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Device Update
mplantable Cardioverte
efibrillator (ICC



The Development of ICD

* by a team including Michel Mirowski, Morton Mower,
and William Staewen at Sinai Hospital in Baltimore

« In 1980, the first patient received an ICD at Johns
Hopkins Hospital.

« 1985: FDA approves the ICD, specifying that patients had
to have survived 2 cardiac arrests to qualify for ICD
Implantation




ICD implantation require
thoracotomy




Dr. Bernard Lown

the inventor of the external defibrillator

« "In fact, the implanted
defibrillator system
represents an imperfe

solution in search ©
plausible and p
application”




Medtronic Implantable Defibrillators (1989-2000)




ICD Evolution




Evolution of ICD therapy
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Early Indication of ICD

's first treatment group to be studied were
se had already suffered a VT or VF event.

rtant trial

VID (smaller trials)
Arrest Survival in H




AVID Trial

ti-arrhythmics Versus Implantable Defibrillat
)
nter Randomized Controlled Study.

impact of ICDs




AVID trial

6000+ patients
IﬂClUSion Criteria screened

VF survivors 1,016 patients 4984+ patients
VT with syncope enrolled disqualified
ustained VT without L ,

ope 507 patients 509 patients
<40% Wlth one Of the Randomized to ICD Randomized to AAD

P<80mmHg, chest 1 year 10.7% 1 year 17.7%
e, acute CHF mortality mortality

2 years 18.4% 2 years 25.3%
mortality mortality

3 years 24.6% 3 years 35.9%
mortality mortality




the AVID and
econdary
lon trials,
) low EF

Cumulative mortality, percent

Cumulative mortality, percent

Important Observation

[ LVEF =35 percent




ICD Indication Expansion for
Primary Prevention
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Incidence of SCD in Specific Populations
and Annual SCD Numbers

General adult
population

Multiple risk
subgroups

Patients with any
previous coronary
event

Patients with ejection_
fraction <35% or CHF

Cardiac arrest, VT/VF AVID, CASH, CIDS
survivors

High-risk post-Mi MADIT, MUSTT, MADIT Il
subgroups
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Adapted from: Myerburg RJ. Sudden Cardiac Death: Exploring the Limits of Our Knowledge. J Cardiovasc Electrophysiol Vol. 12, pp. 369-
381, March 2001.
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Device Update
-ICD-

UE OF ICD SHOCK




[ssue of ICD shock

Risk of
Electric Shock




rom MADIT II Trial

nic ischemic heart
e who are treated
have improved
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From MADIT II Trial



From SCD-HeFT study

opropriate shock : 3 X increased risk of de
ppropriate shock : 1.5 X increased risk «

Shock Type

=1 App vs. no App

=1 Inapp vs. no Inapp
Both shock types vs. no shock

Hazard Ratio for Death (95% Cl)

—— 2.99 (2.04-4.37)

—— 1.57 (0.99-2.50)
: * | 4.70 (2.70-8.18)

r T | 1 |
0.5 10 20 4.0 8.0 16.0

P Value

=0.001
0.06
<0.001




Jefibrillation in Acute Myocardie
Infarction Trial (DINAMIT).

domized 653 patients with EF <35%, recent MI
10 days), and low heart rate variability or high

g heart rate to primary prevention ICD (3
therapy (342).

0.25+

= P=0.66 ICD group
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Months after Randomization

No. at Risk
ICD group 315 299 258 211 172 123 82 25
Control group 318 305 272 217 172 124 79 31




From DINAMIT study

patients randomized to an implantat
irdioverter-defibrillator (ICD), sudde
ths were reduced but nonarrhytf
Ity was increased, which wz
to the ICD minorit




Risk for Death by Rhythm and Therapy
Types In Primary Prevention Trials

Electrical Therapy Hazard of Death
Type

3.4 (2.0-5.6) 5.7 (4.0-8.1) 4.9 (2.4-10.2)
8.7 (5.7-13.4)
2.61 (1.4, 4.8)

2.3 (1.2-4.7) 2.0 (1.3-3.1) Not reported Not reported

0.4(0.2-1.2) NA Not reported Not reported
(all shocks)

0.7 (0.2-2.5) NA Not reported Not reported

(all shocks)

1.Conditioning rhythm type influences shocked episode risk
1. Shocked VTA mortality risk > shocked SVT mortality risk
2. Shocked VF mortality > shocked VT mortality risk

2.Risk is greater in ischemic HF

3.ATP does not increase VTA or SVT episode risk




Paradox of shock therapy

(" Sudden Cardiac Death
Prevention
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Heart failure death
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Cause of higher mortality in
shocked patient ?

Direct myocardial injury by high voltage shock.

atients with VTA and shocks are at higher ri
death, and the former is a marker for, kb
1anistically unrelated to, the latter.

Rhythm & Unstable
Substrate




Inappropriate shock

~ patients recelvmg an inappropriate shock ha
a 2-fold increase in risk of death

appropriate shock usually from
Atrial fibrillation, supraventricular tachycardic
rsensing (QRS and T wave double co

oblem (lead fracture, insulation
a en t) Lead failures

10%

Mon-sustained V
10%

SVT rhythms
55% T-wave
oversensing
20%




Matter of Rhythm

nalysis of inappropriate shock

creased mortality by Af development, but no
1 mortality by lead failure.

Inapp shock AF Inapp shock lead defect *

1 inapp AF vs no inapp 1 inapp lead defect vs no inapp

3 AF vs no inapp >=) inapps lead defect vs no inapp

R p— 2 inappe oo defoct v w0 lnapp |
1

01
Lower mortality < HR 95% C1>  Higher mortality




Matter of Shock

ellular change by high voltage shock in animal

lent with VTA treated by Anti Tachycardia Paci

’) showed better survival by retrospective a
REE T & II, EMPIRIC, and PREPARE study
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Number at Risk Months
No VT/VF (N=1671) 1584 1472 1355 812
VTAF, Shocked (N=211) 201 186 172 97

VT/VF, ATP, No Shocks (N=253) 247 229 206 126



Anti Tachycardia Pacing (ATP)

e Overdrive pacing with shorter cycle length of
tachycardia could terminate the tachycardia
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Episode duration=5.3 s

The Failure of ATP termination may lead to acceleration of VT to VF.

Early recognition of this relationshido resulted in a historical hesitancy to
apply ATP for FVT (rates > 190-250 beats/min).




PainFREE Ry

220 pts with ischemic CMP
VTA Detected (n= 1100)

FVT n= 446




PainFREE R, Conclusions

FVT is common - 40% of all episodes

® 93% of episodes detected in traditional VF zone
detected as FVT

is highly effective

ATP success rate: 85%
cess rate adjusted for multi




PAINFREE Rx Il trial
Terminating therapy for FVT episodes ineacharm

Spontaneous AT : r-un lexd
Tarmlnatinn s’E o
(Mo Shock)
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Shock Arm ATP Arm
(n=14T7 episodes) (n=284 episodes)
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Wathen, M. S. et al. Circulation 2004;110:2591-259641




Morbidity of shock

 Psychological problem N
» Reduce quality of life SAa
eart failure acceleration
darrythmia (rare)

Modern ICD means the device which could
terminate the tachycardia by overdrive pacing
with the back up support of shock therapy.




D update to minimize inappropriat
and unnecessary shocks

D Programming
ate and duration for initial detection
-VT discrimination (algorithm, S
d shock strength
ancements




e NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 DECEMEBER 27, 2007 VOL. 357 NO. 26

Prophylactic Catheter Ablation
for the Prevention of Defibrillator Therapy

Vivek Y. Reddy, M.D., Matthew R. Reynolds, M.D., Petr Neuzil, M.D., Ph.D., Allison W. Richardson, M.D.,
Milos Taborsky, M.D., Ph.D., Krit Jongnarangsin, M.D., Stepan Kralovec, Lucie Sediva, M.D.,
Jeremy N. Ruskin, M.D., and Mark E. Josephson, M.D.




Ablation

Control

a 65% reducti
risk of receivi

Survival Free from ICD Shocks (%)

12
Follow-up (mo)

Ablation

—
Contral

Overall Survival (%4)

12
Follow-up (mo)

Figure 3. Kaplan-Meier Estimates of Secondary End Points.
ICD denotes implantable cardioverter-defibrillator.




Issue of shock therapy

Inimizing ICD shocks requires a
prehensive approach,
tient selection
al medical care (eg, preventing elec

care (preventing |




Issue of Replacement

e NEW ENGLAND
JOURNAL of MEDICINE

HOME [ ARTICLES - [ ISSUES - ‘ SPECIALTIES & TOPICS ~ [ FOR AUTHORS = | { CME» Keyword

Perspective

Time for a Change — A New Approach to ICD Replacement

Daniel B. Kramer, M_D_, Alfred E. Buxton, M.D_, and Peter J. Zimetbaum, M.D.
N Engl J Med 2012; 366:291-293 | January 26, 2012




[ssue of Replacement

re than 100,000 ICDs are implant
S annually.

cedures, at le




What i1s your Opinion ?

e (Casel

— 85 year old man with ICMP who had ICD for
primary prevention

— Comorbidity with progressive dementia
— ICD has never fired appropriately

— He referred for replacement of ICD for
battery depletion.

e (Casell

— 55 year old woman with DCMP who had
CRT-D for primary prevention.

— Now her LV function was nearly normalized
— ICD has never fired appropriately

— She referred for replacement of CRT-D

— CRT-P vs CRT-D




What 1s your opinion?

« Caselll
— 43 year old man with typical Brugada ECG
— Inducible VF by EPS
— ICD implantation for primary prevention
— ICD has never fired appropriately
— He referred for replacement of ICD for battery depletion




Time dependence of ICD therapy in
[schemic CMP

patients with prior MI and
< 35%, who received an

had appropriate ICD
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1 2 3 4 5 [ 7
Year post implant

No. at risk 525 233 135 &1 51 36 19 14

Figure L. Cumdative probabilite of first appropriate  implastaie-
defitsrillator therapy for a ventricular tachyarrhythmia in o primary pre-
vention popidation with prior siyocardial infaretion and left ventricular
ejection fraction =35%.




Primary Prevention Implantable Cardioverter Defibrillator
Recipients: The Need for Defibrillator Back-Up After an Event-Free
First Battery Service-Life
GUIDO H. VAN WELSENES, M.S.,* JOHANNES B. VAN REES, M.D.,* JOEP THIJSSEN, M.D.,

SERGE A. TRINES, M.D., Pu.D., LIESELOT VAN ERVEN, M.D., PH.D.,
MARTIN J. SCHALIJ, M.D., Pu.D., and C.J.W. BORLEFFS, M.D., Pu.D.

From the Department of Cardiology, Leiden University Medical Center, Leiden, the Netherlands

rimary prevention ICD patients needing rey
attery depletion, 114 (74%) patients (




Complication Rates Associated With Pacemaker or
Implantable Cardioverter-Defibrillator Generator
Replacements and Upgrade Procedures
Results From the REPLACE Registry

Jeanne E. Poole, MD; Marye J. Gleva, MD; Theofanie Mela, MD; Mina K. Chung, MD;
Daniel Z. Uslan, MD; Richard Borge, MD; Venkateshwar Gottipaty, MD, PhD; Timothy Shinn, MD;
Dan Dan, MD; Leon A. Feldman, MD; Hanscy Seide, MD; Stuart A. Winston, DO;

John J. Gallagher, MD; Jonathan J. Langberg, MD; Kevin Mitchell, RN, BS;

Richard Holcomb, PhD; for the REPLACE Registry Investigators




A B
EPLACE re g ist ry Totalpatients with s 1 mejor compication (7 =:

Lead disloedgement/malfunction® (10)
Hospital readmission (8)
. . Infection (8)
mplication rate for Hematoma (7
Prolonged hospitalization (5)
n e rato r re p | a Ce m e nt Pocket revision (4) Sumqugnt out to E months
Deep vein thrombosis (2)
Theracentesis for pleural effusion (1)
Generator-lead interface problem (1)
Invasive assessment of generator (1)
Implanted expired device (1)

r re p I acem ent Total patients with =1 major complication (41) .

Periprocedural

2.0 4.0

i n Se rti O n I Patient Event Rates (%)

Cardiac perforation (5)
Pneumothorax (4)
Hemeothorax (2)
Hemodynamic instability (2)
Cardiac arrest (2) Periprocedural
Coronary sinus dissection/aborted procedure (1)
Respiratory arrest (1)
Aborted procedure due to drug reaction (1)
Total patients with = 1 major complication (17)

Lead dislodgement/malfunction” (56)

Prolonged hospitalization (18)

Hematomat (11)

Death (8)

Hospital readmission (8)

Infection (&)

Generator-lead interface PFOUE“I"I#H}
Pocket revision (4) Subsequent out to 6 months

Deep vein thrombosis (4)

Acute renal failure (2)

Peripheral arterial embolus (1)

Aspiration pneumonia (1)

Thoracentesis for pleural effusion (1)

Repeat device testing8 (1)

Total patients with = 1 major complication (100)
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EPLACE registry

mplication rate for
nerator replacement

r replacement
Insertion

A

Peripheral nerve injury (1)
Elevated DFT * (1)
Total patients with = 1 minor complication (2)

Hematoma™ (36)

Minor surgical wound findings (24)

Symptoms due te poor lead performanced (6)
Cellulitis (6)

Pain persistent > 7 days (4)

Paresthesias at procedure site (1)

Total patients with = 1 minor complication (74)

Reversal of sedation (1)
Ventricular tachycardia/cardioversions (1)
Total patients with = 1 minor complication (2)

HematomaT (31)

Symptoms due to poor lead performance® (13)
Miner surgical wound findings (11)

Cellulitis {2)

Pain persistent > 7 days (1)

Superficial phlebitis (1)

Paresthesias at procedure site (1)
Hypotension| (1)

Hemoptysis without respiratory compromise (1)
Total patients with = 1 minor complication (53)

Periprocedural

Subsequent out to 6 months

2.0

4.0 6.0
Patient Event Rates (%)

8.0

10.0

Periprocedural

Subsequent out to 6 months

2.0
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Patient Event Rates (%)
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From Ontario ICD Database

1081 patients undergoing ICD replacement,
atients (4.3%) had a complication within 45 da

mplications in 28 patients (2.6%)

=23), lead revision (n=35), electrical sto
edema (n=13).




Long-Term Follow-Up in Patients with Presumptive Brugada
Syndrome Treated with Implanted Defibrillators

DANIEL STEVEN, M.D., KURT C. ROBERTS-THOMSON, M.B.B.S., KEIICHI INADA, M.D.,
JENS SEILER, M.D., BRUCE A. KOPLAN, M.D., USHA B. TEDROW, M.D.,
MICHEL O. SWEENEY, M.D., LAURENCE E. EPSTEIN, M.D.,
and WILLIAM G. STEVENSON, M.D.

From the Cardiovascular Division, Brigham and Women’s Hospital, Harvard Medical School, Boston, Massachusetts, USA

vith Brugada type [ and type II ECG
arrest (n=3)




Brugada syndrome with ICD in Our
Hospital KU

lusion (1998-2010)

Brugada type I and II ECG
ducible VF by EPS

1ale=12, age 44+11 yo)

rest survivor with documented VF




[ssue of Replacement

mewhat complex for decision making and not
clusive.

ed thorough evaluation for patient who
ent, including current status, benefi
risk of replacement procedur

nt of ICD directe




ICD with subcutaneous lead




onsideration while waiting for a
ICD in patients at Risk for SCA

Wearable Cardioverter-Defibrillator

L
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Conclusion

rrent development of ICD is focusing on
Inimizing shock therapy, extending battery
jevity, better lead performance, small si
imple and less invasive device. Addi
> cheaper in price.
ne efficacy of ICD the
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