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Abstract: Objectives: This study aimed to compare the incidence of hypotension between remimazolam and pro-
pofol in hypertensive patients undergoing spinal surgery. Methods: We conducted a retrospective analysis of 194 
hypertensive patients who received either remimazolam (n=99) or propofol (n=95) as the primary anesthetic during 
spinal surgery under general anesthesia. Hemodynamic parameters and bispectral index (BIS) were continuously 
monitored. The primary outcome was the incidence of intraoperative hypotension, defined as a mean arterial pres-
sure (MAP) below 80% of baseline within 13 minutes of drug administration. Severe hypotension was defined as 
MAP below 70% of baseline. Postoperative adverse events, including postoperative nausea and vomiting (PONV), 
injection pain, dizziness, delirium, and hypoxemia, were also recorded. Results: The incidence of hypotension was 
significantly lower in the remimazolam group compared to the propofol group (82.83% vs. 93.68%, P=0.019). The 
remimazolam group demonstrated more stable MAP at key time points (5-12 minutes post-induction) and a lower 
incidence of PONV (15.15% vs. 29.47%, P=0.016) and injection pain (2.02% vs. 26.32%, P<0.001). Multivariate 
logistic regression identified remimazolam as an independent protective factor against hypotension (odds ratio [OR] 
=0.435, 95% confidence interval [CI]: 0.210-0.901, P=0.025). Conclusions: For hypertensive patients undergoing 
spinal surgery, remimazolam is associated with a significantly lower risk of intraoperative hypotension and fewer 
adverse events compared to propofol, suggesting it may be a safer anesthetic option for this population.
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Introduction

Hypertension is a common clinical condition. 
For patients with hypertension who require spi-
nal surgery, it is crucial to maintain stable blood 
pressure during the procedure [1]. Stable blood 
pressure helps reduce complications and facili-
tates a smoother postoperative recovery [2]. As 
an intravenous anesthetic agent, propofol has 
rapid onset and short duration of action. It is 
commonly used for the induction and mainte-
nance of general anesthesia [3]. Propofol is 
however, prone to causing vasodilation. This 
can lead to a drop in blood pressure during sur-
gery. This is particularly significant for hyper-
tensive patients. The medical community is 
actively conducting clinical studies on alterna-
tive anesthetic methods with the hope of pro-
viding more stable hemodynamic support dur-
ing surgery [4].

Remimazolam is a relatively new benzodiaze-
pine drug. Due to its favorable pharmacological 
properties, its clinical application has gradually 
increased [5]. Remimazolam has a weaker va- 
sodilatory effect and a more easily controlled 
metabolic process compared to propofol. This 
helps maintain a more stable hemodynamic 
state during anesthesia [6]. Its metabolism pri-
marily relies on tissue esterases rather than 
the liver pathway. This makes it take effect fast-
er and reverse more easily. These characteris-
tics facilitate the precise adjustment of dosage 
by physicians and reduce the risk of long-term 
sedation after surgery [7]. Considering these 
advantages, remimazolam can be viewed as an 
ideal alternative to propofol. It is particularly 
suitable for patients with higher risks such as 
hypertension [8]. Therefore, when selecting a 
safer anesthesia protocol for such patients, a 
systematic comparison of the effects and safe-
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ty profiles of different anesthetics becomes 
particularly important [9].

Spinal surgery includes lumbar, cervical, or  
thoracic spine surgeries to treat degenerative 
intervertebral discs, spinal stenosis, or verte-
bral fractures, etc. In this type of surgery, main-
taining blood pressure stability is critical, en- 
suring that the spinal cord tissue receives ade-
quate blood flow, thus avoiding the associated 
complications of insufficient blood flow [10]. 
Patients with hypertension are more likely to 
experience hypotension during surgery because 
the ability to regulate blood vessels is reduced, 
and the control function of the autonomic nerve 
for blood pressure is reduced [11]. Therefore, 
when choosing anesthesia drugs, special atten-
tion should be paid to the stabilizing effect on 
blood pressure and heart rate, which is of great 
significance for promoting postoperative recov-
ery of patients.

The incidence of hypotension during surgery 
often depends on the choice of anesthesia 
drug and the patient’s own health. Studies have 
shown that propofol is more likely to cause 
hypotension, especially in older and hyperten-
sion patients [12, 13]. Therefore, it is neces-
sary to explore new anesthetic agents such as 
remimazolam in order to maintain the stability 
of cardiovascular system. This study focused 
on the effect of remimazolam on the occur-
rence of hypotension during spinal surgery in 
patients with hypertension. This research direc-
tion meets the actual clinical needs and has a 
certain practical significance and application 
potential. By comparing the differences in the 
incidence of hypotension between remimazol-
am and propofol, this study hopes to provide  
a reference for the selection of anesthetic 
agents for spinal surgery in patients with hyper-
tension. Ultimately, the results will help physi-
cians develop safer and more individualized 
anesthesia regimens that will help patients 
recover better and increase their satisfaction 
with the treatment process.

Materials and methods

Study subjects

We included 194 hypertensive patients who 
underwent spinal surgery at Peking University 
International Hospital between April 2023 and 
March 2025 for this retrospective analysis. 

These patients are aged 19 to 80 years old  
and underwent spinal surgeries such as lum-
bar, cervical, or thoracic spine under general 
anesthesia. All patients met the diagnostic cri-
teria for hypertension [14], and their physical 
condition (PS) was classified as grade II to III  
by the American Society of Anesthesiologists 
(ASA) [15], with complete medical records. Ex- 
clusion criteria include: a history of mental ill-
ness, long-term use of sedatives or antidepres-
sants, organic heart disease other than hyper-
tension, liver failure or cirrhosis, and patients 
with elevated intracranial pressure.

Patients were divided into the propofol group 
(n=95) and the remimazolam group (n=99) ba- 
sed on the primary anesthetic drug used dur- 
ing surgery. The propofol group was defined as 
patients who received propofol as the primary 
anesthetic agent, while the remimazolam group 
was defined as those who received remimazol-
am as the primary anesthetic agent.

Data collection and ethics statement

Patient data, including general data, incidence 
of intraoperative hypotension under anesthe-
sia, hemodynamic parameters, and anesthesia 
depth indicators, were collected through the 
medical record system. This single-center, ret-
rospective study was conducted in accordance 
with the Declaration of Helsinki. The study pro-
tocol was reviewed and approved by the Insti- 
tutional Review Board (IRB) of Peking University 
International Hospital. Given the retrospective 
nature of the study, which involved the analysis 
of anonymized data extracted from electronic 
medical records, the IRB granted a waiver of 
informed consent.

Anesthesia process

Upon entering the operating room, patients 
were immediately monitored for pulse oxime- 
try (Rainbow sensor, Masimo Corp., USA), non-
invasive blood pressure (NIBP) measurement 
(Patient Monitor iPM 12, Shenzhen Mindray 
Biomedical Electronics Co., Ltd., China), el- 
ectrocardiography (PageWriter TC50, Philips, 
Netherlands), and bispectral index (BIS) moni-
toring (LoC 2 Channel BIS monitor, COVIDIEN, 
USA). Additionally, after administration of seda-
tives, systolic blood pressure, diastolic blood 
pressure, mean blood pressure (MBP), and 
heart rate (HR) were recorded every minute. 
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Prior to infusion of remifentanil + remimazol-
am/propofol via a medical syringe pump (Agillia, 
SB Medica SRL, Italy), patients were adminis-
tered 1 mg of penehyclidine hydrochloride 
injection (Approval No. TWK24105, Jiangsu 
Nhwa Pharmaceutical Co., Ltd., Jiangsu Pro- 
vince, China).

In the remimazolam group, anesthesia induc-
tion was performed using intravenous remifen-
tanil hydrochloride (Approval No. H20030197, 
Yichang Renfu Pharmaceutical Co., Ltd., Hubei 
Province, China) with an effect-site concentra-
tion of 4.0 ng/mL (target-controlled infusion 
[TCI], Minto model) and intravenous remima-
zolam besylate (Approval No. H20200006, 
Yichang Renfu Pharmaceutical Co., Ltd., Hubei 
Province, China) at an infusion rate of 6 mg/
kg/h. In the propofol group, anesthesia induc-
tion was performed using propofol emulsion 
injection (Approval No. HJ20150657, Fresenius 
Kabi Deutschland GmbH, Austria) (TCI, Sch- 
neider model) and intravenous remifentanil 
hydrochloride (same as in the remimazolam 
group) at effect-site concentrations of 4.0 μg/
mL and 4.0 ng/mL, respectively. Once loss  
of consciousness was achieved and the BIS 
decreased to 40-60, both groups received in- 
travenous rocuronium bromide (Approval No. 
H20093186, Zhejiang Xianju Pharmaceuticals 
Co., Ltd., Zhejiang Province, China) at a dose of 
0.6 mg/kg to induce neuromuscular blockade, 
followed by endotracheal intubation after ade-
quate muscle relaxation. During the mainte-
nance phase of anesthesia, the infusion rates 
of propofol (2.0-3.0 μg/mL) and remimazolam 
(1-2 mg/kg/h) were adjusted to maintain the 
BIS between 40 and 60, ensuring an appropri-
ate level of anesthesia depth.

Definition of hypotension and management

In this study, the observation window for hypo-
tension was defined as the period from 0 to 13 
minutes after the initiation of remimazolam/
propofol administration. This time window also 
covers the critical period from the start of anes-
thesia induction to the beginning of surgical 
incision (refer to the start time of incision 
recorded in Table 2; in this study, the incision 
start times for both groups were concentrated 
between 13.31 and 13.45 minutes after drug 
administration), allowing for the complete cap-
ture of early blood pressure fluctuations asso- 
ciated with the drugs. Hypotension was defined 

as a mean blood pressure (MBP) less than  
80% of the baseline MBP (recorded before the 
initiation of anesthesia infusion) within 13  
minutes of starting remimazolam or propofol 
administration. Severe hypotension was de- 
fined as a MAP less than 70% of the baseline 
MBP [16, 17]. Hypotension was treated by 
reducing the infusion rate of remifentanil, while 
severe hypotension was managed with an  
injection of 8 mg ephedrine hydrochloride 
(Approval No. H21022412, Northeast Phar- 
maceutical Group Shenyang First Pharmaceu- 
tical Co., Ltd., Liaoning Province, China).

Outcome assessment

The primary outcome measure of this study 
was the incidence of hypotension and severe 
hypotension under anesthesia. As secondary 
outcomes, we also analyzed hemodynamic 
parameters (MAP and HR) and BIS, which were 
assessed at baseline (before administration  
of sedative drugs in the operating room) and 
from 0 minutes (at the start of drug admini- 
stration) to 13 minutes (13 minutes after the 
administration of sedative drugs). Postoperative 
adverse events were also evaluated, including 
postoperative nausea and vomiting (PONV), 
dizziness, delirium, injection pain, and postop-
erative hypoxemia with peripheral oxygen satu-
ration (SpO2) <90%.

Statistical analysis

Data analysis was performed using SPSS sta-
tistical software (version 29.0; developed by 
SPSS Inc., Chicago, IL, USA). Continuous vari-
ables that followed a normal distribution were 
expressed as mean ± standard deviation (M ± 
SD) and compared between groups using inde-
pendent samples t-tests. Categorical variables 
were expressed as frequencies and percentag-
es [n (%)] and compared between groups using 
the χ2 test. A p-value less than 0.05 was con-
sidered statistically significant. Subsequently, 
with intraoperative hypotension occurrence as 
the dependent variable (no occurrence =0, 
occurrence =1), and anesthetic drug type use 
(propofol =0, remimazolam =1), age, body mass 
index (BMI), ASA PS classification (Class II =0, 
Class III =1), and total dose of remifentanil as 
potential influencing factors, univariate and 
multivariate logistic regression analyses were 
conducted to identify independent risk factors 
for the incidence of intraoperative hypotension 
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in hypertensive patients undergoing spinal 
surgery.

Results

General data

The comparison of demographic characteris-
tics between the Propofol group (n=95) and the 
Remimazolam group (n=99) revealed no signifi-
cant differences across multiple parameters 
examined (Table 1). There were no significant 
differences in age (P=0.193), gender (P=0.789), 
BMI (P=0.165), and ASA PS (P=0.557) between 
the two groups of patients. Similarly, there were 
no significant differences in the prevalence of 
medical history conditions including diabetes 
mellitus (P=0.510), ischemic heart disease 
(P=0.578), pulmonary disease (P=0.931), and 
renal disease (P=0.601). Additionally, no signifi-
cant differences were found in the use of anti-
hypertensive medications such as angiotensin-
converting enzyme inhibitor/angiotensin rece- 
ptor blocker (ACEI/ARB) (P=0.895), calcium 
channel blocker (CCB) (P=0.746), beta-blocker 
(P=0.729), or diuretics (P=0.638).

There were no significant differences in the dis-
tribution of surgery types (P=0.884), anesthet-

ic time (P=0.584), operative time (P=0.433), 
start time of tracheal intubation (P=0.081), or 
start time of skin cutting (P=0.387) (Table 2). 
Additionally, the total dose of remifentanil did 
not differ significantly between the groups 
(P=0.129). Since propofol and remimazolam 
were exclusively used in their respective gr- 
oups, direct comparisons of their total doses 
were not performed.

Incidence of hypotension under anesthesia

The incidence of hypotension was significantly 
different between the two groups, with 89 
(93.68%) patients in the Propofol group experi-
encing hypotension compared to 82 (82.83%) 
patients in the Remimazolam group (χ2=5.467, 
P=0.019) (Figure 1). However, for severe hypo-
tension, no significant difference was noted 
(P=0.086), with 73 (76.84%) patients in the 
Propofol group and 65 (65.66%) patients in the 
Remimazolam group affected.

MBP changes

For MBP changes over time, no significant  
differences were noted at baseline (P=0.265), 
0 min (P=0.361), 1 min (P=0.214), 2 min 
(P=0.082), 3 min (P=0.253), 4 min (P=0.159), 

Table 1. Comparison of demographic characteristics between the two groups

Parameter Propofol group 
(n=95)

Remimazolam group 
(n=99) t/χ2 P

Age (years) 63.48 ± 7.56 61.95 ± 8.63 1.308 0.193
Gender [n (%)] 0.071 0.789
    Male 45 (47.37%) 45 (45.45%)
    Female 50 (52.63%) 54 (54.55%)
BMI (kg/m2) 24.85 ± 3.12 25.51 ± 3.45 1.393 0.165
ASA PS [n (%)] 0.344 0.557
    II 85 (89.47%) 91 (91.92%)
    III 10 (10.53%) 8 (8.08%)
Medical history [n (%)]
    Diabetes mellitus 28 (29.47%) 25 (25.25%) 0.435 0.510
    Ischemic heart disease 12 (12.63%) 10 (10.10%) 0.309 0.578
    Pulmonary disease 8 (8.42%) 8 (8.08%) 0.007 0.931
    Renal disease 5 (5.26%) 7 (7.07%) 0.273 0.601
Antihypertensive medication use [n (%)]
    ACEI/ARB 78 (82.11%) 82 (82.83%) 0.018 0.895
    CCB 75 (78.95%) 80 (80.81%) 0.105 0.746
    Beta-blocker 65 (68.42%) 70 (70.71%) 0.120 0.729
    Diuretics 40 (42.11%) 45 (45.45%) 0.221 0.638
Abbreviations: BMI, Body Mass Index; ASA PS, American Society of Anesthesiologists Physical Status; ACEI, Angiotensin-Con-
verting Enzyme Inhibitor; ARB, Angiotensin Receptor Blocker; CCB, Calcium Channel Blocker.
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7 min (P=0.315), 8 min (P=0.275), or 13 min 
(P=0.132) (Figure 2). However, differences with 
statistical significance were observed at 5 min 
(93.78 ± 1.45 vs. 93.22 ± 1.52, t=2.625, 
P=0.009), 6 min (92.84 ± 1.32 vs. 93.26 ± 
1.28, t=2.257, P=0.025), 9 min (82.43 ± 1.97 
vs. 83.02 ± 1.94, t=2.109, P=0.036), 10 min 
(81.68 ± 1.82 vs. 82.46 ± 1.86, t=2.950, 
P=0.004), 11 min (80.35 ± 1.73 vs. 80.99 ± 
1.79, t=2.505, P=0.013), and 12 min (78.97 ± 
1.68 vs. 79.63 ± 1.71, t=2.689, P=0.008).

nificant differences in HR were observed be- 
tween the two groups at baseline, 0, 1, 3, 4, 7, 
or 13 minutes (all P>0.05).

BIS changes

For BIS changes over time, no significant differ-
ences were noted at baseline (P=0.508), 0 min 
(P=0.148), 1 min (P=0.365), 2 min (P=0.347), 
3 min (P=0.325), 4 min (P=0.247), 5 min 
(P=0.122), 6 min (P=0.073), 7 min (P=0.057), 

Table 2. Comparison of surgery features between the two groups

Parameter Propofol group 
(n=95)

Remimazolam group 
(n=99) t/χ2 P

Surgery type [n (%)] 0.247 0.884
    Lumbar spine surgery 56 (58.95%) 58 (58.59%)
    Cervical spine surgery 24 (25.26%) 23 (23.23%)
    Thoracic spine surgery 15 (15.79%) 18 (18.18%)
Anesthetic time (min) 128.72 ± 18.65 130.14 ± 17.31 0.548 0.584
Operative time (min) 117.76 ± 15.57 115.95 ± 16.42 0.785 0.433
Start time of tracheal intubation (min) 3.15 ± 0.72 3.32 ± 0.68 1.752 0.081
Start time of skin cutting (min) 13.31 ± 1.05 13.45 ± 1.19 0.867 0.387
Total dose of anesthetic drug
    Propofol (mg) 282.38 ± 43.91 -
    Remimazolam (mg) - 19.63 ± 3.92
    Remifentanil (μg) 224.59 ± 34.05 232.82 ± 40.73 1.523 0.129

Figure 1. Comparison of incidence of hypotension under anesthesia between 
two groups. A. Incidence of hypotension; B. Incidence of severe hypotension. 
ns: no significant difference; *: P<0.05.

HR changes

For HR changes over time, 
there were notable differenc-
es between the two groups 
(Table 3). Specifically, HR in 
the remimazolam group was 
significantly lower at several 
time points, including 2 min 
(64.96 ± 3.84 vs. 65.99 ± 
2.35, P=0.026), 5 min (71.47 
± 3.21 vs. 72.52 ± 3.16, 
P=0.023), 6 min (67.57 ± 
2.82 vs. 68.55 ± 2.32, 
P=0.009), 8 min (67.95 ± 
3.12 vs. 68.85 ± 2.64, 
P=0.030), 9 min (67.83 ± 
2.54 vs. 68.96 ± 2.91, 
P=0.004), 10 min (67.64 ± 
2.36 vs. 68.34 ± 2.05, 
P=0.029), 11 min (67.52 ± 
2.85 vs. 68.33 ± 1.86, 
P=0.022), and 12 min (67.45 
± 2.48 vs. 68.36 ± 1.57, 
P=0.003). No statistically sig-



Remimazolam vs. propofol and hypotension

764	 Am J Transl Res 2026;18(1):759-770

8 min (P=0.154), 10 min (P=0.445), 11 min 
(P=0.054), 12 min (P=0.193), or 13 min (P= 
0.050) (Table 4). However, a difference with 
statistical significance was observed at 9 min 
(44.72 ± 1.91 vs. 45.38 ± 1.83, t=2.458, 
P=0.015).

Postoperative adverse events

In comparing the incidence of postoperative 
adverse events between the Propofol group 
and the Remimazolam group, significant differ-
ences were observed in the occurrence of 
PONV (29.47% vs. 15.15%, X2=5.764, P=0.016) 
and injection pain (26.32% vs. 2.02%, X2= 
23.886, P<0.001) (Table 5). No significant dif-
ferences were noted for dizziness (2.63% vs. 
5.05%, X2=3.485, P=0.062), delirium (8.42% 
vs. 3.03%, X2=2.634, P=0.105), or SpO2<90% 
(10.53% vs. 4.04%, X2=3.046, P=0.081).

Univariate and multivariate logistic regression 
analysis

The univariate logistic regression analysis  
identified several factors for intraoperative 
hypotension in hypertensive patients under- 
going spinal surgery: Remimazolam use was 
significantly associated with a reduced risk 
(odds ratio [OR]=0.429, 95% Confidence in- 
terval [CI]: 0.211-0.871, P=0.019), while age 

total dose of remifentanil (OR=1.014, 95% CI: 
1.008-1.028, P=0.045) were significant risk 
factors (Table 7). These findings indicate that 
Remimazolam use is an important protec- 
tive factor against intraoperative hypotension, 
whereas older age, higher BMI, ASA PS III clas-
sification, and a higher total dose of remifent-
anil are associated with an increased risk of 
intraoperative hypotension.

Discussion

The primary finding of this study - a significantly 
lower incidence of intraoperative hypotension 
in hypertensive patients receiving remimazol-
am compared to those receiving propofol dur-
ing spinal surgery - can be critically explained 
by the distinct hemodynamic profiles of the  
two anesthetic agents in the context of the 
impaired cardiovascular compensatory mecha-
nisms inherent to hypertension. While both pro-
pofol and remimazolam act via gamma amino-
butyric acid type A (GABA-A) receptors, their 
cardiovascular effects diverge substantially. 
Propofol induces pronounced vasodilation th- 
rough direct effects on vascular smooth mus-
cle and inhibition of sympathetic vasoconstric-
tor tone, leading to a significant decrease in 
systemic vascular resistance and blood pres-
sure [18]. This effect is particularly problema- 
tic for hypertensive patients, who often exhibit 

Figure 2. Comparison of MBP changes over time between two groups 
(mmHg). ns: no significant difference; *: P<0.05; **: P<0.01. Abbreviation: 
MBP, Mean Blood Pressure.

(OR=1.053, 95% CI: 1.017-
1.091, P=0.034), BMI (OR= 
1.148, 95% CI: 1.058-1.246, 
P=0.031), ASA PS III classifi-
cation (OR=6.507, 95% CI: 
2.038-20.771, P=0.022), and 
total dose of remifentanil 
(OR=1.015, 95% CI: 1.001-
1.029, P=0.032) were signifi-
cantly associated with an in- 
creased risk (Table 6).

The multivariate logistic re- 
gression analysis identified 
that remimazolam use was a 
significant protective factor 
(OR=0.435, 95% CI: 0.210-
0.901, P=0.025), while age 
(OR=1.049, 95% CI: 1.011-
1.089, P=0.042), BMI (OR= 
1.133, 95% CI: 1.039-1.236, 
P=0.045), ASA PS III classifi-
cation (OR=5.166, 95% CI: 
1.547-17.253, P=0.038), and 
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Table 3. Comparison of HR changes over time between the two groups (beats/min)
Parameter Propofol group (n=95) Remimazolam group (n=99) T P
Baseline 71.09 ± 3.65 71.62 ± 3.48 1.036 0.301
0 min 68.55 ± 2.57 68.83 ± 3.35 0.648 0.518
1 min 65.23 ± 2.46 65.54 ± 2.74 0.841 0.401
2 min 64.96 ± 3.84 65.99 ± 2.35 2.242 0.026
3 min 67.68 ± 3.83 68.56 ± 2.96 1.786 0.076
4 min 71.52 ± 4.18 72.31 ± 3.04 1.501 0.135
5 min 71.47 ± 3.21 72.52 ± 3.16 2.300 0.023
6 min 67.57 ± 2.82 68.55 ± 2.32 2.642 0.009
7 min 67.78 ± 2.74 68.36 ± 2.08 1.645 0.102
8 min 67.95 ± 3.12 68.85 ± 2.64 2.180 0.030
9 min 67.83 ± 2.54 68.96 ± 2.91 2.887 0.004
10 min 67.64 ± 2.36 68.34 ± 2.05 2.198 0.029
11 min 67.52 ± 2.85 68.33 ± 1.86 2.312 0.022
12 min 67.45 ± 2.48 68.36 ± 1.57 3.059 0.003
13 min 71.09 ± 3.65 71.62 ± 3.48 1.036 0.301
Abbreviation: HR, Heart Rate.

Table 4. Comparison of BIS changes over time between the two groups
Parameter Propofol group (n=95) Remimazolam group (n=99) t P
Baseline 96.70 ± 0.87 96.62 ± 0.85 0.664 0.508
0 min 94.22 ± 1.24 94.47 ± 1.18 1.454 0.148
1 min 84.95 ± 2.63 85.28 ± 2.41 0.908 0.365
2 min 72.79 ± 2.75 73.14 ± 2.38 0.943 0.347
3 min 62.86 ± 2.54 63.21 ± 2.32 0.986 0.325
4 min 54.82 ± 1.95 55.13 ± 1.83 1.162 0.247
5 min 49.37 ± 1.92 49.78 ± 1.78 1.552 0.122
6 min 46.84 ± 1.76 47.28 ± 1.65 1.803 0.073
7 min 45.63 ± 2.05 46.19 ± 1.98 1.915 0.057
8 min 45.28 ± 1.97 45.67 ± 1.85 1.430 0.154
9 min 44.72 ± 1.91 45.38 ± 1.83 2.458 0.015
10 min 45.05 ± 1.86 45.26 ± 1.89 0.765 0.445
11 min 44.51 ± 1.74 44.99 ± 1.76 1.938 0.054
12 min 44.49 ± 1.65 44.80 ± 1.64 1.308 0.193
13 min 44.31 ± 1.41 44.72 ± 1.45 1.972 0.050
Abbreviation: BIS, Bispectral Index.

Table 5. Comparison of postoperative adverse events between the two groups [n (%)]
Parameter Propofol group (n=95) Remimazolam group (n=99) X2 P
PONV 28 (29.47%) 15 (15.15%) 5.764 0.016
Dizziness 12 (12.63%) 5 (5.05%) 3.485 0.062
Delirium 8 (8.42%) 3 (3.03%) 2.634 0.105
Injection pain 25 (26.32%) 2 (2.02%) 23.886 <0.001
SpO2<90% 10 (10.53%) 4 (4.04%) 3.046 0.081
Abbreviation: PONV, Post Operative Nausea and Vomiting; SpO2, Peripheral Oxygen Saturation.
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impaired baroreflex sensitivity and reset au- 
toregulation of vital organ perfusion [11, 19]. 
Their circulatory system is less capable of com-
pensating for rapid decreases in blood pres-
sure, making them highly susceptible to hypo-
tensive episodes under propofol anesthesia. In 
contrast, remimazolam demonstrates a more 
favorable hemodynamic profile characterized 
by minimal effects on systemic vascular resis-
tance [20, 21]. The more stable blood pressure 
observed in the remimazolam group, especially 
during the critical induction period captured in 
our data, suggests a significantly reduced ch- 
allenge to the already compromised compen- 
satory reserves of hypertensive patients. This 
pharmacological characteristic is crucial for 
maintaining adequate perfusion pressure to 
the spinal cord during surgery, an organ highly 
vulnerable to ischemic injury when blood pres-
sure falls below its autoregulatory threshold 
[10]. Therefore, the lower hypotension inci-
dence with remimazolam is not merely a re- 
flection of a different mechanism of action but 
underscores its potential as a safer anesthetic 
choice for patients with compromised vascu- 
lar autoregulation, such as those with chronic 
hypertension [6, 22].

According to MAP analysis, there was a signifi-
cant difference in blood pressure between the 
two groups during the critical period of 5 to 12 

minutes after induction of anesthesia. This 
result suggests that remimazolam may help 
maintain smoother blood pressure levels dur-
ing the critical period of anesthesia [23]. The 
cause of this phenomenon may be related to 
differences in pharmacokinetics and pharma-
codynamics of the two drugs [24]. Remimazo- 
lam has a quick start, quick clearing and short 
half-life, which allows doctors to more precisely 
adjust the dose to better control blood pres-
sure [25]. The drug is metabolized primarily th- 
rough tissue esterases, which are widely pres-
ent in the body, and is not dependent on the 
liver enzyme chain, so drug-drug interactions 
are fewer and the effect on hemodynamic regu-
lation is more controllable and predictable [22]. 
The action time of propofol is longer, the dila-
tion of blood vessels is also more significant, 
and it is easier to cause significant fluctuations 
in blood pressure. This is particularly alarming 
in hypertensive individuals, who often have 
impaired vascular regulation and autonomic 
nervous system response [19]. For these pa- 
tients, the use of remimazolam may help to 
reduce blood pressure fluctuations and thus 
maintain a more stable hemodynamic state 
during surgery.

During the observation period, there were 
indeed differences in the changes in HR be- 
tween the two groups of patients. HR in the 

Table 6. Univariate logistic regression analysis of risk factors for the incidence of intraoperative hypo-
tension in hypertensive patients undergoing spinal surgery
Parameters Coefficient Std Error Wald P OR 95% CI
Remimazolam use -0.847 0.362 5.472 0.019 0.429 0.211-0.871
Age 0.052 0.018 8.352 0.034 1.053 1.017-1.091
BMI 0.138 0.042 10.782 0.031 1.148 1.058-1.246
ASA PS III 1.873 0.592 10.005 0.022 6.507 2.038-20.771
Total dose of remifentanil 0.015 0.007 4.592 0.032 1.015 1.001-1.029
Abbreviations: OR, Odds Ratio; CI, Confidence Interval; BMI, Body Mass Index; ASA PS, American Society of Anesthesiologists 
Physical Status.

Table 7. Multivariate logistic regression analysis of risk factors for the incidence of intraoperative 
hypotension in hypertensive patients undergoing spinal surgery
Parameters Coefficient Std Error Wald Stat P OR OR CI Lower OR CI Upper
Remimazolam use -0.832 0.371 5.028 0.025 0.435 0.210 0.901
Age 0.048 0.019 6.382 0.042 1.049 1.011 1.089
BMI 0.125 0.044 8.062 0.045 1.133 1.039 1.236
ASA PS III 1.642 0.615 7.123 0.038 5.166 1.547 17.253
Total dose of remifentanil 0.014 0.007 4.001 0.045 1.014 1.008 1.028
Abbreviations: OR, Odds Ratio; CI, Confidence Interval; BMI, Body Mass Index; ASA PS, American Society of Anesthesiologists 
Physical Status.
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remimazolam group was generally lower at mul-
tiple time points during anesthesia. This result 
aligns with the pharmacological properties of 
remimazolam. It is less likely to induce reflex 
tachycardia compared to propofol. Reflex tachy-
cardia typically occurs as a response to the 
body’s attempt to compensate for hypotension 
resulting from vasodilation. Remimazolam has 
a relatively low incidence of related adverse 
reactions in clinical use. Remimazolam has 
shown significant advantages in maintaining 
cardiovascular stability. Research indicates th- 
at it may be more effective than propofol in 
regulating sympathetic nerve activity [26]. Its 
action mechanism includes the inhibition of 
reflex tachycardia and maintenance of a stable 
HR. This stability is particularly important for 
hypertensive populations. As they often require 
maintaining adequate cardiac output and tis-
sue perfusion [27].

A meta-analysis by Pereira et al. [28] corrobo-
rates the findings of this study. It indicates  
that remimazolam is more effective than propo-
fol in reducing the risk of hypotension during 
surgery in elderly patients. Peng et al. [28] also 
observed that remimazolam provided more 
stable blood pressure and HR during general 
anesthesia induction. These outcomes align 
with what we recorded. Such consistency sug-
gests that remimazolam has better hemody-
namic stability. It may be especially useful for 
hypertensive patients receiving spinal surgery.

It is important to maintain consistency in the 
depth of anesthesia when comparing the he- 
modynamic effects of different anesthetic dr- 
ugs [29]. If there is a significant difference in 
anesthesia depth, blood pressure changes may 
be due to depth differences rather than drug 
characteristics [30]. This study confirmed that 
the remimazolam group and propofol group 
were at the same level of anesthesia depth at 
most time points through strict monitoring of 
the BIS (maintained between 40-60). This dis-
covery enables the observed differences in the 
incidence of hypotension and significant chang-
es in MBP at key time points to be more confi-
dently attributed to the milder hemodynamic 
inhibitory effect of remimazole, rather than 
other confounding factors. Although the BIS 
values of the two groups are generally similar, 
the subtle differences observed at the 9th min-
ute are worth exploring. At this time, the BIS 
value of the remimazolam group was slightly 

higher, and MBP was significantly higher than 
that of the propofol group. This phenomenon 
may indicate that while achieving similar se- 
dative effects (within the BIS target range), 
remimazolam has a weaker inhibitory effect  
on the cardiovascular system than propofol. 
Remimazolam does not deeply suppress the 
central nervous system as propofol does, while 
it does produce adequate anesthetic effects. 
This characteristic is highly consistent with  
its stable hemodynamic performance. It can 
maintain a stable cardiovascular function while 
ensuring an appropriate anesthesia depth. 
Remimazolam achieves a good balance be- 
tween the depth of sedation and the stability of 
the circulatory system.

Postoperative adverse events revealed that 
remimazolam significantly reduced the occur-
rence of PONV and injection pain among pa- 
tients with hypertension undergoing spinal sur-
gery. The incidence of other adverse reactions 
also showed a downward trend. This effect 
aligns with its pharmacological properties [31]. 
Therefore, remimazolam can be considered as 
a safer anesthetic option for this patient popu-
lation. It may help reduce problems after sur-
gery and support better recovery.

Results from univariate and multivariate logis-
tic regression analysis further supported previ-
ous findings. Even after controlling for con-
founding factors such as age, BMI, and ASA 
grade, remimazolam showed an independent 
protective effect on intraoperative hypoten-
sion. On the premise that the monitoring of BIS 
confirms the same depth of anesthesia, the 
above analysis results go beyond the simple 
comparison between groups, and can provide 
reference for clinical decision-making. Results 
showed that for patients with hypertension 
undergoing spinal surgery, especially those at 
high risk of hypotension (e.g., elderly or high 
BMI), the use of remimazolam as an alternative 
to propofol can be seen as a positive and effec-
tive risk management measure to help reduce 
the risk of hypotension and related complica-
tions during surgery.

This study has certain limitations. Although the 
sample size meets the requirements of the 
research design, it may still not be sufficient  
to comprehensively reflect the differences in 
response among different patient subgroups. 
In the future, we need to conduct a multi-cen-



Remimazolam vs. propofol and hypotension

768	 Am J Transl Res 2026;18(1):759-770

ter, large-scale study to validate the current 
findings and further explore the benefits of 
remimazolam in long-term clinical use. Our re- 
search primarily focuses on patients who have 
undergone spinal surgery. It is not yet clear 
whether these results apply to other types of 
surgeries. We need to further evaluate the effi-
cacy and safety of remimazolam in a broader 
range of surgical procedures. The study also 
identified some risk factors associated with 
intraoperative hypotension. Yet the specific 
mechanisms underlying these factors remain 
unclear. It is essential to delve deeper into 
these mechanisms in the future to lay the 
groundwork for developing more precise risk 
management strategies. In addition, this study 
primarily focuses on the induction phase, and 
future research needs to prospectively design 
studies covering the maintenance, emergence, 
and post-anesthesia care unit [PACU] phases  
to verify the long-term hemodynamic stability  
of remimazolam. Finally, although statistically 
significant differences in MAP and HR were 
observed at multiple time points, the absolute 
differences were very small. The individual clini-
cal relevance of these differences at each iso-
lated moment may be limited. Therefore, the 
clinical significance of these differences is min-
imal, and they should not be over-interpreted. 
The primary clinical value of these data lies in 
their collective demonstration of more stable 
hemodynamic trends associated with remima-
zolam, which aligns with the clinically signifi-
cant reduction in the incidence of hypotension. 
The clinical relevance of the minor differences 
in MAP and HR detected in this study needs  
to be further validated in prospective studies 
using more direct clinical endpoints.

Despite the aforementioned limitations, this 
study still holds significant clinical reference 
value. In hypertensive patients, a group often 
characterized by compromised cardiovascular 
compensatory mechanisms, even minor fluctu-
ations in blood pressure can lead to inadequate 
organ perfusion, especially in contexts requir-
ing high blood pressure stability, such as spinal 
surgery. The overall lower incidence of hypo- 
tension and more stable hemodynamic trends 
observed with remimazolam suggest that it 
may provide a broader safety margin for high-
risk patients in clinical practice. Additionally, 
remimazolam’s notable advantages in reducing 
injection pain and postoperative nausea and 
vomiting further support its rationale as an 

alternative to propofol, particularly for patients 
sensitive to blood pressure fluctuations or at 
risk of adverse drug reactions. This study pro-
vides preliminary data supporting more refin- 
ed anesthesia drug selection strategies and 
underscores the importance of individualized 
anesthesia management in hypertensive pa- 
tient populations.

Conclusion

Among patients with hypertension undergoing 
spinal surgery, remimazolam is more effective 
than propofol in reducing the risk of intraopera-
tive hypotension. It helps maintain the stability 
of hemodynamic parameters. Multivariate anal-
ysis further confirms that remimazolam is an 
independent protective factor for preventing 
intraoperative hypotension. Remimazolam may 
offer a safer option when selecting an anesthe-
sia regimen for such surgeries. However, these 
conclusions still need to be validated through 
larger-scale studies. This will provide more 
compelling evidence for its application in a 
broader range of clinical scenarios.
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