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Ischemic Heart Disease

Secondary Prevention of SCD in Patients With
Ischemic Heart Disease

Recommendations for Secondary Prevention of SCD in Patients

COR LOE With Ischemic Heart Disease

1. In patients with ischemic heart disease who either survive SCA due to
VT/VF or experience hemodynamically unstable VT (LOE: B-R) or stable
VT (LOE: B-NR) not due to reversible causes, an ICD is recommended if
meaningful survival greater than 1 year is expected.

2. A transvenous ICD provides intermediate value in the secondary prevention

Value Statement: of SCD particularly when the patient’s risk of death due to a VA is deemed

Intermediate Value high and the risk of nonarrhythmic death (either cardiac or noncardiac) is

(LOE: B-R) deemed low based on the patient’s burden of comorbidities and functional
status.

3. In patients with ischemic heart disease and unexplained syncope
who have inducible sustained monomorphic VT on electrophysiological study,
an ICD is recommended if meaningful survival of greater than 1 year is

expected.

. ~ American
N\ AMERICAN Heart
)} COLLEGE of Association.
¢ CARDIOLOGY

life is why~



ICD for the secondary prevention of sudden cardiac
death and ventricular tachycardia

Recommendations Class® | Level® | Ref.©

ICD implantation is recommended in
patients with documented VF or
haemodynamically not tolerated VT in

the absence of reversible causes or
. . i 151-—
within 48 h after myocardial infarction . 154

who are receiving chronic optimal
medical therapy and have a reasonable
expectation of survival with a good
functional status =1 year.




ICD MEAETE2 deuTtepoyevouc TTpoANYNG

MEAETH HAHOYXMOX TYXAIOHNOIHXH | AITIOTEAEXMATA

AVID 1016 pts with life- ICD vs BETTER SURVIVAL
threating sustained =~ AMIODARONE or ~ WITH ICD
VT/VE SOTALOL

CASH 288 survivors of ICD vs 1/ 3 drugs BETTER SURVIVAL
cardiac arrest WITH ICD

CIDS 659 pts with ICD vs BETTER SURVIVAL

sustained VT/VF AMIODARONE WITH ICD
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2HMAZIA AKQO

« Emimrrwon: 600.000-700.000 vewyv etnoiwyv etreicodiwv KA
oTic USA

— HFpEF oupuPaivel oe 40-60% Twv TTpwTod10yVWOOEVTWV
ETTEICOOIWV

— Movo 15% peteuppayuaTikwy aocBevwy eugavifouv
EF<40%

— Aamrdvn : $40 &ic yia Tnv KA €Tnoiwg
 ETROIa BvntéTnTa: 5-30%

* 1%o0 KaTOiKWV EupwTtTnC epavilouv SCD.

Circulation 201 1;123:e18-209.
Eur J Heart Fail 2013;15:604-13.



Ejection Fraction in Subjects with CHF
in the Cardiovascular Health Study

4,842 community-dwelling elderly (>66 yr.) subjects; CHF prevalence 8.8%
80% had normal EF(>45%)

Men Women

Normal (565%)

42%

67%

. Moderately (30-44%) or
severely reduced (<
30%)

Kitzman, et. al.Am. J. Cardiol. 87:413-419 (2001)



Mechanisms of Ventricular Arrhythmias.

Automatic ventricular arrhythmias

Premature ventricular complexes

Ventricular tachycardia and fi brillation associated with acute medical conditions:
Acute myocardial infarction or ischemia

Electrolyte and acid—base disturbances, hypoxemia

Increased sympathetic tone

Reentrant ventricular arrhythmias

Premature ventricular complexes

Ventricular tachycardia and fi brillation associated with chronic heart disease:
Previous myocardial infarction

Cardiomyopathy (including bundle branch reentry and ventricular arrhythmias
associated with arrhythmogenic right ventricular dysplasia)

Triggered activity

Pause-dependent triggered activity

Catechol-dependent triggered activity

Miscellaneous ventricular arrhythmias

|diopathic left ventricular tachycardia

Outflow tract ventricular tachycardia (repetitive monomorphic ventricular tachycardia)
Brugada syndrome



Prevalence of HF-PEF

% HF-PEF

1987-2001, 6,076 pts discharged with ADHF with HF, 4,596 had EF measured

100

Referral to Mayo

80 . Community - Olmstead County
54.8

o0 44.8
40
20
o)

Hospitalized patients

Owan et al, NEIJM, 2006



Definition of Heart Failure

Classification Ejection Description
Fraction
I. Heart Failure with <40% Also referred to as systolic HF. Randomized clinical trials have
Reduced Ejection mainly enrolled patients with HFEF and it is only in these
Fraction (HF€F) patients that efficacious therapies have been demonstrated to
date.
IL. Heart Failure with >50% Also referred to as diastolic HF. Several different criteria have
Preserved Ejection been used to further define HFpEF. The diagnosis of HF pEF is
Fraction (HF pEF) challenging because it is largely one of excluding other potential
noncardiac causes of symptoms suggestive of HF. Todate,
efficacious therapies have not been identified.
a. HFpEF, Borderline | 41% to 49% | These patients fall into a borderline or intfermediate group. Their
characteristics, treatment patterns, and outcomes appear
similar to those of patient with HF pEF.
b. HF pEF, Improved >40% It has been recognized that a subset of patients with HF pEF

previously had HF7EF. These patients with improvement or
recovery in EF may be clinically distinct from those with
persistently preserved or reduced EF. Further research is
needed to better characterize these patients.
Circulation 2013:128:2240-327




OXFORD

UNIVERSITY PRESS

From: Heart failure with preserved ejection fraction: a clinical dilemma
Eur Heart J. 2014;35(16):1022-1032. doi:10.1093/eurheartj/ehu067

HFpEF as a transitory HFpEF as a distinct
stage to HFrEF entity from HFrEF
Bimodal distributic
X n of Lv, i
Unimodal distri HF epidemiologic StudiSSF "
al distribution of LVEF and registries
In HF trials

{ Distinct
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{ centric Lv rémodelling in some = it 1o ([0l

hypertensive h i
ea i
rt disease _D:stinct cellular, Subcelluy]
_ . Interstitial charac (T an:i
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teristics (Table

Distinct response to HE
therapies in trials

Figure Legend:
Arguments for heart failure with preserved ejection fraction as a transitory stage to heart failure with reduced ejection

fraction (left) vs. heart failure with preserved ejection fraction as a distinct entity from heart failure with reduced ejection
fraction (right). LV, left ventricular; EF, ejection fraction.

Published on behalf of the European Society of Cardiology. All rights reserved. @ The Author 2014.
For permissions please email: journals.permissions@oup.com



Recommendations for treatment of patients with heart
failure with preserved ejection fraction and heart failure
with mid-range ejection fraction

Recommendations Class* Level® Ref~<

it is recommended to screen
patients with HFpEF or HFmrEF

for both cardiovascular and non-

if present, should be treated provided
safe and effective interventions exist
to improve symptoms, well-being
and/or prognosis.

Diuretics are recommended in
congested patients with HFpEF

or HFmrEF in order to alleviate
symptoms and signs.

178,179

HFmMrEF = heart fallure with mid-range ejection fractiorc HFpEF = heart failure
with preserved ejection fraction.
“Class of recommendation.
“Level of evidence.
“Reference(s) supporting recommendations.
Heart failure guid.2016.ESC



[TPOI'NQ2H HFpEF

» Etoia Bvntétnta =5%
» =50%T1reBaivouv atrd un Kapdiayyeiaka aitia

» [MapdayovTteg KIVOUVOU TTOU aucavouv Tn Bvntotnta otnv
HFpEF

dAugnuévn nAikia, Gppev QUAO

dYWnAOTEPEC TINEC VATPIOUPNTIKWY TTETTTIOIWY,
upnAotepn 1acn NYHA

d2Tepaviaia ) TTEPIPEPIKA AYYEIOK VOOOG
d2A, XNA

dXaunAotepo EF, trepiopioTiko pattern oto Doppler
ECHO

A XapnAo Kai TToAU uwnAo BMI



[TPOZAIOPIZMOZ KINAYNOY T'IA
AKO

REH

Validated multivariable risk scores can be
E% useful to estimate subsequent risk of
)

mortality in ambulatory or hospitalized
patients with HF.




Invasive Evaluation

Electrophysiological Study for VA

COR LOE Recommendations for Electrophysiological Study

1. In patients with ischemic cardiomyopathy, NICM, or adult congenital
heart disease who have syncope or other VA symptoms and who
do not meet indications for a primary prevention ICD, an
electrophysiological study can be

useful for assessing the risk of sustained VT.

2. In patients who meet criteria for ICD implantation, an
electrophysiological study for the sole reason of inducing

VA is not indicated for risk stratification.

3. An electrophysiological study is not recommended for risk
stratification for VA in the setting of long QT syndrome,
catecholaminergic polymorphic ventricular tachycardia,

short QT syndrome, or early repolarization syndromes.

z American

: \ AMERICAN Heart
J COLLEGE of Association.
CARDIOLOGY o
life is why~




APPYOMIKOE MHXANIZMOZ AKO




ICD-MEAETEZ TTpwTtoyevouc TTpoANYWNG

MEAETH no of pts XapakTnpi- | oMKA¢ BvnréTnTac
OTIKa mAnBuopou

MADIT I 196 Isc.H.D | 54% otnv opdada ICD vs
EF< 35% apiwdapévng
NSVT
V stim +

MUSTT 704 Isc.H.D | 54% otnv opdda ICD vs
EF< 40% avTiappuBUIKAG aywyng
NSVT
V stim +

MADIT II 1232 Isc.H.D 31% | ©vntéTnTag vs
EF< 30% PEATIOTNG PAPHAKEUTIKAG
NYHA II-III avwyng

SCD-HeFT 2521 Isc.H.D+DCM 23% vs placebo
EF< 35%
NYHA II-III

COMPANION 1520 CRT-D, CRT-P, CHF 43.3 % | pe PéATioTn .A +

EF< 35%, QRS > 0.12 sec,
NYHA ITII-IV

CRT-D vs 23.9% | pe
PéATioTn @A + CRT-P




ICD JEAETEC TTPWIMWV
LUETEUPOAVUATIKWY Q0OEVWYV

MEAETH HAHOYXMOX TYXAIOHNOIHXH | AITIOTEAEXMATA

DIN AMIT 674 Ptsrecent (<18 ICD vs convertional Reduced arrhythmic

d) AMI, LVEF <0.35 therapy deaths with ICD, but
sympathetic overdrive not overall survival
benefit
IRIS 898 pts, recent(<1lmo) ICD vs convertional =~ Reduced arrhythmic
AMI, LVEF<04 , therapy deaths with ICD, but
sympathetic overdrive not overall survival

benefit



ICD MEAETE2 deuTtepoyevouc TTpoANYNG

MEAETH HAHOYXMOX TYXAIOHNOIHXH | AITIOTEAEXMATA

AVID 1016 pts with life- ICD vs BETTER SURVIVAL
threating sustained =~ AMIODARONE or ~ WITH ICD
VT/VE SOTALOL

CASH 288 survivors of ICD vs 1/ 3 drugs BETTER SURVIVAL
cardiac arrest WITH ICD

CIDS 659 pts with ICD vs BETTER SURVIVAL

sustained VT/VF AMIODARONE WITH ICD



P A

KAI TPOIMOXZ OANATOY
Etnoia Bvnrortnra:
5-15% 20-50% 50-

Other
24%

Other
15%

Other .

Sudden death Sudden death 11%
: 5B ;%e Sudden death
33%



AIAZTPOMATQ2H KINAYNOY NA AKO

. HAEKTPOQUOIOAOYIKN MEAETN

. KAdopua ecwbnong

. MRI

. NS-VT oro holter, PVCs> 30/hr
. T-Wave Alterans MTWA

. QRS didpkela

. Oyiya duvapika (SAECG)

. Heart Rate Turbulence

9. Heart rate recovery and recovery ventricular ectopy
10. QT didoTnua Kai diactropd QT
11.Baroflex Sensitivity

o NO O b WDN -



APXES

« AIATAPAXEZ YINTOZTPQMATOZ,
MYOKAPAIAKH IZXAIMIA, INQ2H — LPs,
PVCs, NSVT

« AIATAPAXEXZ ENANAINOAQ2H2Z—QTc, TWA
« AIATAPAXEZ AYTONOMOY— HRV, HRT, DC



KAAZMA EZQOH2ZHZ

To KAGopa e€wBnoNnc cival Evac KabiEpwuEVOC
TTapAyovTag OIaoTPWHATWONC KIvOuvou yia AKO Kai
epouteuon ICD oe 1oxaipikn ) diatatikn KA

‘Exel yETpia evuaioOnaoia kal €10IKOTNTA KAl Ba TTPETTEN
va ouvOouaddeTal KAl JE AAAOUC avaAiUAKTOUG )
AINATNPOUC OEIKTEC

O1 repicooTepol AKO cuuaivouv o€ aoBeveic Ue
diarnpnuévo KE (Maastricht C.A.Reg 51%- Oregon S.
U.D.Study 70%)



KAAZMA EZQOHZ
OREGON STUDY

n=121 patients

Severely reduced -
(LVEF = 35%) 30%

Normal
(LVEF = 55%)

22%

Mild-moderately reduced
(LVEF 36-54%)

Stecker et al JACC 2006



! AIAZTPQMATQ2H KINAYNOY AKO- MRI

(Magnetic Resonance Imaging)

EKTOON OUANG O€ 1I0XAIUIKOUC aoBOeveiC

EKTaon ivwong o€ olaTaTikn,
UTTEPTPOQPIKN HUOKOPOIOTTABEIO



Risk | Dalay&d-&n hancement CMR  Cine CMR Follow-up
- dil:tnln systole
' ICD Shock for VT
Patient A ’-\ M or
Risk Concordance: _‘ Al £ G
« LVEF 33% .- : e g —
- Scar 22% # R
s T 1, SR
Patient B
Risk Discordance:
= LVEF 28% No events
- Mo Scar
Patient C
Risk Discordance: Sudden Cardiac Death
= LVEF 46% at 18 months of
- Scar 17% follow-up
ICD Shock for VT

Patient D Awal EGM
Risk Discordance: Vet €M 1.3
= LVEF 49%
= Scar 13%




PRESERVE-EF

«>30 PVCs/hour
* NSVT episode(s) /24 hour

- 2/3 positive criteria for LPs

*QTc:440 ms(J) or QTc: 450ms (9),
Ambulato wave alternans (TWA) 265
MV SDNN/HRV <75 ms

‘Deceleration Capacity <4.5 ms & Heart Rate
Igréoulence (HRTs)Onset 20% and HRT slope
<2.5ms

Non-Invasive




YWHAOY KINAYNOY A2OENEIZ 2THN
PRESERVE-EF TRIAL (TouAayioTov 1)

* 1. >30 PVCS/hrs o1o 24 wpo HM

« 2. NSVT HM

o 3. 2/3 BeTika KpI1TApPIa yIa LPs €ite KAQOOIKA 1] TPOTTOTTOINUEVA
KATA TN 45-AeTTTN KOATAYPAPN UWNANG EUKPIVEIOC

4. QTc pyeoo >440 msec yia avdopeg- >450 msec yUVaIKEG

5. TWA= 65 pV

6. SDNN < 75 ms ot1o 24wpo HM (heart rate variability-ANS)

7. Auvatornra empBpaduvong (DC) < 4.5 ms kai oTPORIAIOUOG
kapdlaknc ouxvorntac ( HRT) évapene =2 0 % kai HRT slope <
2.5 ms



LPS

1. fQRS. >114 msec ,, * Qrs

'H{_ QRSD = 1580

« 2. LAS> 38 msec 60.00 | RMS40 = 457
» 3.RMS <20 msec MARKER

46.67 /

40.00 -

33.33 R

2%.67

20.00 - 160 I‘F 318

13.33 - Pﬂ w Laﬁc Potentials

" Wk | ‘ ‘

0.00 .I"h‘ ) T M

0 60 120 IE'.'.I Eﬂﬂ J00 360 420 480 540 ﬂﬂﬂ



PVS

* (QQC TPITTAN EKTOKTOOUOTOAN ( S2-S3-S4) o€ 3
uNKN KUKAou (550 kai 400 msec) RV kal RVOT

o QETIKN AV HOVOPOPPN EYPNEVOUOA UE DIAPKEIQ 2
30 sec ka1 ouxvoTnTa 120-220/AeTT10.



283 pts screened non
invasivel

77 /283 pts ( 27%) at least one positive non
linvasive marker

11

4 /283 pts (4.9%

inducible SVT on PVS.

J

13 /283 pts (4.6%)
received an ICD



The percentage of the presence of the Non Invasive
indices in these 14 patients with possitive PVS was
follows:

NSVT

LPs
VPCs

QTc
DC/HRT
TWA

SDNN

as




PRESERVE-EF
2YMIEPAXZMATA

* [TpOKATAPKTIKA OTOIXEIQ TTPOTEIVOUV £VA TTOAUTTAPAYOVTIKO-UN
ETTEURATIKO TTPOCDIOPICHO KIVOUVOU TTOU JTTOPEI VO AVIXVEUOEI
EVAV UTTOTTANBUO PO UETEPNPPAYUATIKWY a00eVWYV JE
dlaTNPNMEVO KAAOUA TTOU BPIOKETAI O€ KivOUVO VIO TTPOKANTN
KOIAIOKN TaxuKapoia.

* AvadpPOUIKOG £AEYXOC Ba kKaBopioel TNV TTPOCEPOPOTNTA KAl TO
MEYEDOC TNC evEPYyOTTOINONG TOU ATTIVIOWTN O€ AUTOV TO
TTANBUCUO.



H mpoyvwoTikn afia Tng mpokANTNC KolAilakNg di1f€yeponc yia
SCD og emiAeypHEvouc uynAoU KivOUvou aoOeveic pe doHIKA
Kapdiakn vooo Kai diatnpnuévo EF

Positive predictive value () Negative predictive value (%)

Al study patients

All post-Ml patients
Syncope
Presyncope
Asymptomatic

All DCM patients
Syncope
Presyncope
Asymptomatic
Induced VT
Induced VF

(n = 33)606
(n = 23)522
(n=9)778
(n=T7)375
(n=7)132
(n=10)80
(n=4)75

(n=1)0

(n=35)100
(n=6)66.7
(n=4}100

(n=111)100
(n = 69) 100
(n = 25) 100
(n = X| 100
(n = 24) 100
(n=42) 100
(n=11) 100
(n= 6)100

(n = 25) 100
(n = 6} 100

(n=4)100

« 23 peTepppaypartikoi aoO pe KE
>40%

« TTdpa oAU KaAh apvnTIKA
mpoyvwoTiKA aia (100%)

« TkavomoINTIKA OETIKA
TPOYVWOTIKA alia, aAAd

o UTTOWIV OTI KaATdAANAN EKYOoTION
OEV onuaivel ravra Kai
oraowBevra aipvidlo Bdavaro

Gatzoulis K et al, Int J Cardiol 2014
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ESC GUIDELINES

2015 ESC Guidelines for the management
of patients with ventricular arrhythmias
and the prevention of sudden cardiac death

£.3.1 Risk stratfication

Risk stratification in patients with stable coronary

artery disease after myocardial infarction with

preserved ejection fraction

Recommendations Class™ | Level” | Ref®
= —

IS shoudd be consideredin survivorsaf

o myocardisl mfsretion with preserved ha Ed::_; 10—

LY henction end ot herwie unsdplined i L 182

STCe

IV = [eft vermmoular S = programmeed senmoular semulason

Chss of recommendation,
Flovel of maden .

Tederencefs} supparting remmmenchians:

There iz limited evidence from subgroups of large-scale studies
that programmed ventricular simulation is helpful for risk stratifia-
tion in patients after myocardial inBrction with mtermediate LVEF
values or with an LVEF =40%.75% ™ Thiz question is currently
being addressed in the ongoing Risk Stratification in Patients
With Preserved Becion Faction (PRESERVE-EF) trial
(MCTO2 124018).

18, Gamouls KA, Tsachris D, Arsenas P, Archontalas 5, Difaviens P, Voulots A
Sens 5, S | ¥albamms | Sefmas C Frogrosttc e of programmed
e ouiar semulation for sudden death in setected hugh sk pabients with e
arl heart deee and preserved systolic fncom. Int | Cardol 2014176:
144 1451



OAHTIEZ EYPQTIAIKHZ
KAPATOAOTIKHZ ETAIPEIAZ

Recommendations

Class® | Level®

PVS should be considered in survivors of
a myocardial infarction with preserved
LV function and otherwise unexplained
syncope.

280-
282

Zuoraon yia NAEKTOOPUOIOAOYIKO EAEyXo edv umdpxel avelriyntn ouyKomli

Priori S et al, 2015 ESC

Guidelines for Arrhythmias and Sudden
Cardiac Death



PATIENTS
(ischemic or dilated cardiomyopathy)

¥

Left ventricular EF assessment

—

<35%

Competing mortality

-
High
— ‘
=1 year survival >1 year survival
expectancy expectancy
Nothing <3 NIRF 23 NIRF
Negative Positive
PVS PVS
Observe and IcD

follow-up

—
Low

——

<3 NIRF

23 NIRF

5

Negative
PVS

+

Observe and
follow-up

Positive
PVS

ICD

—h
235%

[~

NIRF == |maging

——-
A Significant fibrosis

21 N
[\. No -

egative  Positive Negative Positive
PVS PVS PVS PVS
Observe and Observe and
follow-up follow-up
ICD ICD

FIGURE 1 Emerging new sudden cardiac death risk stratification paradigm based on newer evidence, incorporating competing mortality
assessment, as well as noninvasive and invasive tests. Noninvasive tests are performed before PVS to assess likelihood for functional circuit
formation. PVS is pivotal in determining the potential for arrhythmia sustenance and guide treatment, especially in intermediate- and low-risk
patients. “Observe and Follow-up” involves repeating tests for NIRF annually and PVS every 3-5 years. NIRF: Noninvasive ECG risk factors,
including presence of late potentials (=2/3 criteria), frequent premature ventricular contractions (=30/hr), nonsustained VT (=1/24 hr), abnormal
heart rate turbulence (onset =0% and slope<2.5 ms), positive T wave alternans (=65 pV), reduced deceleration capacity (4.5 ms), decreased
heart rate variability (SDNN<70 ms), prolonged QT_ interval (>460 ms in males and >480 ms in females)

Arrythmia risk stratification in HF. Time for next step?
K A.Gatzoulis, A.Sideris, E.Kanoupakis et.al
Ann.Noinvasive Electrophysiology 2017 1-9



Risk stratification for sudden cardiac death: current

status and challenges for the futuret!

Wellens HJJ et al, Eur Heart J 2014



OJAN | A= FANOFA DY
NAYNOZ ATONIATOY OF

KAINIKH NMPA=H = MEAAON

v Tpoodilopioudg avaTopiag Kai - |

AsiToupyikoTnTag | v Anpioupyia okop KIVBUVOU pE
I (n)szapiSlov;’)a(pnua Kai OUVOUAONO BEIKTWV OTTO TO
—  KAaopa e§wbnoewg) HKI, BiodeIKTWY,

v EAeyxog HKTI QTTEIKOVIOTIKWV HEBOOWYV, TTOU

v EAEYXOC 1GXaIiag KAl | Ba eAayx?oOv T!'pOO1TTIKd, WOTE

va Bpedei 0o kaAUTepOC

016pOwon auTng, KOBwWG Kal
GAAWYV TTOPAYOVTWYV
KivOuvou

ouvOUAoHOC

Wellens HIT et al, Eur Heart J 2014




Euxapiotw TTOAU
yid TNV TTpocoxn cac !




