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Background: Remimazolam tosilate (RT) is a new ultrashort-acting γ-aminobutyric acid subtype A (GABAA) agonist, with the 
characteristics of rapid onset and offset, minimal cardiorespiratory depression. Currently, few studies have compared the effect of RT 
and etomidate on hemodynamics during anesthesia induction. Here, we aimed to compare the hemodynamic effects of different doses 
of RT and etomidate for anesthesia induction in patients undergoing cardiac surgeries.
Methods: Patients were recruited from January to September 2022 in this single-center, prospective, randomized, double-blind trial. 
A total of 117 patients undergoing selective valve replacement surgery were randomly divided into low-dose RT (0.2 mg/kg) group 
(group LR), high-dose RT (0.3 mg/kg) group (group HR), or etomidate (1.5 mg/kg) group (group E), respectively. The primary 
outcome was hemodynamic fluctuations (mean arterial pressure fluctuation value [∆MAP]; heart rate fluctuation value [∆HR]) during 
anesthesia induction. Secondary outcomes included the incidence of adverse drug reactions (injection pain and myoclonus) and 
adverse cardiovascular events, vital signs at different time points and the cumulative doses of vasoactive drugs.
Results: The hemodynamic fluctuations (∆MAP) in group LR and group E were significantly lower than that in group HR. In 
addition, the incidence of hypotension and the cumulative norepinephrine doses in group E and group LR were also significantly lower 
than that in group HR. Furthermore, the incidence of injection pain and myoclonus in group LR and group HR were less frequently 
recorded compared with group E. There were no significant differences in terms of ∆HR, tachycardia, hypertension, severe 
bradycardia, vital signs at different time points, lactic acid and blood glucose between both groups.
Conclusion: Compared with etomidate, low-dose RT (0.2mg/kg) can not only provide stable hemodynamic parameters but also cause 
fewer adverse reactions when used for anesthesia induction in patients with cardiac disease.
Keywords: remimazolam tosilate, etomidate, hemodynamics, cardiac surgery

Introduction
Patients with cardiovascular disease are more likely to experience hypotension during induction of general anesthesia due to their 
poor cardiovascular function reserve. The superior hemodynamic properties of etomidate have made it a preferred sedative for the 
induction of general anesthesia in critically ill patients.1–3 However, etomidate may result in serious side-effects, namely adrenal 
cortex function depression,4,5 myoclonus,6,7 and pain on injection,8,9 which limited its widespread use in clinical practice. 
Choosing an effective and safe intravenous anesthetic for general anesthesia is still one of the key issues for anesthesiologists.

Remimazolam tosilate (RT), a new ultra-short acting benzodiazepine agent, has the characteristics of fast onset and 
metabolism, slight inhibition on respiratory and cardiovascular systems.10,11 Growing studies have demonstrated that RT could 
be safely and effectively used for digestive endoscopy, bronchoscopy, induction and maintenance of general anesthesia, and even 
for high-risk patients.12–15 At present, there are no clinical studies comparing the RT and etomidate on hemodynamics during 
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anesthesia induction in patients undergoing cardiac surgery. The purpose of this study is to investigate the effects of different doses 
of RT and etomidate on hemodynamics in patients undergoing cardiac valve replacement during anesthesia induction.

Methods
Study Design
The study was a single-center, prospective, randomized, double-blinded, controlled trial to evaluate the effect of different doses of 
RT and etomidate on hemodynamics change during anesthesia induction in patients underwent valve replacement surgery. The 
study has been approved by the Chinese Ethics Committee of Registering Clinical Trials (Ref: ChiECRCT20210524) and 
registered in the Chinese Clinical Trial Registry (ChiCTR2100052535). The protocol was published in Trials.16 The study was 
also conducted according to the principles of the Declaration of Helsinki, and written informed consent was obtained from all 
patients before the enrollment. The flowchart detailing the study design is illustrated in Figure 1.

Patients aged 18–65 years, with an American Society of Anesthesiologists (ASA) grade I–III, who were scheduled for elective 
valve replacement surgery from January to November 2022 were recruited in this study. Exclusion criteria included the following: 
patients with (1) severe cardiovascular instability (acute heart failure, myocardial infarction, etc); (2) uncontrolled or poorly 
controlled hypertension; (3) a history of renal or hepatic dysfunction; (4) myasthenia gravis or mental disorders disease; (5) known 
allergic or contraindicated to benzodiazepines, opioids and etomidate; (6) a history of alcohol abuse or addicted to opioids or 
benzodiazepines; and (7) expected difficult airway.

All selected patients were randomly divided into the low-dose RT group (group LR), high-dose RT group (group HR) or 
etomidate group (group E) using a computer-generated random number with a 1:1:1 allocation ratio prior to the induction. Opaque 
envelopes were made according to the randomization sequence and opened by a nurse who was not involved in the study. Before 
anesthesia induction, a nurse who was not involved in this study prepared the required experimental drugs in equal volumes into 

Figure 1 Consort flow diagram of the trial design.
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identical syringes, and then covered all the syringes with masking tape to conceal the information of the experimental drugs. In 
addition, the surgeons, nurses, patients, anesthesiologists and outcome observers were also unaware of the group assignment 
throughout the study.

Interventions
All patients were routinely fasted 8h before surgery. Standard monitoring including electrocardiogram (ECG), peripheral oxygen 
saturation (SPO2), invasive arterial blood pressure (IBP), noninvasive blood pressure (NIBP) and bispectral index (BIS) were 
routinely performed after the patient’s arrival to the operating room. Ringer lactate (10 mL/kg) was carried out via a peripheral 20- 
gauge intravenous catheter. After preoxygenation, patients in group LR, group HR and group E were induced with an initial dose 
of RT (0.2 mg/kg), RT (0.3 mg/kg) or etomidate (0.3 mg/kg), respectively. Then, 0.5 µg/kg of sufentanil and 0.6 mg/kg of 
rocuronium were injected when BIS value was below 60. Tracheal intubation was performed after meeting the condition. Systolic 
blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP) and heart rate (HR) were recorded at baseline 
(T0), 1 min after the induction of anesthesia (T1), 3 min after the induction of anesthesia (T2), immediately at tracheal intubation 
(T3), 1 min after tracheal intubation (T4), 3 min after tracheal intubation (T5), and 5 min after tracheal intubation (T6).

Hypotension was defined as a decrease less than 20% from baseline in MAP or a fall below 60 mmHg lasting at least 1min, 50 
µg norepinephrine or more was given until the MAP returned to normal range once hypotension occurred. Severe bradycardia was 
considered as HR decline below 45 beats per min, and 0.25 mg atropine was given and could be added repeatedly according to 
patient’s HR. When MAP rose above 120 mmHg, appropriate nitroglycerin was given, and once HR rose above 120 bpm, 
appropriate esmolol was administered. Adverse cardiovascular events (hypotension, severe bradycardia, etc), adverse drug 
reactions (injection pain and myoclonus), the cumulative doses of vasoactive drugs, blood glucose values as well as vital signs 
at different time points were recorded.

Outcome Assessment
The primary outcomes was the hemodynamic fluctuations during anesthesia induction (∆MAP, the difference between maximum 
or minimum MAP and baseline; ∆HR, the difference between maximum or minimum HR and baseline). Secondary outcomes 
include the incidence of adverse drug reactions (injection pain and myoclonus) and adverse cardiovascular events, vital signs at 
different time points, the cumulative doses of vasoactive drugs, lactic acid and glucose values.

Statistical Analysis
We calculated the sample size based on the ∆MAP. In our pilot study, the ∆MAP (mean ± SD) in group E, group LR and 
group HR were 13.6 ± 7.3 mmHg, 15.5 ± 7.5 mmHg and 20.8 ± 8.1 mmHg, respectively. Based on our pilot data and 
relevant literature,17 assuming a αlevel of 0.05 and a power of 0.90, we estimated that 31 patients per group would be 
needed. As a result, we finally included 39 patients in each group, taking into consideration the 20% dropout rate.

Analysis of the data was performed using SPSS 22.0 software (SPSS Inc, Chicago, IL, USA). The Shapiro–Wilk test was used 
to determine the normality of the distribution. Data with normal distribution (age, height, weight, BMI, ∆MAP, ∆HR, blood 
glucose and lactic acid values) were presented as mean±standard deviation and compared by one-way analysis of variance 
(ANOVA). Vital signs at each time point were analyzed by repeated-measures ANOVA. Post hoc tests were performed using 
a Bonferroni method. Data with abnormal distribution (norepinephrine use) were presented as median (25th and 75th percentile) 
and compared using Kruskal–Wallis test. Categorical data (gender, ASA grade, surgical procedure, incidence of adverse 
reactions) were expressed as n (%) and compared using a Fisher’s exact test or Chi square test. A p value <0.05 was considered 
statistically significant.

Results
A total of 135 patients were recruited for study participation. Among them, four patients refused to participate; five patients had 
expected difficult airways and nine patients had hemodynamic instability. As a result, 117 patients were finally analyzed, as shown 
in Figure 1. Patients’ demographics and baseline characteristics are summarized in Table 1. There was no significant difference 
between three groups in terms of age, BMI, sex, ASA classification, procedure time (P > 0.05; Table 1).
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The hemodynamic fluctuations (∆MAP) in group LR and group E were significantly lower than that in group HR 
(19.67±8.9, 18.45±7.83 and 24.85±10.12 mmHg, respectively; P<0.05, Table 2). In addition, the incidence of hypoten-
sion and the cumulative norepinephrine doses in group LR and group E were also significantly lower than that in group 
HR. Furthermore, the incidence of injection pain and myoclonus in group LR and group HR were less frequently 
recorded compared with group E (P<0.05; Table 3). There were no significant differences in terms of ∆HR, tachycardia, 
hypertension, severe bradycardia, vital signs at different time points and blood lactic acid and glucose between both 
groups (Table 4 and Figure 2).

Table 1 Demographic and Baseline Characteristics of Patients

Variable Group E (n=39) Group LR (n=39) Group HR (n=39) P-value

Age (years) 54.83±6.01 51.95±8.31 48.08±8.26 0.103

Gender (M/F) 12/23 10/25 14/21 0.602
Height (cm) 158.25±5.28 158.20±7.88 155.77±10.30 0.658

Weight (kg) 57.33±9.26 58.60±11.38 59.31±10.72 0.701

BMI (kg/m2) 22.96±3.13 23.35±3.91 24.30±3.06 0.204
ASA (I/II/III) 0/6/33 0/5/34 0/7/33 1.000

Surgical procedure (n) 0.993

MVR 24 23 22
AVR 7 7 8

MVR+AVR 8 9 9

Notes: Variables presented as mean ±SD, median (interquartile range) or number of patients (%). 
Abbreviations: BMI, body mass index; ASA, American Society of Anaesthesiologists; MVR, mitral valve replacement; AVR, aortic valve 
replacement.

Table 2 Hemodynamic Fluctuations Between the Three Groups

Variable Group E (n=39) Group LR (n=39) Group HR (n=39) P-value

∆MAP 18.45±7.83 19.67±8.90 24.85±10.12 0.005*

∆HR 22.20±10.52 26.17±13.55 30.00±15.68 0.248

Notes: Variables presented as mean ±SD. *P < 0.05 vs group HR. 
Abbreviations: MAP, mean arterial pressure; HR, heart rate.

Table 3 Comparison of Adverse Reactions Between the Three Groups

Variable Group E (n=39) Group LR (n=39) Group HR (n=39) P-value

Hypotension (n,%) 8 (20.5) 9 (23.1) 17 (43.6) 0.038*

Hypertension (n,%) 3 (7.7) 6 (15.4) 5 (12.8) 0.678
Bradycardia (n,%) 1 (2.6) 1 (2.6) 2 (5.1) 1.000

Tachycardia (n,%) 2 (5.1) 3 (8.1) 5 (12.8) 0.507

Norepinephrine use (ug) 0 [0–0] 0 [0–0] 0 [0–70] 0.0064*
Injection pain (n,%) 6 (14.3) 1 (0.0) 1 (0.0) 0.035*

0 33 (85.7) 38 (100.0) 38 (100.0)

1 6 (14.3) 1 (0.0) 1 (0.0)
2 0 (0.0) 0 (0.0) 0 (0.0)

3 0 (0.0) 0 (0.0) 0 (0.0)

Myoclonus (n,%) 10 (28.6) 2 (5.7) 2 (5.7) 0.005*
0 25 (71.4) 33 (94.3) 33 (94.3)

1 5 (14.3) 2 (5.7) 2 (5.7)

2 4 (11.4) 0 (0.0) 0 (0.0)
3 1 (2.9) 0 (0.0) 0 (0.0)

Notes: Variables presented as mean ±SD, median (interquartile range) or number of patients (%). *P < 0.05 vs group HR.
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Discussion
We compared the effects of different doses of RT and etomidate on hemodynamics in patients who underwent valve 
replacement surgery in the present study. The results showed that anesthesia induction with RT (0.2 mg/kg) in patients 
with heart disease existed excellent characteristics of stable haemodynamic and fewer adverse reactions compared with 
etomidate.

Patients with cardiac disease are associated with a higher risk of hypotension during anesthesia induction due to their 
impaired cardiovascular function reserve.18 How to maintain the stability of hemodynamics during anesthesia induction 
is one of the important issues that anesthesiologists have been concerned about for a long time. Etomidate is commonly 
used for induction of anesthesia in patients with hemodynamic instability owing to its low risk of hypotension.19,20 

However, adrenocortical function inhibition is one of the most important adverse effects of etomidate, which limits its 
clinical application to some extent.19,21,22

RT, a new ultra-short-acting type of GABAA receptor agonist, has been widely used in procedural sedation and 
general anesthesia due to its promising properties, including a rapid onset, short recovery time and stable 
hemodynamics.23,24 Our results showed that the hemodynamic fluctuation (∆MAP) in group LR and group E were 
significantly lower than that in group HR, while the ∆HR between the three groups were noted no significant difference. 
Although the average difference of ∆MAP between the three groups are only a few mmHg (19.67 vs 18.45 vs 24.85 
mmHg, respectively), these minor hemodynamic changes may affect the balance between myocardial oxygen supply and 
demand, especially for patients with potential myocardial ischemia risk. Besides, the margin of 3–5 mmHg is often 
considered as the minimal clinically important difference value for blood pressure.25,26 Therefore, minimizing hemody-
namic changes during anesthesia induction has been one of the important issues that anesthesiologists pay attention to. In 
addition, the incidence of hypotension and the cumulative use of vasoactive drugs in group LR and group E were also 
significantly reduced compared with group HR. Hypotension is a common side effect after general anesthesia induction, 
and even a slight drop in blood pressure could increase the risk of organ damage, especially in patients with cardiac 
disease.27,28 Our results indicated that reduction of MAP fluctuation was closely related to the reduction of hypotension. 

Table 4 Comparison of Blood Lactic Acid and Glucose Between the Three Groups

Variable (mmol/L) Group E (n=39) Group LR (n=39) Group HR (n=39) P-value

Baseline Lac 1.28±0.77 1.17±0.62 1.47±0.66 0.153
Lac 3min after intubation 1.12±0.79 1.08±0.64 1.23±0.48 0.574

Baseline Glu 5.02±1.71 5.10±1.17 5.42±0.36 0.301

Glu 3min after intubation 5.10±1.73 5.00±1.30 5.51±0.53 0.183

Notes: Variables presented as mean ±SD. 
Abbreviations: Glu, blood glucose; Lac, lactic acid.

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.
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The more stable the MAP fluctuation during the anesthesia induction period, the more beneficial it is for patients with 
cardiac disease.

Tang et al demonstrated that remimazolam could reduce hemodynamic fluctuations by influencing the stress 
response and enhancing myocardial contractility.29 Similarly, Qiu et al revealed that remimazolam could reduce 
hypotension might be related to its less effect on cardiac output and systemic vascular resistance.30 Our study results 
suggest that anesthesia induction with low-dose RT (0.2mg/kg) has potential advantages in patients undergoing cardiac 
surgery, which its hemodynamic effect is comparable to that of etomidate. Liu et al showed that the effect of RT 
(0.3mg/kg) on hemodynamic fluctuation was significantly smaller than that of propofol in patients who underwent 
cardiac surgery.17 In another study, Zhang et al demonstrated that the influence of RT (0.2–0.4mg/kg) on circulation 
was also smaller than that of propofol in elderly patients who underwent hip surgery.31 Chae et al recommended that 
optimal ED95 doses of RT for induction in patients aged <40, 60–80, and >80 years were 0.25–0.33, 0.19–0.25, and 
0.14–0.19 mg/kg, respectively.32 Nevertheless, considering the cardiac function of patients, we suggest that the 
induction with 0.2mg/kg of RT is relatively safe for patients with cardiac disease according to our results. However, 
further studies are needed to determine the optimal dose of RT for the less cardiovascular depressant and side effect in 
cardiac surgery.

Myoclonus is one of the common adverse reactions of etomidate, which can result in serious consequence in patients 
with poor cardiovascular reserve.33,34 In our study, the incidence of myoclonus in group E was nearly 30%, which was 
similar to the rate reported by Liu et al.7 On the contrary, myoclonus occurred in only two people in either the low-dose 
RT group or the high-dose RT group. Additionally, the severity of myoclonus were also reduced in the group LR and 
group HR than that in the etomidate group. These results suggest that RT may have potential advantages in avoiding such 
adverse reactions. Although the exact mechanism of myoclonus induced by etomidate is still unclear, it is reported that 
the mechanism of etomidate myoclonus may be related to the inhibition of GABA neurons, which makes the pathway 
associated with skeletal muscle more sensitive.35,36 Although RT also acts on the central GABA receptor, the incidence 
of myoclonus caused by RT was rare, and the specific mechanism may need to clarify in future.

Moreover, similar to previous studies,37,38 injection pain was frequently recorded in the etomidate group. Injection 
pain is another major adverse reaction of etomidate, with an incidence from 4% to 80%.39 In our study, the incidence of 
injection pain in the etomidate group was 14.3%, while the incidence of injection pain in group LR and group HR were 
both reduced. As the structure of RT is different from the phenol structure of propofol, RT may have less stimulation on 
blood vessels.

However, there are still several limitations in our study. First, this was a single-center study with a relatively small 
sample size, larger sample size studies are needed to determine the effect of RT on hemodynamics in the future. Second, 
we did not monitor other cardiac functional indicators such as cardiac output, vascular resistance, stroke volume, etc, so 
it could not well explain the effect and mechanism of RT on hemodynamics. Third, patients with severe cardiovascular 
diseases were excluded in this study, so the conclusion cannot be applied to more elderly or fragile patients. Further 
clinical trials are needed to address the above issues.

Conclusions
Compared with etomidate, low-dose RT (0.2mg/kg) can not only provide stable hemodynamic parameters but also have 
fewer adverse reactions when used for anesthesia induction in patients with cardiac disease. RT may be a suitable 
alternative sedative agent for such patients due to its non-inferior efficacy and higher safety profile.

Abbreviations
MAP, mean arterial pressure; HR, heart rate; GABAA, γ-aminobutyric acid subtype A; ASA, American Society of 
Anesthesiologists; NIBP, noninvasive blood pressure; SPO2, peripheral oxygen saturation; BIS, bispectral index; IBP, 
invasive arterial blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; CPB, cardiopulmonary 
bypass.
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