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Brain microbleeds: What are they?
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Criteria, Imaging parameters

e Black & Blooming

e on GRE T2* or SWI MRI

e Round or ovoid

e Devoid of T2-weighted hyperintensity

e At least half surrounded by brain parenchyma

e Clinical history excluding traumatic diffuse
axonal injury

e | ess than 10mm
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~ Microbleeds: a radiological construct
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Influence of radiological parameters on detection rate
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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
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From a radiological construct to histological correlates

-Rupture microvessel wall

..................................................

-Blood extravasation

-Iron deposition (old BMBS)

...........
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Birth of a Brain MicroBleed

t -4 years t-2 years

t ' Acute

t+1 year

Chronic
stage

Boulouis G, JAMA Neurol 2017
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Bleeding or leaking?
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Rigk factors for cerebral microbleeds and small-vessel disease

Endothelial/BBB dysfunction Hemosideri n
Neurovascular unit damage ACTOp .
V& ) ;

\M lomosiderin

Vascular leakiness d—=Fibrohyaline material

Charidimou A & Werring DJ; Cambridge university press; 2011

hat are the mechanisms underlying BMBs?

Microvessel wall fragility
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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

Precursors to
vessel rupture?

o
o
o 5
77

2
Vonsattel Grade Microbleed

Amyloid-f

Blood-brain barrier leakage
Contractile smooth muscle cells
Perivascular inflammation

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

BMB in histology

T rre Neuroinflammation
“Perls iy ; e Recent lesion Chronic lesion
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Disru ption Astrocytes activation Blood extravasation
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__—ACEvents leading to microbteeds——
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Hypertension

Brain Aging

Haemophilia

TAVI

Multiple settings

Alzheimer’s disease

Dementia
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Group n/N
Healthy adults
All studies 70/1411

Ischaemic stroke

All studies 355/1034

Primary intracerebral haemorrhage

All studies 540/894

Cordonnier C, Brain 2007.

Prevalence

Prevalence % (95%Cl)

Healthy 5% (4-6)

5.0 (3.9106.2) ‘
CMHs are common in populations
requiring antithrombotics

#3(0150373 - Infarcts 34% (31-37)

Haemorrhages 60% (57-64)

60.4 (57.2 to 63.6) PN

0 10 20 30 40 50 60 70 80 90 100
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What do BMBs mean?

Markers of vessel disease



/Importance of the anatomical distribution

Deep perforating Thal JNEN 2003
vasculopathy

DEEP BMBs

Cerebral amyloid
angiopathy

LOBAR BMBs
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Markers of disease




From micro to macro: is there a continuum?
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How to interpret BMBs?

Markers of the SEVERITY
of the underlying vessel disease




Prevalence

Ischaemic stroke

1st ever 23% (18-29)
First-ever stroke 531231 229(18.010288) 3

Recurrent stroke 41/94 43.6(34.0t053.7) .

Recurrence 44% (34-53)

First ever < Recurrence
CMHs could be a biomarker of the evolutivity,
severity of the cerebrovascular disease
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Prognostication : risk of macrobleeding

ICH risk ICH risk

First ever —1—0.13% per yea , - et 0.16% per year
event )
Reccurent —t— 10% per year e 2% per year
event
v v

Importance of anatomical distribution
BMB presence exposes to an increased relative risk of :
ICH X 6
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Prognostication : markers of bleeding, but not only...
Vascular prognostic value

ICH risk Ischaemic stroke risk Ischaemic stroke risk ICH risk

First evter ——0.13% per year —— 0.25% per year ! e 0.9% per year et 0.16% per year
even
Presence of CMBs
Reccurent whatever the location:
e 109 > — e 2% per year
event APRTRE ICH risk = 1.6% per year S RoRY
v v IS risk = 3.8% per year v v

Importance of anatomical distribution
BMB presence exposes to an increased relative risk of :
ICH X 6

Ischemic stroke X 2 2%;:3

Puy L et al.; INNP 2021
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BMB: silent lesions?



BMB are not silent IeS|ons'

e BMB could have direct effects on neurologic function, cognition, and disability
(with interactions)

Choi, Stroke 2012

e BMB were associated with clinical disability in CADASIL
Viswanathan, Brain 2006

e Patients with BMB performed worse in executive function
Werring, Brain 2004

e BMB influence cognition

Infratentorial van Es, Neurology 2011
Frontal, temporal or deep van Norden, Stroke 2011

2023



BMB predictors of dementia after ICH

e Predictors amongst others

100+ — Lobar intracerebral haemorhage

Cumulative incidence (%)
L
]
1

—— Mon-lobar intracerebral haemorrhage

6 18 30 42 o4 66
Follow-up (months)
Mumber at risk
Mon-lobar 141 109 100 g5 78 58
Lobar 77 L4 L2 46 43 31

Moulin S. Lancet Neurol 2016

Subhazard ratio  95%Cl p value

Disseminated superficial siderosis 7-45 4.27-12-99 <0-0001
Cortical atrophy score per 1-point increase 261 1.70-4-01 <0-0001
>5 cerebral microbleeds 233 1.38-3.94 <0-0001
Older age per 10-year increase 1.34 1.00-1-79 0-03

218 ICH patients

Median FU: 6 years

Incidence rate 28% (95%CI 22-35) @ Y4
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& treatment decisions



BMB and treatment decisions in the context of stroke

Acute care Long term:
Reperfusion therapies Risk of future ICH

Long term:
Risk of reccurent ICH
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BMBs & I.v. rtpa

® i.vr-tpaor not?
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BMBs & mechanical thrombectomy

* To reperfuse or not?
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Should we start anti-thromabbmt'i'c'élwgwents

after ischaemic stroke in the presence of BMBs ?

Study Populatio Type of Proportion Therapeutic arms
n, n stroke baseline CMBs

SPS3 trial 1278 Lacunar
strokes
PICASSO trial 1534 IS with a
history of
ICHor>1
CMB
NAVIGATE 3699 ESUS
ESUS

30%

60%

11%

Aspirin
Vs
Aspirin +
Clopidogrel

Aspirin
Vs
Cilostazol

rivaroxaban 15 mg
daily compared with
aspirin

11 Mo

no significant interactions noted
between baseline CMB presence and
random assignment Tt for the outcomes
of recurrent stroke

-risk of sICH was lower with cilostazol
than aspirin in participants with CMBs
(0.12%/year vs. 1.49%/year)

-No difference in participants with prior
sICH (1.26%/year vs. 0.79%/year)

-No suggestion of a treatment effect for
the outcome sICH between baseline
presence, location or severity of CMBs
(participants with CMBs: HR 3.1, 95%ClI
0.3 - 30.0; without CMBs: HR 3.0, 95%CI
0.6 - 14.7; interaction p=1.0).

* No interaction between baseline presence, location and severity of MBs for the outcome
« recurrent stroke » or « ICH » and antithrombotic drug (AAP or OAD)

Puy et al., INNP 2021
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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

 Itis not recommended to always perform an MRI before introducing anti
thrombotic agents to screen for BMBs
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Time to look beyond the vessel



Arteriole Diseased Permeable

High blood arteriolar blood-brain barrier
pressure :

Capillaries
OW DIOOA pressure

Astrocyte

Neuron
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Importance of haemostasis?

e Influence of haemostatic disorders per se?
e Or do you need an underlying vessel defect?
e \Very few data available on this topic
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BMB In haemophilia

e N=31 o N=44

O Without microbleeds

o mean a e 43 ears O With microbleeds
J y = e mean age 35 years
0 ocny\  ——
* 2d% hypertension) ] 1 e 20% hypertension
e 35% with at least one BMB " -
| )| i 1l | e
Husseinzadeh H et al., Haemophilia 2018 ?'“\H/.x}'—uﬂﬁﬁ\’ f o e .
HRSEINLAUEH BT Sl aly TelE IO | [ 17T | [l | « Mild cognitive impairment is

3F J
4| frequent
S S S S S S S VA W S W S w—

Fig. 3. Cognitive profile in subjects with and without microbleeds on brain MRI. The verti-
cal bars show confidence intervals of 0.95.
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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
e Associated factors with new BMB

* Prolonged procedure > Anticoagulation management
* vVWF multimer defect

e Long term impact of function and future stroke risk unknown

CcC
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BMB: risk markers for future
anti-amyloid treatment in Alzheimer’s disease

Screening for BMB at enrollment
With specific MRI sequences
Monitoring during treatment
Risk of serious adverse events

NJ Reish et al. N Engl J Med
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Take home message

e Radiological construct

e Markers of vessel disease : diagnostic tool
e Markers of the severity of the vessel disease: prognostic tool
e Not a silent lesion

e No interaction with antiplatelet agents

e Possible interaction with anticoagulants: but benefit > risk ?

e |nteraction with haemostatic defects = ? Interaction with vessel disease ?

CC
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