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SUDDEN CARDIAC DEATH

Sudden cardiac death is defined as the
unexpected death due to a cardiac cause, in
patient with or without cardiac disease, which
occurs within one hour from the appearance of
the first clinical symptoms.




@ ESC European Heart Journal (2022) 43, 3997-4126 ESC GUIDELINES

European Society hitps:/doi.org/10.1093/eurheartj/ehac262
of Cardiology

2022 ESC Guidelines for the management of
patients with ventricular arrhythmias and the
prevention of sudden cardiac death




SUDDEN CARDIAC DEATH

Sudden natural death presumed to be of cardiac cause that
occurs within 1 h of onset of symptoms in witnessed cases,
and within 24 h of last being seen alive when it is

unwitnessed.




SUDDEN CARDIAC DEATH
Epidemiology

Geography Frequency Survival
Globally 3,000,000 <1%

USA ~450,000 ~59%

Europe ~300,000 <5%




Determinants of occurrence and survival after sudden cardiac
arrest—-A European perspective: The ESCAPE-NET project™

Jean-Philippe Empana®, Marieke T. Blom", Bernd W. Béttiger®", Nikolaos Dagres®,
Jacqueline M. Dekker®, Gunnar Gislason’, xﬂFlErJnlWEn"‘ Thnmas Meitinger®,
Giuseppe Rlstagnnh' Peter J. Schwartz!, Martin Jonsson"“, Jacob Tfelt-Hansen ™
Anatolij Truhlar', Hanno L. Tan"*', on behalf of the ESCAPE-NET [nvestlgatnrsl
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TABLE 1 Characteristics of the 4 Registries

Population
Registry  Geographic Area (Coverage %)  Years OHCA Definition® 5CD Definition
SDEC  Paris and its suburbs, 6.8 million 2012-2019 EMS- or bystander-attended or Utstein on the basis of EMS records and
France {(10.1) unattended hospital records
SRCR Stockholm region, 2.2 million 2010-2017 EMS- or bystander-attended or Utstein on the basis of EMS records and
Sweden (23.6) unattended hospital records
DCAR Denmark 5.8 million 2012-2017 EMS- or bystander-attended with Utstein on the basis of EMS records and
(100) exclusion of deceased on arrival hospital records

ARREST Morth Holland, the 2.4 million 2012-2017 EMS-attended or bystander AED-treated  Utstein on the basis of EMS and patient
Metherlands (16.3) with ROSC at EMS arrival interview, general practitioner database,
hospital records
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CENTRAL ILLUSTRATION Trends in the Incidence of Sudden Cardiac Death

ML

2000 201 2012 2013 2014 2015 2016 2017 2018 2019
M ARREST m SRCR E DCAR M SDEC -O- Mean

Empana J-P, et al. J Am Coll Cardiol. 2022;79(18):1818-1827.
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Trends in the Incidence of EMS-Attended OHCA
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FIGURE 2 Incidence Rates of SCD and OHCA by Age and Sex
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80+ 4 . 439.8 80+
65-79 A . 65-79 -
40-64 - c ¢ 40-64 -
18-39 A : 18-39 -

0-17 4 - 0-17 -

700 500 300 100 100 300 500 700 500 300 100 100 300 500 70O
B Women M Men B Women B Men

Incidence Rate Ratio Men vs Women

1.51 1.56
1.60 1.61
1.84 1.93
1.94 217




JOURKWAL OF THE AMERICAN COLLEGE OF CARDIOLOGY VOL. 79, NO. 18, 2022
@ 2022 THE AUTHORS. PUBLISHED BY ELSEVIER ON BEHALF OF THE AMERICAN

COLLEGE OF CARDIOLOGY FOUMNDATION. THIS 15 AN OPEN ACCESS ARTICLE UMDER

THE CC BY-NC-ND LICENSE (http://creativecommeons.org/flicenses/by-nc-nd/4.0/).

Incidence of Sudden Cardiac Death in the
European Union

TABLE 2 Main Clinical Characteristics and Circumstances Surrounding OHCAs Across the
4 Registries

ARREST SDEC SRCR DCAR
(n=5825) (n=14,581) (n=6,346) (n = 15238)
Female 29.2 353 343 36.6

Age 68.0 B8. 5 .0 72.0
(59.0-78.0) (55.6-81.4) (59.0-81.0) (61.0-82.0)

OHCA in nonpublic place 732 755 66.8 733
OHCA in public place 26.8 245 332 26.7
Witnessed OHCA ne 79.2 - 43.3
Bystander CPR performed 76.0 7 51.2 66.4
Bystander AED used 106 3.2 23 3.2
VT-VF as first recorded rhythm 422 26.7 205 204

Median time between dispatch 2.5 (6.6-10.8) 9.0 (7.0-12.0) 9.0 (6.0-13.0) —
call and ambulance arrival, min

ROSC 41.8 40.7 332
Transferred to hospital alive 59.6 30.7 60.4

Walues are % or median (IQR).
CPR = cardiopulmonary resuscitation: VF = wventricular fibrillation; VT = wventricular tachycardia; other
abbreviations as in Table 1.




@ ESC European Heart journal (2022) 43, 3997-4126 ESC GUIDELINES

European Sotiety https:/idoi org/10.1093/eurhearti/ehac262
of Cardiology

2022 ESC Guidelines for the management of
patients with ventricular arrhythmias and the
prevention of sudden cardiac death

Recommendation Table 1 — Recommendations for
public basic life support and access to automated ex-
ternal defibrillators

It is recommended that public access defibrillation
be available at sites where cardiac arrest is more
likely to occur.5%%2

Prompt CPR by bystanders is recommended at
OHCA 9+

It is recommended to promote community

training in basic life support to increase bystander
CPR rate and AED use.***"1%

Mobile phone-based alerting of basic life
support-trained bystander volunteers to

assist nearby OHCA victims should be
considered, 101-103.105

© ESC 2022
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O The findings suggest that at least, 249,538 SCD and
343,496 OHCA cases are expected each year in the
European Union.

O Remarkably, the incidence of SCD did not show any
significant variations across years and centers.




Incidence of Sudden Cardiac Death in the =
European Union

d Given the decrease in the age standardized prevalence of
cardiovascular disease in Western Europe, in part thanks
to improvements in the control of CVD risk factors, one
could have expected the incidence of SCD to decrease as

well.

0 The absence of such a trend in the present study
supports the primary importance of identifying those
individuals from the general population, where most
SCDs occur, who are the most at risk of SCD.
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The magnitude of SCD risk
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- Myocarditis

- Hypertrophic CM

- Long QT syndromes

- Right ventricular dysplasia
- Anomalous coronaries

- Brugada syndrome

- Idiopathic VF

Adolescents and
young adults
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Advanced heart disease; high risk status

- Coronary artery disease
- Cardiomyopathies

General population
>35 years of age
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SUDDEN CARDIAC DEATH
Epidemiology

J The incidence of SCD increases markedly with age.

O With a very low incidence during infancy and childhood
(1 per 100 000 person years)

0 the incidence is approximately 50 per 100 000 person
years in middle-aged individuals (in the fifth to sixth
decades of life).

d In the eighth decade of life, it reaches an annual
incidence of at least 200 per 100 000 person-years.




Genetic risks and triggers
for VAISCD
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Emdnmoloyia Tou AK®

> 80% of SCDs results from CAD

> SCD accounts for approximately~50% of all
cardiovascular deaths

> 30-50% being the first manifestation of cardiac disease

5% other*

* jon-channel abnormalities, N
valvular or congenital heart :
disease, other causes 80%

| Coronary Artery
15% Disease
Cardiomyopathies

AHA. Heart Disease and Stroke Statistics-2003 Update
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5—-10%
Arrhythmic
risk markers

7-15%
Hemodynamic
risk markers

—

20%
Acute MI;
unstable AP

30%

~33%
Known disease,

low power or

First clinical nonspecific markers

event
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General adult
population

High risk for
CAD, no events

Patients with any
prior coronary
event

EF <35% and HF

Cardiac arrest
survivors

Arrhythmia risk
markers, post-
MI subgroups

Incidence

] 1

25 30

1 1 I
100,000 200,000 300,000
Absolute

numbers

Myerburg RJ, JCE 2001




Arrhythmia documented as the first
rhythm at out-of-hospital SCD

= Bradycardia s WF = TdP = poly VT mong VT PEA others, unknown

Different forms of VT/VF taken together
(four red to orange slices) account for
75% of documented rhythms
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H na@opuacioloyia Tou AK®
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Cardiac Arrest / SCD

MODIFIERS:
Ischemic burden
Hemodynamic fluctuations
Autonomic variations
Drugs/electrolytes
Genetic profile




Mechanisms of Sudden Cardiac Death
Oxidants and Metabolism

Kai-Chien Yang, John W. Kyle, Jonathan C. Makielski, Samuel C. Dudley Jr
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Genetic risks and triggers
for VAISCD
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Table 1. Primary modes of cardiac arrest/SCD and mechanisms in selected disorders

Primary mode of cardiac
Disorder arrest/SCD Mechanism

Brugada syndrome VT/VF Reflection (phase 2 reentry)

CAD (Acute ischemia) VT/VF Multiple (reentry, automaticity,
triggered activity)

CAD (Prior MI) VT Scar-mediated reentry

CPVT VT/VF Delayed after depolarizations

Dilated cardiomyopathy VT Scar-mediated reentry
Bundle branch reentry

Hypertrophic VT/VF Multiple

cardiomyopathy

Long QT syndrome Torsades de pointes VT Early after depolarizations

WPW syndrome VF Rapid conduction to the ventricles
down an accessory pathway resulting in VF

CAD, coronary artery disease; MI, myocardial infarction; VT, ventricular tachycardia; VF, ventricular fibrillation; CPVT, cate-
cholaminergic polymorphic ventricular tachycardia




Incidence:1/10000

CENTRAL ILLUSTRATION: Genetic, Pathophysiologic, Clinical and Thera-
peutic Differences Between Typical and Atypical Catecholaminergic Poly-
morphic Ventricular Tachycardia

Typical CPVT Atypical CPVT

RYR2 GoF (~70%) CASQ2 (~-5%) TRDN (~2%)

; CALMT-3 (<1%)
{% S0 TECRL (<1%)
& ' RYR2 LoF (<1%)

o
W

Pathophysiology

; DADs or EADs

.

Exercise

Morphology of Arrhythmias

A

‘/ B ? Beta-blockers

eta-blockers s
B
‘//Fi.ecainide ? Flecainide

Priori, S.G. et al. J Am Coll Cardiol. 2021:77(20):2592-612.



mechanism in Lonc
Incidence:1/2000 births

Triggers Lethal
Cardiac Event

Exercise (68%)
Emotional stress (14%)

> Bibrs (1%)

Exercise (29%)
Emotional stress (49%)
Sleep, response (22%)

LaTs3

Na

T

5%-10%

N AN
~
B

Exercise (4%)
Emotional stress (12%)

Sleep, response (64%
sepOt;mrs{m?E} :

Source: Adapted from Rev Esp Cardiol. 2007:60(7):739-5. FPublished with permission of Ekevier Espana.




Trlggered
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Brugada Type 1

D mechanism i
Incidence:1/2000

Brugada Type 2

Brugada Type 3

-/

= RBB pattern
= Coved ST-segment
= 22mminV1-V3

= Saddleback ST-segment

= ST-elevation >2 mm

= ST-trough >1-mm
elevation followed by
positive or biphasic T-
wave

= ST-segment saddle-back
or coved
= ST-elevation <1 mm

Repolarization hypothesis }»

w

Conduction hypothesis

-100

-100

Mechanism of ST-segment elevation

Time (ms)

Excitation
failure

-+

0
Time (ms)

Eplcardium

Endocardium

Epicardium

Endocardium

V1

1

Pulmanary truni

Pulmonary valve

Pulmonary truni

Pulmonary valve




SCD mechanism in BrS

d Some mutations produce a omv
loss of function in the

sodium current I,

O Faster inactivation of

mutated Na+-channels N+ ey €+

0 Accentuation of unopposed
I current in the RV
epicardium -90 mV

O Other mutations cause loss
of function of the L-type
calcium channel

Crzrl, Jrigziczl, 28z, 121002 1)L G753 "4 )c5= 3



Fibrosis and risk for SCD

fibrosis

0
0
0
0
0
0
o

myocardium

- Presence and extent of scarring bears no close relationship to LVEF
- Heterogeneity in conduction and repolarization




Risk Factors for Sudden Cardiac
Death

O Previous MI:

= ncreases 4-6 times the probability of
SCD

L Heart Failure:

= ncreases 6-9 times the probability of
SCD




OvnrotnTa & xhaopa eEnONONC

11 All-Cause Death
®m Arrhythmic Death

<20% 21-30% 31-40%

“the single most important risk factor for overall mortality and
sudden cardiac death”
Yap GY. Heart. 2000

Priori SG et al. Task Force on SCD, Eur HeartJ 2001
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THE NEW ENGLAND JOURNAL OF MEDICINE

TERMINATION OF MALIGNANT
- VENTRICULAR ARRHYTHMIAS WITH AN
IMPLANTED AUTOMATIC DEFIBRILLATOR
- - IN HUMAN BEINGS S

M. MIRGW.‘;KI Vx’D PHILIP R. REID "vle
MORTON M. MowER, M ., LEVI WaTtkins, M D
VincenT L. Gorr, M.D. JAHESF SCHAUBLE, M.D.,
Avois LANGER, Pu.D., M. 8. HEmman, MD
STEVE A. I\ULEMK M.S.,
RoserT E. FiscHELL, M+S.,
anp Myron L. WesFeLpT, M.D.



Dal-chamber
[CD device




The S-ICD system

Erasmus MC Rotterdam
m
Geb - 10.5:1881

Campreascn 1.1 7178036

24-12-2008 - 114048




Wearable defibrillator




ACC/AHA/ESC Guidelines

ACC/AHA/ESC 2006 guidelines for management of patients with
ventricular arrhythmias and the prevention of sudden cardiac death
A report of the American College of Cardiology/American Heart Association Task
Force and the European Society of Cardiology Committee for Practice Guidelines
(Writing Committee to Develop Guidelines for Management of Patients With
Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death)

Developed in collaboration with the European Heart Rhythm Association and
the Heart Rhythm Society

@ ESC Furopean Heart journal (2022) 43, 39974126 ESC GUIDELINES

European S0CIety etps:/idol org/10.1093/eurheartjiehac 262
of Cardiology

2022 ESC Guidelines for the management of
patients with ventricular arrhythmias and the
prevention of sudden cardiac death
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Spending the taxpayers’ money

4.5
million €

14-18 million €

14 million € annual
front cost for UK



http://www.airforce-technology.com/projects/f16/index.html

implantation

Defibrillators - Units per million inhabitants
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Be'i'::‘ & R:;Zcbl:ic Denmark Finland France Germany Greece Ireland Netherlands Norway Portugal Sweden Switzerland United Europe*

Austria Kingdom

92 N/A 100 60 56 171 46 125 106 37 41 48 80 50 90
99 104 70 68 193 50 157 140 74 45 54 63
80 84 73 53 84 59 70 65
115 79 81 90 68 74 73

129 88 95 98 74 92 82

Source population data: OECD
(c) 2009 Eucomed. All rights reserved. Units - Eucomed based on reports from major manufacturers
* Europe represents total of listed countries
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onhal Differences in
implantation

Defibrillators - Units per million inhabitants

150 - 160 ICD implantations
in Crete/year (260 units/million)
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Our experience




Towards personalized medicine

The combination of LVEF, MRI with clinical risk
factors and genetic testing classify individuals
into subpopulations

= Those at low risk for ventricular tachyarrhythmias
despite low EFs

= Those with a very high competing risk for non-
sudden death
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There are ongoing European initiatives, including the
ESCAPENET and PROFID projects, that aim to develop
and validate risk prediction models for SCD in the

European Union by combining inherited and acquired

risk factors from various areas.




MpoAnwn oTepaviaiac vooou

O The best means of preventing SCD is by prediction and
prevention of CAD through the control of modifiable risk
factors

> Hypertension

> Smoking

> Diabetes & Obesity
> Lipids abnormalities

0 These risk factors have poor sensitivity and are
nonspecific for arrhythmic deaths

At this time we have no practical way to identify persons in the
general population likely to develop SCD




O Syncope is a transient loss
of consciousness due to
transient global cerebral
hypoperfusion

characterized by rapid
onset, short duration, and
spontaneous complete
recovery




Syncope

“ Those who suffer
from frequent and
severe syncope often

die suddenly”

Hippocrates, 460 BC






“The only difference between syncope
and sudden death
Is that in one you wake up.”

Engel GL. Ann Intern Med 1978










The future...

Dispatch




Lok -ll€Bave o Aaupeving
Maxaipitoag

Y0k npokaAeoe n idnon tou Bavdrtou tou tpayoudonolou
Naupévin Maxaipiton » [1€Bave ta Enpepwpata oto onit
Tou otov [TteAed Mayvnoiag petd and kapdiako enegodio, oe
nhikia 63 etwv * Eixe 10T0pIkoO pe Ty KapoId Tou Kal €ixe
KAVEL Pnainag




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61

