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CLASSIFICATION OF ISCHEMIC STROKE 

Large artery atherothrombosis 

Embolic stroke 

Small artery occlusion 



ATHEROTHROMBOSIS: A PROGRESSIVE PROCESS 
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Intracardiac thrombus 

Internal carotid artery 

Middle Cerebral Artery 

1.AF 

2.VHD 

3.Cardiomyopathy 

4.Coronary disease 

5.Septum defect 
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SMALL VESSEL DISEASE: HT, SMOKING, GENE.. 

Circulation Research. 2017 



OTHER SPECIFIC CAUSES OF ISCHEMIC STROKE 

Coagulopathy Nephrotic syndrome 

  Protein C SLE with or without nephrotic syndrome 

     arterial infarct Cerebral venous thrombosis 

     cerebral venous thrombosis Giant aneurysm 

  Protein S Infection 

     arterial infarct   Syphilis 

     cerebral venous thrombosis   Tuberculosis 

  Polycythemia vera   Cryptococcus 

  Antiphospholipid syndrome   Mucomycosis 

  Trousseau's syndrome Migrainous stroke 

  Idiopathic thrombocytopenic purpura Arteritis 

  Aplastic anemia   Isolated CNS angitis 

  Hemolytic anemia   Takayasu's arteritis 

  Myeloproliferative disorder   Moyamoya disease 

  Leukemia or lymphoma Hypereosinophilic syndrome 

Dissection Hypovolemic shock 

  VA dissection Post-trauma infarct 

  ICA dissection Genetic disease: MELAS/CADASIL 

  MCA dissection Behcet's disease 

  CCA  dissection due to aortic arch aneurysm Post-renal transplant 

Post-irradiation vasculopathy 



CRYPTOGENIC STROKE   

Brain infarction that is not attributable to a source of 
definite CE, LAA, SVO despite a standard vascular, 
cardiac, and serologic evaluation.  

 

 

AHA website 



Stroke Subtype in Taiwan  
NTUH Stroke Registry 1995-2002 

Ischemic stroke (74%) Hemorrhagic stroke (28%) 

Atherothrombotic 

disease (15%) 

Embolism 

(19%) 

Lacunar small vessel  

disease (31%) 

Cryptogenic (29%) 

Intracerebral 

hemorrhage (23%) 

SAH (5%) 



 Stroke Subtype in Taiwan & the U.S  
Taiwan Stroke Registration & AHA 

Ischemic stroke (81%) 

Atherothrombotic 

disease (28%) 

Embolism 

(11%) 

Lacunar small vessel  

disease (38%) 

Cryptogenic (22%) 

Ischemic stroke (87%) 

2010 Circulation 
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Recommendation for Ischemic Stroke, TIA and 
Carotid Stenosis From Taiwan Lipid Guideline 

Statin in Stroke Prevention 

Statin in Acute Stroke 

Statin in Carotid Stenosis 
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EFFICACY AND SAFETY OF LDL-LOWERING THERAPY :  

META-ANALYSIS OF 27 TRIALS WITH 174 000 INDIVIDUALS 

16 

Lancet 2015;385:1397-405. 
Effects on major vascular events per 1.0 mmol/L reduction in LDL cholesterol 



EFFICACY AND SAFETY OF LDL-LOWERING THERAPY :  

META-ANALYSIS OF 27 TRIALS WITH 174 000 INDIVIDUALS 

17 

Lancet 2015;385:1397-405. Effects on major vascular events per 1.0 mmol/L reduction in LDL cholesterol 



ASSOCIATION BETWEEN LDL CHOLESTEROL REDUCTION AND 
STROKE INCIDENCE AMONG THE MAJOR STATIN TRIALS 

Lancet Neurol. 2009;8:45363. 
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SPARCL 
Only trial to date for lipid control in secondary stroke prevention   
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SPARCL  
Outcome events: stroke and major coronary events 
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SPARCL  
Post-Hoc Analysis of Ischemic and Hemorrhagic Stroke  
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Statin Therapy and ICH Risk 
~ A Meta-analysis Of 31 Randomized Controlled Trials 

 91,588 subjects in active group and 91,215 in control group. 

  

 No significant difference in incidence of ICH (OR, 1.08; 

95% CI, 0.88 –1.32; P=0.47).  

 ICH risk was not related to the degree of LDL reduction or achieved 

LDL cholesterol.  

 Decrease in total stroke (OR, 0.84; 95% CI, 0.78–0.91; P<0.0001) 

and all-cause mortality (OR, 0.92; CI, 0.87– 0.96; P=0.0007).  

23 

Stroke. 2012;43:2149-56. 



 High dose of statins was defined as atorvastatin 80 mg, simvastatin 

80 mg, pravastatin 40 mg, rosuvastatin 20 mg per day. 

 Seven RCTs involving 31,099 subjects receiving high-dose statin 

and 31,105 subjects. 

 

24 

Acta Neurol Scand. 2016;134:22-8.  

High-dose Statin Therapy and ICH Risk 

~ Increased risk of ICH in subjects with higher dose of statin therapy. 



OTHER LIPID-LOWERING DRUGS FOR STROKE 
PREVENTION 

 Hypertriglyceridemia increases stroke risk. 

 HDL-C level is strongly inversely associated with cardiovascular 

disease from observational studies 

 

 However, a meta-analysis showed there was no significant effect 

on stroke outcomes for niacin (OR=0.96, 95% CI=0.75-1.22, 

P=0.72), fibrates (OR=1.01, 95% CI=0.90-1.13, P=0.84), or 

CETP inhibitors (OR=1.14, 95% CI=0.90-1.45, P=0.29), and on 

other cardiovascular events. 

25 Keene D, et al. BMJ 2014;349:g4379. 



STATIN IN STROKE PREVENTION RECOMMENDATION 

 For patients with ischemic stroke or TIA presumed to be of 

atherosclerotic origin or accompanied with other comorbid 

ASCVD, intensive statin therapy is recommended. The goal of 

LDL-C <100 mg/dL is suggested (COR I; LOE A). 

 

 For patients with stroke or TIA presumed to be of non-

atherosclerotic origin and no accompanied with other comorbid 

ASCVD, the benefit of intensive statin therapy is uncertain 

(COR IIb; LOE C). 
26 



Recommendation for Ischemic Stroke, TIA and 
Carotid Stenosis From Taiwan Lipid Guideline 

Statin in Stroke Prevention 

Statin in Acute Stroke 

Statin in Carotid Stenosis 

27 



 Taiwan Stroke Registry: 

 From 2006/05 to 2008/07, 16704 acute ischemic stroke or TIA patients  

 No previous lipid-lowering therapy, survival to discharge. 

 End-points: recurrent stroke, ischemic heart disease, and death at 6 mon 

28 

Yeh PS, et al. Am J Cardiol 2010;105:1490-4. 

In-hospital Initiation of Lipid-lowering Therapy in 

Patients with Acute Ischemic Stroke/TIA in Taiwan 



 Patients ≥65 years enrolled in the GWTG-Stroke Registry.  

 Two-year follow-up on statin versus not on statin 

 During 2007~2011, 77 468 patients who were not taking statin at 

admission were hospitalized with ischemic stroke  

 71% were discharged on statin therapy.  

 

 Statin therapy  

 Lower cardiovascular events (HR, 0.91; 95%CI, 0.87-0.94) 

 Lower all-cause mortality and readmission.  

 No increased hemorrhagic stroke (HR, 0.94; 95%CI, 0.72-1.23).  29 

In-hospital Initiation of Statin in Patients 

with Acute Ischemic Stroke in U.S.  

Circulation 2015;132:1404-13. 



STATIN USE IN PATIENTS WITH ICH 

 A meta-analysis of 16 studies shows pre-ICH statin use do 

not increase mortality (OR=0.90, 95% CI=0.63-1.28), and 

has a better 3-month functional outcome (OR=1.49, 95% 

CI=1.01-2.19), as compared to pre-ICH no statin use. 

 

 One study from Taiwan’s National Health Insurance 

database showed ICH patients who have taken statins 

during hospitalization or within 3 months after discharge 

were associated with lower all-cause mortality and without 

increased recurrent ICH. 30 

Jung JM, et al. Int J Stroke 2015; 10:10-7. 

Chen PS, et al. Eur J Neurol 2015;22:773-80. 



STATIN IN ACUTE ISCHEMIC STROKE OR TIA 
RECOMMENDATION 

 For patients with acute ischemic stroke or TIA, early initiation of 

statin therapy if indicated is recommended (COR IIa; LOE B). 

 

 For patients with acute ischemic stroke, hemorrhagic stroke or 

TIA, discontinuation of pre-stroke statin therapy is not 

recommended (COR III; LOE C). 

31 



Recommendation for Ischemic Stroke, TIA and 
Carotid Stenosis From Taiwan Lipid Guideline 

Statin in Stroke Prevention 

Statin in Acute Stroke 

Statin in Carotid Stenosis 

32 
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Carotid Stenosis 



SPARCL : 
~ Treatment effect of atorvastatin on primary and secondary end points 
in patients with and without carotid stenosis (CS) 

Stroke. 2008;39:3297-3302 

46 



 In a review of 17 studies including 11,391 asymptomatic 

carotid artery stenosis patients, the 5-year all-cause mortality 

was 23.6%. 

Giannopoulos A, et al. Eur J Vasc Endovasc Surg 2015;50:573-82. 
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Statins Use in Patients with Carotid Artery Stenosis 

 Treatment with statins 

improved long-term survival 

in patients with carotid 

stenosis. 

Wörlund SM, et al. Int J Cardiol 2013;168:624-6. 



STATIN IN CAROTID STENOSIS RECOMMENDATION 

 For patients with symptomatic carotid stenosis (>50%), aggressive 

medical therapy, including antiplatelets, well BP and lipid control, and 

risk factor modification, is recommended. The goal of LDL-C <100 

mg/dL is highly recommended (COR I; LOE A). 

 

 For patients with asymptomatic carotid stenosis (>50%) and evidence 

for other clinical ASCVD, aggressive medical therapy, including 

antiplatelets, well BP and lipid control, is recommended. The goal of 

LDL-C <100 mg/dL is recommended (COR IIa; LOE B). 

36 
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ASCVD: Atherosclerotic cardiovascular disease 
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DRUG CHOICE?  HIGH VERSUS MODERATE? 
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STATINS IN INTRACEREBRAL HEMORRHAGE 
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Lauer et al., Curr Atheroscle Rep, 2015 



RECOMMENDATION FOR STATIN IN STROKE PATIENTS 

 Ischemic stroke or TIA presumed to be of atherosclerotic 

origin or accompanied with other comorbid ASCVD, intensive 

statin therapy with LDL-C <100 mg/dL is recommended. (COR 

I; LOE A). 

 Early initiation of statin therapy if indicated in acute ischemic 

stroke or TIA is recommended (COR IIa; LOE B). 

 For patients with acute ischemic stroke, hemorrhagic stroke or 

TIA, discontinuation of pre-stroke statin therapy is not 

recommended (COR III; LOE C). 

 For patients with symptomatic carotid stenosis (>50%), 

aggressive medical therapy, including antiplatelets, well BP 

and lipid control, and risk factor modification, is 

recommended. The goal of LDL-C <100 mg/dL is highly 

recommended (COR I; LOE A). 
41 
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