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Prognostic Importance of Defibrillator
Shocks in Patients with Heart Failure
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CONCLUSIONS

Among patients with heart failure in whom an ICD is implanted for primary pre-
vention, those who receive shocks for any arrhythmia have a substantially higher
risk of death than similar patients who do not receive such shocks.




PROGNOSTIC IMPACT OF INAPPROPRIATE
SHOCKS IN MADIT [ AND SCDE-HFT

Hazard- ratio for all-cause mortality of
inappropriate shocks as compared with patients
with no shock

. MADIT II: 2.29, p = 0.025).
Daubert JP et al, JACC 2008,;51:1357-1365

*  SCDeHFT: 1.98, p <0.002)
Poole JE et al, N Engl J Med 2008, 359:1009-1017
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Differences in effects of electrical therapy type for

ventricular arrhythmias on mortality in implantable
2135 pts

cardioverter-defibrillator patients

Michael 0. Sweeney, MD.* L
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BASED ON AVAILABLE DATA IN 2012, SHOCK PREVENTION
STRATEGIES WERE NOT ASSOCIATED WITH REDUCTION OF
I\/IORTALITY RISK: PREPARE AND RELEVANT INCLUDED IN ANALYSIS
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Implantable cardioverter-defibrillator shock prevention does not reduce mortality: a systemic review.
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BACKOROUND: Mortalty is ncraased among implantatie card ovoner-defbelater (1CD) recipionts w0 A00eive $h0CkS. howevdy, ahaihor shocks
caan Dis InCreass o arm simply & marker of ek is unknown, Actiarhythmic medications, catheter ablation, and enhancad ICD programming al may
seduce ICD shotks, but whother shock neducson decreases monally & uninown

OBJECTIVE: The purpose of this study was 10 conduct & mela-analyss 10 ostmate he impadt of ICD shock reduction on survival

METHOOS: Two independent roviewers searched MEDUINE, EMBASE . and chricatrialy gov and sxtracied data from randomized cortroled als
Msesang the eficacy of Nlerventions to prevent ICD shodks

RESULTS: Severteon randomized ¥als wore nchudod n s analysis, inchuding 5875 patonts. Moan ejecton Facton of ol iy partopants was 32%,
and 25% of the patients received ICD Beripy fof primary peophylaais. Asliserdytheie madcatons (0dds rato [OR] O 58, 05% confidence nierval [CI)
0.36:0 96, P » (3) ond cothoter adiation of ventriouler tachycarda (OR 0.35, 66% C1 0150 52, P » 0004) ssgniicantly reduced the proportion of
patecls rethving shocks. However, thete s N0 SONECAnt reduction in martaity amdng lrisls of astiartythmie medications (OR 1.07, 8% C10.72-
1569, P » 73) or cobholer ablation (DR 0.72, 6% CI10.32-1.64, P » &4) The §ICD programming trials had suficently heterogeneous merventons that
poting of her rasuits was not performid However, 0sly e PANFREE-E (Pacag Fast Vertricun Tachycarda Reduten Shock Therapes) trial
gomonsrated a sgrvicant reduction in shocks (OR 0.28, 95% Ci 0.22-0 §5), but ths was rol associatod with any sgnficant reducton n mortaity (OR
141, 95% C1081.245)

CONCLUSION: Thare 5 no compeing evidence Tal axisting intervertions Dot reduce 10D shocks signficantly improve survive

Copyrght © 2012 Heart Rhythm Socety Pubished by Elsaver inc. All nghts reserved
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Strategic Programming of Detection and Therapy
Parameters in Implantable Cardioverter-Defibrillators
Reduces Shocks in Primary Prevention Patients

700 ICD or CRTD

Medtronic devices
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"“STRATEGIC" PROGRAMMING TO REDUCE ICD
SHOCK

Prolonged VF detection time : NID 30 of 40

At least one ATP attempt for all VT and FVT

Discrimination algorithms ON up to 200/min VTs

First VF shock energy > 30 J (maximal energy)
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European Heart Journal Advance Access published June 29, 2009
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A simplified biventricular defibrillator with fixed
long detection intervals reduces implantable
cardioverter defibrillator (ICD) interventions
and heart failure hospitalizations in patients
with non-ischaemic cardiomyopathy implanted
for primary prevention: the RELEVANT [Role
of long dEtection window programming in
patients with LEft VentriculAr dysfunction,
Non-ischemic eTiology in primary prevention
treated with a biventricular ICD] study

Maurizio Gasparini', Carlo Menozzi?, Alessandro Proclemer’, Maurizio Landolina¥,

Severio lacopino®, Angelo Carboni®, Ernesto Lombardo’, Francois Regoli',
Mauro Biffi*, Valeria Burrone’, Alessandra Denaro’, and Giuseppe Boriani®
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SAME NUMBER OF APPROPRIATE DETECTIONS IN PROTECT
AND CONTROL ARMS.

DRAMATIC REDUCTIONS OF INAPPROPRIATE
DETECTIONS
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in 126 pationts
Frotect I [ Control
331 epinodes Validated for 552 spisodes
! A | R A
20 INAPP. 311 APP. 242 INAPP. J10 APP.
ensodos opisocies episoces epIsCONs
"l'i’,ufc I Dstrduton and numbers of 3l detected epnodes (pprogriate and inaperopriate) in the two study groups

Gasparini M, EHJ 2009



Poisson Regression Estimates of Incidence Rate Ratio Values of ICD
Interventions between PROTECY vs CONTROL arms
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2012-2015

3 MAJOR CLINICAL TRIALS COMPARING THE CLINICAL
EFFECTS OF STRATEGIES AIMED TO REDUCE ALL
NON-ESSENTIAL IDC THERAPIES, MAINLY ICD SHOCKS

MADIT RIT (Boston Sc)
Moss A, New Engl J Med 2012; 367: 2255-2265

ADVANCE IlI' (Medtronic)
Gasparini M, JAMA 2013; 309 : 1903-1911

PROVIDE (S Jude Medical)
Saed M, J Cardiovasc Electrophysiol 2014; 25: 52-59




Reduction in Inappropriate Therapy
and Mortality through ICD Programming
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MADIT RIT : PROGRAMMATION IN THE DIFFERENT ARMS

Zone VT:

>170 bpm, 2.5s duration

Onset/Stability Detection
Enhancements ON

ATP + Shock
SRD 3 min
Zone FV:

>200 bpm, 1s duration

Quick Convert™ ATP
Shock

Zone VT:
170 bpm
Monitor Only

Zone FV:

>200 bpm, 2.5s duration

Quick Convert™ ATP
Shock

Zone TV-1%*:

>170 bpm, 60s duration

Rhythm ID® Detection
Enhancements ON

ATP + Shock
SRD Off

Zone TV:

>200 bpm, 12s duration

Rhythm ID® Detection
Enhancements ON

ATP + Shock
SRD Off
Zone FV :

>250 bpm, 2.5s duration
Quick Convert™ ATP + Shock

*All programming is within approved labeling. Rhythm ID® and Quick Convert™ are trademarks of Boston Scientific Corporation
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Comventional  $14 420 (0.15) 305 (0.15) 149 (0.22) 56(02%) 8029
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Figure 1. Cumulative Probability of First Occurrence of Inappropriate Therapy
According to Treatment Group.

The values in parentheses are !l.a,’n|.’u’|-- Meier estimates of the cumulative

probabality of a first occurrence of inappropriate device-delivered therapy

n patients randomly assigned 10 therapy programmed for delivery at a heant

rate of 170 beats per minute or higher (conventional therapy), at a heart rate

of 200 beats per minute or higher (high-rate therapy), or at a heart rate of

170 beats per minute or higher with longer tachyarchythma monitoring

(delayed therapy)
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PRIMARY ENDPOIN

Table 2. First Occurrence, Any Occurrence, and Total Occurrences of Appropriate and Inappropriate Device Therapy According to

Treatment Group.*

Conventional
Therapy
(N=-514)

High-Rate
Therapy

Variable (N = 500)

First occurrence of therapy —— no. of patients (%)
Appropnate therapy
Shock
Antitachycardia pacing
INappropriate therapy
Shock
Antitachycardia pacing
Any occurrence of therapy — mo. of patients (%)

Appropriate therapy

Antetachycarda pacing
INAppropriate herapy
Shock
Antstachycarda pacing
Total occurrences of therapy — mo. of occurrences
Appropriste therapy
Shock
Antttachycardia pacing
NApPropriate terapy
Shock

Antrtachycardia pacing 893

Delayed
Therapy
(N = 4%6)

P Value for High-
Rate Therapy vs,
Conventional

Therapy

<0.001
0.68
0.001

<0.00]

5 14
0.1L

0.001

001

<0.00]

<0001
035

<0001

<000]
0.001

<0001

P Value for Delayed

Therapy vs.
Conventional
Therapy

<0.001
Y
0./4

<0.00]

«0.001

Crude rates of the first occurrence of therapy and any occurrence of therapy were compared with the use of chi-square tests, and mean

oumts of 101al occurrences of herapy were Compare d with the use

Oof YJ'A’.I'I\"' [f nom .ll 'l“"'l"\\ KN MOoMs
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Figure 2. Cumulative Probability of Death According to Treatment Group.

The values in parentheses are Kaplan-Meser estimates of the cumulative
probability of death
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RISK REDUCTION FOR DEATH FROM 44 TO 55%

Table 3. Hazard Ratios for a First Occurrence of Inappropriate Therapy, Death, and a First Episode of Syncope According to
Treatment Group.

Comventional Migh-Rate  Delayed

Therapy Therapy Therapy High-Rate Therapy vs. Delayed Therapy vs
Variable (N=514) (N=500} (N-436) Conventional Therapy Conventional Therapy
Hazard Ratio Hazard Hatw
(95% C) PValue (95% CI) P Value
no. of pakients
First occurrence of mappeoprute 105 Zl b 021013034 <0001 02400150480 <000}
f*"'f@‘?\

Death 34 16 21 045 (0.24.085) 001  0.56 (0.30.1.02) 0.06
First episode of syncope 3 L Iy, 132 (071247 039 1.09 (0.58-2.05) 0.80
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MADIT- RIT conclusions

CONCLUSIONS

Programming of ICD therapies for tachyarrhythmias of 200 beats per minute or

higher or with a prolonged delay In therapy at 170 beats per minute or higher, as
compared with conventional programming, was associated with reductions In in-
appropriate therapy and all-cause mortality during long-term follow-up. (Funded by
Boston Scientitic; MADIT-RIT ClinicalTrials.gov number, NCT00947310,




Effect of Long-Detection Interval
vs Standard-Detection Interval
for Implantable Cardioverter-Defibrillators

on Antitachycardia Pacing and Shock Delivery
The ADVANCE Il Randomized Chnical Tnal
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Table 2. Prmary End Point Results of Delivered KCD Therapies According to Intention-to-Treat and On-Treatment Analyses
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Gasparini et al, Jama 2013



THE TIME TO THE FIRST INAPPROPRIATE

THERAPY OR SHOCK WAS PROLONGED IN
LONG-DETECTION ARM

LONG- AND STANDARD-DETECTION INTERVALS FOR 1CDS

Figure 3. Kaplan-Meler Estimates of Time to the First iImplantable Cardioverter-Defbnillator Therapy and to the First Inappropriate Shock in
tach Group
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PROVIDE, SAINT JUDE MEDICAL ICD-/CRTDS

Programming Implantable Cardioverter-Defibrillators in
atients with Primary Prevention Indication to Prolong Time to 1670 ptS
First Shock: Results from the PROVIDE Study

MOMAMMAD SAEED MDD FACT IBRAMIM HANNA. M D T DRONYSSIOS BOBOTES,

M D ! ROBERT STYPEREX. M.D.5 LEO POLOSAJIAN. M D 5 AHMED KHAN. M D # Primary prevention

JOSEFPH ALONSO, MDD YELENA NABUTOVSKY, MS and CURTIS NEASON. BS

Endpoints

1CD Programming for Sheck Roduction, Sackpromsd: Shock Sherapy dellvery by dmplantable
cardanveriorSetdetlatons (LD e = 4 o ShOCk rates and

con B¢ painfal and may hunve adverse comegueonces. Koduoing shock

barden for paticnts with MDD would Be Deacbcial .

Methods: FPROVIDE wan o prospective, randemiced stods of primary prevention [CD patients, Patients mortallty
i the experimenind gromp received o combination of progy semmsed por serscters wilh hggher defection rales,
bomges detecton inter s als, emper b antibo oo ardia paciog (ATF), and sptorsaod sapraventrboular tacMcar
dia ISV 1 dibersmmatons, while those i the control grosp were prograsemed with comveational parameters,
Shock therapy and arvhythmic vynceps were compared
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Device Programming

. Control

2x ATP Shocks
[MONITOR] Shocks
(12 beats) (12 beats)

Nominal SVTd

2x ATP 1x ATP Shocks
Shocks Shocks
(25 beats) (18 beats) (12 beats)

Optimized SVTd

150 bpm 181 bpm 214 bpm 250 bpm

& PROVIDE

Experiment




Results: Primary Endpoint

Time to First Shock : All-Cause

25 - - Control
~ Experiment 18
V4
2]
= 20 -
2 p = 0.0005
S 15 4 12.3
X 10 4
5 -
0 T T T T
0 0.5 1.0 1.5 2.0
N at Risk Years
Control 824 671 542 313 141
Experiment 846 729 599 392 190
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Results: Primary Endpoint

Time to First Shock - Appropriate

— Control
— Experiment
25 -
§)
c 20 =
20
"5 15 -
a p=0.69
o~
10 -
4.9
5 3.0
2 8 4-9
0 I T I I
0 0.5 1.0 1.5 2.0
Years
N at Risk
Control 824 716 592 347 160
Experiment 846 749 625 406 196
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Results: Primary Endpoint

Time to First Shock - Inappropriate

— Control
— Experiment
25 —
2
c 20
2
whd
©
5 13.8
S
T
0 0.5 1.0 1.5 2.0
N at Risk Years
Control 824 683 559 331 153
Experiment 846 743 616 411 199
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PROVIDE : CONCLUSIONS

OVERALL MORTALITY REDUCED
HR 0.7, 95% CI:0.50 to 0.98, P= 0.036

Conclusion: A combination of programmed parameters utilizing higher detection rate, longer detection
intervals, empiric ATP, and optimized SVT discriminators reduced 1CD therapies without increasing

arrhythmic syncope and was associated with reduction in all-cause mortality among 1CD patients.
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Impact of Programming Strategies Aimed at
Reducing Nonessential Implantable Cardioverter
Defibrillator Therapies on Mortality
A Systematic Review and Meta-Analysis

Vern Hsen Tan. MBBS, MRCP: Stephen B. Wilton, MD., MSc: Vikas Kuriachan, MD. FHRS:
Glen L. Sumner, MD: Derek V. Exner, MD, MPH, FHRS

Conclusions—Therapy reduction programming results in a large, significant, and consistent reduction in mortality, with no
apparent increase 1n the risk of syncope. (Circ Arrhythm Electrophysiol. 2014;7:164-170,)

(Circ Arrhythm Electrophysiol. 2014;7:164-170.)
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ROLE OF REMOTE MONITORING TO PREVENT UN-NECESSARY ICD THERAPIES

CLINICAL RESEARCH

Eurcpean Heart journal
doi: 10,1093 /eurbeartjiohsd25

A randomized study of remote follow-up of
implantable cardioverter defibrillators: safety
and efficacy report of the ECOST trial

Laurence Guédon-Moreau'*, Dominique Lacroix', Nicolas Sadoul?, Jacques Clémenty?,
Claude Kouakam', Jean-Sylvain Hermida“, Etienne Aliot?, Michel Boursier?,
Olivier Bizeau®, and Salem Kacet', for the ECOST trial Investigators
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Table 4 Al shocks, inappropriate shocks, and
capacitor charges observed in the intention-to-treat

population

Appropriate and
inappropriate shocks
delivered

Patients with >1 delivered
shock

Mean per patient-month

Inappropriate shocks
delivered

Patients with >1
inappropriate shock

Mean per patient-month

Capacitor charges
Patients with >1 capacitor
charge

Mean per patient-month

(n = 221)

28 [1-8]

Study groups
Active

193 [0-33]

47 (21.3)

0.04 + 0.27

11 (5.0)

0.13 £ 015

499 [0-58]
69 (312)

0.11 £+ 038

Control

(n = 212)

657 [0-116)

56 (264)

020 + 113

22 (10.4)

0.83 4+ 186

2081 [0-760]
72 |;34.0)

1.65 + 18.81

0.21

0.02

283 [1-82]

0.03

0.28

0.54

0.11

Values are number of observations [ranges], numbers (%) of cbservations, or

mears + SD

Early AF detection

Early noise and lead —related
problems detection

Early T-wave oversensing
detection

Early HF and its related VA and
SVA detection




Long-Term Outcome After ICD and CRT Implantation and
Influence of Remote Device Follow-Up
The ALTITUDE Survival Study
Leslie A. Saxon, MD: David L. Hayes, MD: F. Roosevelt Gillham, MD:

Paul A. Heidenreich, MD: John Day. MD: Milan Seth, MS: Timothy E. Meyer, PhD:
Paul W. Jones, MS: John P. Boechmer, MD

50% mortality reduction
In networked pts
with either ICD or CRTD

Yoery Froom bypar!t

185.000 pts, USA Circulation December 7, 2010




mplant-based multiparameter telemonitoring of patients ()

with heart failure (IN-TIME): a randomised controlled trial

Catord Hrdnck, Midos Toborstx Muhad Gusort Ul Hane A Sorghard Shumacher. Amet Fetz, Jovarmes Srochmarw, Tho stes Lowelt o
Andheon Loette, Mahod lock, Josnf Kautanex oafan Sack, Domda Moy Chentopher Potownd Pete Segaond for the IN-TIME chuddy goup*

Summa
ukmzAaumwammmmmmwmam
or cardiac resynchronisation debibeiBasors (CRT Ds) with iedemonitoring funceon. Early detecsion of worsening hean
failure, or wpstream facion prodisposing ® woesening beart Gilure, by tmplant-based dedemonitoring mighn enable
preemptive intervention and Improve outcomes, bat the evidence s weak. We invesagated this possibality in IN-TIME,
a Bndcal wrial.

Methods We did this andomised, comrolied trial at 36 sertlary ciinkcal cemtres and hospitals in Australea. Europe. and
Iszael. We enroliod patients with (hronic heart Bilure, NYHA cliss 1011 sympeoms, cfection fraction of no more
than 35%. optimal drug reatment. 2o permanent atrial beilbsion, and 2 recemt Suabchamber ICD or CRTD
implaseation. Afer 2 1| moesh ranin phuse, patients were tandomily assigned (1:1) o et sunomasic, dally, itnplam.
based,  mudtiparamesey ilemonbering in addition w sundad care or suadand care without elemonioring.
Invessigatons were not masked 10 treatment allocasion. Patients were monked 0 allocation unbess they were contacted
because of wlemoninocing ndings. Follow-up was 1 year The primusy ouscome measure was 3 composise clinical
score combining alb-cause death, overnight hospital ademiedon for heart faihare. change in NYHA class. and change

in patient gobal selfassessment, for the intention s teat population. The trial is regiwerad with ChniGlTrials gov,
number NCTOOS 15156,

Findings We ensolied 736 patients, of whom 664 were andomdy assigned (333 w0 sclemonioring, 331 o control).
Mean age was 65 5 yeans and mean ejection fraction was 26%. 255 (4 5%) of patients had NYMA fuscsional class 11
and 378 (57%) had NYHA class 111, Most patients recebved CRT-Ds (390; 58. 79%). A1 | year, 63 [15.99%) of 333 pasients
in the selemonitoring group versus 90 (27 2%) of 151 in the ontrol group (p=9 - 01 3) had wonsened composite score
fodds ratio 0-63, 75% C1 0. 43-0-%). Ten versus 27 patients died during follow-up.

Interpretation Assomatic, dally, mmplant based. multiparameter telemonitocing (an signiicantly mprove clinical
outcomes for patienes with hean Gddure. Such whemonitoring ks feasible and should be used In Clindcal pracece.
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HOME MONITORING REDUCES DEATH AND A COMPOSITE CLINICAL
ENDPOINT IN CRTD/ICD WITH NYHA II-Ill HF: 64% REDUCTION OF
MORTALITY RISK

Telemonitoring  Control group  p value
group(m=333) (n=331)

63 (129%) 90 (27-2%) 003"
10(30%) 17 (8.2%) 0-004"*
Overnight admission 10 hospital 1or worsening heart failkeet 23 (6-9%) 27 (8.2%)
Worsened NYHA functionad class and globad sel! - assessment 0(00%) 100-3%)
Woresened NYHA functionad class only 13 (69%) 31 (94%)
Worsened gobal seif sssessment only J(21%) 4(1.2%)
impeoved: 11(333%) 105 (31:/%)
Unchanged 159 (47-8%) 136 (411%)

Data are n (%), Patients are inchuded only once, in the topmost subcategory. “Also statistically sgnéScant dfference ina
post-hod medtivasiable logistic regression mode after adjustenent for wse of angrotensin Converting enayme inhibstoes
of angotensin- receptor bloduers (the onldy substantial mmbalance betweoen groups at randomisation; data not shown).
tAdpadcated by an endpont committee munked 8o patienty’ treatment sssagrement (appendix). Himpeoved NYHA clas
or moderately 2o markedly impeoved sl - aevied condition. NYMHA «New York Meart Avscciation

Table 2: Results for composite dinical score
Hindricks G et al, Lancet 2014:384:583-90




Hindricks G et al, Lancet 2014:384:583-90

27 deaths 8.2%
VS
10 deaths 3%

.
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12 months follow-up: 64% mortality risk reduction
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HRS Expert Consensus Statement on remote interrogation W)
and monitoring for cardiovascular implantable electronic
devices

Darid Slotwiner, MD, FHRS, FACC (Chair), ** Niraj Varma, MD, PhD, FRCP (Co-dhair), ™ Jaseph G. Alkar, MD, PhD,
George Annas, JO, MPH,” Mananne Beardsall, MN/NP, CCDS, FHRS, " Richard 1. Fogel, MD, FHRS,
Nestor 0. Galizio, MD,”” Taya V. Glotzer, MD, FHRS, FACC,” Robin A. Leahy, RN, BSN, CCDS, FHRS,
Charles J. Love, MD, CCDS, FHRS, FACC, FAHA, ' R?‘(}Hddl‘_\"‘ C. Mclean, MD, '

Suneet Mittal, MD, FHRS, ™ Loredana Morichelli, RN, MSN, " Kristen K. Patton, MD,*
Merritt H. Raitt, MD, FHRS." Renato Pietro Ricci, MD.*™ John Rickard, MD, MPH.'

Mark H, Schoenfeld, MD, CCDS, FHRS, FACC, FAHA, " Gerald A, Serwer, MD, FHRS, FACC, ™
Julie Shea, MS, RNCS, FHRS, CCDS, ™ Paul Varosy, MD, FHRS, FALC, FAHA,

Atul Verma, MD, FHRS, FRCPC,” Cheuk-Man Yu, MD, FACC, FRCP, FRACP“'1

Heart Rhythm, Vol 12, No 7, July 2015
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HRS Remote Monitoring Consensus Statement Recommendations

Class of Level of

Class of Level of

Device and Disease Management Recommendation Evidence

RM should be performed for surveillance of lead function and battery conservation, : -
—
: £

Patients with a CIED component that has been recalled or 15 an adwvisory should be ensolled

in RM %0 enable early detection of actionable events

RM 5 useful to reduce the incsdence of mappropnate KD shocks :
RM s useful for the earty getechon and quantificatyon of atnal hbnllatyon :
The effectiveness of RM for thoradic impedance alone or combined with other diagnostics to 1]

manage congestive haart fanlure is cumently uncertain

B8R » level of evidence B indicates 2 moderate evel from randomized trals; R0 » cardac wmplantable electronk device; 1D mplntable cardioverter

defbnilator; BM «» remote monitoning



HOW TO REDUCE UN-NECESSARY ICD SHOCKS
(AND REDUCE MORTALITY)

ANTI-TACHYCARDIA PACING
DISCRIMINATION ALGORITHMS AND DISCRIMINATOR TIME-OUT (OFF)

EXTEND DETECTION TIME / INCREASE DETECTION INTERVALS
INCREASE VENTRICULAR FIBRILLATION CUT-OFF RATE

USE REMOTE PATIENT MONITORING (Wireless)




