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Sudden Cardiac Death 
A Mode of Death 



Fishman et al. Circulation 2010 

Sudden Cardiac Death 
A Mode of Death 



Bayes de Luna et al.  Am Heart J 1989 

Primary Cardiac Rhythm 



Paris-SDEC Registry 

SDEC	Registry	–	Every	case	of	SCD	is	immediately	followed…	

Paris Sudden Death Expertise Center Registry 



Paris Sudden Death 
Expertise Center 

Registry 
Since May 15, 2011 

6.7 millions inhabitants 

Paris-SDEC Registry 
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Paris-SDEC Registry 



Arrêt Cardiaque 
Extra-Hospitaliers 

n = 31584 

Mort Subite 
n = 25929 

Réanimation 
n = 5884 
 (23%) 

Paris-SDEC Data from May 15 2011 to Apr 30 2019 (8-Yr dataset) 

Sortis Vivants 
n = 1446 (6%) 

Paris-SDEC Registry 



45 % 

72 % 

69 % 

65 yo
70 % 

26 % 

 3% 

72 % 

Paris-SDEC Data from May 15 2011 to Apr 30 2019 (8-Yr dataset) 

Paris-SDEC Registry 



Out-of-Hospital 
Cardiac Arrest 

n = 31584 

Sudden 
Death 

n = 25929 

ICU 
n = 5884 
 (23%) 

Paris-SDEC Data from May 15 2011 to Apr 30 2019 (8-Yr dataset) 

75% 
Missing 

Discharge Alive 
n = 1446 (6%) 

Paris-SDEC Registry 



•  Case#8664_dataset 
•  SCA Oct. 7, 2013, 

14:13, Ivry-sur-Seine 
•  DOB 02/01/1973 
•  No immediate CPR 
•  No flow 5 min, low 

flow 7 min 
•  Non shockable rhythm 
•  Dead 15:52 

•  Mr 8664, Hx PCI on Sept. 2, 2013 
•  Ordonnance du 05/09/2013 

–  BISOPROLOL 1,25 mg  
–  KARDEGIC 75 mg  
– CLOPIDOGREL 75 mg 
– CRESTOR 5 mg 
–  PERINDOPRIL 8 mg 
–  ESOMEPRAZOLE 20 mg 
–  ZOLPIDEM 

SNIIRAM DataSet 
Paris-CEMS 2011-2016 
25 Millions of lines... 



	
	
	
	
	
	

Causes of SCD in the Community 
CAD Represents the Vast Majority 

Chronic 
CAD
20%

Coronary 
spasm 2%

Others 6%

EIDs
4%

Acute CAD
60% Cardiomyopathy

10%



– Specific targeted pharmacological 
treatment in addition to ICD 

– Family screening for early primary 
prevention among relatives 
• Family screening may also improve rates of 
etiologic diagnosis among index cases, 
because variability in penetrance among 
gene carriers 

Why To Get a Diagnosis? 



Family Screening 
4 Main Scenarios 

No/unclear 
Diagnosis 

Index 
Case 

Clear 
Diagnosis 

Non-
Inherited 

Situation#1 

Inherited 

Situation#2 

Idiopathic 
VF 

Situation#3 

No 
Investigation 

Situation#4 
+++++ 



Pre-Hospital Setting 

N Autopsy <1% !! 



Out-of-Hospital 
Cardiac Arrest 

n = 31584 

Sudden 
Death 

n = 25929 

ICU 
n = 5884 
 (23%) 

Paris-SDEC Data from May 15 2011 to Apr 30 2019 (8-Yr dataset) 

 
	

Discharge Alive 
n = 1446 (6%) 

ICU Setting 



Out-of-Hospital 
Cardiac Arrest 

n = 31584 

Sudden 
Death 

n = 25929 

ICU 
n = 5884 
 (23%) 

Paris-SDEC Data from May 15 2011 to Apr 30 2019 (8-Yr dataset) 

 
Autopsy 

3% 
DNA 1% 

Investigat
ions prior 
to death 

50% 	
	 Discharge Alive 

n = 1446 (6%) 

ICU Setting 



Cardiology Setting 



Cardiology Setting 

Idiopatique Diagnostic 
établi 

TV catécho 

DVDA 

Myocardite 

Spasme 

Repol. 
précoce 

Brugada 

QT long 

 
Resuscitated 

Cardiac Arrest 
w/o cause 
(ECG, echo, 

coro n 
 

CASPER Registry 

After	Normal	
ECG,	Echo,	

Coro	

Systematic 
algorithm including 
pharmacological, 

exercise, and 
genetic testing?? 

Idiopatique Diagnostic 
établi 

Krahn et al. Circulation 2009 



Back to Real World? 

Chronic 
CAD 
20% 

Coronary 
spasm 2% 
Others 6% 

EIDs 
4% 

Acute CAD 
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Early 
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Chronic 
CAD 
20% 

Coronary 
spasm 2% 
Others 6% 

EIDs 
4% 

Acute CAD 
60% Cardiomyopathy 

10% 

(N=1557) 

Brugada 

Early 
Repol. 

LQTS 

CPVT Idiopat
hic VF 

49 were labelled as  
Idiopathic Ventricular 

Fibrillation 

Back to Real World? 



  IVFs n/49 (%) 
Coronary angiography 47 (95.9) 
Cardiac MRI 40 (81.6) 
Provocative testing 

Ergonovine 
Ajmaline 
Isoprenaline 
Adenosine 
Adrenaline 

  
19 (38.8) 
21 (42.9) 
10 (20.4) 

2 (4.1) 
0 (0) 

Electrophysiological study 12 (24.5) 
Genetic testing 
Holter ECG 

9 (18.4) 
6 (12.2) 

Right ventricular angiography 5 (10.2) 
Exercise testing 4 (8.2) 
Signal averaged ECG 2 (4.1) 
Coronary CT 1 (2.0) 
Cardiac scintigraphy (for ARVC) 1 (2.0) 
Cardiac biopsy 0 (0) 

Waldmann V et al. Eur Heart J 2018 

Investigations in Real World 



Less than 20% of the cases 
labeled IVF received a 

comprehensive 
investigation 
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Coronary angiography 47 (95.9) 
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Adrenaline 

  
19 (38.8) 
21 (42.9) 
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Investigations in Real World 

Younger patients and those 
admitted to university 

centers were more 
thoroughly investigated  

Family screening and 
genetic testing were 

initiated in only 24  and 
18% of cases, respectively 



Improve 
Outcome 

Decrease  
Incidence 

CAD 
Prevention 

Risk 
Stratification 

Fighting Against SCD 



Rational for Risk Stratification 



Implantable Cardioverter 
Defibrillator (ICD) 



 
The goal must be the identification of 
patients the most likely to benefit from 
ICD therapy (who are not sytematically 
those at higher risk of SCD) 
 

We commonly use absolute risk to 
determine candidacy for therapy in CVD. 
(Eg. in patients with AF, annualized 
stroke estimates guide decision making 
for anticoagulation…) 
 

Competing risk situation… 



Some Potential Issues… 



Lead – Achilles Tendon  

silicone 
polyurethane 

PTFE 

ETFE 



Up to 20% annual rate of failure for >10 yo ICD leads… 
 

Lead – Achilles Tendon  

Kleemann et al. Circulation 2007 
 



ICD-Based Prevention(s) 



Primary Prevention ICD 
Many Receive ICDs That They Do Not Use 

SCDHeFT trial 2005: 5.1% ICD shock per year 
DANISH Trial 2016: 3.6% per year (shocks+ATP) 
Number Needed to Treat (NNT) rising 
HF management better, cost not sustainable 

Bardy et al NEJM 2005 
Kober et al NEJM 2016 
Shen et al NEJM 2017 

Need Significantly Better  
Risk Stratification...  



Narayanan K et al. Circulation 2013 

Portland, Oregon 
(2002-2012) 

Primary Prevention ICD 
Many Do Not Receive ICDs When They Should Do 

*	
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2093 SCD cases 

448 “screened”  

92 eligibles (20%)  

Narayanan K et al. Circulation 2013 

Portland, Oregon 
(2002-2012) 

Portland, Oregon (2002-2012) 

Primary Prevention ICD 
Many Do Not Receive ICDs When They Should Do 

Need Significantly Better  
Risk Stratification...  



Risk Stratification  
In a Pt With Known Heart Disease 



Risk Stratification  
In a Pt With Known Heart Disease 

•  Two categories 

DCM and 
Coronary 

Artery 
Disease 

Electrical 
Disorders 
and some 
structural 
diseases 



S en
DI

Gourraud JB et al. Arch Cardiovasc Dis 2017

Type 1 
DII
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Risk Stratification  
In a Pt With Known Heart Disease 

•  Two categories 

DCM and 
Coronary 

Artery 
Disease 

Electrical 
Disorders 
and some 
structural 
diseases 



SUBSTRATE 

AUTONOMIC 
NERVOUS 
SYSTEM 

TRIGGER 

LVEF 
QRS 
SAECG, imagery 
EPS… 

VPB/NSVT… 

HR 
HRT 
HRV 
BRS… 

QT dispersion 
(M)TWA… 

Risk Stratification Approach  
(1985-2015) 



•  QRS Buxton JACC 2005, Kadish NEJM 2004 
•  SAECG Bigger NEJM 1997, Galinier EHJ 1996 
•  EP Study Buxton Circulation 2002 
•  VPB/NSVT Kadish NEJM 2004, Bardy NEJM 2005 
•  HRV Camm Circulation 2004  

ESC 2015 

Risk Stratification Approach  
(1985-2015) 



LVEF: Cornerstone?! 



Limits of LVEF to Optimize Primary 
Prevention in DCM/CAD 

The common point between 
DCM and CAD primary 
prevention offered by ICD is 
the limits related to low EF 
as the only risk marker  



Risk Stratification  
In a Pt With Known Heart Disease 

•  Two categories 

DCM and 
Coronary 

Artery 
Disease 

Electrical 
Disorders 
and some 
structural 
diseases 



Competing Risk Situation 
Absolute and Proportional Risks 

 

MERIT-HF Lancet 1998 

Overall mortaliity 
 
Sudden cardiac death 
 
Progressive heart failure 
 
Non-cardiac causes 



Goldenberg et al. JACC 2008 

Illustration Using MADIT-II  



1,232 patients with documented previous MI and EF 30% were 
randomized to receive a prophylactic ICD or conventional medical 
therapy in a 3:2 ratio and were followed over a mean 2-yr period 

Mortality Score 

Illustration Using MADIT-II  

Goldenberg et al. JACC 2008 



Goldenberg et al. JACC 2008 

Illustration Using MADIT-II  



70%	of	MADIT-II	
Population	

ó	Risk	of	underestimation	of	
ICD	benefit	in	adequate		ICD	

candidates	

Goldenberg et al. JACC 2008 

Illustration Using MADIT-II  
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Other(cardiopathy
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No(structural(heart(
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Acute(coronary(
syndrome
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11%

Conduction(defect
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1

Risk Stratification – Pittfalls 

Tools for Risk Stratification 
Very Limited 

Majority in the General 
Population 



Risk Stratification  
In a Pt w/o Known Heart Disease 1 



Risk Stratification  
In a Pt w/o Known Heart Disease 

Waks JW et al. Circulation 2016 
Aro AL et al. EHJ 2017 

2 



10-Year Risk Model of SCD Among 
Healthy Middle Age Population 

Using clinical, biological and ECG data 

Highest decile: 5%/10yr…. 

Risk Stratification  
In a Pt w/o Known Heart Disease 2 



Need for Better Risk Stratification 

SUBSTRATE

AUTONOMIC 
NERVOUS 
SYSTEM

TRIGGER

LVEF
QRS
SAECG, imagery
EPS…

VPB/NSVT…

HR
HRT
HRV
BRS…

QT dispersion
(M)TWA…

New Imagery/mapping? (fibrosis), 
Biomarkers, genetics 
Focus on moderate low LVEF 



Real-Time FU ICD Cohort 
Big Data Analytics 

DAI-PP CONSORTIUM  
 	

		
		



Is the Ejection Fraction Low? 

Attia et. al. Nature Medicine 2019 



Machine 
Learning  

(Subfield of Artificial 
Intelligence) 

	



Big Data Analytics – New Opportunities 
for Using Quantity for Quality! 

1)  More Powerful Risk Prediction Models 
–  Evaluate patterns on data associated with the outcome, directly 

from the crude data, with a specific training process... 
–  Integrative score from multiple sources, including ‘-omic’ data 

2)  Phenomapping 
–  Identify similar patient clusters, creating multiple phenotypes 

within each disease entity... Eg. DANISH... 
3)  Precision Health 

– Better estimate the potential benefits of therapies for individual 
patient. Eg. ICD benefit in the setting of competing risk situation 
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2)  Phenomapping 
–  Identify similar patient clusters, creating multiple phenotypes 

within each disease entity... Eg. DANISH... 
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q New preventive tools 
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Fighting Against SCD 
New Preventive Tools 



§ USA 
§ 2011–2016 

Kutyifa et al. Circulation 2015 

• Germany 
• 2010–2013 

Three National Registries 

 Wäßnig et al. Circulation 2016 

• USA 
• 2011–2016 



1% WCD Therapy 2% 
100% Successful shock conversion 94% 

0.5%  Inappropriate shock  0.4%  
22.5h Wear time per day 23h 



 
 
 
 
 
 



 
 
 
 
 
 

(Total SCD among 1524+778: 44/86 [51%]) 

 VEST Trial – Iary Outcome 



 
 
 
 
 
 

(Total SCD among 1524+778: 44/86 [51%]) 

Iary Outcome  – SCD 



 
 
 
 
 
 

WCD Group 
25 SCD 

  –16 w/o WCD 
  –9 with WCD 

§  4 ES 
§  Non A 

 
 

Iary Outcome  – SCD 



WCD Adherence 



Kutyifa Circulation 2015 
Wäßnig Circulation 2016 

  

Olgin N Engl J Med 2018 

Scientific Evidence for WCD (99-) 
Observational 

(>20 hours/day) 
Interventional 
(14 hours/day) 



Haissaguerre M et al. Circ Arrhythm Electrophysiol 2018 

Fighting Against SCD 
New Preventive Tools 
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Fighting Against SCD 

q New preventive tools 
q New approaches for 

identification of HR Pts 



Fighting Against SCD 
New Approaches for 

Preventing SCD 

Fighting Against SCD 



“Near-Term” Prevention?? 
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AMR	ARRIVED	TO	FIND	PT	C/O	CHEST	PAIN	x	35MINUTES;	PT	STATED	HE	DID	NOT	WANT	AN	IV	AND	THEN	CODED;	SHOCKED;	
WOKE	UP	SAID	FEELING	FINE;	CODED	AGAIN,	SHOCKED	AGAIN	TO	NSR.			8/23/05:	TC	to	PT	to	see	if	he	would	be	willing	to	
give	written	consent	and	attempt	another	appointment	with	GCRC.	He	enthusiastically	provides	consent.		Tells	me	he	has	a	
stent.		10/11/05:		PT	visits	OHSU,	to	furnish	a	blood	specimen	and	obtain	an	EKG.		He	provides	additional	details	of	
circumstances	prior	to	arrest.		Tells	me	that	he	was	semi-retired	from	"dry-wall"	construction	work.		That	particular	day	he	
was	not	working,	was	at	home,	sitting	on	couch,	watching	TV,	drinking	a	beer.		He	had	Pain	in	the	left	neck,	that	radiated	to	
his	shoulder,	but	he	assumed	that	it	was	muscle	related	since	he	had	ben	working	all	the	previous	week.		The	pain	progressed,	
then	evolved	to	mis-sternal	chest	pain	that	felt	like	bad	indigestion.		He	could	relieve	the	pain	by	rubbing	his	sternum.		His	son	
was	at	home,	and	he	called	him	and	said:	"you'd	better	check	on	me	because	I	might	be	having	a	heart	attack".		His	son	was	
concerned	and	dialed	011.		He	did	not	arrest	until	after	the	medics	arrived.		In	fact	he	remembers	getting	up	to	get	dressed,	
and	arguing	with	the	EMT's	about	not	wanting	to	go	to	the	hospital.				His	Mother	was	at	the	scene	and	observed	the	whole	
resuscitation.		He	relates	that	the	EMT	paid	him	a	visit	one	week	later	and	told	him	that	the	last	words	he	said	before	
arresting	was	"take	care	of	my	men"	(he	did	have	past	active	duty	service	in	the	marines).	He	further	volunteers	that	his	
Mother	had	3	brothers	that	all	died	suddenly	between	40	-	50	years	who	lived	back	east.		He	also	points	out	that	his	previous	
CPR	training	lead	him	to	take	an	Aspirin	before	the	ambulance	arrived,	and	he	points	out	that	he	"washed	it	down	with	a	
beer”.	

*	
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911 Call 

No 911 Call 

Survival x7 



Karam N et al. Circulation 2016 



Karam N et al. Circulation 2016 

! Sex$ Male$ □ Female$□
! Age$(years) [$$]
! Onset$of$chest$pain$(hours$(24h),$minutes) [$$/$$]
! Chest$pain$ intensity$(1$to$10) [$$]
! Chest$pain$Location
! Chest □ Shoulders$ $□ Arms$□ Back □
! Are$you$short$of$breath?$ $$$$$$$$$$$$$$$$$$$$$$$$$$$$ No$□ Yes$□
! Are$you$a$current$smoker?$$$$$$$$$$$$$$$$$$$$$$ No$□ Yes$□
! Have$you$been$treated$previously$for$CAD?$$$$$$ No$□ Yes$□
! Has$anybody$in$your$family$been$treated$ for$CAD?$$No$□ Yes$□
! Are$you$diabetic$or$treated$ for$diabetes? No$□ Yes$□
! Do$you$have$HBP$or$are$you$treated$ for$HBP?$$$$$$$$$$No$□ Yes$□
! Do$you$have$dyslipidemia$ or$are$you$treated$ for$dyslipidemia?$ No$□Yes$□
! What$is$your$approximative weight$ (kg)$and$height$ (cm)$



Karam N et al. Circulation 2016 

Score OR((95%CI) Score

Age$<40yo 2.5$(1.5/4.4 9

No$diabetes 1.6$(1.0/2.6) 5

No$obesity 10.5$(7.1/15.4) 5

Delay$≤30min 2.8$(1.9/4.0) 10

Heart$Failure 10.5$(7.1/15.4) 23

TOTAL /52
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>40%, n=68 (3 départements) 

20‒40%, n=189 (10 départements) 

10‒20%, n=237 (18 départements) 

<10%, n=326 (29 départements) 

Départements non participants 

43.6% of  
survival 

>40%, n=68 (3 départements) 

20‒40%, n=189 (10 départements) 

10‒20%, n=237 (18 départements) 

<10%, n=326 (29 départements) 

Départements non participants 

Circulation. 2011; Eur Heart J 2013; JAMA 2013 



Survival After SCA During 
Sports in Paris, 2005-2016 

60% 



AED & ICD – Common Point! 

AED  
Coverage 

Sudden 
Cardiac 
Arrest 



Paris, 2000-2010 



Pour chaque 200*200 m 
1)  Densité de la population 
2)  Equipements/structures 
3)  Flux de personnes 

Paris, 2000-2010 



Circulation. 2015 May 5;131(18):1546-54  



Population Movements and SCA

P<0.0001	
P<0.001	
	







SAUV Life





Do Not Spend Time to Get an AED, It 
Will Come to You!!  

Boutilier JJ et al. Circulation. 2017  
Claesson A et al. JAMA. 2017  

Center	for	Resuscitation	Science,	Karolinska	Institutet,	
Stockholm,	Sweden	



  Towards A Better 
Managment in 

2030… 
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