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Abstract

Background="Primary prevention implantable cardioverter defibrillators (ICDs) reduce
mortality in'selected patients with left ventricular systolic dysfunction by delivering therapies
(antirtachycardia pacing or shocks) to terminate potentially lethal arrhythmias; inappropriate
therapies alsereccur. We assessed device therapies amongeaiNisig primary prevention
ICDs in sevenrhealthcare systems.

Methods and Results - We linked nedical recordiata,adjudicated device therapies)d the
National Cardiovascular Data Registry ICD RegisBytvival analysisevaluatd therapy
probabilitysand predictors following ICD implant 2006-2009, with attention to Centers for
Medicare and=Medicaid Services (CMS) Coverage with Evidence Development (CED)
subgroups®left'ventricular ejection fraction 31-35%; non-ischemic cardionhyog@tmonths
duration;"New York Heart Association class IV heart failure with cardiac resynchronization
therapy defibrillator (CRID). Among 2540 patients, 35% were <65 years old, 26% were
women, 59% were white. Duriry (median)months, 738 (29%) received therapy. Three-
year therapyisk was 36% (appropriate 24%, inappropriate 12%). Appropriate therapy was more
common inrmen (adjusted hazard ratio 1.84, 95% confidence interval 1.43-2.35). Inappropriate
therapy was.more commonatrial fibrillation patienty2.20, 1.68-2.87), but less common
among patients65 years (0.72, 0.54-0.95 vs. younger) and in recent implants, e.g., in 2009
(0.66, 0.46-0.95 vs. 2006). ©®MS CEDanalysis inappropriate therapy was less comnagtin
CRT-D (0.55,.0.36-0.84 vs. single ahher);therapy riskdid nototherwisediffer for CMS CED
subgroups.

Conclusions=1n this community cohort of primary prevention ICD patients, therapy delivery
variedacrossdemographd and clinical characteristicbut did not differ meaningfully for CMS

CED subgroups.
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Clinical Perspective

What I's New?
¢ In this'large observationabhort studyof community practice patientsceiving an

implantable cardioverter defibrillator for primary preventairsudden cardiac deathge
occurrence of device therapies was generally lower than reported in efficacy tyiats (3
cumulative probability of first device therapy was 36% for therapies of any type, 24% for
shoeks); and we have found that the occurrence of both appropriate and inappropriate
device therapies wasmilar for patient subgroups identified for further study by the
Centers for Medicare and Medicaid Servjogeen compied to their counterpartsven

after.accounting for differences in baseldevice programming.

What Arethe€Clinical Implications?

e Based on a large and broadly representative population of patients from several U.S.
health systems, this study offers fusg@rognostic information to providers and patients
on the likelihood of appropriate and inappropriate device therapies occurring following
implantable cardioverter defibrillatptacemenfor primary prevention, across a range of

demographic, clinical,ral device characteristics.

In clinical trialsof selected patigs with left ventricular systolic dysfunctipimplantable
cardioverter diebrillators (ICDs)reducerisk of death as a primary preventisinategy(1-3).

These devices-detect and termindeethreatening ventricular tachyarrhythmiagh device-
deliveredtherapies gnti-tachycardia pacinpATP] and/or high-voltage shosk However,
inappropriaté devictherapiesan also béeliveredin response to non-lethal tachyarrhythmias
or as a resulteflevice malfunction. Inappropriat€D therapies are associated with subsequent
morbidity, mortality,worsening health statuand cos{4-6). A greater understanding of the

incidence angbredictorsof device therapiesoth appropriate aridappropriatefollowing
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primary prevention ICD implantatias needed toptimizeclinical decisioamaking and to
inform health policy(7).

In practice the use of primary prevention IChasexpan@dbeyondthe selectegarticipants in
clinical trialsswith almost 200,00@evices implantednnually in the U$8). Becausepatients
receiving care.in the community differ from thas®olled intrials, outcomesof ICD therapy in
clinical practicemay also vary(8-10). When expanding Medicare coveragelfobs in 2005,
CMS issueda“Coverage with Evidence Development’ (CED) dediaiestablisikeda
national registry of patients receiving primary prevention |I@Dasddress knowledge gaps in
patient selection and clinicdécision making11). Threepatiert subgroups requirefdirther
study:those‘withleft ventricular ejection fractioB1-3%%; norrischemicdilatedcardiomyopathy
(NIDCM) of <9 months duration; and New York Heart AssociafidifHA) class IV heart
failure symptomsvith acardiac resynclonization therapy defibrillataifCRT-D) (12). Within

the framewaork offte Longitudinal Study of Implantable Cardioverter Defibrillators-(C®)
(13), we aimedto describe the occurrence of appropriate and inappropriate device-delivered
therapiesn‘contemporary practicend toidentify device therapy predictorgjth particular
attentionta€MS CEDsubgroups.

Methods

Setting andStudy Population

The LSICDuissa retrospective study of primary prevention ICDs withgeographically
distributed, communitypased healthcare systepaticipating in the Cardiovascular Research
Network (13-14). Ve identified all adultsreceivingan ICDfor primary prevention between
Januay 1,,2006.and December 31, 2009, excluding petiethey had deft ventricular ejection
fraction>35%, had previously received an IG®,if follow-up data were not availabl€he
study was.approved bgstitutionalreviewboards at participating sites, witrewer of informed

consent due to.the observational nature of the study.

Data Sources
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The LSICD links baseline patient and device chaeaisticsfrom theNational Cardiovascular
Data Registry (NCDR) ICD Regist(g), additional baseli@and longitudinatlinical data
(diagnoses, procedures, laboratory test results, medicdftionsjhe electronic health records of
participating site§14-15), and a novel repository of devidelivered therapies ascertained
through manual record review by trainedal abstractors cou@d withremote device
monitoring.data sources when used, eadtralizedclinical adjudication (13). While study
materials have'been made available in a supplemental appendix to a previousiguiflids
study data‘forthis analysis are not direetailable to other researchers for purposes of

reproducing the results or replicating the procedure.

Outcomes

Patientswereobservedor up to3 years after ICD placemefor device interrogations and the
occurrence oflevice therapieswith thosereceiving ICB in 2009 followedfor up to 2 yearsOf
more than 28,000 device interrogations, 60% were from ambulatory clinic visits, 8306 fr
remote manitering sources, and 6% from hospital souFmshosepatientswith 10 or more
therapy episodes (n=fladjudication was limited to the first 1&d a maximum of therapies
were colleected from any 2dour period ¢ limit potential influence of ventricular tachycardia
‘storm’ (16)7"Device therapiewere reviewed by twamembers of central clinicalpanel[HV,

PS, JH, RGM]n order toconfirm the episode, type of therapy, and the@myropriateness
based on device interrogation reports anth-cardiac electrogram3herapies were classified as
appropriateiffresponse to potentiallymdignant ventricular tachyarrhythmnjigor inappropriate
(due to othereauses, including supraventricular arrhythmias, or problems with sbnsasy or
function) (13). Review relied on local provider interpretation as documented in clinical inotes
absene ofdevice documentation (28% of episodds$)erapy appropriateness wdsemed
uncertainwhensources weremadequate or w@available(15% of episodespPevice therapies

were classified/as ATBlone or as a therapgsulting in shock (either ATP followed by shock or
shock alone):" Bcrepancies betweeaviewers wereresolved byconsensuswith additional
review by expert electrophysiology adjudicatf8si, AK, PV]for unresolved discrepancies and

guality assurance.

Patient characteristics
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Patient characteristics includealge,sex race/ethnicity, year of implardevice typeleft
ventricular ejection fraction, etiology (ischemic/aischemic) and duration of cardiomyopathy,
NYHA functional classgardiovascular and otheomorbidities(previous coronary artery bypass
graft, previous percutaneous coronargiuention lung disease, diabeta®ellitus, hypertension,
atrial fibrillation, QRS duration anieft bundle branch block morphology, nenstained
ventriculartachycardiayelect lab value®lood urea nitrogen argkrumcreatining, and
medicatios prescribeat dischargdollowing ICD implant, including angiotensin-converting
enzyme inhibitors, angiotensin Il receptor blockers, aspidatglidockers, ejoxin, and gatins
Special attention was given to patient subgroups designated for further evaluativtSly

their 2005CEDdecision for primary prevention ICDsaBeline device settingmcluding
arrhythmiasdetection enhancements (on/off) and lowest programateethreshold for delivery
of tachyarrhythmia therapy (<180, 180-199 and >200 beats per miwete)availablen 74%

of patients.

Satistical Analysis

All analyses were conducted usiBAS (SAS 9.3SAS Institute, Inc.Cary, NC).Wefirst
estimateduude incidence density rates ofdbdevicedelivered therapieKaplan Meier curves
were generatefbr time to first devicedelivered therapystratifiedby therapy appropriateness,
both overall and withithe pre-definedCMS CEDsubgroups. For each subjdatjow-up time
accrued from date of implant until the event of interest ns@engat the earliest of the
following: endef the observation period, datdasitdevice nterrogationdate of deathjateof

device deaetivation/explantati.

Cox regressioassessedorrelates ofime to first appropriate therapy and time to first
inappropriate therapy.|Pcandidate variables associated with the outcwitie a univariate
P<0.20 and.the CMS subgrouariableswereincluded infinal models along with sidy site as a
random effectto account falustering Proportional hazard assumptions were evaluated by
modeling covariate-by-time interactions, aradgmtial collinearityamongcovariatesvas
evaluatedusing condition indices and variance decomposition proportionsKamhe few
variables with negligiblenissing value$<0.4% of records)simple imputatioremployed the
mode.For the two variables with greateissing proportions, cardiomyopathy etiology/duration

This article is protected by copyright. All rights reserved



(1.1%), and QR#8uration and morphology (9.0%issing values were assignedeparate

categoy (18).

Sensitivity Analyses

We explored-potentidbias fromoutcome misclassification due to therapagh uncertain
appropriatenes&mploying probabistic biasanalysiswith recordlevel replacemenfl19). In a
second’sensitivity analysiwe explored secular changes in baseline device programming over
the course ofthe study, and evaluatedpibtentialinfluence of incorporating device setting

information on the observed outconwour primary analysis.

Results

Baseline characteristics

Among 2669nitial patients weexcluded 129 who hagither aprevious ICD placemend left
ventricularejection fractior35%, oralack of follow-upcarein the implanting health system
leaving a finabnalysissetof 2540 study subject&igure 1). The proportion ofotal study
subjects ascertained from each of the seven study sites ranged from 5% TaV@0¥4-six
percentof.the study groupvere women, 35% weret5 years and59% werenon-Hispanicwhite
(Table 1). A prior history of clinical heartailure (96.3%) and hypertension (73.1%) were
common With respect tsubgroups identified in theMS CED criteria358 (14.1%)patients
hada leftventricular ejection fraction @1-35%, 183 (7.2%) hadIDCM <9 months duration,
and 31 (1.2%patientshadNYHA Class IV heart failure symptonadCRT-D. Due to the
smallnumber In this last group, NYHA Class and device type were consisepadatelyMost
patientsin the study cohothad NYHA Class Il (47.2%) or Class Il (394 symptoms, and
there was, balanceepresentation afevice type gingle chamber 35.6%, dual chamber 31.9%,
and CRTD,32.4%).

Device Therapy.rates

During a medianfollow-up of 27montrs, 29.1% opatientsexperiencedt least one episode that
resulted in delivery of device therapy20% had>1 appropriate therapy, 11%@d>1
inappropriate therapy). Upon reviewtbe 2455herapy episode®ceived by these subjects,
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55% were classified as appropriate, 30% as inappropriate, andéfeeemed unclassifiable
based upon the clinical information availalfiégire 1). Approximately 43% of treated episodes
resulted in a shock. Of 73tientsreceiving device therapie88% had one, 31% had 2-3, 23%
had 4-9and8% had 10 or more therapy episodestidhtcharacteristicand corresponding

therapy incidenceratesare show in Table 1.

The cumulative probabilitgf afirst device therappf any type at 3 years was 362#%
appropriate;"12% inappropriatéigure 2). The 3year cumulative probability of a first therapy
resulting inshock was 24% overall (14% appropriate, 9% inappropriate)) year, the

probabilities @fian appropriate shock (6.1%) and an inappropriate shock (5.0%joivere
significantly“different p=.06). The only notable differende cumulative probability of first

device therapypeross CMS CED characteristias unadjusted analysigias that patients with
NIDCM <9 months duratioweremore likely to receivaninappropriate therapy (18%
comparedo patients wittNIDCM >9 monthsduration (13%), NIDCM of unknown duration
(12%), andsehemic etiology11%, p=0.05Figure 3). The cumulative probability of first
appropriatettherapy did not differ by ischemic vs. non-ischemic etiologies nor other CMS CED

characteristics.

Device Therapy Predictors

In multivariablemodeling,men were nearly twice as likely as womemdoeive an appropriate
therapy(adjusted hazard rat{®#iR] 1.84 [1.43-2.35])as wergpatients wih a history of non-
sustained/entricular tachycardiaHR 1.73 [1.37-2.20]T able 2). Therateof appropriate therapy
wasloweriamong thosef Hispanic ethnicity(HR 0.68 [0.49-0.94]) comparesith non-Hispanic
whites Adjusted rates of appropriate therapy were not significantly different ather@VS

CED patient.subgroupompared to their respective referents

Patients withratrial fibrillation were more than teias likely to receive inappropriate therapies
(HR 2.20 [1%68-2.87])Therateof inappropriate therapyas lower forpatients>65 years
comparedvith youngermatients R 0.72 [0.54-0.95]) and for those receiving an ICD in 2009
compared to 2006HR 0.66 [0.46-0.95]). Comparegith patients receiving singlehamber
devices, the adjusted rate of inappropriate therapy was lower for patieteng€RTD (HR
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0.55 [0.36-0.84])Otherwise, djusted rates of inappropriate therapsre similarfor CMS CED
subgroups and their referents, including for patients with NIDCM <9 months duration eaimpar

to longer NIDCM durations or ischemic etiologies.

Sensitivity analysis outcomes

In our firstsensitivity analysisywe determined that thestimateccumulative probabilityf
appropriatetherapied 3 yearcouldhave beer2-6 percentage points higher (i.e., 26%-30%
rather than 24%i the appropriateness of all therapieghe cohorhad been classifiable.

Similarly, for inappropriate shocks, the cumulative probability could have been as high as 13%
rather than:they9% estimatigdm the classified therapieslowever, the simulatioresults also
showthatthecorrection sizevasconsistent acrodevels of studycovariatesindicatingthat the

observedneasures of associatiorere stable despite inability to classify soofiehetherapies

In the second sensitivity analysis, among the subsetpaitialdevice setting data availabtée
proportionswitha VT rate threshold of 200 bpmat implantincreasedrom 6% in 2006 to 18%

in 2009. Similarly, the proportioof subjectsvith arrhythmia detection enhancement
programmed to ‘onat baseline increasewer the study accrual period from 2% to 30%. In
adjustedanalyses, gtients with a VT rate threshotd >200 beats per minute had a significantly
lower rateof inappropriate therapy (HR 0.51 [0.26-1.00]) compared to patients with a baseline
VT rate threshold of <180 beats per minute, whereasdte of appropriate therapyas
statisticallyssimilabetween th groupgHR 0.67 [0.39-1.14]T able 3). While baseline
arrhythmiadetection enhancemeptogrammed to ‘omvasassociateavith asmallincreased

rate of appropriate therapiésf any type) (HR 1.50 [1.06-2.14]), further exploration by therapy
type shows that this was not the case for device shocks, with the rate of appsbyucielower
among those with baseline arrhythmia detection enhancement programming comgeosd to t
without (0.72,.0.53-1.00, p=0.047). Notably, adjustment for device settings did not change the
observed associations of other significemwariate predictors of appropriate or inappropriate
therapieqTable 3).

Discussion
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In this community-based cohoof patientswith left ventricular systolic dysfunction who
receivedanICD for primary prevention, nearly oribird receivedat least on@evice therap

over median follow-up of almost 2.5 years. Rates of therapy varied bgeagece/ethnicity
andacross cardiovascular characteristieges of inappropriate therapigsclinel for implants

after 2006, Netably, device theramtesdid notsignificantly differ for subgroupsf interest to
CMS in their 2005 coverage expansion (&83 were consistent after accounting for differences
in device programmindresults fronthis “realworld” population help address evidence gaps for

primary prevention ICD useutside of clinical trial¢8,20).

Device Therapy-Rates

Ratesof devicedeliveredtherapy in this cohortwerelower thanreported amongarticipantsn
the randomizedlinical trialsthat established efficacy of IGor primary prevention (5,21-22).
For example, the $ear cumulativeéherapyratewas lower thameported in MADIT I, botHor
appropriate therapi€84%yvs. 24%) (21) anébr inappropriate therapies (18% vs. 12%) (22).
Several factors'may explaihis. First, demographic and clinical profiles of thmmmunity
cohortdiffer fream trial participantg13). Second, rates of evidenbased medicaherapies in

this cohortwerehigher tharthosereported in trigs (13).

Third, with nearly a decade between the conduct of landefédacytrials andour study
period, improvements device technologies amdfinedprogramming strategidiely
contributegitorlower risks of therapy in our observational cohoogrBmming strategies
including highewentricular tachycardieate thresholds, longer detection deladvanced
detection @lgorithms, and optimized discriminators have been shown to redusk ti®oth
inappropriatedevice therapieas well as theisk of appropriate (but unnecessadgvice
therapiegthose.that woulthave terminated spontaneoudl®3y). While our study period
precededhe publication oMADIT -RIT, DECREASE ADVANCE Ill, PROVIDE and other
recent studiewith results supportivef such programming strategies (23-247oincides vith
the reporting ekarlier trials includindgEMPIRIC and PREPARIE28-29) which demonstrated the
promise of strategic or standardized deyioegramming.Given the changes wédserved in
baselinedeviceprogrammingover time, itappears that some strategy refinement ecasirring
naturallyin community practice during the time of our study. Thus, compaitbdie original
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efficacy trial subjectswve believethe lower rates of therapy observed in this more contemporary
and diverse cohort of patients are relevant in providinge accuratprognostic information for

patiens undergoing primary preventid@D implantation

Directly comparing device therapy rates across published observational stoldes is
challenging because of variable populations, differential follow up time, and incames,
restriction‘of'outcomes to shocks alone. Nevertheless, therapy ratasdohort areomparable
to those reported irecentobservationastudiesin Canada, Europe, and the US (30-33). In the
Omni study, for exampl€5% received an appropriate therapyer a mean of 39 months
compared.to 20% over 27 months in thelC® (33). Advantages of thebservations from the

LS-ICD include'thdarge,diverse study population and rigoratimical adjudicationprocess

Device Therapy Predictors

Higherrates ofappropriatdCD therapiesvere observed menand in nonHispanic whites
compareddtorHispanic patients, while higher rates of inappropriate therapiesonexten
younger patientdligher rates of therapy men have been reportddm clinicaltrials (34) and
other observational studies (30,32,35-36)e mechanismgor this are uncleabut men may be
more likelyto develop malignant ventricular arrhythmias compared with wowmleich may
alsoexplain greater ICD efficacgbservedn menin some studies (37)he relation between
younger age and inappropriate therapies has been repos@uéi38-39) but not irother(22)
studies and'mayresult from more robust atrioventricular conduction of supraventricular
arrhythmiasamong younger patients. The considerably lower risk of appropriate therapy among
Hispanicpatientss novel and warrants further investigatiespeciallygivenreports ofsimilar

survival associated with ICD therapy in Hispanic and H@panic white patientgl0).

Patientswith. a history ofnon-sustainedrentricular tachycardiavere at increaserisk for
appropriate-device therapjensistetiwith prior reportsthat this rhythm is risk marker in
patients with'structural heart disedd&). Atrial fibrillation, a risk factor forinappropria¢
therapies in previous studi€z?,38-39) was associated witlh morethantwofold higher risk for

inappropriate therapy during follow-up. An understanding of the magnitude of thiagislell
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as the impact of evidence-based therapies (e.g., AV nodal blockers) on this tisk, wil
informative to patients with atrial fibrillatiooonsidering ICD therapy.

CMS Coverage with Evidence Development subgroups

Devicetherapiesamong the subgroups defined in the CRISD decision have not been well
characterizedlespite importance to policgnd clinical decisiormakers (2). A key finding of
our studyis'that'therapy rateserenot significantly differat for patients withirthese subgroups
compared'with'the broader population@D patients, with the exception of those receiving
CRT-D, who had significantly lower risk of inappropriate therapy comparedsiitiie chamber
devices Ansinterestingesult in unadjusted analysis, that the cumulative incidence of
inappropriate therapy was somewhat higher for patients with NIDCM <9 monthsdurat
compared to longer durations of NIDCM or ischemic etiologies not borne out in adjusted
results. Our findings among these k&yMS CEDsubgroupsreconsistentvith results fronthe
OMNI study(33), whichaddressed similar questions laslimited to remote monitoring

patients asingle device manufacturand a much higher proportiaf CRT-D devices

We recognize that the occurrence of an appropriate device therapy is not equividlent t
provision.ef‘device benefit (i.e., a device therapy that prevents an arrhythattictidat would

have otherwise resulted if the therapy were not delivered). Songnanal ventricular

arrhythmias that prompt delivery of an appropriate therapy may have otherwiseatedni
spontaneously;, rending an appropriate therapy as unnecessary. However, we also know that the
two concepts-are correlated, and the results can stipgiliishcharacteristics of those who may

be benefitting, those who receive inappropriate therapies that are defioitgsoviding benefit,

and those who are not receiving therapies at all.

Limitations

Certain factors should be considered in intetipg the results of this studi rigorous process

for central adjudication of therapy events igaaticularstrength of this study. All therapy events
were reviewed independently by at least 2 members of the clinical review panel, with any
discrepanciesesolved through consensus discussion. Cases selected at random for quality
assurance review by an external panel of electrophysiology experts showed high agreement on
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therapy appropriateness from the central reviewers and the external panel (Kappa = 0.87
Despite thissometherapy events could not be designated as appropriate or inapprdpadte
insufficient or inconclusive records. Howevaer sensitivity analyses, the potential impactho$
appeared to be modest, and primarily limited to the magnitude of observed therappdaies
to theassociatiorof therapy predictors. Second,this observational study, we cannot fully
excludethe possibility ofresidual confounding despite inclusion of a wide range of measured

characteristics:

Finally, information on device settings was aotilable for all patientandlongitudinal

changes insdevicerogramming for individugbatientswere not consideredHowever, in a
sizablesubsebf subjects, we did observe secular trends in baselinegsetiverthe accrual

period of our study-urther, the associatisnf baseline devicsettings with therapy delivery in
this observational cohort are compatible with resultsials assessing the impact of device
programmingstrategiesincluding in asensitivity analysis a reduction in the raternappropriate
therapies withva VT rate threshold >200 bpm, anddegsopriate shocks with arrhythmia
detection enhancement set to ‘on’, possibly reflecting reduction of ‘appropriateredessary’
shocks (i-esthose delivered for ventricular tachycardia that would otherwiseclsalxeed
spontaneeusly)Further adjusting for baseline device settings did sudbstantially altethe

results or conclusionggarding thessociations of other potential predictor covariates in ou
primary analysis. Thisuggests that factors other than device programming are responsible fo
observed relationships, and that consequeatiyresults provide relevant insights for current
clinical praetiee.To our knowledge, the LS-ICD is the only observational study of the rates and
general predictors of all device therapies that has aseadtdevice programming data and

explored its relation to the study outcomes.

Conclusion

TheLS-ICDsprovidesestimates othe incidence and correlates of appropriate and inappropriate
device therapies adultsreceiving primary prevention ICDs in contemporary clinical practice
Rates of therapies in this cohort were lower than rep@dedclinical trialsand varied by
certainpatient and device characteristics, providitigicians and patients witliseful prognostic
datafor the growing population of patients treateh ICDsfor the primary prevention of
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sudden cardiac deatlmappropriate therapies were less common in more recent implants, which
is compatible with recognized improvements over time in device programntiegesults also

offer policy stakeholders confidencetime coverage expansion decisiangjinally made based

on theselectpopulations of randomized clinical trials.

Funding Sources. This project was funded under Contract No. 290-05-0033 from the Agency
for Healtheare Research and Quality, US Department of Health and Human Services as part of
the Developing Evidence to Inform Decisions about Effectiveness (DECIDE) prognanby

the American"College of Cardiology Foundation; with support from the National Head,

and Blood Institute (U19HL091179). While the sponsoring organizations have provided general
oversight andrguidance as part of the study advisory committee, the authors of thigrespor
solely responsible for its content. Specifically the study sponsors have nalitestly involved

in making decisions on: the design and conduct of the study; the collection, management,
analysis, and interpretation of the data; the preparation, review, or approvahairhscript;

and decision to submit the manuscript for publication. Also, sponsorship may not be construed as
an endorsement of all statements in the report by the Agency for Healthcare Research and
Quiality, the National Heart, Lung, and Blood Institute, the US Department of Hadlthuanan
Servicesor.the American College of Cardiology Foundation. This research was extifyycttie
American.College of Cardiology Foundation’s National Cardiovascular DatstRe@CDR).

The views expressed in this presentation represent those of the author(s), and dessatihe
represent the official views of the NCDR or its associated professional societies identified at
CVQualitysACEC.org/NCDR. For more information go to CVQuality.ACC.org/NCDR or emai
ncdrresearech@acc.org. Author RdberGreenlee had full access to all of the data in the study
and takes responsibility for the integrity of the data and the accuracy of the data analysis.

Disclosures. Dr..Masoudi has a contract with the American College of Cardiology for his role as
the Senior Medical Officer of the National Cardiovascular Data Registries. Dr. Gupta serves as
local site Plson multcenter clinical trials sponsored by St. Jude Medical, Boston Scientific, a
Medtronic. Dr,,Reynolds has had research funding from Amgen Inc., CSL Behring, and

iRhythm. The other authors have no relevant disclosures to report.

Refer ences:

This article is protected by copyright. All rights reserved



1. Moss AJ, Hall WJ, Cannom DS, Daubert JP, Higgins SL, Klein H, Levine JH, Saksena S,
Waldo AL, Wilber D, Brown MW, Heo M, for the Multicenter Automatic fibeillator
Implantation Trial Investigatorémproved survival with an implanted defibrillator in patients
with coronary.disease at high risk for ventricular arrhythmia. New Engl J Med. 19969335:
1940.

2. Moss A3d,Zareba W, Hall WKlein H, WilberDJ, Cannom DS, Daubert JP, Higgins SL,
Brown MW, Andrews ML, for the Multicenter Automatic Defibrillator Implantation Trial Il
InvestigatorsProphylactic implantation of a defibrillator in patients with myocardial infarction
and reduced egtion fractionNew Engl J Med2002; 346:877-883.

3. Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R, Domanski M, Troutman C,
AndersonJ, Johnson G, McNulty SE, Clapp-Channing N, Davidson-Ray, LD, Fraulo ES,
Fishbein DPglzuceri Rm, Ip JH, for the Sudden Garddeath in Heart Failure Trial (SED

HeFT) InvestigatorsAmiodarone or an implantable cardiovertefibrillator for congestig

heart failure. New Engl J Me@005; 352:225-237.

4. Bhavnani SP, Giedrimeiene D, Coleman CI, Guertin D, Azeem M, Klugée healthcare
utilization ‘and cost of treating patients experiencing inappropriate implantable cardioverter
defibrillatorsshacks: a propensity scoradt. Pacing Clin Electrophysiol. 2014; 37:1315-1323.

5. Poole JE, Johnson GW, Hellkamp AS, Anderson J, Callans DJ, Raitt MH, Reddy RK,
Marchlinski FE,.Yee R, Guarnieri T, Talajic M, Wilber DJ, Fishbein DP, Packer DL, Mark DB,
Lee KL, Bardy. GH Prognostic importance of defibrillator shocks in patients with heart failure.
N Engl J Med 2008; 359:1009-1017.

6. Mark DBpAnstrom KJ, Sun JiClapp-Channing NE, Tsiatis AA, DavidsdRay L, Lee KL,

Bardy GH, for the Sudden Cardiac Death in Heart Failure Trial Investig@uoadity of life with
defibrillator therapy or amiodarore heart failure. N Engl J Me@008; 359:999-1008.

This article is protected by copyright. All rights reserved



7. Fogel RI, Epstein AE, Estes NAM, Lindsay BD, DiMarco JP, Kremers MS, KaparfsljBri
RG, Russo AMThe disconnect between the guidelines, the appropriate use criteria, and

reimbursement coverage deoiss: The ultimate dilemma. J Am CQlardiol 2014; 63:12-14.

8. KremersMS, Hammill SC, Berul CIKoutras C, Curtis JS, Wang Y, Beachy J, Meisnere LB,
Conyers DM, Reynolds MR, Heidenreich PA, Al-Khatib SM, Pina IL, Blake K, Walsh MN,
Wilkoff BL;"Shalaby A, Masoudi FA, Rumsfeld The Natonal ICD Registry Report: Version
2.1 includingleads and pediatrics for years 2010 and 2011. Heart Rhythm. 2013; 10:e59-65.

9. MasoudisFAy Havranek EP, Wolfe P, Gross CP, Rathore SS, Steiner JF, Ordin DL, ikrumhol
HM. Most hospitalized older persons blat meet the enroliment criteria for clinical trials in
heart failure. Am Heart. 2003; 146:250-257.

10. Sharma PP, Greenlee RT, Anderson KP, Chyou PH, Osorio HJ, Smith PN, Hayes JH,
Vidaillet He#Prevalence and mortality of patients with myocaruhidrction and reduced left
ventricular‘ejection fraction in a defined community: relation to the second multicenter automatic
defibrillaterimplantation trial. J Interv Card Electrophys@007; 19:157-164.

11. Centers for Medicare and Medicaid Servid@scision Memo for Implantable Defibrillators
(CAG-00157R3), 2005. https://lwww.cms.gov/medicare-covedsgabase/details/nabecision-
memo.aspx?NCAId=148. Accessed 10/20/15.

12. Hammill SC, Kremers MS, Stevenson LW, Heidenreich PA, Lang CM, Curtis JP, Wang Y,
Berul CI, Kadish AH, AlKhatib SM, Pina IL, Walsh MN, Mirro MJ, Lindsay BD, Reynolds

MR, Pontzer K, Blum L, Masoudi F, Rumsfeld J, Brindis RG. Review of the regisbiy'th

year, incorporating lead data and pediatric ICD procedures, and usatasalrmperformance
measure. Heart Rhythr2010; 7:1340-1345.

13. Masoudi FA, Go AS, Magid DTassidyBushrow AE, Doris JM, Fiocci F, GarcMentilla

R, Glenn KA, Goldberg RJ, Gupta N, Gurwitz JH, Hammill SC, Hayes JJ, Jackson N, Kadish A,
Lauer M,Miller AW, Multerer D, Peterson PN, Reifler LM, Reynolds K, Saczynski JS,

This article is protected by copyright. All rights reserved



Schuger C, Sharma PP, Smith DH, Suits M, Sung SH, Varosy PD, Vidaillet HJ, @rBdnle
Longitudinal study of implantable cardioverwgfibrillators: methods and clinical charatdécs
of patients receiving implantable cardiovertiefibrillators for primary prevention in

contemporary practice. Circ Cardiovasc Qual Outco2@%2; 5:e78-85.

14. Go AS; Magid DJ, Wells B, Sung SH, Cassidy-Bushrow AE, Greenlee RT, Langer RD, Lieu
TA, Margolis'’KL, Masoudi FA, McNeal CJ, Murata GH, Newton KM, Novotny R, Reynolds K,
Roblin DW,"Smith DH, Vupputuri S, White RE, Olson J, Rumsfeld JS, GurwitZ li&l.
Cardiovascular/Research Network (CVRN): a new paradigm for cardiovascular quality and
outaomes research. Circ Cardiovasc QDatcomes. 2008; 1:138-147.

15. Ross TR, Ng D, Brown JBardee RThe HMO Research Network Virtual Data Warehouse:
A public data model to support collaborati@GEMs (Generating Evidence & Methods to
improve patient oicomes) Vol. 2: Iss. 1, Article 2. 2014. DOI: http://dx.doi.org/10.13063/2327-
9214.1049:

16. Credner,SC, Klingenheben T, Mauss O, Sticherling C, Hohnlosétl&ttrical storm in
patients with transvenous implantable cardiovedtibrillators:incidence, management and
prognostic implications. J Am Coll Cardiol. 1998; 32:1909-1915.

17. BelseysConditioning Diagnostics: Collinearity and Weak Data in Regressiay, Wil
Interscience1991.

18. Harrell FE Jr. Regression Modeling Strategies Withlidagions to LineaModels, Logistic
Regression,.and Survival Analysis. New York, NY: Springer-

Verlag New. York, Inc; 2001.

19. Lash, Fex;.and Fink. Applying Quantitative Bias Analysis to Epidemiologic Data. Springer

Science & Business Media, 2011.

This article is protected by copyright. All rights reserved



20. Al-Khatib SM, Gierisch JM, Crowley M&oeytaux RR, Myers ER, Kendrick A, Sanders
GD. Futureresearch prioritizatioimplantable cardiovertedefibrillator therapyn older
patients J Gen Intern Med. 2015; 30:1812-1820.

21. Moss AJ;.Greenberg H, Case RByeba W, Hall WJ, Brown MW, Daubert JP, McNitt S,
Andrews ML, Elkin AD, for theMulticenter Automatic Defibrillator Implantation Tridl
(MADIT=II)"Research Group. Longgrm clinical course of patients after terminatién o
ventriculartachyarrhythmia by an implanted defibrillatirculation 2004; 110:3760-3765.

22. Daubert JR; Zareba W, Cannom DS, McNitt S, Rosero SZ, Wang P, Schuger Crgi&nbe
Higgins SLyWilber DJ, Klein H, Andrews ML, Hall WJ, Moss AJ, for MADIT I
Investigatorsinappropriate implantable cardiover@efibrillator shocks in MADITH:

Frequency, mechanisms, predictors, angigal impact. J Am Coll Cardiol. 2008; 51:1357-
1365.

23. Kutyifa'V,*Zareba W, Moss AJ. ICD programming to redsloecks and imqove outcomes.
Curr Cardiel Rep2014; 16:496.

24. Moss AJ, Schuger C, Beck CA, Brown MW, Cannom DS, Daubert JP, Estes NAM,
Greenberg H, Hall WJ, Huang DT, Kautzner J, Klein H, McNitt S, Olshansky B, Shoda M,
Wilber D, Zareba W, for the MAD -RIT Trial InvestigatorsReduction in inappropriate therapy
and mortalitysthrough ICD programminy.Engl J Med 2012; 367:2275-2283.

25. Schwab JO, Bonnemeier H, Kleemann T, Brachmann J, Fischer S, Birkenhauer F, Eberhard
F. Reduction. of.inappropriate ICD therapies in patients with primary preventiodaérs
cardiac death: DECREASE studylin Res Cardial2015;104:1021-1032.

26. GaspariniyM, Proclemer A, Klersy C, Kloppe A, Lunati M, Martinez FerreH#Bsi A,

Gulaj M, Wijfels MCEF, Santi BiManotta L, Arenal A. Effect of Longpetection Interval vs
StandardDetection Interval for Implantable Cardiover@efibrillators on Antitachycardia

This article is protected by copyright. All rights reserved



Pacing and Shock Delivery: The ADVANCE IIl Randomized Clinical Trial. JANB13;
309:1903-1911.

27. Saeed M, Hanna |, Dionyssios R, Styperek R, Polosajian L, Khan A, Alonso J, Nabutovsky
Y, Neason C..Programming Implantable Cardiovelteftbrillators in Patients with Primary
Prevention,Indication to Prolong Time to First Shock: Results from the PROS10dy. J
Cardiovasc Electrophy2014; 25:52-59.

28. Wilkoff BL, Ousdigian KT, Sterns LD, Wang ZJ, Wilson RD, Morgan JM, for the EMPIRI
Trial InvestigatersA comparison of empiric to physician-tailored programming of implantable
cardioverter defibrillatorsresults from the prospective randomized multicenter EMPIRIC trial. J
Am Coll Cardiol,2006; 48:33€339.

29. Wilkoff.BL, Williamson BD, Stern RS, Moore SL, Lu F, Lee SW, Birgersddieren UM,
Wathen MSypVan Gelder IC, Heubner BM, Brown ML, Holloman Két, the PREPARE Study
InvestigatorsStrategic programming of detection and therapy parameters in implantable
cardioverterdefibrillators reduces shocks in primary prevention patients: results from the
PREPARE“(Primary Prevention Parameters Evaluationysiudm Coll Cardiol. 2008; 52-541-
550.

30. ChengéA;"Zhang Y, Blasddelmenares H)alal D, Butcher B, Norgard S, Eldadah Z,
EllenbogeniKA, Dickfeld T, Spragg DD, Marine JE, Guallar E, TomaselliR&étein
biomarkers identify patients unlikely to bendf@m primary preventiodCDs: Findings from the
PROSEICD Study. Circ Arrhythm Electrophysiol. 2014; 7:1084-1091.

31. Lee DS, Hardy J, Yee R, Healey JS, Birnie D, Simpson CS, Crystal E, Mangat |,
Nanthakuma'K, Wang X, Krahn AD, Dorian P, Austin PC, Tu JV, and on behalf of the
Investigators of the Ontario ICD DatabaSénical risk stratificationfor primary prevention
implantable cardioverter defibrillator€irc Heart Fail2015; 8:927-937.

This article is protected by copyright. All rights reserved



32. Weeke P, Johansen JB, JgrgensenNdddsen JC, Mder M, Videbaek R, Hojgaard MV,
Riahi S, Jacobsen PK. Mortality and appropriate and inappropriate therapy in patients wi
ischaemic heart disease and implanted cardioveefrillators for primary prevention: data
from the Danish ICD Register. Europa@613; 15:1150-1157.

33. Sweeney MO, Sakaguchi S, Simons G, Machado C, Connett JE, Yang F, for the OMNI
Study Investigatorfkesponse to the Center for Medicare & Medicaid Services coverage with
evidence development request for primary preventigiiantable cardioverter defibrillators:
Data from the OMNI Study. Heart Rhythm. 2012; 9:1058-1066.

34. Singh JP, Hall WJ, McNitt S, Wang H, Daubert JP, Zareba W, Ruskin JN, Moss AJ, and the
MADIT -1l InvestigatorsFactors influencing appropriate firind the implanted defibrillator for
ventricular tachycardia/fibrillation: findings from the Multicenter Automatic Defibrillator
Implantation Trial II (MADIT-11). 3 Am Coll Cardiol 2005; 46:1712-1720.

35. Bhavnani'SP, Pavuluri V, Coleman Glyertin D, Yarhgadda RK, Clyne CA, Kluger The
gender-paradox among patients with implantable cardioveetisrillators: a propensity
matched.study. Pagy Clin Electrophysiol2013; 36:878-884.

36. MacFadden DR, Crystal E, Krahn AMangat |, Healey JS, Dorian P, Birnie D, Simpson
CS, Khaykin¥;, Pinter A, Nanthakumar K, Clzavara AJ, Austin PC, Tu JV, Le&8&S.
differencesuindmplantable cardiovergefibrillator outcomes: findings from a prospective
defibrillator database. Ann Intern Me#012; 156:195-203.

37. Russo,AM, Poole JE, Mark DB, Anderson J, Hellkamp AS, Lee KL, Johnson GW,
Domanski M, Bardy GH, for the SCBeFT InvestigatorsPrimary Prevention with Defibrillator
Therapy in/Women: Results from the Sudden Cardiac Death in Heart Failure Trial. Y&srdio
Electrophysiol..2008; 19:720-724.

This article is protected by copyright. All rights reserved



38. van Rees JB, Borleffs CJW, de Bie MBijjnen T, van Erven L, Bax JJ, Schalij MJ.
Inappropriate implantable cardiover@efibrillator shocks: incidence, predictors, and immarct
mortality. J Am Coll Cardiol2011; 57:556-562.

39. Kutyifa.Vy.Daubert JP, Olshansky B, Huang DT, Zhang C, Ruwald ACH, McNitt S, Zareba
W, Moss AJ, Schuger Characterization and predictors of first and subsequent inappropriate
ICD therapy by heart rate ranges: Result of the MABIT efficacy analysisHeart Rhythm.

2015; 12:2030-2037.

40. PokorneysSD, Hellkamp AS, Yancy C@Airtis LH, Hammill SC, Peterson ED, Masoudi
FA, Bhatt DL, AlKhalidi HR, Heidenreich PA, Anstrom KJ, Fonarow GC, Al-Khatib SM.
Primary prevention implantabtardioverterdefibrillators in older racial and ethnic minority
patients. Circ Arhythm Electrophysiol2015; 8:145-151.

41.BiggerdTdr, Fleiss JL, Kleiger R, Miller JP, Rolnitzky | &hd theMulticenterPost
Infarction Research Group. The relationstdapsong ventricular arrhythmiagft ventricular
dysfunction, and mortality in the 2 years after wamalial infarction. Circulation1984; 69:250-
258.

This article is protected by copyright. All rights reserved



Table 1. Baseline Characteristics and Incidence (Rate Per 100 Person Years) of Device-Delivered

Therapies (Any Type, Any Appropriateness)

All Device Therapies

Number Number
of of
Subjects Person  Therapies Incidence
Characteristics N=2540 Percent* Mean (Std) Years N=2455 Per 100 95% Cl
(PY) PY

Sex

Female 653 25.7 1435 464 323 295 354

Male 1887 74.3 4050 1991 49.2 47.1 514
Age at Implantin years 66.7 (11.5)

265 1646 64.8 3629 1493 411 39.1 433

<65 894 35.2 1855 962 519 48.7 552
Race/Ethnicity:

White 1510 59.4 3346 1483 443 4211 46.6

Black 431 17.0 866 526 60.8 55.8 66.2

Hispanic 317 125 667 225 337 296 384

Other 282 11.1 605 221 36.5 320 417
Year of Implant

2006 630 24.8 1509 672 445 413 48.0

2007 588 23.1 1368 662 484 449 522

2008 583 23.0 1399 521 37.2 342 406

2009 739 29.1 1209 600 49.6 458 53.8
Ejection Fraction %

<30 2182 85.9 4701 2096 446 427 465

31-35 358 14.1 783 359 45.8 413 50.8
New York Heart.Association Class

| 279 11.0 638 273 42.8 38.0 48.2

1l 1200 47.2 2664 1233 46.3 43.8 489

] 1004 39.5 2087 912 437 41.0 46.6

v 52 2.0 87 37 42.4 30.7 585
Device Type

Single Chamber 905 35.6 1955 869 444 416 475

Dual Chamber 811 31.9 1717 888 51.7 484 55.2

Biventricular 824 324 1812 698 385 358 415
Left Ventricular Systolic Dysfunction Etiology

Ischemic 1593 62.7 3414 1500 439 418 46.2

NIDCM, within 9 months 183 7.2 410 177 43.2 373 501

NIDCM, greater than 9 737 29.0 1600 762 47.6 444 511

months

NIDCM, timing not known 27 11 61 16 26.2 160 427

Congestive Heart Failure
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No
Yes

Previous Coronary Artery Bypass Graft
No

Yes

Previous Percutaneous Coronary Intervention

No

Yes
Chronic Lung'Disease

No

Yes
Diabetes

No

Yes
Hypertension

No

Yes
Atrial Fibrillation/Atrial Flutter

No

Yes
QRS Duration/Morphology

<120 msec

> 120 msec without LBBB
>120 msec with LBBB
Not fully documented

Non-Sustained Ventricular Tachycardia
No

Yes

Blood UreaNitrogen Level in mg/dl
226

18-25

Creatininé Level'in'mg/dI

ACE Inhibitor or ARB
No
Yes
Aspirin
No
Yes
Beta Blocker
No

Yes

94
2446

1754
784

1767
772

2044
495

1480
1058

678
1858

1741
794

1036
621
654
229

2191
345

870
865
801

865
799
871

357
2176

828
1704

211
2322

3.7
96.3

69.1
30.9

69.6
30.4

80.5
19.5

58.3
41.7

26.7
73.1

68.5
313

40.8
24.4
25.7

9.0

86.3
13.6

343
34.1
31.5

34.1
31.5
343

141
85.7

32.6
67.1

8.3
91.4

24.9 (13.7)

1.4(0.9)
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232
5253

3781
1700

3819
1663

4458
1023

3279
2199

1515
3960

3797
1674

2252
1300
1499

433

4789
684

1732
1944
1796

1719
1781
1971

714
4763

1784
3688

469
5005

100
2355

1751
704

1811
644

1938
516

1456
998

623
1829

1404
1040

1248
582
524
101

1884
561

788
765
897

795
800
855

382
2071

829
1624

246
2207

43.1
44.8

46.3
41.4

47.4
38.7

43.5
50.4

44.4
45.4

41.1
46.2

37.0
62.1

55.4
44.8
35.0
23.3

39.3
82.0

45.5
39.3
49.9

46.3
44.9
434

53.5
43.5

46.5
44.0

52.5
44.1

35.5
43.1

44.2
38.5

45.3
35.9

41.6
46.3

42.2
42.7

38.0
44.1

35.1
58.5

52.4
41.3
32.1
19.2

37.6
75.5

42.4
36.7
46.8

43.2
41.9
40.6

48.4
41.7

43.4
42.0

46.3
42.3

52.5
46.7

48.5
44.6

49.7
41.8

45.5
55.0

46.7
48.4

44.5
48.4

39.0
66.0

58.6
48.6
38.1
28.3

41.2
89.1

48.8
42.2
53.3

49.6
48.2
46.4

59.2
45.4

49.8
46.2

59.5
46.0



Coumadin
No
Yes
Digoxin
No
Yes
Statin
No

Yes

1724
807

1776
755

574
1959

*Percents may.not sum to 100% because of rounding/missing values

Std - Standard Deviation

NIDCM - Non-Ischemic Dilated Cardiomyopathy

msec - millisecond

LBBB- Left Bundle Branch Block

mg - milligrams

dl - deciliter

ACE - Angiotensin Converting Enzyme

ARB - Angiotensin |l Receptor Blocker

67.9
31.8

69.9
29.7

22.6
77.1

3766
1706

3822
1649

1238
4236

1516
937

1603
850

699
1754

40.3
54.9

41.9
51.5

56.5
41.4

38.3
51.5

39.9
48.2

52.5
39.5

Table 2. Associations of Baseline Characteristics with Time to First Appropriate and Time to First Inappropriate Device-Delivered Therapy

Appropriate Therapy* Inappropriate Therapy*
95% 95%
Hazard Confidence Hazard  Confidence

Characteristics Ratio Limits Ratio Limits
Sex (Male vs Female)

Male 1.84 143 2.35 130 094 1.80
Age at Implant in years (265 vs <65)

265 0.89 0.72 1.11 0.72 0.54 0.95
Race/Ethnicity (ref: White)

Black 1.24 094 1.63 NA

Hispanic 0.68 049 0.94 NA

Other 0.88 0.64 1.20 NA
Year of Implant (ref: 2006)

2007 NA 0.75 0.53 1.07

2008 NA 0.76 0.53 1.10

2009 NA 0.66 0.46 0.95
Ejection Fraction % (31-35 vs <30)

31-35 0.98 0.75 1.27 1.00 0.70 1.44
New York Heart Association Class (ref: I)

1l 1.25 091 1.70 1.22 0.73 2.04

This article is protected by copyright. All rights reserved

42.3
58.6

44.1
55.1

60.8
434



Device Type (ref: Single Chamber)
Dual Chamber
Biventricular
Left VéntricularSystolic Dysfunction
Etiology (ref: Ischemic)
NIDCM, within 9 months
NIDCM, greater than 9
months
NIDCM, timing not known
Congestive Heart Failure (Yes vs No)
Yes
Previous Corohary Artery Bypass Graft (Yes vs No)
Yes

Previous Percutaneous Coronary Intervention (Yes vs No)

Yes
Diabetes (Yeswvs:No)

Yes
Atrial Fibrillation/Atrial Flutter (Yes vs No)

Yes

QRS Duration/Morphology (ref: <120 msec)
2120 msec without LBBB
> 120 msec with LBBB
Not fully documented

Non-Sustained Ventricular Tachycardia (Yes vs No)

Yes

Blood Urea Nitrogen Level in mg/dl (ref: > 26)

18-25

1-17
ACE Inhibitor or ARB (Yes vs No)

Yes
Digoxin (Yes vs No)

Yes
Statin (Yes vs.No)

Yes

*Models control for Study Site as a random effect

ref. - Referent Group

NA - Not Applicable to that model as variable was dropped at the screening stage

NIDCM - Non-Ischemic Dilated Cardiomyopathy

1.32
1.59

0.97

0.96

1.02

0.80

NA

NA

0.74

1.20

0.87

0.79

0.46

1.73

0.85
1.12

NA

NA
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0.93
0.79

0.75

0.70

0.70

0.91

0.29

0.59

0.99

0.92

0.68

0.60

0.24

1.37

0.68
0.89

0.96

1.88
3.19

1.25
1.32

1.48

1.48

0.93

1.45

1.07
1.42

1.43

1.65
2.14

1.04
0.55

0.82

NA

NA

0.71
0.61
1.01

1.29
1.46

0.78

NA

0.83

0.95
0.82

0.75

0.36

0.88

0.79

0.33

0.52

0.58

1.68

0.37

0.42

0.70

0.90

0.93
1.04

0.56

0.61

2.84

5.59

1.44

0.84

2.18

1.15

2.87

1.38

0.90

1.46

1.80

1.79
2.04

111

1.13



msec - millisecond

LBBB- Left Bundle Branch Block

mg - milligrams

dl - deciliter

ACE - Angiotensin Converting Enzyme

ARB - Angiotensin'll Receptor Blocker

Table 3. Associations.of Selected Baseline Characteristics with Time to First Appropriate and Time to First Inappropriate

Device-DeliverediTherapy, Sensitivity Analysis in Subset with Baseline Device Settings (N=1889)

Appropriate Therapy*
Final Model Rerun Final Model, including Device Setting Variables
in Device Settings Subset in Device Settings Subset
Hazard Ratio 95% Confidence Limits Hazard Ratio 95% Confidence Limits

Sex (Malé'vs'Female)

Male 1.81 1.34 2.45 1.83 1.35 2.47
Race/Ethnicity (ref: White)

Black 1.27 0.92 1.76 1.29 0.93 1.78

Hispanic 0.78 0.54 1.13 0.78 0.54 1.14

Other. 1.07 0.73 1.57 1.08 0.73 1.58
Previous Percutaneous Coronary
Intervention:(Yesws No)

Yes 0.71 0.53 0.96 0.72 0.53 0.98
Non Sustained Ventricular Tachycardia
(Yes vs No)

Yes 2.03 1.52 2.71 2.04 1.53 2.73
VentriculanTachycardia Rate Threshold
Setting in beats;per minute (ref: < 180)

180-199 NA NA 0.74 0.54 1.01

200+ NA NA 0.67 0.39 1.14
Enhanced Detection Setting (Yes vs No)

Yes NA NA 1.50 1.06 2.14

Inappropriate Therapyt
Final Model Rerun Final Model, including Device Settings,
in Device Settings Subset in Device Settings Subset
Hazard Ratio 95% Confidence Limits Hazard Ratio 95% Confidence Limits

Age at Implantiinyears (2 65 vs <65)

265 0.62 0.44 0.88 0.60 0.43 0.85
Year of Implant (ref: 2006)

2007 0.71 0.45 1.13 0.74 0.46 1.17

2008 0.64 0.40 1.02 0.65 0.40 1.06
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2009
Device Type (ref: Single Chamber)
Dual Chamber
Biventricular
Atrial Fibrillation (Yes vs No)
Yes
QRS Duratien/Merphology (ref: <120
msec)
2120 msec without LBBB
2120 msec with LBBB
Not fully documented
Blood Urea Nitrogen Level in mg/dI
(ref: 2 26)
18<25
1-17

Ventricular-Tachyeardia Rate Threshold

Setting in beats per minute (ref: < 180)

180-199
200+

Enhanced'Detection Setting (Yes vs No)

Yes

*In addition to variables shown, final model covariates also included age at implant, ejection fraction, New York Heart Association class,

0.68

1.46
0.60

2.29

0.74

0.97
0.93

1.10
1.40

NA
NA

NA

0.44 1.07

1.00 2.13
0.35 1.03

1.65 3.18

0.47 1.15

0.61 1.54
0.48 1.82

0.73 1.45
0.94 2.09

NA
NA

NA

0.66

1.29
0.55

2.25

0.75

0.99
1.26

1.09
1.37

0.75
0.51

1.17

0.40

0.87
0.32

1.62

0.48

0.62
0.59

0.72
0.92

0.50
0.26

0.69

1.06

1.92
0.94

3.13

1.17

1.57
2.72

1.64
2.04

1.11
1.00

2.00

device type; left ventricular systolic dysfunction etiology, diabetes, atrial fibrillation, QRS duration/morphology, blood urea nitrogen level,

digoxin, plus.Study Site as a random effect
TIn additiontovariables shown, final model covariates also included sex, ejection fraction, New York Heart Association class,

left ventricular systolic dysfunction etiology, congestive heart failure, previous coronary artery bypass graft, non-sustained

ventricular tachycardia, Angiotensin Converting Enzyme inhibitor/Angiotensin |l Receptor Blocker, statins plus Study Site as a random effect

ref. — Referent Group
NA — Not/Applicable to that model
msec - millisecond

LBBB- LeftrBundle’Branch Block
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Figure Legends:

Figure 1. Application of exclusion criteria to reach final study cohort (n=2540 total
subjects), with display of the distribution of type and appropriateness of dmlicered
therapies«(n=2455 therapies) among the 738 (29%) subjects who received any device-
delivered therapy. Abbreviations: ICDmplantable cardioverter defibrillator; AT

antistachycardia pacing.

Figure 2. Unadjusted KaplaMeier estimates for occurrence of first devamivered
therapy; bystherapy type, with estimated cumulative probalbilifiyst therapy (%) at 1,
2, and 3‘years, for (A) therapy of any appropriateness, (B) appropriate therapy, and (C)

inappropriate therapy. Abbreviation: Nongmber.

Figure3. Unadjusted KaplaiMeier estimates for occurrence of first devamsdivered
therapyybysbaseline clinical strata and therapy appropriateness, with estimated
cumulativesprobability of first therapy (%) at 1, 2, and 3 years, for (A) LVSD etiology —
appropriate therapy, (B) LVSD etiologyinappropriate therapy, (C) NYHA class —
appropiate therapy, (D) NYHA class inappropriate therapy, (E) ejection fraction —
appropriate therapy, and (F) ejection fractidnappropriate therapy. Abbreviations:
LVSD = left ventricular systolic dysfunction; NIDCM — nasehemic dilated
cardiomyopathyNYHA —New York Heart Association; EFejection fraction; No-

numberpgt=greater than; me months.
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