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ICD Therapy for Sudden Cardiac Death
Based on Evidences Developed by
Prospective Studies

* Evidence for secondary prevention

« Evidence for primary prevention

« Current practice in the USA







Leading Causes of Death in
=sopicom the US

B Nephritis
Alzheimer’s Disease
L 3 Influenza/Pneumonia
Diabetes
Accidents/Injuries
Chronic Lower Respiratory Diseases

Cerebrovascular Disease

. Other Cardiac Causes

Sudden Cardiac Arrest (SCA
All Cancers

I

National Vital Statistics Report, Vol 49 (11), Oct. 12, 2001.
State-specific mortality from sudden cardiac death — United States 1999. MMWR. 2002;51:123-126.
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Sudden death rates of ICD patients
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EDITORIALS

Implantable Defibrillator Therapy: Does It
Really Prolong Life? How Can We Prove It?

Soo G. Kim, MD

« Total (all-cause) mortality

* Prospective studies




Since ICD was invented to prevent
SCD, the benefit should be assessed
by the reduction of SCD and not by
total mortality.

ICDs cannot prevent deaths from
CHF, M|, stroke or cancer.

Fogoros R. Am J Cardiol




NASPE (North American Society of
Pacing and Electrophysiology) Policy
Conference, February 1992

Total mortality (all-cause mortality) rates, not
sudden death rates, should be the primary
endpoint of studies comparing antiarrhythmic
therapies.

Prospective studies should be done to determine
the benefits of ICD therapy over medical therapy.

Kim, Fogoros et al, PACE, 1992




AVID (Antiarrhythmics Versus
Implantable Defibrillators) Study

* ICDs versus drug therapy (for
secondary prevention of SCD)

* Primary endpoint: total mortality

* Drug therapy: amiodarone or sotalol
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Figure 1. Rates of Arrhylhmia—FfeeSurvlval in the Study Groups,
According to the Method of Kaplan and Meier.
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FEATURES

The management of patients with life-threatening
ventricular tachyarrhythmias: programmed
stimulation or Holter monitoring (either or both)?

Soo G. KM, M.D.
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ESVEM Results

On-treatment analysis Intention-to-treat analysis

A. Patients receiving drug B. All randomized patients
predicted to be effective

o
o
]
(o1]
5

Holter monitoring  ========-=-
Electrophysiologic study

Holter monitoring ===
- Electrophysiologic study

Probability of
Recurrence of Arrhythmia (%)

Probability of
Recurrence of Arrhythmia (%)

Year

Mason JW. N Engl J Med. 1993:329(7):445-451.

ESVEM study: EP versus Holter-guided Rx




1007

Cumulative Percentage (%)

ESVEM Results

Recurrence of arrhythmia

| Mason JW. N Engl J Med. 1993;329(7):452-458.

Year

Cumuiative Percentage (%)
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Death from any cause

P = 0.004
Other drugs e et
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P Sotalol
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Year

Sotalol was better than other drugs




CASCADE Survival

Total Cardiac Survival Sudden Death Survival
100% 100% -
75% 75% - Amiodarone
50% - - "'3“\_“ S50% - ""\--:._&
s - e
EP or Holter-guided EP/Holter-guited,
25% - 25% - “Nesens .
P = .007 by Log Rank Statistic P < .001 by Log Rank Statistic
“ v L] | “ o T 1 LJ Al R} L §
0 1 2 3 4 5 6 7 4] 1 2 3 4 5 8 7
Years Years

— Amiodarone, N = 113
------ Conventional, N = 115

CASCADE Investigators. Am J Cardiol. 1993;72:280-287.

CASCADE study

Amiodarone versus EP or Holter-guided Rx




AVID (Antiarrhythmics Versus
Implantable Defibrillators) Study

* Drug therapy: amiodarone or sotalol




AVID Overall Survival
R, PP 81.6

823

=== Defibrillator Group

p<0.02

T L]

0 1 2
Patients at Risk Years after Randomization
1,016 644 333

AVID Investigators. N Engl J Med. 1997;337(22):1576-1583.




Other Secondary ICD Trials

« CASH (Cardiac Arrest Study in Hamburg)

« CIDS (Canadian Implantable Defibrillator
Study)




Secondary Prevention of Sudden Death

* ICD therapy improves survivals better
than antiarrhythmic drug therapy.

* Antiarrhythmic drugs have very limited
values and should be avoided (except for
amiodarone and possibly sotalol in some
clinical settings).




Primary Prevention of Sudden Death
Multicenter Studies

* Drug therapy

* Device therapy
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Amiodarone for primary prevention of
sudden cardiac death

EMIAT (European Myocardial Infarction
Amiodarone Trial)

CAMIAT (Canadian Amiodarone

Myocardial Infarction Arrhythmia Trial)

CHF-STAT (Congestive Heart Failure-
Survival Trial of Amiodarone Therapy)

GESICA
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Figure 1. Kaplan-Meier Estimates of Overall Mortality and Sudden Death from Cardiac Causes.
Amlodarnne had no significant effect, as compared with placebo, on either overall merality or the incidence of sudden death, The
numbers below the figures are the numbers of patients at risk.

CHF-STAT (VA study)
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FIGURE 2. Circumstances of witnessed death in patients after MI. Deaths were classified by
Hinkle~Thaler criteria. The bar graph at the right illustrates the proportion of deaths judged
to be due to ventricular arrhythmias that were accompanied by disabling heart failure
shaded portion) or evidence of acute ischemia (horizontal lines).
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MADIT (Multicenter Automatic Defibrillator
Implantation Trial)

* Post-MI patient with nonsustained VT
and LV ejection fraction <35%.

» EP testing to induce ventricular
tachycardia.

e Randomization: ICD versus medical
therapy




MADIT Survival

No. of patients
Defibrillator 95

Conventional 101 87
therapy

Moss AJ. New Engl J Med. 1906;338:1933-19040.

Post-MI, NSVT, EF<35%, inducible VT by PES




MUSTT (Multicenter UnSustained
Tachycarida Trial)

* Hypothesis: EP-guided therapy will
improve survival of post-MI| patients
with nonsustained VT.




MUSTT
Multicenter UnSustained Tachycardia Trial

| CAD, EF <40%, nonsustained VT

V
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(-) l (+)

“

Registry | [NoAARx | |EP-Guided Rx
Follow-Up




MUSTT
Multicenter UnSustained Tachycardia Trial

| CAD, EF <40%, nonsustained VT

V

EPS

(-) l (+)

“

Registry | |NoAARx [ [EP-Guided Rx|
Follow-Up

‘ EP-guided AAD |/\| ICD if no success




; No ER-Guidéd AA-Rx.
— — — EP-Guided Rx (No ICD and IGD)

t
I".-'
0.4 - o
[

_EP-guided therapy

Event Rate

Q0 1 2 3 4 5
Buxton AE. N Efigl J Med, 1999:341:1882-90, Time after Enrollmant (Years)

MUSTT: primary endpoint (EP-gudied therapy vs no therapy)




MUSTT
Multicenter UnSustained Tachycardia Trial

| CAD, EF <40%, nonsustained VT
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MUSTT
Multicenter UnSustained Tachycardia Trial

| CAD, EF <40%, nonsustained VT

V

EPS

(-) l (+)

“

Registry | |NoAARx [ [EP-Guided Rx|
Follow-Up

‘ EP-guided AAD |/\| ICD if no success
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MUSTT: subgroup analysis (not the study hypothesis)

Time after Enroliment (Years)
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September 1990:756-62

EDITORIAL REVIEWS

Management of Survivors of Cardiac Arrest: Is Electrophysiologic
Testing Obsolete in the Era of Implantable Defibrillators?

SO0 G. KIM, MD, FACC

Bronx, New York




MADIT Il

No requirement for electrophysiology
studies or nonsustained VT

Chronic coronary artery disease with prior Ml

EF <30%




MADIT Il

Exclusions

NYHA functional class IV at enroliment

MI <1 month

Coronary artery bypass graft (CABG) <3 months




Defibrillator Group
_ 0.9 1
2
e
>
v 0.81
5 ==
E Conventional Group
o 0.7
8
o
o P=0.007
0.6
05 e T T T T T T T
0 1 2 3 4
MNo. of patients Years
Defibrillator: 742 503 (0.91% 274 (D.B4g 110 (0.78) 9
Conventional: 490 329 (090 170 (0.78 65 (0.69) 3

MADIT-II

post-MIl > 30 days, EF<30%, no CABG < 3 months, no NYHA class IV




CMS (Center for Medicaid and Medicare Services)
ICD Coverage Criteria after MADIT Il and AVID

Documented CA due to VF not due to a reversible cause. (1991)

Doc. Sustained VT not associated with acute Ml or reversible
cause(1999)

Familial or inherited conditions with high risk of life-threatening
VT “such as LQTS or HCM.” (1999)

CAD + prior Ml (>4wks) +EF < 35% + inducible sustained VT.
1996, 2003 (MADIT-1)

Prior Ml + EF < 30%, + QRS >120ms. 2003 (MADIT II).




DINAMIT
Defibrillator in Acute MI Trial (St J)

‘Acute MI 6-40 days‘
¥

LVEF <35 and 24 hour HR >80 or SDNN <70

Excluded: NYHA IV, /

Revasc, need for
Xplant

‘ ICD ‘ Standard
RXx
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= E 0.10
'E i
= 0.05
v
0
0 & 12 13 2d 30 o 42 48
Months after Randomization
No. at Risk
ICD group 115 195 158 211 172 123 K2 Fa
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DEFINITE

Defibrillators in Non-Ischemic Cardiomyopathy Treatment (St J)

Non-Ilschemic DCM
|

EF <35; nonsustained VT or
>10 VPCs/h

/
ICD +RB+ACElI | | BB+ ACEl

P=ns




Cardiomyopathy Trial (CAT)
1° Prevention Trial of Nonischemic Dilated
Cardiomyopathy N =104
Circ 2002;105:1453-1458

NIDCM <9 months
NYHA li-lll, EF <30

ico e ~[OTHER

Stopped because of no difference.
13 deaths ICD, 17 deaths Other




Sudden Cardiac Death-Heart
Failure Trial (SCD-HeFT)

Primary prevention trial (NIH-supported)

Coronary and noncoronary patients
Congestive heart failure




Enrolilment Scheme

DCM + CAD and CHF

!

EF < 35%

l

NYHA Class |l or |l

6 minute walk, Holter

l

P

Placebo Amiodarone




Hazard Ratio {37.5% Cl) P Value

Amicdarane vs. placebo 1.06 (0.86-1.30) 0.53
ICD therapy vs. placebo 0.77 {0.62-0.96) 0.007
D4 Placebo

2== (244 deaths; 5-yr event rate, 0.351)

0.3 ICD therapy

Amiodarone J__.-' {182 deaths; 5-yr event rate, 0.289)
5 (240 deaths; 5.yr event rate, 0.340) s
ol
£ - '
E 0.2 o~ -’
=
0.1~
0.0 T ¥ T 1
H 12 24 k1] 48 60
Months of Follow-up
No. at Risk
Amiodarone 845 72 715 484 280 97
Placebo 247 797 724 305 304 29
ICD therapy 329 778 733 501 304 103

Figure 1. Kaplan—Meier Estimates of Death from Any Cause,
Cl denotes confidence interval.

SCD-HeFT primary results: placebo, amiodarone and ICD




A Ischemic CHF

Mortality Rate

No. at Risk
Amiodarone
Piacebo

ICD therapy

Amiodarone vs. placebo
ICD therapy vs. placebo
0.5-

0.4

Hazard Ratio (97.5% C1)
1.05 {0.81-1.36)
0.79 (0.60-1.04)

Amiodarone
{5-yr event rate, 0.417)

i

" [Seyr event rate, 0.359)

P Value
0.56
0.05

Placebo
..(5+yr event rate, 0.432)

.
' 1CD therapy

426 384
453 415
431 385

43

Months of Folkow-up
346 7 130
30 244 152
365 244 144

%%

SCD-HeFT: Ischemic patients

(predefined subgroup and hypothesis)




B Nonischemic CHF
Haxard Ratio (97.5% C1) P Value

Amlodarone vs. placebo 1.07 (0.76=1.51) 0.65
ICD therapy vs. placebo 0.73 {0.50-1.07) 0.06
0.5+
0.4~
Placebo
g 03 (5-yr event rate, 0.279)
E -
.. Amiodaone =4
= {5-yr event rate, 0.258) AT ©1CD therapy
{3-yr event rate, 0.214)
0.1-

0 12 24 36 43 60
Months of Follow-up
No. st Risk
Amlodarone 419 388 k) 257 150 51
Placebo 354 382 154 261 152 41
ICD therapy 398 383 368 257 160 55

SCD-HeFT: Nonischemic patients

(predefined subgroup and hypothesis)




CMS ICD Coverage after SCD-HeFT
1/27/05

— Ischemic dilated cardiomyopathy with prior
MI >40 days*, CHF (class llI-lll), EF<35%

— Nonischemic dilated cardiomyopathy >9
months** , CHF (class llI-lll), EF<35%

* DINAMIT
** CAT




CMS ICD Coverage after SCD-HeFT
1/27/05

CHF (NYHA IV) if the patient meets CRT criteria




CMS ICD Coverage after SCD-HeFT
1/27/05

« Additional Requirements.
— Patient must be able to sign consent.
— Enrollment in a CMS-approved registry.
— a single lead device unless justified.




CMS ICD Coverage after SCD-HeFT
1/27/05

« Exclusions:
— Shock

— Symptomatic hypotension when in a stable
rhythm.

— CABG or PTCA within 3 months*

— Acute Ml within 40 days**

— Symptoms indicating need for revascularization.
— Irreversible brain damage, OMS.

— Any disease limiting life expectancy to <1y.

*MADIT 1
**DINAMIT




CMS ICD Coverage previously approved
before Jan 2005

Documented CA due to VF not due to a reversible cause. (1991)

Doc. Sustained VT not associated with acute MI or reversible
(1999)

Familial or inherited conditions with high risk of life-threatening
VT “such as LQTS or HCM.” 1999

CAD + prior Ml (>4wks) +EF < 35% + inducible VT-S. 1996, 2003
(MADIT-1)

Doc. Prior Ml + EF < 30%, (+ QRS >120ms). 2003 (MADIT II).




A NYHAClass I

Hazard Ratio (97.5% CI} P Vialue
Amiodarone vs. placebo 0.85 (0.65-1.11) 0.17
ICD therapy vs. placebo 0.54 (0.40-0.74) <0.001
0.6+
0.5
5 0.4 Placebo
{Syr event rate, 0.320)
£ 03 o = Amiodarone
E e {5-yr event rate, 0.264)
£ 02- . -
T —IcD therapy
0.1- {S-yr event rate, 0.201)
'll'ﬂ"-' T 1 L3 1 T T ! | 4 |
H 12 24 36 43 60
Months of Follow-up
MNo. at Risk
Amiodarone 601 563 536 378 222 76
Placebo 294 563 522 367 218 72
ICD therapy 566 350 531 3n 236 80

SCD-HeFT: NYHA class |l




B NYHAChssil
Hazard Ratio (97.5% Cl] P Value

Amiodarone vs. placebo 1.44 (1.05-1.97) 0.010
\CD therapy vs. placebo 1.16 {0.84-1.61) 0.30
0.6+
0.5- Amiodarone ICD therapy
{ 3-yr event rate, 0.528) _i (5-yr event rate, 0.484)
et
-
5 0.4- i o
FF_-._-'?:;
£ 034 el
i
3 ;
2 02+
0.1~
0.0 1 — - )
0 12 24 36 48 60
Months of Follow-up
No. at Risk
Amiodarone 244 209 179 106 a3 21
Placebo 153 234 202 133 36 17
ICD therapy 263 228 202 130 63 21

SCD-HeFT: NYHA class Il




Mortality/year and Mode of death in CHF patients

NYHA IV

NYHA Il B Nonsudden death
B Sudden death

NYHA lI

0% 20% 40% 60%




Mode of death in CHF patients

“Conversion of mode of death” by ICD
Kim SG. Am Heart J

NYHA IV/ICD

NYHA IV

NYHA II/ICD w
- B Nonsudden death

NYHA III_ B Sudden death
NYHA II/ICD

NYHAII

0% 10% 20% 30% 40% 50%




B NYHAChssil
Hazard Ratio (97.5% Cl] P Value

Amiodarone vs. placebo 1.44 (1.05-1.97) 0.010
\CD therapy vs. placebo 1.16 {0.84-1.61) 0.30
0.6+
0.5- Amiodarone ICD therapy
{ 3-yr event rate, 0.528) _i (5-yr event rate, 0.484)
et
-
5 0.4- i o
FF_-._-'?:;
£ 034 el
i
3 ;
2 02+
0.1~
0.0 1 — - )
0 12 24 36 48 60
Months of Follow-up
No. at Risk
Amiodarone 244 209 179 106 a3 21
Placebo 153 234 202 133 36 17
ICD therapy 263 228 202 130 63 21

SCD-HeFT: NYHA class Il




Primary prevention of sudden death
Conclusions

Preventing sudden death (by ICD) improves
survival of patients with severe heart disease.

ICDs or antiarrhythmic drug therapy does not
prevent progression of heart disease.

Survival could be further improved by preventing
progression of heart disease.

Beta blockers, ACE inhibitors, statins,
revascularization, etc.

Cardiac resynchronization therapy (CRT)




Cardiac Resynchronization Therapy
(CRT)
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Medical therapy
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i

Percentage of Patients Free
of Death from Any Cause
&
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25
P<0.002
'0 ) | T T T L) T T T T T T T T 1
0 500 1000 1500
Days
No. at Risk
Cardiac resyn- 409 376 351 213 89 8
chronization
Medical therapy 404 365 321 192 71 5

CARE-HF study

All-cause mortality




Questions on the ICD Therapy

* Is ICD therapy cost effective?

« Can a society afford such an expensive
therapy?




Cost-effectiveness of ICD and
CRT Therapy

$70,000
$60,000
$50,000 A
$40,000

$30,OOOC ] W Cost/life-year saved
$20,000

$10,000 r
$0

CARE- MADIT CRT-D
HF |




Societal Spending on Other Life-Saving
Interventions'’

Flashing lights at railroad crossings $42,000

Flammability standard for upholstered $68,000
furniture

Airbags (vs. manual lap belts) in cars $120,000

Annual mammography for women age 40-49 $190,000
Smoke detectors in homes $210,000
Front disk (vs. drum) brakes in cars $240,000

Strengthen buildings in earthquake-prone $18,000,000
areas

Ground fault circuit interrupters $1,200,000

ITengs TO, et al. Five-Hundred Life-Saving Interventions and Their Cost-Effectivenss. Risk Analysis, Vol. 15, No. 3, 1995.




Number Needed to Treat To Save 1 Life

I I
MUSTT MADIT AVID MADITII SCD- SAVE SOLVD CIBIS-lII Merit- 4S BB
HeFT HF

(5 Yr) 2Yr) (3Yr) (2Yr) @4Yr) (1Yr) (2Yr) (1Yr) (6Yr)




Total United States Sales, 2004E

Statins 1$15.5
Proton Pump Inhibitors 1$12.5
SSRI/SNRI 1$11.0
Antipsychotics, other 1$9.1
Seizure Disorders 1$8.2
Erythropoietins 1$8.0
Cox-2 Inhibitors 1$5.3
Calcium Blockers 1$4.4
Angiotensin Il Antagonists 1$4.4
Ace Inhibitors [T $3.9
Implantable Defibrillators (ICDs and CRT-Ds) [ $3.8

$0 %2 %4 %6 $8 $10 $12 $14 $16 $18
($ Billions)

* Implantable defibrillator sales estimates include initial implants and replacements

1 IMS Health, IMS National Sales PerspectivesTM, 2005. Leading 20 Therapeutic Classes by U.S. Sales, 2004. Accessed March 7, 2005.
2 JP Morgan Annual Market Model for Implantable Cardioverter Defibrillators. The MedTech Monitor. JP Morgan; New York: January 6, 2004.




CMS Registry for ICD Therapy

- Data collected for all patients undergoing ICD
implant for primary prophylaxis.

Implanting doctor, patient demographics, hospital
admission, history and risk factors, diagnostic
studies, ICD procedure, adverse events,
discharge data, and discharge medications are
reported on a 3 pages data form.
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Incidence of SCD:
Specific Populations

Adapted from: Myerburg RJ. Sudden Cardiac Death: Exploring the Limits of Our Knowledge.
J Cardiovasc Electrophysiol Vol. 12, pp. 369-381, March 2001.




