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Abstract: Objective: To assess the clinical effect and safety of double anti-platelet therapy combined with different 
doses of statins for acute cerebral infarction complicated with microhemorrhage. Methods: A total of 312 patients 
who had acute cerebral infarction complicated with microhemorrhage in our hospital were randomly allocated into 
two groups: the experimental group (n=164) and group for control (n=148). Those in the group for experiment 
received dual antiplatelet rosuvastatin tablets (20 mg QN), while the control group received dual antiplatelet rosuv-
astatin tablets (10 mg QN). After 30 days of treatment, blood biochemistry and brain magnetic resonance imaging 
were performed to record the serum lipid levels, liver transaminase, inflammatory and oxidative stress indicators 
and other biochemical indicators as well as the number of cerebral microhemorrhage foci. Results: Serum lipids 
in both groups after intervention were decreased compared to those without intervention (P < 0.05). Furthermore, 
after receiving the intervention, the HCY and inflammatory indicators (such as hs-CRP) of the two groups were 
improved compared to before intervention (P < 0.05). The safety index (Aspartate aminotransferase (AST), Alanine 
aminotransferase (ALT), Creatine kinase (CK), creatinine (Cr)) had no statistically significant difference than those 
without intervention in the two groups (P > 0.05). Conclusion: Rosuvastatin can effectively regulate blood lipids and 
Hcy levels in patients with acute cerebral infarction and microbleeds, and it can reduce blood lipids and inflamma-
tion; furthermore, high dose rosuvastatin has better improvement effects and higher safety in a shorter period time.
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Introduction

Acute cerebral infarction is a common cerebro-
vascular disease, which is mainly caused by 
cerebral blood supply disorders and vascular 
occlusions. The characteristic of this disease 
are its high disability rate and mortality rate [1, 
2]. It is one of the main diseases that seriously 
threaten human health [3]. Cerebral micro-
bleeds (CMBs) are a complication of cerebral 
infarction with brain parenchyma damage, 
which are caused by intracranial microvascular 
lesions. At present, clinical research shows that 
reasonable control of blood lipid levels can 
maintain the integrity of the microvascular 
walls and reduce the risk of cerebral hemor-
rhage [4, 5]. At present, for acute cerebral 

infarction, double antiplatelet therapy is 
advised to be carried out as early as possible 
without contraindications, and the bleeding  
risk of patients’ needs to be closely observed; 
moreover, antiplatelet drugs alone are used as 
the first-line drug for the prevention of cerebral 
infarction, and anti-platelet aggregation thera-
py has become a key link in the prevention and 
treatment of acute cerebral infarction [6].

Rosuvastatin is a selective inhibitor of HMG 
CoA reductase. It can reduce the level of serum 
lipids through the synthesis of HMG CoA reduc-
tase and cholesterol in the liver. It can effec-
tively improve the vascular endothelial function 
and blood supply disorders in the brain. At the 
same time, it can also antagonize oxidative 
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stress reactions as well as protect the ischemic 
brain tissue [7-9]. At present, there is no con-
clusion on whether antiplatelet, thrombolytic 
and anticoagulant therapy increases the risk of 
hemorrhagic transformation in patients with 
acute cerebral infarction complicated with 
CMBs. Research has shown that the use of 
antithrombotic drugs was correlated with 
CMBs, and the incidence of CMBs increases 
with the prolongation of antithrombotic drugs 
[10]. However, some researchers suggest that 
statins drugs can increase the risk of CMBs in 
patients with acute cerebral infarction [11, 12]. 

In this study, we compared serum lipids, hs-
CRP, HCY, liver transaminase and other bio-
chemical indicators and cerebral microbleeds 
in patients with acute large artery atheroscle-
rotic cerebral infarction combined with cerebral 
microbleeds under different doses of rosuvas-
tatin combined with dual antiplatelet therapy; 
furthermore, we explored the effect of inten- 
sive lipid-lowering therapy on CMBs on the 
basis of dual anti platelet therapy to investigate 
the influence and safety of these drugs in 
patients with the acute cerebral infarction com-
plicated with microhemorrhage.

Data and methods

Clinical data

This study was performed at the People’s 
Hospital of Dongxihu District and The First 
Hospital of Wuhan City from July 2018 and July 
2020. A total of 312 patients with acute cere-
bral infarction complicated with microhemor-

Inclusive standards: ① The infarct onset was 
less than 72 h prior to admission; ② According 
to the clinical symptoms, clinical signs and aux-
iliary examination, the patients were diagnosed 
with acute ischemic stroke; ③ According to 
toast standards, large artery atherosclerotic 
(LAA) cerebral infarction was observed, more-
over, all CMBS were found by SWI; ④ Patients 
and their families voluntarily signed the 
informed consent.

Exclusion standards: ① Patients who were 
treated with intravenous thrombolysis after 
admission; ② Had a history of malignant 
tumors; Had a history of mental disease or dis-
turbance of consciousness; Had a history of 
blood system diseases; pregnant and lactating 
women; had a history of liver, kidney and heart 
disorders; ③ Had a history of intractable hyper-
tension; ④ Had a history of Cerebral vascular 
malformation, brain tumor or brain trauma; ⑤ 
Patients who had contraindications to MRI 
examination; ⑥ Patients who were allergic to 
statins.

The criteria for drug withdrawal: ① ALT/AST > 3 
times the normal value; ② creatinine clearance 
rate < 30 ml/min; ③ serum creatine kinase 
(CK) levels was increased above normal values; 
④ patients had a new onset of intracerebral 
hemorrhage.

Method

The Experimental group: The patients received 
dual antiplatelet (aspirin enteric coated tablets 
(Bayer medical and health care Co., Ltd., 

Table 1. Comparison of clinical characteristics of acute cerebral infarc-
tion complicated with microhemorrhage patients between both groups

Experimental group 
(n=164)

Control group 
(n=148) t/χ2 P

Age (years) 54±4.15 55±2.75 2.25 0.61
Sex
    Male (n %) 89 (54.3%) 77 (52%) 4.68 0.58
    Female (n %) 75 (45.7%) 71 (48%) 4.49 0.43
BMI 22.5±3.16 23.35±2.43 1.39 0 .34
Smoking 78 (47.6%) 72 (48.6%) 6.71 0.55
Alcohol intake
    More than 14 alcohol units 75 (45.7%) 69 (46.6%) 2.96 0.42
    Less than 14 alcohol units 89 (54.3%) 79 (53.4%) 6.18 0.37
Hypertension 67 (40.9%) 59 (39.9%) 1.79 0.16
Diabetes 58 (35.4%) 49 (33.1%) 1.29 0.49
Coronary heart disease 48 (29.3%) 44 (29.7%) 0.63 0.51

rhage in our hospital 
were included as the 
research subjects. The 
enrolled patients were 
randomly allocated into 
two groups: the experi-
mental group (164 cas- 
es) and the control gro- 
up (148 cases). This 
study was approved by 
the ethics committee of 
the People’s Hospital of 
Dongxihu District and the 
ethics committee of The 
First Hospital of Wuhan 
City.

Inclusion and exclusion 
standards
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sensitivity C-reactive protein (hs-CRP) as inflam-
matory and oxidative stress indicators before 
and after treatment. ② Prognostic indicators: 
we recorded homocysteine (HCY) as a prognos-
tic indicator before and after treatment. ③ 
Cerebral microbleeds (CMBS): We recorded the 
number of cerebral microbleeds of both groups 
before and after treatment to compare the clini-
cal efficacy. ④ The levels of serum lipids: 
Serum total cholesterol (TC), triglyceride (TG), 
low density lipoprotein cholesterol (LDL-C) were 
recorded as serum lipids in both groups before 
and after treatment. ⑤ Adverse reactions: We 
recorded liver and kidney function such as 
Aspartate aminotransferase (AST), Alanine ami-
notransferase (ALT), Creatine kinase (CK) and 
creatinine (Cr) to assess its adverse reactions.

Statistical analysis

All data were analyzed by SPSS 22.0. Among 
them (n, %) refers to the calculated data. The 
comparison of relevant data between groups 
and within groups was performed by chi square 
test, and the measurement data was applied 
(mean ± sd). The comparison between groups 
was conducted by t test. P < 0.05 indicated sta-
tistical significance.

Results

Clinical characteristics

Table 1 shows the characteristics of the  
participants. This study included 312 patients 
after follow-up, with 164 patients in the ex- 
perimental group, with a mean age (54±4.15) 
years old; while in the control group, had a 

dogrel sulfate tablets (Sanofi 
(Hangzhou) Pharmaceutical Co., 
Ltd., batch number: 170306) 75 
mg QD) and rosuvastatin tablets 
(AstraZeneca Pharmaceutical Co., 
Ltd., Guoyao Zhunzi: j20090092) 
10 mg QN). Meanwhile, we con-
trolled the blood pressure and 
blood sugar of patients, and gave 
symptomatic treatment such as 
improving circulation and nourish-
ing nerves. The treatment lasted 
for 30 days.

Observation index

① Inflammatory and oxidative 
stress indicators: we recorded high 

Table 2. Comparison of serum lipids between the two groups 
before and after intervention (

_
x  ± sd)

Experimental 
Group (n=164)

Control group 
(n=148) t/χ2 P

TC (mmol/L)
    Before intervention 6.5±1.0 6.4±1.3 4.76 0.17
    After intervention 4.8±0.7 5.9±0.7 7.25 0.000
TG (mmol/L)
    Before intervention 2.8±0.8 2.6±0.7 4.43 0.34
    After intervention 1.9±0.5 2.3±0.7 3.69 0.000
LDL-C (mmol/L)
    Before intervention 4.7±0.9 4.6±0.8 0.21 0.87
    After intervention 2.9±0.5 3.5±0.6 7.94 0.000
Note: Significant difference as P < 0.05. TC: total cholesterol; TG: triglyceride; 
LDL-C: Low density lipoprotein cholesterol.

Figure 1. Comparison of serum lipids between the 
two groups before and after intervention. *P < 0.05.

Guoyao Zhunzi: j20171021) 100 mg QD + clopi-
dogrel sulfate tablets (Sanofi (Hangzhou) 
Pharmaceutical Co., Ltd., batch number: 
170306) 75 mg QD) and rosuvastatin tablets 
(AstraZeneca Pharmaceutical Co., Ltd., Guoyao 
Zhunzi: j20090092) 20 mg QN). Meanwhile, we 
controlled the blood pressure and blood sugar 
of patients, and gave symptomatic treatment 
such as improving circulation and nourishing 
nerves. The treatment lasted for 30 days.

The Control group: The patients received dual 
antiplatelet (aspirin enteric coated tablets 
(Bayer medical and health care Co., Ltd., 
Guoyao Zhunzi: j20171021) 100 mg QD + clopi-
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mean age (55±2.75) years old. The BMI in the 
experimental group was (22.5±3.16) kg/m2, 
and in the control group it was (23.35±2.43) 
kg/m2, there was no statistical significance 
between two groups (P=0.34 > 0.05). The 
smokers in the experimental group were 78 
(47.6%), and that in the control group was 72 
(48.6%). The alcohol intake of which was more 
than 14 alcohol units in experimental group 
was 75 (45.7%), and in control group it was 69 
(46.6%), there was no statistical significance 
between the two groups (P=0.42 > 0.05). The 
number of patients who had a history of hyper-
tension in the experimental group was 67 
(40.9%), and in the control group it was 59 
(39.9%). The number of patients who had a his-
tory of diabetes in the experimental group was 
58 (35.4%), and in the control group it was 49 

terol (TC) before and after intervention in the 
experimental group respectively was (6.5±1.0) 
and (4.8±0.7) mmol/L; while that in the control 
group respectively was (6.4±1.3) and (5.9±0.7) 
mmol/L. The level of serum triglyceride (TG) 
before and after intervention in the experi- 
mental group respectively was (2.8±0.8) and 
(1.9±0.5) mmol/L; and that in the control gro- 
up respectively was (2.6±0.7) and (2.3±0.7) 
mmol/L. The level of low density lipoprotein 
cholesterol (LDL-C) before and after interven-
tion in the experimental group respectively was 
(4.7±0.9) and (2.9±0.5) mmol/L; and that in the 
control group respectively was (4.6±0.8) and 
(3.5±0.6) mmol/L. There was a statistically sig-
nificant difference between the two groups in 
TC, TG and LDL-C after intervention (P < 0.05) 
(Table 2 and Figure 1).

Comparison of inflammatory and oxidative 
stress indicators between both groups

The level of high sensitivity C-reactive pro- 
tein (hs-CRP) before intervention in the experi-
mental group was (5.09±1.03) mg/L, and that 
in the control group was (4.97±1.03) mg/L, and 
there was no statistically difference between 
two groups (P=0.08 > 0.05). While the level of 
hs-CRP after intervention in the experimental 
group was (4.08±1.06) mg/L, and that in the 
control group was (4.60±0.99) mg/L, with a 
statistically significant difference between the 
two groups (P < 0.05) (Table 3 and Figure 2).

Comparison of prognostic indicators between 
both groups

The level of homocysteine (HCY) before and 
after intervention in the experimental group 
respectively was (13.36±3.09) and (10.12± 
2.39) μmol/L, while that in the control group 

Table 3. Comparison of inflammatory and oxidative stress indi-
cators between the two groups before and after intervention  
(
_
x  ± sd)

Experimental 
Group (n=164)

Control group 
(n=148) t/χ2 P

hs-CRP (mg/L)
    Before intervention 5.09±1.03 4.97±1.03 3.26 0.08
    After intervention 4.08±1.06 4.60±0.99 10.75 0.000
HCY (μmol/L)
    Before intervention 13.36±3.09 13.25±3.41 2.23 0.63
    After intervention 10.12±2.39 12.7±3.06 4.54 0.000
Note: Significant difference as P < 0.05. hs-CRP: High sensitivity C-reactive 
protein; HCY: Homocysteine.

Figure 2. Comparison of inflammatory and oxidative 
stress indicators between two groups. *P < 0.05.

(33.1%). The number of patients 
who had a history of coronary 
heart disease in the experimental 
group was 48 (29.3%), and that  
in the control group was 44 
(29.7%). The two groups were 
similar in demographics, clinical 
characteristics, and there was no 
statistical significance in the gen-
eral data between the two groups.

Comparison the levels of serum 
lipids between both groups

As shown in Table 2 and Figure 1, 
the level of serum total choles-
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respectively was (13.25±3.41) and (12.7±3.06) 
μmol/L, there was a statistically significant dif-
ference between two groups after intervention 
(P < 0.05) (Table 3 and Figure 2).

Number of CMBS in both groups

The number of CMBS before intervention in  
the experimental group was (4.02±1.22), and 
that in the control group was (3.99±1.79),  
there was no statistically difference between 
two groups (P=0.45 > 0.05). While the number 
of CMBS after intervention in the experimental 
group was (4.19±1.71), and that in the control 
group was (4.01±1.81), and there was a statis-
tically significant difference between the two 
groups (P < 0.05) (Table 4).

Comparison of adverse reactions between bith 
groups

After intervention, the liver and kidney function 
(Aspartate aminotransferase (AST), Alanine 
aminotransferase (ALT), Creatine kinase (CK), 
creatinine (Cr)) of patients had no statistically 
significant difference than those who did not 
accept intervention in the two groups (P > 
0.05). Therefore, this treatment is safe for par-
ticipants (Table 5).

Brain magnetic resonance imaging of patient 
in the experimental group

After the intervention, cerebral microbleeds of 
patients in the experimental group were 
improvement after double anti-platelet com-
bined with rosuvastatin 20 mg treatment com-
pared with before treatment (Figure 3).

Discussion

In this study, different doses of rosuvastatin 
were used to treat cerebral microbleeds in 
patients with acute cerebral infarction. The 

Furthermore, there was no significant differ-
ence in the incidence of adverse reactions 
between the two groups, which indicated that 
high-dose atorvastatin drug treatment in a 
short period of time had high safety.

Acute cerebral infarction is the necrosis of 
brain tissue caused by sudden interruption of 
blood supply to the brain. Its pathogenesis is 
complex and it has various inducing factors, 
such as hypertension, coronary heart disease 
and hyperlipidemia [13]. This disease is diffi- 
cult to cure, which brings heavy economic and 
mental pressure to the patient’s family and 
society. Cerebral microbleeds are more insidi-
ous under conventional conditions, lacking  
typical clinical symptoms and signs, the causes 
of hemorrhagic transformation after cerebral 
infarction are unclear in clinical medicine. It is 
reported that the area of cerebral infarction, 
the location of cerebral infarction, the etiology 
of cerebral infarction and reperfusion time 
have certain effects on the transformation of 
hemorrhage [14].

Rosuvastatin, is among the third generation 
statins, it is a HMG CoA reductase inhibitor 
blocking the metabolic pathway which can pre-
vent the synthesis of cholesterol in hepato-
cytes, reduce the expression of plasma choles-
terol and lipoproteins, inhibit the formation of 
low-density lipoprotein cholesterol, and lower 
the levels of blood lipids. At the same time, it 
can reduce inflammatory mediators, stabilize 
plaques, resist oxygen free radicals, improve 
the survival of neurons and reduce brain edema 
[15-17]. As shown in our results, the high dose 
atorvastatin drugs treatment is effective. 

The therapeutic mechanism of the effective-
ness of the high dose of atorvastatin treatment 
maybe due to the fact that it can enhance the 
lipid-lowering and anti-inflammatory effects, 
with a dose-response relationship. High-dose 

results showed that the effect of treat-
ment for the high-dose atorvastatin group 
on regulating blood lipids, Hcy and hs- 
CRP was better than that of the low-dose 
atorvastatin group, and the lipid-lowering 
effect was higher than that of the low-dose 
treatment. Moreover, the results suggest-
ed that high-dose atorvastatin in the treat-
ment of acute cerebral infarction micro-
bleeds could reduce inflammatory reac-
tions and the improve lipid-lowering effect. 

Table 4. Number of CMBS in two groups (
_
x  ± sd)

Group Number of 
cases

Before  
intervention

After  
intervention

Experimental group 164 4.02±1.22 4.19±1.71
Control group 148 3.99±1.79 4.01±1.81
t - 2.168 7.866
P - 0.45 0.03
Note: Significant difference as P < 0.05. 
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atorvastatin drugs have a significant inhibitory 
effect on the inflammatory response, and it 
also could improve the early microvascular ath-

erosclerosis and change the clinical outcome of 
patients. Some studies have found that the 
combination of double antibody and lipid-lower-

Table 5. Comparison of safety index between two groups (
_
x  ± sd)

Group time AST ALT CK Cr
Experimental group (n=164) Before intervention 29.63±5.62 29.38±6.20 82.04±5.97 80.48±6.84

After intervention 29.92±5.52 29.84±5.54 82.61±7.03 81.94±7.05a

 t 2.458 3.071 1.837 4.972
 P 0.86 0.79 0.88 0.24
Control group (n=148) Before intervention 29.27±5.21 30.04±4.97 79.83±6.38 80.03±5.97

After intervention 29.67±4.97 30.64±6.48 79.46±6.58 81.31±4.39
 t 1.278 2.131 1.921 4.549
 P 0.63 0.45 0.83 0.19
Note: Compared with the control group, P < 0.05. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; CK: Cre-
atine kinase; Cr: creatinine. 

Figure 3. Brain magnetic resonance imaging of patient in experimental group. The arrow demonstrated the changes 
of microbleeds before and after treatment. A: Brain magnetic resonance imaging of patient before treatment in the 
experimental group. B: Brain magnetic resonance imaging of patient after treatment in the experimental group.
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ing therapy is better than double antibody ther-
apy in patients with acute cerebral infarction 
complicated with CMBs, and it does not signifi-
cantly increase the number of CMBs and the 
risk of bleeding transformation. Thus, it can 
better play the role of dual antiplatelet therapy, 
and has a high safety [18-21]. In clinical work, 
in order to better control blood lipids, patients 
are required to use statins drugs in sufficient 
quantity and standards. The influence of lipid-
lowering therapy on CMBs needs further study. 
At the same time, the sample size needs expan-
sion for further study, and the follow-up time 
needs to be extended to observe whether the 
patients are safe in the long-term use of oral 
statins.

Statins, as the first-line drug for lipid-lowering, 
did not show serious adverse events in the 
application process. The adverse reactions 
related to statins treatment were relatively 
mild, such as gastrointestinal symptoms, head-
ache, rash, muscle symptoms or increased lev-
els of CK and liver enzymes [22]. This study 
found that the levels of AST, ALT, CK and Cr in 
both experimental and control groups were not 
significantly increased, which indicated that 
statins drugs have high safety in liver function, 
renal function and inn muscles, and intensive 
lipid-lowering in the short-term does not 
increase the incidence of adverse events.

There were limitations in our study. First, the 
cases included were small in number, and we 
didn’t carry out large sample experiments. 
Second, the observation time was short, and 
we didn’t observed the long-term efficacy and 
recurrence of the patients. A larger, placebo-
controlled, perspective study is needed to eval-
uate the efficacy and mechanism of double 
anti-platelet therapy combined with different 
doses of statin on the acute cerebral infarction 
complicated with microhemorrhage.

In conclusion, high dose rosuvastatin com-
bined with double anti-platelet therapy can 
effectively improve serum lipids, inflammatory 
and oxidative stress indicators and the condi-
tion of microbleeding foci. Therefore, relevant 
research is needed to assess the long-term 
efficacy and safety of high dose statin drugs in 
patients with acute cerebral infarction compli-
cated with microhemorrhage.

Acknowledgements

This study was supported by funds for Clinical 
Research of Wuhan Province (No. WX14C43, 
No. WX14C44 and NO. WX14C45).

Disclosure of conflict of interest

None.

Address correspondence to: Min Hou, Depart- 
ment of Cardiology, People’s Hospital of Dongxihu 
District, No. 48 Jinbei 1st Road, Dongxihu District, 
Wuhan 430040, Hubei, China. Tel: +86-027-
83899163; E-mail: ztzhou0205@163.com

References

[1] Li QX, Zhao XJ, Peng YB, Wang DL, Dong XL, 
Fan HY, Chen RY, Zhang J, Zhang L and Liu J. A 
prospective study of comparing the application 
of two generation scoring systems in patients 
with acute cerebral infarction. Adv Ther 2019; 
36: 3071-3078.

[2] Liu R, Yu X, Zhang L, Zhang H, Gong Y, Wu K, 
Yan S and Song L. Computed tomography (CT) 
imaging evaluation of integrated traditional 
Chinese medicine cooperative therapy in treat-
ing acute cerebral infarction: a randomized 
controlled trial. Medicine (Baltimore) 2020; 
99: e19998.

[3] Zuo L, Zhan Y, Liu F, Chen C, Xu L, Calic Z, Cor-
dato D, Cappelen-Smith C, Hu Y and Li G.  
Clinical and laboratory factors related to acute 
isolated vertigo or dizziness and cerebral in-
farction. Brain Behav 2018; 8: e01092.

[4] Charidimou A, Shams S, Romero JR, Ding J, 
Veltkamp R, Horstmann S, Eiriksdottir G, van 
Buchem MA, Gudnason V, Himali JJ, Gurol ME, 
Viswanathan A, Imaizumi T, Vernooij MW, Ses-
hadri S, Greenberg SM, Benavente OR, Launer 
LJ and Shoamanesh A; International META-MI-
CROBLEEDS Initiative. Clinical significance of 
cerebral microbleeds on MRI: a comprehen-
sive meta-analysis of risk of intracerebral hem-
orrhage, ischemic stroke, mortality, and de-
mentia in cohort studies (v1). Int J Stroke 
2018; 13: 454-468.

[5] Chang Rudy, Castillo Juan, Zambon Alexander 
C, Krasieva Tatiana B, Fisher Mark J and Sum-
bria Rachita K. Brain endothelial erythropha-
gocytosis and hemoglobin transmigration 
across brain endothelium: implications for 
pathogenesis of cerebral microbleeds. Front 
Cell Neurosci 2018; 12: 279-283.

[6] Ward SA, Raniga P, Ferris NJ, Woods RL, Storey 
E, Bailey MJ, Brodtmann A, Yates PA, Donnan 
GA, Trevaks RE, Wolfe R, Egan GF and McNeil 

mailto:ztzhou0205@163.com


Different doses of statin treat acute cerebral infarction complicated with microhemorrhage

12050 Am J Transl Res 2021;13(10):12043-12050

JJ; (Joint Senior authorship); on behalf of the 
ASPREE investigator group ASPREE-NEURO 
study protocol: a randomized controlled trial to 
determine the effect of low-dose aspirin on ce-
rebral microbleeds, white matter hyperintensi-
ties, cognition, and stroke in the healthy elder-
ly. Int J Stroke 2017; 12: 108-113.

[7] Chung JW, Cha J, Lee MJ, Yu IW, Park MS, Seo 
WK, Kim ST and Bang OY. Intensive statin 
treatment in acute ischaemic stroke patients 
with intracranial atherosclerosis: a high-resolu-
tion magnetic resonance imaging study (STAM-
INA-MRI study). J Neurol Neurosurg Psychiatry 
2020; 91: 204-211.

[8] Chung JW, Hwang J, Lee MJ, Cha J and Bang 
OY. Previous statin use and high-resolution 
magnetic resonance imaging characteristics of 
intracranial atherosclerotic plaque: the inten-
sive statin treatment in acute ischemic stroke 
patients with intracranial atherosclerosis 
study. Stroke 2016; 47: 1789-96.

[9] Matsubara S, Tanaka T, Tomari S, Fukuma K, 
Ishiyama H, Abe S, Arimizu T, Yamaguchi Y, 
Ogata S, Nishimura K, Koga M, Ando Y, Toyoda 
K and Ihara M. Statin treatment can reduce 
incidence of early seizure in acute ischemic 
stroke: a propensity score analysis. Sci Rep 
2020; 10: 1968-74.

[10] Ovbiagele B, Saver JL, Starkman S, Kim D, Ali 
LK, Jahan R, Duckwiler GR, Viñuela F, Pineda S 
and Liebeskind DS. Statin enhancement of 
collateralization in acute stroke. Neurology 
2007; 68: 2129-31.

[11] Nomura E, Suzuki A, Inoue I, Nakagawara J, 
Takahashi K, Takahashi T, Manabe Y, Yokota C, 
Okada K, Nishihara T, Yamamoto Y, Noda K, 
Takahashi S, Ibayashi S, Takagi M, Kitagawa K, 
Tanahashi N, Kuriyama M, Hirata K, Hosomi N, 
Minematsu K, Kobayashi S and Matsumoto M; 
J-STARS-L Investigators. Subsequent vascular 
events after ischemic stroke: the Japan statin 
treatment against recurrent stroke-longitudi-
nal. J Stroke Cerebrovasc Dis 2015; 24: 473-9.

[12] Zhu JY, Ma MM, Fang JH, Bao JJ, Dong SJ, Chen 
N, Guo YJ and He L. Prestroke statin use en-
hances collateralization in acute ischemic 
stroke patients. Restor Neurol Neurosci 2020; 
38: 311-321.

[13] Liu X, Jin X, Chen B, Liu X, Liang X, Fang X, Wu 
H, Fu X, Zheng H, Ding X, Duan N and Zhang Y. 
Effects of kudiezi injection on serum inflamma-
tory biomarkers in patients with acute cerebral 
infarction. Dis Markers 2018; 8: 736-741.

[14] Zhao QS, Li W, Li D, Liu T, Wang JH, Gao Y, Yi L 
and Zhao RK. Clinical treatment efficiency of 
mechanical thrombectomy combined with rh-
Pro-UK thrombolysis for acute moderate/se-
vere cerebral infarction. Eur Rev Med Pharma-
col Sci 2018; 22: 5740-5746.

[15] Dudhipala N and Veerabrahma K. Improved 
anti-hyperlipidemic activity of rosuvastatin  
calcium via lipid nanoparticles: pharmacoki-
netic and pharmacodynamic evaluation. Eur J 
Pharm Biopharm 2017; 110: 47-57.

[16] Rizwanullah M, Amin S and Ahmad J. Improved 
pharmacokinetics and antihyperlipidemic effi-
cacy of rosuvastatin-loaded nanostructured 
lipid carriers. J Drug Target 2017; 25: 58-74.

[17] Rhee MY, Kim KJ, Kim SH, Yoon YW, Rha SW, 
Hong SJ, Kwak CH, Kim W, Nam CW, Park TH, 
Hong TJ, Park S, Ahn Y, Lee N, Jeon HK, Jeon 
DW, Han KR, Moon KW, Chae IH, Kim HY and 
Kim HS. Ezetimibe and rosuvastatin combina-
tion treatment can reduce the dose of rosuvas-
tatin without compromising its lipid-lowering 
efficacy. Clin Ther 2019; 41: 2571-2592.

[18] Rinella ME, Trotter JF, Abdelmalek MF, Paredes 
AH, Connelly MA, Jaros MJ, Ling L, Rossi SJ, De-
Paoli AM and Harrison SA. Rosuvastatin  
improves the FGF19 analogue NGM282-asso-
ciated lipid changes in patients with non-alco-
holic steatohepatitis. J Hepatol 2019; 70: 735-
744.

[19] Katsanos AH, Lioutas VA, Charidimou A,  
Catanese L, Ng KKH, Perera K, de Sa 
Boasquevisque D, Falcone GJ, Sheth KN, 
Romero JR, Tsivgoulis G, Smith EE, Sharma M, 
Selim MH and Shoamanesh A; International 
META-MICROBLEEDS Initiative. Statin treat-
ment and cerebral microbleeds: a systematic 
review and meta-analysis. J Neurol Sci 2020; 
12: 117224.

[20] Romero JR, Preis SR, Beiser A, DeCarli C, 
Viswanathan A, Martinez-Ramirez S, Kase CS, 
Wolf PA and Seshadri S. Risk factors, stroke 
prevention treatments, and prevalence of ce-
rebral microbleeds in the framingham heart 
study. Stroke 2014; 45: 1492-4.

[21] Dannenberg S, Scheitz JF, Rozanski M, Erdur 
H, Brunecker P, Werring DJ, Fiebach JB and 
Nolte CH. Number of cerebral microbleeds and 
risk of intracerebral hemorrhage after intrave-
nous thrombolysis. Stroke 2014, 45: 2900-5.

[22] Haussen DC, Henninger N, Kumar S and Selim 
M. Statin use and microbleeds in patients  
with spontaneous intracerebral hemorrhage. 
Stroke 2012; 43: 2677-81.


