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Purpose: Remimazolam is a newly developed ultra-short-acting benzodiazepine. We compared overall functional recovery, including
the postoperative Quality of Recovery-15 (QoR-15) questionnaire scores, between balanced inhalational anesthesia using sevoflurane
and total intravenous anesthesia (TIVA) with remimazolam in patients undergoing anterior cervical discectomy and fusion (ACDF).
Patients and Methods: Seventy-two patients were randomized to the remimazolam (group R) or sevoflurane (group S) group. The
primary outcome was the total QoR-15 score on postoperative day (POD) 1. We also assessed the total QoR-15 score on POD2, sub-
scores of the QoR-15, perioperative parameters, and postoperative recovery profiles. Group-time interaction effects on the QoR-15 and
its sub-scores were analyzed using a linear mixed model.

Results: The total QoR-15 score on POD1 (120.2 in group R vs 114.3 in group S, P=0.189) was not statistically different between the
groups. There were no significant group-time interaction effects on total QoR-15 scores. Instead, patients in group R showed
significantly better sub-scores in psychological and postoperative nausea and vomiting (PONV) items on PODI, as well as a lower
degree of PONV, than those in group S. Among the five dimensions of the QoR-15, a significant group-time interaction effect was
observed for psychological support. Group R showed significantly less changeability in blood pressure and heart rate with a lower dose
of intraoperatively administered vasopressor than group S.

Conclusion: Considering QoR-15, including PONV reduction, and intraoperative hemodynamic stability, remimazolam can be used

as the novel and safe anesthetic agent for maintaining general anesthesia instead of sevoflurane in patients undergoing ACDF.

Plain Language Summary:

® Compared with balanced anesthesia using sevoflurane, total intravenous anesthesia with remimazolam showed better aspects for
psychological support and postoperative nausea/vomiting in the quality of recovery and hemodynamic stability.

® Despite comparable total Quality of Recovery-15 scores, remimazolam-based total intravenous anesthesia could be a secure and
suitable choice for patients undergoing cervical spine surgery.
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Introduction

Remimazolam is a sedative of the benzodiazepine class—an ester-based gamma-aminobutyric acid type A (GABA,)
receptor agonist. It has several distinct advantages over existing benzodiazepines, including rapid onset, a short context-
sensitive half-time, being metabolized by tissue esterase independent of hepatic or renal function, producing an inactive
metabolite, existence of an antidote (antagonized by flumazenil), and hemodynamic stability.'”’ Remimazolam was
recently developed and is safe even with continuous intravenous infusion; as a result, it has been gradually used as an
anesthetic for sedation or general anesthesia.”® However, there is a lack of studies clarifying the postoperative functional
recovery of patients after remimazolam administration, especially compared with that of balanced inhalational anesthesia.

Moreover, if the quality of postoperative recovery is low, the actual length of stay in hospital or the medical cost
increases, further affecting the long-term prognosis as well as lowering patient satisfaction.” "' Accordingly, anesthesiol-
ogists must consider hypnotic agents and anesthetic methods that provide fast and high-quality recovery, minimizing
perioperative morbidities and the time taken to resume daily activities. The Quality of Recovery (QoR)-15 questionnaire,
which was created by simplifying the existing QoR-40 questionnaire, is a well-known, useful, and valuable self-rated and
self-completed postoperative questionnaire to assess the condition of patients in the postoperative phase.'*"?

When anesthesia or surgery is administered, even if there are no complications, patients often complain of inconvenience
during the recovery period, which can inevitably negatively impact the quality of life of patients. While balanced inhalational
anesthesia is the most used and conventional method of general anesthesia, the prevailing opinion is that volatile agents, including
sevoflurane, have a higher frequency of postoperative nausea and vomiting (PONV) and lead to greater neuroendocrine stress
hormone secretion than does total intravenous anesthesia (TIVA).'*'> However, propofol is also associated with vascular pain on
injection, risk of awakening during anesthesia, and the possibility of adverse effects, such as metabolic acidosis, lipidemia, and
platelet dysfunction. Above all, it has the disadvantage of not having an antidote.® Consequently, it is necessary to develop
a method of TIVA through a combination of new intravenous anesthetics, such as remimazolam.

In this study, we compared postoperative functional recovery between remimazolam-based TIVA and balanced
inhalational anesthesia with sevoflurane in patients undergoing anterior cervical discectomy and fusion (ACDF) using
the QoR-15 questionnaire.

Materials and Methods

Participant Enrollment and Assignment

Patients aged >20 and <70 years with an American Society of Anesthesiologists physical status of I-III who were scheduled for
elective ACDF surgery in the Neurosurgery Department at our institution between September 2021 and August 2022 were
included. Patients with a tolerance or hypersensitivity to benzodiazepines, dependence on or addiction to psychotropic drugs or
alcohol, and body mass index (BMI) >30 kg/m” and those who refused to provide consent were excluded. After obtaining
informed consent, the patients were randomly allocated to the sevoflurane (group S) or remimazolam (group R) group in a 1:1
ratio. The randomization sequence was produced by a researcher who did not participate in this study using computer-generated
block randomization. Each generated letter was concealed in a sequentially numbered opaque envelope. On the day of the
operation, another researcher opened the envelope, and each patient was assigned to a study group according to the letter in the
envelope. All patients, surgeons, and outcome assessors were blinded to the group allocation of patients.

Anesthesia and Intervention

Patients were admitted to the operating theatre without premedication and monitored using electrocardiography, pulse oximetry,
and non-invasive blood pressure measurements. A SedLine™ sensor (Masimo Corp, Irvine, CA, USA) was attached to the
forehead to monitor the depth of anesthesia via the patient state index (PSI) value. In group S, anesthesia was induced with 0.1 mg
glycopyrrolate, 40 mg lidocaine, 1-2 mg kg ' propofol, and 3.0 ng mL " target-controlled infusion (TCI) of remifentanil by
applying the Minto model. In group R, anesthesia was induced with 0.1 mg glycopyrrolate, initiation of 6-12 mg kg ' h™'
remimazolam infusion, and 3.0 ng mL ™" TCI of remifentanil by applying the Minto model. After confirmation that the patient did
not respond to verbal commands or have an eyelash reflex, 0.8-1.0 mg kg™ rocuronium was administered for neuromuscular
blockade (NMB) before airway intubation with an endotracheal tube sized 8.0 mm (for men) or 7.0 mm (for women). Anesthesia
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was maintained by sevoflurane inhalation at 1.5-2 vol% and an infusion of remifentanil in group S, while remimazolam was
infused at 1.0-2.0 mg kg ' h™! with an infusion of remifentanil in group R. The depth of anesthesia was adjusted with a mean
arterial pressure (MAP) within 20% of the baseline value and a PSI value of 2550 points. Rocuronium was continuously infused
to maintain a train-of-four (TOF) count of 1-2 with moderate NMB in both groups. To reduce postoperative pain, 20 mg of
nefopam and 1 g of acetaminophen were slowly injected intraoperatively, and 75 pg of palonosetron was also intravenously
administered to prevent PONV. Patient-controlled analgesia (PCA) was also prepared with 10 ug kg ' of fentanyl, 2 mg kg ' of
nefopam, and 0.3 mg of ramosetron and administered via the intravenous route. At the end of the operation, the anesthetic agent
and remifentanil administration was terminated; further, NMB was evaluated by a TOF test using a nerve stimulator and reversed
using 0.07 mg kg~ of neostigmine with 0.05 mg kg ' of glycopyrrolate. Extubation was performed after spontaneous breathing
and recovery of consciousness were confirmed. Subsequently, patients were transferred to the post-anesthetic care unit (PACU).
Pain intensity while moving and resting was evaluated using a 10-point numeric rating scale (NRS). Additionally, the requested
rescue analgesics and their consumption (as morphine equivalent dose) were recorded. We also assessed complaints of nausea or
vomiting as well as the requested antiemetics. In the ward, we collected data on postoperative pain intensity and degree of PONV
using an NRS, as well as those on administered rescue analgesics and antiemetics within 6, 24, and 48 h postoperatively.

Outcome Assessment

The Korean version of the QoR-15 questionnaire, which is as efficient and reliable as the original English version,'* was
used to measure the overall functional recovery after surgery of patients. It comprises five dimensions that address
questions concerning the overall status of postoperative functional recovery, including physical comfort (five items),
emotional state (four items), psychological support (two items), physical independence (two items), and pain (two items).
Each item was rated on an 11-point scale, with higher scores for positive items, lower scores for negative items, and
a total score ranging from a minimum of 0 (worst recovery quality) to a maximum of 150 (best recovery quality) points.
We visited the patients a total of three times for this survey on the day before surgery after consent was obtained, as well
as on postoperative days 1 and 2 (POD1 and POD?2, respectively). The questionnaire was administered by a researcher
who was not involved in anesthesia administration and was blinded to the assigned groups.

The total QoR-15 score on POD1 was the primary endpoint. The following outcomes were also assessed: total amount of
remimazolam and remifentanil administered during surgery; PSI values and hemodynamic data, including MAP; heart rate (HR);
and peripheral oxygen saturation before induction (baseline), immediately after tracheal intubation, at surgical incision, at 1 h after
surgical incision, at the end of surgery, immediately after extubation, and on arrival and discharge from the PACU; duration of loss
of consciousness, a PSI value of <50 points, and intubation after anesthesia commencement; and recovery of consciousness, a PSI
value of >50 points, and extubation after anesthesia completion. In addition, recovery profiles, such as the NRS of pain intensity
and PONV; administration of rescue analgesics or antiemetics at the PACU and ward; duration of PACU stay; length of hospital
stay after surgery; and postoperative complications were evaluated.

Statistical Analyses

The sample size was obtained based on a previous study.'® The absolute mean change in the total QoR-15 value was >13
points; the perceived postoperative recovery health status of patients was improved. Additionally, the average (standard
deviation) value of the total QoR-15 score on POD1 was 114 (18) points in intermediate surgeries, which included ACDF
surgery. Therefore, we estimated that 34 patients would be required in each group, with 90% power at a significance level
(alpha) of 0.05. Factoring in a 5% drop-out rate, we enrolled a total of 72 patients with 36 patients in each group.

The Shapiro—Wilk test was used to confirm a normal distribution of the patient characteristics, including patient age, height,
weight, and all variables related to the perioperative phase. For continuous variables, we presented the mean (standard deviation,
SD) or median (interquartile range) with comparisons using an independent two-sample #-test or Wilcoxon rank-sum test, as
appropriate, according to normality distribution. For categorical variables, we listed a percentage in the total number of patients
with comparisons using the chi-square test of Fisher’s exact test, as appropriate. We applied linear mixed models and generalized
estimating equations with an unstructured covariance matrix for continuous and binary outcomes with repeated measures. We
examined the effect of the intervention on each outcome between the groups at each time point in terms of between-group
differences (group effects), within-group changes from baseline (time effects), and between-group differences in changes from
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baseline (group-by-time interaction effects). Statistical analyses were performed using SAS (version 9.4; SAS Institute, Cary, NC,
USA). Two-sided P-values of <0.05 indicated statistical significance.

Results
Of the 76 patients assessed for eligibility, four were excluded because they refused to provide consent. Ultimately, 72
patients were included and randomized to either group S or group R for the final analyses (Figure 1). The preoperative
characteristics of patients did not differ between the groups (Table 1).

The total QoR-15 scores and their sub-scores at the preoperative, POD1, and POD2 time points are presented in
Figures 2 and 3, as well as in Supplementary Table 1, Supplementary Figure 1 and 2. There were no statistical differences
between the two groups in terms of the total QoR-15 scores measured at POD1 (114.3 [18.9] vs 120.2 [18.8] points,

[ Enrollment ] [ Assessed for eligibility (n = 76) }

Excluded (n=4)

,| - Not meeting inclusion criteria (n = 0)
- Declined to participate (n = 4)

- Other reasons (n = 0)

A 4

4 N\
Randomized (n = 72)
. J
Allocation
y ~ J
Allocated to intervention (n = 36) Allocated to intervention (n = 36)
- Received the sevoflurane based balanced - Received the remimazolam based total
inhalation anesthesia (n = 36) intravenous anesthesia (n = 36)
- Did not receive allocated intervention (n = 0) - Did not receive allocated intervention (n = 0)
[ Follow-up ]
4 v
Lost to follow-up (n = 0) Lost to follow-up (n = 0)
Discontinued intervention (n = 0) Discontinued intervention (n = 0)

[ Analyses ] l
A4

Analyzed (n = 36) Analyzed (n = 36)
Excluded from analyses (n = 0) Excluded from analyses (n = 0)

Figure | CONSORT flow diagram. Adapted from Schulz KF, Altman DG, Moher D. CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group
Randomised Trials. PLoS Med. 2010;7(3): e1000251. Copyright: © 2010 Schulz et al. Creative Commons Attribution License.
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Table | Patients’ Characteristics

Group S (n=36) | Group R (n=36) | Standardized Difference

Gender (male/female) 22/14 18/18 0.225
Age (years) 49.2 [30-68] 49.1 [35-67] 0.011
Height (cm) 166.1 (11.3) 166.1 (7.9) 0.002
Weight (kg) 68.7 (13.6) 64.4 (9.9) 0.366
Diagnosis

Disc herniation 17 (47.2%) 20 (55.6%) —0.167

Stenosis 19 (52.8%) 16 (44.4%) 0.167
Past medical history

Smoking 8 (22.2%) 14 (38.9%) —0.368

Steroid use | (2.8%) 0 (0.0%) 0.239

Psychiatric medication | (2.8%) 0 (0.0%) 0.239
Comorbidities

Hypertension 8 (22.2%) 6 (16.7%) 0.141

DM 3 (8.3%) 6 (16.7%) —0.254

Cardiac 2 (5.6%) 0 (0.0%) 0.343

Respiratory 6 (16.7%) 9 (25.0%) —0.206

Hepatologic 2 (5.6%) 0 (0.0%) 0.343

Renal 0 0 0

Neurologic 0 (0.0%) 1 (2.8%) —0.239

Notes: Values are expressed as numbers of patients, means (standard deviations), except age (mean [range]), or
numbers (percentiles).
Abbreviations: DM, diabetes mellitus; R, remimazolam; S, sevoflurane.

P=0.189). However, the total QoR-15 scores at POD1 of both groups significantly decreased compared with those from
the preoperative questionnaire (P<0.05 for each), and the total QoR-15 scores at POD 2 significantly increased in both
groups compared with those from POD1 (P<0.001 for each). Patients in group R showed significantly higher scores than
those in group S on PODI1 for 6 psychological items (8.1 vs 9.4, P<0.001) and for 13 nausea and vomiting items (7.0 vs
8.8, P=0.009) among 15 questions. Among the five dimensions of the QoR-15, there was a significant group-time
interaction effect on psychological support consisting of six and seven items (P=0.015, Figure 3).

The intraoperative parameters are listed in Table 2. The time to loss of consciousness and decrease in the PSI score <50
points were significantly lower in group S than in group R (52.3 vs 90.6 s, 97.5 vs 170.0 s, P<0.001 for each). While total
remifentanil consumption was higher (774.5 [212.9] pg vs 1569.5 [760.6] pg, P<0.001), total consumption of phenylephrine,
a vasoactive agent, was significantly lower (1580 [940, 2890] pg vs 60 [0, 335] pg, P<0.001) in group R than in group
S. Perioperative hemodynamic status and intraoperative PSI values are described in Supplementary Figure 3. In terms of both

HR and blood pressure, group R showed significantly less changeability over time than group S (P=0.002 and P<0.001,
respectively). In addition, the PSI values were significantly higher in group R than in group S immediately after endotracheal
intubation and surgical incision, at 1 h after surgery, and immediately after extubation (P<0.001).

Table 3 presents the postoperative recovery profiles. The time to reach a PSI score of >50 points was not significantly
different between two groups (275 vs 290 s, P=0.964). Four patients (three with tachycardia and one with hypertension)
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Table 2 Parameters Related to Anesthesia and Surgery

Group S (n=36) Group R (n=36) P-value
Time to loss of consciousness (s) * 52.3 (12.0) 90.6 (17.6) < 0.001
Time to PSI < 50 (s) * 97.5 (77.5, 117.5) 170.0 (150.0, 212.5) < 0.001
Duration of anesthesia (min) 170.0 (137.5, 185.0) 137.5 (125.0, 177.5) 0.082
Duration of surgery (min) 115.0 (90.0, 135.0) 92.5 (82.5, 122.5) 0.122
Administered fluid (mL) 1100.0 (775.0, 1475.0) | 825.0 (750.0, 1250.0) 0.161
Urine output (mL) 150.0 (0.0, 550.0) 0.0 (0.0, 275.0) 0.125
Estimated blood loss (mL) 150.0 (50.0, 200.0) 100.0 (50.0, 200.0) 0.147
Total amount of remimazolam (mg) * 0 135.8 (124.0, 156.0) < 0.001
Total amount of remifentanil (ug) * 753.3 (212.9) 1644.1 (760.6) < 0.001
Total amount of phenylephrine (ug) * 1580.0 (940.0, 2890.0) 60.0 (0.0, 335.0) < 0.001
Norepinephrine 1 (2.8%) 0 > 0.999
Ephedrine 2 (5.6%) | (2.8%) > 0.999
Sugammadex 1 (2.8%) 0 > 0.999
Flumazenil 0 1 (2.8%) > 0.999

Notes: Values are expressed as numbers (percentiles), means (standard deviations), or medians (interquartile ranges). “*”

represents significantly different between groups S and R. (p < 0.05).
Abbreviations: s, second; R, remimazolam; S, sevoflurane; PSI, patient state index.

Table 3 Postoperative Recovery Profiles

Group S (n=36) Group R (n=36) P-value
After anesthesia completion
Time to obey command (s) 511.6 (186.4) 535.5 (234.5) 0.634
Time to PSI > 50 (s) 275.0 (219.0, 320.0) | 290.0 (142.5, 507.5) 0.964
Time to extubation (s) 558.9 (222.4) 648.8 (203.0) 0.078
Adverse events related extubation 4 (11.1%) | (2.8%) 0.357
In PACU
NRS of pain intensity (resting) 3.0 (0.0) 2.9 (0.4) 0.183
NRS of pain intensity (moving) 5.1 (0.5) 4.9 (0.7) 0.263
Requested rescue analgesics 4 (11.1%) 2 (5.6%) 0.674
Morphine equivalent dose of analgesics (mg) 20 (1.6) 10 (1.2) 0.401
NRS of PONV 0.3 (0.7) 0.3 (0.8) > 0.999
Requested antiemetics 2 (5.6%) | (2.8%) > 0.999
Duration of PACU stay (min) 30.0 (30.0, 40.0) 30.0 (30.0, 40.0) 0.785
(Continued)
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Table 3 (Continued).

Group S (n=36) Group R (n=36) P-value

Postoperative |—6 hours

NRS of pain intensity (resting) 3.6 (0.6) 3.3(0.7) 0.089
NRS of pain intensity (moving) 5.4 (0.6) 5.3 (0.9) 0.544
Requested rescue analgesics 3 (8.3%) 12 (33.3%) 0.009
Morphine equivalent dose of analgesics (mg) 20 (2.0) 65 (2.7) 0.029
NRS of PONV 1.3 (2.0) 0.5 (1.4) 0.052
Requested antiemetics 2 (5.6%) 1 (2.8%) > 0.999

Postoperative 6—24 hours

NRS of pain intensity (resting) 2.1 (0.7) 2.0 (0.8) 0.511
NRS of pain intensity (moving) 4.1 (1.4) 4.1 (1.4) 0.869
Requested rescue analgesics 6 (16.7%) 7 (19.4%) 0.763
Morphine equivalent dose of analgesics (mg) 35 (2.3) 40 (2.4) 0.805
NRS of PONV 2.1 22) 0.8 (1.4) 0.006
Requested antiemetics 3 (8.3%) 1 (2.8%) > 0.999

Postoperative 24—48 hours

NRS of pain intensity (resting) 1.3 (0.7) 1.1 (0.7) 0.130
NRS of pain intensity (moving) 3.2 (0.8) 3.0 (1.1) 0.717
Requested rescue analgesics | (2.8%) 2 (5.6%) 0.562
Morphine equivalent dose of analgesics (mg) 10 (1.7) 10 (1.2) > 0.999
NRS of PONV 0.9 (1.7) 04 (1.2) 0.182
Requested antiemetics I (2.8%) 1 (2.8%) > 0.999
PCA withdrawal due to PONV 8 (22.2%) 3 (8.3%) 0.189
Postoperative adverse events 4 (11.1%) 2 (5.6%) 0.674
Postoperative hospital stay duration 3.0 3.0, 3.0) 3.0 (3.0, 3.0) 0.686

Notes: Values are expressed as numbers (percentiles), means (standard deviations), or medians (interquartile ranges).
Abbreviations: PACU, post-anesthesia care unit; PCA, patient-controlled analgesia; PONV, postoperative nausea and vomiting;
PSI, patient state index; s, second; R, remimazolam; S, sevoflurane; NRS, numeric rating scale.

experienced adverse events related to extubation in group S, whereas one had hypertension in group R. The incidence of
adverse events related to extubation did not significantly differ between the groups. In the ward, patients in group
R requested significantly more rescue analgesics, including their morphine equivalent doses, than those in group S within
postoperative 6 h. In contrast, the NRS score indicating the degree of PONV within 6 and 24 h after surgery was
statistically significantly higher in patients in group S. Four patients (voiding difficulties, n=2; QT prolongation, n=1;
unilateral ptosis, n=1) in group S and two (voiding difficulties) in group R experienced postoperative adverse events.
However, there were no residual complications until hospital discharge, as well as no significant differences in post-
operative adverse events and length of hospital stay, between the two groups.
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Discussion

In this study, we compared overall functional recovery between balanced inhalational anesthesia using sevoflurane and
TIVA using remimazolam in patients undergoing ACDF. To the best of our knowledge, there are currently no studies on
the QoR of patients after intermediate or major surgery with remimazolam vs sevoflurane use for general anesthesia.
Herein, we compared the postoperative QoR-15 scores between remimazolam-based TIVA and balanced inhalational
anesthesia with sevoflurane in patients undergoing ACDF belonging to the intermediate surgery group. Although the total
QoR-15 score of group R was 120.2 points and that of group S was 114.3 points on POD 1, there was no statistical
difference between the groups and no significant group-time interaction effect. However, in patients who received
remimazolam, the sub-scores of the QoR-15 were significantly superior in the dimensions of psychological support as
well as in those of nausea and vomiting than those in patients who received sevoflurane.

According to previous studies related to QoR after remimazolam use in general anesthesia, TIVA with remimazolam
provided better postoperative global QoR-40 scores in laparoscopic cholecystectomy and robotic gynecological minor
surgeries than inhalational anesthesia using desflurane.!” Compared with propofol-based TIVA, remimazolam-based
TIVA in thyroidectomy showed comparable postoperative global QoR-15 scores and more stable hemodynamic
changes.'® Conversely, another study showed that the postoperative total QoR-15 scores were significantly lower in
remimazolam-based than in propofol-based TIVA in urologic minor surgery.'® The divergence in outcomes between this
study and others, where remimazolam showcased superiority over inhalation concerning QoR, may due to the extent of
surgery and operative time. Stark et al described the clear differentiation between patient groups using the QoR-15,
noting significantly reduced scores in the cohort undergoing more extensive surgery.”’ Given that ACDF in our study
represents an intermediate risk surgery, the observed decrease in QoR compared to minor surgeries in other studies might
account for the variance in statistical outcomes.

The QoR-15 is a validated multidimensional patient-reported outcome measurement-based questionnaire that is used
to measure postoperative QoR.”>** The QoR-15 has fine internal consistency, as well as split-half and test-retest
reliability. This scale for postoperative recovery status can provide us with reproducible results. The ability to detect and
measure clinically significant changes is a key feature of any tool for health conditions used to predict patient prognosis.
The QoR-15 has also been validated in a variety of linguistic and cultural contexts, including Korean-speaking patients.'?
The acceptable symptom status describes the minimum absolute score on the health scale that the patient perceives to be
indicative of good health or good condition.'®* A QoR-15 score of >118 points can be considered to indicate good
recovery after surgery.”? Moreover, the large clinical studies identified in a previous review found that patients with and
without serious complications had mean QoR-15 scores of 101 and 113 points, respectively.”” In the present study, the
mean total QoR-15 score on POD1 of group R was 120.2, which was >118, indicating good recovery after surgery even
though the difference between the two groups was not statistically significant. Myles et al** suggested that variations
exceeding 6 points in the QoR-15 scale, as seen in the present study, could be considered minimal clinically important
differences (MCIDs).

Among the five dimensions of the QoR, group R had significantly superior scores compared with group S in the
psychological support dimension. Remimazolam acts on GABA 4 receptors and shows pharmacological effects similar to
those of midazolam."**° It produces the antegrade amnesia effect that benzodiazepines usually produce.”’ Lack of
awareness in recognizing the trauma or pain caused by surgery owing to antegrade amnesia may indicate a psychological
prevention effect. In addition, the use of benzodiazepines as anxiolytic agents for premedication also seems to support the
findings of this study showing stable psychological results after surgery in group R. The score for nausea and vomiting
was significantly better in group R than in group S. Moreover, the NRS score of PONV severity measured in the ward
within 6 and 24 h after surgery was also statistically significantly lower in patients in group R, which is in line with the
results of previous studies showing that PONV reduction is significantly greater in propofol-based TIVA than in
inhalation anesthesia.”®?° This is because benzodiazepine-like drugs have antiemetic properties and inhalational anes-
thetics stimulate the vagal nerve and affect the vestibular system, thus causing nausea.”>*° Another specific finding is that
although postoperative 1-6 h rescue analgesia was higher in group R, there was no difference in the QoR-15 pain score
on POD 1. This can be attributed to the fact that the remifentanil use during surgery was significantly higher in group R,
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and the resulting pain due to opioid-induced hyperalgesia appeared immediate after surgery and disappeared the next day,
as in the study by Hood et al.*'

As revealed in previous studies, remimazolam has a notable advantage in maintaining hemodynamic stability during
surgery.” In various types of surgeries, intraoperative vasopressor requirements were significantly low with
remimazolam.'®'®3%32 Similarly, the phenylephrine consumption in group R was significantly lower than that in
group S. Urabe et al published a study showing that remimazolam increased the intracellular calcium level in a dose-
dependent manner above a certain concentration.®> They explained that the increase in intracellular calcium level was
caused by the action of remimazolam on the G-protein coupled receptor—inositol 1,4,5-triphosphate pathway.

This study has some limitations. First, the sample size was relatively small, and it might be difficult to generalize our
results, especially for sub-score comparisons. Most values of MCIDs described in several studies were below 13 points of
the total QoR-15 score.'®!? However, a 13-point difference in the total QoR-15 score in our study could indicate clinical
improvement in functional recovery and not just MCID.'® In addition, our study population was controlled with minimal
bias, including the type of surgery and surgeon. Second, as the timing and conditions for the approval of new drugs differ
across countries, remimazolam has not been approved for general anesthesia in some cases. Additionally, depending on
the scope of insurance coverage and permission in the country of use, remimazolam may be more expensive than
inhalation agents.

Conclusion

In conclusion, we examined the difference in the QoR between conventional balanced inhalational anesthesia using
sevoflurane and remimazolam-based TIVA in the present study. Remimazolam did not show statistical superiority in total
postoperative QoR-15 scores but did demonstrate a good recovery score of >118 points on POD1 compared with
sevoflurane. In addition, patients in group R also had better results with regard to the degree of PONV and psychological
support than those in group S. Further studies with a larger sample size and a wider variety of surgeries are required to
establish whether remimazolam can improve postoperative functional recovery as the main anesthetic for general
anesthesia.
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