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Ischemic Stroke Classification based on etiology
(TOAST criteria)
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Atherosclerotic Cardioembolic Cryptogenic Other causes Lacunar

113/ 18-33% 12-37% (e.g. dissection)5-10% 17-25%
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Adams et al; Stroke. 1993; 24:35-41 Apxeio: “The Athens Stroke Data Bank” Adapted from K. Vemmos




Kevotomuwdecg Epdpakto

Aptnplo-aptnplakn eLPoAn

KapdroepupfoAn

Adapted from Ozdemir, Sagris; Current Cardiology Reports




H k. AvaoTaoia

- AY utro BaAcapTtavn + udpoxAwpobeialion

- Xwpic agaaoia, xwpic duocapbpia

70 eTWV

[TpooKouieTal OTO VOOOKOMEIO JE aduvapia
QPIOTEPOU AVW Kal KATW AKPOU

-  XwpIg utraioBnaia
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Kevotomuwobn eudppakta (Lacunar syndromes)

KAwvika yapaktnplotika 1. Huudpeon povo, (33-50%)
2. Hulavolo6noia, (7-10%)

* OxL pAotika cupmTwpaTo
3. Huuapeon/nuiavatcdnoia, (30%)

® JUVUTIAPXEL uTtEpTAON, dLaPntng, 4. Atafikr nuutdpeon, (10%)

5. AvoapBpia-adelotnta xepLou (5%)

* U/S - Angio: ®ucloloylkn N <30% otevwon EWKPAVIWV ayyELWV
* CT scan-MRI: epdpoKTO OTLC TIEPLOXEC TWV SLATLTPALVOUCWV EV TW

BaBeL aptnplwv peyebouc <1.5 cm



Kevotomuwobn eudppakta (Lacunar syndromes)
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NaBoduoioloyikoi pnxaviopot

A. ANumobaAuvwon N\%

CEREBRAL
MICROINFARCT

* loss of smooth muscle cells from \ ,.

the tunica media, \ | /. Lacuna
* deposits of fibro-hyaline material, || ireorcer /
* narrowing of the lumen S |

WHITE MATTER

HYPOPERFUSED > \ Second-order > 4 HYPERINTENSITY
PARENCHYMA > =R vessel /

B. “Mwkpo’’ -aBnpwpdatwon

C. Ymoapdevon

(stenosis of penetrating artery)

y . = ol \ ///"
BLOOD FLOW e .. /

Regenhardt et al; JAMA Neurology, 01 Oct 2018, 75(10):1273-1281




e 58 eTwV

* Ynieptaon, 2A I, 2N

e Aplotepn mUpapLdLKN cuVOPOULN




JUXVEG O€oeLg

Basal ganglia Internal capsule

Corona radiata

Thalamus




Brain Vs. retinal SVD

Recent small subcortical White matter Lacune Perivascular space Cerebral microbleed

infarct hyperintensity

i 4 ‘ )
4 . :
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Example image !‘
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.

or haemorrhage @

Cotton wool spots

Wong et al;. Nat Rev Dis Primers 2, 2016



Brain Vs. retinal Vs. renal SVD
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Ischemic Stroke Classification based on etiology
(TOAST criteria)

Atherosclerotic Cardioembolic Cryptogenic Other causes Lacunar
15-25% 18-33% 12-37% (e.g. dissection)5-10% 17-25%

EpnpBoAwka AEE

Adams et al; Stroke. 1993; 24:35-41 Apxeio: “The Athens Stroke Data Bank” Adapted from K. Vemmos




O K. ®@avaong

72 sTWV

[MpookopileTal 0TO VOOOKOMEIO e agacia & aduvauia AE avw
KAl KATW AKPou

[Mpo BdopGdOC £TTEICODI0 AlHWdIag deCIoU Avw AKPou 15 min

50 pack-years
AY

OEM T11p0 8 £TiOC
HbA1c: 8.2%
LDL: 78mg/dl

AoTTIpivn, EVOAATTPIAN, VEUTTIBOAOAN Kal aTtopPacTarivn




O K. ®@avaong

—— 7= ot

otk —dodnmden WH b




Atherosclerotic stroke

|

I = -
|

|

|

|

From first decade From third decade : From fourth decade
|
Growth mainly by lipid accumulation g Smooth musclej Thrombosis,

]} and collagen hematoma

Pepine CJ et al. Am J Cardiol 1998;82




Atherosclerotic stroke
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ABnpookAnpwon MeyaAwv Ayyeiwv

KAwvikn Ewkova:
* MNapodwd AEE otnv {6l meploxn

° tadvikn N KATA BT EMEKTOON TOU

eAAELLHOTOC LE pecodlaoTRpaTa 2-3 NUEPWYV,

* Jtedoaviaia voooc, meplupeplkn ayyelonabela




Alayvwon

* ApxIka Triplex kai €111 TTaBoAoyIKWYV eupnuaTwy, 10iwg 250% -
CTA/MRA/DSA

« EvOookpavia: CTA / MRA / DSA

- CTA: sensitivity up to 97% and specificity of 99.5% for detecting

>50% stenosis (MRA: sensitivity and specificity up to 95%)

CG Choi AJNR Am J Neuroradiol. 2007 Mar;28(3):439-446
Banerjee, C., & Chimowitz, M. I. (2017). Circulation Research
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e AoOsevnc 78 etwv pe a/a AY kat ZA epdavilel Stappoikd cUVEPOHO Ao Anpépou

oVeEUPEDN ML Tou £6Adouc HE Se€La NULTAPEDN KOl UTIOTOON

* OpOOOCTATIKEG SOKLUAOLEC +




AcBevnc 75 eTwv...

v Ao 90min de€la nuutAnyia kot adaocia

v lotoplko
.\
v 2tedaviaio vooocg

v Kapblakn avemapkeLla

v Clopidogrel, Atorvastatin, furosemide, eplerenone,

enalapril

18/5/25

v AM:220/115mmHg, pe duomnvola kot etkova OMNO



AcBevnc 75 eTwv...




Fibrillation
in left

~atrium

Internal
carotid
aritery

Common
carotid
artery

Go Alan; N Engl J Med 2009



KapbéloepuBoAiko AEE

KAwvikn Ewkova:

zadpvikn epdavion veupoAoyLkou
eAElppATOC

dlatapaxn erumedou
ayvwotla
adaoia

drtavial TIAs




Attia kapdroepBoAkou AEE

* 65 geTWV

 STEMI Mpo6cBo mpo 3 nueEpou
* PCI

* DAPT +enoxaparine

* 40% EF

e Aefla nuuUTANnyla + adaoia




LV thrombus

48h peta: r '

* NIHSS: 10 (BeAtiwon mAnylacg —

napapovn adaociog)

* mRS:3



LV thrombus

48h peta:

* NIHSS: 10 (BeAtiwon mAnylacg —

napapovn adaociog)

* mRS:3




ALOlyVWOTLKN TIPOCEYYLON

* CT or MRI
* ECG / monitor

* Yriepnxoypadnua kapolag + bubble test
(TTE/TOE)

* Holter (48-72h)

* Holter 7-15nuepwv

* MRI kapblag



Source control...

* Avolxto woeldec tpnua (PFO)
* Mala / Bpoupoc (e.g. MUOEwpa AK)

e EkBAaoTNOELC

* ALAULETPOC APLOTEPOU KOATIOU

* BaABLbomnaBelec
* AuoAettoupyia Aplotepnc KolAlag TTE = TOE



27/6/25 Wake up Aapia,

67 TV
XWPIC KapSiayyelakoUGS TapAayovTec Kivéovou AAAA

EYKEPAAIKO NITIo o€ NAIKia 40 Ty ...







Ischemic Stroke Classification based on etiology
(TOAST criteria)

Atherosclerotic Cardioembolic Cryptogenic Other causes Lacunar
15-25% 18-33% 12-37% (e.g. dissection)5-10% 17-25%

EpnpBoAwka AEE

Adams et al; Stroke. 1993; 24:35-41 Apxeio: “The Athens Stroke Data Bank” Adapted from K. Vemmos




ESUS: Diagnostic criteria

Cryptogenic
12-37%

Stroke detected by CT or MRI that is not lacunar.

Absence of extracranial or intracranial atherosclerosis causing
>50% luminal stenosis in arteries supplying the area of ischaemia.

No major-risk cardiac source of embolism.

(permanent or paroxysmal AF, sustained atrial flutter, intracardiac
thrombus, prosthetic cardiac valve, atrial myxoma or other cardiac
tumours, mitral stenosis, recent (<4 weeks) M, LVEF <30%, valvular
vegetations or infective endocarditis)

No other specific cause of stroke identified.

Hart, Diener, Conollly, et al. Lancet Neurol. 2014



ESUS: potential causes

Cryptogenic
12-37%




Cryptogenic
12-37%

ESUS: potential causes

Patent

Valvular Heart
1 Foramen Ovale

Disease

@

Atherosclerotic

Plaques

Cancer

J

Left Ventricular
Disease

Atrial
$, Cardiopathy

Covert Atrial
Fibrillation

Ntaios G; JACC 2020



MNote Ba Yaoupe MepLOCOTEPO yLa OTIAVLA OLLTLOL?

v ESUS ywpic kapSLayyeLakoUC TIoPpAYOVTEC OE VEO aloBeVN
v MupeToc

v JUVUTIOPEN LOXOLLLLKWVY KoL OLLLOpPaYLIKWV BAoBwv
v YTIOKEILEVO OUOTNHATLKO VOO

v’ ATOMLKO,/OLKOYEVELOKO LOTOPLKO BpouPWOEWV



2ravia oltia o€ veouc (12%)

v OpopBodiia

v Odppaka

v AuTOoAvVOOo O PEVHLATIKA voorpato / Ayyeutida
v NOWWEELC

v’ Fevetikd voonpato (Fabry, MoyaMoya, CARASIL/CADASIL, MELAS...)



OpouBodiiia

v’ 21 Studies: FVL, C, S, ATIII=>NS / only 4 significant association with PTG2021A

Omran et al Stroke 2021

v EVAAKEG: OXL LOXUPI) OUOYXETLON UE EYKEPOAALKO

v Moudd: omavio aAo teplypAdETAL CUOYXETLON

» Wevudwc Betka otnv ofela paon
» H avtuinktikn dev €xeL oadn B€on

» EAeyyoc povo pe red flags!!

Ridker N Engl J Med 1995 Any stroke subtype: Hankey Stroke 2001



U 0JO]0 O (U ODOOUC
Study Age, range Antibodies Stroke Controls,
References design or average, y | tested cases,n | n Cases, % Controls, % Odds ratio (95% CI)
Brey et al*? Prospective | 48-70 aCL IgM/IgG | 259 1360 | aCL IgG: 17 | aCL IgG: 12 p2GPIl-dependent Acl
cohort aB2GPI IgG aCL IgM: 4 IgM: 4 IgG: 2.2 (1.5-3.4)
ap2GPI IgG: 2 ap2GPI IgG: 2 All others: NR
Brey et al*** Case-control | 15244 LA 160 340 LA- 21 ‘ 1 A-13 LA 1 BI(1.1—3.1 )t

Ginsburg et al®!

Janardhan et
al®

Nested

case-control

Prospective
cohort

Levine et al®*®

Tuhrim et al®®

Urbanus et al®™

Prospective
cohort

Case-control

Case-control

* APTT
* LAC
Anticardiolipid Abs (1gG / IgM)

* Anti-beta-2-Glycoprotein-I (I1gG / IgM)
12 weeks re-assess

kisotype: 1.7
)t

ap2GPI IgG: 22

TA 108 o7 3 21
aCL IgM/IgG
| Mean 72 aCL IgM/IgG 524 1020 IgM: 7
IgG: 12
| <50 LA 175 628 | LA: 17
aClL IgG aCL IgG: 7
ap2GPI IgG

LA: 43.1 (12.2-152.0)

aCL IgG: 0.8 (0.4-1.7)




Other causes ...

23 eTwV HE 2ZEN KoL TTUPETO

Apxeio Mav .MaBoAoyikng KAivikng



Other causes ...

AlkNyopoc 45 etwv e SumAwTtio Ko

npoilovoa dlatapayn YVWOLOKWY AELTOUPYLWV

HAwLaL

Yrioéela epdavion

ATtOUOLA KAPOLOLYYELAKWY TIOPAYOVTWVY
KlvdUuvou

lotoptko / KAk e€€taon: Yrniotporualovta
£AKN YEVVNTIKWVY OPYOAVWV KOl OTOATLKAC
KOLAOTNTOLC

Apxeio Mav .MaBoAoyikng KAivikng



Other causes ...

52 eTO)HV...




Genetic diseases

Small vessel disease CADASIL
Small and large artery Sickle cell disease

di .
CARASIL isease Fabry's disease

Autosomal dominant HTRA1 (CADASIL2)
COL4A1, COL4A2

Homocystinuria and other genetic causes of hyperhomocysteinemia

Neurofibromatosis 1
Large artery disease Atherosclerosis

Pseudoxanthoma elasticum

Familial hypercholesterolemia
Embolic stroke Marfan's syndrome (also arterial dissection)
Arterial dissection
Carney complex (formation of cardiac myxoma)
Ehlers-Danlos Type IV

_ _ Hereditary hemorrhagic telangiectasia (pulmonary arteriovenous malforma-
Fibromuscular dysplasia -
tions)

Marfan'’ . : :
arfan's Syndrome Hereditary cardiomyopathies

L t t '
arge arfery stenosis Hereditary cardiac dysrhythmias

Moyamoya disease

S. Dabette and H. Markus, Circulation Research, 2022



Attiodoywn Tagivopnon

Atherosclerotic
15-25%

Cardioembolic
18-33%

EpnpBoAwka AEE

Cryptogenic
12-37%

Other causes Lacunar

(e.q. dissgcfion)S-lO% 17-25%

7,

Adams et al; Stroke. 1993; 24:35-41

©
W

Apxeio: “The Athens Stro



Diagnostic approach

AN

Specific imaging v Rheumatic / vasculities
—_— . - =

... and back to medical history

v" Thrombophilia

Rare causes

v’ Drugs

v Infections

Basic labs
B e e e e S v" Genetic diseases
Common causes of stroke .
P t———————— * Atherosclerosis
* AF
Brain imaging and type of stroke e Lacunar 78%

* PFO

Medical history + clinical examination
A e S Tt ———




Alepevvnon o€ loyoukoU AEE




Ischemic stroke mechanisms in young patients <55 years

Lausanne, 987 consecutive acute ischemic strokes (2003-2021)

Undetermined other Atherosclerosis

Undetermined ESUS 8.9% Cardioembolic
Small Vessel Disease

A ———

Rare causes

Modified TOAST classification, standardized workup
Source: ' Eskandari & Michel, unpublished

Courtesy P. Michel
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