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Figure . Age-adjusted and sex-adjusted stroke mortality rates are 

highest in eastern Europe, north Asia, central Africa, and the south 

Pacific. 



Stroke Subtype 



Increased proportion of disabled survivors 

(1995 – 2003) 



 Symptomatic 

 Ischemic stroke 

• Lacunar infarction 

• Large artery atherosclerosis 

 Hemorrhagic stroke 
 

 Asymptomatic 

 Vascular lesion 

• Asymptomatic vascular stenosis 

 Ischemic cerebral lesions 

• White matter lesions (leukoaraiosis) 

• Silent infarction 

 Hemorrhagic cerebral lesions 

• Microbleeds 

Brain Lesions 



Cerebral Microbleeds 



 Visualized by GRE sequence: Susceptibility effect  

 Small round dark lesion (<5 mm) 

 Throughout the whole brain areas 

 

 

 

 

 

 

 Mimicking lesions 

 Calcification 

 Old hemorrhage 

 Vessel signal void 

Cerebral Microbleeds (CMB) 

Cordonnier et al.  



 CMB is related with ICH  Offenbacher et al., AJNR 1996 
 

 In 120 patients with ICH, 
 33% had “microbleeds” (33%) 

 
 CMB is related with chronic HT  Chan et al., AJNR 1996 

 
 

 Pathology of CMB 
 
 Hallmark of old hemorrhage  
 Moderate to severe lipohyalinosis 

 
 
 
 
 
 
 
 

Meaning of CMB? 

Fazekas et al., AJNR 1999 

Hemosiderin laden macrophage 



Kato et al., Stroke 2002 

Ischemic Stroke Subtype 

NEJM 2006 



Prevalence of CMB 

Brain 2007;130:1988-2003 

SNUH health care clinic data: 5% 



 Risk Factors for Microbleeds 

  Close relationship 
 

 Tanaka et al (1999): ICH 

 Roob et al (1999): Healthy 

 Tsushima et al (2003): Healthy 

 Lee et al (2002): NR Adm 

 Chan et al. (1996): NR Adm 

  No relationship 
 

 Jeerakathil et al (2003): 
Framingham 

 Roob et al (2000): ICH 

 Jeong et al (2004): ICH 

 Greenberg et al (2004): Lobar 
ICH 

 Fan et al. (2003): Acute 
ischemic stroke 



 HT severity and LVMI 
 

 HT severity is reflected by left ventricular (LV) hypertrophy 

 LV mass index (LVMI)  

• Calculation using parameters in TTE 
• Devereux and Reicheck (1977) 

 

 

Quantitative measurement of HT 

LVMI (g/m2)=[1.05x{(LVEDD+IVSTd+PWTd])3-(LVEDD)3}-13.6]/BSA 

-BSA confounder adjustment 

-Accurate LVH  index 



 

Neurology 2004;63:16-21 

   CMB and LVMI 



 Old age 
 Roob et al., Neurology 1999; Jeerakathil et al., Stroke 2004 

 

 Cerebral amyloid angiopathy (CAA) 
 Greenberg et al., Neurology 1996 

 

 Cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy (CADASIL) 
 A hereditary form of small-vessel disease 

 Lesnik Oberstein et al., Neurology 2001; Dichgans et al., Stroke 2002 
 

 Low serum cholesterol 
 Lee et al., Stroke 2002 
 The lowest quartile of total cholesterol (< 165 mg/dL; OR = 10.9) 

 

The Other Risk Factors 



CMB and low cholesterol 

 



Clinical Implications 



1. Prediction of ICH 

2. Prediction of hemorrhagic transformation 

3. Caution with antiplatelet or anticoagulant 

treatment 

Clinical Implications 



Patients with HT 
 

 Who will have ischemic vs hemorrhagic 
stroke? 

 Microbleeds might be a prediction tool for 
future event? 

 

 

 

 

 

 

Prediction of ICH 



Regional Association 

 Cross-sectional design 

 227 stroke patients (144 ischemic; 83 hemorrhagic) 

 In situ correlation of distribution 

 

Neurology 2004;62:72-76 



Evidences in Prospective Data 

Fan et al. Stroke 2003 
Greenberg et al. Stroke 2004 



1. Prediction of ICH 

2. Prediction of hemorrhagic transformation 

3. Caution with antiplatelet or anticoagulant 

treatment 



 After thrombolysis 

 Kidwell et al., Stroke 2002 
 

 Pretreatment GRE MRI before IA thrombolysis (n=41) 

 5 patients with microbleeds 

 Major symptomatic hemorrhage (n=5) 

 Patients with microbleeds: n=1 (p = 0.049) 
 

 After acute stroke in general 

 Nighoghossian et al., Stroke 2002 

 100 patients with acute ischemic stroke: 20 patients 
with microbleeds 

 Early hemorrhagic transformation was occurred 26 
patients in F/U GRE or CT: 10 patients with 
microbleeds  

 Microbleeds are an independent risk factor for 
early hemorrhagic transformation (p<0.0001) 

The First Suggestions 



Contradictory Data 



 A pooled analysis of 570 patients in 13 centers in Europe, North America, and Asia 

 Microbleeds within 6 hours from onset 

 No controlled, no randomized study, retrospective sampling in some centers 

 Proportions of patients with symptomatic hemorrhage 

 5.8% (95% CI, 1.9 to 13.0) in the presence of microbleeds 

 2.7% (95% CI, 1.4 to 4.5) in patients without CMB 

 No significant absolute increase (P=0.170, Fisher's exact test) 

 If there is any increased risk of ICH attributable to microbleeds, it is likely to be small 
and unlikely to exceed the benefits of thrombolytic therapy. 

Fiehler et al., Stroke 2007 

After Thrombolysis 



 SNUH study 

 Study population : 380 among 1,034 acute ischemic stroke 

• Large artery atherosclerosis (n=219) 

• Cardioembolism (n=161) 

 lack of significance between MBs and HTf 

• Presence vs absence of CMB 

• Number of CMB 

• Stroke mechanism 

 Conclusion 

• Underlying MBs do not predict incident HTf after acute 
ischemic stroke. 

Without Thrombolysis 



 ICH 

 ICH was associated with chronic 
hypertensive microangiopathy 
such as lipohyalinosis, 
microartheroma, and 
microaneurysm 

 Microbleeds:  
 

 Hemorrhagic transformation 

 Associated with ischemic injury 
to the microvasculature such as 
loss of basal laminar in extensive 
brain infarction  

Difference in ICH Mechanism 



1. Prediction of ICH 

2. Prediction of hemorrhagic transformation 

3. Caution with antiplatelet agents or anticoagulant 

 



Association 

Wong et al, Neurology 2003;60:511-513 



Association 

SNUH study population 
Case 24 vs. control 48 

Lee SH et al. 



Is antiplatelet or anticoagulant treatment associated 
with a higher prevalence of CMBs? 

 Some studies provide data about the use of 
antiplatelet/anticoagulant agents at the time of brain 
MRI examination. 

 No association with antiplatelet agents and increased risk of 

possessing CMBs 

 Ischemic stroke (Nighoghossian et al., 2002; Schonewille et al., 2005), ICH (Jeong et al., 

2004; Lee et al., 2006), CADASIL (Lesnik Oberstein et al., 2001) 

 
 No association with anticoagulant treatment and increased risk 

of possessing CMBs  
 Ischemic stroke (Schonewille et al., 2005), ICH (Jeong et al., 2004) 

Another question 



Silent infarction 



Silent infarct 

 Infarct occurred at non-eloquent area 

  Perilesional gliosis (+) 

 Differential point: Dilated perivascular space 



Prevalence   

 As a related study of Rotterdam Scan 
Study  

 Age > 45Y 



Location 

Vermeer, NEJM 2003 



Risk factors 



Age 

 Rotterdam study 
 Age 60-90 
 MRI: mean 3.4 yr later (n=668) 
 At least 1 new infarct in 14%  

(87% of these silent) 

 
 

Vermeer et al. Stroke 2003 



Coexistence of risk factors 

In asymptomatic HT pts. (n=360) 

Infarcts more common if DM also present 

 

DM + HT Just HT 

≧ 1 infarct 82% 58% 

≧ 3 infarct 62% 35% 

Eguchi et al. Stroke 2003 



Blood pressure fluctuation 

A) Dipper : noctural BP decrease (10-19%) compared to daytime BP  

B) Non-Dipper: noctural BP decrease less than 10% compared to daytime BP 

C) Extreme dipper: nocturnal BP decrease more than 20%  

D) Reverse dipper : noctural BP increase  

A B 

C D 



Blood pressure fluctuation 

Kario et al. Hypertension 2001 



Metabolic syndrome 

 88/1588 = 5.5%, (5.9%, >40Y) 

MetS factor 



A marker for further stroke 



Silent infarction and cognitive decline 

 Infarction occurred at the area of non-motor and  
non-sensory area 

Mainly frontal subcortex and basal ganglia 

 Frontal executive function  

Vermeer et al, NEJM 2003 



 Microbleeds are associated with… 
 

1. ICH in the patients with ischemic stroke 
2. Recurrent ICH 
3. ICH occurred in the patients with aspirin/warfarin(?) 
 

 Microbleeds are NOT associated with… 
 

1. Hemorrhagic transformation after thrombolysis 
2. Early hemorrhagic transformation in the acute phase of 

ischemic stroke 
 

 Microbleeds may reflect baseline status of BBB 
disruption. 
 

Summary (1)  



 Silent infarction  
 Associated with stroke risk factors 

 associated with metabolic syndrome 

 

 Predicts future stroke risk (HR 3.3) 

 Is associated with cognitive decline 

 

 Future studies will have to show whether screening 

and treating high-risk patients can effectively reduce 

the risk of further infarcts, stroke, and dementia. 

Summary (2)  




