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ABSTRACT
This study aimed to evaluate the effects of esketamine combined with remimazolam tosylate on hemodynamic stability, cerebral 
oxygen metabolism, and cognitive outcomes in patients undergoing heart valve replacement. Seventy-eight patients were rand-
omized to Group C (dexmedetomidine hydrochloride) or Group R (esketamine + remimazolam tosylate). The following parameters 
were measured: multiple time points, including mean arterial pressure (MAP), heart rate (HR), respiratory rate (RR), arterial-
jugular vein oxygen content difference (Da-jvO2), cerebral oxygen uptake rate (CERO2), and biomarkers of myocardial injury (cTnI, 
CK-MB, FABP) at baseline (T0), incision (T1), sternotomy (T2), pre-cardiopulmonary bypass (T3), and post-surgery (T4). Cognitive 
function was assessed using the Mini-Mental State Examination (MMSE) and Confusion Assessment Method (CAM). Group R 
showed prolonged values of lower RR in T1 to T4 than Group C (p < 0.05). The Da-jvO2 and CERO2 were found to be much higher in 
Group R in T2, T3, and T4 (p < 0.05). This is an indication of improved cerebral oxygen metabolism. MMSE scores were elevated in 
Group R: the incidence of delirium and CAM Scores were lower compared with Group C (p < 0.05). This indicates better cognitive 
outcomes. Also, cTnI, CK-MB, and FABP, myocardial injury markers, were significantly reduced in Group R at postoperative 24 
and 72 h (p < 0.05), indicating reduced myocardial injury. The combination of esketamine and remimazolam tosylate offers hemo-
dynamic stability, enhances cerebral oxygen metabolism, improves cognitive function, and reduces myocardial injury in patients 
undergoing heart valve replacement surgery. This approach might provide significant benefits in cardiovascular anesthesia.

1   |   Introduction

With the gradual improvement and development of cardiovas-
cular surgical technology, heart valve replacement surgery has 
become an important surgical method for treating heart valve 
diseases. It is an invasive surgery and is usually performed 
under cardiopulmonary bypass (CPB) and general anesthesia 
[1, 2]. During the operation, factors such as blood contact with 

the CPB circuit under CPB, ischemia–reperfusion, etc., can cause 
the body to produce a stress response, thereby triggering severe 
hemodynamic fluctuations; in addition, long-term anesthesia 
can also affect the patient's brain function and cognitive func-
tion [3, 4]. Simultaneously, the selection of surgical anesthetic 
medications and the level of anesthesia will also substantially 
impact the likelihood of intraoperative problems  [4, 5]. Most 
of the sedative drugs commonly used in clinical practice have 
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certain defects. Long-term midazolam infusions can elicit ad-
verse responses such as myoclonus and etomidate-induced nau-
sea and vomiting, as well as respiratory depression, prolonged 
recovery times, substantial cardiopulmonary suppression, and 
injection pain [6, 7]. An ideal, fast-acting anesthetic drug should 
have sedative-hypnotic properties and a low risk of side effects 
[8]. Esketamine is the dextrorotary form of ketamine, which has 
stronger anesthetic and analgesic effects, can preserve airway re-
flexes and spontaneous breathing, and reduces the occurrence 
of respiratory depression [9, 10]. Remimazolam is a new type of 
benzodiazepine that has the characteristics of stable hemody-
namics, rapid onset, and elimination and does not increase the 
burden on the liver and kidneys. It may have certain advantages 
in anesthesia induction [11, 12]. The impact of remimazolam to-
sylate and esketamine on hemodynamics in clients having heart 
valve replacement during cardiovascular anesthesia, however, is 

not well documented in the literature at this time. Therefore, this 
study aims to explore it. The current report is as follows.

2   |   Materials and Methods

2.1   |   Study Design and Participant Selection

In this study, 78 patients with heart valve replacement were in-
cluded. They hoped to survive elective surgery at Nantong First 
People's Hospital from January 2022 to November 2023. Their 
clinical data were analyzed retrospectively. There were 39 patients 
in the two groups, C and R, made by the random number table 
method to nondiscriminatory separate patients. Group C had 22 
males and 17 females, with dual ratings in Group II and 28 in Group 
III, according to the American Society of Anesthesiologists (ASA). 
Twelve cases were graded II according to the New York Heart 
Association (NYHA) classification, and 27 were listed in the grade 
III group. The average age of patients in group R was (54.92 ± 9.73), 
24 males and 15 females, with ASA having 14 cases in grade II and 
25 cases in grade III. At the same time, under the New York Heart 
Association (NYHA), the classification included 10 cases in grade 
II and 29 in grade III. The general information was statistically 
insignificant (p > 0.05) between both groups Table 1.

2.2   |   Inclusion and Exclusion Criteria

Inclusion criteria: (1) heart valve disease; (2) Meet the surgical 
indications and plan to undergo heart valve replacement; (3) 
First-time valve replacement; (4) NHYA grade II or III; (5) ASA 
grade II, Level III; (6) The clinical data are complete; (7) The 
hospital ethics committee approved this research, and informed 
consent was provided by all enrolled clients and their families 
regarding the study design.

Exclusion criteria: (a) Patients with AV nodal blockade ≥ II de-
grees; (b) patients with severe arrhythmias; (c) patients with 
long-term use of analgesics and/or sedatives; (d) patients with 
severe hypertension, diabetes, and/or other organ dysfunctions; 
(e) patients with mental disorders who cannot communicate 
normally; (f) Patients with known hypersensitivity to study 
drugs or any drugs used during the procedure; (g) patients un-
able to complete postoperative follow-up.

2.2.1   |   Anesthesia and Surgical Procedures

The patients from both groups underwent heart valve replace-
ment. They fasted for ≥ 8 h before the procedure and underwent 
oxygen supply where necessary. On entering the operating room, 

Summary

•	 What is the current knowledge on the topic?
○	 Cardiovascular anesthesia for heart valve replace-

ment often poses risks such as hemodynamic in-
stability, cognitive impairment, and myocardial 
damage. Existing sedatives, including midazolam 
and etomidate, have drawbacks like respiratory 
depression and delayed recovery. Esketamine and 
remimazolam tosylate offer promising stability 
with fewer side effects, but their combined impact 
on hemodynamics and cognitive function is not 
well-studied.

•	 What question did this study address?
○	 This study investigated the combined effects of 

esketamine and remimazolam tosylate on hemod-
ynamics, cerebral oxygen metabolism, myocardial 
protection, and cognitive function during cardiovas-
cular anesthesia.

•	 What does this study add to our knowledge?
○	 Findings show that esketamine with remimazolam 

tosylate stabilizes hemodynamics, enhances cer-
ebral oxygenation, reduces myocardial damage 
markers, and lowers postoperative delirium risk, 
thus advancing understanding of this anesthetic 
combination.

•	 How might this change clinical pharmacology or 
translational science?
○	 The study suggests that esketamine with remima-

zolam tosylate could enhance anesthesia protocols 
for heart surgery by improving patient stability and 
recovery, which may guide future research in anes-
thetic pharmacology and clinical practice.

TABLE 1    |    Comparing the two teams' general information [n (%), (x ± s)].

Team n Gender (men and women) Age (years) ASA rating (Level II/III) NHYA rating (Level II/III)

C team 39 22/17 54.97 ± 8.90 11/28 12/27

R team 39 24/15 54.36 ± 8.74 14/25 10/29

χ2/t 0.212 0.308 0.530 0.253

p 0.645 0.759 0.467 0.615
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200–500 mL of Sodium Lactate Ringer's Injection was injected 
once the peripheral intravenous infusion catheter was opened. 
EEG bispectral index (BIS) was recorded via a disposable EEG 
sensor. The induction of anesthesia was comprised of intravenous 
injection of Sufentanil Citrate Injection (2 μg/kg), Midazolam 
Injection (1 mg/kg), Atracurium Besilate For Injection (0.15 mg/
kg), and Etomidate Injectable Emulsion (0.3 mg/kg).

Group C received intravenous Dexmedetomidine Hydrochloride 
Injection in a 0.5 μg/kg loading dose and maintained at 
1 mg/kg/h. Group R was initiated on intravenous Ketamine 
Hydrochloride Injection 0.5 mg/kg + Remimazolam Besylate 
for Injection 0.4 mg/kg, maintained at 0.5 mg/kg/h. The re-
sidual doses of 0.2 mg/kg cisatracurium were administered 
intravenously to the subjects in both groups after they were 
unconscious. Tracheal intubation was performed after the 
muscles were relaxed and the BIS value was below 60. After 
tracheal intubation, patients were conditioned for mechanical 
ventilation. For the duration of surgery, anesthetic mainte-
nance consisted of Propofol Injectable Emulsion at 4 mg/kg/h, 
Remifentanil Hydrochloride for Injection at 0.1–0.3 μg/kg/min, 
and Sufentanil Citrate Injection in conjunction with Sodium 
Chloride Injection using infusion. Muscle relaxation was main-
tained by intermittent Cisatracurium Besilate for Injection at 
0.1 mg/kg to maintain BIS values between 45 and 60.

2.2.2   |   Evaluation Index

1.	 To determine the hemodynamic variables' causes, mean ar-
terial pressure (MAP) and heart rate (HR) between groups 
were compared before induction of anesthesia (T0), at the 
skin incision (T1), at sternotomy (T2), just before CPB (T3), 
and at the closure of the wound (T4).

2.	 Comparison of respiratory rates (RR) of the two groups at 
T0, T1, T2, T3, and T4.

3.	 Comparisons of blood gas and cerebral oxygen metabo-
lism indicators between the two groups: Cerebral oxygen 
uptake rates (CERO2) and arterial-internal jugular vein 
blood oxygen content differences (Da-jvO2) are calculated 
according to the Fick formula. Da-jvO2 = CaO2 − CjvO2; 
CERO2 = (CaO2 − CjvO2)/CaO2 × 100%.

4.	 Comparison of cognitive ability of the two patient teams: 
Preoperatively, 24 h postoperatively, and 72 h later, cogni-
tive functions in the two groups were evaluated based on 
Mini-Mental State Examination (MMSE) scores, in which 
a score of 30 represents high cognitive performance, while 
lower scores portray worse cognitive performance.

5.	 Myocardial damage indications between the two patient 
teams: 72 h postoperatively, patients had Fasting venous 
blood drawn before surgery, 24 h after surgery, and 72 h 
after surgery, and myocardial damage indicators were ana-
lyzed using an ELISA (troponin I [cTnI], creatine kinase 
MB isoenzyme [CK-MB], and heart-type fatty acid-binding 
protein [FABP]).

6.	 Delirium: The diagnostic criteria were: (i) a sudden onset 
of fluctuating conditions, (ii) a lack of concentration 
or attention, (iii) disordered thinking and/or levels of 

consciousness. If any patient met criteria (i) and (ii) plus 
either (iii) or (iv), delirium was diagnosed. The Delirium 
Scale (CAM) was used to assess the severity of postopera-
tive delirium between the two groups, with scores greater 
than 22 indicating the presence of delirium, scores be-
tween 20 and 22 indicating possible delirium, and scores 
less than 20 indicating the absence of delirium.

2.3   |   Statistical Methods

Data were analyzed using SPSS version 21.0. Categorical data 
were displayed as (n [%]), and the χ2 test tested pairwise com-
parisons. Measurement data were reported as mean ± standard 
deviation (x ± s), with a t-test used to compare pairs of values. 
No multiplicity adjustments were conducted. p < 0.05 indicates 
statistical significance.

3   |   Results

3.1   |   Demographic characteristics of both Team C 
and Team R

The demographic characteristics of both Team C and Team R were 
analyzed. Team C comprised 22 men and 17 women, while Team 
R comprised 24 men and 15 women. The average age of Team 
C was 55.48 ± 9.69 years, while Team R was 54.92 ± 9.73 years. 
The two groups were classified as grade II and grade III by the 
American Society of Anesthesiologists (ASA); the difference be-
tween them did not show statistical significance (p > 0.05). Such 
data on demographics are presented in Table 1.

3.2   |   Comparison of RR Between Two Teams 
of Clients

The MAP and HR at T1, T2, T3, and T4 are lower in both Team 
C and Team R compared with T0 (p < 0.05). The MAP and HR 
at T1, T2, and T3 were statistically significantly lower in Team 
R than in Team C (p < 0.05). Detailed data are given in Table 2 
and Figure S1.

3.3   |   Comparison of Respiratory Rate (RR) 
Between the Two Teams of Patients

RRs from groups C and R were significantly higher on T1, T2, 
T3, and T4 than on T0 (p < 0.05). Given the comparison between 
Team R and Team C, RRs from Team R were significantly lower 
than RRs from Team C on T1, T2, T3, and T4 (p < 0.05). This 
comparison is provided in Table 3 and Figure S2.

3.4   |   Comparison of Blood Gas and Cerebral 
Oxygen Metabolism Indicators Between the Two 
Teams of Patients

Da-jvO2 and CERO2 of Team D and Team R were statistically sig-
nificantly lower at T1, T2, T3, and T4 compared to T0 (p < 0.05). 
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Da-jvO2 and CERO2 of team R showed statistical significance in 
their increase at T2, T3, and T4 compared to team C (p < 0.05). 
These results are illustrated in Table S1 and Figure 1.

3.5   |   Comparison of Cognitive Functions Between 
the Two Groups of Patients

In contrast, within Teams R and C, the MMSE grades were sta-
tistically significantly lower 24 and 72 h following surgery than 
before surgery (p < 0.05). Within Team R, the MMSE grade was 
statistically significantly lower than that of Team C at 24 and 

72 h, thus ensuring the anesthetic potency (p < 0.05). This data 
is summarized in Table 4.

3.6   |   Comparison of Myocardial Damage 
Indicators Between the Two Teams of Patients

The cTnI, CK-MB, and FABP levels in Team C were statistically 
significantly higher at 24 and 72 h following surgery than at the 
preoperative levels (p < 0.05). The levels of cTnI, CK-MB, and 
FABP were statistically significantly lower in Group R com-
pared to those in Group C at 24 and 72 h after surgery (p < 0.05). 
The results are shown in Tables S3 and S4, and Figure S3.

TABLE 2    |    Contrast of MAP and HR between two client teams at various intervals (x ± s).

Index T0 T1 T2 T3 T4

MAP (mmHg)

C group (n = 39) 94.36 ± 10.15 87.46 ± 9.77* 89.23 ± 8.26* 86.90 ± 7.49* 77.69 ± 7.44*

R group (n = 39) 93.86 ± 11.02 75.15 ± 9.63* 78.94 ± 8.76* 82.17 ± 8.03* 75.92 ± 7.85*

t 0.174 5.586 5.363 2.688 1.051

p 0.862 0.000 0.000 0.009 0.297

HR (times/min)

C group (n = 39) 89.74 ± 9.51 83.79 ± 8.97* 84.97 ± 8.69* 80.62 ± 8.18* 84.26 ± 8.59 *

R group (n = 39) 88.36 ± 10.04 75.50 ± 9.43* 76.87 ± 8.62* 75.11 ± 7.45* 83.85 ± 8.04*

t 0.636 3.988 4.124 3.090 0.191

p 0.527 0.000 0.000 0.003 0.849

*Shows a contrast with the same team's T0, p < 0.05.

TABLE 3    |    Comparing the RRs of two client teams at various intervals (%, x ± s).

Index T0 T1 T2 T3 T4

C group (n = 39) 20.28 ± 2.24 26.00 ± 3.43* 30.51 ± 2.29* 27.05 ± 2.62* 23.49 ± 2.61*

R group (n = 39) 20.33 ± 2.51* 23.21 ± 3.32* 25.77 ± 2.07* 22.90 ± 2.74* 22.85 ± 2.89*

t 0.117 3.659 9.674 6.907 2.543

p 0.907 0.000 0.000 0.000 0.013

*Shows the contrast with the same team's T0, p < 0.05.

FIGURE 1    |    Contrast of CERO2 and Da-jvO2 between two client teams at various intervals. *Indicates comparison with group C, p < 0.05; #shows 
contrast with T0 of the same team, p < 0.05.
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3.7   |   Postoperative Delirium

Team R, post-operatively, had statistically significantly lower 
cases of delirium than Team C, along with lower CAM grades 
(p < 0.05). Tables S1–S3, Figure S3, and Figure 2 all point to the 
direction of the risk. The p-value for the CAM grading Table S2 
was carefully checked and was found to be accurate.

4   |   Discussion

This involves draining venous blood out of the body 
through CPB-related instruments and devices and returning 

oxygenated blood into the arterial system after one has been 
stabilized, thus enabling smooth completion of the heart valve 
replacement operation. Studies have indicated that during 
surgical heart valve replacement under CPB, the patients are 
in a state of controlled shock, where hemodynamic fluctua-
tions are easily induced. Reopening the aorta after CPB may 
also lead to myocardial ischemia–reperfusion and, thus, myo-
cardial cellular injury.

Midazolam and etomidate are sedative agents commonly used 
for induction and maintenance of anesthesia. Midazolam may 
lead to prolonged recovery times and myoclonus, while etomi-
date has always been associated with side effects like nausea, 

TABLE 4    |    Da-jvO2 and CERO2 between two teams of clients at different time points (x ± s).

Index T0 T1 T2 T3 T4

Da-jvO2 (mL/L)

C group (n = 39) 58.36 ± 7.04 45.16 ± 6.80* 37.84 ± 6.64* 38.30 ± 6.34* 41.82 ± 6.05*

R group (n = 39) 57.5 4 ± 7.25 46.50 ± 6.93* 41.27 ± 6.29* 43.06 ± 6.13* 47.12 ± 6.43*

t 0.505 0.865 2.345 3.376 3.755

p 0.615 0.390 0.022 0.001 0.000

CERO2 (%)

C group (n = 39) 38.65 ± 6.03 31.86 ± 5.69* 24.79 ± 5.15* 2 4.13 ± 5.22* 27.12 ± 5.53*

R group (n = 39) 39.14 ± 6.22 33.70 ± 5.86* 29.47 ± 5.20* 30.27 ± 5.95* 33.53 ± 5.64*

t 0.354 1.407 3.991 4.843 5.067

p 0.724 0.163 0.000 0.000 0.000

*Indicates comparison with T0 of the same group, p < 0.05.

FIGURE 2    |    Violin plot comparing CAM (Confusion Assessment Method) scores between the two groups of patients. This violin plot compares 
the distribution of CAM scores, reflecting the severity of delirium in the two patient groups postoperatively. The plot highlights the range, density, 
and median CAM scores, illustrating differences in delirium severity between groups C and R.
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vomiting, and respiratory depression. Thus, an urgent need 
arises to search for newer anesthetic agents with much safer 
profiles and fewer side effects [13–16].

In Group C, dexmedetomidine was compared against esket-
amine and remimazolam tosylate (Group R). Dexmedetomidine 
is an α2-adrenergic agonist known for its sedative and anxi-
olytic properties that dampen sympathetic outflow and main-
tain hemodynamic stability during surgery. Unlike midazolam, 
dexmedetomidine provides sedation and does not suppress res-
piration, making it the drug of choice in cardiovascular anes-
thesia [17, 18]; however, its long duration of action may delay 
recovery relative to newer agents like remimazolam.

Esketamine is an NMDA antagonist that manifests a distinctive 
dissociative anesthetic effect. An enantiomer of ketamine, esket-
amine has anesthetic effects that are about two times stronger and 
analgesic properties about three times stronger than ketamine 
due to stronger NMDA receptor activity [19, 20]. Studies suggest 
that esketamine produces fewer side effects and allows more 
rapid recovery than ketamine does in equivalent analgesic doses. 
Other studies have shown that esketamine administration im-
proves hemodynamics and reduces respiratory depression due to 
its parasympathetic effects [21]. Esketamine also may help protect 
airway reflexes, thus decreasing the risk of respiratory depression 
and fast onset. It is, therefore, a helpful drug for maintaining in-
traoperative hemodynamic stability and improving outcomes.

Remazolam tosylate further develops imidazolium drugs that 
can deal directly with γ-aminobutyric acid type A (GABA-A) 
receptors. This increases chloride into the neuronal membrane, 
inhibiting neuronal excitability and producing sedative and an-
algesic effects [22–24]. Other studies show that remimazolam 
tosylate promotes faster patient recovery, better sedation success 
rates, and less postoperative sleepiness [25].

Statistical analyses revealed that at timestamps T1, T2, and T3, 
the MAP, HR, and respiratory rate of Team R were found to 
be statistically significantly lower than the values for Team C 
(p < 0.05), while timestamps T2, T3, and T4 show that in Team 
C, Da-jvO2 and CERO2 were statistically significantly increased 
in comparison to Team C, (p < 0.05). The parameters Da-jvO2 
and CERO2 are indispensable indicators in the field of cerebral 
oxygen metabolism: an increase in Da-jvO2 reflects an improved 
capacity to extract oxygen from the arterial supply; similarly, an 
increase in CERO2 indicates improved oxygen utilization by 
the brain. These expected influences suggest improved cerebral 
oxygenation, reducing the risk of hypoxia-associated complica-
tions [26, 27].

The postoperative mean mini-mental state examination 
(MMSE) score was significantly lower in both groups than the 
preoperative scores (p < 0.05). After surgery, the MMSE scores 
were significantly higher in Team R than in Team C (p < 0.05). 
The findings implicate that dexmedetomidine-based sedation 
in Group C might lead to postoperative cognitive impairment. 
At the same time, the esketamine/remimazolam combination 
given to Group R demonstrated improved cognitive recovery 
rates based on MMSE. Team R had lower rates of postoperative 
delirium and CAM grades than Team C (p < 0.05). The CAM 
score has been utilized to estimate the severity of postoperative 

delirium, and consequently, the lower the reduction in the grade, 
the more likely cognitive recovery will be improved. Given the 
report that dexmedetomidine appears to prolong the sedative ef-
fects, and this prolongation may negatively impact postoperative 
cognitive outcomes, these results further validate the improve-
ment in cognitive recovery by a combination of esketamine and 
remimazolam [16, 18].

The study compared myocardial injury assessed in the groups 
before, 24 and 72 h after surgery. A statistically significant de-
cline in cTnI, CK-MB, and FABP for Team R over Team C oc-
curred 24 and 72 h after surgery (p < 0.05). Those myocardial 
markers indicate the degree of myocardial damage; hence, a de-
cline in cTnI, CK-MB, and FABP indicates better cardiac protec-
tion. Dexmedetomidine may provide hemodynamic stability but 
may not provide the same degree of myocardial protection of-
fered by esketamine/remimazolam; conversely, the esketamine/
remimazolam combination appears to reduce myocardial injury 
by minimizing oxidative stress and inflammation [28].

In conclusion, combined administration of esketamine with 
remimazolam tosylate ensures hemodynamic stability, contrib-
utes to cerebral oxygen metabolism, protects from myocardial 
damage, improves cognition, and potentially decreases the inci-
dence of postoperative delirium among patients undergoing car-
diac valve replacement under cardiovascular anesthesia. This 
study outlines the potential beneficial effects of these agents on 
hemodynamic and cerebral stability and makes a case for their 
broader use in high-risk cardiovascular surgical fields.
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