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Abstract: Objective: To compare the analgesic and sedative effects of remimazolam-propofol versus the traditional
analgesic and sedative regimen of dexmedetomidine-propofol on transesophageal echocardiography (TEE) exami-
nation. Method: The R group received remimazolam 0.1 mg/kg loading over 10 min, followed by 0.5 mg/(kgh)
infusion. The D group received dexmedetomidine 0.5 ug/kg loading over 10 min, then 0.4 ug/(kgh) infusion. Both
groups received propofol 1 mg/kg initially and 25-75 pg/(kg:min) for maintenance. Sedation onset time, proce-
dure duration, recovery time, hemodynamics, adverse events, patient and sonographer satisfaction were recorded.
Result: The demographic variables of the two groups were similar. Compared to the D group, the dosage of propofol
in the R group was significantly lower. Compared to the baseline and the R group, the mean arterial pressure and
heart rate in the D group were significantly reduced. The satisfaction of ultrasound doctors in the R group was higher
than that of the D group. Conclusion: Under TEE conditions, both patient groups were able to achieve the target
level of sedation. Compared to dexmedetomidine, remimazolam had the advantage of causing fewer hemodynamic
changes and receiving higher satisfaction scores from doctors.
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Introduction the adverse effects of anxiety and stress in
these patients [6, 7]. The use of various seda-
tives may cause respiratory and cardiovascular
injury, which still poses a major challenge to
patient safety. Thus, safe sedative agents that
can maintain stable respiratory and hemody-

namic status are urgently needed [8].

Transesophageal echocardiography (TEE) and
transthoracic echocardiography (TTE) have
become fundamental and increasingly impor-
tant diagnostic tools for evaluating cardiovas-
cular diseases [1]. TTE plays a major role in the
preliminary assessment of cardiac function
and structure, while TEE allows for clearer visu-
alization of the heart and provides more com-
prehensive information [2, 3]. However, as an

Dexmedetomidine, acting by activating pre-
synaptic receptors in the central nervous sys-

invasive procedure relative to TTE, TEE often
induces discomfort including nausea, vomiting,
and psychological distress, which may raise the
risk of injury to organs along the probe passage
[4, 5]. Therefore, many studies have focused on
the use of sedatives, which can improve proce-
dural tolerance and success rates and alleviate

tem, is a highly selective a 2-adrenergic agonist
with anti-anxiety and analgesic effects. Many
researchers have investigated the efficacy of
dexmedetomidine, which has been used either
alone or in combination with other sedatives
including midazolam and propofol, for proce-
dural sedation [9-11].
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Remimazolam, a novel short acting GABAa
receptor agonist, belongs to the ultra-short act-
ing benzodiazepine class of central nervous
system drugs [12, 13]. It acts on gamma-ami-
nobutyric acid receptors as midazolam does
and has a unique metabolic pathway similar to
remimazolam [14]. It has a fast onset, short
half-life, fast recovery, minimal cardiovascular
and respiratory depression, and rarely causes
hypotension and respiratory depression [15,
16]. Our previous research has shown that
remimazolam has good safety in patients
undergoing upper gastrointestinal endoscopy
[a71.

However, there is relatively little research on
the use of remimazolam as a novel ultra-short
acting benzodiazepine anesthetic combined to
other drugs for TEE examination. The combina-
tion of remimazolam and propofol was designed
to achieve synergistic and complementary
sedation rather than using duplicate sedatives:
remimazolam provides stable, safe sedation
with minimal hemodynamic and respiratory in-
hibition, while propofol ensures rapid onset of
adequate sedation for invasive TEE procedures.
This combined regimen reduces propofol dos-
age, improves hemodynamic stability, and en-
hances safety for patients with heart disease,
which constitutes the core innovation and key
design highlight of this study. This study aimed
to investigate the clinical efficacy of remima-
zolam and dexmedetomidine for sedation dur-
ing TEE, the primary objective of which is to
achieve the target sedation level in a timely
manner. In addition, hemodynamic indices, the
incidence of oxygen saturation reduction <90%,
procedure duration, sedation recovery time,
and the satisfaction of ultrasound experts were
considered as secondary goals.

Materials and methods
Ethics and informed consent

This study was a prospective, randomized, dou-
ble-blind study. It was conducted at Shifang
People’s Hospital. After obtaining approval
from the Ethics Committee of Shifang People’s
Hospital (202425) and China Clinical Trial
Registration Center (ChiCTR2400088103), the
study was conducted from July 2024 to July
2025.

Participants and study design
A total of 64 patients who were scheduled for

TEE at Shifang people’s Hospital were enrolled
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in this study from July 2024 to July 2025. After
4 refused to participate, 60 eligible partici-
pants were included in the final analysis. They
were randomly divided into adexmedetomidine
group (D group) and a remimazolam group (R
group) (Figure 1).

The inclusion criteria for this study were
patients aged 18-80 years with American
Society of Anesthesiologists (ASA) physical sta-
tus lI-lll who were diagnosed with atrial septal
defect and rheumatic heart disease, including
mitral stenosis, mitral regurgitation, aortic ste-
nosis, and aortic regurgitation. Patients with
rapid atrial rate, symptomatic bradycardia, con-
gestive heart failure, body mass index >30,
esophageal stenosis or tumor or laceration, his-
tory of gastrointestinal surgery or dysphagia,
active esophagitis, and peptic ulcer disease
were excluded.

Diagnostic TEE is performed in the operating
room. The patient undergoes preoperative eval-
uation at the anesthesia clinic before anesthe-
sia. The evaluation includes: medical history
collection, physical examination, laboratory
and special examinations. All patients provided
written informed consent after being informed
of the study procedures and interventions. All
patients were fasted from solid food for 8 hours
and clear liquids for 2 hours. Patients were ran-
domly divided into two groups based on com-
puter-generated numbers: the dexmedetomi-
dine group (D group, n=30) and the remimazol-
am group (R group, n=30). The numbers were
enclosed in sealed opaque envelopes. The
main investigator and the echocardiologist who
performed the TEE were unaware of the group
allocation. All assessors of patient satisfaction
and operator satisfaction were blinded to group
allocation.

Anesthetic protocol

Remimazolam combined with propofol was
used for safer, more stable sedation in TEE. The
design highlights were that it was a prospective
randomized double-blind controlled trial, mea-
suring the key outcomes (sedation, hemody-
namics, recovery, satisfaction) by comparison
to dexmedetomidine-propofol to confirm clini-
cal advantages. Upon entering the operating
room, patients received routine nasal cannula
oxygenation and were monitored for heart rate,
blood pressure, pulse oximetry, and body tem-
perature. Before TEE examination, patients in
the R group received a loading dose of remima-
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Figure 1. Consort diagram. Initially, 64 patients were randomly assigned to 1 of 2 groups as follows: the dexme-
detomidine group (D group) or the remimazolam group (R group). 60 patients (30 in D group and 30 in R group)

completed this study.

zolam 0.1 mg/kg, which was infused complete-
ly within 10 minutes. Subsequently, continuous
intravenous infusion of remimazolam at a dose
of 0.5 mg/(kg h) was administered until the end
of the procedure. In D group, a loading dose of
dexmedetomidine 0.5 yg/kg was infused over
10 minutes, followed by a maintenance infu-
sion of 0.4 ug/kg/h until the end of the proce-
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dure. For both groups, the initial propofol dose
was 1 mg/kg, with a maintenance infusion of
25-75 ug/kg/min. Once the Ramsay sedation
score reached 5, the TEE probe was inserted
and echocardiography was initiated. The propo-
fol infusion dose was adjusted according to the
patient’s sedation level, which was assessed
every 5 minutes. If respiratory depression (e.g.,
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deep breathing or snoring) occurred, the pa-
tient was awakened or given mandibular sup-
port; the examination was discontinued and
mask ventilation was provided if necessary.

Outcome measures

Vital signs were recorded before administration
(T1), before TEE procedure after administration
(T2), at the beginning of TEE (T3), 15 minutes
after the start (T4), and at the end of TEE (T5).
Assess patient satisfaction score (0-10 points,
very poor = 0, very good = 10) and Steward
recovery score (Consciousness: O = asleep; 1 =
responds to verbal stimulation; 2 = fully awake;
Airway: O = requires support; 1 = maintains air-
way spontaneously; 2 = effective cough;
Movement: O = no movement; 1 = purposeful
movement; 2 = active movement. Total score
ranges from O to 6; higher scores indicate bet-
ter recovery). 30 minutes after TEE. The partici-
pating examining physicians also evaluated the
satisfaction with the anesthesia (0-10 points,
very poor = 0, very good = 10). We compared
the safety of sedation regimens for the two
groups of patients, including the occurrence of
respiratory complications (coughing, hiccup
during surgery, requiring wake-up and mask
pressure oxygen), hypoxemia (pulse oximetry
<90%), circulatory complications, and anesthe-
sia efficacy.

Definitions of efficacy indicators: Awakening
time: the time from drug discontinuation until
the patient responds to simple verbal com-
mands (e.g., eye opening).

Recovery time: the time from drug discontinua-
tion until the Steward recovery score reaches
>4 points.

Steward recovery score: as defined above (0-6
points).

Statistical analysis

In the preliminary study, the time to the target
sedation level in the R group was 12.92
(8D=1.2), whereas the mean in the D group
was 12.03 (SD=1.11). A two-sample t-test
showed that the difference was not significant
forthe time being, P=0.102, Cohen’s d=0.7699.
According to the preliminary research results,
the sample size calculation was based on the
time to the target sedation level as the primary
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outcome. We set a=0.05, and power=0.8 was
used to determine the study. According to the
formula estimate, the effective sample size N
was~26 for each group. Invasive clinical trials
often need to recruit more subjects to prevent
patients from falling out during follow-up. Based
on experience, it was assumed that 10% of par-
ticipants are lost to follow-up, so each group of
samples was adjusted up to N"=N/(1-0.1)~29.

Statistical analysis was performed using SPSS
26.0 for Windows.

Demographic and baseline data (age, BMI, gen-
der, ASA classification, comorbidities) were
compared between groups. Normally distribut-
ed continuous data were presented as mean *
standard deviation (X + s) and compared using
independent-samples t-test. Categorical data
(gender, ASA, comorbidities) were presented as
number (percentage) and compared using
Pearson x? test.

Primary outcome (time to target sedation level)
and secondary continuous outcomes (proce-
dure duration, awakening time, recovery time,
Steward recovery score, propofol dosage,
hemodynamic indices including HR and MAP
at each time point) were analyzed using inde-
pendent-samples t-test for between-group
comparisons.

Hemodynamic variables (HR, MAP) measured
at multiple time points (T1-T5) were analyzed
using repeated-measures analysis of variance
(ANOVA) for within-group comparisons across
time points.

Adverse events (hypotension, hypoxemia, auxil-
iary ventilation, nausea and vomiting, choking
cough, hiccup) were categorical variables and
compared between groups using Pearson x>
test or Fisher’s exact test where appropriate.

Satisfaction scores (ultrasound doctor satis-
faction, patient satisfaction) were compared
between groups using independent-samples
ttest. A two-sided P<0.05 was considered
significant.

Results
Demographic and perioperative data

As shown in Table 1, there were no significant
differences between the two groups in terms of

Am J Transl Res 2026;18(9):7851-7859



Sedation for TEE in heart disease patients

Table 1. Demographic data in the study groups

Index D group (n=30) R group (n=30) X2/t P value
Age (years) 68.73 +£9.73 64.17 + 10.87 1.712 0.092
Body mass index (kg/m?) 25.19+5.4 25.17 + 4.29 0.016 0.987
Gender (Male/Female) 17/13 15/15 0.268 0.605
ASA (l1/111) 26/4 25/5 0.131 0.718
Diabetes mellitus [n (%)] 5 (16.7%) 4 (13.3%) 0.131 0.718
Hypertension [n (%)] 13 (43.3%) 12 (40%) 0.069 0.793

Note: Data presented as mean + standard deviation or patient’'s number (%). ASA, American Society of Anesthesiology.
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Figure 2. Variables reflecting hemodynamic data at various time points in patients undergoing transesophageal
echocardiography with dexmedetomidine or remimazolam. n=30 for each group. A. Changes in the heart rate; B.
Mean arterial pressure. #P<0.05 vs. baseline; “P<0.05 vs. D group.

age, gender, body mass index, ASA classifica-
tion, or comorbidities (P>0.05).

Comparison of hemodynamics between the
two patient groups

From Figure 2A, it can be seen that both groups
showed a significant decrease in HR during
T2-T5 compared to T1 (P<0.05). There was no
significant difference in HR between the two
groups at T1 (P>0.05). At T2 and T3, HR in the
R group was higher than that in the D group
(P<0.05).

Figure 2B shows that, compared to T1, the MAP
in the D group significantly decreased during
T2-T5, while the MAP in the R group significantly
decreased at TS5 compared to T1 (P<0.05).
There was no significant difference in MAP
between the two groups at T1 (P>0.05). MAP in
R group was higher than that in D group at T2,
T3, T4, and T5 (P<0.05).

The intraoperative and postoperative events
during the study are shown in Table 2. There
were no significant differences between the
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two groups in terms of time to reach the target
level of sedation, duration of surgery, observa-
tion time in the recovery room, and recovery
scores (P>0.05). The dose of propofol and the
recovery time in the R group were significantly
shorter than those in the D group (P<0.05).

As shown in Table 3, there was no significant
difference in the incidence of complications
and patient satisfaction between the two
groups (P>0.05). The satisfaction of ultrasound
physicians in R group was higher than that of
the D group (P<0.05).

Discussion

Trans-esophageal echocardiography (TEE) ex-
amination is an important diagnostic technique
for heart disease. Because of its invasive
nature, the procedure often causes severe dis-
comfort in patients, who therefore require
adequate sedation and analgesia. In recent
years, remimazolam and dexmedetomidine, as
novel sedation drugs, have demonstrated their
respective advantages when used in combina-
tion with traditional propofol during TEE exami-
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Table 2. Intra- and postoperative events in the course of the study

Index D group (n=30) R group (n=30) t P value
Time to reach RSS 5-6 (min) 12.05+1.06 12.37+1.1 -1.147 0.256
Procedure duration (min) 33.67 +£6.01 34.17 + 12.87 -0.193 0.848
Awakening time (min) 717 £2.52 59+2.16" 2.092 0.041
Recovery time (min) 23 +9.52 24 +11.25 -0.372 0.712
Steward recovery score 5.63 + 0.85 5.93+0.94 -1.297 0.2

Dosage of propofol (mg) 196.2 + 46.85 170.88 + 49.44" 2.038 0.046

Note: Data presented as mean + standard deviation. RSS, Ramsay sedation score. “Denotes statistically significant difference.
“P<0.05 vs. D group.

Table 3. Incidence of complications and satisfaction survey

Index D group (n=30) R group (n=30) X2/t P value
Hypotension [n (%)] 3 (10%) 0 3.158 0.076
Hypoxemia [n (%)] 3 (10%) 2 (6.7%) 0.218 0.64
Auxiliary ventilation [n (%)] 3 (10%) 2 (6.7%) 0.218 0.64
Nausea and vomiting [n (%)] 1(3.3%) 2 (6.7%) 0.351 0.554
Choking cough [n (%)] 3 (10%) 2 (6.7%) 0.218 0.64
Hiccup [n (%)] 2 (6.7%) 1 (3.3%) 0.351 0.554
Satisfaction of ultrasound doctors 743 £ 1.57 8.27 +1.11" -2.393 0.02
Patient satisfaction 9.2 +0.85 8.9+0.84 1.375 0.174

Note: Data presented as mean + standard deviation or patient's number (%). “Denotes statistically significant difference.

“P<0.05 vs. D group.

nations. The following discusses the outcomes
of these two combined regimens from multiple
perspectives.

Our research indicated that the HR of both
patient groups decreased after administration
compared to before surgery. This may be attri-
buted to propofol reducing cardiac output
through inhibiting myocardial contractility and
dilating peripheral vessels, as well as poten-
tially suppressing brainstem cardiac vagal neu-
rons, thereby slowing heart rate [18]. The HR of
patients in the D group was lower than that of
the R group from the time of drug administra-
tion until the start of the procedure. This may
be attributed to dexmedetomidine’s greater
ability to reduce sympathetic tone and attenu-
ate intraoperative stress responses compared
to remimazolam [19]. From the start until the
end of the procedure, the HR of patients in the
D group was lower than that of the R group, but
the difference between the two groups was not
significant. This may be explained by the ana-
tomic proximity of the esophagus to the heart,
where probe insertion or movement could
directly stimulate the heart. This suggested
that the combination of remimazolam and pro-
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pofol exhibits superior hemodynamic stability.
Studies have shown that compared to dexme-
detomidine, remimazolam provides better con-
trollability of sedation and a lower incidence of
cardiovascular adverse events [20].

This study found that the MAP of patients in the
D group after anesthesia was lower than that of
before anesthesia and was lower than that of
the R group. This may be because dexmedeto-
midine activates central o, receptors to reduce
norepinephrine release, resulting in peripheral
vasodilation and decreased blood pressure
[21]. Dexmedetomidine can also enhance vagal
activity, further inhibiting the automaticity of
the cardiac sinoatrial node, cause a decrease
in heart rate and cardiac output, and indirectly
lead to a decrease in blood pressure [22]. In
this study, compared to the use of dexmedeto-
midine, patients treated with remimazolam had
more stable blood pressure. This may be attrib-
uted to the pharmacologic properties of
remimazolam: it is metabolized to an inactive
metabolite (CNS7054) through tissue ester-
ases. Its clearance is independent of hepatic,
renal function and body weight, and its meta-
bolic rate is sevenfold faster than midazolam,

Am J Transl Res 2026;18(9):7851-7859
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thus preventing hypotension due to drug accu-
mulation [23]. Previous studies have shown
that remimazolam can inhibit norepinephrine
release from the locus coeruleus, reduce surgi-
cal stress response, and thus maintain circula-
tory stability [24]. This is consistent with our
research findings.

Previous studies have shown that compared to
dexmedetomidine, remimazolam exhibits a
shorter time to reach the target level of seda-
tion [25]. However, our findings indicate that
the time to achieve a Ramsay sedation score of
5 was similar between the two groups. This may
be because previous studies administered sin-
gle-agent medication, whereas both groups in
our study received propofol-based combination
therapy, resulting in different outcomes. In our
trial, the dosage of propofol in the D group was
higher than that in R group, indicating that
using remimazolam instead of dexmedetomi-
dine can significantly reduce the dosage of pro-
pofol during TEE. This finding, consistent with
previous research, demonstrates that remima-
zolam effectively reduces the propofol dosage
required during the gastroscopy anesthesia
phase [26]. Patients in the remimazolam group
had significantly shorter awakening time, sug-
gesting more rapid recovery from sedation,
which is consistent with the rapid metabolic
characteristics of remimazolam [27]. The recov-
ery scores for patients in the D group were
slightly higher than those in the R group, but
the difference was not significant. This indi-
cates that dexmedetomidine results in a rela-
tively slow recovery process, which may never-
theless offer a smoother recovery experience.
Due to its analgesic effect, patients may experi-
ence less discomfort during the recovery
phase. However, the bradycardic effect induced
by dexmedetomidine may persist during the
recovery period, which requires close monitor-
ing by medical staff [28]. For TEE monitoring
during cardiac surgery that requires prolonged
sedation, the continuous infusion characteris-
tic of dexmedetomidine may actually be an
advantage. The reason for the faster recovery
of patients in the R group may also be due to
the lower dose of propofol used compared to
the D group. Additionally, operation time and
anesthesia recovery room stay were similar
between the two groups, indicating that both
drugs possess rapid metabolism and control-
lable duration without affecting operation or
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recovery time. In fact, the duration of surgery
was more dependent on factors such as the
complexity of the operation and team
coordination.

In our study, we found that the satisfaction of
operating physicians in the R group was higher
than that in the D group. This may be due to the
slightly higher incidence of complications in the
group patients compared to the R group. This is
consisistent with one significant advantage of
remimazolam being its mild respiratory depres-
sion [29]. SInce its metabolism is independent
of hepatic enzymes and relies on rapid break-
down by tissue esterases, the risk of respirato-
ry depression remains relatively low even in
elderly or hepatically/renally impaired patients
[30]. Consistent with previous studies, our find-
ings demonstrated that remimazolam exhibits
superior safety and fewer complications in
elderly patients, which is particularly crucial for
outpatient TEE examinations [31]. There was
no significant difference in patient satisfaction
and complication rates between the two
groups. Both groups of patients did not experi-
ence serious complications, indicating that
both sedatives can be safely used for TEE
examination.

The main limitation of this study was that it was
conducted in a single center in the operating
room of our hospital, which limits the generaliz-
ability of the research results to patients in dif-
ferent clinical environments. Another limitation
of this study may have been the small sample
size, which could partly account for some non-
significant results.

Based on our findings and existing evidence,
remimazolam-propofol combination was gener-
ally superior to dexmedetomidine-propofol in
hemodynamic stability, respiratory safety, and
recovery speed during TEE examination.
However, numerous studies, including our pre-
vious work, have demonstrated that dexme-
detomidine’'s advantages in analgesia and
organ protection still render it highly valuable
for specific clinical scenarios [32, 33].
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