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Background: Surgical time-out is essential for patient safety, requiring patients to
remain conscious to verify their identity and surgical site. In China’s high-volume
operating rooms, this step is crucial to prevent errors. Spinal anesthesia often
induces anxiety, making sedation necessary. An ideal sedative must provide
effective anxiolysis while allowing rapid recovery. This study compares
remimazolam and midazolam to meet these dual demands and assess their
cardiorespiratory safety.

Methods: This prospective, randomized controlled trial compared remimazolam
and midazolam for sedation in patients undergoing elective ultrasound-guided
spinal anesthesia. Patients were assigned to receive either remimazolam
(0.1 mg/kg bolus, 0.5-1.0 mg/kg/h infusion) or midazolam (0.07 mg/kg bolus,
0.05-0.1 mg/kg/h infusion). Sedation was titrated to a target Richmond
Agitation—Sedation Scale (RASS) score of —4. The primary outcome was the
recovery time from RASS -4 to —1. Secondary outcomes included onset time,
hemodynamic changes, respiratory parameters, and presences of adverse events.
Results: Of the 103 patients screened, 56 were eligible and randomized into the
remimazolam (n = 28) and midazolam (n = 28) groups. The sedation onset time
[1.5 (2.0, 2.0) min vs. 3.1 (2.8, 5.0) min, P < 0.001] and recovery time [3.9 (3.0, 5.2)
minvs. 6.1(3.1,10.0) min, P = 0.0016] was significantly shorter in the remimazolam
group than midazolam group. Remimazolam had no significant impact on
procedural time of ultrasound-guided spinal anesthesia. Both groups showed
significant within-group decreases in mean arterial pressure during sedation
(remimazolam: from 81.5 to 75 mmHg; midazolam: from 81.7 to 72.4 mmHg;
P < 0.05), with no significant inter-group difference. At end of the procedure,
remimazolam group had a higher respiratory rate than midazolam group (18.6 +
3.3vs.16.8 + 2.8) (P< 0.05). No significant differences were observed in heart rate,
end-tidal carbon dioxide partial pressure, and oxygen saturation between groups.
Remimazolam was not associated with an increased risk of adverse events.
Conclusion: Remimazolam demonstrated superior recovery in sedation depth,
with a significantly shorter time to regain consciousness (RASS -4 to -1),
compared with midazolam in patients undergoing ultrasound-guided spinal
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anesthesia. No significant differences in circulatory or respiratory parameters were
observed between groups, though the study may lack power to detect minor safety

effects.
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1 Introduction

Subarachnoid block (spinal anesthesia), a form of neuraxial
anesthesia, which involves injection of local anesthetics into the
cerebrospinal fluid via the lumbar spine to anesthetize spinal nerves.
It is widely used for anesthesia in a variety of lower limbs, lower
abdomen, pelvic and perineal operations. Ultrasound-guided spinal
anesthesia allows real-time visualization of ultrasound images to
adjust needle trajectory, which improves the accuracy of
intervertebral space positioning, increases the success rate of
spinal puncture, reduces procedure-related complications, and
minimizes patient discomfort (Grau et al., 2004).

However, there are still some challenges in the clinical
application of spinal anesthesia. Skilled ultrasound guidance
reduces the risk of repeated punctures compared to traditional
blind techniques, yet patients may still experience anxiety, fear,
and discomfort. More importantly, the high precision required may
prolong the procedure time, further exacerbating patient discomfort.
Overly anxious or restless patients may struggle to tolerate the
stability of the
anesthetic effect and the smooth progression of surgery. Effective

procedure, potentially compromising the
sedation is essential to alleviate patient anxiety, it reduces procedural
risks, enhances patient comfort tolerance and overall surgery
satisfaction. Once benzodiazepines are administered for
preoperative sedation, patients may not regain full alertness
within a short period of time. If a preoperative time-out is
required during this window, they may be unable to verify their
identity or the surgical site. This delay in recovery could compromise
the safety and quality of the surgery.

Current evidence shows that midazolam, a conventional
benzodiazepine, effectively relieves preoperative anxiety but is
metabolized by hepatic CYP3A enzymes, with an elimination half-
life of 1.5-4.3 h (Prommer, 2020; Zaporowska-Stachowiak et al.,
2019).

impairment. Its use is

Clearance may be prolonged in hepatic or renal
respiratory and
and  delayed

associated  with

cardiovascular  depression, residual sedation,

neurocognitive recovery—factors that can impair responsiveness
during the preoperative time-out, particularly with spinal
anesthesia, thereby hindering anesthetic assessment and surgical
workflow (Reves et al., 1985; Forster et al., 1980). In contrast,
remimazolam is a novel ultra—short-acting benzodiazepine with
rapid onset, controllable duration, and minimal hemodynamic
effects. It has a distribution half-life of 0.5-2 min and a terminal

elimination half-life of 7-11 min (Petersen et al., 2024; Zhou et al.,

Abbreviations: ASA, American Society of Anesthesiologists; ASRA, American
Society of Regional Anesthesia; BMI, body mass index; CO,, carbon dioxide;
CSF, cerebrospinal fluid; EtCO,, end-tidal carbon dioxide; HR, heart rate; MAP,
mean arterial pressure; RASS, Richmond agitation-sedation scale; RR,
respiratory rate; SpO,, peripheral capillary oxygen saturation; vs, versus.
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2017), undergoing rapid hydrolysis by nonspecific tissue esterases to
an inactive metabolite. Metabolism is independent of hepatic and
renal function, with negligible risk of accumulation, enabling effective
sedation while permitting dynamic intraoperative assessment of
consciousness (Lee and Shirley, 2021; Kim and Fechner, 2022).

Notably, no prior studies have investigated its application for
sedation during ultrasound-guided spinal anesthesia puncture. This
prospective randomized controlled trial aims to compare the
sedative efficacy and safety of remimazolam versus midazolam
during the ultrasound-guided spinal puncture, so as to provide
reference for clinical practice.

2 Materials and methods
2.1 Study design and participants

This prospective, randomized study was conducted at West
China Hospital, Sichuan University from November 2024 to
March 2025. The inclusion criteria were patients aged >18 years,
scheduled to undergo ultrasound-guided spinal anesthesia for
elective surgery, who were capable of understanding the study
protocol and had the ability to participate in the study, and who
agreed to sign the informed consent form. All participants
underwent minor, low-risk procedures, including mixed
hemorrhoids, perianal abscesses, anal fissures, and sacrococcygeal
or epidermal cysts. These surgeries are brief, minimally invasive, and
involve little intraoperative bleeding, making them suitable for
evaluating the effects of sedatives on intraoperative conditions
and recovery. Most patients were young or middle-aged adults
with good baseline health and few chronic comorbidities,
minimizing confounding from organ dysfunction, altered drug
metabolism, or procedural complexity.

Exclusion criteria were based on the American Society of Regional
Anesthesia (ASRA) and Pain Medicine Evidence-Based Guidelines
(fifth Edition), ASRA Infection Control Consensus, and the
2023 guidelines from the American Society of Anesthesiologists
(ASA),
compromise anesthesia safety or efficacy (Kopp et al, 2025
Provenzano et al,, 2025; Vallejo et al,, 2024). The study ultimately

excluded patients with severe hepatic or renal dysfunction, severe

aiming to exclude patients whose conditions may

respiratory or circulatory diseases, coagulation disorders, cachexia,
myasthenia gravis, schizophrenia, severe depression, sleep apnea
syndrome, recent anticoagulants usage, allergy to local anesthetics
or study drugs, and those who had an infection at the puncture site.

Ethical approval for this study was provided by the Institutional
Review Board on 8 October 2024. The trial was registered prior to
patient enrolment at the Clinical Research Information Service
(https://www.medicalresearch.org.cn). The protocol of this study
was based on the ethical standards of the Declaration of Helsinki.
The trial registration number is ChiCTR2400092466. We obtained
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TABLE 1 Richmond agitation-sedation scale and corresponding descriptions.
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Score Term Description

0 Alert and calm -

-1 Drowsy Not fully alert, sustained (>10 s) awareness with eye contact to voice

-2 Light sedation Awakens briefly (<10 s) with eye contact to voice

-3 Moderate sedation Movement (but no eye contact) to voice

] Deep sedation No response to voice, but eye opens or movement to physical stimulation
-5 Unarousable No response to voice or physical stimulation

written informed consent from each patient before their
participation.

2.2 Randomization and blinding method

This study was a double-blinded, randomized, controlled trial,
with patients randomly assigned in a 1:1 ratio to either the midazolam
or remimazolam group using a computer-generated random number
table. Throughout the study, both patients and recorders (including
data analysts) were blinded to the group allocation. An individual
blinded investigator was responsible for each preoperative screening,
obtained informed consent, and recorded data. Another unblinded
research assistant, who did not participate in subsequent observation
or data collection, prepared the drugs according to the randomization
and assisted the anesthesiologist in initiating the infusion. The bolus
dose was determined based on the package insert, relevant literature,
and pilot testing to achieve a target RASS score of —4. The maintenance
dose was administered within the recommended range of the drug
RASS
Anesthesiologist involved in the study had over 5 years of clinical

label and titrated according to the patient’s score.
experience and had undergone standardized training in the use of
study medications. To ensure consistency and blinding, the drug
packaging was sealed, identical infusion pumps were used, and both
the total volume and infusion rate were adjusted according to clinical
requirements (surgical type, anesthetic duration, incision type, and
patient condition). Infusion volumes were automatically recorded by
the pumps and analyzed by blinded investigators. To ensure patient
safety, the anesthesiologist was not blinded, and all procedures were
performed by the same anesthesiologist skilled in ultrasound-guided
spinal anesthesia. The anesthesiologist needed to know the drug
allocation to adjust anesthesia based on the patients’ response but
had no access to any other group-related data, thus preserving the
integrity of the blinding.

2.3 Outcome measures

Richmond agitation-sedation scale (RASS) was used to assess
the depth of sedation in this study. The RASS consists of 10 levels of
sedation/agitation: five levels of sedation, one of calm alertness and
four levels of agitation (Sessler et al., 2002). Sedation and calm
alertness scores are shown in Table 1.

Sedation level was evaluated at 1 min intervals, with continuous
stopwatch timed to obtain second-level accuracy. In particular, we
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focused on the following key time points: T0, the time point for
baseline measurement; T1, the time to reach the target RASS score
of —4; T2, the time marking the end of the anesthesia procedure; and
T3, the time when the RASS score recovered to —1, at which both
consciousness status and vital signs were assessed (Figure 1). The
recovery time was used as the primary outcome in this study, defined
as the time from RASS-4 to RASS-1 of the patient following the drug
withdrawal. Secondary outcomes included the sedation onset time,
defined as the time from awake to RASS-4 after drug infusion;
hemodynamic and respiratory parameters, including mean arterial
pressure (MAP), heart rate (HR), respiratory rate (RR), peripheral
capillary oxygen saturation (SpO,), and end-tidal carbon dioxide
(EtCO,) changes. Additionally, we monitored and recorded several
adverse events that could occur during sedation and recovery,
including allergic reactions, hypoxemia, decrease in MAP, use of
Vasopressors, and nerve-related
complications.

nausea, vomiting, hiccups,

2.4 Anesthesia and sedation protocol

After the patient was verified, the peripheral venous way of the
upper limbs was set, ETCO, monitoring by nasal tube and a 2 L/min
oxygen inhalation was induced in the same way. The five-lead
electrocardiography, non-invasive blood pressure, oxygen
saturation were routinely monitored. The patient was placed in
the left lateral decubitus position with flexed knees and neck. After
sterile skin preparation and draping, ultrasound-guided spinal
anesthesia was performed. The anesthesiologist utilized the
Mindray M9 ultrasound system equipped with a C5-1S probe
and performed the procedure under sterile conditions. Scanning
was initiated from the sacrum in a paramedian sagittal oblique
plane, sliding the probe cephalad to identify the L3-4 interlaminar
space. Structures such as the ligamentum flavum and anterior and
posterior complexes became visible on the ultrasonic images. Using
an in-plane needle insertion technique, the anesthesiologist
dynamically monitored the needle’s trajectory and depth in real-
time. Upon reaching the subarachnoid space, the stylet was
withdrawn, confirming free flow of cerebrospinal fluid (CSF).
The needle bevel was oriented caudally, and 2.5 mL of
ropivacaine hydrochloride injection was administered slowly.
Following medication delivery, the needle was withdrawn, and
the patient was assisted into a supine position.

After the patient was positioned, remimazolam (Remimazolam
Besylate for Injection; Yichang Humanwell Pharmaceutical) was
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Schematic diagram of data collection points. TO, the time point for baseline measurement; T1, the time to reach the target RASS score of —4; T2, the
time marking the end of the anesthesia procedure; and T3, the time when the RASS score recovered to —1.

administered as a single dose of 0.1 mg/kg followed by a continuous
infusion at a rate of 0.5-1.0 mg/kg/h via an infusion pump. The
infusion rate was adjusted to achieve the RASS score of —4 where the
procedure was started and stopped once it completed. In the
midazolam (Jiangsu Nhwa Pharmaceutical) group, bolus dose of
0.07 mg/kg was intravenously injected and then 0.05-0.1 mg/kg/h
was continuously infused to achieve the same target sedation level
until the spina anesthesia was finished.

During the entire implementation of the protocol, face masks
and a Jackson-Rees modified breathing circuit were readily available.
If SpO, decreased to 90% or less, the anesthesiologist would
immediately perform jaw thrust, increase oxygen flow rate, or
give face mask ventilation as needed.

During the performance of subarachnoid block, if the patient had
body movement, the anesthesia assistant must help maintain proper
positioning. Management varied depending on the situation: 1) If
movement occurred due to pain during subcutaneous local
anesthetic infiltration, adequate local anesthesia would typically
resolve the movement in most patients. 2) If movement occurred
due to the spinal needle having contacted the nerve root, the needle
should be withdrawn immediately, and the trajectory would be
adjusted. Intraoperative MAP sustained below 60 mmHg for >5 min
or an acute drop to <50 mmHg triggered immediate pharmacologic
intervention. Given that vasopressors intrinsically modulate HR, we
coupled the choice of agent to concurrent HR: ephedrine 5 mg
intravenously for HR lower than 60 bpm, phenylephrine 30-50 pg
intravenously for HR > 60 bpm. Because the primary objective was to
evaluate the global hemodynamic stability conferred by the sedation
regimen, HR changes attributable to vasopressor therapy were excluded
from subsequent statistical analyses.

2.5 Sample size calculation
The primary endpoint was the time required for patients to recover

from RASS-4 to RASS-1 after stopping infusion of two groups.
According to previous studies, the recovery time from sedation in
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the remimazolam group ranged from 6 to 15.1 min (Pastis et al., 2019;
Guo etal,, 2022; Lu et al,, 2022), while in the midazolam group it ranged
from 11.5 to 15.2 min (Pambianco et al.,, 2016; Rex et al., 2018; Borkett
et al, 2015). A superiority margin of A = 2 min, a combined standard
deviation of ¢ = 1.8 min, a two-sided significance level of a = 0.05, and a
statistical power of 95% were set. A 10% dropout rate was assumed to
account for potential losses to follow-up.

Based on the sample size calculation formula, 24 participants per
group were required, for a total sample size of 48 participants.
Ultimately, 28 participants were enrolled in each group, with a total
of 56 participants.

20—2(Z1_u/2 + Zl_l;)z

n= A2

2.6 Statistical analysis

Continuous variables are expressed as mean + SD for normally
distributed data or as median (Q1, Q3) for non-normally distributed
data. Normality of the data was assessed using the Kolmogorov-
Smirnov test. For data that follow a normal distribution, the
independent t-test was used to compare means between groups.
For non-normally distributed data, the Mann-Whitney U test was
applied to compare medians between groups. All tests were two-
sided, and P-values <0.05 were considered statistically significant.
All analyses were performed using SPSS” 27.0 (IBM” Corp.) and
GraphPad Prism 10.3.1 software.

3 Results
3.1 Baseline characteristics

A total of 103 patients were screened for eligibility. Of these,
47 were excluded: 26 (55.3%) due to contraindications (e.g.,
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November 2024 and March
2025 (n=103)

guided spinal anesthesia during
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*Coagulation disorders(n=12)

*Severe depression(n=3)
*Sleep apnea syndrome(n=10)
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Allocation

—

Midazolam
(n=28)

FIGURE 2
Consolidated standards of trials.

coagulopathy, severe depression, obstructive sleep apnea, or
infection at the puncture site), 6 declined to participate, and
15 were excluded at the discretion of the investigators
(Supplementary Table 1). 56 were eligible and randomly assigned
to either the midazolam (n = 28) or remimazolam (n = 28) group
(Figure 2). All patients received their allocated intervention. The
enrolled population was predominantly composed of young and
middle-aged adults, with only two patients over 65 years of age. The
mean age was 39.5 years, and 34% of participants were male. There
were no significant differences between groups in body mass index
(BMI), baseline blood pressure, heart rate, oxygen saturation, or
end-tidal carbon dioxide levels. The procedure time of spinal
anesthesia was comparable between the groups (P = 0.21). The
mean surgical duration was 94.4 min, and the average intraoperative
fluid volume was 2.1 mL/kg/h, with no significant differences
observed between groups (Table 2).

3.2 Recovery and onset times

The recovery time was significantly shorter in the remimazolam
group than which in the midazolam group [3.9 (3.0, 5.2) min vs. 6.1
(3.1, 10.0) min, P = 0.0016] (Figure 3A). Additionally, the time to
achieve RASS-4 was significantly shorter in the remimazolam group
than in the midazolam group [1.5 (1.0, 2.0) min vs. 3.1 (2.8, 5.0) min,
P < 0.01]. The heatmap clearly visualizes that midazolam prolongs
onset and recovery time compared to remimazolam, with no
significant difference in procedure time (Figure 3B).

3.3 Hemodynamic, respiratory and basic vital
signs during sedation

During the sedation period, mean arterial pressure, blood
pressure, heart rate, respiratory rate, oxygen saturation, ETCO,
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values and sedation depth were monitored per minute. A
decrease was observed in mean arterial pressure and systolic
arterial pressure as shown in Figures 4A,B. In intra-group
evaluations, it was observed that mean arterial pressure values in
the two groups were significantly lower than the baseline (P <
0 0.05). However, the mean arterial pressure values during the study
period did not differ between the groups (Table 3). The heart rate
values between groups did not differ (Figure 4D). At the time of
RASS score recovery to —1 (T3), ETCO, values in the remimazolam
group was significantly lower than the baseline (P < 0 0.05). The
oxygen saturation, ETCO, values did not differ between the groups
during the study period (Figures 4E,F). The nasal CO, monitoring
catheter used in this study has an oxygen delivery function, which
may have resulted in CO, dilution and thus created a discrepancy
between the measured and actual values. However, respiratory rate
monitoring remained accurate. At the time to reach RASS target
score —4 (T1) and the end of anesthesia procedure (T2), the
respiratory rate of remimazolam group increased, while in the
midazolam group, it decreased, though no significant difference
from baseline was observed (Figure 4C). At T2, the respiratory rate
in the midazolam group was significantly lower than in the
remimazolam group (P < 0.05).

3.4 Adverse events and safety profile

No significant difference was observed in general adverse events
between the two groups (Table 4). Nausea, vomiting, allergic
reaction and hypoxemia rates were similar for both groups (P >
0.05). The number of patients who required vasoactive drugs and the
percent MAP decrement was not different between the two groups.
Hiccup occurred in 1/28 (3.6%) patient in both groups, with no
difference of the incidence. In addition, none of the patients with
ultrasound-guided spinal anesthesia under sedation experienced
nerve-related complications.
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TABLE 2 Comparison of patient characteristics.

Variables Remimazolam Midazolam group (n = 28)

Sex (M/F) 10/18 9/19 0.78
Age (yr) 41.0 £ 11.9 38.0 + 10.8 0.33
Height (cm) 161.0 (157.0, 170.0) 164.0 (160.0, 168.0) 0.70
Weight (kg) 56.0 (50.0, 69.0) 60.8 (57.5, 67.5) 0.23
Body mass index (kg/m?) 21.5 (19.7, 23.1) 22.5(21.2, 24.8) 0.12
Baseline SAP (mmHg) 116.6 + 14.9 115.6 + 14.4 0.80
Baseline DAP (mmHg) 67.8 £ 82 69.9 £+ 10.6 0.40
Baseline MAP (mmHg) 815+ 11.4 81.7 + 10.4 0.95
Baseline HR (bpm) 76.1 + 10.8 819 + 15.6 0.11
Baseline SpO, (%) 98.0 £ 1.5 97.8 £ 1.9 0.64
Baseline, ETCO, (mmHg) 36.6 + 4.2 36.0 + 5.8 0.62
Baseline RR (br/min) 172 + 42 17 + 45 0.88
Duration of procedure time (min) 2.9 (1.9, 4.3) 2.1 (2.0, 3.3) 0.21
Surgical Duration (min) 92.5 (82.8, 104.3) 96.0 (89.8, 101.0) 0.88
Intraoperative Fluid Volume (mL/kg/h) 2.1 (2.0, 2.1) 2.1 (2.0, 2.2) 0.82

Data are presented as median (Q1, Q3) for non-normally distributed variables, or mean + standard deviation for normally distributed variables. P-values were derived from the independent
t-test for normally distributed data or referenced the Mann-Whitney U test for non-normally distributed data. SAP, systolic arterial pressure; DAP, diastolic arterial pressure; MAP, mean
arterial pressure; HR, heart rate; SpO2, oxygen saturation; ETCO,, the end-tidal carbon dioxide partial pressure; RR, respiratory rate.
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FIGURE 3

Comparison of onset, procedure, and recovery times between remimazolam and midazolam groups. (A) Chart comparison of the onset, procedure,

and recovery time between the remimazolam group (white) and the midazolam group (red). (B) Heatmap of onset, procedure, and recovery time (min)
differences between remimazolam and midazolam groups. ****: P < 0.01; ns: no significant difference.

4 Discussions the perioperative experience. However, prior to surgery, patient
identification and surgical site verification are required, and the

4.1 Main fi nding patient’s RASS score must be at least —1. For short procedures, it is
essential that the patient regains the ability to respond before surgery

During invasive procedures like nerve block and spinal  begins. Therefore, an ideal sedative should act rapidly and allow for
puncture, patients often experience significant anxiety.  quick recovery upon discontinuation. In this study, we compared the
Preoperative administration of benzodiazepines could improve  efficacy and safety of remimazolam and midazolam as sedatives for
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FIGURE 4

Trend of vital parameters at different time points (TO, T1, T2, T3). (A) Trend of mean arterial pressure at different time points. (B) Trend of systolic
blood pressure at different time points. (C) Trend of respiratory rate at different time points. (D) Trend of heart rate at different time points. (E) Trend of
end-tidal carbon dioxide at different time points. (F) Trend of oxygen saturation at different time points. Each subfigure illustrates the changes in the
respective parameters at baseline (TO), when the RASS target score reached -4 (T1), at the end of the anesthesia procedure (T2), and when the RASS
score recovered to -1 (T3). SpO2: oxygen saturation, ETCO,: the end-tidal carbon dioxide partial pressure.

ultrasound-guided spinal anesthesia. Remimazolam showed shorter
onset time and recovery time after the end of the procedure than
midazolam. Its hemodynamic effects were comparable to those of
midazolam. No respiratory events requiring intervention were
observed during sedation. Side effects associated with the drug
were acceptable and easy to manage. However, given the
relatively small sample size and the fact that safety was not the
primary endpoint, these findings should be interpreted with caution.

4.2 Current evidence

The major findings of our study were the rapid sedation and
wakefulness induced by remimazolam. These results are consistent
with a previous published clinical trial by Kim SH et al., in which
compared with midazolam, remimazolam has a shorter onset time
[2 (1, 4) min vs. 3 (2, 5) min, P = 0.006] and recovery time [2 (1, 5)
min vs. 5 (1, 12) min, P = 0.035] during bronchoscopy (Morimoto,
2022). These results correlate with the pharmacokinetic advantages
of remimazolam. As it is rapidly converted into an inactive
metabolite, it is characterized by rapid onset and swift recovery
from sedation (Sneyd, 2023). Because of the rapid recovery of
consciousness during anesthesia preparation room, transfer to the
operating room was swift.

4.3 Clinical significance

The MAP decrease during the study period does not differ
significantly between the two groups and vasoactive drugs were not

Frontiers in Pharmacology

required. These findings suggest that post-sedation hypotension in
the remimazolam group were mild and effects resolved without
having to use vasoactive drugs. However, the sample size was
limited, and the study was not powered to detect severe or rare
adverse events. Notably, multiple previous studies have consistently
shown that remimazolam preserves hemodynamic parameters even
at higher doses, indicating a broad therapeutic index (10-12).

Benzodiazepines, in general, exhibit a more favorable respiratory
profile compared to propofol. Among benzodiazepines,
remimazolam has shown minimal respiratory compromise in
adults (Barbosa et al., 2024; Ahmer et al., 2024; Hansen and
Engelhardt, 2025; Pereira et al, 2024). In our study, the
respiratory rate of midazolam group was lower than the
remimazolam group at the time of T2, which is consistent with
the aforementioned conclusions, indicated that remimazolam had
less inhibitory effect on respiration. Hypopnea and apnea were both
absent the whole time for the two groups.

Our study targeted a sedation depth of RASS -4 rather than -5 to
preserve the patient’s ability to react to pain or nerve root
stimulation, thereby injury.
Additionally, during spinal anesthesia, patients typically needed

reducing the risk of nerve
to cooperate with the surgeon to ensure accurate operation,
making sedation a critical tool to ensure both patient comfort
and the smooth progression of the procedure. The duration of
recovery directly impacts the patient’s postoperative recovery and
the overall efficiency of the surgery. Prolonged recovery time
increases the likelihood of risk exposure, while a shorter recovery
time not only reduces post-anesthesia discomfort but also improves
postoperative patient satisfaction, lowers healthcare costs, and
enhances hospital resource utilization.
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TABLE 3 Comparison of hemodynamic and respiratory parameters within and between groups during the study period.

Parameters MAP (mmHg) HR (bpm) RR (br/min) ETCO, (mmHg) SpO, (%)
Groups M M M M M
TO 815 + 11.4 81.7 + 10.4 0.95 76.1 + 10.8 81.9 + 15.6 0.11 172 + 42 17+ 45 0.95 366 + 4.2 36.0 + 5.8 0.62 98.0 + 1.5 97.8 + 1.9 0.64
T1 75 + 12.2* 724 + 9.3* 039 79.1 +12.5 77.1 + 12.7 0.54 18.1 + 3.8 16.5 + 3.6 0.12 36.8 + 4.9 35.6 + 5.7 0.42 979 + 1.5 98.0 + 1.5 0.86
T2 712 + 9.9% 714 + 14.4% 0.94 79.1 + 124 789 + 14.6 0.95 186 + 3.3 168 + 2.8 0.03 346 + 5.0 351+ 57 0.69 975+ 1.6 98.1+12 0.15
T3 733 + 10.6* 74.0 + 10.2* 0.79 734 + 2.8 77.6 + 15.2 0.28 16.4 + 3.4 159 +2.2 0.49 343 + 4.1% 34.6 + 53 0.80 973+ 15 98.0 + 1.3 0.06

Data are presented as median (Q1, Q3) for non-normally distributed variables, or mean + standard deviation for normally distributed variables. Values are presented as mean + SD. R, remimazolam; M, midazolam; MAP, mean arterial pressure; HR, heart rate; RR,
respiratory rate; ETCO2, the end-tidal carbon dioxide partial pressure; SpO2, oxygen saturation. TO: the time point for baseline measurement, T1: the time to reach RASS, target score —4, T2: the time of the end of anesthesia procedure, T3: the time of RASS, score
recovery to —1. *P value was statistically significant.
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TABLE 4 Incidence of complications in the remimazolam and midazolam groups.

Complications

Remimazolam group (n = 28)

Midazolam group (n = 28)

Allergy 0 (0.0%) 0 (0.0%) 1.00
Hypoxemia 0 (0.0%) 0 (0.0%) 1.00
MAP decrement 17.6 £ 9.7 19.8 £ 9.0 0.55
Use of vasopressor 0 (0.0%) 0 (0.0%) 1.00
Nausea 0 (0.0%) 0 (0.0%) 1.00
Vomiting 0 (0.0%) 0 (0.0%) 1.00
Hiccup 1 (3.6%) 1 (3.6%) 1.00
Nerve-related complications 0 (0.0%) 0 (0.0%) 1.00

Values are presented as number (%) or mean + SD., The MAP decrement was calculated as the percentage difference between the baseline MAP, measured in the anesthesia preparation room

and the lowest MAP, during the study period.

To improve the reliability and safety of the procedure, real-time
ultrasound-guided spinal puncture technology was used to
accurately visualize the relative position of the puncture path and
surrounding anatomical structures (Chong et al., 2017; Elsharkawy
et al, 2017). A narrative review by Pierson D.et al. also mentioned
that real-time ultrasound guided spinal anesthesia could be the
future of safer and more effective spinal anesthesia. In the
preliminary phase of this study, we performed ultrasound-guided
spinal anesthesia on fully awake patients and most of the patients
complained of significant discomfort when subcutaneous local
infiltration occurred with no notable adverse effects. Importantly,
no nerve-related complications occurred.

This study has several limitations. First, it was a single-center trial
with a relatively small sample size, which may limit the generalizability
of the findings. The limited sample size may also be insufficient to
detect infrequent or severe adverse events. For example, although no
cases of hypopnea or apnea were observed in either group, the
relatively small cohort and short observation window does not rule
out the possibility of rare respiratory or other complications. Secondly,
this study did not employ standardized tools to assess anxiety before
or after spinal anesthesia. Although patients with severe depression
were excluded at enrollment, the lack of quantitative anxiety data
limits interpretation of how psychological state may affect sedative
response. Future studies should incorporate validated anxiety and
depression scales to better evaluate differential drug effects across
psychological profiles. Finally, given that the surgical procedures
involved in this study were short in duration and minimally
invasive, the enrolled population mainly consisted of young to
middle-aged adults, despite our initial intention to include all
patients aged >18 years. Only two participants were older than
65 years (aged 67 and 68). Therefore, the generalizability of our
findings to elderly, pediatric, or high-risk populations remains limited.
Further post-marketing surveillance and real-world studies are
warranted to validate the safety and efficacy of remimazolam in
broader clinical settings.

5 Conclusion

Remimazolam, as a sedative for ultrasound-guided spinal
anesthesia, demonstrated a shorter onset and recovery time,
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offering higher operational efficiency and patient comfort
compared to midazolam. Its safety profile was favorable, with
no significant hemodynamic or respiratory adverse reactions,
further confirming its suitability for this application. Given
remimazolam’s pharmacokinetic advantages, rapid recovery
characteristics, and minimal side effects, it is expected to
become an effective agent for short-term procedural sedation,
enhancing both clinical practice and patient satisfaction in
spinal anesthesia.
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