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SCD in Heart Fallure

SCD-a prominent mode of death

NYHA I NYHA I
12%

26%

B CHF B CHF
Other Other
24% Sudden Death 0 Sudden Death
64% 59% !
Deaths = 103 Deaths = 232
NYHA IV 15%
33%
B CHF
Other
56% Sudden Death
Deaths = 27
11%

MERIT-HF study group. Effect of metoprolol CR/XL in chronic heart failure: metoprolol CR/XL randomized intervention trial in
congestive heart failure (MERIT-HF). LANCET. 1999;353:2005.



Metanalysis arrhythmic vs non-

arrhythmic mortality  Yap et al, EHJ 2005

Table 2 Rates of arrhythmic and non-arrhythmic cardiac mor-

tality for all patients measured from day 45 after Ml and patients
from TFL?@%\Q DIAMOMD-MI that were measured from day of Ml

Up to 6 =6h-12 =12-18 =18-24 Crverall
month month month month

Ra}e per 100 person-year at risk
Survival fr

m day 45 after Ml from all five studies
AD 8.09 4.07 4. 34 3.76 4,68
NAD 6.07 3.35 3.60 2.77 3.66
Qurvival from date of Ml from TRACE and DIAMOND- M|
AD 23.97 5.62 5.14 4. 96 11.01
NAD 18.91 / 5.28 5.14 4. 48 Q.28

ﬂvcralW-:ardiac death did not appear to change over time, with
the rate of socMythmic death consistently higher than NAD.



Metanalysis arrhythmic vs non-

arrhythmic mortality  Yap et al, EHJ 2005
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Metanalysis arrhythmic vs non-

arrhythmic mortality  Yap et al, EHJ 2005
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Risk factors

Reduced LVEF

VPBs and NSVT documented on 24-hour
ambulatory monitoring

VT induced by EPS

SAECG

Reduced HRV

T wave (repolarization) alternans (TWA)



LVEF > 35% LVEF < 35%
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Figure 2 Cumulative risk of death for patients with left ventricular ejection fraction
(LVEF) >35% and <35%.

Connoly et al., Eur Heart J 2000



Noninvasive ECG Parameters in Multivariate Cox
Model for Predicting Total Mortality in MADIT II
Patients Randomized to Conventional Therapy

Variable HR (95% CI) P value

Age>065 years 1.47 (0.86-2.52) 0.164

NYHA >I1 2.00 (1.20-3.34)  0.008
BUN>25 1.94 (1.17-321)  0.010
No BB use 1.57 (0.942.66)  0.089
A. Fib. 2,36 (1.14-4.89)  0.021
QRS>0.12 sec  1.90 (1.14-3.14)  0.013




Survival in Defibrillator Group and Conventional Treatment
Group in 530 MADIT II Patients with QRS > 0.12 sec
(excluding paced patients).

Mortality
2-yT  J-yr

Conv 27% 39%
ICD 17% 24%

HR=0.51 (p=0.070) — 49% reduction in mortality
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Table 2. Sensitivity and spacificity of ventricular arrhythmias in the Batablocker Heart Attack Trial (BHAT) in predicting
total mortality and sudden cardiac mortality

Total martality, % Slidden death martalty, %
Pramatura ventricular baats
faatires Sanaitity Specificity Sansitiit Specificity
flih 6 a8 15 87
Repatitive 3 Bl 34 a0
10/ or repattive (aither) 44 76 4 il

10/h and repatitive {bath) 14 04 {6 04




VPCs - EF

Table 1. Relationship between parcent ajection fraction and
premature ventricular beats in the Multicenter Investigation for
Limitation of Infarct Size study (MILIS)

Suddan
Global death
Fatients mortality, % mortality, %  Relative nsk
FVE<10  EF>40% B 2 1
FVBE>10  EF<40% 14 10 G
FVB<10  EF>40% 20 = ¥
FVB>10  EF<40% 40 18 11

EF, gjection fraction; PV B, preamatura ventricular beats.



EPS

Table 2. Prognostic significance of inducible ventricular arrhythmias in pest-acute myecardial infarction patients

EPS
Study Obsarvations VTVF, % Arhythmic events, % EPSnegative, % Arhythmic events, %
Bhandari 7 44 18 o f
Roy 150 13 B 77 1
Santarell ol 46 0 54 (
Richards 165 23 a3 77 3
Marchlinski 46 12 17 78 g
Breithardt 132 46 16 54 4
Hamer 70 17 42 B3 El
Denniss 403 34 11 b 4
Bhandari o a3 a7 B ¥
Waspea ol 17 41 B3 !
Naccaralla 120 19 a0 43 f
Al patiants: 1314 Mean value: 30,5 694 £0.4 F

VF, ventricular fibrllation; VT, ventricular tachycardia; EPS, electrophysiologic study.



ATRAMI STUDY, circulation 2001
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THE SIGNAL AVERAGED ECG AS A RISK
STRATIFIER OF SCD IN MULTUCENTER
CLINICAL TRIALS

CAST
CABG-PATCH
MUSTT
MADIT-II




Prognostic value of the SAECG

for arrhythmic events after MI: _
statistics on 22 studies and 9883 patients
(mean follow-up: 22 months)

Follow-up (mos) 22
Arrhythmic events (%) 7.2
Sensitivity (%) 65
Specificity (%) 76
+ predictive accuracy (%)

Relative risk 6.9
Odds ratio 12.4

Bailey et al, JACC 2001




Kaplan-Meier estimates of arrhythmic death or cardiac
arrest by SAECG results and ejection fraction in the
Multicenter Unsustained Tachycardia Trial (MUSTT)
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Post Infarction Patients With and Without Ventricular
Tachycardia Have Different Ventricular Conduction
Characteristics: AWavelet-based Analysis.

V. Vassilikos, I. Chouvarda¥*, G. Dakos, N. Manglaveras*,
S. Mochlas, K. Pappas¥*, G. Louridas

1st Cardiology Division and *Medical Informatics Laboratory, Medical School, Aristotle
University of Thessaloniki, Greece

NASPE 2003
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Ikeda et al, JACC 2000

“The combination of TWA and LPs was associated with a
high predictive accuracy for arrhythmic events after AMI”

Sens Spec +PA -PA Total PA P value

93% 299% 28% 98%  64% 0.006

33% 85% 38% 91% 80% 0.0008

60% 8% 32% 92% 75% 0.004
TWA+LPs 3% 91% 0% 92% 83% 0.0001
TWA+EF 60% 84% 39% 92%  80% 0.0005
LPs+EF 40% 86% 33% 89% 79% 0.001
TWA+LPs+EF 40% 91% 43% 90% 83% 0.001

n= 102 cases; PA= predictive accuracy




MADIT Il sub-analysis

— MTWA Abnormal
MTWA Nermal

Mortality (%)

wereew
1

Y ¥ T T T \J L)
0 6 12 18 24
Maonths
Number at risk
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Bloomfield et al, Circulation 2004



TWA and BRS in DCM

Univariate analysis
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Figmre 1 Kaplan-Meier event-free survival curves for microvelt-level
T-wave alternans (TWA) and baroreflenc sensigvity (BES). p values relate
to log-rank test.

Hohnloser et al, JACC 2003



Marburg cardiomyopathy study

343 patients with [DC enrolled

——-'-—-_—-_—-_——-_-‘_-_—-__-_-_-—-_-_-_-_-_-_-H

263 patients with sinus rhythm 80 patients with atral fibrillation
Ech@cardi@gra;hy (LVEF, LVEDD) Eclm-:ardiograpl‘lr; (LVEF, LVEDD)
Signal—ax.lferaged ECG Signal—ave-lraged ECG
Arrhythmias c::-nlzd-—hour Holter ECG Arrhythmias on EIaL—hcuu r Holter ECG

|

QTe/JTe dispersion on 12-lead ECG
|

Heart rate vanability on Holter ECG
I

Baroflex sensitvity (phenylephrine)
|

Microvolt T wave alternans analysis

52 + 21 months follow-up

Primary endpoint: major arrhythmic events
Secondary endpoint: transplant-free survival

Grimm et al,
Circulation 2003



Marburg cardiomyopathy study

Arrhythmia-Free Survival

A 0 12 24 36 48 60 72

Follow-up (Months)

Grimm et al, Circulation 2003



REFINE Study, JAcc 2007

n=322

AUC for the Individual Parameters In Predicting the
Primary OQutcome (Cardlac Death or Resuscltated
Cardlac Arrest) In the Acute and Nonacute Early
Post-MI Perlods

AUC*
2 to 4 Weeks 10 to 14 Weeks
Impairment After Index MI After Index MI
Autonomic tone
Heart rate variability 0.59
(SONN <105 va, =105 ms)
Baroreflex sensitivity 0.60
(=61 va. =6.1 ms/mm Hg)
Heart rate turbulence 0.58
(abnormal onset or slope vs.
both normal)
Electrical substrate
Exercise repolarization alternans 061
(non-negative vs. negative)
Holter repolarization alternans 0.60 0.62
(=5 vs. =5 uV¥)
QRS width (=114 vs. <114 ms) 0.55 0.56

History of diabetes — —

Left ventricular ejection fraction 0.62 0.62
(=0.30 vs. >0.30)




REFINE Study, JACC 2007

AUC, Test Characterlstics, and Accuracy of the Nonlnvaslve Parameters

Table 6 to Predict the Primary Outcome (Cardlac Death or Resuscltated Cardlac Arrest) at 10 to 14 Weeks Post-MI
Characteristics [95% CI) dictive Accuracy [95N)
Parameters Area Under the
(10 to 14 Weeks Post-MI) ROC Curve* Sensitivity Specificity / Positive Nﬂgaﬁ;)\
Abnormal exercise TWA + BRS 0.65 45(39-49) BE (B2-90) 23 (18-28) 94 (92-96)
in = 52) va. others
Abnormal Holter TWA + BRS 0.65 45(30-49) BE (B2-00) 23 (18-27) 84 (92-97)
in = 53) vs. others
Abnormal exercise TWA + HRT 0.70 5% (53-64) T4 (T0-T9) 18(14-23) 95 (92-97)
in = 91) vs. others
Abnormal Holter TWA + HRT 0.71 62 (57-67) T4 (T0-19) 19 (15-24) 95 (93-9

in = 93) va. others




REFINE StUdy, JACC 2007

+EF

Table 7 AUC, Test Characteristics, and Accuracy of the Noninvasive Parameters Combined

With LVEF to Predict the Primary Outcome (Cardiac Death or Resuscitated Cardiac Arvest) Beyond 8 Weeks Post-Mi

Characteristics {95% CI) dictive Accuracy (95%
Parameters
(Beyond 8 Weeks Post-MI) Dichotomized AUC* Sansitivity Specificity / Positive H-agmiwa\
Abnormal exercise TWA + BRS + LVEF <0.50 0.71 37 (32-42) 93 (90-96) 32(27-37) 94 (92-97)
(n = 31) vs. others
Abnormal Holter TWA + BRS + LVEF <0.50 0.71 37 (32-42) 93 (90-95) 31(26-36) 94 (92-9T)
in = 32) vs. others
Abnormal exercise TWA + HRT + LVEF <0.50 0.72 52 (46-5T) 83 (79-87) 23(17-26) 95 (92-97)
in = 64) vs. others
Abnormal Holter TWA + HRT + LVEF <0.50 0.74 55 (50-61) 86 (82-90) {22-32) 96 (93-94)
{n = 55) vs. others




Journal of the American College of Cardiclogy Vil 51, Mo, 3, 2008
2 2002 by the American Cellege of Cardiclopy Foundaticn I35 O735-109 7/ 08/ §34.00
Published by Elsevier Ine. el 01016 jace. 20070205 8

Risk Stratification for Primary
Implantation of a Cardioverter-Defibrillator in
Patients With Ischemic Left Ventricular Dysfunction

Ilan Goldenberg, MD,* Anant K. Vyas, MD, MPH,t W. Jackson Hall, PHD,# Arthur J. Moss, MD,*
Hongyue Wang, PHD,} Hua He, MA,+ Wojciech Zareba, MD, PuD,* Scott McNitt, M5,*
Mark L. Andrews, BBA* for the MADIT-II Investigators

Rochester and Buffalo, New York

NYHA functional class > I
Age>70 years

BUN>26 mg/d|

QRS duration>0.12 s
Atrial fibrillation



Multivariate Proportional Hazards Regression
Model: Risk of All-Cause Mortality in the
Conventional Therapy Group for Selected
Risk Factors* T

Table 4

95% Confidence
Risk Factor HR Interval p Value
NYHA functional class >l 187 1.23-2.86 0.004
Atrial fibrillationf 187 1.05-322 0.034
QRS =120 ms 165 1.08-251 0.020
Age >70 yrs 157 1.02-241 0.042

BUN =26 mg/dl (and <50 mg/dl) 156 1.00-242 0.048




Probability of Survival in VHR Patients

1.00
0.90
0.80
0.70
0.60
0.50
0.40 iy

0.30 D
0.20
0.10
0.00

CONV

SURVIVAL Probability
i

Years

PATIENTS AT RISK
CONV 23 12 (0.73) 3 (0.46) 3 (0.46)

ICD 37 22 (0.73) 11 (0.51) 4 (0.34)

Goldenberg et al, MADIT 11, JACC 2008



Risk score o or >1

A 1.00 1 — B B 1.00 1
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Goldenberg et al, MADIT I1, JACC 2008



Risk score 1, 2, >3
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U-Shaped Curve for ICD Efficacy

A o~  2=year mortality in conventional and |CD groups by risk group category
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Do baseline characteristics accurately discriminate
between patients likely versus unlikely to benefit
from implantable defibrillator therapy?

Evaluation of the Canadian Implantable Defibrillator Study implantable cardioverter

defibrillatory efficacy score in the Antiarrhythmics Versus implantable Defibrillators Trial
Derek V. Exner, MD, MPH,2b Robert S. Sheldon, MD, PhD,2 Sergio L. Pinski, MD,¢ Jack Kron, MD,d Alfred
Hallstrom, PhD,© and the AVID Investigators Calgary, Alberta, Canada, Betbesda, Md, Chicago, I, Portland, Ore,

and Seaitle, Wash

Conclusion Of the 3 characterisis idenified to predict ICD efficacy in CIDS, only depressed EF predicted ICD eff
cacy in AVID. Thus physicians faced with limited resources might elect to consider ICD therapy over anfiarrhythmic drug use

in patients with severely depressed EF volues. (Am Heart ] 2001:141:99.] 04.)



