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Abstract: Objective To explore the clinical effects and postoperative cognitive function outcomes of different combination 
dosages of remimazolam and etomidate in brain tumor resection. Methods A total of 104 patients who underwent brain tumor 
resection in the Brain Hospital Affiliated to Nanjing Medical University from January 2024 to January 2025 were selected as the 
research objects. According to the anesthesia regimen, the patients were divided into a control group (n=52, receiving 
remimazolam 0.3 mg/kg + etomidate 0.1 mg/kg for anesthesia maintenance) and an observation group (n=52, receiving 
remimazolam 0.2 mg/kg + etomidate 0.15 mg/kg for anesthesia maintenance). The anesthetic effects of the two groups were 
compared. Results The heart rate (HR) and mean arterial pressure (MAP) of the observation group were lower than those of 
the control group at each time point: 5 minutes after intubation, at skin incision, during trephination, at dura incision, and at 
completion of surgery (P<0.05). The time of anesthesia onset, extubation, recovery, and stay in the anesthetic room in the 
observation group were shorter than those in the control group (P<0.05). At 24 hours after surgery, the Mini Mental State 
Examination (MMSE) score of the observation group was higher than that of the control group (P<0.05), and the Visual Analog 
Scale (VAS) score at each time point was lower than that of the control group (P<0.05). There was no significant difference in 
adverse reactions between two groups (χ2=0.377, P=0.539). Conclusion In brain tumor resection, the use of remimazolam 0.2 
mg/kg combined with etomidate 0.15 mg/kg for anesthesia maintenance is effective. It not only optimizes the anesthesia 
management strategy and improves the safety and effectiveness of the operation, but also reduces hemodynamic fluctuations, 
relieves patient pain, and accelerates the anesthesia recovery process. 
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Brain tumor, as the common diseases in neurosurgery, 
is mainly treated by surgery [1]. However, brain tumor 
resection is highly traumatic, complex, and time-
consuming. Patients are prone to strong stress responses 
during and after surgery, increasing surgical risks [2]. 
Therefore, when selecting anesthetic drugs, it is necessary 
to ensure that the drugs can provide smooth and 
controllable anesthetic effects while minimizing damage to 
brain tissue and negative impacts on postoperative 
cognitive function [2-3]. Thus, choosing anesthetic drugs 
with efficient anesthesia and brain protection 
characteristics is crucial. Remimazolam has attracted 
much attention due to its rapid onset and fast metabolism 
[4]. Relevant studies have shown that remimazolam can 
exhibit good sedative effects during both anesthesia 
induction and maintenance, has little impact on patient 
hemodynamics, and significantly shortens postoperative 
awakening time [5-6]. Etomidate, as a widely used 
intravenous anesthetic in clinical practice, has minimal 
effects on the respiratory and circulatory systems, making 
it particularly suitable for elderly patients and those with 
unstable cardiovascular function [7]. However, 
comprehensive and in-depth studies on the anesthetic 
effects of different dose combinations of remimazolam and 
etomidate in brain tumor resection surgery and their 
specific impact on postoperative cognitive function are 
currently lacking. This study aims to investigate the 
anesthetic effects of different dose combinations of 
remimazolam and etomidate in brain tumor resection 
surgery and their impact on postoperative cognitive 
function and pain levels.  

1 Subjects and Methods 
1.1 Study Subjects  

A total of 104 patients who underwent brain tumor 
resection surgery at the Affiliated Brain Hospital of 
Nanjing Medical University from January 2024 to January 
2025 were selected as study subjects. According to 
different anesthesia regimens, patients were divided into a 
control group (n=52, receiving remimazolam 0.3 mg/kg + 
etomidate 0.1 mg/kg for anesthesia maintenance) and an 
observation group (n=52, receiving remimazolam 0.2 
mg/kg + etomidate 0.15 mg/kg for anesthesia 
maintenance).  

Inclusion criteria:  
(1) elective brain tumor resection surgery;  
(2) age ≥ 18 years;  
(3) American Society of Anesthesiologists (ASA) 

physical status classification I-II;  
(4) signed informed consent.  
Exclusion criteria:  
(1) complicated with relatively severe internal 

medical diseases or hematological diseases;  
(2) complicated with dysfunction of major organs 

such as heart, liver, kidneys;  
(3) allergy to drugs such as remimazolam, etomidate;  
(4) allergy to drugs used in this study;  
(5) pregnant or lactating women.  
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There was no statistically significant difference in 
general data such as age, gender, weight, and tumor size 
between the control group and the observation group 
(P>0.05). This study was approved by the Ethics 
Committee of Brain Hospital Affiliated to Nanjing 
Medical University (2024-KY092-02). See Table 1. 

Tab.1 Comparison of general information between two 
groups (n=52) 

Indicators Control 
group 

Observation 
group 

χ²/t 
value 

P 
value 

Gender(case)     
Male 28 25 0.227 0.634 Female 24 27 

Age (years, 𝒙𝒙�±s) 52.85±8.03 53.02±7.98 0.456 0.650 
Weight (kg, 𝒙𝒙�±s) 62.87±7.35 63.91±7.32 0.218 0.828 
Tumor size (mm, 𝒙𝒙�±s) 22.14±4.03 22.86±4.11 0.526 0.492 
ASA grading(case)     
Ⅱ 35 33 0.689 0.447 Ⅲ 17 19 

Disease classification (case)     
Glioma 19 16 

0.246 0.884 Meningioma 20 23 
Acoustic neuroma 13 13 

Medical history (case)     
Hypertension 24 22 0.156 0.693 
Diabetes 12 8 0.990 0.320 
Drinking  15 13 0.195 0.658 
Smoking 28 29 0.039 0.844 
Heart Disease 5 7 0.377 0.539 

1.2 Methods  
Patients in both groups followed standard fasting and 

fluid restriction for 8 hours before surgery. After entering 
the operating room, an intravenous line was immediately 
established, vital signs were continuously monitored, and 
oxygen was supplied via face mask to ensure adequate 
oxygenation. For anesthesia induction, both groups 
received sufentanil (Yichang Humanwell Pharmaceutical, 
National Drug Approval Number H20054171, 1 mL∶50 
μg) 0.5 μg/kg and cisatracurium (Zhejiang Xianju 
Pharmaceutical, National Drug Approval Number 
H20223612, 5 mL∶10 mg) 0.2 mg/kg. After successful 
induction, tracheal intubation was performed, and 
mechanical ventilation mode was initiated with tidal 
volume set at 8-10 mL/kg, respiratory rate at 12-14 
breaths/min, inspiratory-to-expiratory ratio set at 1:2, 
maintaining peripheral oxygen saturation (SpO2) at 98%-
100% and end-tidal carbon dioxide partial pressure at 35-
45 mmHg.  

During the anesthesia maintenance phase, the control 
group received a combination regimen of remimazolam 
(Yichang Humanwell Pharmaceutical, National Drug 
Approval Number H20200006, 25 mg) 0.3 mg/kg and 
etomidate (Jiangsu Nhwa Pharmaceutical, National Drug 
Approval Number H20020511, 10 mL∶20 mg) 0.1 mg/kg, 
along with continuous infusion of ciprofol (Shenyang 
Haisco Pharmaceutical, National Drug Approval Number 
H202100070, 20 mL∶50 mg) at a rate of 2 mg/(kg·h), 
remifentanil (Sinopharm Group, National Drug Approval 

Number H20123421, 2 mg) at a rate of 0.1 μg/(kg·min), 
and cisatracurium at a rate of 0.1 mg/(kg·h). The infusion 
rates were adjusted according to surgical progress and 
patient vital signs. The observation group received a 
combination regimen of remimazolam 0.2 mg/kg and 
etomidate 0.15 mg/kg, with the continuous infusion 
regimen consistent with that of the control group. 

1.3 Observation Indicators 
1.3.1 Hemodynamic indicators  

Heart rate (HR) and mean arterial pressure (MAP) of 
patients in both groups were monitored using a multi-
functional monitor (Model: Philips IntelliVue MX800) at 
the following time points: before intubation (T0), 5 minutes 
after intubation (T1), at skin incision (T2), at drilling (T3), 
at dural incision (T4), and at the end of surgery (T5). 

1.3.2 Anesthetic effects  
Record the time to anesthesia effectiveness, 

extubation time, awakening time, and duration of stay in 
the anesthesia care unit. 

1.3.3 Cognitive function  
Cognitive function of patients in both groups was 

assessed using the Mini Mental State Examination (MMSE) 
[8] before anesthesia and at 24 hours postoperatively. The 
total score of this scale is 30 points, covering five 
dimensions: orientation, memory, attention and calculation, 
recall, and language expression. The higher the scores, the 
better the cognitive function. 

1.3.4 Pain level  
Pain levels of patients were assessed using the Visual 

Analogue Scale (VAS) [9] before anesthesia and at 2, 6, 12, 
and 24 hours postoperatively. The VAS score ranges from 
0 to 10 points, with 0 indicating no pain, 1-3 indicating 
mild pain, 4-6 indicating moderate pain, and 7-10 
indicating severe pain. 

1.3.5 Adverse reactions  
Record the occurrence of adverse reactions such as 

hypotension, bradycardia, agitation, nausea, and vomiting 
during anesthesia and postoperatively in both groups. 

1.4 Statistical Methods  
SPSS 25.0 software was selected for data processing 

and analysis. Measurement data were expressed as x ±s, 
and intergroup comparisons were performed by t-tests. 
Comparisons at multiple time points were performed using 
repeated measures analysis of variance, and pairwise 
comparisons were performed using the LSD-t test. Count 
data were expressed as case (%), intergroup comparisons 
were performed using the chi-square test, and multi-group 
comparisons were performed using the chi-square trend 
test. P<0.05 was considered statistically significant. 
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2 Results 
2.1 Comparison of Hemodynamic Parameters 

Between the Two Groups   
The observation group had lower HR and MAP than 

the control group at time points T1 to T5 (P<0.05). See 
Table 2.   

2.2 Comparison of Anesthetic Effects Between 
the Two Groups   

The observation group had significantly shorter 
anesthesia onset time, extubation time, recovery time, and 
PACU stay duration than the control group (P<0.05). See 
Table 3.   

2.3 Comparison of Cognitive Function Between 
the Two Groups   

At 24 hours postoperatively, the observation group 
had a significantly higher MMSE score than the control 
group (P<0.05). See Table 4.   

2.4 Comparison of Pain Severity Between the 
Two Groups   

The observation group had significantly lower VAS 
scores than the control group at all time points (P<0.05). 
See Table 5.   

2.5 Comparison of Adverse Reactions Between 
the Two Groups   

There was no statistically significant difference in the 
total incidence of adverse reactions between the two 
groups (χ²=0.377, P=0.539). See Table 6. 

 

Tab.2 Comparison of changes in hemodynamic indicators between two groups (n=52, x ±s) 

Group HR (beats/min)  MAP (mmHg) 
T0 T1 T2 T3 T4 T5  T0 T1 T2 T3 T4 T5 

Control group 77.40± 
10.22 

75.90± 
10.14 

70.26± 
9.40 

69.71± 
9.14 

65.10± 
9.10 

64.30± 
8.72 

 96.10± 
10.04 

94.51± 
9.68 

89.63± 
8.60 

86.71± 
8.37 

83.90± 
7.92 

84.16± 
8.06 

Observation group 78.10± 
10.30 

72.21± 
9.84 

68.40± 
9.11 

66.42± 
8.96 

63.93± 
8.80 

62.74± 
7.99 

 94.96± 
10.15 

92.04± 
9.57 

86.04± 
8.49 

84.06± 
8.25 

81.82± 
7.80 

82.01± 
7.96 

F/Pbetween-group value 8.623/<0.01  7.493/<0.01 
F/Ptime value 25.517/<0.01  28.651/<0.01 
F/Pinteraction value 3.185/<0.01  3.512/<0.01 
Note: Compared with Control group at the same time-point, aP<0.05. 

Tab.3 Comparison of anesthesia effects between two 
groups (n=52, min, x ±s) 

Group Onset of 
anesthesia 

Extubation 
time 

Awaking 
time 

Duration of stay 
in the anesthesia 
recovery room 

Control 
group 1.80±0.33 30.08±7.53 29.51±5.10 52.40±8.40 

Observation 
group 0.89±0.21 25.80±7.19 22.93±3.92 45.02±7.14 

t value 13.776 2.964 7.377 4.827 
P value <0.001 0.004 <0.001 <0.001 

Tab.4 Comparison of MMSE scores between two groups 
(n=52, points, x ±s) 

Group Before anesthesia 24-hours after surgery 

Control group 28.53±1.26 26.27±1.55a 

Observation group 28.47±1.24 27.59±1.38a 

t value 0.245 4.587 

P value 0.807 <0.001 

   Note: Compared with before anesthesia,aP<0.05. 

Tab.5 Comparison of VAS scores between two groups (n=52, points, x ±s) 

Group Before anesthesia 2-hours after surgery 6-hours after surgery 12-hours after surgery 24-hours after surgery 
Control group 2.33±0.32 4.21±1.03 5.46±1.22 4.85±1.17 3.77±0.90 
Observation group 2.32±0.32 3.10±0.80a 4.02±1.06a 3.58±0.92a 2.59±0.72a 
F/Pbetween-group value 5.114/<0.001 
F/Ptime value 11.027/<0.001 
F/Pinteraction value 4.005/<0.001 
Note: Compared with control group at same time-point, aP<0.05. 

Tab.6 Comparison of adverse reactions between two 
groups [n=52, cases (%)] 

Group Hypotension Bradycardia Irritated 
Nausea 

and 
vomiting 

Total 
incidence 

rate 
Control 

group 3(5.77) 1(1.92) 2(3.85) 1(1.92) 7(13.46) 

Observation 
group 2(3.85) 1(1.92) 1(1.92) 1(1.92) 5(9.62) 

χ² value  0.377 

P value  0.539 

 

3 Discussion 
Brain tumor resection surgery is a complex and high-

risk procedure that requires anesthetic drugs not only to 
have the characteristics of rapid onset and controllable 
depth but also to ensure that patients can recover cognitive 
function quickly and smoothly after surgery [10-12]. 
Therefore, selecting appropriate anesthetic drugs and their 
dose combinations is crucial for reducing the incidence of 
postoperative cognitive dysfunction. 

Remimazolam, as a positive modulator of the gamma-
aminobutyric acid subtype A (GABAA) receptor, exhibits 
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significant sedative effects [13]. Its high water-solubility 
and metabolism by tissue carboxylesterases allow for rapid 
onset of sedation/anesthesia and quick awakening even 
after prolonged use [14]. Etomidate, due to its rapid 
induction properties and ability to effectively reduce the 
total amount of anesthetics used, has become one of the 
indispensable anesthetic drugs in neurosurgery [15]. 
Applying different dose combinations of remimazolam 
and etomidate in the anesthesia management of brain 
tumor resection surgery aims to leverage their synergistic 
effects, reduce adverse reactions, and improve anesthetic 
efficacy. The results of this study show that, compared with 
the control group, patients in the observation group had 
lower levels of HR and MAP during anesthesia 
maintenance, indicating that the anesthetic regimen in the 
observation group could more effectively control 
hemodynamic fluctuations during the surgical procedure, 
providing patients with a more stable surgical environment. 
At the same time, the time to anesthesia effectiveness, 
extubation time, awakening time, and duration of stay in 
the anesthesia care unit in the observation group were all 
shorter than those in the control group, results consistent 
with related studies [16]. Additionally, at 24-hours after 
surgery, the MMSE scores of patients in the observation 
group were significantly higher than those in the control 
group. This suggests that the combination of remimazolam 
0.2 mg/kg and etomidate 0.15 mg/kg helps promote the 
recovery of postoperative cognitive function in patients. 
This is related to the unique pharmacological action of 
remimazolam, which can reduce cerebral oxygen 
consumption and metabolic rate and lower intracranial 
pressure by modulating GABAA receptors, thereby 
facilitating the protection of neurological function [13]. 
VAS scores in the observation group (0.2 mg/kg) were 
lower than those in the control group at all time points, 
which is related to the analgesic effects of remimazolam 
and etomidate. The application of the combination 
anesthesia of remimazolam 0.2 mg/kg and etomidate 0.15 
mg/kg in brain tumor resection surgery not only optimizes 
anesthesia management strategies but also improves the 
safety and effectiveness of the surgery. This combination 
anesthetic regimen reduces surgical risk by minimizing 
hemodynamic fluctuations, providing neurosurgeons with 
a more stable surgical environment [16]. 

This study still has some limitations. For example, the 
sample size is relatively small, and large-scale, multicenter 
studies are needed for verification in the future; the 
observation period was only within 24-hours after surgery, 
and the observation period should be extended to explore 
the impact on long-term recovery. Furthermore, the long-
term effects of different dose combinations on 
postoperative cognitive function, as well as the application 
efficacy of this combination anesthetic regimen in different 
types of brain tumor resection surgeries, should be further 
explored. In the future, other anesthetic drugs and 
techniques, such as nerve blocks and target-controlled 

infusion, can be combined to further optimize anesthesia 
management strategies and improve the anesthetic efficacy 
and safety of brain tumor resection surgery. 

In summary, the application of the combination 
anesthetic regimen of remimazolam 0.2 mg/kg and 
etomidate 0.15 mg/kg in brain tumor resection surgery can 
not only optimize anesthesia management strategies, 
improve the safety and effectiveness of the surgery, but 
also reduce hemodynamic fluctuations, alleviate patient 
pain, and accelerate the anesthesia recovery process. 
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瑞马唑仑与依托咪酯不同剂量组合在脑肿瘤
切除术中的麻醉效果

江姿潞， 陈玮， 吴姗姗， 陆方舟

南京医科大学附属脑科医院 南京脑科医院麻醉科，江苏 南京 210029

摘要：目的 探究瑞马唑仑与依托咪酯不同剂量组合在脑肿瘤切除术中的临床效果及对术后认知功能的影

响。方法 选择2024年1月至2025年1月于南京医科大学附属脑科医院行脑肿瘤切除术的104例患者作为研

究对象。根据麻醉方案将患者分为对照组（n=52，接受瑞马唑仑0.3 mg/kg+依托咪酯0.1 mg/kg进行麻醉维持）与

观察组（n=52，接受瑞马唑仑 0.2 mg/kg+依托咪酯 0.15 mg/kg进行麻醉维持）。比较两组麻醉效果。结果 观察

组在插管后 5 min、切皮时、钻孔时、硬膜剪开时和术毕各时间点的心率（HR）和平均动脉压（MAP）均低于对照

组（P<0.05）。观察组的麻醉生效、拔管、苏醒及麻醉室停留时间均短于对照组（P<0.05）。术后24 h，观察组的简

易智能精神状态检查量表（MMSE）评分高于对照组（P<0.05），且VAS评分在各时间点均低于对照组（P<0.05）。

两组不良反应差异无统计学意义（χ2=0.377，P=0.539）。结论 在脑肿瘤切除术中，采用瑞马唑仑0.2 mg/kg联合依

托咪酯0.15 mg/kg进行麻醉维持的效果较好，不仅可优化麻醉管理策略，提高手术的安全性与有效性，还可减少

血流动力学波动、缓解患者疼痛、加速麻醉恢复过程。

关键词：瑞马唑仑；依托咪酯；脑肿瘤切除术；麻醉效果；认知功能
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Abstract：Objective To explore the clinical effects and postoperative cognitive function outcomes of different
combination dosages of remimazolam and etomidate in brain tumor resection. Methods A total of 104 patients who
underwent brain tumor resection in the Brain Hospital Affiliated to Nanjing Medical University from January 2024 to
January 2025 were selected as the research objects. According to the anesthesia regimen，the patients were divided into
a control group（n=52，receiving remimazolam 0.3 mg/kg + etomidate 0.1 mg/kg for anesthesia maintenance）and an
observation group（n=52，receiving remimazolam 0.2 mg/kg + etomidate 0.15 mg/kg for anesthesia maintenance）. The
anesthetic effects of the two groups were compared. Results The heart rate（HR）and mean arterial pressure（MAP）of
the observation group were lower than those of the control group at each time point：5 minutes after intubation ，at skin
incision，during trephination，at dural incision，and at completion of surgery（P<0.05）. The time of anesthesia onset，
extubation，recovery，and stay in the anesthetic room in the observation group were shorter than those in the control
group（P<0.05）. At 24 hours after surgery，the Mini Mental State Examination（MMSE）score of the observation group
was higher than that of the control group（P<0.05），and the Visual Analog Scale（VAS）score at each time point was
lower than that of the control group（P<0.05）. There was no significant difference in adverse reactions between two
groups（χ2=0.377，P=0.539）. Conclusion In brain tumor resection，the use of remimazolam 0.2 mg/kg combined with
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脑肿瘤作为神经外科领域的常见疾病，手术为

其主要治疗手段［1］。但脑肿瘤切除术创伤大、操作复

杂、耗时长，术中及术后患者易发生强烈应激反应，

增加手术风险［2］。因此，在选择麻醉药物时，需确保

药物能提供平稳且可控的麻醉效果，并最大限度地

减少对脑组织的损伤以及术后认知功能的负面影

响［2-3］。因此选用具备高效麻醉与脑保护特性的麻醉

药物至关重要。瑞马唑仑因其起效迅速、代谢快等

特点而备受关注［4］。相关研究表明，在麻醉诱导与维

持阶段，瑞马唑仑均能展现良好的镇静效果，且对患者

血流动力学的影响较小，术后苏醒时间显著缩短［5-6］。

而依托咪酯作为临床上广泛应用的静脉麻醉药物，

对呼吸及循环系统的影响较小，尤其适用于老年患

者和心血管功能不稳定的患者［7］。然而，关于瑞马唑

仑与依托咪酯在不同剂量组合下，于脑肿瘤切除术

中的麻醉效果及其对术后认知功能的具体影响，目

前尚缺乏全面深入的研究。本研究旨在探究瑞马唑

仑与依托咪酯不同剂量组合在脑肿瘤切除术中的麻

醉效果及对术后认知功能和疼痛程度的影响，现报

道如下。

1 对象与方法

1.1 研究对象 选择2024年1月至2025年1月于南

京医科大学附属脑科医院行脑肿瘤切除术的 104例
患者作为研究对象。根据麻醉方案的不同将患者

分为对照组（n=52，接受瑞马唑仑 0.3 mg/kg+依托咪

酯 0.1 mg/kg进行麻醉维持）与观察组（n=52，接受瑞

马唑仑 0.2 mg/kg+依托咪酯 0.15 mg/kg进行麻醉维

持）。纳入标准：（1）择期行脑肿瘤切除术；（2）年龄≥
18 岁；（3）美国麻醉医师协会（American Society of
Anesthesiologists，ASA）分级Ⅰ~Ⅱ级；（4）签署知情

同意书。排除标准：（1）合并较严重内科疾病或血

液性疾病；（2）合并心肝肾等主要器官功能障碍；

（3）对瑞马唑仑、依托咪酯等药物过敏；（4）对本研

究使用的药物过敏；（5）妊娠或哺乳期女性。对照

组与观察组在年龄、性别、体质量、肿瘤直径等一般

资料差异无统计学意义（P>0.05）。本研究遵循《赫

尔辛基宣言》伦理原则，并获得南京医科大学附属

脑科医院伦理委员会批准（编号：2024⁃KY092⁃02）。

见表 1。
1.2 方法 两组患者在术前均遵循标准的禁食禁饮

规定，时长为 8 h。入室后，立即开放静脉通路，并持

续监测生命体征，同时给予面罩供氧，以确保氧合充

分。麻醉诱导时，两组均给予舒芬太尼（宜昌人福药

业，国药准字H20054171，1 mL∶50 μg）0.5 μg/kg与顺

阿曲库铵（浙江仙琚制药，国药准字H20223612，5 mL∶
10 mg）0.2 mg/kg。诱导成功后，实施气管插管，并启动

机械通气模式，设置潮气量范围为8～10 mL/kg，呼吸

频率为 12～14次/min，吸呼比设置为 1∶2，维持外周

血氧饱和度（saturation of peripheral oxygen，SpO2）为

98%~100%，呼气末二氧化碳分压为35~45 mmHg。对

照组在麻醉维持阶段采用瑞马唑仑（宜昌人福药业，

国药准字H20200006，25 mg）0.3 mg/kg与依托咪酯

（江苏恩华药业，国药准字H20020511，10 mL∶20 mg）
0.1 mg/kg联合的用药方案，同时以2 mg/（kg·h）的速率

持 续 泵 入 环 泊 酚（沈 阳 海 思 科 ，国 药 准 字

H202100070，20 mL∶50 mg），以 0.1 μg/（kg·min）的速

率 持 续 泵 入 瑞 芬 太 尼（国 药 集 团 ，国 药 准 字

H20123421，2 mg），以 0.1 mg/（kg·h）的速率持续泵

入顺阿曲库铵。输注速率依据手术进展及患者的

生命体征进行适时调整。观察组则采用瑞马唑仑

0.2 mg/kg与依托咪酯0.15 mg/kg联合的用药方案，持

续泵入方案与对照组一致。

1.3 观察指标

1.3.1 血流动力学指标 分别于插管前（T0）、插管

后 5 min（T1）、切皮时（T2）、钻孔时（T3）、硬膜剪开时

（T4）和术毕（T5）采用多功能监护仪（型号：Philips In⁃
telliVue MX800）监测两组患者心率（heart rate，HR）
和平均动脉压（mean arterial pressure，MAP）。
1.3.2 麻醉效果 记录患者麻醉生效、拔管、苏醒和

麻醉室停留时间。

1.3.3 认知功能 于麻醉前及术后 24 h运用简易智

能精神状态检查量表（Mini Mental State Examination，
MMSE）［8］对两组患者实施认知功能评测。此量表总

分为 30分，包括方向感、记忆能力、专注度与计算能

力、回忆力、言语表达等五个维度，得分越高表示认

etomidate 0.15 mg/kg for anesthesia maintenance is effective. It not only optimizes the anesthesia management
strategy and improves the safety and effectiveness of the operation，but also reduces hemodynamic fluctuations，
relieves patient pain，abd accelerates the anesthesia recovery process.
Keywords：Remimazolam；Etomidate；Brain tumor resection；Anesthetic effect；Cognitive function
Fund program：Nanjing Medical University Science and Technology Development Fund Project（NMUB20240181）
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知功能越好。

1.3.4 疼痛程度 于麻醉前及术后 2、6、12、24 h采

用视觉模拟评分（Visual Analogue Scale，VAS）量表［9］

对患者进行评估。VAS评分范围为0~10分，0分为无

痛，1~3分为轻度疼痛，4~6分为中度疼痛，7~10分为

重度疼痛。

1.3.5 不良反应 记录两组患者麻醉及术后出现

低血压、心动过缓、烦躁、恶心呕吐等不良反应的情

况。

1.4 统计学方法 选择 SPSS 25.0软件对数据进行

处理与分析。计量资料以 x±s表示，组间比较采用 t

检验；多时间点比较采用重复测量方差分析，两两比

较采用LSD⁃t检验。计数资料比较采用例（%）表示，

两组比较采用χ2检验，多组比较采用χ2趋势检验。P<
0.05为差异有统计学意义。

2 结 果

2.1 两组血流动力学指标变化比较 观察组在

T1~T5时间点的HR和MAP均低于对照组（P<0.05）。

见表2。
2.2 两组麻醉效果比较 观察组麻醉生效时间、拔

管时间、苏醒时间和麻醉室停留时间均显著短于对

照组（P<0.05）。见表3。
2.3 两组认知功能比较 术后 24 h，观察组MMSE
评分显著高于对照组（P<0.05）。见表4。
2.4 两组疼痛程度比较 观察组在不同时间点VAS
评分均显著低于对照组（P<0.05）。见表5。
2.5 两组不良反应发生情况比较 两组不良反应总

发生率比较，差异无统计学意义（χ2=0.377，P=0.539）。

见表6。

组别

对照组

观察组

χ2/t值
P值

性别（例）

男

28
25

0.227
0.634

女

24
27

年龄（岁，x±s）

52.85±8.03
53.02±7.98

0.456
0.650

体质量（kg，x±s）

62.87±7.35
63.91±7.32

0.218
0.828

肿瘤直径
（mm，x±s）

22.14±4.03
22.86±4.11

0.526
0.492

ASA分级（例）

Ⅰ级

35
33

0.689
0.447

Ⅱ级

17
19

疾病分类（例）

胶质瘤

19
16

脑膜瘤

20
23

0.246
0.884

听神经瘤

13
13

表1 两组患者一般资料比较 （n=52）
Tab.1 Comparison of general information between two groups （n=52）

组别

对照组
观察组
F/P组间值
F/P时间值
F/P交互值

HR（次/min）
T0

77.40±10.22
78.10±10.30

8.623/<0.001
25.517/<0.001
3.185/<0.001

T1
75.90±10.14
72.21±9.84a

T2
70.26±9.40
68.40±9.11a

T3
69.71±9.14
66.42±8.96a

T4
65.10±9.10
63.93±8.80a

T5
64.30±8.72
62.74±7.99a

MAP（mmHg）
T0

96.10±10.04
94.96±10.15

7.493/<0.001
28.651/<0.001
3.512/<0.001

T1
94.51±9.68
92.04±9.57a

T2
89.63±8.60
86.04±8.49a

T3
86.71±8.37
84.06±8.25a

T4
83.90±7.92
81.82±7.80a

T5
84.16±8.06
82.01±7.96a

表2 两组血流动力学指标变化比较 （n=52，x±s）
Tab.2 Comparison of changes in hemodynamic indicators between two groups （n=52，x±s）

注：与同时间点对照组比较，aP<0.05。

组别

对照组

观察组

t值

P值

麻醉生效时间

1.80±0.33
0.89±0.21
13.776
<0.001

拔管时间

30.08±7.53
25.80±7.19

2.964
0.004

苏醒时间

29.51±5.10
22.93±3.92

7.377
<0.001

麻醉室停留时间

52.40±8.40
45.02±7.14

4.827
<0.001

表3 两组麻醉效果比较 （n=52，min，x±s）
Tab.3 Comparison of anesthesia effects between two groups

（n=52，min，x±s）

组别

对照组

观察组

t值

P值

麻醉前

28.53±1.26
28.47±1.24

0.245
0.807

术后24 h
26.27±1.55a

27.59±1.38a

4.587
<0.001

表4 两组MMSE评分比较 （n=52，分，x±s）
Tab.4 Comparison of MMSE scores between two groups

（n=52，point，x±s）

注：与麻醉前比较，aP<0.05。

组别

对照组

观察组

F/P组间值

F/P时间值

F/P交互值

麻醉前

2.33±0.32
2.29±0.37

5.114/<0.001
11.027/<0.001
4.005/<0.001

术后2 h
4.21±1.03
3.10±0.80a

术后6 h
5.46±1.22
4.02±1.06a

术后12 h
4.85±1.17
3.58±0.92a

术后24 h
3.77±0.90
2.59±0.72a

表5 两组VAS评分比较 （n=52，分，x±s）
Tab.5 Comparison of VAS scores between two groups

（n=52，point，x±s）

注：与同时间点对照组比较，aP<0.05。

组别

对照组

观察组

χ2值

P值

低血压

3（5.77）
2（3.85）

心动过缓

1（1.92）
1（1.92）

烦躁

2（3.85）
1（1.92）

恶心呕吐

1（1.92）
1（1.92）

总发生率（%）

13.46
09.62
0.377
0.539

表6 两组不良反应发生情况比较 ［n=52，例（%）］
Tab.6 Comparison of adverse reactions between two groups

［n=52，case（%）］
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3 讨 论

脑肿瘤切除术是一项复杂且风险较高的手术，

它要求麻醉药物不仅具备快速起效、深度可控的特

性，还需确保术后患者能够迅速且平稳地恢复认知功

能［10-12］。因此，选择合适的麻醉药物及其剂量组合对

于减少术后认知功能障碍的发生至关重要。

瑞马唑仑作为一种γ⁃氨基丁酸A型（gamma⁃amino⁃
butyric acid subtype A，GABAA）受体的正向调节物质，

展现出显著的镇静效果［13］，其高水溶性和通过组织

中的羧酸酯酶代谢使得镇静/麻醉快速起效，长时间

使用仍能迅速唤醒［14］。依托咪酯因其快速诱导麻醉

的特性，及有效减少麻醉剂总体使用量的能力，成为神

经外科手术中不可或缺的麻醉药物之一［15］。将瑞马唑

仑与依托咪酯以不同剂量组合应用于脑肿瘤切除术

的麻醉管理中，旨在发挥二者的协同作用，减少不良

反应，提高麻醉效果。本研究结果显示，与对照组相

比，观察组患者在麻醉维持期间的HR和MAP水平更

低，表明观察组的麻醉方案能够更有效地控制手术

过程中的血流动力学波动，为患者提供更为平稳的

手术环境。同时，观察组的麻醉生效、拔管、苏醒及麻

醉室停留时间均短于对照组，结果与相关研究一致［16］。

同时，术后 24 h，观察组患者的MMSE评分显著高于

对照组。提示 0.2 mg/kg瑞马唑仑与 0.15 mg/kg依托

咪酯的组合使用有助于促进患者术后认知功能的恢

复。这与瑞马唑仑独特的药理作用有关，它能够通

过调节GABAA受体，减少大脑的耗氧量和代谢率，降

低颅内压，从而有利于神经功能的保护［13］。0.2 mg/kg
观察组VAS评分在各时间点均低于对照组，这与瑞

马唑仑和依托咪酯的镇痛作用有关。0.2 mg/kg瑞马

唑仑与 0.15 mg/kg依托咪酯组合麻醉在脑肿瘤切除

术中的应用不仅优化了麻醉管理策略，还提高了手

术的安全性和有效性。该组合麻醉方案通过减少血

流动力学波动，降低了手术风险，为神经外科医生提

供了更为稳定的手术环境［16］。

本研究仍存在一些局限性。如样本量相对较

小，未来需大规模、多中心研究验证；观察时间仅为

术后 24 h内，应延长观察时间探讨对长期恢复的影

响。此外，应深入探讨不同剂量组合对术后认知功

能影响的长期效应，以及该组合麻醉方案在不同类

型脑肿瘤切除术中的应用效果。未来可结合其他麻

醉药物与麻醉技术，如神经阻滞、目标控制输注等，

进一步优化麻醉管理策略，提高脑肿瘤切除术的麻

醉效果和安全性。

综上所述，0.2 mg/kg瑞马唑仑与0.15 mg/kg依托

咪酯的组合麻醉方案在脑肿瘤切除术中的应用，不

仅可优化麻醉管理策略，提高手术的安全性与有效

性，还可减少血流动力学波动、缓解患者疼痛、加速

麻醉恢复过程。
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