC defined as the patient’s response to verbal commands and
sufficient spontancous respiration, following which the patient was transferred to the post-anesthesia care unit (PACU).

Outcome and Measurements

The primary aim of this study was to evaluate the quality of postoperative recovery using the 15-item Quality of
Recovery (QoR-15) questionnaire, a comprehensive measure of postoperative recovery that encompasses five dimen-
sions: physical comfort (five items), emotional state (four items), physical independence (two items), psychological
support (two items), and pain (two items). Each item was scored on an 11-point scale, with higher scores indicating more
frequent positive responses and lower scores indicating more frequent negative responses. The total score ranged from 0
(worst recovery) to 150 (best recovery). Patients completed the QoR-15 questionnaire 1 day before surgery and on
postoperative days (PODs) 1 and 2, with the POD1 score serving as the primary outcome.

Additional assessments were conducted to comprehensively evaluate perioperative outcomes. These included the
QoR-15 scores across all five dimensions on POD1 and POD2 and the total QoR-15 score on POD2. The time to loss of
consciousness and the incidence of muscle fibrillation and injection pain during anesthesia induction were also measured.
Hemodynamic parameters, including mean arterial pressure (MAP), HR, and SpO,, were monitored at multiple time
points: before induction, 1 min after induction, 1 min after laryngeal mask placement, and at the start of the procedure. Ai
was also recorded at predefined time points. Other key metrics included the operative and anesthesia times, the
awakening time, and the total amount of anesthetics used. The incidence of adverse events in the PACU, covering
postoperative nausea and vomiting, hypoxia (SpO, < 90%), hemodynamic fluctuations (>20% of baseline), bradycardia
(HR < 50 beats/min), and intraoperative awareness [defined as the patient voluntarily recalling and reporting what
happened during general anesthesia or elicited by the doctor using prescribed questioning phrases (modified Brice
questionnaire)], was documented. The occurrence of delirium during the PACU period was evaluated using the
Confusion Assessment Method-Severity scale.

Statistical Analysis

The primary outcome of the study was the quality of recovery after surgery, as assessed by the QoR-15 score. Previous
studies®® suggested that the minimal clinically important difference is 8. Therefore, the non-inferiority margin for the
mean difference between the groups was set at —8. Based on previous studies, the standard deviation of the QoR-15 score
was 14. Considering a dropout rate of 15%, a sample size of 118 was calculated to achieve 90% power with a type I error
rate of 0.05.

Data management was conducted using Depax EDC. Statistical analyses were performed using SPSS 26.0 software (IBM,
Armonk, NY, USA). All graphs were generated using GraphPad Prism 5.0 software (GraphPad Inc., Boston, MA, USA). For
statistical assessments, a two-tailed test was applied, and P < 0.05 indicated statistical significance. The normality of the data
was assessed using the Kolmogorov—Smirnov test. Normally distributed data were presented as the mean =+ standard deviation,
skewed data were presented as the median, and count data were presented as frequencies and percentages. For baseline
variables such as age, sex, BMI, the ASA classification, the surgical site, the surgical duration, and the age-adjusted Charlson
Comorbidity Index (ACCI), between-group differences were examined using Student’s z-test for normally distributed
continuous variables, the Mann—Whitney U-test for non-normally distributed variables, and the chi-squared test or Fisher’s
exact probability method for categorical variables. The primary outcome was compared between the groups using the Mann—
Whitney U-test in both the modified intention-to-treat (mITT) and per-protocol (PP) analysis sets. For subgroup analyses, the
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baseline variables included age, sex, BMI, ACCI, and the study center. A generalized linear model was used to test the
interaction between the effect of the two drugs on quality of postoperative recovery and the five subgroup variables. For
intraoperative repeated-measures variables such as systolic and diastolic blood pressure, MAP, HR, and Ai, repeated-measures
analysis of variance or a generalized linear mixed model (GLMM) was used on the basis of the results of the Kolmogorov—
Smirnov test. In the GLMM, the patient was set as a random variable, and the induced drug group, time, and the drug group—
time interaction were set as fixed variables.

Results
In total, 162 older patients who underwent outpatient surgery between August 2023 and January 2024 were screened, and
44 patients were excluded because of ineligibility, refusal to participate, or surgery cancellation. Finally, 118 patients
were randomly assigned at a 1:1 ratio to the remimazolam or etomidate group. In the remimazolam group, laryngeal
mask placement failed in two patients, and they were thus converted to endotracheal intubation. In addition, two patients
were lost to follow-up. In the etomidate group, one patient used patient-controlled analgesia (Figure 1). Therefore, the
mlITT analysis set consisted of 116 patients (57 remimazolam, 59 etomidate), 113 of whom were included in the PP
analysis set. The baseline data of all patients in the mITT analysis set revealed that demographic data, smoking history,
comorbidities, type of surgery, study center, ACCI, and the Apgar score were all balanced and comparable between the
groups (Table 1).

The results for both the PP and mITT analysis sets for the primary outcome confirmed the non-inferiority of
remimazolam to etomidate. In the PP set, the QoR-15 score was 133.7 £ 12.9 in the remimazolam group, versus

162 Assessed for eligibility| | 44 Excluded
31 Ineligible

¢—D 5 Refusal to participate
8 Cancelled or due to con

118 Randomised -flicts with other study

L Allocation Y,

59 Allocated to Remimazolam 59 Allocated to Etomidate

‘)

L Follow-up )
57 Completed test 59 Completed test
2 Lost to follow-up )

‘ Analysis )
A -

J
55 Included in PP analysis 58 Included in PP analysis
2 Excluded endotracheal intubation 1 Excluded used PCA
57 Included in MITT analysis 59 Included in MITT analysis

Figure | Flowchart of patient enrollment. In total, 162 patients were screened for the study, and | 18 patients were finally randomized. In the remimazolam group, laryngeal
mask placement failed in two patients, and these patients were thus converted to endotracheal intubation. In addition, two patients were lost to follow-up. In the etomidate
group, one patient used patient-controlled analgesia. The mITT set included 57 patients in the remimazolam group and 59 patients in the etomidate group. In the PP set, 55
patients were assigned to the remimazolam group, and 58 patients were assigned to the etomidate group.

Abbreviations: mITT, modified intention-to-treat; PP, per-protocol; PCA, patient-controlled analgesia.
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Table | Baseline Information of the mITT Analysis Set

Variables Remimazolam Etomidate P
(n=57) (n=159)

Sex 0.398

Male 42 (71.1%) 46 (77.9%)

Female 17 (28.8%) 13 (22.0%)

Age (years) 68.75 + 54| 69.85 + 5.98 0.296

Height (cm) 165.93 £ 7.112 167.22 + 7.557 0.746

Weight (kg) 64.90 + 11.167 65.25 + 7.881 0.755

BMI 23.46 + 3.087 23.35 + 2.557 0.139

ASA 0.181

| 1 (1.69%) 3 (5.08%)

1l 47 (79.66%) 51 (86.44%)

1 11 (18.65%) 5 (8.48%)

Smoking 28 (47.4%) 33 (55.9%) 0.357

Complication >0.999

Hypertension 18 (30.5%) 20 (33.8%)

Cerebral peduncle 10 (16.9%) 7 (11.8%)

Coronary heart disease 9 (15.2%) 2 (3.3%)

Diabetes 6 (10.1%) 9 (15.2%)

Lung diseases 4 (6.7%) 3 (5%)

Kidney disease 2 (3.3%) 1 (1.6%)

Digestive system diseases 5 (8.4%) 2 (3.3%)

Types of surgery >0.999

Cholecystectomy 19 (32.2) 21 (35.6%)

Hernia repair surgery 37 (62.7%) 35 (59.3%)

Other 3 (5.1%) 2 (3.4%)

Center 0.981

Xijing Hospital 44 (74.6%) 48 (81.4%)

Affiliated Hospital of Yan’an University 10 (16.9%) 6 (10.2%)

Xi'an People’s Hospital 5 (8.4%) 5 (8.4%)

ACCI 3.66 = 1.40 4.17 £ 1.78 0.087

Apgar score 9.05+0.117 9.02 + 0.161 0.529

Preoperative QoR-15 score 1333 £ 128 137.6 £ 10.1 0518

Notes: Data are expressed as the mean * standard deviation or n (%). The Apgar score predicts mortality within
30 days after surgery and assesses the risk of postoperative complications after general or vascular surgery.
Abbreviations: ACCI, age-adjusted Charlson Comorbidity Index; ASA, American Society of Anesthesiologists;
BMI, body mass index; mITT, modified intention-to-treat; QoR-15, |5-item Quality of Recovery.

131.2 +£ 17.3 in the etomidate group, with a mean difference of 2.5 [95% confidence interval [CI]: —3.2, 8.2). In the mITT
set, the QoR-15 scores were 133.5 £ 12.9 and 131.2 + 17.6 in the remimazolam and etomidate groups, respectively, with
a mean difference of 2.3 (95% CI: —3.3, 7.8). In both analyses, the lower limit of the confidence interval exceeded the
predefined non-inferiority cutoff of —8, confirming the non-inferiority of remimazolam (P < 0.001, Figure 2). The results
of the subgroup and interaction analyses for the primary outcome metrics are presented in Figure 3. The effects of
remimazolam and etomidate on the quality of recovery after general anesthesia delivered via a laryngeal mask in older
patients did not significantly differ concerning age, sex, BMI, ASA classification, and study center. In addition, no
significant interaction was noted between the effect of remimazolam or etomidate on the quality of postoperative
recovery and any of the subgroup variables.

The secondary outcome indicators were analyzed in the PP set. The total QoR-15 score on POD2 was 135.9 + 16.5 in
the remimazolam group and 137.0 + 12.7 in the etomidate group, giving a mean difference of —1.1 (95% CI: —6.6, 4.4),
revealing no significant difference between the groups (P = 0.198). Analysis of the postoperative QoR-15 scores of the

five dimensions revealed no interaction effect between group and time (P > 0.05). A significant time effect (P < 0.05)
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Average difference of QoR-15 on POD1

Figure 2 Non-inferiority plot of the QoR-15 score on POD 1. Data are expressed as the mean * 95% confidence interval. The vertical line at —8 indicates the non-inferiority
margin of the QoR-15 score in this population. A, non-inferiority margin.
Abbreviations: QoR-15, 15-item Quality of Recovery; PODI, postoperative day |.

Subgroup Etomidate Remimazolam , LS Mean Difference (95% CI) p P’
All Patients 58 55 ——-— 2.26 (-3.10, 7.62) 0.41
Age ' 0.393
<70 26 40 ——— 4.28 (-3.30, 11.86) 0.273
=70 31 15 —— -0.58 (-8.95, 7.79) 0.892
Sex 1 0.544
'
Male 45 40 —a— 0.77 (-4.02, 5.57) 0.753
Female 13 15 — 4.93 (-10.85, 20.71) 0.545
ASA i 0.484
I 3 0 1
50 43 ——— 3.38 (-2.80, 9.56) 0.286
m 5 12 —_—-— -3.89 (-15.31, 7.53) 0.515
I
BMI ' 0.311
<28 53 47 —— 3.19 (-2.71, 9.10) 0.291
=28 5 8 — -5.65 (-15.55, 4.25) 0.29
Center H 0.981
Xijing Hospital 43 45 — 2.21 (-2.96, 7.39) 0.405
Affiliated Hospital of Yan 'an University 10 5 # -0.04 (-35.36, 35.29) 0.998
Xi 'an People's Hospital 5 5 —_— 3.33 (-8.00, 14.65) 0.583
-30.0 200 100 0.0 10.0 200
Remimazolam Better Etomidate Better

Figure 3 Forest map of QoR-15 subgroup analysis on postoperative day |.
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; LS mean, least squares mean; mITT, modified intention-to-treat; PP, per-protocol; P’,
Bonferroni-corrected P value.

was observed for all dimensions excluding psychological support (P = 0.088). The scores for the five dimensions did not
significantly differ between two groups on POD1 and POD2 (Table 2). Upon analyzing the within-group differences,
only the physical independence scores on POD1 and POD2 were lower than the baseline score in the remimazolam group
(P < 0.05), whereas the scores for the remaining four dimensions (pain, physical comfort, psychological support, and
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Table 2 Total QoR-15 Scores and Scores for the Five Dimensions

Variables Remimazolam | Etomidate | Median Mixed-Time Effect P
(n =55) (n =58) Difference . .
Group | Time | Group-Time
(95% CI)
Pain 0.895 0.004 | 0.766
Baseline 19.3 = 3.1 19.5 £ 2.1 -0.2 (-1.2,0.7)
PODI 184 + 3.1 179 £3.7 0.4 (-0.9, 1.7)
POD2 17.8 £ 4.2 184 +29 —0.6 (—1.9,0.7)
Physical comfort 0.595 0.027 | 0.542
Baseline 433 £ 5.1 439 +54 —0.6 (—2.6, 1.4)
PODI 42.1 £ 6.9 41571 0.7 (-1.9, 3.3)
POD2 422 %69 453 £ 54 -3.1 (-5.4, -0.8)
Physical 0.866 0.001 | 0.558
independence
Baseline 178 £ 2.1 182 + 1.8 —0.4 (-1.2,0.3)
PODI 16.8 £ 2.9 167 £ 3.3 0.1 (-1.0, 1.3)
POD2 175 + 3.1 17.8 £25 —0.4 (—1.4,0.7)
Psychological support 0.522 0.088 | 0511
Baseline 18.6 £2.2 188 + 1.8 —0.2 (-0.9, 0.6)
PODI 188 + 1.8 184 +23 0.5 (03, 1.2)
POD2 188 + I.7 19.0 £ 1.6 —0.3 (-0.9, 0.3)
Emotions 0.553 0.011 | 0.144
Baseline 364 £ 49 373 +£37 —0.9 (-2.5,0.7)
PODI 376 £27 36.1 £43 0.9 (-0.5, 2.1)
POD2 378 +39 38.1 + 3.1 —04 (-1.7, 1.0)

Abbreviations: Cl, confidence interval; POD, postoperative day; QoR-15, 15-item Quality of Recovery.

emotional state) did not significantly differ between POD1 and baseline (all P > 0.05). Conversely, in the etomidate
group, the QoR-15 score and the physical independence, physical comfort, and emotional state scores were lower on
PODI1 than at baseline (all P < 0.05, Figure 4). We compared the changes in the total QoR-15 scores and the five
dimension scores from baseline to POD1 between the remimazolam and etomidate groups and found that the change in
the emotional score significantly differed between the two groups (P = 0.036, Table S1).

No patients required remedial analgesia or sedation during the induction period. The time to loss of consciousness
was similar between the remimazolam and etomidate groups (97.7 £ 4.1 s vs 97.5 £ 5.1 s; P = 0.87). Muscle fibrillation,
which refers to involuntary twitching of muscle fibers, occurred in three patients in the remimazolam group and two
patients in the etomidate group. The anesthesia duration, surgery duration, awakening time, intraoperative urine volume,
and intraoperative rehydration volume did not significantly differ between the groups (all P > 0.05). Regarding the
dosage of anesthetic drugs, the remifentanil dosage was significantly higher in the remimazolam group (890.12 =+
5.738 pg) than in the etomidate group (745.09 + 45.320 pg, P = 0.037, Table 3). Considering the hemodynamic changes
and Ai during the induction period, no differences were observed between the two groups at the predefined time points
(Figure S1).

In the PACU, delirium occurred in four patients in the remimazolam group and two patients in the etomidate group
(P > 0.05). Adverse events other than delirium in the PACU were also recorded. In the remimazolam group, the adverse
events included nausea and vomiting in five patients, hypoxemia in one patient, and drowsiness in one patient.
Meanwhile, six patients in the etomidate group experienced adverse events, including nausea in vomiting, blood pressure
fluctuation, and drowsiness in four, one, and two patients, respectively (Table 3). Intraoperative awareness was not

reported in either group.
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Figure 4 Total QoR-15 score and scores for the five dimensions at different time points within each group. (A) QoR-15 score; (B) Pain score; (C) Physical comfort score;
(D) Physical Independence score; (E) Emotional state score; (F) Psychological support score. *P < 0.05; **P < 0.01; ***P < 0.001. Red*, comparison between PODI and
baseline; Blue*, comparison between POD2 and PODI.

Abbreviations: POD, postoperative day; QoR-15, 15-item Quality of Recovery.
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Table 3 Intraoperative Data and Adverse Effects in the PACU

Variables Remimazolam Etomidate P

(n =55) (n =58)
Time to loss of consciousness (s) | 97.7 4.1 97.5 £ 5.1 0.87
Injection pain 0 0 /
Muscle fibrillation 3 (5.1%) 2 (3.4%) 0.648
Use of vasoactive drugs
Induction of anesthesia 6 (10.2%) 2 (3.4%) 0.143
Maintenance of anesthesia 43 (72.9%) 39 (66.1%) 0.424
Duration of anesthesia (min) 110.1 + 4.89 110.3 +59 0.574
Duration of surgery (min) 80.1 £ 47 758 £ 5.1 0.262
Recovery time (min) 182 £ 1.2 225+ 34 0.935
Fluid infusion (mL) 967.8 + 334 1003.4 +23.1 | 0.251
Urine output (mL) 27.0 £ 15.7 191 £77 0.778
Dosage of anesthetic drugs, (ug)
Sufentanil 20.6 + 0.7 20.8 £ 0.8 0.804
Remifentanil 890.1 £ 5.7 745.1 + 453 0.037
Delirium in the PACU 4 (6.7%) 2 (3.5%) 0.402
Adverse events in the PACU 7 (11.8%) 6 (10.2%) 0.485
Nausea and vomiting 5 (8.4%) 4 (6.7%)
Hypoxia 1 (1.6%) 0
Blood pressure fluctuations 0 I (1.6%)
Bradycardia 0 0
Intraoperative awareness 0 0
Sleepiness 1 (1.6%) 2 (3.4%)

Note: Data are described as the mean * standard deviation or n (%).
Abbreviation: PACU, post-anesthesia care unit.

Discussion

In this multicenter, randomized controlled, double-blind trial, we compared the quality of postoperative recovery in older
patients receiving remimazolam or etomidate for laryngeal mask general anesthesia for day surgery. The results indicated
that the quality of postoperative recovery in the remimazolam group was non-inferior to that in the etomidate group. In
particular, only the physical independence score was lower on PODI1 than at baseline in the remimazolam group;
conversely, in the etomidate group, the total QoR-15 score and the physical comfort, physical independence, and
emotional state scores were lower on POD1 than at baseline.

Increasing attention is being paid to patient-reported outcomes after outpatient surgery, with patients’ subjective well-being
and satisfaction prioritized as important outcomes. The QoR-15 score is recommended for assessing the quality of recovery in
the early postoperative period in the United States, as outlined in the Joint Statement for Enhancing Quality of Recovery in the
Perioperative Period.”! Given the rapid recovery typically observed after day surgery, we chose the QoR-15 score to describe
the recovery profile of our patients. Our results indicated that remimazolam was non-inferior to etomidate as a general
anesthesia hypnotic for older patients undergoing day surgery, and remimazolam performed better in some dimensions, such
as physical comfort, physical independence, and emotional state. Our results were similar to prior findings that remimazolam
achieved better psychological support scores than propofol in patients undergoing ambulatory surgery.”> We speculated that
the results were related to the anxiolytic and retrograde amnesia effects of benzodiazepines such as remimazolam. These
properties of benzodiazepines might help reduce anxiety and improve the subjective well-being of patients, particularly those
with severe levels of anxiety or depressive tendencies. Therefore, older patients with these conditions might benefit from
remimazolam as a premedication or induction agent. However, the dimension-specific QoR-15 findings should be cautiously
interpreted because these variables were not primary outcomes. Future studies should consider evaluating both the total QoR-
15 score and the changes in each dimension score versus baseline. This approach will provide a more comprehensive
understanding of the impact of different anesthetic agents on postoperative recovery. Despite the absence of significant
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interaction effects for factors such as age, sex, BMI, or the ASA status in our subgroup analysis, a significant demographic
imbalance existed, as the remimazolam group featured fewer patients older than 70 years. This discrepancy represents
a potential source of bias.

Our study recorded slightly higher remifentanil consumption in the remimazolam group than in the etomidate group,
a result that contradicts a previous study by Guan et al*® involving tracheal intubation. This divergence might stem from
our use of a lower remimazolam dose, justified by the reduced stress of laryngeal mask insertion versus intubation. The
hemodynamic stability achieved with remimazolam could have also diminished analgesic synergy. Future research is
needed to clarify the remimazolam—opioid interaction.

Postoperative delirium tends to occur in older patients undergoing surgery, and benzodiazepine use has been
associated with delirium. To our knowledge, there is no evidence suggesting that remimazolam increases the incidence
of postoperative delirium because it is rapidly metabolized and is not metabolized by the liver or kidneys.>* In Liao
et al’s study,” remimazolam reduced early postoperative cognitive dysfunction in older patients, and this effect might be
related to the reduction of the inflammatory response. In this study, the incidence of emergency delirium was comparable
between the groups; however, it cannot be concluded that remimazolam does not increase the incidence of delirium for
longer periods (eg, 1 week) postoperatively, and the relevant conclusions need to be clarified in further studies.

In this study, the Ai was used to assess the depth of anesthesia, and we found that this index could accurately predict
changes in consciousness during remimazolam anesthesia and reasonably and accurately monitor the depth of anesthesia.

Several limitations of this study warrant consideration. First, although the study had a multicenter design and patients
were enrolled from three institutions, the significant disparities in enrollment numbers across centers might have
introduced selection bias and compromised population representation. Second, the rapid discharge protocol characteristic
of ambulatory surgeries necessitated telephonic follow-ups for 52.3% of patients. This data collection method, combined
with varying health literacy levels in patients, might have introduced recall bias and information inaccuracies despite the
implementation of investigator blinding procedures. Third, as the patients’ short hospital stays made in-person visits on
POD3 unfeasible, our assessment of deliritum was limited to the PACU period. Finally, our findings were specific to
geriatric populations undergoing low-risk ambulatory procedures, in which the observed minimal deviation from
preoperative baseline recovery scores likely reflects the inherent advantages of minimally invasive outpatient surgery
protocols. Consequently, the generalizability of remimazolam’s recovery profile to major invasive surgeries (eg,
oncological resections or cardiovascular procedures) remains to be established through prospective trials with extended
postoperative observation periods.

Conclusions
This study established the non-inferiority of remimazolam versus etomidate for postoperative recovery and its favorable
mood profile in older patients undergoing ambulatory surgery.

Abbreviations

ASA, American Society of Anesthesiologists; ACCI, age-adjusted Charlson Comorbidity Index; Al, anesthesia depth
index; GLMM, generalized linear mixed model; HR, heart rate; MOAA/S, Modified Observer’s Assessment of Alertness/
Sedation; MAP, mean arterial pressure; mITT; modified intention-to-treat; POD, postoperative day; PP, per-protocol;
PACU, post-anesthesia care unit; QoR, Quality of Recovery; ROC, return of consciousness.

Data Sharing Statement
The datasets generated and analyzed during the present study are available from the corresponding author on reasonable
request.

Ethics Approval and Informed Consent
The study was approved by the Ethics Committee of Xijing Hospital of Air Force Military Medical University (KY20222277-
F-1), Xi’an People’s Hospital (KJLL-H-K-2023014), and Affiliated Hospital of Yan’an University (YAS-H01-202307008),

2002  hes Clinical Interventions in Aging 2025:20



Liu et al

and it was registered with ClinicalTrials.gov on January 29, 2023 (NCT05748665). Written informed consent was obtained
from all patients prior to enrollment.

Acknowledgments
We thank Medjaden Inc. for scientific editing of this manuscript.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,

execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically

reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article

has been submitted; and agree to be accountable for all aspects of the work.

Funding
This research was supported by the University-funded clinical research project (202212213 to HN).

Disclosure
The authors declare that they have no conflicts of interest in this work.

References

—_

w2

W

oo

10.

12.
13.
14.
15.
16.
17.

18.
. Boncyk C, Hess AS, Gaskell A, Sleigh J, Sanders RD. Does benzodiazepine administration affect patient satisfaction: a secondary analysis of the

19

. Chinese Society of Anesthesiology. [Guidelines for anesthesia management for ambulatory surgery]. Zhonghua Yi Xue Za Zhi. 2023;103(43):3462—

3471. Chinese. doi:10.3760/cma.j.cn112137-20230803-00151
Chen WQ, Zheng RS, Zhang SW, Zeng HM, Zou XN, He J. [Analysis of cancer incidence and mortality in elderly population in China, 2013].
Zhonghua Zhong Liu Za Zhi. 2017;39(1):60—66. Polish. doi:10.3760/cma.j.issn.0253-3766.2017.01.012

. Burt VL, Whelton P, Roccella EJ, et al. Prevalence of hypertension in the US adult population. Results from the Third National Health and

Nutrition Examination Survey, 1988—-1991. Hypertension. 1995;25(3):305-313. doi:10.1161/01.HYP.25.3.305

. Aronow WS, Fleg JL, Pepine CJ, et al. ACCF/AHA 2011 expert consensus document on hypertension in the elderly: a report of the American

College of Cardiology Foundation Task Force on Clinical Expert Consensus Documents. Circulation. 2011;123(21):2434-2506. doi:10.1161/
CIR.0b013e31821daaf6

.Egan BM, Zhao Y, Axon RN. US trends in prevalence, awareness, treatment, and control of hypertension, 1988-2008. JAMA. 2010;303

(20):2043-2050. doi:10.1001/jama.2010.650

Ostchega Y, Dillon CF, Hughes JP, Carroll M, Yoon S. Trends in hypertension prevalence, awareness, treatment, and control in older U.S. adults:
data from the National Health and Nutrition Examination Survey 1988 to 2004. J Am Geriatr Soc. 2007;55(7):1056-1065. doi:10.1111/j.1532-
5415.2007.01215.x

. Hannam JA, Mitchell SJ, Cumin D, et al. Haemodynamic profiles of etomidate vs propofol for induction of anaesthesia: a randomised controlled

trial in patients undergoing cardiac surgery. Br J Anaesth. 2019;122(2):198-205. doi:10.1016/j.bja.2018.09.027

. Valk BI, Struys M. Etomidate and its analogs: a review of pharmacokinetics and pharmacodynamics. Clin Pharmacokinet. 2021;60(10):1253-12609.

doi:10.1007/540262-021-01038-6

. Wagner RL, White PF, Kan PB, Rosenthal MH, Feldman D. Inhibition of adrenal steroidogenesis by the anesthetic etomidate. N Engl J Med.

1984;310(22):1415-1421. doi:10.1056/NEIM198405313102202
Feng Y, Chang P, Kang Y, et al. Etomidate-induced myoclonus in sprague-dawley rats involves neocortical glutamate accumulation and N-Methyl-
d-Aspartate receptor activity. Anesth Analg. 2023;137(1):221-233. doi:10.1213/ANE.0000000000006292

. Gancher S, Laxer KD, Krieger W. Activation of epileptogenic activity by etomidate. Anesthesiology. 1984;61(5):616—-618. doi:10.1097/00000542-

198411000-00029

Hu Q, Liu X, Wen C, Li D, Lei X. Remimazolam: an updated review of a new sedative and anaesthetic. Drug Des Devel Ther. 2022;16:3957-3974.
doi:10.2147/DDDT.S384155

Rex DK, Bhandari R, Desta T, et al. A Phase I1I study evaluating the efficacy and safety of remimazolam (CNS 7056) compared with placebo and
midazolam in patients undergoing colonoscopy. Gastrointest Endosc. 2018;88(3):427-437.e426. doi:10.1016/j.gie.2018.04.2351

Worthington MT, Antonik LJ, Goldwater DR, et al. A phase Ib, dose-finding study of multiple doses of remimazolam (CNS 7056) in volunteers
undergoing colonoscopy. Anesth Analg. 2013;117(5):1093-1100. doi:10.1213/ANE.0b013e3182a705ae

Aldecoa C, Bettelli G, Bilotta F, et al. European Society of Anaesthesiology evidence-based and consensus-based guideline on postoperative
delirium. Eur J Anaesthesiol. 2017;34(4):192-214. doi:10.1097/EJA.0000000000000594

By the 2023 American Geriatrics Society Beers Criteria® Update Expert Panel. American Geriatrics Society 2019 updated AGS Beers Criteria® for
potentially inappropriate medication use in older adults. J Am Geriatr Soc. 2019;67(4):674—694. doi:10.1111/jgs.15767

Wang ML, Min J, Sands LP, Leung JM. Midazolam premedication immediately before surgery is not associated with early postoperative delirium.
Anesth Analg. 2021;133(3):765-771. doi:10.1213/ANE.0000000000005482

Neuman MD. Patient satisfaction and value in anesthesia care. Anesthesiology. 2011;114(5):1019-1020. doi:10.1097/ALN.0b013e318216ea25

ConCIOUS study. Br J Anaesth. 2017;118(2):266-267. doi:10.1093/bja/aew456

Clinical Interventions in Aging 2025:20 hetps: 2003


https://doi.org/10.3760/cma.j.cn112137-20230803-00151
https://doi.org/10.3760/cma.j.issn.0253-3766.2017.01.012
https://doi.org/10.1161/01.HYP.25.3.305
https://doi.org/10.1161/CIR.0b013e31821daaf6
https://doi.org/10.1161/CIR.0b013e31821daaf6
https://doi.org/10.1001/jama.2010.650
https://doi.org/10.1111/j.1532-5415.2007.01215.x
https://doi.org/10.1111/j.1532-5415.2007.01215.x
https://doi.org/10.1016/j.bja.2018.09.027
https://doi.org/10.1007/s40262-021-01038-6
https://doi.org/10.1056/NEJM198405313102202
https://doi.org/10.1213/ANE.0000000000006292
https://doi.org/10.1097/00000542-198411000-00029
https://doi.org/10.1097/00000542-198411000-00029
https://doi.org/10.2147/DDDT.S384155
https://doi.org/10.1016/j.gie.2018.04.2351
https://doi.org/10.1213/ANE.0b013e3182a705ae
https://doi.org/10.1097/EJA.0000000000000594
https://doi.org/10.1111/jgs.15767
https://doi.org/10.1213/ANE.0000000000005482
https://doi.org/10.1097/ALN.0b013e318216ea25
https://doi.org/10.1093/bja/aew456

Liu et al

20. Kleif J, Waage J, Christensen KB, Gogenur 1. Systematic review of the QoR-15 score, a patient- reported outcome measure measuring quality of
recovery after surgery and anaesthesia. Br J Anaesth. 2018;120(1):28-36. doi:10.1016/j.bja.2017.11.013

21. Abola RE, Bennett-Guerrero E, Kent ML, et al. American Society for Enhanced Recovery and Perioperative Quality Initiative joint consensus statement
on patient-reported outcomes in an enhanced recovery pathway. Anesth Analg. 2018;126(6):1874—1882. doi:10.1213/ANE.0000000000002758

22. Tang L, Sun Y, Hao X, et al. Effect of general anaesthesia with remimazolam versus propofol on postoperative quality of recovery in patients
undergoing ambulatory arthroscopic meniscus repair: a randomised clinical trial. BJ4 Open. 2023;8:100237. doi:10.1016/j.bjao.2023.100237

23. Huang X, Cao H, Zhang C, et al. The difference in mean arterial pressure induced by remimazolam compared to etomidate in the presence of
fentanyl at tracheal intubation: a randomized controlled trial. Front Pharmacol. 2023;14:1143784. doi:10.3389/fphar.2023.1143784

24. Sneyd J. Remimazolam — current status, opportunities and challenges. 4PS. 2023;1:25. doi:10.1007/s44254-023-00021-7

25. Liao YQ, Min J, Wu ZX, 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. doi:10.3389/fnagi.2023.1123089

Dovepress

Clinical Interventions in Aging
Taylor & Francis Group

Publish your work in this journal

Clinical Interventions in Aging is an international, peer-reviewed journal focusing on evidence-based reports on the value or lack thereof of
treatments intended to prevent or delay the onset of maladaptive correlates of aging in human beings. This journal is indexed on PubMed Central,
MedLine, CAS, Scopus and the Elsevier Bibliographic databases. The manuscript management system is completely online and includes a very
quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published
authors.

Submit your manuscript here: https://www.dovepress.com/clinical-interventions-in-aging-journal

. Clinical Interventions in Aging 2025:20
2004 B X in O g


https://doi.org/10.1016/j.bja.2017.11.013
https://doi.org/10.1213/ANE.0000000000002758
https://doi.org/10.1016/j.bjao.2023.100237
https://doi.org/10.3389/fphar.2023.1143784
https://doi.org/10.1007/s44254-023-00021-7
https://doi.org/10.3389/fnagi.2023.1123089
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Ethics and Recruitment
	Interventions and Anesthesia
	Outcome and Measurements
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Informed Consent
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

