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Summary: Implantable cardiac devices have becomefirmly
entrenched as important therapeutic tools for a variety of
cardiac conditions. The second part of this two-part review
discussesthe contemporary use and follow-up of implantable
cardioverter defibrillators (ICD) and the implantable loop
recorder. The ICD has become the standard therapy for pro-
tecting patients against sudden cardiac death. Two recent tri-
als, the Multicenter Automatic Defibrillator Tria 1l (MADIT
I1) and the Sudden Cardiac Death Heart Failure Trid (SCD-
HEFT), demonstrated that the | CD isassociated with asignif-
icant surviva benefit for patients with reduced g ection frac-
tion (< 0.30-0.35), particularly if heart failure symptoms are
present. ThelCD hasanimportant rolein the management of
other conditions associated with ahigh risk for sudden desth,
such ashypertrophic cardiomyopathy, long QT syndrome, and
Brugada syndrome. The implantable loop recorder has be-
come an important diagnostic tool for the patient with unex-
plained syncope.
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Implantable Car dioverter Defibrillators
Indications

In generd, implantable cardioverter defibrillators (ICD)
areimplanted in patientswho have experienced cardiac arrest
or an equivaent event such as syncope (secondary preven-
tion), or to prevent afirst episodein apatient at high risk for
developing a potentialy malignant ventricular arrhythmia
(primary prevention).

Secondary prevention: Two large studies have eval uated
the use of ICDs in patients who have experienced sudden
cardiac desth. In the Antiarrhythmics Versus Implantable
Defibrillator (AV1D) study, 1,016 patients were randomized
to |CD implant or antiarrhythmic drug therapy.: ThelCD was
associated with a31% decreasein mortdity at 3 years. Sim-
ilar results were found in the Canadian Implantable De-
fibrillator Study (CIDS).2In CIDS, 659 patientswith cardiac
arrest or syncope who had ventricular tachycardia (VT) in-
duced at el ectrophysiologic testing were randomized to ICD
therapy or amiodarone. At 3 years, the ICD was associated
with a 20% decrease in mortality that approached statisti-
cal significance.

Severa studiespublished fromthe AVID registry of 4,450
patients provide additional important information. First, 278
patients were identified as having transient or correctable
causesfor VT/ventricular fibrillation (VF) including myocar-
dial ischemiaor eectrolyte disorders.® However, subsequent
mortality was not different between patientswith correctable
causesand therest of theregistry patients. Second, the 334 pa-
tients with nonischemic cardiomyopathy had survival rates
similar to those of the 2,268 patientswith coronary artery dis-
ease.* In general, patientswho have experienced sudden car-
diac degth should be eval uated for ICD implant, with specific
consideration of patient wishes, life expectancy, and comor-
bid conditions.

Primary prevention: Patientswith coronary artery disease
(CAD), reduced left ventricular gection fraction (EF), and
nonsustained VT have a20-30% incidence of cardiac arrest
during the 5-year period after amyocardia infarction (M1).5



238 Clin. Cardiol. Vol. 29, June 2006

The Multicenter Automatic Defibrillator Trial (MADIT) ran-
domized 196 patients with prior Ml and EF <0.35, nonsus-
tained VT, and inducible ventricular arrhythmias at electro-
physiologic testing to ICD implantation or medical therapy.®
Implantation of an |CD was associated with asignificant re-
ductionin all-cause mortdity (hazard ratio 0.46). Inasimilar
patient population, the Multicenter Unsustained Tachycardia
Trial (MUSTT) found that ICD implant wasassociated witha
60% decreasein mortality a 5 years.”

Several recently published trials have provided additiona
information on the use of ICDsin patients with reduced EF
due to CAD. In MADIT I, 1,232 patients with CAD and
severely reduced EF (<0.30) without documented nonsus-
tained VT were randomized to receive an ICD or medical
therapy aone.8 After mean follow-up of 20 months, the mor-
tality rate was 19.8% in the patients who did not receive an
ICD and 14.2% inthe ICD group (p = 0.016). In the Sudden
Cardiac Death Heart Failure Trial (SCD-HEFT), patients
with reduced EF (< 0.35) dueto ischemic or nonischemic car-
diomyopathy and New York Heart Association (NYHA)
classll or I11 heart failure were randomized to receive place-
bo, amiodarone, or an ICD.? Over 2,500 patients were en-
rolled, and after 3.8 year follow-up a 23% reduction in al-
cause mortality was observed in patients receiving 1CD
compared with placebo. No differencesin survival were de-
tected between patients receiving amiodaone or placebo.
However, inthe Defibrillator in Acute Myocardia Infarction

type

Tria (DINAMIT), 674 patientswith MI withinthe preceding
6 to 40 dayswith an EF < 0.35 and abnormal heart rate vari-
ability indices by Holter monitoring were followed for 2.5
years, with no significant difference in survival in patients
whodid (7.5%) and did not (6.9%) receive and |CD.10

At the present time, the data support consideration for ICD
implantation in patients with CAD, severely reduced EF
(<0.30-0.35), and class II1 or higher heart failure (Fig. 1).
However, application of trial datatoindividual patient careis
not aways straightforward. First, even with careful measure-
ments, EF estimates from standard echocardiography varied
from — 18 to 8% from EF obtained from magnetic resonance
imaging.!! Ejection fraction varies with loading conditions
and temporally from acute ischemic events. The DINAMIT
dataappear to stresstheimportance of waiting > 40 days after
an M1 before using EF to evaluate risk. Similarly, in a sub-
group anaysisof theMADIT Il data, I CD thergpy did not con-
fer asurvival benefit in patients enrolled within 18 months of
an acute M1.22 However, in an anadysis of the Vasartan in
Acute Myocardid Infarction Trial (VALIANT), therisk for
sudden death was highest during the first 30 days after Ml,
1.4% per month and decreased to 0.14% per month after 2
years.13 In addition, EF provided the greatest discriminatory
effect for identifying risk of sudden cardiac death during the
first 6 monthsafter MI. The complexity of datafrom random-
ized trid sunderscorestheimportance of careful physicianand
patient discussion beforel CD implantation.

Ischemic

} )

v v

o | EF<0.35 EF <0.35-0.40 EF <0.35

Clinical criteria | =151 or Il CHE NSVT, + EPS Class Il or lll CHF EF <0.30
SCD-HeFT MADIT SCD-HeFT MADIT-II
DEFINITE * 196 pts, 27 mo f/u e 2,251 pts, 48 mo f/u * 1,232 pts, 20 mo f/u

Trial summaries

e 458 pts, 29 mo f/u

* Nonischemic CM,
Sx CHF, and NSVT
or PVCs

e 2 yr mortality: ICD:
14%, no ICD: 7.9%

* 53% reduction in
mortality

« improved survival
in pts with lower
EF (<0.26)

MUSTT

e pts, mo f/u

« ICD associated
with a 5-year
60% decrease
in mortality

* 70% ischemic,

30% noninschemic.

No difference in
outcome

* 23% reduction
in mortality

» Average EF 25%

* 31% reduction

in mortality
* 66% were class II/Ill
= Average EF 23%

Fic.1 Summary of tria datafrom primary prevention studiesfor patients with cardiomyopathy based on g ection fraction and other clinical
characterigtics. MADIT = Multicenter Automatic Defibrillator Implantation Trial, MUSTT = Multicenter Unsustained TachycardiaTria, SCD-
HeFT = Sudden Cardiac Deathin Heart Failure Trial, DEFINITE = Defibrillatorsin Non-1schemic Cardiomyopathy Treatment Eval uation tri-
al, pts=patients, yr = year, mo = month, EF = gjection fraction, EPS= el ectrophysiol ogic testing, f/u = follow-up, CHF = congestive heart fail-
ure, NSVT = nonsustained ventricular tachycardia, PV C = premature ventricular contraction, ICD = implantable cardioverter defibrillator,

CM = cardiomyopathy.
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Although clinically effective, the costimplicetionsof ICD
therapy for primary prevention must be addressed.4 15 Inthe
United States, there are approximately three million persons
with advanced |eft ventricular dysfunction or other risk fac-
tors for sudden cardiac death; with an average ICD cost of
$20,000 to $25,000, the potential cost to the United States
hedthcare systemis60-75 billion dallars, with anannual cost
of 8 hilliondollars. Sincethelikelihood of appropriate use of
|CD therapy in primary prevention studiesis approximately
20% over 5 years, development of further risk stratification
toolswill becomeimportant to determine optimal use of the
ICDinclinical practice.®

Severd specific patient groupsat high risk for sudden desth
should also be considered for primary prevention with ICD
therapy (nonischemic cardiomyopathy, hypertrophic cardio-
myopathy, long QT syndrome, Brugada syndrome, and con-
genital heart disease). The use of the ICD in these patient
groups is summarized in Table | and below. The clinician
should also beaware of other conditions associated with sud-
den cardiac death, such as arrhythmogenic right ventricular

cardiomyopathy and the short QT syndrome, that are not cov-
eredinthisreview.

Three small- to moderate-sized prospective randomized
trials have specifically evaluated the use of ICDsin patients
with nonischemic cardiomyopathy. In the Amiodarone Ver-
susImplantable Cardioverter Defibrillator Randomized Trid
in Patients with Nonischemic Cardiomyopathy and Asymp-
tomatic Nonsustained Ventricular Tachycardia(AMIOVIRT),
103 patients with nonischemic cardiomyopathy (EF <0.35)
and asymptomatic VT were randomized to amiodarone or
ICD therapy.16 The study was stopped prematurely after 3
years when interim analysis revealed no significant differ-
encesin the survival curves between the two groups (amio-
darone 87% vs. ICD 88%). In the Cardiomyopathy Arrhy-
thmiaTria (CAT), 104 patientswith angiographically proven
symptomatic nonischemic cardiomyopathy (NYHA 1 or 11,
EF <0.30) were randomized to receive an ICD or medica
therapy alonel” Atal-year interim anaysis, theoveral mor-
tality for the entire patient group was 5.6%. Since this was
significantly lessthan the expected 30% mortality rate, thetri-

TaBLE | Useof implantable cardioverter defibrillators (ICD)
Clinical scenariosinwhich ICD implant should
Condition Indications beconsdered
Coronary artery disease * Aborted sudden cardiac death!-2
 Sustained ventricular arrhythmias
¢ EF<0.30 morethan 6 weeksafter
myocardia infarction®10
» EF<0.40, nonsustained ventricular
tachycardia, andinducibleat EPS’
Dilated cardiomyopathy * Aborted sudden cardiac desth » Syncope
 Sustained ventricular arrhythmias
« Ejectionfraction <0.35 associated with
NYHA 11 or Il symptoms, particularly
if ventricular arrhythmiasare present . 18
Hypertrophic * Aborted sudden cardiac death * Syncope®
cardiomyopathy * Sudtained ventricular arrhythmias « Significant family history of SCD®
* Nonsustained ventricular tachycardiaon continuous
24° electrocardiographic monitoring?
* Septdl thickness>3cm®
Long QT syndrome * Aborted sudden cardiac death » High-risk genotypes (LQT 3) or significant family
« Continued symptoms despite Rx history of SCD%
« Drugintolerance or noncompliance
Brugadasyndrome * Aborted sudden cardiac degth  Syncopeand classic associated ECG findings
* Sustained ventricular arrhythmias (RBBB pattern and ST-segment elevationin V1) 22
* Significant family history of SCD
Repaired congenitdl * Aborted sudden cardiac degth * Syncopeassociated with repaired tetralogy of Fallot,
heart disease  Sustained ventricular arrhythmias transposition of thegreat vessels, coarctation of the

aorta, particularly if inducibleat EPS?4 25

Abbreviations: EPS = electrophysiologic testing, SCD = sudden cardiac death, LQT 3=long QT syndrometype 3 associated with Na* channel
defects, EF = gection fraction, NYHA = New York Heart Association, Rx = drug trestment.
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al was stopped before complete enrollment. Most recently, in
the Defibrillators in Nonischemic Cardiomyopathy Treat-
ment Evaluation (DEFINITE) trial, 458 patients with non-
ischemic cardiomyapathy (EF < 0.35) and spontaneous ven-
tricular ectopy (>10 premature ventricular contractions
(PVCs)/h or nonsustained VT) were randomized to receive
an1CD or standard medical therapy.18 After 2-year follow-up,
themortality rate was not significantly different between the
two groups(medical therapy 33 desthsvs. ICD 23 deeths, p=
0.06). However, the arrhythmic degth rate was significantly
higher inthe group receiving medical therapy aone (medica
therapy 13.8%vs. ICD 8.1%). Inthemuch larger SCD-HeFT
trial, approximately 50% of patients had nonischemic car-
diomyopathy and the survival benefit for ICD therapy was
similar for both ischemic and nonischemic cardiomyopathy.®
To summarize, |CD implantation should de considered in pa-
tients with reduced EF (<0.35) due to nonischemic car-
diomyopathy and heart failure symptoms.

Patients with hypertrophic cardiomyopathy have an esti-
mated annual mortdlity rate of 1% as shown in community-
based sudiesand areat increased risk for sudden cardiac degth
depending on the presenceor absence of risk factors.X® Noran-
domized trids of ICD usein patients with hypertrophic car-
diomyopathy are currently available. In a multicenter retro-
spective evaluation of ICD usein patients with hypertrophic
cardiomyopathy at high risk for sudden cardiac desth, appro-
priate |CD usewas observed at arate of 11% per year for sec-
ondary prevention (cardiac arrest or spontaneous and sus-
tained VT) and in 5% per year for primary prevention in a
high-risk cohort.20 Risk factors for future arrhythmic events
includesyncaope, particularly inyoung patientsor patientswith
recurrent or exertional syncope; family history of sudden car-
diac death, particularly in a first-degree relative; absolute
thickening of the ventricular septum =30 mm; spontaneous
nonsustained or sustained V T; and an abnorma hemodynam-
icresponseto exercise (< 20 mmHg risein blood pressuredur-
ing exerciseor after recovery).

The use of ICDsin patientswith “primary eectrical” dis-
easehasnot beenwell sudied. Thelong QT syndromeisahet-
erogeneous group of genetically determined disorders associ-
ated with QT interval prolongation (QTc>0.44 sin men and
>0.46 sinwomen) due to defects associated with changesin
potassium or sodium permeability. Betablockersarefirg-line
therapy, and an 1CD isusually consideredin patientswith con-
tinued symptoms despite beta-bl ocker therapy. 2 Brugadasyn-
drome aso appears to be a genetic disease associated with
abnormal sodium-channel function and has a characteristic
€l ectrocardiogram with termind positive forces and ST-seg-
ment elevationinlead V1.2 Theuseof ICDsinthispopulaion
has not been formally studied with randomized controlled tri-
als. However, these patients once identified appear to be at
highrisk for ventricular arrhythmias and often have | CDsim-
planted. Inthe Defibrillatorsvs. BetaBlockersin Unexpected
Death in Thailand (DEBUT) trial, 86 patients who survived
cardiac arrest or had a Brugada type el ectrocardiogram were
randomized to beta blockers or prophylactic ICD implant.2
After 3-year follow-up, therewerefour deathsthat al occurred

inthebeta-blocker arm. Therewere seven patientsinthe ICD
armwho had appropriately treated VF.

Thefinal high-risk group considered here are patientswith
congenital heart disease. In aretrospective analysisof alarge
database of 3,589 patientswith surgically repaired congenita
heart disease, unexpected sudden cardiac death was more
commonin patientswith aortic stenosis, coarctation of theaor-
ta, corrected transposition of the great arteries, or tetralogy of
Fallot.2* Therisk of sudden cardiac deathincreased incremen-
tally 20 years after surgery for aortic stenosi's, coarctation of
theaorta, andtetralogy of Fallot. Inanother retrospective study
of adult patientswith repaired tetralogy of Fallot, sudden car-
diac death was more common in those with wide QRS com-
plexes (> 180 ms) and moderateto severeleft ventricular sys-
tolic dysfunction (EF < 0.40).%

Follow-Up

Implantable cardioverter-defibrillators should be interro-
gated every 3to 6 monthsand after delivery of any shock ther-
apy. During deviceinterrogation, pacing thresholdscan be as-
certained and el ectrogramseval uated for the presence of noise
that might suggest lead malfunction dueto fracture or insula:
tion break. Lead res stances should bedirectly measured; high
res stances suggest the possibility of aconductor wirefracture,
while low impedances suggest an insulation bresk. Event
countersshould be eval uated to determinewhether the patient
ishaving brief episodes of ventricular arrhythmias that have
not required | CD therapy.

In earlier generations of ICDs, patients had the ICD func-
tion tested directly by induction of VFin the electrophysiol-
ogy laboratory (defibrillation threshold testing); for current
|CDsimplanted in the pectoral region defibrillation, testing
may not beroutinely required if low (<20 joules) thresholds
were documented at implant or if intervening clinica events
havenot occurred.26 However, given the grave consequences
of ICD failure, decisions on the frequency of defibrillation
threshold testing should be carefully considered for individ-
ual patients.

Finally, severa highly publicized ICD recalls or software
problems have involved several manufacturers. Medtronic
| CDsimplanted between April 2001 and December 2003 can
potentially develop sudden battery depletion within hours or
daysthat canresultinlossof devicefunctionwith an estimat-
ed rate of 0.2-1.5%.27 Certain Guidant (Guidant Corp.,
Indianapolis, Ind., USA) ICDs may develop deterioration of
thewireinsulator within the lead connector block that canre-
sultinlossof devicefunction with an estimated rate of failure
between 0.2-0.6% over the lifetime of the device 28 Since
1990, the Food and Drug Administration hasissued nearly 30
safety derts and recdls affecting nearly 337,000 1CDs.2
When counsdling patients, cliniciansmust consder thedevice
fallurerate, age of the device, and the risk and accompanying
consequencesof infection (approximately 19%6) after devicere-
placement. These problems underscore the importance for
physiciansand their professional organizationsto take an ac-
tiveroleinmonitoring devicerdliability and safety.
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ImplantableL oop Recorders

Indications

Severa randomized trias have evaluated the use of im-
plantableloop recorders (ILRs) for the evaluation of patients
with syncope.3%-32 Syncopeisacommon problemthat may be
the first manifestation of alife-threastening arrhythmia. Car-
diac causes of syncope have a much worse prognosis than
noncardiac causes, but diagnostic testssuch asechocardiogra-
phy, tilt tabl etesting, Holter monitoring, and el ectrophysiolog-
ictesting are cogtly and havelow diagnosticyield, particularly
in patientswithout ahistory of cardiac disease. Inthe Random-
ized Assessment of Syncope Tria (RAST), 60 patients with
unexplained syncopewererandomizedto“ cornventiona” car-
diac evaluation (external loop recorder, echocardiography,
Holter monitoring, electrophysiologic testing) or prolonged
monitoring using an ILR. Prolonged monitoring (months to
even years) wasmore likely to result in adiagnosisthan con-
ventional testing (55 vs. 19%, p=0.0014).%° Episodes of tran-
sient symptomatic bradycardiawere the most common find-
ings. In the International Study of Syncope of Uncertain
Etiology (ISSUE) study, ILRs were implanted and tilt table
testing was performed in 111 patients.3! The patientswerean-
alyzedintwo groups: 29 patientswith tilt-positive and 82 pa-
tients with tilt-negative results. Syncope recurred in 34% of
patientsin both groups, and the most frequent causewas pro-
longed sinuspauses. Thel LR should beconsideredin sdlected
patientswith unexplained syncope.

Conclusion

Implantable cardiac devices are now standard therapies as
well as diagnostic modalities for multiple cardiac problems.
Pacemakersare used for thetreatment of symptomatic brady-
cardiaandin patientswith symptomeatic heart failure, I ft ven-
tricular dysfunction, and wide QRS complexes. The use of
|CDsfor thetreatment of patientswho areat increased risk for
ventricular arrhythmias and sudden death is now well estab-
lished. Implantableloop recorders have become animportant
part of the diagnostic evaluation of patients with syncope.
With the rapid development of different types of cardiac de-
vices, itisimportant to understand the potentia uses of these
devices and issues in the management of patients in whom
they areimplanted.
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