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Background: Remimazolam tosilate (RT) is a novel ultrashort-acting γ-aminobutyric acid subtype A (GABAA) agonist, with several 
advantages including rapid induction and recovery, stable haemodynamics, and mild respiratory inhibition. However, studies have not 
been conducted to explore the haemodynamic effects of RT in elderly hypertensive subjects undergoing non-cardiac surgery. 
Therefore, we sought to compare the effects of anaesthesia induction using different doses of RT and etomidate on the haemodynamics 
of this group of patients.
Methods: Patients were recruited into this single-center, prospective, randomized, double-blind trial from October 2022 to June 2023. 
A total of 150 hypertensive elderly undergoing non-cardiac surgery were randomly assigned into 0.2 mg/kg RT group (Group RL), 
0.3 mg/kg RT group (Group RH) and 0.3 mg/kg etomidate group (Group E). The primary outcome of the study was haemodynamic 
changes (mean arterial pressure fluctuation value -∆MAP and heart rate fluctuation value -∆HR) observed during anaesthesia 
induction. Secondary outcomes included incidence of adverse cardiovascular events and adverse drug reactions (injection pain and 
myoclonus), cumulative doses of vasoactive drugs and vital signs at different time points.
Results: Patients in Group E and Group RL had significantly lower haemodynamic fluctuations (∆MAP), lower incidence of 
hypotension and cumulative dose of ephedrine than subjects in Group RH. Patients in groups RL and RH had significantly lower 
incidence of injection pain and myoclonus compared with patients in group E. The results showed no statistically significant 
differences in ∆HR, hypertension, bradycardia, tachycardia, and time to loss of eye-opening reflex and start of intubation, and vital 
signs at different time points among the three groups.
Conclusion: Use of low-dose RT (0.2 mg/kg) for induction of non-cardiac surgical anaesthesia in elderly hypertensive patients is 
more effective in maintaining haemodynamic stability and has fewer adverse effects compared with etomidate.
Keywords: remimazolam tosylate, etomidate, haemodynamics, elderly patients, hypertension, non-cardiac surgery

Introduction
Elderly patients with hypertension have a high risk of hypotension and arrhythmia, especially during anaesthesia 
induction. Therefore, anesthesiologists should use anesthetic drugs that do not affect the haemodynamic stability in 
this group of patients.

Etomidate is a non-barbiturate intravenous sedative. This drug is a hydroxylated imidazole salt that exerts sedative 
and anesthetic effects mainly by binding to γ-aminobutyric acid subtype a (GABAA) receptors in the central nervous 
system.1 Etomidate is the preferred sedative drug for induction of general anaesthesia in critically ill patients because it 
maintains haemodynamic stability2–6 However, etomidate has several adverse effects, such as adrenal inhibition,7,8 

inducing muscle spasm,9 injection pain,10 nausea and vomiting, which limit its clinical application.
Remimazolam tosylate (RT) is a recently reported benzodiazepine that acts on GABAA receptors and has similar 

structure and binding activity to remimazolam. In addition, RT has a short half-life resulting in rapid acting onset and 
recovery than short-acting sedatives currently used clinically.11,12 Several studies report that RT has several advantages, 
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such as rapid onset, short maintenance and recovery times, and is not accumulated in the system. In addition, RT does not 
induce cardiorespiratory depression or affect liver and kidney function.13–15 A previous multicentre clinical study 
reported the safety of RT used during upper gastrointestinal endoscopy compared with propofol, and the results showed 
that RT was associated with faster patient recovery.14 Moreover, a multicentre clinical study was conducted to explore the 
efficacy and safety of remimazolam in vulnerable patients (ASA Class III) undergoing elective general surgery, and the 
findings showed that the two induction regimens (6 and 12 mgkg−1 h−1) had similar efficacy and safety in ASA Class III 
patients undergoing surgery.16 A significantly shorter time to loss of consciousness was observed when as higher 
remimazolam dosage was used.16 Liu et al reported that remimazolam is safe and effective for anaesthesia induction 
and can be used as an alternative to propofol during anaesthesia induction in patients undergoing valve replacement 
surgery.17 Several studies have demonstrated that RT is a safe and effective option for anaesthesia induction during 
digestive endoscopy, bronchoscopy, induction and maintenance of general anesthesia, and induction of anaesthesia in 
high-risk patients and cardiac surgery patients.14,16,17

However, there are no clinical studies that have compared the effect of RT and etomidate on the haemodynamics of 
elderly patients with hypertension during anaesthesia induction. Therefore, the aim of the present study was to compare 
the effect of RT and etomidate on haemodynamics of elderly patients with hypertension undergoing non-cardiac surgery. 
The findings of the present study will provide a safer alternative for anaesthesia induction during non-cardiac surgery in 
elderly patients with hypertension.

Methods
Study Design
The present study was a prospective, randomized, controlled, double-blind, single-center trial. The aim of the trial was to 
evaluate the effect of different doses of RT and etomidate on haemodynamics change during anaesthesia induction on 
elderly patients with hypertension scheduled to undergo non-cardiac surgery. The study was approved by the Medical 
Ethics Committee of the Affiliated Hospital of Guizhou Medical University (Ref: 2022100K) and was registered in the 
Chinese Clinical Trial Registry (ChiCTR2200064997). The study was conducted according to the principles of the 
Declaration of Helsinki. Written informed consent was obtained from all patients before the enrollment into the study. 
A flowchart showing the study design is presented in Figure 1.

Patients aged > 65 years, with an American Society of Anesthesiologists (ASA) grade I–III and scheduled for elective 
non-cardiac surgery from October 2022 to June 2023 were recruited into this study. The exclusion criteria were as 
follows: patients diagnosed with (1) severe cardiovascular or pulmonary diseases; (2) uncontrolled or poorly controlled 
hypertension; (3) a history of renal or hepatic dysfunction; (4) neurocognitive or psychiatric disorders; (5) known allergic 
or contraindication to benzodiazepines, opioids and etomidate; (6) a history of alcohol abuse or benzodiazepines or 
opioids addiction; and (7) possible blocked airway.

The patients were randomly assigned to three groups at a 1:1:1 allocation ratio using a computer-generated algorithm. 
The numbers representing the patients were initially placed in separate opaque envelopes. The envelopes were then 
opened by a nurse who was not involved in the study just before performing anaesthesia induction. The study groups 
were as follows: 0.2 mg/kg RT group (Group RL), 0.3 mg/kg RT group (Group RH) and 0.3 mg/kg etomidate group 
(Group E). All the syringes and intravenous lines used to administer the experimental drugs were sealed with a masking 
tape to conceal the identity of the drugs. Data were collected and analysed by two researchers who were blinded to the 
randomization to minimise bias and achieve allocation concealment. Experienced trial supervisors supervised the trial to 
ensure integrity of the blinding process and regularly reviewed the experimental data for accuracy and completeness. 
Patients, surgeons, nurses, anesthesiologists, and outcome observers were blinded to the randomization and drugs 
administered to the various groups throughout the study period.

Study Interventions
All patients were requested to fast for 8h before the surgery. Standard monitoring procedures, including electrocardio-
gram (ECG) test, noninvasive blood pressure (NIBP) evaluation, and determination of peripheral oxygen saturation 
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(SpO2) and bispectral index (BIS) of the patient were conducted in the surgery room. A 18-gauge intravenous cannula 
was used for Ringer lactate (10 mL/kg) infusion. All subjects were subjected to preoxygenation (breathing spontaneous 
using a closed mask with 100% oxygen), then patients in Group E received etomidate (0.3 mg/kg) (Jiang Su Heng Rui 
Medicine Co. Ltd, Jiangsu Province, China) for about 30s, patients in Group RL received RT (0.2 mg/kg) (Jiang Su Heng 
Rui Medicine Co. Ltd, Jiangsu Province, China) for approximately 30s whereas patients in Group RH received RT 
(0.3 mg/kg) for approximately 30s. Subsequently, patients in the three groups received an intravenous injection of 
sufentanil (0.4 ug/kg) for approximately 30s. The period taken for eyelash reflex disappearance was determined every 5s 
after drug administration by gently tapping the eyelashes with a sterile cotton swab. An additional dose of etomidate 
(0.05 mg/kg) or RT (0.05 mg/kg) was administered to patients if the eyelash reflex did not not disappear within a minute 
after intravenous administration of sufentanil. All patients received phenylsulfonyl cisatracurium (0.15 mg/kg) for muscle 
relaxation after loss of consciousness was achieved (eyelash reflex disappearance). Endotracheal intubation was per-
formed 2 min after administration of phenylsulfonyl cisatracurium to maintain PetCO2 within a range of 35–45 mm Hg. 
The BIS index was maintained within a range of 40–60.18 Anaesthesia was maintained with sevoflurane in 50% oxygen 
and/or other intravenous anesthetics were administered 2 min after intubation depending on the requirements for surgery.

Systolic blood pressure (SBP), diastolic blood pressure (DBP), MAP, HR were examined and recorded at baseline and 
at a 10-min interval following drug administration (once per minute). Endotracheal intubation and anaesthesia admin-
istration were performed by an anesthesiologist who was blinded to the study groups. The duration between the time of 
initiation of drug administration and time of eyelash reflex disappearance and endotracheal intubation were recorded for 
each patient.

Figure 1 Consort flow diagram of the trial design.
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Systolic arterial pressure below 80 mmHg or a more than 20% decrease in systolic arterial pressure during induction 
relative to the baseline level lasting at least 1 min indicated hypotension. In this study, 6 mg ephedrine or more was 
administered intravenously until the MAP was restored to normal range once hypotension occurred. HR decrease below 
45 beats per min (bpm) indicated severe bradycardia, and 0.5 mg atropine was administrated by intravenous injection to 
alleviate it. MAP increase above 120 mmHg was managed by appropriate nitroglycerin dose. HR increase above 120 
bpm was managed using appropriate esmolol dose. Incidence of adverse cardiovascular events (hypotension, severe 
bradycardia, hypertension, tachycardia and arrhythmia) and the cumulative doses of administered vasoactive drugs were 
recorded.

Assessment of Primary and Secondary Outcomes
The primary outcome of the present study was the change in haemodynamic parameters (∆MAP and ∆HR). ∆MAP was 
defined as the difference between maximum or minimum MAP and the baseline MAP. ∆HR was defined as the difference 
between the maximum or minimum HR and the baseline HR. Secondary outcomes included the incidence of adverse 
cardiovascular events, incidence of adverse drug reactions (injection pain and myoclonus), cumulative doses of 
vasoactive drugs administered per patient, vital signs at different time points, the duration between the time of initiation 
of drug administration and time of eyelash reflex disappearance and endotracheal intubation.

Statistical Analysis
The sample size was calculated based on the primary outcome, which was the change in haemodynamic parameters 
(∆MAP). A review of literature showed that there were no similar previous studies that reported a method for 
determination of the sample size the study protocol was designed. Therefore, a pilot study comprising 10 patients in 
each group was conducted prior to the trial. The results of the pilot study were not included in the full-scale study. The 
results of the pilot study showed that the ∆MAP (mean ± SD) in group E, Group RL and Group RH were 15.68 ± 6.54 
mmHg, 13.86 ± 8.02 mmHg and 20.37 ± 10.53 mmHg, respectively. Assuming α = 0.05 and power = 0.90, 38 patients 
were sufficient for each group according to findings from the pilot study. A total of 150 patients were enrolled in this 
study (n = 50 in each group) to account for a potential withdrawal rate of 20%. The sample size was calculated using the 
PASS software (version 15, NCSS, LCC, Kaysville, UT, United States).

Statistical data analysis was performed using SPSS 25.0 software (SPSS Inc, Chicago, IL, USA). Data were presented 
as means ± standard deviations, medians and interquartile ranges, or numbers and percentages, based on the type and 
distribution of the data. Baseline balance was assessed using absolute standardised difference (ASD), calculated as the 
absolute difference in means, medians or proportions divided by the combined standard deviation. Baseline variables 
with an absolute standardized difference of 0.877 or greater (ie, 1.96 × sqrt ((n1 + n2)/(n1 × n2))) were considered 
imbalanced, where n1 and n2 were the number of patients in each randomized group.19 Differences in continuous 
variables between the groups were evaluated by one-way analysis of variance (ANOVA). Differences in vital signs at 
various time points were evaluated by repeated-measures ANOVA. Data that were not normally distributed (ephedrine 
use) were presented as median (25th and 75th percentile) and compared using Kruskal–Wallis test. Post hoc tests were 
performed using the Bonferroni method. Chi-square test was performed to compare differences in independent qualitative 
data. Fischer’s test was conducted for data that did not meet chi-square test conditions. Data on gender, ASA grade, 
hypertension grade, surgical procedure, incidence of adverse reactions were presented as numbers and percentages and χ2 

test was conducted to compared differences between groups. All tests were two-sided and P-value < 0.05 was considered 
statistically significant.

Results
A total of 168 patients were recruited into this study. Five participants declined to participate, eight patients exhibited 
potential difficulty with intubation and five patients presented with haemodynamic instability, so the procedure was 
suspended. Therefore, 150 patients were included in the final analysis (Figure 1). The baseline characteristics and 
demographic data of the patients in the three groups are presented in Table 1. The results showed that the demographic 
and baseline characteristics of patients between three groups were balanced (ASD < 0.877).
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Patients in the E and RL groups exhibited significantly lower haemodynamic fluctuations (∆MAP) than subjects in the 
RH group (17.02 ± 5.16, 15.94 ± 5.48 and 19.72 ± 4.65, respectively, F = 7.267, P < 0.05). The difference in ∆MAP 
between the RL and RH groups was not statistically significant. The three groups did not show statistically significant 
differences in ∆HR (Table 2).

The incidence of hypotension and the cumulative dose of ephedrine were significantly lower in patients in group 
E and Group RL than in Group RH (P < 0.05), but the differences in the two variables between groups E and RL were 
not statistically significant. Patients in groups RL and RH had a significantly lower incidence of injection pain and 
myoclonus compared with subjects in group E (P < 0.05), but the difference between groups RL and RH was not 
statistically significant. The incidence of hypertension, bradycardia and tachycardia were not significantly different 
among the three groups (Table 3).

The results showed no statistically significant differences in duration between initiation of drug administration to the 
disappearance of the eye-opening reflex and the period of intubation, and number of vital signs at different time points 
among the three groups (Table 4 and Figure 2).

Discussion
In the present prospective, randomized, double-blind controlled clinical trial, participants were randomly assigned to the 
etomidate group, the low-dose RT group and the high-dose RT group. In this study, we compared the efficacy of RT and 

Table 1 Demographic and Baseline Characteristics of Patients

Variable Group E (n=50) Group RL (n=50) Group RH (n=50) F/χ2 ASD1 ASD2 ASD3

Age (years) 69.06 ± 3.11 69.88 ± 3.86 70.00 ± 8.03 0.441 0.169 0.428 0.243
Gender (M/F) 18/32 23/27 20/30 1.050 0.204 0.083 −0.121

Height (cm) 158.06 ± 6.45 158.44 ± 5.98 158.72 ± 5.09 0.159 0.078 0.133 0.036

Weight (kg) 55.27 ± 6.94 56.89 ± 7.41 57.68 ± 6.77 1.520 0.216 0.364 0.198
BMI (kg/m2) 22.17 ± 2.53 22.66 ± 2.55 22.83 ± 2.58 0.919 0.200 0.290 0.099

ASA (I/II/III) 0/45/4 0/46/4 0/45/5 0.242 −0.070 0.000 0.070

Hypertension grade (n, %) 0.232
I 26 (52) 24 (48) 25 (50) 0.080 0.040 −0.040

II 19 (38) 20 (40) 19 (38) −0.041 0.000 0.041
III 5 (10) 6 (12) 6 (12) −0.064 −0.064 0.000

Surgical procedure (n, %) 4.516

Urological surgery 11 (22) 8 (16) 12 (24) 0.153 −0.048 −0.201
Orthopaedic surgery 8 (16) 9 (18) 9 (18) −0.053 −0.053 0.000

Gynaecological surgery 7 (14) 8 (16) 9 (18) −0.056 −0.109 −0.053

Hepatobiliary surgery 13 (26) 19 (38) 13 (26) −0.259 0.000 0.259
Otolaryngology surgery 11 (22) 6 (12) 7 (14) 0.269 0.209 −0.060

Notes: Variables presented as mean ± SD and number of patients (%). F-test, Chi-square test and Fisher’s exact test were used for data analysis. ASD1: the ASD 
between Group E and Group RL. ASD2: the ASD between Group E and Group RH. ASD3: the ASD between Group RL and Group RH. If ASD < 1.96×sqrt ((n1 + n2) / 
(n1×n2)) then the baseline was balanced between the groups. 
Abbreviations: Group E, 0.3 mg/kg etomidate group; Group RL, 0.2 mg/kg remimazolam group; Group RH, 0.3 mg/kg remimazolam group; BMI, body mass index; 
ASA, American Society of Anaesthesiologists; n, number.

Table 2 Haemodynamic Fluctuations Between the Three Groups

Variable Group E (n=50) Group RL (n=50) Group RH (n=50) F P-value

∆MAP 17.02 ± 5.16 15.94 ± 5.48 19.72 ± 4.65 7.267 0.001*

∆HR 10.64 ± 5.25 10.88 ± 4.77 12.14 ± 4.45 1.390 0.252

Notes: Variables presented as mean ± SD. *P < 0.05 vs Group RH, F-test and Bonferroni method were used for data analysis. 
P-value is the Bonferroni correction value. 
Abbreviations: Group E, 0.3 mg/kg etomidate group; Group RL, 0.2 mg/kg remimazolam group; Group RH, 0.3 mg/kg 
remimazolam group; MAP, mean arterial pressure; HR, heart rate.
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etomidate in anaesthesia induction and the effect on haemodynamics in elderly patients with hypertension undergoing 
non-cardiac surgery. The findings showed that induction of anaesthesia in elderly patients with hypertension using RT 
(0.2 mg/kg) was characterized by stable haemodynamic and fewer adverse reactions compared with use of etomidate and 
0.3 mg/kg RT.

Elderly patients with hypertension have a high risk of hypotension during anaesthesia induction due to reduced organ 
function and low cardiac reserve function.20 This group of patients, especially elderly patients with higher hypertension 
classification, presents with various cardiovascular conditions during induction of anaesthesia. Therefore, it is imperative 
to prevent the occurrence of hypotension, myocardial ischaemia and hypoxia, and to maintain a stable circulatory 
function during induction of anaesthesia in this group of patients. Etomidate is a common clinical drug for anaesthesia 
induction in elderly patients presenting with haemodynamic instability because it is associated with low hypotension 
incidence.21–23 However, etomidate is associated with adverse effects, such as adrenocortical suppression and myoclonus, 
which limit its clinical application.1,24

RT is a recently developed ultra-short-acting GABAA agonist characterized by rapid onset of action, short half-life, 
rapid metabolism and non-hepatic and renal dependence, and it ensures haemodynamic stability.25,26 The results showed 
that patients in the etomidate and low-dose RT groups had significantly lower haemodynamic fluctuations (∆MAP) than 
patients in the high-dose RT group (17.02 ± 5.16, 15.94 ± 5.48 and 19.72 ± 4.65 mmHg respectively). Notably, no 
significant differences in ∆HR were observed among the three groups. Although the difference in ∆MAP was only subtle 
a 3–5 mmHg change in blood pressure can cause imbalance in myocardial oxygen supply and demand.27,28 The effect is 
significant in elderly hypertensive patients with reduced cardiac reserve function and subjects at with high risk of 

Table 3 Comparison of Adverse Reactions Between the Three Groups

Variable Group E (n=50) Group RL (n=50) Group RH (n=50) H/χ2 P-value

Hypotension (n, %) 9 (18) 10 (20) 19 (38) 6.414 0.040*
Hypertension (n, %) 2 (4) 2 (4) 2 (4) 0.221 1.000

Bradycardia (n, %) 2 (4) 2 (4) 3 (6) 0.429 1.000

Tachycardia (n, %) 2 (4) 3 (6) 5 (10) 1.423 0.606
Ephedrine use (mg) 0 (0, 0) 0 (0, 0) 0 (0, 0) 8.454 0.035*

Injection pains (n, %) 7 (14) 1 (2) 1 (2) 6.961 0.020*

0 0 (0) 0 (0) 0 (0)
1 7 (14) 1 (2) 1 (2)

2 0 (0) 0 (0) 0 (0)
3 0 (0) 0 (0) 0 (0)

Myoclonus (n, %) 13 (26) 1 (2) 2 (4) 15.984 0.001*

0 37 (74) 49 (98) 48 (96)
1 6 (12) 1 (2) 2 (4)

2 5 (10) 0 (0) 0 (0)

3 2 (4) 0 (0) 0 (0)

Notes: Variables presented as number of patients (%) or median (P25, P75). *P < 0.05 vs Group RH. Chi-square test, Fisher’s exact test, 
Kruskal–Wallis test and Bonferroni method were used for data analysis. P-value is the Bonferroni correction value. 
Abbreviations: Group E, 0.3 mg/kg etomidate group; Group RL, 0.2 mg/kg remimazolam group; Group RH, 0.3 mg/kg remimazolam 
group; n, number.

Table 4 Comparison of the Time from the Initiation of Drug Administration to Eyelash Reflex Disappearance and 
Endotracheal Intubation Between the Three Groups

Variable Group E (n=50) Group RL (n=50) Group RH (n=50) F P-value

Time of eyelash reflex disappearance (s) 76.62 ± 7.61 75.62 ± 6.27 73.38 ± 7.00 2.825 0.065
Time of endotracheal intubation (s) 206.60 ± 5.55 205.98 ± 6.76 203.88 ± 6.67 2.072 0.408

Notes: Variables presented as mean ± SD. F-test and Bonferroni method was used for data analysis. P-value is the Bonferroni correction value. 
Abbreviations: Group E, 0.3 mg/kg etomidate group; Group RL, 0.2 mg/kg remimazolam group; Group RH, 0.3 mg/kg remimazolam group; n, number.
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myocardial ischaemia. Therefore, reducing haemodynamic fluctuations during induction of anaesthesia and use of safer 
drugs that maintain and haemodynamic stability during induction of anaesthesia in this group of patients is key.

In this study, the incidence of hypotension and the cumulative dose of ephedrine in patients in the etomidate and low- 
dose RT groups were significantly lower than subjects in the high-dose RT group. Hypotension is a common side effect 
of clinical drugs used for induction of anaesthesia. Approximately one third of perioperative hypotension incidence 
occurs between induction of anaesthesia and surgical incision.29,30 Previous studies report that post-induction hypoten-
sion can be attributed to the reduced myocardial contractility and venodilatation, which cause reduced venous return. In 
addition, post-induction hypotension is potentially caused by arterial dilatation accompanied by reduced systemic 
vascular resistance following induction of anaesthesia.31–34 Incidence of hypotension in elderly patients with hyperten-
sion is significantly associated with increased occurrence of organ damage, cardiovascular conditions and postoperative 
cognitive impairment.35 Hypotension and the associated conditions may prolong hospital stay of patients and result in 
higher healthcare costs for this group of patients. In the present study, the results showed that reducing MAP fluctuations 
during induction of anaesthesia significantly reduced the incidence of hypotension. Therefore, a highly stable MAP 
during induction of anaesthesia can reduce the incidence of hypotension in elderly patients with hypertension. The 
present findings showed no statistically significant difference in incidence of hypertension, tachycardia and bradycardia 
during induction of anaesthesia among the three groups of patients, which is consistent with findings reported by Hu 
et al.36 The incidence of tachycardia and bradycardia was higher in patients receiving high doses of remimazolam than in 
patients administered with low doses of remimazolam and etomidate, but the difference was not statistically significant. 
The appropriate doses of remimazolam and etomidate have less impact on the cardiovascular system,17,36 but a larger 
sample size may yield different results.

Previous findings indicate that RT reduces the incidence of hypotension, probably through the subtle effect of rimazolam on 
cardiac output and systemic vascular resistance.37 Moreover, RT can maintain haemodynamic stability by reducing haemody-
namic fluctuations, which decreasing the stress response and enhancing myocardial contractility.38 In the current study, the 
findings show that induction of anaesthesia in elderly hypertensive patients using a low-dose of RT (0.2 mg/kg) is results in 
similar haemodynamic stability and but fewer adverse effects compared with use of etomidate. Liu et al reported that patients that 
received RT (0.3 mg/kg) exhibited higher haemodynamic stability than subjects administered with propofol during cardiac 
surgery.17 Hu et al used RT for induction of anaesthesia in patients undergoing cardiac surgery and reported that 0.2 mg/kg RT 
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Figure 2 Vital signs at different time points between the three groups. (A) MAP at different time points between the three groups; (B) HR at different time points between 
the three groups. 
Abbreviations: Group E, 0.3 mg/kg etomidate group; Group RL, 0.2 mg/kg remimazolam group; Group RH, 0.3 mg/kg remimazolam group; MAP, mean arterial pressure; 
HR, heart rate.
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induced similar haemodynamic stability as etomidate, but RT was associated with fewer complications.36 Zhang et al observed 
that 0.2–0.4 mg/kg RT induced higher haemodynamic stability compared with propofol in elderly patients undergoing hip 
surgery.39 In the present study, two doses of 0.2 mg/kg and 0.3 mg/kg were used based on the hypertension status and the poor 
cardiac reserve function of elderly patients. The present findings indicate that 0.2 mg/kg RT is safe for induction of anaesthesia in 
elderly hypertensive patients. However, further studies should be conducted to determine the optimal dose of RT that reduces 
occurrence of hypotension and other complications during non-cardiac surgery in elderly hypertensive patients.

Myoclonus is a common adverse effect of etomidate. Occurrence of myoclonus in patients with poor cardiovascular 
reserve can lead to serious adverse consequences, such as myalgia, muscle fibre damage, increased cerebral metabolic 
rate and increased energy consumption.40,41 In this study, the incidence of myoclonus in patients in the etomidate group 
was 26%, which is similar to the incidence of myoclonus reported in a study conducted by Liu et al.42 On the contrary, 
myoclonus occurred in one and two patients in the low-dose RT group and the high-dose RT group, respectively. The 
severity of myoclonus was significantly lower in the RT group than that of the etomidate group. These results indicate 
that RT is safe and effective in reducing myoclonic adverse reactions. The underlying mechanism of induction of 
myoclonus by etomidate is unclear. Previous findings indicate that etomidate-induced myoclonus is dependent on the 
dose of the drug and is mainly caused by neocortical glutamate accumulation and is medicated through the N-methyl- 
D-aspartate receptor (NMDAR). Myoclonus induced by etomidate is associated with downregulation of the expression of 
KCC2 protein mediated by NMDR.43 Moreover, induction of myoclonus by etomidate may be through inhibition of 
GABAA neurons, which activates the pathways associated with skeletal muscle.44,45 Although RT also exerts its effect 
through GABAA receptors, the incidence of myoclonus caused by RT is lower, and the specific mechanism of RT should 
be explored further.

Injection pain is also a common adverse effect of etomidate. Previous studies report varying degrees of injection pain 
associated with etomidate.36,46,47 The incidence of etomidate injection pain among the subjects in this study was 14%. 
The incidence of injection pain was significantly lower in the low-dose RT group and the high-dose RT group compared 
with etomidate group. The chemical structure of RT is different from that of isoproterenol because RT lacks a phenol 
group. As a result, RT causes less vascular irritation and less injection pain. Notably, there was no statistically significant 
difference in the duration between the start of drug administration to the disappearance of the eye-opening reflex and the 
time taken to reach tracheal intubation among the three groups, indicating rapid onset of drug action.

The present study has several limitations. Firstly, this was a single-centre study with a relatively small sample size. 
Therefore, study trials with a larger sample size should be conducted to determine the haemodynamic effects of RT in 
elderly hypertensive patients undergoing non-cardiac surgery. Secondly, the effective dose of etomidate and RT was not 
explored in this study and therefore etomidate and RT doses used in the study were determined based on a pilot study. 
Thirdly, we did not monitor other indicators of cardiac function such as cardiac output, volume per beat and vascular 
resistance. Therefore, we could not effectively interpret the effect of RT on haemodynamics and the mechanism 
underlying this effect. Further clinical studies should be conducted to address these limitations and further validate the 
results reported in this study.

Conclusion
The present findings show that use of low-dose RT (0.2 mg/kg) for induction of anaesthesia during non-cardiac surgery in 
elderly patients with hypertension promotes haemodynamic stability and has fewer adverse effects compared with 
etomidate. RT has good efficacy and high safety profile and is a potential alternative sedative drug for induction of 
general anaesthesia in elderly patients with hypertension.

Abbreviations
GABAA, γ-aminobutyric acid subtype A; MAP, Mean Arterial Pressure; HR, Heart rate; RT, Remimazolam tosylate; 
ASA, American Society of Anesthesiologists; ECG, Electrocardiogram; NIBP, Noninvasive Blood Pressure; SpO2, 
Peripheral Oxygen Saturation; BIS, Bispectral Index; PetCO2, Partial pressure of end-expiratory carbon dioxide; SBP, 
Systolic Blood Pressure; DBP, Diastolic Blood Pressure; BMI, Body mass index; NMDAR, N-methyl-D-aspartate 
receptor; SD, Standard deviation; P25, Lower quartile; P75, Upper quartile.
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