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Purpose: This study aimed to compare the effects of remimazolam and propofol on hemodynamics in elderly hypertensive patients
undergoing gastroenteroscopy.

Methods: In this multicenter, single-blind, randomized clinical trial, 220 hypertensive patients (65-75 years) scheduled for gastro-
enteroscopy were randomly assigned to receive either remimazolam (group R, n=110; 0.3 mg/kg induction followed by 0.2—1 mg/kg/h
maintenance) or propofol (group P, n=110; 1.5 mg/kg induction followed by 2—6 mg/kg/h maintenance), both combined with 0.1 pg/kg
sufentanil. Flumazenil or placebo was administered for reversal. Hemodynamics were monitored via Continuous Non-Invasive Arterial
Pressure (CNAP). The primary outcomes were hypotension incidence and hemodynamic parameters [mean arterial pressure (MAP),
heart rate (HR), cardiac output (CO), and systemic vascular resistance (SVR)]; secondary outcomes included the incidence of other
adverse events and recovery time.

Results: Group R exhibited significantly lower incidences of hypotension (72.7% vs 37.3%, p < 0.001) and bradycardia (16.4% vs
7.3%, p = 0.037), alongside reduced vasopressor requirements (ephedrine: 3.760 + 4.133 vs.1.850 + 3.121, p < 0.001; metaraminol:
0.101 £ 0.208 vs 0.045 + 0.144, p = 0.012). Both groups exhibited decreased MAP, CO, and SVR at the time point of endoscope entry
(T1) compared to 2 minutes before anesthesia induction (T0), while HR reduction was significant only in group P (p < 0.001 vs
p = 0.084 in group R). From T1 through 15 minutes post-procedure (T4), group R maintained higher MAP and HR than group
P (p < 0.05). Remimazolam was associated with shorter recovery time (p < 0.001), lower rates of respiratory depression (p = 0.002),
but higher rates of body movements (p < 0.001) and cough (p = 0.001).

Conclusion: Remimazolam provides superior hemodynamic stability and faster recovery compared to propofol in elderly hyperten-
sive patients undergoing gastroenteroscopy, establishing it as a safer sedation option for this vulnerable patient population.

Trial Number and Registry Url: Registration number, ChiCTR2400083757; https://www.chictr.org.cn/showproj.html?proj=214795.
Keywords: remimazolam, propofol, elderly hypertensive patients, gastroenteroscopy
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Introduction

With the accelerating pace of global population aging, the proportion of elderly individuals continues to rise, particularly
in China, which accounts for 20% of the world’s elderly population.' Hypertension is highly prevalent in this demo-
graphic, and due to reduced vascular elasticity, elderly patients are more susceptible to anesthesia-induced hypotension,
increasing the risk of adverse postoperative outcomes.”

Globally, gastrointestinal (GI) malignancies remain a significant public health burden, with approximately 3 million
new cases and 1.7 million related deaths reported in 2020.” Gastroenteroscopy serves as the gold standard for GI cancer
diagnosis, with over 98% of gastroenteroscopy procedures performed under sedation to improve patient comfort and
procedural accuracy.®

Propofol has long been the cornerstone of sedation for endoscopic examinations due to its rapid onset, quick recovery,
antiemetic effects, and enhanced patient compliance.® Its use has reportedly increased the rate of diagnostic gastroscopies
and colonoscopies fourfold.> However, propofol exhibits several dose-dependent limitations, including hypotension,
respiratory depression, and injection pain,”® and lacks a specific reversal agent, restricting its use in high-risk
populations.

Remimazolam, a novel ultrashort-acting benzodiazepine, offers distinct advantages, including rapid onset and offset,
hemodynamic stability, reversibility with flumazenil, minimal accumulation, and reduced cardiorespiratory depression.””
12 Moreover, remimazolam undergoes rapid hydrolysis by tissue esterases, independent of hepatic or renal metabolism,
further enhancing its safety profile.'*'* Clinical evidence consistently demonstrates remimazolam’s superior hemody-

namic stability compared to propofol,'>"°

with specific studies showing equivalent sedation efficacy but significantly
reduced hemodynamic and respiratory complications when combined with opioids for elderly gastroscopy patients.'”
Furthermore, in hypertensive elderly patients undergoing general anesthesia, remimazolam demonstrates superior
hemodynamic stability with a lower risk of post-induction hypotension.”” However, there is a scarcity of data to
investigate the impact of remimazolam on hemodynamic stability and the occurrence of intraoperative hypotension
compared with propofol in elderly hypertensive patients during gastroenteroscopy.

Conventional non-invasive blood pressure (NIBP) monitoring, typically measured at 3—10 minute intervals, may miss
up to 20% of hypotensive episodes and delay detection in another 20%, underscoring its limitations in high-risk
patients.”! In contrast, Continuous Non-Invasive Arterial Pressure (CNAP) monitoring provides real-time, beat-to-beat
arterial waveform analysis, enabling early detection of hemodynamic instability through continuous measurement of
blood pressure, cardiac output (CO), systemic vascular resistance (SVR), and heart rate (HR).>**> CNAP measurement
facilitates detecting hemodynamic instability more rapidly and can improve patient safety.>*

This multicenter randomized controlled trial was designed to evaluate the hemodynamic effects of remimazolam
versus propofol in elderly hypertensive patients undergoing gastroenteroscopy, utilizing CNAP for precise hemodynamic
assessment. We hypothesize that remimazolam will reduce the incidence of hypotension and provide superior hemody-
namic stability compared to propofol, offering a safer alternative for sedation in elderly hypertensive patients receiving
painless gastroenteroscopy.

Materials and Methods

Ethics and Registration

The study protocol was approved by the Ethics Committee for Medical Research and New Medical Technology of
Sichuan Cancer Hospital (SCCHEC-02-2023-145). This trial was registered in the Chinese Clinical Trial Registry
(https://www.chictr.org.cn/showproj.html?proj=214795, ChiCTR2400083757, 30 April 2024). Investigators explained
the study to all subjects and obtained written informed consent. The study was in line with the Declaration of Helsinki.

Participants

This study was a multicenter, randomized trial conducted across three medical institutions in China: Sichuan Cancer
Hospital, Sichuan Provincial People’s Hospital, and Xichang People’s Hospital. Between May 2024 and January 2025,
we enrolled 220 elderly hypertensive patients scheduled for elective painless gastroenteroscopy.
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Inclusion Criteria

(1) Elderly hypertensive patients scheduled to undergo painless gastroenteroscopy; (2) Aged 65—75 years; (3) American
Society of Anesthesiologists (ASA) status of II-1II and New York Heart Association (NYHA) functional class I or II; (4)
A history of well-controlled primary hypertension (< 160/90 mmHg) under standardized antihypertensive therapy.

Exclusion Criteria

(1) Declined to participate in the study; (2) Had uncontrolled hypertension without regular medication; (3) Presented with
severe dysfunction of major organ systems (cardiac, cerebral, pulmonary, hepatic, renal, or metabolic); (4) Had
a documented history of adverse anesthesia recovery; (5) Exhibited bradycardia (resting HR < 50 beats/min on ECG);
(6) Had an active upper respiratory tract infection within the preceding 2 weeks; (7) Had neuromuscular disorders or
psychiatric conditions; (8) Were diagnosed with anemia (hemoglobin below the normal range); (9) Had a history of
alcohol abuse or dependence on opioids/sedative-hypnotics; (10) Anticipated difficult airway; (11) Had known allergies
or contraindications to benzodiazepines, opioids, propofol, or related compounds; (12) Demonstrated uncooperative
behavior or impaired communication ability.

Randomization and Blinding

A professional not involved in the subsequent trial performed the central randomization method using the random
allocation module of SPSS 27.0, with each center competing for admission. Participants were allocated in a 1:1 ratio to
either the propofol group (group P) or the remimazolam group (group R). This study employed a single-blind design,
with surgeons, patients, outcome assessors, and data analysts remaining blinded to treatment allocation throughout the
trial, while the administering anesthesiologist remained unblinded due to the visual distinctiveness of the study drugs.

Sample Size Calculation

The primary outcomes of this study were the incidence of hypotension and hemodynamic parameters. The sample size
was calculated based on the incidence of hypotension. According to previous studies demonstrating a 35.2% incidence of
hypotension with propofol-based sedation,”> we hypothesized a 50% reduction in hypotensive events with remimazolam.
Using PASS version 2021 with a significance level (a) of 0.05 (two-sided) and power (B) of 0.8, 95 patients per group
were required. Accounting for a dropout rate of 10%, 105 patients per group were planned. Ultimately, 110 elderly
hypertensive patients were included in each group.

Anesthesia Methods

All patients maintained an 8-hour fast and a 4-hour liquid restriction preoperatively, with no preoperative medications
administered. Standardized bowel preparation was completed within 24 hours. On the day of endoscopy, intravenous
access was established in the preoperative holding area. Upon entering the endoscopy suite, patients received standar-
dized intravenous saline infusion and were positioned in the left lateral decubitus position. For continuous hemodynamic
monitoring, we implemented the CNAP system with a dual-cuff configuration: a standard NIBP cuff was placed on the
right upper arm for periodic calibration, while a finger cuff was positioned on the second and third digits of the right hand
for continuous measurement. The system automatically recalibrated every 10 minutes using brachial artery pressure as
the reference standard. Continuous monitoring of systolic blood pressure (SBP), diastolic blood pressure (DBP), mean
arterial pressure (MAP), HR, CO, SVR, and other hemodynamic indicators was conducted using a CNAP monitor.
A peripheral oxygen saturation probe was secured to the index finger of the left hand to monitor peripheral oxygen
saturation (SpO5).

During the procedure, all patients received supplemental oxygen (6 L/min) via face mask. 0.1 pg/kg of sufentanil
(Yichang Renfu Pharmaceutical Co., LTD.) was administered over two minutes before sedative medication. Afterward, in
group R, patients received 0.3 mg/kg of remimazolam (Yichang Renfu Pharmaceutical Co., LTD.) intravenously for >
60 seconds. The sedation was maintained through continuous infusion of 0.2—-1 mg/kg/h of remimazolam. Patients in
group P were given 1.5 mg/kg of propofol (Yangtze River Pharmaceutical Co., Ltd.) intravenously for > 60 seconds, and
sedation was maintained by continuous pumping of propofol at 2—6 mg/kg/h. Throughout the procedure, sedation depth
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was continuously monitored using the Modified Observer’s Assessment of Alertness/Sedation (MOAA/S) scale from
induction onward. The endoscopic procedure commenced upon achieving adequate sedation (MOAA/S score < 2).
Subsequent assessments were performed at 5-minute intervals until full recovery. If MOAA/S was above 2, a 0.1 mg/kg
bolus of remimazolam was administered as additional sedation in group R, or a 0.5 mg/kg bolus of propofol was
administered accordingly in group P. Failure of sedation was defined as inability to achieve MOAA/S < 2 after two bolus
doses within any 5-minute window. In such cases, rescue sedation with propofol (0.5 mg/kg boluses) was administered to
facilitate procedure completion.

Upon completion of the endoscopic procedure, all medication infusions were immediately terminated. For patients in
group R, flumazenil (Jiangsu Enhua Pharmaceutical) was administered intravenously at a dose of 0.2 mg (2 mL) every
two minutes until return of consciousness (defined as MOAA/S score = 5), with a maximum cumulative dose not
exceeding 1 mg. Group P received equivalent volumes of normal saline placebo administered on the same schedule until
consciousness was regained. All patients were subsequently transferred to the post-anesthesia recovery area where
continuous monitoring of SpO, and HR was performed, along with serial MOAA/S assessments conducted at one-minute
intervals until discharge criteria were met.

Intraprocedural hemodynamic and respiratory management followed a standardized protocol. For hypotension
accompanied by HR < 55 bpm, intravenous ephedrine (5-10 mg IV) was administered. Isolated hypotension with
normal HR was treated with metaraminol (0.2-0.5 mg IV). Hypertensive episodes received urapidil (10—-15 mg IV),
while tachycardia (HR > 110 bpm) was managed with esmolol (10 mg IV). Significant bradycardia (HR < 50 bpm)
without hypotension warranted atropine (0.3—0.5 mg IV). Respiratory depression prompted immediate intervention with
10 L/min oxygen and jaw-thrust maneuver. If SpO, remained <90% for >10 seconds, sustained manual compression was
applied to the lower anterior chest wall to increase intrathoracic pressure, assist exhalation, and improve alveolar
ventilation. Persistent hypoxemia necessitated the suspension of the procedure for mask ventilation, with tracheal
intubation reserved for refractory cases. All interventions were meticulously documented. Postprocedural monitoring
continued for 20 minutes in the recovery area; patients meeting discharge criteria (stable vitals, MOAA/S = 5) were
transferred to the rest area with family accompaniment.

Outcome Measures

Primary Outcome Measures

1. The incidence of hypotension: Hypotension was defined as the MAP < 65 mmHg or a decrease of 20% from baseline
and lasted for more than 10 seconds.?® The incidence of hypotension was determined by dividing the number of subjects
who experienced hypotension by the total number of subjects in each respective group.

2. Hemodynamic parameters: Continuous monitoring of SBP, DBP, MAP, HR, CO, and SVR was conducted using CNAP
monitor. Baseline values were established at 2 minutes prior to anesthesia induction (T0), with subsequent measurements
recorded immediately following endoscope insertion (T1) and thereafter at 5-minute intervals throughout the procedure duration.

Secondary Outcome Measures

1. Procedure-related adverse events: Hypertension (MAP >105 mmHg or an increase of more than 20% above baseline
levels that persisted for over 10 seconds®®), bradycardia (HR < 50 bpm), tachycardia (HR > 110 bpm) and respiratory
depression (SpO, < 94% persisting for > 10 seconds).

2. Recovery time: Interval from procedure completion to the first of three consecutive MOAA/S scores of 5.

3. Postoperative adverse effects, such as the incidence of dizziness, postoperative nausea and vomiting (PONV).

Data Analysis

Statistical analyses were performed using SPSS version 27.0 (IBM Corp., Armonk, NY), with all continuous variables
initially evaluated for normality using the Kolmogorov—Smirnov test. Normally distributed data were expressed as means
+ SD and analyzed using independent Student’s ¢-tests for between-group comparisons or paired z-tests for within-group
pre-post analyses. Non-normally distributed data were presented as medians (interquartile range) analyzed using Mann—
Whitney U-tests for between-group comparisons or Wilcoxon signed-rank tests for within-group analyses. Categorical
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variables were expressed as frequencies (percentages) and compared using chi-square or Fisher’s exact tests as appro-
priate. Longitudinal data were analyzed using generalized estimating equations (GEE) to account for repeated measure-
ments. A p-value < 0.05 (two-sided) was considered statistically significant.

Results

A total of 313 elderly hypertensive patients were screened. 93 were excluded: declined participation (n = 6), age > 75 years
(n = 14), irregular treatment or poorly controlled blood pressure (n = 39), cardiac function class of NYHA > III (n = 12),
history of significant cardiac conditions (n = 15), secondary hypertension (n = 7). A total of 220 patients were randomized
equally to group R (n = 110) and group P (n = 110) (Figure 1). The demographic characteristics of the patients were
presented in Table 1, and no statistically significant differences were observed among the groups. (p > 0.05, Table 1).

The Incidence of Hypotension and the Dosage of Vasoactive Drugs

The incidence of hypotension, demonstrated a statistically significant difference between groups, occurring in 37.3% (41/110)
of group R patients compared to 72.7% (80/110) in group P (p < 0.001). During the procedure, none of the patients in either
group received esmolol or urapidil, whereas the usage of ephedrine and metaraminol was lower in group R than group
P (p <0.05), as detailed in Table 2. However, there was no significant difference in the usage of atropine (p > 0.05).

Assessed for eligibility (n=313) Excluded(n=93)
[ Declined participation (n=6)
° Age >75 years (n=14)

> ) Irregular treatment or poorly controlled
blood pressure (n=39)
\é (] Cardiac function class of NYHA class
2 Il (n=12)
Randomized (n=220) ° History of significant cardiac

conditions (n=15)
o Secondary hypertension (n=7)

Allocation
Allocated to propofol group(n=110) Allocated to remimazolam group(n=110)
Received allocated intervention(n=110) Received allocated intervention(n=110)
Not received allocated intervention(n=0) Not received allocated intervention(n=0)

Lost to follow-up(n=0) Lost to follow-up(n=0)
Analyzed (n=110) Analyzed (n=110)
° Excluded from analysis(n=0) ° Excluded from analysis(n=0)

Figure | Patient flowchart with CONSORT guidelines.
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Table | Patient Characteristics

Variable Group P (n=110) Group R (n=110) p-value
Age (years) 70.00(66.00, 72.00) 70.00(67.00, 72.00) 0.928
Sex (n, %)
Male 51, 46.4% 55, 50.0% 0.589
Female 59, 53.6% 55, 50.0%
Height (cm) 158.00(155.00, 168.00) | 160.00(155.00, 167.00) | 0.588
Weight (kg) 60.00(52.00, 68.25) 58.00(53.00, 66.50) 0.768
BMI (kg/m?) 23.39 £ 2.75 23.12 £ 2.55 0.440
Baseline Characteristics
HR (beats/min) 76.30 + 12.34 77.29 + 11.46 0.538
SBP (mmHg) 138.95 £ I5.11 136.46 + 15.62 0.232
DBP (mmHg) 79.22 + 11.60 79.81 + 12.20 0.713
MAP (mmHg) 100.51 £ 12.50 101.79 + 13.03 0.544
CO (L/min) 4.94 + 1.02 4.96 + 1.28 0.634
SVR (dyn s/cm®) 1737.96 + 464.09 1788.37 + 508.14 0.402
Preoperative SpO, (%) 98.00(96.00, 98.00) 98.00(96.00, 99.00) 0.124
ASA Grade (n, %)
Grade |l 106, 96.4% 107, 97.3% 1.000
Grade |lI 4, 3.6% 3,27%
Hypertension Classification (n, %)
Grade | 46, 41.8% 41, 37.3% 0.374
Grade 2 64, 58.2% 67, 60.9%
Grade 3 0, 0.0% 2, 1.8%
Comorbidities (n, %)
Diabetes 16, 14.5% 18, 16.4% 0.709
Respiratory Diseases 3,2.7% 1, 0.9% 0.614
Cardiovascular Disease 7, 6.4% 2, 1.8% 0.173

Notes: Variables presented as mean + SD, median (interquartile range), or number of patients (%).
Abbreviations: BMI, Body Mass Index; HR, heart rate; ASA, American Society of Anesthesiologists; SBP, Systolic
Blood Pressure; DBP, Diastolic Blood Pressure; MAP, Mean Arterial Pressure; CO, Cardiac Output; SVR, Systemic
Vascular Resistance; SpO,, peripheral oxygen saturation.

Table 2 The Incidence of Hypotension and Dosage of Vasoactive Drugs

Variable Group P Group R p-value
Hypotension (n, %) 80, 72.7% 41, 37.3% <0.001
The dosage of vasoactive drugs(mg)
Ephedrine 3.760 £ 4.133 | 1.850 £ 3.121 | <0.00I
Metaraminol 0.101 £0.208 | 0.045 + 0.144 | 0.012

Notes: Variables presented as mean * SD, median (interquartile range) or number of patients (%).

Comeparison of Intraoperative Hemodynamic Indicators

The changes in the hemodynamic parameters during sedation are presented in Figure 2. At time point T0, there were no
differences in MAP, HR, CO, and SVR between the two groups (p > 0.05). Following endoscope insertion (T1) and at
subsequent 5-minute intervals (T2-T4), group R maintained significantly elevated MAP and HR relative to group P (all
p<0.05, Figures 2A and B), while CO and SVR remained similar between groups (p > 0.05, Figures 2C and D). Relative to
baseline (T0), both groups exhibited significant reductions in MAP, CO, and SVR at T1 (all p < 0.001; Figures 2E, G-H).
However, while group P showed significant HR reduction (p <0.001), group R maintained more stable HR (T1 vs TO:
p = 0.084, Figures 2F).
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Figure 2 Changes in vital signs against elapsed sedation time. (A) MAP at different time points between the two groups; (B) HR at different time points between the two
groups; (C) CO at different time points between the two groups; (D) SVR at different time points between the two groups; (E) Comparison of MAP changes at TO and T1 in
each group; (F) Comparison of HR changes at TO and T| in each group; (G) Comparison of CO changes at TO and T in each group; (H) Comparison of SVR changes at TO
and T in each group. Group P: Group propofol, Group R: Group remimazolam. T0: 2 minutes before anesthesia induction, T1: at the time of endoscope entry, T2: 5 min
after the operation, T3: 10 min after the operation, T4: |5 min after the operation, T5: 20 min after the operation, T6é: 25 min after the operation, T7: 30 min after the
operation, T8: 35 min after the operation, T9: 40 min after the operation. (*p < 0.05).

Abbreviations: MAP, Mean arterial pressure; HR, Heart rate; CO, Cardiac Output; SVR, Peripheral vascular resistance.
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Adverse Events and Postoperative Follow-Up

No cases of tachycardia or postoperative re-sedation were reported in either group. Intraoperative hypertension occurred
in only one propofol-treated patient (0.9%), which resolved spontaneously without vasoactive drugs following brief
procedure suspension, while no hypertension cases were observed in the remimazolam group (p > 0.05). Group
R demonstrated significantly lower rates of respiratory depression (34.5% vs 55.5%, p < 0.001) and bradycardia
(7.3% vs 16.4%, p = 0.008) compared to group P.

However, group R showed a higher incidence of intraoperative body movements and cough (both p < 0.05), all of
which were successfully managed with supplemental sedation without procedural interruptions, and there were no cases
of sedation failure. The incidence of intraoperative arrhythmia and hiccups showed no significant differences between the
groups (p > 0.05).

During 24-hour follow-up, PONV rates were 5.5% (propofol) versus 0.9% (remimazolam) (p = 0.124), while
dizziness occurred in 30.9% (propofol) and 33.6% (remimazolam) of cases (p = 0.665), with no statistical difference,

as comprehensively detailed in Table 3.

Procedure Time and Recovery Time

There were no significant differences in gastroscopy time, and colonoscopy time between the two groups (p > 0.05).
Compared to group P, patients in group R had shorter recovery time following flumazenil administration [2 (range 2 to 3)
vs 5 (range 4 to 6), p < 0.001]. As depicted in Table 4.

Table 3 Adverse Events and Post-Operative Follow-Up

Variable Group P (n=110) | Group R (n=110) | p-value

Adverse events (n, %)
Hypertension I, 0.9% 0, 0.0% 1.000
Bradycardia 18, 16.4% 8,7.3% 0.037
Tachycardia 0, 0.0% 0, 0.0% —
Respiratory Depression 61, 55.5% 38, 34.5% 0.002
Body movements 4, 3.6% 19, 17.3% <0.001
Cough 13, 11.8% 32, 29.1% 0.001
Hiccups 2, 1.8% 7, 6.4% 0.173
Arrhythmia I, 0.9% 1, 0.9% 1.000
Re-sedation 0, 0.0% 0, 0.0% -

Post-operative follow-up (n, %)
PONV 6, 5.5% 1,0.9% 0.124
Dizziness 34, 30.9% 37, 33.6% 0.665

Note: Variables presented as number of patients (%).
Abbreviation: PONV, Postoperative nausea and vomiting.

Table 4 Procedure and Sedation-Related Outcomes

Variable Group P Group R p-value

Procedure time

Gastroscopy (min) 6.00(4.00, 9.00) 6.00(4.00, 7.25) 0.617
Colonoscopy (min) 14.00(10.00, 18.00) 13.00(11.00, 17.25) 0.544
Recovery time (min) 5.00(4.00, 6.00) 2.00(2.00, 3.00) <0.001

Note: Variables presented as median (interquartile range).
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Discussion

This randomized clinical trial aimed to evaluate the hemodynamic effects of remimazolam and propofol when adminis-
tered in combination with sufentanil to elderly hypertensive patients undergoing painless gastroenteroscopy. The
remimazolam induction dose of 0.3 mg/kg was determined based on comprehensive evidence from a recent meta-
analysis of seven endoscopic studies, which demonstrated that doses exceeding 0.2 mg/kg provided optimal balance
between procedural efficacy and safety profile.”’ This is further supported by population pharmacodynamic modeling
studies confirming the appropriateness of this dosage without the need for age-related adjustment in elderly patients.?®
For propofol, the 1.5 mg/kg induction dose was selected in accordance with established dosing regimens from previous
geriatric sedation studies.'®

Our studies demonstrate that remimazolam offers superior hemodynamic stability, with significantly lower rates of
hypotension compared to propofol. Additionally, remimazolam was associated with a reduced risk of respiratory
depression. However, the incidence of intraoperative body movements and cough was higher in patients sedated with
remimazolam than in those sedated with propofol. Notably, remimazolam facilitates a quicker recovery of consciousness
when combined with flumazenil. Furthermore, remimazolam did not increase the risk of postoperative adverse reactions,
such as dizziness, PONV.

Our findings are consistent with previous studies demonstrating remimazolam’s favorable hemodynamic profile in
elderly patients.”*** However, the incidence of hypotension remained relatively high in both group R and group P in our
study (37.3% vs 72.7%)—a significant increase over the rates reported by Dong et al.”> Several explanations include: (1)
Our study specifically enrolled elderly hypertensive patients, a population with diminished physiological reserve and
impaired metabolic regulation, resulting in prone to disturbance of water and electrolyte metabolism (such as hypovo-
lemia, hypokalemia, hyponatremia, etc.) in the intestinal preparation stage, increasing the risk of perioperative hemody-
namic instability. Additionally, some researchers have found that adult hypertensive patients scheduled for elective
noncardiac surgery under general anesthesia are more likely to develop post-induction hypotension than normotensive
patien‘cs.3 ' (2) We utilized the CNAP system (CNSystems Medizintechnik AG, Graz, Austria), a continuous noninvasive
blood pressure monitoring technology based on vascular unloading principles, while providing beat-to-beat arterial
waveform analysis and hemodynamic parameters (CO, SVR, HR).?* However, NIBP cannot be continuously monitored,
and may miss approximately 20% of hypotensive episodes and detect another 20% with delay.’

In the comparative analysis of hemodynamic parameters, both remimazolam (group R) and propofol (group P)
cohorts exhibited comparable reductions in MAP, CO, and SVR at time point T1 relative to baseline (T0). However,
a significant intergroup difference emerged in HR changes: group P demonstrated a significant reduction in HR, whereas
group R maintained HR stability throughout the procedural period. Notably, compared with group P, patients in group
R exhibited significantly elevated MAP and HR at time points T1, T2, T3, and T4. Concurrently, the incidence of
clinically relevant hypotension and bradycardia was markedly reduced in group R, accompanied by a diminished
requirement for vasoactive pharmacological intervention. These findings collectively indicate that remimazolam confers
superior hemodynamic stability in elderly hypertensive patients undergoing painless gastroenteroscopy. The observed
hemodynamic differences may be attributed to the distinct pharmacological properties of these agents. Propofol exerts
vasodilatory effects primarily through blockade of calcium and potassium channels in vascular smooth muscle, resulting
in decreased systemic vascular resistance and subsequent hypotension.? In contrast, remimazolam appears to preserve
hemodynamic stability through sympathetic activation, a characteristic shared with other benzodiazepines, which
mitigates its potential depressant effects on cardiovascular function.'®

Respiratory complications represent a significant safety concern in procedural sedation. Current evidence indicates
that propofol administration during gastroenteroscopy is associated with respiratory depression in 42.8% of cases (SpO.
<90% for >10 seconds), including severe hypoxemia (SpO, <80%) in 11.9% of patients.* In our study population,
remimazolam demonstrated an improved respiratory safety profile, with hypoxemic events (SpO, <94% for >10 seconds)
occurring in 34.5% of cases - representing a clinically meaningful 21% relative risk reduction compared to propofol. Our

10,25

conclusions align with prior studies, while extending the evidence base for remimazolam’s application in high-risk

populations.
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Our study also evaluated the recovery time of remimazolam. We detected that the recovery time of remimazolam was
significantly reduced; this may be due to the use of flumazenil as an antagonist after ceasing to infuse the remimazolam
in group R, allowing patients to regain consciousness more quickly. This pharmacological reversal mechanism, unique to
benzodiazepine-based anesthetics, enables prompt restoration of consciousness - a clinically significant advantage over
propofol, which lacks an equivalent specific antagonist. However, this clinical benefit must be weighed against the risk of
re-sedation, a recognized complication following flumazenil use. Prior research reported resedation in 22% patients
within 15 minutes of postanesthesia care unit (PACU) admission.** Accordingly, after the administration of flumazenil,
patients should be monitored for re-sedation, respiratory depression, and other persistent or recurrent hypnotic effects for
a sufficient time period.*® In our trail, the sedation time was relatively shorter, and the dosage of remimazolam was lower,
so none of 220 patients experienced re-sedation.

This study still has some limitations. Firstly, sedation depth was assessed exclusively through MOAA/S score without
incorporating objective measures such as bispectral index (BIS) or Narcotrend monitoring, potentially leading to
excessive sedation. Secondly, this experiment did not include a remimazolam without flumazenil reversal group,
preventing us from assessing the added benefit of flumazenil except for the advantages of remimazolam. Finally, this
study only targeted elderly patients aged between 65 and 75, whether the results are also appropriate for very elderly
patients remains uncertain. More trials are needed to verify those.

Conclusion

Remimazolam can be stably and effectively used in elderly hypertensive patients during gastroenteroscopy. Compared
with propofol, remimazolam provides superior hemodynamic stability, characterized by significantly lower rates of
hypotension and other sedation-related adverse events.
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