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Brain microbleeds: What are they?

Cordonnier C. Pract Neurol 2010



Criteria, imaging parameters

 Black & Blooming 

 on GRE T2* or SWI MRI

 Round or ovoid

 Devoid of T2-weighted hyperintensity

 At least half surrounded by brain parenchyma

 Clinical history excluding traumatic diffuse 

axonal injury 

 Less than 10mm

Greenberg S, Lancet Neurol. 2009
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Microbleeds: a radiological construct

T2 T2*
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Influence of radiological parameters on detection rate

1,5 T GRE 3 T GRE 3 T SWAN
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Histological substrate
Focal leakage of haemosiderin from abnormal small blood vessels affected by 

lipohyalinosis or arising from arteries affected by amyloid deposition

Fazekas F, AJNR, 1999
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-Rupture microvessel wall

-Blood extravasation 

-Iron deposition (old BMBs)

van Veluw SJ et al. Neurology 2016

From a radiological construct to histological correlates
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Boulouis G, JAMA Neurol 2017

Birth of a Brain MicroBleed
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Kuijf HJ. Neuroimage 2012 Biessels GJ. Neurology 2011

Bleeding or leaking?
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What are the mechanisms underlying BMBs? 
Microvessel wall fragility

Charidimou A & Werring DJ; Cambridge university press; 2011
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What are the mechanisms underlying BMBs ? 

Neuroinflammation

Contribution to BMB occurrence

Blood Brain Barrier leakage and perivascular inflammation in Cerebral Amyloid Angiopathy

Kozberg MG, Brain Comm 2022
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Potential focal toxicity
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What are the mechanisms underlying BMBs ? 

Neuroinflammation

Puy L et al.; unpublished data

Consequence of BMBs….
Perl’s

GFAP

IbA1

BMB in histology
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15

Courtesy V Berezowski
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Arteriole Capillary Venule

HSPG
TF

IIa S

ThM EPCR TFPI

PAI-I

ATIII

Xu et al., 1994
Eddleston et al., 1993

Fleck et al., 1990
Choi et al., 1990

Drake et al. 1989Courtesy V Berezowski
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CD68

GFAP

Rosidi, 2011
Brites,, 2012
Asher, 2000 

Courtesy V Berezowski
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Robinson, 2009 
Liu, 2017
Wan, 2016  
Courtesy V Berezowski
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Brain Aging

Dementia

Alzheimer’s disease

Hypertension

Multiple settings

Haemophilia

TAVI
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0 10 20 30 40 50 60 70 80 90 100

Healthy adults

Ischaemic stroke

Primary intracerebral haemorrhage

Ischaemic and haemorrhagic stroke

Group                                  n/N                     Prevalence % (95%CI)                   

Recurrent stroke                  41/94                  43.6 (34.0 to 53.7)               

Not distinguished                261/709              36.8 (33.3 to 40.4)               

All studies                            70/1411               5.0 (3.9 to 6.2)               

First-ever stroke                  53/231                22.9 (18.0 to 28.8)               

First-ever stroke                  246/475              51.8 (47.3 to 56.0)               

Recurrent stroke                  47/57                  82.5 (70.6 to 90.2)               

Not distinguished                247/362              68.2 (63.3 to 72.8)               

First-ever stroke                 65/117                55.6 (46.5 to 64.2)               

Recurrent stroke                 33/47                  70.2 (56.0 to 81.3)               

Not distinguished               229/556              41.2 (37.2 to 45.3)               

All studies                            355/1034            34.3 (31.5 to 37.3)               

All studies                            540/894              60.4 (57.2 to 63.6)               

All studies                           327/720               45.4 (41.8 to 49.1)               

Healthy 5% (4-6)

Infarcts 34% (31-37)

Haemorrhages 60% (57-64)

Populations mixtes 45% (42-49)

0 10 20 30 40 50 60 70 80 90 100

Healthy adults

Ischaemic stroke

Primary intracerebral haemorrhage

Ischaemic and haemorrhagic stroke

Group                                  n/N                     Prevalence % (95%CI)                   

Recurrent stroke                  41/94                  43.6 (34.0 to 53.7)               

Not distinguished                261/709              36.8 (33.3 to 40.4)               

All studies                            70/1411               5.0 (3.9 to 6.2)               

First-ever stroke                  53/231                22.9 (18.0 to 28.8)               

First-ever stroke                  246/475              51.8 (47.3 to 56.0)               

Recurrent stroke                  47/57                  82.5 (70.6 to 90.2)               

Not distinguished                247/362              68.2 (63.3 to 72.8)               

First-ever stroke                 65/117                55.6 (46.5 to 64.2)               

Recurrent stroke                 33/47                  70.2 (56.0 to 81.3)               

Not distinguished               229/556              41.2 (37.2 to 45.3)               

All studies                            355/1034            34.3 (31.5 to 37.3)               

All studies                            540/894              60.4 (57.2 to 63.6)               

All studies                           327/720               45.4 (41.8 to 49.1)               

Cordonnier C, Brain 2007.

CMHs are common in populations 

requiring antithrombotics

Prevalence
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Markers of vessel disease



Importance of the anatomical distribution
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Markers of disease
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From micro to macro: is there a continuum?
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Markers of the SEVERITY

of the underlying vessel disease



Prevalence

0 10 20 30 40 50 60 70 80 90 100

Healthy adults

Ischaemic stroke

Primary intracerebral haemorrhage

Ischaemic and haemorrhagic stroke

Group                                  n/N                     Prevalence % (95%CI)                   

Recurrent stroke                  41/94                  43.6 (34.0 to 53.7)               

Not distinguished                261/709              36.8 (33.3 to 40.4)               

All studies                            70/1411               5.0 (3.9 to 6.2)               

First-ever stroke                  53/231                22.9 (18.0 to 28.8)               

First-ever stroke                  246/475              51.8 (47.3 to 56.0)               

Recurrent stroke                  47/57                  82.5 (70.6 to 90.2)               

Not distinguished                247/362              68.2 (63.3 to 72.8)               

First-ever stroke                 65/117                55.6 (46.5 to 64.2)               

Recurrent stroke                 33/47                  70.2 (56.0 to 81.3)               

Not distinguished               229/556              41.2 (37.2 to 45.3)               

All studies                            355/1034            34.3 (31.5 to 37.3)               

All studies                            540/894              60.4 (57.2 to 63.6)               

All studies                           327/720               45.4 (41.8 to 49.1)               

Recurrence 44% (34-53)

1st ever  23% (18-29)

First ever < Recurrence

CMHs could be a biomarker of the evolutivity,  

severity of the cerebrovascular disease

Cordonnier C, Brain 2007
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Puy L et al.; JNNP 2021

Prognostication : risk of macrobleeding

Importance of anatomical distribution

BMB presence exposes to an increased relative risk of :

ICH ✕ 6
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Puy L et al.; JNNP 2021

Prognostication : markers of bleeding, but not only…

Importance of anatomical distribution

BMB presence exposes to an increased relative risk of :

ICH ✕ 6

Ischemic stroke ✕ 2
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BMB are not silent lesions!

 BMB could have direct effects on neurologic function, cognition, and disability 

(with interactions)

Choi, Stroke 2012

 BMB were associated with clinical disability in CADASIL 

Viswanathan, Brain 2006

 Patients with BMB performed worse in executive function

Werring, Brain 2004

 BMB influence cognition

Infratentorial van Es, Neurology 2011

Frontal, temporal  or deep van Norden, Stroke 2011
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BMB predictors of dementia after ICH

 Predictors amongst others

Moulin S. Lancet Neurol 2016

218 ICH patients

Median FU: 6 years

Incidence rate 28% (95%CI 22-35) @ Y4
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 Potential impact of the number & location of microbleeds

Influence on cognition
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BMB and treatment decisions in the context of stroke

Acute care

Reperfusion therapies

30%

Long term:

Risk of future ICH

60%

Long term:

Risk of reccurent ICH
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 i.v r-tpa or not?

BMBs & i.v. rtpa
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 To  reperfuse  or not?

BMBs & mechanical thrombectomy
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Puy et al., JNNP 2021

Should we start anti-thrombotic agents 

after ischaemic stroke in the presence of BMBs ? 

Aspirin
Vs

Aspirin + 
Clopidogrel

Aspirin
Vs

Cilostazol
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Should we start anti-thrombotic agents 

after ischaemic stroke in the presence of BMBs ? 

• BMBs does not seem to modify the effect of antithrombotic agents on the risk

of ICH

• Current evidence does not justify withholding the evidence-based treatments

from stroke patients solely on the basis of BMBs on MRI

• It is not recommended to always perform an MRI before introducing anti 

thrombotic agents to screen for BMBs
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40
Courtesy V Berezowski
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Importance of haemostasis?

 Influence of haemostatic disorders per se?

 Or do you need an underlying vessel defect?

 Very few data available on this topic
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BMB in haemophilia
 N=31

 mean age 43 years

 23% hypertension)

 35% with at least one BMB

Husseinzadeh H et al., Haemophilia 2018

 N=44

 mean age 35 years

 20% hypertension

 3/44 had BMB

 Mild cognitive impairment is

frequent

Zanon E et al., Thromb Research 2014
CC
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BMB in transcatheter aortic valve replacement 

 1 patient out of 4 has BMB before

 1 patient out of 4 has BMB after

 Associated factors with new BMB

 Prolonged procedure→ Anticoagulation management

 vWF multimer defect

 Long term impact of function and future stroke risk unknown

Van Belle E et al., Circulation 2022
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BMB: risk markers for future 

anti-amyloid treatment in Alzheimer’s disease

CC

2023
NJ Reish et al. N Engl J Med

Screening for BMB at enrollment

With specific MRI sequences

Monitoring during treatment

Risk of serious adverse events



 Radiological construct

 Markers of vessel disease : diagnostic tool

 Markers of the severity of the vessel disease: prognostic tool

 Not a silent lesion

 No interaction with antiplatelet agents

 Possible interaction with anticoagulants: but benefit > risk ?

 Interaction with haemostatic defects → ? Interaction with vessel disease ?

Take home message
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