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Abstract: Objective: To evaluate the effect of remimazolam during anesthesia monitoring in transcatheter aortic
valve implantation (TAVI) via femoral artery catheter (FAC). Methods: We reviewed the medical records of 50 pa-
tients who underwent TAVI via FAC from July 2022 to September 2023. Patients were divided into two groups: a
control group (receiving propofol, n=25) and a remimazolam group (receiving remimazolam, n=25). Pulse oxygen
saturation (Sp0,), heart rate (HR), mean arterial pressure (MAP) and Bispectral Index (BIS) were recorded at various
time points: 5 min before anesthesia (T0), 0 (T1), 5 (T2), 10 (T3), 15 (T4), and 20 min (T5) after infusion. Opera-
tion time, blood loss, awakening time, quality of recovery (QoR-15) scores before operation and 1 and 3 days after
operation were recorded and compared between the two groups. Additionally, the incidence of delirium at 1-day
post-operation was compared between the two groups. The incidence of adverse reactions and patient satisfaction
were compared between the groups. Results: At T2, T3, T4 and T5, the remimazolam group exhibited significantly
higher SpO,, HR and MAP than the control group (P<0.05); BIS values and modified observer’'s assessment of
alertness/sedation (MOAA/S) scores showed no significant differences (P>0.05). The remimazolam group also had
significantly earlier awakening times (P<0.05), without differences in operation time or blood loss (P<0.05). QoR-15
scores at 1 and 3 days post-operation were higher in the remimazolam group (P<0.05). The incidence of postopera-
tive delirium was slightly lower in the remimazolam group (P>0.05). The control group had a higher total incidence of
adverse reactions and lower satisfaction compared to the remimazolam group (P<0.05). Conclusion: Remimazolam
is an effective sedative for TAVI anesthesia, associated with lower postoperative adverse reactions, thus facilitating
better recovery.

Keywords: Remimazolam, transcatheter aortic valve implantation via femoral artery catheter, anesthesia monitor-
ing, postoperative delirium

Introduction carries a high mortality risk if left untreated [4,
5]. Surgical intervention is crucial for managing
severe AS, with options including surgical aortic
valve replacement (SAVR) and, more recently,

transcatheter aortic valve implantation (TAVI),

Severe aortic stenosis (AS) is a prevalent form
of valvular heart disease characterized by the
narrowing of the aortic valve leaflets, which

restricts their ability to fully open and close [1,
2]. This condition often progresses silently;
however, in severe conditions, patients typically
present with a classic triad of symptoms: dys-
pnea, chest pain, and syncope. These symp-
toms are closely associated with the deteriora-
tion of cardiac function and significantly affect
patient prognosis [3]. AS predominantly affects
the elderly population, with an incidence of
approximately 5% among older adults, and it

which has revolutionized treatment approaches
[6].

The development of minimally invasive tech-
niques has made TAVI a viable alternative to
traditional surgery, particularly for high-risk
patients [7]. TAVI effectively restores valve
function and normalizes blood flow with mini-
mal surgical trauma, facilitating enhanced post-
operative recovery [8]. The procedure typically
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involves accessing the aortic valve via the
femoral artery, allowing for a less invasive
approach. Local anesthesia near the femoral
artery can effectively manage pain while having
minimal impact on the patient’s overall condi-
tion [9]. Furthermore, combining local anesthe-
sia with anesthesia monitoring can shorten
operation times and reduce the need for vaso-
pressor medications, thereby mitigating the
physiological stress during surgical interven-
tion [10].

Currently, propofol remains the standard agent
for sedation during TAVI due to its favorable
pharmacokinetic profile. However, remimazol-
am, a new ultra-short-acting benzodiazepine,
offers advantages such as rapid onset, quick
recovery, alongside a favorable safety profile
[141, 12]. This study aims to evaluate the feasi-
bility of using remimazolam for sedation during
TAVI, providing insights into alternative anes-
thesia strategies that may enhance patient
outcomes and recovery in this high-risk
population.

Methods and data
General data

This study was approved by the Medical Ethics
Committee of Zhanjiang Central People’s Ho-
spital. Medical records of 50 patients who
received TAVI via femoral artery catheter (FAC)
between July 2022 and September 2023 were
selected and reviewed. Of these, 25 patients
who received propofol during anesthesia moni-
toring were assigned to the control group,
including 18 males and 7 females (mean age:
(78.61+3.24) years). The remaining 25 patients
who received remimazolam during anesthesia
monitoring were assigned to the remimazolam
group, including 15 males and 10 females
(mean age: (78.61+3.24) years).

Inclusion and exclusion criteria

Inclusion criteria: 1) patients diagnosed with AS
with indications for TAVI; 2) patients classified
as American Society of Anesthesiologists clas-
sification class lI-lll; 3) patients aged between
70 and 85 years old; 4) patients with a body
mass index (BMI) ranging from 19 to 24 kg/m?;
5) procedure duration between 1 to 3 hours; 6)
availability of complete medical records.
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Exclusion criteria: 1) presence of pronounced
respiratory symptoms, circulatory disorders, or
suspected difficult airway; 2) severe neuropsy-
chiatric disorders or myasthenia gravis; 3) prior
use of intermittent benzodiazepines, anesthe-
sia failure, or need for changes in anesthesia
plan due to surgical requirements; 4) significant
liver, kidney, or blood coagulation abnormali-
ties; 5) procedure duration of less than 1 hour
or more than 3 hours; 6) drug allergies to any of
the medications used in the study.

Anesthesia and monitoring scheme

After confirming the patient’s identity, oxygen
was administered via a nasal catheter at 3 L/h.
Following confirmation of the correct operation
site, the patient was connected to the ECG
monitor for continuous tracking of blood pres-
sure (BP), heart rate (HR), respiratory rate (RR),
pulse oxygen saturation (SpO,) and Bispectral
Index (BIS). Under local anesthesia, a radial
artery puncture was performed for pressure
measurement, and an internal jugular vein
catheter was placed for infusion and preven-
tion of surgical complications. The radial artery
was used for blood pressure monitoring, and
arterial blood samples were drawn during the
procedure.

Remimazolam group: Each patient was intrave-
nously administered with remimazolam (diluted
to 1 mg/mL with normal saline) at 5 mg/min.
After the initial dose was given within 1 min, the
infusion continued to maintain the ED90 dose
of 0.40 mg/kg/h (diluted to 2 mg/mL with nor-
mal saline). Control group: Propofol was admin-
istered at 5 ml/min for the first minute, followed
by a continuous infusion of 2.5 mg/kg/h.

The procedure began 10 minutes after anes-
thesia induction, with local anesthesia applied
to both the left and right groin areas. If intraop-
erative blood pressure fluctuation exceeded
+20% from baseline, and after ruling out other
factors, noradrenaline or nitroglycerin was ad-
ministered intravenously to maintain hemody-
namic stability. For patients experiencing respi-
ratory depression (Sp0,<90% for 10 seconds),
interventions such as jaw lifting or mask oxy-
gen inhalation were employed.

Outcome measures

(1) Sp0,, HR and MAP: These parameters were
recorded at baseline (5 minutes before infusion
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of remimazolam or propofol, TO) and at O (T1), 5
(T2), 10 (T3), 15 (T4), and 20 min (T5) after the
infusion.

(2) BIS and Modified Observer’s Assessment of
Alertness/Sedation (MOAA/S) scores: BIS and
MOAA/S scores were recorded at 5 min before
infusion (TO) and at 0 (T1), 5 (T2), 10 (T3), 15
(T4), and 20 min (T5) after infusion.

(3) Operation-related indices: Operation time,
blood loss, and awakening time were recorded
for each patient.

(4) Quality of recovery-15 scale (QoR-15) [13]:
The QoR-15 scale was used to evaluate pa-
tients one day before the operation, and one
and three days post-operation. The QoR-15
scale consists of 15 questions, each rated on a
0-10 scale, evaluating postoperative recovery
across five domains: emotional state, physical
comfort, psychological support, self-care abili-
ty, and pain. The CAM Delirium Scale was used
to assess patients for delirium one and three
days after the procedure. Delirium was diag-
nosed based on the following criteria: O Acute
onset and fluctuating condition; @ Inattention;
(® Thinking disorder; @ Change in conscious-
ness level. A diagnosis of delirium was made if
criteria 1 and 2 were met, or if either criterion 3
or 4 was present.

(5) Incidence of adverse reactions: The occur-
rence of adverse reactions such as hypoten-
sion, respiratory depression, and injection site
pain was recorded for both groups.

(6) Patient Satisfaction: Three days post-opera-
tion, patient satisfaction was assessed using
a self-developed questionnaire, recording the
total number of patients satisfied with the
entire anesthesia process. Satisfaction was
categorized as highly satisfied, satisfied and
dissatisfied. The total satisfaction rate was cal-
culated by summing the rates of high satisfac-
tion and satisfaction.

Statistical analyses

Data analysis was performed using SPSS 26.0.
Count data were presented as cases (%), and
the x? test was employed for analysis. Normally
distributed measurement data were described
as X#s, with inter-group comparisons made
using the independent t-test. Comparisons
among three or more groups at multiple time
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points were conducted using repeated mea-
sures analysis of variance, and post-hoc analy-
sis was conducted using the Bonferroni meth-
od. Measurement data that were not normally
distributed were expressed as median (quar-
tile) [M (P25, P75)], with intra-group compari-
sons performed using the Friedman test and
inter-group comparisons conducted using the
Kruskal-Wallis H test. A P-value of less than
0.05 was considered statistically significant.

Results

Comparison of baseline data between the two
groups

The two groups did not differ significantly in
terms of age, sex, BMI, American Society of
Anesthesiologists (ASA) classification, New
York Heart Association (NYHA) classification,
comorbid hypertension, comorbid coronary
heart disease, comorbid arrhythmia, and in-
terventional therapy (all P>0.05, Table 1).

Comparison of Sp0O,, HR and MAP between the
two groups

At TO and T1, the two groups did not differ sig-
nificantly in terms of SpO,, HR or MAP (P>0.05).
However, significant differences were observed
at subsequent time points. At T2, T3, T4 and T5,
the remimazolam group exhibited higher Sp0O2
levels (T2: P<0.001, T3: P<0.001, T4: P<0.001,
T5: P<0.001), HR (T2: P<0.001, T3: P<0.001,
T4: P<0.001, T5: P=0.004), and MAP (T2:
P=0.006, T3: P<0.001, T4: P<0.001, T5:
P=0.019) compared to the control group (all
P<0.05, Table 2).

Comparison of BIS value and MOAA/S score
between the two groups

Analysis of the BIS values and MOAA/S scores
revealed no significant differences between the
two groups across all time points (TO, T1, T2,
T3, T4 and T5; P>0.05). This indicates that both
groups maintained similar levels of sedation
depth throughout the procedure (Table 3).

Comparison of operating room-related indices
in the two groups

The remimazolam group experienced signifi-
cantly earlier awakening time than the control
group (P<0.05). However, there were no signifi-
cant differences between the two groups in
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Table 1. Comparison of baseline data between the two groups

Control group (n=25)

Remimazolam group (n=25) X2/t P

Age (years) 78.61+3.24
Sex

Male 18 (72.00)

Female 7 (28.00)
BMI (kg/m?) 22.06+0.94
ASA classification

Il 16 (64.00)

I 9 (36.00)
NYHA classification

Il 4 (16.00)

I 13 (52.00)

v 8 (32.00)
Comorbid hypertension

Yes 16 (64.00)

No 9 (36.00)
Comorbid coronary heart disease

Yes 5 (20.00)

No 20 (80.00)
Comorbid arrhythmia

Yes 7 (28.00)

No 18 (72.00)
History of interventional therapy

Yes 6 (24.00)

No 19 (76.00)

79.14+3.08 0.593 0.556
0.802 0.371

15 (60.00)

10 (40.00)
22.24+1.04 0.642 0.524
0.739 0.390

13 (52.00)

12 (48.00)
0.850 0.653

6 (24.00)

10 (40.00)

9 (36.00)
0.857 0.355

19 (76.00)

6 (24.00)
0.642 0.423

8(29.63)

19 (70.37)
2.122 0.145

12 (48.00)

13 (52.00)
1.471 0.225

10 (40.00)

15 (60.00)

Note: BMI, body mass index; ASA, American standards association; NYHA, New York Heart Association.

Table 2. Comparison of SpO,, HR and MAP between the two groups at different time points

SpO, (%) HR (times/min) MAP (mmHg)
Control group Remimazolam Control group Remimazolam Control group Remimazolam
(n=25) group (n=25) (n=25) group (n=25) (n=25) group (n=25)
T0 98.45+0.84 98.44+0.36 91.94+7.53 92.08+7.34 87.55+5.27 86.94+5.30
T1 97.25+1.10° 97.08+1.11° 85.45+5.03¢ 85.50+5.05° 85.95+7.70° 85.88+7.84°
T2 95.25+0.732" 96.32+0.802" 65.46+7.04° 73.04+5.7330" 71.78+7.842" 77.46+5.912°"
T3  95.72+0.542b¢ 96.96+0.3320¢" 64.64+5.93%P¢ 73.66+5.36%0¢" 75.05+3.70%0¢ 79.74+3.5130¢"

T4  92.21+0.50%°¢¢  95.35+0.54%0c0"

65.28+5.13%0¢¢
TS5 93.64:+0.27>0%%  9505+0.26%bc0¢" 7397459000

71.08+5.1020ed" 75.04+3.542b¢ 78.91+3.01200"

78.66+5.16°0¢¢"  80.25+4.10°b49¢  83,05:+4.0720cde"

Notes: °P<0.05 vs. TO; °P<0.05 vs. T1; °P<0.05 vs. T2; °P<0.05 vs. T3; °P<0.05 vs. T4; “P<0.05 vs. control group. Sp0,, Pulse oxygen saturation;

HR, Heart rate; MAP, Mean arterial pressure.

terms of operation time and blood loss (P>0.05,
Figure 1).

Comparison of QoR-15 score and incidence of
postoperative delirium between the two groups

At 1 d and 3 d after operation, the remimazol-
am group showed significantly higher QoR-15
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score (1 day after operation: P<0.001; 3 days
after operation: P<0.001) than the control
group (all P<0.05). Regarding the incidence of
postoperative delirium, the remimazolam group
had a slightly lower incidence than the control
group at 1 d and 3 d after operation (all P>
0.05, Table 4).
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Table 3. Comparison of BIS value and MOAA/S score between

the two groups at different time points

ery and minimal physical impact,
making it particularly suitable

for TAVI via the femoral artery

BIS value MOAA/S score

Control group Remimazolam Control Remimazolam approach [17]. Remimazolam,
(n=25) group (n=25)  group (n=25) group (n=25) an ultra-short-acting intrave-

TO  89.40+4.31 88.36+4.26 5 (5, 5) 5 (5, 5) nous anesthetic, is rapidly me-
T1  52.15+5.90° 54.005.76° 44, 4y 4 (4, 5) tabolized by non-specific plas-
T2 55.88:341°°  56.01+3.73%* 43,4 4 (4, 4y ma esterase, preventing accu-
T3 56.84+2.23*°  57.12+3.06%" 3 (3, 4)be 3 (3, 4y mu"ﬁe in the bOdy’.an.d Its me-
T4 58.04+3.20°°¢ 59.10£3.23%0¢¢ 3 (3,4)bc  3(3, 4)rbed tabolite, zolam propionic acid, is

TS5 60.86+2.44°00d¢ 62,02+2.57200de 3 (2, Z)abese

3 (3’ 3)a,b,c,d

mainly excreted through the kid-
neys [18].

Notes: 2P<0.05 vs. TO; °P<0.05 vs. T1; °P<0.05 vs. T2; 9P<0.05 vs. T3; °P<0.05

vs. T4. BIS, Bispectral index; MOAA/S, Modified Observer’'s Assessment of Alert-

ness/Sedation.

Comparison of the incidence of postoperative
adverse reactions between the two groups

The total incidence of adverse reactions was
significantly higher in the control group (44%)
than in the remimazolam group (16%) (P<0.05,
Table 5).

Comparison of patient satisfaction between
the two groups

The overall satisfaction rate was significantly
higher in the remimazolam group (92.00%)
compared to the control group (64.00%) (P<
0.05, Table 6).

Discussion

The commonly used approaches for TAVI are
the transfemoral artery approach and transapi-
cal approach [14]. The apical approach is pri-
marily employed for patients with lesions of the
femoral artery and abdominal aorta. It general-
ly requires general anesthesia, making it more
invasive compared to the transfemoral artery
approach [15, 16]. The transfemoral artery
approach, on the other hand, is less traumatic
and can be performed under local anesthesia.
However, local anesthesia alone is insufficient
for this procedure, as rapid ventricular pacing is
required during valve placement. During this
phase, the heart is in a state of no contraction.
Although the duration is brief, it can still signifi-
cantly affect the patient psychologically. In
such cases, anesthetic monitoring plays a cru-
cial role in ensuring a safe and comfortable
environment for both patients and operators.
The transfemoral approach offers rapid recov-
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In our study, the remimazolam
group demonstrated more sta-
ble hemodynamic parameters,
with higher Sp0O,, HR, and MAP levels compared
to the propofol group. This stability is likely due
to remimazolam’s pharmacological properties,
including minimal inhibition of the autonomic
nervous system, which contributes to improved
oxygenation and cardiovascular stability. Our
findings align with previous studies showing
that remimazolam offers superior hemodynam-
ic stability compared to propofol during proce-
dures [19]. For instance, Tang et al. [20] com-
pared the sedative effects of remimazolam and
propofol in patients undergoing hysteroscopy
and found better hemodynamic stability under
remimazolam than under propofol. Similarly,
Kleiman et al. [21] observed no significant pro-
longation of cardiac repolarization with remima-
zolam, indicating reduced cardiovascular bur-
den. In addition, the remimazolam group ex-
perienced significantly earlier awakening times
than the control group, but no significant differ-
ences were observed in terms of operation
time and blood loss between the two groups.
This faster awakening could be attributed to
remimazolam’s rapid metabolism and clear-
ance, leading to a quicker reversal of its effects
and faster recovery from anesthesia.

In our study, the remimazolam group achieved
significantly higher QoR-15 scores than the
control group at 1 d and 3 d after operation. A
higher QoR-15 score means better recovery
and higher quality of life after surgery [22]. This
improvement may be due to remimazolam’s
ability to promote a faster and smoother re-
covery, reducing discomfort post-surgery. Mo-
reover, remimazolam likely provides a more
effective sedative effect, helping patients feel
more comfortable and relaxed, which can alle-
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Figure 1. Comparison of operating room-related indices. A: Comparison of operation time. B: Comparison of blood
loss. C: Comparison of awakening time. Note: ***P<0.001; ns, not significant.

Table 4. Comparison of QOR-15 score and postoperative delirium rate between the two groups

QoR-15 score

Postoperative delirium

Control group (n=25) ReMMSIolemgroup - Contro goup - Remimazojom
1 day before operation 141.57+4.77 142.08+4.59
1 day after operation 66.28+4.16° 78.65+5.732" 9 (36.00) 6 (24.00)
3 days after operation 72.41+4.21%° 86.09+4.3320" 5 (20.00) 2 (8.00)

Notes: 2P<0.05 vs. 1 d before operation; °P<0.05 vs. 1 day after operation; "P<0.05 vs. the control group.

Table 5. Comparison of adverse reactions between the two
groups

Control Remimazolam ) p
group (n=25) group (n=25)
Hypotension 4 (16.00) 2 (8.00) 0.758 0.384
Respiratory depression 3 (12.00) 2 (8.00) 0.222 0.637
Injection pain 4 (16.00) 0 (0.00) 4.348 0.037

Total adverse reaction 11 (44.00) 4 (16.00) 4.667 0.031

Table 6. Comparison of patient satisfaction between the two
groups

Control group Remimazolam )

(n=25) group (n=25) P
Highly satisfied 6 (24.00) 11 (44.00) 2,228 0.136
Satisfied 10 (40.00) 12 (48.00) 0.325 0.569
Dissatisfied 9 (36.00) 2 (8.00) 5.711 0.017
Total satisfaction 16 (64.00) 23 (92.00) 5.711 0.017

viate anxiety and stress, ultima-
tely improving both their psycho-
logical and physical state after
operation. The accumulation of
benzodiazepines is a crucial risk
factor for postoperative delirium
[23]. Remimazolam has rapid
metabolism and no accumulati-
on, which contributes to the pro-
tection of perioperative cognitive
function in elderly patients. In the
current study, the incidence of
postoperative delirium was evalu-
ated by the CAM delirium scale.
The incidence of postoperative
delirium in the remimazolam gr-
oup was 24.00% at 1 day after
operation and 8.00% at 3 d after
operation, which was comparable
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to the control group. A similar study by Kaneko
et al. [24] showed a significantly lower inci-
dence of postoperative delirium in patients
given remimazolam than in patients given pro-
pofol. The difference in findings may be attrib-
uted to variations in sample size, age, and other
factors. Finally, the remimazolam group exhib-
ited significantly fewer postoperative adverse
reactions and greater overall satisfaction, sup-
porting the notion that remimazolam provides a
safer anesthetic alternative. Prior research also
indicates a lower incidence of respiratory de-
pression associated with remimazolam [25].
The results imply that remimazolam can reduce
the incidence of postoperative adverse reac-
tions and contribute to better patient sati-
sfaction.

Although this study evaluated the effects of
remimazolam during anesthesia monitoring in
TAVI via FAC, it still has some limitations. First,
the small sample size of this retrospective
study may introduce unavoidable bias, which
could affect the statistical power of the results.
To strengthen the findings and improve the reli-
ability of the conclusions, larger sample sizes
and multi-center studies should be conducted
in future research. Second, the patients includ-
ed in this study were predominantly older, and
while the study focused on short-term out-
comes, it did not address long-term prognosis
or quality of life after surgery. As this study was
limited by the short duration of follow-up, future
research should aim to observe and evaluate
the long-term outcomes of these patients to
provide a more comprehensive understanding
of the benefits of remimazolam in the periop-
erative setting.

Conclusion

Remimazolam provides good sedative effect
during anesthesia monitoring of TAVI, with a low
incidence of postoperative adverse reactions.
These characteristics contribute to improved
postoperative rehabilitation and overall patient
outcomes, making remimazolam a promising
anesthetic option for TAVI procedures.
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