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Sudden Cardiac Deat

e Accounts for > 1/2 of all cardiac deaths

e 1/6 of all deaths

e >400,000 SCD annually in the US




Leading Causes of Death in the U

: Septicemia
Nephritis

Alzheimer’s Disease

Only after the deaths from ALL
cancers are combined does anything
[ |nfluenza/Pneumonia cause more deaths each year than
Diabetes sudden cardiac arrest.

i Accidents/Injuries
I Chronic Lower Respiratory Diseases
Cerebrovascular Disease

e Other Cardiac Causes

_ T All Cancers
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National Vital Statistics Report, Vol 49 (11), OtR, 2001.
State-specific mortality from sudden cardiac deatinited States 1998%MWR.2002;51:123-126.




Trends iIn SCD — US

1989 1998 2007

Total Cardiac Deaths 728,115 719,456 600,000

SCD - % of Cardiac Deaths 56.3% 63.9% 70%

Total Sudden Deaths 409,929 459,732 420,000

Total percentage of sudden deaths has INCREASED

Zheng et al (CDC) €irculation 104:2158 E




Cause of Sudden Deat




Severity of Heart Failure

Modes of Death

NYHA I CHE

12% ® Other

24%  ® Sudden
64% Death

(N = 103)
NYHA IV
33%
56%

11%

I MERIT-HF Study Group. LANCET. 1999;353:2001-2007.

NYHA I

26%

15%

CHF
® Other

® Sudden
Death

(N =27)




Urgency of Sudden Cardiac Death

Resuscitation Success vs. Time

Cummins RO, 1998.
Annals of Emergency
Medicine 18: 1269-1275




Expected Survival for VF Arrest

Cardiac-Rehabilitation Programs,
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Home: EMS response

-~ 091t Request

1 min 2-7 min 8-15 min
Expected Time from Collapse to Defibrillator Shock

Weaver WD et al, NEJM 2002;347:1223




HAT: Efficacy of AEDs




Medical Therapy That Reduces Mortality

Beta Blockers

ACE Inhibitors

ARBs

Statins

Aldosterone Antagonists
ASA




Residual Risk of SCD In Treatment
Arms of CHF Beta Blocker Trials
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Sudden Deaths
Total Deaths

CIBIS-II (1999)*

% Sudden Death
)
of Total Death 31%

No. Pts in Treatment Arm: N = 1327
Average Follow-Up: 16 months

L CIBIS-II Investigators. Lancet. 1999;353:9-13.

2MERIT-HF Study Group. Lancet. 1999;353:2001-2007.

3Packer M. N Engl J Med. 1996:334:349-355.

MERIT-HF (1999)2

54%

N = 1990
12 months

USCHFT (1996)
54%

N = 696
6.5 months
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Days after randomization

CAST Investigators, NEJM 1989;321:406.




SCD-HeFT 5-Year Mortality Rate
Overall Results
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Amiodarone Placebo

Bardy GH. N Engl J Med. 2005;352:225-237.




Implantable Cardioverter-Defibrillator




Reduction in Mortality with ICDs
(Compared to AADS)
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AVID? CASH?

3 years 2 years

1 The AVID Investigators. N Engl J Med. 1997;337:1576-1583.
2 Kuck K. ACC98 News Online. April, 1998. Press release.
3 Connolly S. ACC98 News Online. April, 1998. Press release.




Major Implantable Cardioverter-Defibrillator
rials for Prevention of Sudden Cardiac Death

Trial Year Patients LVEF Additional Study Hazard 95% ClI
(n) Features Ratio*

MADIT | 196 < 35% NSVT and EP+ 0.46 (0.26-0.82)
MADIT II 1232 < 30% Prior MI 0.69 (0.51-0.93)
CABG-Patch 900 < 36% +SAECG and CABG 1.07 (0.81-1.42)
DEFINITE 485 < 35% NICM, PVCs or NSVT 0.65 (0.40-1.06)

DINAMIT 674 < 35% 6-40 days post-Ml 1.08 (0.76-1.55)
and Impaired HRV

SCD-HeFT 2006 1676 <35% Prior Ml of NICM 0.77 (0.62-0.96)

AVID 1997 1016 Prior cardiac NA 0.62 (0.43-0.82)
arrest

CASHT 2000 191 Prior cardiac NA 0.766
arrest

CIDS 2000 659 Prior cardiac NA 0.82 (0.60-1.1)
arrest, syncope

* Hazard ratios for death from any cause in the ICD group compared with the non-ICD group. Includes only ICD and amiodarone patients from CASH.
$CI Upper Bound 1.112 Cl indicates Confidence Interval, NS = Not statistically significant, NSVT = nonsustained ventricular tachycardia, SAECG = signal-averaged
electrocardiogram.

Epstein A, et al. ACC/AHA/HRS 2008 Guidelines for Device-Based Therapy of Cardiac Rhythm Abnormalities. 3 Am Coll Cardiol 2008; 51:e1-62. Table 5.




MADIT 2

e |nclusion:
— Prior Mli
— EF <30%

* Endpoint:
— Mortality







SCD-HeFT

e |nclusion:
— NYHA Class Il —IlI
— EF <35%

 Endpoint:
— Mortality




SCD-HeFT Outcomes:
Kaplan-Meler Estimates of All-Cause Mortality

Placebo
[5-year
mortality=36%]

Amiodarone ICD therapy
[5-year mortality = [5-year mortality =
34%] 29%)

Mortality rate

Hazard Ratio (97.5% C.I1D

Amiodarone versusPlacebo 1.06 (0.86-1.30)
|ICD therapy versusPlacebo 0.77 (0.62-0.96)

0.53

N

0.00’

Follow-up (months)
Bardy, G. H. et al. N Engl J Med 2005;352:225-237



SCD-HeFT

 In class Il or Ill CHF patients with EF < 35%

on good background drug therapy, the
mortality rate for placebo placebo-controlled

patients Is 7.2% per year over 5 years.

e Simple, shock-only ICDs decrease mortality
by 23%.

 Amiodarone, when used as a primary
preventive agent, does not improve survival




MADIT 2: New or Worsened CHF

Conventional therapy




Severity of Heart Failure

Modes of Death

NYHA I CHE

12% ® Other

24%  ® Sudden
64% Death

(N = 103)
NYHA IV
33%
56%

11%

I MERIT-HF Study Group. LANCET. 1999;353:2001-2007.

NYHA I

26%

15%

CHF
® Other

® Sudden
Death

(N =27)




Ventricular Dyssynchony

Delayed ventricular activation

* Delayed lateral wall
contraction

 Disorganized ventricular
contraction

* Decreased pumping
efficiency

Conduction
block




LV Dyssynchrony

Healthy Dilated Cardiomyopathy (DCM)

Relaxed

Shorter

D D. Kass, MD, Johns Hopkins University, Maryland -




LV Dyssynchrony

DCM - Intrinsic

Courtesy of C. Stellbrink, MD . -




BiV Pacing: Mechanisms of Action

Conduction
block

v,

Stimulation
therapy

Intraventricular Activation
Organized ventricular
activation sequence
Coordinated septal and
free-wall contraction
Improved pumping
efficiency




LV Resynchronization

DCM - Intrinsic DCM-CRT

Courtesy of C. Stellbrink, MD . -




Summary: NYHA Class




Summary: QOL




Summary: 6-min Walk Test




Summary: VO,




Reverse Remodelinc




COMPANION: Inclusion Criteria

NYHA Class Ill or IV (ischemic/non-ischemic)
LVEF 35%, LVEDD 60 mm
QRS 120 ms, PR interval > 150 ms

Hx of HF hospitalization < 12 months,
> 1 month prior to enrollment







COMPANION: Primary Endpoint




COMPANION: Secondary Endpoint




COMPANION: Mortality Endpoint




CARE-HF: Inclusion Criteria

Heart failure 6 weeks
NYHA Class lll, IV

LVEF 35%

Left ventricular end-diastolic
dimension > 30 mm

QRS 120 ms*

Optimal Medical Therapy (OMT)

* Patients with QRS 120-149 ms were required totmee
echocardiographic evidence for ventricular dyssyoic
including aortic pre-ejection delayl40ms, interventricular
meIcI:hanlcaI delay 40ms, delayed activation of posterolateral LV-
wall.

Cleland JGF. N Engl J Med. 2005;352:1539-1549. -




CARE-HF Death or Unplanned
Hospitalization for CV Event Results

100

—— CRT
—— Medical Therapy

Major CV Event
a1
(@)

HR 0.63 (95% CI 0.51 to 0.77)
37% Relative Risk Reduction

P <0.001

or Unplanned Hospitalization for a

% Patients Free of Death from Any Cause

500

o

No. at Risk DEGE

CRT 409 323 273 166
Medical Therapy 404 292 232 118

Cleland JGF. N Engl J Med. 2005;352:1539-1549.




CARE-HF Death from Any Cause Results
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HR 0.64 (95% CI 0.48 to 0.85)
36% Relative Risk Reduction

)
)
<
go
>
L =
f’é<(
o £
= O
© =
O -
X
(@)
Y
)

— CRT
—— Medical Therapy

P <0.002

o

No. at Risk
CRT 409 376
Medical Therapy 404 365

Cleland JGF. N Engl J Med. 2005;352:1539-1549.




CARE-HF Results

Death or
Unplanned

Hospitalization 0.63 (0.51 - 0.77)
CV Event

Unplanned
Hospitalization

w/ Worsening HF 0.48 (0.36 - 0.64)

Death 0.64 (0.48 - 0.85)

Cleland JGF. N Engl J Med. 2005;352:1539-1549.




RethinQ Trial: CRT w/ Narrow QRS?




IMPROVE-HF

* Prospective Cohort Study: Management of CHF / 943
— 15,381 pts from a US Registry of 167 Outpatienti®dogy practices




Disparities In ICD Use: Sex & Race

* Observational Analysis of pts admitted w/ CHF & BB%
— 13,034 pts from 217 hospitals (between 1/2005 6372

100% g
0% /

60%

m Men

40% B Women

0%

White Black




“NNT” to Save a Life




Cost Analysis




Effect of ICD Shocks

Poole et alNEJM, 359:1009, 2008.




Impact of ICD Storm on Mortality

o Madit 2 patients (719 total with ICDs)
— VT/VF Storm in 25 pts
— VT/VF episodes in 144 pts
— No VT/VF episodes in 550 pts

Sesselberg et al, HRS 2005 -




Effect of ICD Shocks

e Analyzed at total of 5376 Episodes:
— VT (>320ms), fVT (320-240ms), VF (<240ms)
— 97% of all episodes were VT or fVT

 VT/VF Events: 518/2135 (24.3%) pts
— Shocks 262/518 (50.8%)
— Without Shocks 256/518 (49.4)

e Success of Anti-Tachycardia Pacing
— Overall 80%
— VT 92%
— VT 68.2%

Sweeney at al, AHA-2008 -




Effect of ICD Shocks

Survival By VT/VF Episodes, ATP or Shocks

>< No VT/VF Episodes
1 VT/VF Episode, No Shocks

1 VT/VF Episode Shocks
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Number of Months Post-Implant

Sweeney at al, AHA-2008 -




SMASH-VT

The SubstratdM apping &Ablation in -

_ _ istory of a Ml
Sinus Rhythm tdHalt Ventricular Cardiac Arrest
Tachycardia Trial (VTIVF)

— Assess safety/efficacy of “prophylactic” J
substrate ablation in preventing ICD shocks
In post-MI patients who have sustained a
VT/VF event (ie, 2° prevention ICD pts)

3-Center, Randomized Trial (127 pts) /\
VF Arrest(18%) ICD +

Unstable VT(53%) Substrate

Syncope & Inducible VT20%) Ablation

Remote ICD / Recent ICD Evef®%o) \/
Primary Endpoint: ICD therapy

Follow-Up (2 years)

Reddy et al, NEJM, 2007 -

Randomization




SMASH-VT: Prophylactic Catheter Ablation
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Follow-Up (Months) Follow-Up (Months)

Reddy VY et al, NEJM, 357:2657, 2007.




