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SCD Epidemiology

u Sources of information
u Range 184,000 — 462,000

u Etiologies of SCD

- Ventricular tachyarrhnythmias — VT/VF
- Bradyarrhythmias

- Nonarrhythmic causes — aneurysm, PE, myocardial
rupture



u

Variables Associated with
Increased Risk for SCD

Low EF
VEA
HRV, BRS, HR, HRR, HRT

Repolarization abnormalities - QT
interval, QT dispersion, T wave alternans

Depolarization abnormalities - SAECG,
QRS duration

Functional class
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Table. Summary of Noninvasive Risk-Stratification Techniques
for Identifying Patients With Coronary Artery Disease Who Are
at Risk for Sudden Cardiac Death (SCD)

Technique Conclusion

Although low LVEF has been effectively used to select
high-risk patients for application of therapy to prevent
sudden arrhythmic death, LVEF has limited sensitivity: the
majority of SCDs occur in patients with more
preserved LVEF.

In some populations, the presence of NSVT has been
effectively used to select high-risk patients for

application of therapy to prevent sudden arrhythmic
death. This may also have limited sensitivity.




Table. Summary of Noninvasive Risk-Stratification Techniques
for Identifying Patients With Coronary Artery Disease Who Are

at Risk for Sudden Cardiac Death (SCD)

Technique Conclusion

Clinical utility to guide selection of therapy has not yet

been tested.



Table. Summary of Noninvasive Risk-Stratification Techniques
for Identifying Patients With Coronary Artery Disease Who Are
at Risk for Sudden Cardiac Death (SCD)

Technique Conclusion

Clinical utility to guide selection of therapy has been
ested, but not yet demonstrated.
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2 year mortality 6.8%
Total # of deaths 116
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Oregon Sudden
Unexpected Death Study

u Multnomah County - 660,486; 2002-4
u 714 SCD - 54/100,000

u Pre-SCD EF in 121 (17%)

Normal - 48%

36-54% - 22%

<35% - 30%

Stecker etal JACC 2006



Sudden Cardiac Deaths —
Incidence and Total Events

Incidence (%l/Year) Total Events (#/Year)
Overall Incidence

in Adult Population

High Coronary
Risk Sub-Group

Any Prior
Coronary Event

EF < 30%, CHF

Out-of-Hospital
Cardiac Arrest
Survivors

)

Convalescent Phase
VT/VF After Ml
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(%) (x 1000)

Myerburg RJ Circulation 1992;85(suppl I):1-2 — 1-10.



Canine Model

Extent of myocardial scar Is
related to inducibility of VT
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Sustained Monomorphic VT:
Reentry 1n an infarct scar

Courtesy of Bill Stevenson



Sustained Monomorphic VT:
Reentry 1n an infarct scar
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Contours




Infarct Morphology Identifies Patients
With Substrate for Sustained VT

u 48 pts with CAD undergoing EPS

— 21 not inducible EF35 3%
- 18 MVT EF 28 += 2 %
- 9 PVT/VF EF 34 += 6 %

u MRI results

_ 21 NI: Inf mass 14 = 3% SA 93 %+ 14 cm?
_ 18 MVT: Infmass 26 x 3% SA 172 = 15 cm?
<0.009 ON0[0)%

Bello, Goldberger JACC 2005
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ROC Curves
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64 y.o. male with IMI, LVEF 61%,
27% MDE died 11 mos post-MI

periph?




%MDE < 50% percentile

periphery

= P =0.009

’ I
PMDE . pery > S0™ percentile

N=144, CAD

2 3

Follow-up Period (Years)




Prognostic Significance of DE MRI

P < 0.03 between all groups, except in * (p>0.05)
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DETERMINE

CAD
No current indication for ICD
Infarct size > 10%

Randomization to Optimal medical
therapy or OMT + ICD



Sustained Monomorphic VT:
Reentry 1n an infarct scar

Courtesy of Bill Stevenson



Cardiac Imaging

Noninvasive ldentification of Ventricular

Tachycardia-Related Conducting Channels Using
Contrast-Enhanced Magnetic Resonance Imaging
in Patients With Chronic Myocardial Infarction

Comparison of Signal Intensity Scar Mapping
and Endocardial Voltage Mapping

Esther Perez-David, MD,* ﬂngel Arenal, MD,* José L. Rubio-Guivernau, PHD,}

Roberto del Castillo, MD,* Leonardo Atea, MD,* Elena Arbelo, MD, PuD . #
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MR Signal Intensity Map
A




Segment Location and Orientation of CC and S| Channels

Endocardial Voltage Mapping Endocardial 51 Mapping

Infarct Channel n® and Channel n° and
Patient # Location Segment Location Orientation VT-Related Segment Location Orientation

1 Ant 1:3,2,1 Per 1:3,2,1 Per
Inf 1:6.8 Para 1:6,8 Para
2:3,57 Para 2:3,57 Para
Inf 1:5,6 Par 1:5,6 Per
Inf 1:4,6,8 Para + 1:4. 6,8 Para
Inf-Lat 1:6.8 Para 1:6,8 Para
2:6,8,5.7 Par 2:6,B,5,7 Por

Ant
Inf 1:6 Para 1:6 Para
2:6,5 Para 2:6,5 Para
34,6 Per 34,6 Per
Inf 1: 4,6 Per 1:4,6 Per
Inf 16,8 Para 1:6,8 Para
Inf 1:56 Para 1:5,6 Para
Inf 16 Para 1:6 Para
Inf-Lat 1:6 1: Para 1:6 1: Para
2: Per 2: Per
Inf 16 Para 1:6 Para
Ant Para + Para
Inf Para Para
Para Para
Per Per
Para Para
Per Per
Para Para
Par Per

Para - Para
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Virtual Electrophysiological Study
in a 3-Dimensional Cardiac Magnetic Resonance

Imaging Model of Porcine Myocardial Infarction

Jason Ng, PuUD,* Jason T. Jacobson, MD,* Justin K. Ng, M5;* David Gordon, MD, PuD,*
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Virtual Electrophysiologic
Testing Using Cardiac MRI

« 3D ceMRI to reconstruct LV and define scar
* At sites of normal LV - normal conduction

e At sites of scar - no conduction

At border zone - slowed conduction

« Model propagation
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Building the 3D Computer Model
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Mathematical Model of the
Action Potential

Fenton-Karma 3 Variable Model
Approximates Na*, K*, and Ca?" dynamics
Fast computation

Restitution properties easily adjusted

Diastolic Interval (ms)



Propagation equation

ﬂ_V: - (]ion +[Stim) 56[ V ﬂ V ﬂ VO

2
ﬂt Cm ﬂZ g
V = transmembrane potential
.., = Net ion current C,, = Membrane capacitance
i, = Stimulus current D = diffusion constant

Fenton-Karma 3-variable action potential model
Iion = ‘]fi T 'Jso t 'Jsi

Jﬁ{u;v}z—; O(u—u)(1=u)u—u,). (F&St Inward Current)

1
Jo(= O+ —Ow-u).  (Slow outward current)

W |
J(uw)=— 53— 1 +tanh[k(u—ul)]).

oy Si

(Slow inward current)

Partial differential equations solved by Euler forward method
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VT Induction Example
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Simulation Non-Contact Mapping
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Simulation Non-Contact Mapping
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New Paradigm - Virtual Electrophysiologic

Study (VEPS)
DE-MRI IMAGES

3D LV I\/IODEL/ VT INDUCTION
SIMULATION
% b CLINICAL

DECISION
MAKING?



VEPS 1n Human MRIs

* 3D MRIs were collected from 16 patients
with prior MI and 16 controls with no MI

Age (years)
Male

LVEF (%)
LV mass (g)

LV Infarct %

MI Patients
(n=16)
6410

12 (75%)
41.6+11.6
149.3+40.0

13.2+8.8

Controls
(n=16)
55+10

10 (62.5%)
62.6+8.0
103.0+32.1

N/A

P value

0.03

0.7

<0.0001

0.0005



VEPS in Human MRIs

Results

* Six of 16 MI patients were inducible with

VEPS

 None of the controls were inducible

Age (years)
Male

LVEF (%)
LV mass (g)

LV Infarct %

MI VEPS+
(n=6)

68+9

4 (66%)
3449
149.8+39.6

20.0+8.9%

Ml VEPS-
(n=10)
6019

8 (80%)
46+11
149.0+34.5

9.1+6.0%

P value

0.47

0.6

0.011

0.45

0.046



Patient 1




MRI to assess arrhythmic risk
post-Ml

u MRI provides the best clinical method
avallable to define infarct characterstics -
? substrate for VT

u Promising tool to improve upon LVEF as
risk marker for arrhythmic SCD

u Enhanced imaging and data processing
will make this more realistic



