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All 63-159
25-34 yo 5-21
85+yo 1153-4757

Stroke Facts

Truelsen T et al. Eur J Neurol 2006;13:581-59/The European Registers of stroke (EROS) 
Investigators. Stroke 2009;40:1557-15638

EU by Age (100.000/y)

All 101-239
25-34 yo 12-47
85+yo 1754-4656



LA-Thrombus

LV-Thrombus

Arrhythmias

AMI (<1Monat)

Valvular Heart disease (native, 

prosthetic)

AMI&LVEF<28%

DCM

Endocarditis

Myxoma, Fibroelastoma

PFO

Extracranial-Stenoses (62%)

Intracranial Stenoses (28%)

Extra- und Intracranial Stenoses (10%)

ESUS

ca. 35% Afib?

Hakan Ay et al. Stroke. 2014;45:3589-3596

Cardiovascular Diseases with Thromboembolic Potential 

Aetiology
Ischemic 81.7%; Hemorrhagic 12.4%; SAH 2.9%; Other 3.0%



Structural Heart Disease

Definition

SHD refers to congenital or acquired cardiac defects affecting the non-
coronary components of the heart. 



CHD

Blum et al. Springer, 2016

Main Defects

Individual Variants …..



Congenital defect Incidence 

VSD 15-30% 

Fallot Tetralogy 10-15% 

ASD 7-10% 

Patent Ductus arteriosus – Botalli 5-10% 

Aortic isthmus stenosis 6% 

Transposition of great vessels 6% 

Pulmonal artery stenosis 6% 

Aortic valve stenosis 4% 

Tricuspid valve atresia 1-2% 

Cor triatriatum 0,1-,04% 

CHD - Incidence

≈1% of live birth; the most common congenital malformation



CHD - Incidence

Marelli A et al. Circulation 2016;133:1951-1962



CHD and Stroke Risk Factors

Giannakoulas G, Ntiloudi D. Heart 2017 Sep 4. pii: heartjnl-2017-311997

Pathophysiology

Embolic (Surgery, Procedures, Prosthetic
valves, Foreign bodies, Endocarditis); 
Paradoxical embolism (Pulmonary AVMs, 
Veno-venous collaterals, CHD with r-l 
shunt, Septal defects) 

Hemorrhagic (Hypertension, NOAC, 
Aneurysms, intracranial AVMs)

CHD-related

•Previous shunt 
operations
•Residual/unclosed 
septal defects
•Left-sided 
mechanical valves
•Arrhythmias
•Endocarditis
•Hypoxaemia
•Secondary 
erythrocytosis
•Iron deficiency
•Associated 
syndromes
•Heart failure

General

•Age
•Heart failure
•Myocardial 
infarction
•Diabetes 
mellitus
•Arterial 
hypertension
•Arrhythmias



CHD and Stroke Risk Factors

Jouke P Bokma et al. Heart doi:10.1136/heartjnl-2017-311620



CHD - Cumulative Stroke Incidence by Age (Young Adults)

Mandalenakis Z et al. JAHA 2016;5:e003071

CHD

General
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CHD and Stroke Incidence by Adults

Lanz J et al. Circulation 2015;132f:2385-94

<55 yo 9-12x↑
55-64 2- 4x↑

Cumulative Risk Ischaemic Stroke CHD/18-64

7.7.% 6.1%

Compared to general population



CHD – Classification (Marelli)

Marelli 1

AVCD, TOF, Univentricular Heart, Transposition complex, , Truncus arteriosus, Hypoplastic heart syndrome

Marelli 2

ASD, VSD, PDA, Aortic coarctation, Ebstein’s anomaly

Marelli 3

Unspecified defect of septal closure

Marelli 4

Anomalies pulmonary artery/valve, Congenital tricuspid disease, Congenital AS/AI, Congenital MS/MI, Anomalies great
veins

Marelli 5

Other unspecified anomalies of the heart/aorta/circulation

Marelli et al. Circulation, 2007;115:163-172



Mandelenakis et al. J Am Heart 
Assoc 2016 Feb; 5(2): e003071

HR 12.2
HR 9.5

HR 7.1HR 1.0

HR 17.2 HR 10.8

CHD and Stroke
Incidence by
Marelli Class



CHD Diagnosis Ischemic Stroke 
in CHD 
Patients/Total 
CHD Patients

Ischemic 
Stroke in 
Controls/Tot
al Controls

HR (95% CI) P Value

Total CHD 140/25 985 137/259750 10.76 (8.49–13.63) <0.001

Atrial septal defect or patent foramen 
ovale

3/879 3/8790 10.00 (2.02–49.55) 0.004

Ventricular septal defect 5/2924 20/29 215 2.50 (0.94–6.65) 0.068

Tetralogy of Fallot 2/699 9/6687 2.20 (0.47–10.16) 0.315

Atrioventricular septal defect 0/162 0/1619 — —

Common arterial trunk 1/200 4/2000 3.33 (0.35–32.05) 0.297

Ebstein's anomaly 0/108 0/1079 — —

Transposition of great vesselsc 1/238 2/2379 4.85 (0.14–11.87) 0.997

Double inlet ventricle 5/1326 11/13 258 4.49 (1.56–12.93) <0.001

Patent ductus arteriosus 1/2377 11/23 766 0.93 (0.17–7.23) 0.947

Hypoplastic left heart syndrome 0/54 0/540 — —

Coarctation of aorta 9/1823 6/18 204 12.86 (4.79–34.56) <0.001

Mandalenakis Z et al. 
JAH 2016;5:e003071

CHD and Stroke Incidence by Defect



CHD and Personalized
Stroke Risk



HD with Thromboembolic Potential

Cardiomyopathy
Dilatative
Hyperthrophic

Arrhythmogenic Disease

Valvular HD
Regurgitation
Stenosis
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HD with Thromboembolic Potential

Arboix A, Alio J. Curr Cardiol Rev 2010;6:150-161

n total = 402
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HD with Thromboembolic Potential
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Arboix A, Alio J. Curr Cardiol Rev 2010;6:150-161

HD with Thromboembolic Potential



Valvular HD – Incidence (EU)

Iung B, Vahanian A. Can J Cardiol 2014 Sep;30(9):962-70



Valvular HD and Stroke Risk

VHD plus Other Stroke Risk Factor

No.   %
Hypertension 509 (69.8) 
Congestive heart failure 335 (46.0)
Intermittent atrial fibrillation 179 (24.6)
Persistent atrial fibrillation 145 (19.9)
Angina pectoris 280 (38.4)
Myocardial infarction 178 (24.4) 

Petty GW et al. Stroke 2000;31:2628-2635

Time After CVE
Diagnosis 
VHD

%   95% CI       
6 mo 2.9 1.6–4.1
1 y 4.9  3.3–6.6
2 y 8.0  5.9–10.1
3 y   11.2 8.7–13.8
5 y                            17.5 3.9–21.3
7 y 23.118.2–28.7

Patients n =729



Iung B, Vahanian A. Can J Cardiol 2014 Sep;30(9):962-70

AS - Prevalence
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Greve AM et al. Stroke 2014;45:1939-1946

AS – Stroke Risk Factors
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Greve AM et al. Stroke 2014;45:1939-1946

AS/AVR – Stroke Risk Factors



Aortic VHD and Stroke

Otto CM et al. NEJM 1999;341:142-7

Age - >65y, n total – 5621 both sexes
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Kwon O et al. Kor J Int Med 1986;1:60-66

AFib =  84%

AFib =  62%

Mitral Stenosis and Stroke

n =  23%



HCMP and Stroke

Haruki S et al. Stroke, 2016;47:



Haruki S et al. Stroke, 2016;47:

HCMP and Stroke
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Assorted Interventions and Stroke

Stein L et al. J Am Heart Assoc 2017;6:e006900



Stein L et al. J Am Heart Assoc 2017;6:e006900

© 2017 Laura Stein et al.

Cardiovascular Intervention and Stroke



Trial
Overall randomized 
patients, n

Any stroke/death, %
Any stroke, 
%

Disabling/major stroke, 
%

Non-disabling/minor 
stroke, %

ACT-I 1,453 2.9 2.8 0.5 2.4
CAVATAS 504 10.0 7.2 3.6 N/R
CREST 2,502 4.4 4.1 0.9 3.2

EVA-3S 527 9.4 9.1 2.6 6.0
ICSS 1,713 8.4 7.6 2.0 4.6
SAPPHIRE 334 N/R 3.6 1.2 3.0
SPACE 1,200 7.4 7.2 4.1 N/R
SPACE 2 513 2.5 N/R N/R N/R

CAS and Stroke

Cassesse et al. in Lanzer P, Springer, 2018



TAVR/SAVR and Stroke

Endris, Tuzcu in Lanzer P, Springer, 2018



Conclusions

CHD is a major lifelong independent stroke predictor

HD with thromboembolic potential is variable dependent stroke
predictor ; Atrial fibrillation is an overriding major risk factor

Stroke is a relevant complication of some cardiovascular interventions;

Prioritize prevention and on-site management!

Stroke managment is the next frontier in cardiology


