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Background: Laparoscopic partial hepatectomy, characterized by significant surgical trauma, profound stress responses, prolonged
duration, and high anesthetic requirements, may lead to delayed recovery or emergence agitation. Whether remimazolam and propofol
combined with flumazenil reversal can accelerate the recovery and enhance hemodynamic stability remains controversial.
Methods: Fifty patients aged 18—70 years with American Society of Anesthesiologists (ASA) class I-III and Child-Pugh classifica-
tion A or B undergoing elective laparoscopic partial hepatectomy were enrolled. Participants were randomly assigned to either the
remimazolam combined with propofol group (RP group) or the propofol group (P group). Both groups received intravenous sufentanil
and cisatracurium for induction, followed by either remimazolam-propofol with flumazenil reversal or propofol alone. Emergence
parameters, including time to obey verbal commands, BIS over 80, and tracheal tube removal were recorded. The Sedation-Agitation
Scale (SAS) and Visual Analog Scale (VAS) scores at predefined intervals, hemodynamics, and adverse events were recorded.
Results: The time to obey verbal commands (p<0.0001), BIS over 80 (p =0.0011), and tracheal tube removal (p=0.0002) were all
significantly shorter in the RP group than in the P group. The SAS score after 30 min (p=0.0488) in the PACU was significantly
higher, but the VAS score after 15 min (p=0.0086) and 30 min (p=0.0084) in the PACU, were significantly lower in the RP group than
in the P group. MAP at Tl (p=0.0470) was significantly lower in the P group than in the RP group. In addition, the RP group
demonstrated reduced post-induction hypotension, required no postoperative rescue analgesia, and reported no emergence agitation.
Conclusion: Compared to propofol alone, remimazolam-propofol with flumazenil reversal provides faster and more complete
recovery, superior hemodynamic stability perioperatively, and reduced analgesic requirements in laparoscopic partial hepatectomy
patients.
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Introduction

Laparoscopic partial hepatectomy, which is characterized by severe surgical trauma, stress reactions, long operation time
and large amounts of general anesthetics, may result in delayed recovery or emergence agitation.' Additionally, hepatic
portal occlusion is a common method to reduce blood loss during hepatectomy, which may cause ischemic-reperfusion

injury to the remaining parts of the liver and large hemodynamic fluctuations.>> Therefore, an ideal anesthetic protocol
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that can effectively maintain stable hemodynamics and reduce delayed recovery or emergence agitation is urgently
needed.

Remimazolam, an ultrashort-acting intravenous benzodiazepine anesthetic, acts on gamma-aminobutyric acid type
A (GABA,) receptors to increase the influx of chloride ions, cause hyperpolarization of the nerve cell membrane, and
inhibit neuronal activity, resulting in sedation and anesthesia.*> Total intravenous anesthesia (TIVA) with remimazolam,
which is metabolized by tissue esterases independent of liver or kidney function and characterized by a short half-life,
allows for rapid reversal of effects with flumazenil.®® Compared to propofol, remimazolam demonstrates a more
favorable hemodynamic profile with reduced hypotension risk during anesthetic induction and maintenance in patients
undergoing hip-replacement surgery or hysteroscopy.” ' Furthermore, remimazolam decreases the incidence of hypoten-
sion during anesthesia induction in patients undergoing laparoscopic partial hepatectomy.'?

Propofol, a traditional intravenous anesthetic commonly used in clinical practice, is characterized by its rapid
onset and short duration of action. However, it does not have a specific antagonist.'>*'* It presents several advantages,
including a short stay in the recovery room, early discharge of patients, high patient satisfaction, and appropriate
depth of anesthesia,'> which may be attributed to the fact that propofol suppresses the stress response to surgery by
inhibiting c-fos gene expression in the central nervous system and subsequently inhibiting the activity of the
hypothalamic-pituitary-adrenal (HPA) axis.'® Nevertheless, the elimination of propofol is mainly dependent on
cardiac output and liver perfusion.'” Prolonged and high-dose infusions of propofol during the perioperative period
can lead to significant recovery delay and respiratory depression; moreover, propofol alone can cause significant
injection pain.'®

Combination of remimazolam with propofol-based TIVA provides excellent sedation with minimal adverse effects,
notably low rates of hypotension, hypoxemia, respiratory depression, and injection pain, while facilitating rapid recovery
and earlier discharge.'® ' The sedative effect of remimazolam can be rapidly antagonized by flumazenil, avoiding
delayed emergence in patients.? In addition, the antagonism of remimazolam by flumazenil may increase the incidence
of nausea and vomiting within 24 hours after surgery, which can be reversed by the antiemetic effect of propofol.*?
Whether remimazolam-propofol with flumazenil reversal can maintain stable hemodynamics and reduce delayed
recovery or emergence agitation in patients undergoing partial hepatectomy remains controversial. We hypothesized
that remimazolam and propofol combined with flumazenil reversal can not only effectively inhibit stress reactions and

maintain stable hemodynamics, but also reduce delayed recovery or emergence agitation.

Materials and Methods

Ethical Approval
The study was approved by the Ethics Committee of the Affiliated Hospital of North Sichuan Medical College, Nanchong,
China (approval number 2024ER328-1) and registered in the Chinese Clinical Trials Registry at http://www.chictr.org.cn

(ChiCTR2400086423). The study commenced after written informed consent was obtained from all participants.

Study Population

A total of 50 patients aged 18—70 years with a BMI of 18.5-28 kg/m2 and American Society of Anesthesiologists (ASA)
physical status I-III with Child-Pugh classification A or B were recruited for laparoscopic partial hepatectomy from
July 2024 to February 2025 with an expected operation time of 2—5 hours. The operations were performed by the same
group of tertiary physicians from the Department of Hepatologic Surgery of the Affiliated Hospital of North Sichuan
Medical College.

The exclusion criteria were as follows: patients who refused to provide written informed consent; patients with
uncontrolled severe hypertension; patients with significant cardiorespiratory instability, renal or adrenal insufficiency,
metabolic or immune system instability, psychiatric or neurological disorders, or alcohol abuse; and patients with
documented allergy or medical contraindication to the anesthetics used in the study.
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Randomization and Blinding

Fifty patients were randomized into two groups: the remimazolam combined with propofol (RP) group and the propofol
(P) group. Randomization was achieved via computer-generated allocations at a ratio of 1:1 in sealed opaque envelopes,
with 25 patients in each group. Remimazolam (0.1 mg/kg) and propofol (0.5—1 mg/kg) were injected intravenously in the
RP group, and propofol (1-2.5 mg/kg) was injected intravenously in the P group to induce anesthesia. For the
maintenance of anesthesia, patients in the RP group were infused with remimazolam (0.4 mg/kg/h) and propofol
(1-4 mg/kg/h), while patients in the P group were infused with propofol (4-8 mg/kg/h). Data were collected and
analysed by two researchers (YXC, LJ) who were blinded to the randomization to minimise bias and achieve allocation
concealment. The patient, the surgeon, and the outcome observers (JMJ), were blinded to the randomization and the
group assignment.

Anesthesia Procedures

Patients in both groups routinely fasted for 8 hours and were prohibited from consuming water for 2 hours prior to
surgery. No premedication was administered to the patients. After the patients were admitted to the operating room, they
received mask oxygen inhalation (with a partial pressure of 100% oxygen and an oxygen flow rate of 6 L/min),
intravenous access was established, and electrocardiogram (ECQG), heart rate (HR), pulse oxygen saturation (SPO,),
cerebral state index (CSI) and The patient status index (PSI) was routinely monitored. The left radial artery and the right
internal jugular vein were punctured and cannulated, and the mean arterial pressure (MAP), perfusion index (PI), Heart
rate (HR), pulse pressure variation (PPV), and central venous pressure (CVP) were monitored.

For anesthesia induction, remimazolam (0.1 mg/kg) and propofol (0.5-1 mg/kg) were injected intravenously for
group RP, and propofol (1-2.5 mg/kg) was injected intravenously for group P. Patients in both groups received
intravenous sufentanil (0.3-0.4 pg/kg) and cisatracurium (0.15 mg/kg) to facilitate tracheal intubation. Mechanical
ventilation mode was administered via a mixture of oxygen in air (fraction of inspired oxygen of 0.5) and a tidal volume
of 6-8 mL/kg at a rate of 12—14 breaths per minute to maintain the end-tidal carbon dioxide tension at 3545 mm Hg.

For anesthesia maintenance, remimazolam (0.4 mg/kg/h) and propofol (1-4 mg/kg/h) were infused intravenously
for group RP, and propofol (4-8 mg/kg/h) was infused for group P. Patients in both groups received an ultrasound-
guided combination of rectus sheath block (RSB) and transversus abdominis plane block (TAPB) with 15 mL of 0.33%
ropivacaine in each plane through a single-puncture technique and were administered remifentanil (0.1-0.2 ng/kg/min)
and cisatracurium (0.1 mg/kg/h). Intravenous sufentanil 0.2 pg/kg was given every two hours to maintain CSI at 40—60
and PSI at 35-50.>* The fluctuations in the mean arterial pressure and HR were controlled within 20% of the base
value using ephedrine (3—6 mg) if necessary, and the CVP was maintained at 0-5 cmH,0O before liver resection.
Oxycodone (0.1 mg/kg) was injected intravenously, and the pumping of cisatracurium was stopped at 30 min before
the end of the surgery.

For emergence, remimazolam, propofol and remifentanil were stopped immediately at the end of surgery.
Subsequently, intravenous flumazenil (RP group) or saline (P group) was administered in 2 mL increments, correspond-
ing to 0.2 mg of flumazenil or 2 mL of saline, every two minutes until the recovery of consciousness. The maximum
dose/volume of flumazenil/saline was 0.5 mg/5 mL. Neostigmine (0.02 mg/kg) and glycopyrronium bromide (0.005 mg/
kg) were used when the patient’s spontaneous respiration was restored. The tracheal tube was removed when stable
spontaneous breathing was at least 5 mL/kg tidal volume, and the respiration rate was more than 7 per minute. The
patient remained in the operating room until the BIS exceeded 80 and was then transferred to the post-anesthesia care
unit (PACU).

Data Collection

The primary outcome was the time taken to obey verbal commands after the discontinuation of the study medications at
the end of surgery. The secondary outcomes included the time taken to BIS over 80, and the time taken for tracheal tube
removal after the discontinuation of the study medications. In addition, hemodynamic parameters, such as the MAP, HR,
PI, and PPV, were recorded at each time point as follows: before induction of anesthesia (T0), the time of induction of
anesthesia (T1), the time of endotracheal intubation (T2), the time of skin incision (T3), the time of extubation (T4), and
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the time of leaving the operating room (T5). The Sedation Agitation Scale (SAS) score,” which ranges from failing to
arouse (SAS score, 1) to dangerous agitation (SAS score, 7), and the Visual Analog Scale (VAS) score®® (scores of 1 to 3,
mild pain; scores of 4 to 6, moderate pain; and scores of 7 to 10, severe pain) were acquired upon arrival, at 15 and
30 min after arrival in the PACU. Re-sedation was defined as a decrease in the SAS score of at least 1, and emergence
agitation was defined as an SAS score of 5 or more.?”*® Once the patient appeared agitated, propofol (0.25-0.50 mg/kg)
was given intravenously. Once the patient experienced moderate or severe pain, flurbiprofen (1 mgkg) was administered
intravenously. Other adverse events, such as post-induction hypotension, injection pain; nausea, vomiting and re-sedation
within 24 hours were recorded. Peripheral venous blood samples (2 mL) were collected from the patients before the
operation, 1 d after the operation, and 3 d after the operation to determine alanine aminotransferase (ALT) and aspartate

aminotransferase (AST) levels.

Statistical Analysis

The sample size was calculated using a two-sided Student’s ¢ test via PASS15.0 software based on the results of our
preliminary study at our department. The mean time taken to obey verbal commands after the discontinuation of the
study medications at the end of surgery in the RP group was 6.3 (3.6) min, and that in the P group was 10.3 (5.1) min.
With an alpha error of 0.05 and a power of 90%, the required sample size was 22 per group. With respect to an
anticipated dropout rate of 10%, 25 patients were required in each group.

All data are presented as the mean (standard deviation), median (25th, 75th percentile), or number of patients (%) as
appropriate. Normality was evaluated via the Kolmogorov—Smirnov test. Continuous variables such as basic character-
istics and emergence profiles were compared for normally distributed values using Student’s ¢ test, and asymmetrically
distributed quantitative data were analyzed via the Mann—Whitney-U test. Comparisons of adverse events between
groups were performed with the chi-square test or Fisher’s exact test, as appropriate. Hemodynamic parameters, ALT and
AST levels at different time points were compared by linear mixed-model analysis, and a post hoc Bonferroni correction
test was performed to adjust p values for multiple comparisons. p<0.05 was considered statistically significant. All
analyses were analyzed by SPSS 27.0 (IBM Corp., Chicago, IL, USA) and GraphPad Prism 9.5.0 (GraphPad Software,
Boston, MA, USA).

Results

Fifty patients were included initially in our study, with each group consisting of 25 patients. Three, two, and two patients
were excluded for intraoperative conversion to open surgery, surgery lasting more than 5 hours, and hemodynamic
instability requiring blood transfusion, respectively, in the RP group. Three, three, and two patients were excluded for
intraoperative conversion to open surgery, surgery lasting more than 5 hours, and hemodynamic instability requiring blood
transfusion, respectively, in the P group. In total, 35 patients were recruited, 18 in the RP group and 17 in the P group. The
flow chart of the patients is shown in Figure 1. There was no significant difference between the two groups in terms of the
baseline characteristics, as shown in Table 1. The total infused doses of the study medications are also shown in Table 1. The
total dose of remimazolam (87.2+41.3 vs 0.0+0.0 mg, p<0.0001) and flumazenil (0.4+0.1 vs 0.0+£0.0 mg, p<0.0001) in the
RP group were greater than in the P group, but the total dose of propofol (446.5+270.9 vs 1125.0+481.4 mg, p<0.0001),
flurbiprofen (0.0+0.0 vs 12.6+23.7 mg, p=0.0344), and ephedrine (5.2+7.0 vs 8.9+4.7 mg, p=0.0382) in the RP group were
significantly lower than in the P group. There was no difference between the RP group and P group in the dose of
remifentanil (1339.0£619.1 vs 1245.0+519.0 pg, p=0.6286), sufentanil (48.3+8.9 vs 47.1+7.3 ug, p=0.6477), or cisatra-
curium (16.343.7 vs 16.4+3.1 mg, p=0.5812), oxycodone (6.1£0.9 vs 6.4+0.7 mg, p=0.1570).

Table 2 summarizes the results regarding emergence. The time taken to obey verbal command (7.8+3.4 vs 18.1+8.7 min,
p<0.0001), BIS over 80 (5.6+3.2 vs 14.1£8.9 min, p=0.0011), and tracheal tube removal (11.143.3 vs 22.6£9.9 min,
p=0.0002) were significantly shorter in the RP group than in the R group. The SAS score (4.0 (4.0, 4.0) vs 4.0 (3.0, 4.0),
p=0.0488) after 30 min in the PACU was significantly higher, but the VAS score after 15 min (1.0 (0, 1.3) vs 2.0 (1.0, 3.0),
p=0.0086) and 30 min (1.0 (0.8, 2.0) vs 2.0 (1.0, 3.0), p=0.0084) in the PACU were statistically lower in the RP group than
in the P group. The SAS score upon arrival to the PACU (4.0 (3.0, 4.0) vs 4.0 (3.0, 4.0), p=0.7695), after 15 minutes in the
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Figure | CONSORT flow diagram.
Abbreviation: CONSORT, Consolidated Standards of Reporting Trials.

PACU (4.0 (4.0,4.0) vs 4.0 (3.5, 4.0), p=0.6906), and the VAS score (0.5 (0, 2.0) vs 2.0 (0, 3.0), p=0.4527) upon arrival to
the PACU were comparable between the RP group and the P group.

Hemodynamic parameters at different time points in the two groups are shown in Figure 2 and Supplementary Table 1. The
HR, PI and PPV values did not significantly differ between the two groups at various time points. The MAP at T1 (80.5+10.8

Table | Basic Characteristics, Surgical Information of the Patients and Total Infused Doses
of Perioperative Drug

Group RP (n=18) | Group P (n=17) | p-value
Sex (male/female) 10/8 8/9 0.7395
Age (years) 55.9+11.8 57.7£10.3 0.3720
BMI (kg/m?) 22.8%2.6 23.5+2.8 0.4761
ASA status (II/11l) 8/10 8/9 0.7231
Operation time (min) 176.8+69.8 165.3+60.8 0.6064
Duration of anaesthesia (min) 242.7+78.8 234.31+64.5 0.7323
Blood loss (mL) 129.4+89.9 111.8+69.7 0.6172
Urinary output (mL) 525.0+341.4 579.4+389.3 0.6626
Hepatic portal block time (min) 30.1%£23.7 21.7£19.7 0.2669
Total infused doses of perioperative drug
Remimazolam (mg) 87.2141.3 0.0+0.0* <0.0001
Propofol (mg) 446.5+270.9 1125.0£481.4* <0.0001
Remifentanil (ug) 1339.0£619.1 1245.0£519.0 0.6286
(Continued)
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Table | (Continued).

Group RP (n=18) | Group P (n=17) | p-value
Sufentanil (ug) 48.3+8.9 47.1£7.3 0.6477
Cisatracurium (mg) 16.3+3.7 16.4%3.1 0.5812
Flurbiprofen (mg) 0.0+0.0 12.6+23.7* 0.0344
Oxycodone (mg) 6.1£0.9 6.4+0.7 0.1570
Ephedrine (mg) 5.2+7.0 8.9+4.7* 0.0382
Flumazenil 0.4£0.1 0.0+0.0* p<0.0001

Notes: Data are presented as the mean * SD or as the number of patients, as appropriate. *p < 0.05 versus Group RP.
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.

Table 2 Emergence Profiles According to Group Assignment

Group RP (n=18) | Group P(n=17) | p-value

Emergence profile in the OR (min)

Time taken to obey verbal commands 7.8+34 18.1+£8.7* <0.0001
Time taken to BIS over 80 5.6+3.2 14.1+8.9* 0.001 |
Time taken to tracheal tube removal 11.1£3.3 22.6+9.9*% 0.0002

SAS score in the PACU

Upon arrival 4.0 (3.0, 40) 4.0 (3.0, 4.0) 0.7695
After 15 min 4.0 (4.0, 40) 4.0 (3.5, 4.0) 0.6906
After 30 min 4.0 (4.0, 4.0) 40 (3.0, 40y* | 00488

VAS score in the PACU

Upon arrival 0.5 (0.0, 2.0) 2.0 (0.0,3.0) | 0.4527
After 15 min 1.0 (0.0, 1.3) 2.0 (0.0, 3.0)* | 0.0086
After 30 min 1.0 (0.8, 2.0) 2.0 (1.0,3.0) | 0.0084

Notes: Data are presented as the mean * SD or median (25th percentile, 75th percentile). *p < 0.05 versus
Group RP.

Abbreviations: OR, operating room; PACU, post-anesthesia care unit; SAS, sedation agitation scale; VAS,
visual analog scale.

vs 67.6£15.4 mmHg, p=0.0470) in group P was significantly lower than in group RP. In the RP group, the MAP at TO (94.5
+9.5 vs 80.5+10.8 mmHg, p<0.0001), T4 (98.4+9.9 vs 80.5+10.8 mmHg, p=0.0002), and T5 (99.6+10.2 vs 80.5+10.8 mmHg,
p=0.0002) were significantly greater than at T1, but in the group P, the MAP at TO (96.1£12.5 vs 67.2+16.7 mmHg,
p<0.0001), T2 (81.3+18.2 vs 67.2+16.7 mmHg, p=0.0003), T4 (97.8+11.5 vs 67.2+16.7 mmHg, p<0.000I), and T5 (94.3
+10.4 vs 67.2+16.7 mmHg, p<0.0001) were significantly greater than at T1. In the group RP, the HR at TO (74.8+8.8 vs 86.9
+12.0 beats/min, p=0.0289), T2 (74.3+13.2 vs 86.9+12.0 beats/min, p=0.0281), T3 (68.2+8.7 vs 86.9£12.0 beats/min,
p=0.0005) were significantly higher than at T5, but in the P group, the HR at TO (77.7+£9.9 vs 91.2+11.7 beats/min,
p=0.0078), T1 (70.0+12.1 vs 91.2+11.7 beats/min, p<0.0001), T2 (74.4+16.4 vs 91.2+11.7 beats/min, p<0.0001), and T3
(63.3£9.3 vs 91.2+11.7 beats/min, p<0.0001) were significantly higher than at TS. The PI decreased after the operation in both
groups. In the RP group, the PI at TO (2.942.0 vs 1.1+0.9, p=0.0033; 2.9+£2.0 vs1.4%1.1, p=0.0328), T1 (4.0£2.4 vs 1.1£0.9,
p=0.0002; 4.0£2.4 vs 1.4£1.1, p=0.0026), and T2 (3.6+1.8 vs 1.1+0.9, p=0.0013; 3.6+1.8 vsl.4£1.1, p=0.0121) were
significantly higher than at T4, TS5, but in the P group, the PI at TO (3.2+2.4 vs 1.4+0.9, p=0.0413), T1 (4.3+2.1 vs 1.4+0.9,
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Figure 2 Hemodynamic parameters variations at different time points. Changes in MAP during perioperative period (A), changes in HR during perioperative period (B),
changes in Pl during perioperative period (C), changes in PPV during perioperative period (D). ¥p<0.05 versus Group RP. TO: before induction of anesthesia, T1: the time of
induction of anesthesia, T2: the time of endotracheal intubation, T3: the time of skin incision, T4: the time of extubation; T5: the time of leaving the operating room.

Abbreviations: MAP, mean arterial pressure; HR, heart rate; Pl, perfusion index; PPV, pulse pressure variation.

p=0.0006), and T2 (4.742.2 vs 1.4+0.9, p=0.0003) were significantly higher than at TS. Therefore, hemodynamic fluctuations
were observed in group P.

Liver function variations in both groups are shown in Table 3. There were no statistically significant differences in the
ALT or AST levels in the RP group at preoperative, 1 d postoperative or 3 d postoperative time points compared with
those in the P group. Additionally, the ALT levels at 1 d (339.8+194.5 vs 45.9+£53.6 U/L, p<0.0001; 354.6=168.0 vs 36.1
+16.9 U/L, p<0.0001) and 3 d (123.1£76.6 vs 45.9+53.6 U/L, p=0.0068; 122.4+54.7 vs 36.1+16.9 U/L, p<0.0001)
postoperatively were significantly greater than at preoperatively in the RP and P groups. The AST levels at 1 d (340.1
+158.0 vs 36.5+£15.6 U/L, p<0.0001) and 3 d (76.3+58.2 vs 36.5+15.6 U/L, p=0.0387) postoperatively were significantly
greater than those at preoperative in the P group, although the AST level at 1 d (355.84224.8 vs 36.3+22.2 U/L,
p<0.0001) postoperatively was significantly higher than at preoperatively, the AST level at 3d postoperatively was not

affected in the RP group.

Table 3 Liver Function Indicators at Different Time Points

Indicators Preoperative | 1d postoperative | 3d postoperative

ALT (U/L) | Group RP (n=18) 45.9+53.6 339.8+194.5% 123.1£76.6+*
Group P (n=17) 36.1£16.9 354.6+168.0* 122.4+54.7+*

AST (U/L) | Group RP (n=18) 36.3%22.2 355.8+224.8* 49.9£31.9*
Group P (n=17) 36.5%15.6 340.1+158.0% 76.3£58.2+

Notes: Data are presented as the mean % SD. ¥p<0.05 versus Preoperative. “p<0.05 versus Id postoperative.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Table 4 Comparison of Adverse Events Between the Groups (n, %)

Group RP (n=18) Group P (n=17) | p-value

Injection pain 4 (22.2) 8 (47.1) 0.1642
Post-induction hypotension (MBP < 65 mmHg) 3 (l6.7) 14 (82.4)* <0.0001
Postoperative nausea within 24 hours I (5.6) 5(294) 0.0877
Postoperative vomiting within 24 hours 1(5.6) 2(11.8) 0.6026

Emergence-related side effects

Re-sedation with 24 hours I (5.6) 2(11.8) 0.6026

Emergence agitation 0 (0.0) 0 (0.0) 1.0000

Flumazenil dose of the patients (0.2/0.4/0.5mg) | 0 (0)/7 (38.9)/11 (61.1)

Notes: Data are presented as the number (%) of patients. *p < 0.05 versus Group RP.
Abbreviation: MBP, mean arterial pressure.

The information regarding adverse events is presented in Table 4. The incidence of post-induction hypotension
(16.7% vs 82.4%, p<0.0001) was significantly lower in the RP group than in the P group, and the incidence of injection
pain, postoperative nausea and vomiting were comparable between the two groups. Re-sedation within 24 hours was
observed in the RP group (1 (5.6%) patient) and P group (2 (11.8%) patients), and no difference was found between the
two groups. Moreover, none of the patients complained of emergence agitation. The dose of flumazenil used in the
operating room ranged from 0.2 to 0.5 mg, and a detailed distribution is summarized in Table 4.

Discussion

In this randomized clinical trial, compared with propofol alone, remimazolam combined with propofol-based TIVA with
routine use of flumazenil resulted in a faster recovery of consciousness and more stable hemodynamics during induction
of anesthesia in patients undergoing laparoscopic partial hepatectomy. In our study, a maximum dose of 0.5 mg
flumazenil was used because a lower total clearance is associated with a greater risk of reappearance of the remimazolam
effect after a flumazenil bolus.>” However, re-sedation rarely occurred in some patients after arriving at the PACU in the
RP or P groups. Our findings provide new insight into the efficacy and safety of flumazenil use after remimazolam
combined with propofol-based TIVA for more than two hours.

At present, partial hepatectomy has become the first-line effective treatment for primary liver cancer.>® However, due
to the effects of surgical trauma and stress, most patients suffer from postoperative complications such as pain,
hypotension, impaired organ function, and delayed recovery. Therefore, reasonable selection of anesthetics during the
perioperative period to reduce adverse effects on emergence profiles and hemodynamics is conducive to improving
patient prognosis.

Propofol is currently one of the most widely used intravenous anesthetics and is known for its rapid onset and
recovery.>! In recent years, remimazolam has raised much attention as an alternative to propofol. Nevertheless, previous
studies have reported that remimazolam has a longer recovery time compared to propofol without the use of flumazenil."'
The combination of remimazolam and low-dose propofol has been proven to provide high-quality sedation and safety.?’
Although propofol has no specific antagonist, routine use of flumazenil after a long duration of remimazolam combined
with propofol-based TIVA significantly reduced the time taken to obey verbal commands, BIS over 80, and tracheal tube
removal, improved emergence quality when compared with propofol alone-based TIVA in our study. Remimazolam and
propofol combined with flumazenil has added a new concept to “fast tracking” recovery, which is emphasized by
clinicians.

Furthermore, the VAS score after 15 min and 30 min in the PACU were statistically lower in the RP group than in the
P group. Additionally, postoperative rescue analgesia was not required in the RP group. In line with previous reports,
Hung et al*? found that remimazolam was associated with a lower risk of rescue analgesia requirement in the PACU in
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comparison with propofol. This may be related to the fact that remimazolam alleviates the effect of remifentanil-induced
hyperalgesia which can increase the pain intensity after surgery especially at 1 h postoperatively.>* Surprisingly, our
results indicated that the incidence of re-sedation within 24 hours in the RP group (5.6%) was lower than in the P group
(11.8%), but the difference was not statistically significant. This finding was inconsistent with a previous report that
demonstrated the effectiveness of remimazolam-based TIVA with flumazenil reversal in reducing emergence time, but
a significant incidence of re-sedation was observed in the PACU.?* This can be explained by two aspects: first, propofol
is a sedative that acts mainly on the B subunit of GABA, receptors. It directly opens chloride (CI') channels.
Remimazolam is a sedative that activates benzodiazepine receptors located on the o subunit of GABA, receptors. It
increases the frequency of Cl channel opening. These two sedatives may share transmembrane binding sites on the
GABA 4 receptor.>*® Second, in the present study, remimazolam (0.4 mg/kg/h) was used in combination with propofol,
and the residual concentration of remimazolam at the end of surgery was not high enough to affect the reversal sedative
effect after the flumazenil bolus.”’

Considering the hemodynamic parameters, propofol alone induced hemodynamic fluctuations during the perioperative
period, and the suppressive effects of HR and MAP after the induction of anesthesia were also significantly milder in patients
treated with remimazolam combined with propofol than in patients treated with propofol alone. These results are consistent
with those of previous studies. Patients sedated with remimazolam have stable arterial blood pressure and heart rate according
to examinations®’ and laparoscopic partial hepatectomy.'? Notably, the PI decreased after the operation, and the ALT and
AST levels of patients in both groups were higher than those preoperatively and 1 d postoperatively. To our knowledge, total
or partial exclusion of blood flow to the liver during resection is highly important for controlling bleeding, which may lead to
hepatic ischemia and reperfusion injury and result in a decreased peripheral PI and impaired liver function.® Furthermore,
there were no statistically significant differences in the ALT or AST levels between the two groups during preoperative and
postoperative periods. The AST level recovered to baseline at 3 d postoperatively in the RP group, indicating that the
combination of remimazolam and propofol may protect liver function. In addition, the investigation of adverse reactions
revealed that the rates of injection pain, postoperative nausea and vomiting in the RP group were lower than those in the
P group, but the differences were not statistically significant. Additional experiments are required for further confirmation.

The present study has several potential limitations. First, hemodynamic parameters such as cardiac output
(CO), cardiac index (CI), stroke volume variation (SVV), and systemic vascular resistance (SVR) can be
monitored to predict perioperative hypotension and reduce the risk of complications. Second, the present study
is a single-center study that includes only patients with Child-Pugh classification A or B, with a relatively small
sample size and short-term follow-up, a multicenter, large sample size, randomized, and double-blind trial needs to
be conducted in the follow-up for further validation of the effects of remimazolam-propofol with flumazenil
reversal on the emergence profiles and hemodynamics of patients undergoing laparoscopic partial hepatectomy.

Conclusion

Compared to propofol alone, remimazolam-propofol with flumazenil reversal provides faster and more complete
recovery, superior hemodynamic stability perioperatively, and reduced analgesic requirements in laparoscopic partial
hepatectomy patients.

Abbreviations

GABA,, gamma amino butyric acid type A; TIVA, total intravenous anesthesia; HPA, hypothalamic-pituitary-adrenal;
BMI, body mass index; ECG, electrocardiogram; HR, heart rate; SPO,, pulse oxygen saturation; CSI, cerebral state
index; PSI, patient status index; MAP, mean arterial pressure; PI, perfusion index; PPV, pulse pressure variation; CVP,
central venous pressure; TAPB, transversus abdominis plane block; PACU, post-anesthesia care unit; SAS, sedation
agitation scale; VAS, visual analog scale; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CO, cardiac
output; CI, cardiac index; SVV, stroke volume variation; SVR, systemic vascular resistance.
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