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DEFINICIONES

Neuroimaging standards for research into small vessel
disease and its contribution to ageing and
neurodegeneration

Joanna M Wardlaw, Eric E Smith, Geert | Biessels, Charlotte Cordonnier, Franz Fazekas, Richard Frayne, Richard I Lindley, John T O'Brien,
Frederik Barkhof, Oscar R Benavente, Sandra E Black, Carol Brayne, Monique Breteler, Hugues Chabriat, Charles DeCarli, Frank-Erik de Leeuw,
Fergus Doubal, Marco Duering, Nick C Fox, Steven Greenberg, Vladimir Hachinski, Ingo Kilimann, Vincent Mok, Robert van Oostenbrugge,
Leonardo Pantoni, Oliver Speck, Blossom C M Stephan, Stefan Teipel, Anand Viswanathan, David Werring, Christopher Chen, Colin Smith,
Mark van Buchem, Bo Norrving, Philip B Gorelick, Martin Dichgans; STandards for Reporting Vascular changes on nEuroimaging (STRIVE v1)

Stroke symptoms,
no visible lesion

Acute

Time

Chronic

Small subcortical infarct

Normal or nearly
normal MRI

Large subcortical infarct
(eg, striatocapsular)

White matter
hyperintensity

Other lesion (eg, small deep
ICH, inflammatory lesion)

Lacune

Lancet Neurol 2013; 12: 822-38
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Neuroimaging standards for research into small vessel
disease and its contribution to ageing and
neurodegeneration

Joanna M Wardlaw, Eric E Smith, Geert ] Biessels, Charlotte Cordonnier, Franz Fazekas, Richard Frayne, Richard I Lindley, John T O'Brien,
Frederik Barkhof, Oscar R Benavente, Sandra E Black, Carol Brayne, Monique Breteler, Hugues Chabriat, Charles DeCarli, Frank-Erik de Leeuw,
Fergus Doubal, Marco Duering, Nick C Fox, Steven Greenberg, Vladimir Hachinski, Ingo Kilimann, Vincent Mok, Robert van Oostenbrugge,
Leonardo Pantoni, Oliver Speck, Blossom C M Stephan, Stefan Teipel, Anand Vi han, David Werring, Christopher Chen, Colin Smith,
Mark van Buchem, Bo Norrving, Philip B Gorelick, Martin Dichgans; STandards for Reporting Vascular changes on nEuroimaging (STRIVE v1)

Example image

Usual diameter

Comment

DWI
FLAIR

ip)

T

T2*-weighted GRE

T Increased signal

Recent small subcortical
infarct

=20 mm

Best identified on DWI

P T

1 Decreased signal

White matter
hyperintensity

Located in white matter

/(1)

« Iso-intense signal

3-15mm

Usually have
hyperintense rim

«/(l)
!
1
i
(1 if haemorrhage)

Perivascular space

h D E - .

=2mm

Most linear without
hyperintense rim

-
l
T

Cerebral microbleed

=10 mm

Detected on GRE seq.,
round or ovoid, blooming

-
-
-
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1

Lancet Neurol 2013; 12: 822-38
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Neuroimaging standards for research into small vessel
disease and its contribution to ageing and
neurodegeneration

Joanna M Wardlaw, Eric E Smith, Geert ] Biessels, Charlotte Cordonnier, Franz Fazekas, Richard Frayne, Richard I Lindley, John T O'Brien,
Frederik Barkhof, Oscar R Benavente, Sandra E Black, Carol Brayne, Monique Breteler, Hugues Chabriat, Charles DeCarli, Frank-Erik de Leeuw,
Fergus Doubal, Marco Duering, Nick C Fox, Steven Greenberg, Vladimir Hachinski, Ingo Kilimann, Vincent Mok, Robert van Oostenbrugge,
Leonardo Pantoni, Oliver Speck, Blossom C M Stephan, Stefan Teipel, Anand Vi han, David Werring, Christopher Chen, Colin Smith,
Mark van Buchem, Bo Norrving, Philip B Gorelick, Martin Dichgans; STandards for Reporting Vascular changes on nEuroimaging (STRIVE v1)
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Lancet Neurol. 2012 March ; 11(3): 272-282.  Lancet Neurol 2013; 12: 822-38
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White matter
hyperintensity

SUSTANCIA BLLANCA

SUBCORTICAL

Hiperintensidades

puntiformes

Hiperintensidades
parcheadas o confluencia

temprana

Areas confluentes
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SUSTANCIA BLANCA

PERIVENTRICULAR

Hiperintensidades lineales
en cuernos frontales y

occipitales

Bandas alrededor de los

ventriculos laterales

Hiperintensidades
confluentes que se extiende
a la sustancia blanca

profunda

Fazekas grade 1

Fazekas grade 2

Fazekas grade 3

e

@@ N

Dr. Bruno f)i Muzio Radiopaedia.org, rID: 36927
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Lacune Perivascular space

Joanna M Wardlaw, Eric E Smith, Geert ] Biessels, Charlotte Cordonnier, Franz Fazekas, Richard Frayne, Richard I Lindley, John T O'Brien,
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Lancet Neurol 2013; 12: 822-38
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- DIAGNOSTICO DIFERENCIAL

INFARTO LACUNAR ESPACIO PERIVASCULAR
Halo hiperintenso en secuencias T2 Lineales y siguen trayecto de los vasos
3-15 mm Multiples y por lo general <3 mm -
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DIAGNOSTICO DIFERENCIAL
INFARTO LACUNAR ESPACIO PERIVASCULAR

LOCALIZACION + OTROS HALLAZGOS B
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disease and its contribution to ageing and
neurodegeneration
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Localizacion Periférica

T2*/SwWi

Localizacion Central

Lancet Neurol 2013; 12: 822-38
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MICROSANGRADOS

Predominio Periférico > ANGIOPATIA AMILOIDEA

Siderosis Cortical
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Predominancia = Etiologia
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JAMA Neurology | Original Investigation

Clinical Significance of Magnetic Resonance Imaging Markers EI
of Vascular Brain Injury
[=]

A Systematic Review and Meta-analysis

Extensive White Matter MRI-Defined Brain .
. . T Cerebral Microbleeds
Hyperintensity Infarct

Incident Stroke OR 2.45(1.93-3.12)  OR2.38(1.87-3.04)  OR 1.98 (1.55-2.53)
Dementia OR 1.84 (1.40-2.43)  OR1.29(1.02-1.65)  OR 1.41 (0.90-2.21)
Death OR 2 (1.69-2.36) OR 1.64 (1.40-1.91)  OR 1.51 (1.31-1.80)

JAMA Neurol. doi:10.1001/jamaneurol.2018.3122
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DIAGNOSTICO PRONOSTICO TRATAMIENTO
l INFARTO CRONICO
MICROSANGRADOS MICROSANGRADOS
l ALT. SENAL SUST. BLANCA
Predominancia = Etiologia
5 INFARTO
DEMENCIA

MUERTE
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Escala CHA2DS2-VASc

« or Puntuacion . 0

Insuficiencia cardiaca congestiva (o disfuncion sistélica ventricular 1
izquierda)

—
—

1 1.3
Hipertension: presion arterial constantemente por encima de 140/90 1
mmHg (o hipertension tratada en la medicacion) 2 Doy
V. WA Edad >75 afios 2 3 3.2
Diabetes Mellitus 1 4 4.0
. . S 6.7
ACYV o AIT previo o tromboembolismo 2
; — 6 9.8
Enfermedad vascular (por ej, enfermedad arterial periférica, infarto de 1
miocardio, placa aortica) 7 9.6
Edad 65-74 afios 1 8 12.5
T Categoria de sexo (sexo femenino) 1 9 15.2
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Escala CHA2DS2-VASc

T o e 2016 ESC Guidelines for the management of atrial

fibrillation developed in collaboration with EACTS

C Insuficiencia cardiaca congestiva (o disfuncion sistolica ventricular
izquierda)
. . ° .
The Task Force for the management of atrial fibrillation of the
H Hipertension: presion arterial constantemente por encima de 140/90 1

mmHg (o hipertension tratada en la medicacion)

European Society of Cardiology (ESC)

A2  Edad >75 afios 2
D Diabetes Mellitus 1
ACYV o AIT previo o
S2 p K 2 Recommendations for stroke prevention in patients with atrial fibrillation
tromboembolismo
Enfermedad vascular (por ej, enfermedad arterial periférica, infarto 1 Recommendations Ref©
de miocar(g — n 38
Puntuacion Riesgo de Oral anticoagulation therapy to prevent thromboembolism is recommended for all male AF patients with a CHA;DS,-VASc 3 I8—?;2I
YRR EE] CHA2DS2- ACV % 1 score of 2 or more. ’
VASc o 354,404
Sc¢c  Categoria 1 38
[: 1“1 Oral anticoagulation therapy to prevent thromboembolism is recommended in all female AF patients with a CHA;DS,-VASc 3 18—3'2|
2 2 score of 3 or more. 354,404
3 32
4 4.0
& 6.7
6 9.8
7 9.6
8 12.5
9 15.2

doi:10.1093/eurheartj/ehw210
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IMPLICACION CLINICA
DIAGNOSTICO PRONOSTICO TRATAMIENTO
l ‘ -
INFARTO CRONICO INFARTO
MICROSANGRADOS MICROSANGRADOS CRONICO
l ALT. SENAL SUST. BLANCA l
o o l CHA2DS2-VASc =2
Predominancia = Etiologia INFARTO i
DEMENCIA ANTICOAGULACI

MUERTE ON
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Outcome After Stroke Thrombolysis
Individual Patient Data Meta-Analysis

Table 3. Adjusted ORs (95% CI) for Associations Between CMB Presence and Burden and the Risk of ICH After Intravenous

Thrombolysis

CMBs presence
model

Symptomatic ICH
(per ECASS-2 Definition)
OR (95% Cl); PValue
(n=1973)

Any HT (vs No ICH;
per ECASS-2 Definition)
OR (95% Cl); PValue
(n=1806)

PH (vs No or Non-PH ICH)*
(per ECASS-2 Definition)
OR (95% Cl); PValue
(n=1806)

PHr (Remote Parenchymal ICH vs
No or Nonremote ICH)
OR (95% Cl); PValue
(n=1720)

1.42 (0.86-2.35)

0.94 (0.70-1.25)

1.50 (1.09-2.07)t

3.04 (1.73-5.35)¢

Main model (CMBs categorized according to burden)

Table 5. Adjusted ORs (95% Cl) for CMBs and Functional
Outcome After Intravenous Thrombolysis

Poor Outcome
(mRS >2)
at 3-6 mo

OR (95% Cl;
n=1894)

1.26 (0.98-1.63)

Death at 3-6 mo
OR (95% Cl)

0.86 (0.60-1.24)

CMBs presence model

Main model (CMBs categorized by burden)

Single CMB 0.84 (0.39-1.82) 0.98 (0.68-1.40) 1.15 (0.75-1.79) 1.75 (0.80-3.86)
2-4 CMBs 2.46 (1.26-4.80)t \ overall \ 113(071-179) | overal | 160(0.98-261) | oueral | 3.99(1.86-8.54% | Qyerall
5-10 CMBs 0.47 (0.06-348) | P=0.014 | 0385(040-1.82) | P=0.239 | 206 (1.02-4.18)t | P=0.013 | 359(1.16-11.19)t | P<0.00001
>10 CMBs 3.65 (1.17-11.42)t 0.13 (0.02-0.98)t 3.20 (1.40-7.29)t 9.09 (3.25-25.40)%

Log CMBs 1.36 (1.01-1.84)t 0.87 (0.70-1.08) 1.42 (117-1.74)§ 2.07 (1.57-2.74)%

number model

|

Single CMB 1.19(0.86-1.64) | 0.75(0.45-1.21)
2-4 CMBs | 113(076-1.70) | 1.0 (0.56-1.78) \
5-10 CMBs 1.28(0.69-2.39) | 0.47 (0.16-1.39) \
>10 CMBs 3.99 (1.55-10.22)* | 2.44 (0.92-6.49) \
Log CMBs number model 1.28 (1.08-1.53)t | 1.05(0.82-1.34) \

Stroke. 2017;48:2084-2090.
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PROTOCOLO DE IMAGEN

T1 SE, TIFLAIR Discriminacion de lacunares vs espacios perivasculares.
Diferenciar sustancia blanca de gris

DWI Diferenciar lesiones agudas vs cronicas

T2 SE Caracterizar estructuras cerebrales. Identificar antiguos infartos.
Diferenciar lacunares de espacios perivasculares.

Utilidad

T2 FLAIR Identificar las hiperintensidades de sustancia blanca.

Diferenciar espacios perivasculares vs hiperintensidad sustancia blanc

lacunares
MR Angiografia  Detectar estenosis u oclusion de arterias intracraneales Imm isotropico
TOF Intracraneal (1x1x1 mmvoxel)
SWI o Detectar microsangrados SWI: Imm

HEMOGRE Hemo: 3-5 mm
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* Lesion isquémica de caracteristicas agudas: IR PO y— et Cratmiaabies

infarct hyperintensity

)

e J.ocalizacion

Example image

* Lesion isquémica de caracteristicas cronicas:
* Cortical (Localizacion)
* Lacunar (Localizacion)

Schematic

* Hiperintensidad en sustancia blanca:

b Subcortical: FaZCkaS 1/2/3 Usual diameter <20 mm Variable 3-15mm <2mm <10 mm
. . Comment Best identified on DWI Located in white matter x;::lrll):] :-:'\‘/; - r;:,:ms‘:::m I::ﬁ(e: :vr:) ‘Gdlfi's::m -
e Periventricular: Fazekas 1/2/3 ow , - ol - .
FLAIR T T l l Lad
. hp T T T T -
* Microsangrados: n X ol . . -

T2*-weighted GRE 1 « (1 if haemorrhage) - s

*  Numero

1 Increasedsignal | Decreasedsignal « lso-intense signal

* Predominancia Central / Periférica
Lancet Neurol 2013; 12: 822-38



XV“ CURSO NACIONAL DE |, (
NEURORRADIOLOGIA  22-26 febrero 2021 ) S E.N.R

ocie hr Es p]ml}

Neurorradiologia en la Patologia Vascular Cerebral EDICIONVIRTUAL e Neurorradiologia

BIBLIOGRAFIA

« Smith, E. E., Schneider, J. A., Wardlaw, J. M., & Greenberg, S. M. (2012). Cerebral microinfarcts: the invisible lesions.
The Lancet Neurology, 11(3), 272-282.

» Debette, S., Schilling, S., Duperron, M. G., Larsson, S. C., & Markus, H. S. (2019). Clinical significance of magnetic
resonance imaging markers of vascular brain injury: a systematic review and meta-analysis. JAMA neurology, 76(1),
81-94.

« Cordonnier, C., Al-Shahi Salman, R., & Wardlaw, J. (2007). Spontaneous brain microbleeds: systematic review,
subgroup analyses and standards for study design and reporting. Brain, 130(8), 1988-2003.

« Wardlaw, J. M., Smith, C., & Dichgans, M. (2013). Mechanisms of sporadic cerebral small vessel disease: insights from
neuroimaging. The Lancet Neurology, 12(5), 483-497.

« Wardlaw, J. M., Smith, E. E., Biessels, G. J., Cordonnier, C., Fazekas, F., Frayne, R., ... & Black, S. E. (2013).
Neuroimaging standards for research into small vessel disease and its contribution to ageing and neurodegeneration.
The Lancet Neurology, 12(8), 822-838.

« Pasi, M., & Cordonnier, C. (2020). Clinical relevance of cerebral small vessel diseases. Stroke, 51(1), 47-53.

» Kirchhof, P., Benussi, S., Kotecha, D., Ahlsson, A., Atar, D., Casadei, B., ... & Hindricks, G. (2016). 2016 ESC Guidelines
for the management of atrial fibrillation developed in collaboration with EACTS. European journal of cardio-thoracic
surgery, 50(5), e1-e88.

» Case courtesy of Dr Bruno Di Muzio, Radiopaedia.org, rID: 36927

« Gurol, M. E., Biessels, G. J., & Polimeni, J. R. (2020). Advanced neuroimaging to unravel mechanisms of cerebral small
vessel diseases. Stroke, 51(1), 29-37.

« Bouvy, W. H., Zwanenburg, J. J., Reinink, R., Wisse, L. E., Luijten, P. R., Kappelle, L. J., ... & Utrecht Vascular
Cognitive Impairment (VCI) Study group. (2016). Perivascular spaces on 7 Tesla brain MRI are related to markers of
small vessel disease but not to age or cardiovascular risk factors. Journal of Cerebral Blood Flow & Metabolism,
36(10), 1708-1717.



XVi

CURSO NACIONAL DE ,

NEURORRADIOLOGIA

Neurorradiologia en la Patologia Vascular Cerebral

o -

) https://combine.org.es

® CemBine

Preguntas Clinicas v

- - o

22-26 febrero 2021
EDICIONVIRTUAL

i MUCHAS

Club Bibliografico Neurovascular

Articulos Clasicos Articulos Recientes Corner of Anatomfa v

= @

No todo es endovascular... ¥

PROGRAMA GRATUITO DE FORMACION CONTINUA 2021

Cada sesion del

| ComBINE tendra una duracion de 90 minutos maximo a partir de las 17:00 h.

La primera parte, de unos 30 minutos, consistira en una revisién bibliografica sobre temas actuales en patologia cerebrovascular tanto

buscando una aplicacion directa y pt
En la segunda parte, de unos 50 min

formato sera de 15 minutos ¢

Estef

Haz

isquémica como hemorragica, siguiendo el formato clasico de contestar preguntas clinicas con la mayor evidencia cientifica posible, 3
= @VYouTube™ club combine Q ) % a
A Inicio - .
CemBine Club Blbllograﬂco ComBINE PERSONALIZAR CANAL GESTIONAR VIDEOS
&  Tendencias 395 suscriptores
i@  Suscripciones i . . .
INICIO VIDEOS LISTAS DE REPRODUCCION CANALES COMENTARIOS MAS INFORMACION

D siblioteca Subidas  » REPRODUCIR TODO
£ Historial

® CemBine === & CemBine »=~»» & CemBine 2w~
Gl Misvideos = = Ao 1 I
©  Vermastarde

A €t o

Y e

Articulos Recientes: ...

n

Revision Isquemia Ultimo
5 trimestre 2020. 26 Enero...
v Mostrar mas
60 visualizaciones *

hace 1 semana

79 visualizaciones *
hace 1 semana

¢ Corner of... Dr. Federico
Ballenilla. ICTUS. ComBine...

: Corner of... Dr. Pedro Navia.
ICTUS. ComBine 26 Enero...

¢ iCual es el mejor tratamiento
en la enfermedad carotidea...
220 visualizaciones *
hace 2 meses

81 visualizaciones
hace 1 semana

Ictus
Journey

Curso especiali

lo de imagen

en patologia cerebrovascular.

Duracién: 10 h
Modalidad: online

LDaula Clinic

Anatomia topografica
vascular

Simuladores de Ictus

PO=Z=E0 PIOHMTOO®

SCAN ME

Circulacién anterior

Ietus Ietus
— " 2 " isquémico isquémico

letus isquémice Circulacién posterior subagudo oronloo

Trombosis venosa
letus hemorragico Hemorragia cerebral

intraparenquimatosa no traumética

Hemorragia Aneurismatico

subaracnoidea

No aneurismatico
letus agudo pediatrico
| ] L ] 1
AGUDO SUBAGUDO CRONICO



