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Abstract: Objective: Aneurysmal subarachnoid hemorrhage (aSAH) is an acute disease with rapid progression and 
critical condition. The most common complication of aSAH is cerebral vasospasm (CVS). Patients are predisposed to 
severe cerebral ischemia, brain injury, or even death if effective measures are not taken in time to relieve symptoms. 
This study mainly determines the effect of nimodipine (NM) combined with fasudil on vascular endothelial function 
(VEF) and inflammatory factors (IFs) in patients with aSAH induced CVS. Methods: The clinical data of 77 patients 
with aSAH induced CVS treated in the Renmin Hospital of Wuhan University from March 2019 to June 2020 were 
analyzed retrospectively. Based on different drug therapies, patients receiving NM monotherapy were assigned to 
the control group (n=32), while those treated with NM combined with fasudil were included in the observation group 
(n=45), both received two consecutive weeks of treatment. The two arms were compared regarding the following 
items: clinical efficacy, average blood flow velocities (BFVs) of anterior, posterior and middle cerebral arteries, serum 
IFs, levels of vascular endothelial growth factor (VEGF), ET-1 and CGRP, cognitive function (Montreal Cognitive As-
sessment Scale, MOCA), activities of daily living (Bathel index), and adverse reactions. Results: The overall response 
rate of the observation group was significantly higher than that of the control group (P<0.05). After treatment, the 
BFVs of the anterior, posterior and middle cerebral arteries in the observation group decreased significantly com-
pared with the control group (P<0.05). ET-1 and VEGF decreased in both groups, while CGRP increased, with more 
significant changes in the observation group (P<0.05). Serum IFs reduced in both arms, with more evident reduc-
tions in the observation group (P<0.05). The MOCA score and Barthel index increased statistically in both arms and 
were higher in the observation group compared with the control group (P<0.05). There was no significant difference 
in the total incidence of adverse reactions between the observation group and the control group (P>0.05). Conclu-
sions: NM combined with fasudil in the treatment of aSAH induced CVS can effectively improve the VEF, alleviate IFs, 
and enhance the cognitive function and quality of life of patients, which is worth popularizing in clinic.
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Introduction

Cerebral vasospasm (CVS), one of the common 
and serious complications of aneurysmal sub-
arachnoid hemorrhage (aSAH), is also one of 
the important factors causing death in aSAH 
patients [1, 2]. Clinical studies have found that 
aSAH is related to cerebral edema and hema-
toma. Moreover, some patients with CVS are 
prone to brain damage and cerebral ischemia, 
which will seriously affect the prognosis of 
patients if not treated in time [3, 4]. Currently, 

there is no specific treatment plan for CVS after 
aSAH, so clinical treatment is usually carried 
out in time after the occurrence of aSAH to pre-
vent CVS and other serious complications [5]. 
Therefore, how to implement an effective treat-
ment plan is an urgent problem to be solved in 
clinic.

Nimodipine (NM), as a second generation dihy-
dropyridine L-type calcium channel blocker, has 
the effects of cerebral vasodilation and anti-
ischemia, and can promote the improvement of 
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patients’ cognitive function and neurological 
function. It is often used clinically to prevent 
CVS after SAH [6, 7]. However, the curative 
effect of NM monotherapy is not ideal, so it is 
particularly important to explore an appropriate 
combination therapy. Different from traditional 
calcium channel blockers, fasudil is a new drug 
with extensive pharmacological effects. It 
mainly antagonizes intracellular calcium ions, 
but does not depend on extracellular calcium 
ions, with remarkable vasodilating function, as 
well as potent vasodilating effects that will not 
be offset by propranolol, atropine and other 
drugs [8, 9]. Previous studies [10] have com-
pared the efficacy of NM and fasudil monother-
apy, and found that fasudil was superior to NM 
in curative effect, but few scholars had ana-
lyzed the effects of their combination on vascu-
lar endothelial function (VEF) and inflammatory 
factors (IFs) in patients with aSAH induced CVS.

Consequently, in this study, the effects of NM 
combined with fasudil on VEF and IF levels of 
patients with aSAH induced CVS were investi-
gated, with a hope to provide more options for 
the treatment of CVS induced by aSAH.

Materials and methods

Clinical data

The clinical data of 77 patients (41 males and 
36 females) with aSAH induced CVS admitt- 
ed to the Renmin Hospital of Wuhan University 
from March 2019 to June 2020 were analyzed 
retrospectively. Patients were treated with 
either NM monotherapy or NM + fasudil and 
divided into a control group (n=32) and an 
observation group (n=45), respectively.

Inclusion criteria: (1) Patients with aSAH 
induced CVS confirmed by diagnostic criteria 
[11] and CT; (2) Patients with an age between 
50-65 years; (3) Patients not allergic to the 
drugs used in the study. Exclusion criteria: (1) 
Patients with severe organ dysfunction; (2) 
Patients with drug allergies; (3) Patients with 
malignant tumors; (4) Patients with aSAH 
caused by blood diseases or tumors; (5) 
Patients with blood diseases or immune sys-
tem diseases. 

All patients signed the informed consent form 
to give their consent for participation. This 
experiment was approved by the Ethical Com- 

mittee of Renmin Hospital of Wuhan University 
(WDRY2020-K120) and conformed to the 
Declaration of Helsinki.

Treatment methods

After intracranial aneurysm occlusion, all pa- 
tients were treated with routine therapies such 
as keeping respiratory tract unobstructed, reg-
ulating blood pressure, dehydrating to lower 
down intracranial pressure, correcting shock 
and hemostasis, and preventing infection and 
complications. Patients in the control group 
were given 50 mL NM (Jumpcan Pharmaceuti- 
cal, NMPA Approval Number H20030306), 
which was added into 150 mL 0.9% NaCl for 
intravenous drip once a day for 14 days. Pa- 
tients in the observation group were addition-
ally given 30 mg fasudil (Easton Biopharma- 
ceuticals, NMPA Approval Number H201132- 
49) in 150 mL 5% glucose injection by intrave-
nous infusion 3 times a day for 14 days.

Outcome measures

(1) The therapeutic effects, which were divided 
into markedly effective (signs and symptoms 
basically disappeared with no fresh infarct as 
indicated by brain CT or MRI; patients were able 
to take care of themselves), effective (signs 
and symptoms ameliorated obviously without 
fresh infarct as indicated by brain CT or MRI; 
patients were basically able to take care of 
themselves), and ineffective (signs and symp-
toms did not change, brain CT or MRI found 
fresh infarct, and patients could not take care 
of themselves), were evaluated in both arms. 
Overall response rate = (markedly effective + 
effective) cases/total cases ×100%. (2) The 
mean blood flow velocities (BFVs) of anterior, 
posterior and middle cerebral arteries before 
and after treatment were measured by color 
Doppler ultrasound. (3) Before and after treat-
ment, serum levels of IFs including hypersensi-
tive C-reactive protein (hs-CRP), tumor necrosis 
factor-α (TNF-α) and interleukin-6 (IL-6) were 
measured by ELISA. The ELISA kits specific for 
hs-CRP (Cat. No. SP11244), TNF-α (Cat. No. 
SP12250) and IL-6 (Cat. No. SP10234) were all 
purchased from Wuhan Saipei Biotechnology 
Co, Ltd. (4) Vascular endothelial growth factor 
(VEGF) was detected by ELISA, and endothe-
lin-1 (ET-1) and CGRP were determined by  
radioimmunoassay. (5) Before and after treat-
ment, the Montreal Cognitive Assessment 
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Scale (MoCA), including 11 items in 8 cognitive 
domains of attention and concentration, execu-
tive functions, memory, language, visuocon-
structional skills, conceptual thinking, calcula-
tions and orientation, was used to compare the 
cognitive function of patients. (6) The patients’ 
activities of daily living were evaluated using 
the Bathel index, with a total score of 100. The 
higher the score, the better the activities of 
daily living. (7) Adverse reactions, including 
nausea and vomiting, rash, blood pressure 
drop and gastrointestinal symptoms, were 
recorded and counted in both arms.

Statistical methods

The statistical software used in this study was 
SPSS180. Continuous variables were express- 
ed as mean ± standard deviation. The inter-

with effective and 7 patients with ineffective 
treatment) (P<0.05), as shown in Table 2.

Comparison of BFVs before and after treat-
ment

The mean BFVs of anterior cerebral, posterior 
and middle cerebral arteries showed no evi-
dent difference between the two arms before 
treatment (P>0.05). After treatment, the above 
indexes reduced significantly in both arms 
(P<0.05), especially in the observation group 
(P<0.05), as shown in Figure 1.

Comparison of serum levels of IFs before and 
after treatment

Serum hs-CRP, TNF-α and IL-6 differed insignifi-
cantly between the two arms before treatment 

Table 1. Baseline data

Variables Observation 
group (n=45)

Control  
group (n=32) χ2 P

Gender 0.893 0.345
    Male 26 (57.78) 15 (46.88)
    Female 19 (42.22) 17 (53.13)
Age (years) 0.687 0.407
    ≤58 24 (53.33) 14 (43.75)
    >58 21 (46.67) 18 (56.25)
BMI (kg/m2) 0.009 0.923
    ≤23 23 (51.11) 16 (50.00)
    >23 22 (48.89) 16 (50.00)
History of smoking 0.351 0.554
    Yes 35 (77.78) 23 (71.88)
    No 10 (22.22) 9 (28.13)
Underlying diseases 0.252 0.616
    Hypertension 27 (60.00) 21 (65.63)
    Diabetes mellitus 18 (40.00) 11 (34.38)
Hunt-Hess classification 0.131 0.936
    Class I 10 (22.22) 8 (25.00)
    Class II 20 (44.44) 13 (40.63)
    Class III 15 (33.34) 11 (34.37)

group comparison was per-
formed by independent sam-
ples t-test, and the intra- 
group comparison before and 
after treatment was conduct-
ed by paired t-test. χ2 test was 
used for comparison of cate-
gorical variables. P<0.05 indi-
cated statistically significant 
difference.

Results

Comparison of general infor-
mation

The baseline data such as 
gender, age and operation 
type were similar in the  
two arms (P>0.05), indicating 
comparability, as shown in 
Table 1.

Comparison of therapeutic 
effects

The therapeutic effects were 
evaluated after treatment. 
The overall response rate was 
95.56% in the observation 
group (24 cases with mark- 
edly effective, 19 with effec-
tive and 2 patients with inef-
fective treatment), which was 
notably higher than 78.13% in 
the control group (13 cases 
with markedly effective, 12 

Table 2. Comparison of therapeutic effects between the two 
groups

Curative effect Observation 
group (n=45)

Control  
group (n=32) t P

Markedly effective 24 (53.33) 13 (40.63) - -
Effective 19 (42.22) 12 (37.50) - -
Ineffective 2 (4.44) 7 (21.87) - -
Effective rate of treatment 43 (95.56) 25 (78.13) 5.505 0.019
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(P<0.05). After treatment, the above indexes 
improved significantly in both arms (P<0.05), 
and the improvement was more distinct in the 
observation group (P<0.05), as shown in Figure 
2.

Expression of vascular endothelial related fac-
tors before and after treatment

The serum VEGF, ET-1 and CGRP levels showed 
no significant differences between the two 
arms before treatment (P<0.05). After treat-
ment, ET-1 and VEGF declined while CGRP 
increased significantly in both arms (P<0.05), 
and the changes of the above indexes were 
more significant in the observation group 
(P<0.05), as shown in Figure 3.

Comparison of MoCA and Bathel index scores 
before and after treatment

There were no significant differences in MoCA 
and Bathel index scores between the two arms 
before treatment (P<0.05). After treatment, the 
MoCA score and Bathel index rose obviously in 

both arms (P<0.05), and the increases were 
more obvious in the observation group (P< 
0.05), as shown in Figure 4.

Comparison of adverse reactions

The number of patients with nausea and vomit-
ing, rash, blood pressure drop and digestive 
tract symptoms was 2, 1, 1 and 1 respectively 
in the observation group, while it was 1, 1, 1 
and 0 respectively in the control group. The 
incidence of adverse reactions was not signifi-
cantly different between the observation group 
(11.11%) and the control group (9.38%) 
(P>0.05), as shown in Table 3.

Discussion

SAH is caused by the rupture of diseased blood 
vessels on the surface or bottom of the brain, 
resulting in direct blood flow into the subarach-
noid space. The main presentations were nau-
sea, severe headache, meningeal irritation and 
vomiting [12]. In general clinical treatment, it is 
believed that the main reason for the disease is 

Figure 1. Comparison of BFVs between the two 
groups before and after treatment. A: Anterior cere-
bral artery blood flow velocity; B: Posterior cerebral 
artery blood flow velocity; C: Middle cerebral artery 
blood flow velocity. *indicates P<0.05.
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that the blood clot in the place of ruptured 
aneurysm causes varying degrees of mechani-
cal compression on the blood vessels around 
it, which leads to different degrees of patho- 
logical changes in the blood vessel wall [13]. 
Among them, the mechanical stimulation 
caused by blood clots will cause severe con-
traction of the pia mater blood vessels, fol-
lowed by a diffuse vasospasm of cerebral ves-
sels, which will lead to severe loss of blood oxy-
gen in the brain and the damage of brain cells 
to varying degrees [14].

With the advances in endovascular interven-
tional therapy in recent years, the incidence of 
CVS after SAH is obviously reduced, but there  
is still a lack of specific treatment methods 
[15]. In order to find more possible treatment 
schemes for patients with CVS after aSAH, we 
analyzed the efficacy and safety of NM com-
bined with fasudil for the disease. First, we 
found a significantly higher overall response 
rate in the observation group compared with 
the control group after two weeks of treatment, 

which suggested that the curative effect of NM 
combined with fasudil was far superior to NM 
monotherapy. NM is a calcium antagonist with 
high lipid solubility, which can penetrate the 
blood-brain barrier and directly act on the cere-
brovascular, thereby stabilizing the cell function 
and alleviating the cerebral vasoconstriction 
caused by different vascular substances [16]. 
However, NM monotherapy has been found to 
have some limitations, so it is of great signifi-
cance to search for combination therapies.  
As a protein kinase inhibitor, fasudil can effec-
tively inhibit the phosphorylation process of 
protein light chains after entering the human 
body, reduce the sensitivity of vascular smooth 
muscle to the increase of intracellular Ca2+  
concentration, relieve smooth muscle spasm, 
and dilate blood vessels, thereby effectively 
inhibiting CVS. It can also protect damaged tis-
sues by promoting the formation of nitric oxide 
and increasing the expression of endothelial 
nitric oxide synthase. Moreover, it can reduce 
the generation of inflammatory mediators and 
effectively suppress apoptosis [17, 18]. More 

Figure 2. Serum levels of inflammatory factors before 
and after treatment. A: Expression of hs-CRP; B: Ex-
pression of TNF-α; C: Expression of IL-6. *indicates 
P<0.05.



Drug therapy of aneurysmal subarachnoid hemorrhage with cerebral vasospasm

2622 Am J Transl Res 2022;14(4):2617-2624

importantly, fasudil can effectively dilate cere-
bral parenchymal arteries without significantly 
affecting systemic blood pressure, so it can be 
used as an effective drug to prevent and re- 

lieve CVS [19]. Then we found that the cerebral 
artery BFVs of patients treated with the com-
bined therapy improved more obviously com-
pared with the control group, suggesting that 

Figure 3. Expression of vascular endothelial related 
factors before and after treatment. A: Expression of 
VEGF; B: Expression of ET-1; C: Expression of CGRP. 
*indicates P<0.05.

Figure 4. MoCA score and Bathel index of the two groups before and after treatment. A: Comparison of MoCA score; 
B: Comparison of Bathel index. *indicates P<0.05.
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the combined medication could effectively im- 
prove the circulation of cerebral arteries and 
their surrounding tissues, and help to reduce 
the volume of hematoma and its surrounding 
low density area, which was consistent with 
previous reports.

Previous research [20] has pointed out that 
vascular endothelial injury and inflammatory 
reaction are important causes of CVS after 
aSAH. The main reason is that after receiving 
physical and chemical stimulation, vascular 
endothelial cells can exert the biological ef- 
fects of regulating vascular tension, inhibiting 
thrombosis and controlling vascular growth 
through synthesis and secretion of various 
vasoactive substances [21]. Injury of vascular 
endothelial cell function can trigger abnormal 
contraction or spasm of blood vessels, pro- 
mote the formation of thrombus, and further 
induce ischemic injury [22]. After the episode  
of aSAH, the vascular outer wall is exposed  
to oxygenated hemoglobin and other compo-
nents released by erythrocyte lysate, which 
causes a series of inflammatory cascade reac-
tions including recruitment, infiltration and  
activation of white blood cells [23]. ET-1, CGRP 
and VEGF are common indicators of vascular 
endothelial function [24]. Subsequently, we 
compared ET-1, CGRP, VEGF and inflammation-
related factors between the two arms. The 
results showed that compared with NM mono-
therapy, fasudil combined with NM had a sig-
nificantly better protective effect on VEF of 
patients with aSAH induced CVS, with a better 
regulating effect on inflammatory reaction. 
Fasudil and NM work together through two dif-
ferent mechanisms, which can significantly 
improve the therapeutic effect of patients with 
CVS induced by aSAH.

To further evaluate patient outcomes, we as- 
sessed patients’ cognitive function and activi-
ties of daily living before and after treatment. 

mined no evident difference between the two 
arms, which suggested that the combination  
of fasudil and NM was reliable and safe. In a 
previous study [24] comparing fasudil and NM 
monotherapy, it was found that fasudil did not 
produce serious adverse reactions, which sup-
ported our conclusions.

To sum up, fasudil combined with NM is more 
effective and safer than NM monotherapy in 
treating patients with aSAH induced CVS, and 
can clearly improve the prognosis of patients, 
which is worth promoting clinically. However, 
this study still has some limitations. For exam-
ple, we are not clear about the efficacy of 
fasudil combined with NM when compared  
with other drugs. In addition, the specific mech-
anism of better efficacy of the combination 
therapy needs to be further explored. In future 
studies, we will further carry out large-sample 
clinical trials and basic experiments to provide 
more supporting data for our conclusions.
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