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Summary: Implantable cardiac devices have become firmly
entrenched as important therapeutic tools for a variety of 
cardiac conditions. The second part of this two-part review
discusses the 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 Trial II (MADIT
II) and the Sudden Cardiac Death Heart Failure Trial (SCD-
HEFT), demonstrated that the ICD is associated with a signif-
icant survival benefit for patients with reduced ejection frac-
tion (< 0.30–0.35), particularly if heart failure symptoms are
present. The ICD has an important role in the management of
other conditions associated with a high risk for sudden death,
such as hypertrophic 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 Cardioverter Defibrillators

Indications

In general, implantable cardioverter defibrillators (ICD)
are implanted in patients who have experienced cardiac arrest
or an equivalent event such as syncope (secondary preven-
tion), or to prevent a first episode in a patient at high risk for
developing a potentially malignant ventricular arrhythmia
(primary prevention). 

Secondary prevention: Two large studies have evaluated
the use of ICDs in patients who have experienced sudden 
cardiac death. In the Antiarrhythmics Versus Implantable 
Defibrillator (AVID) study, 1,016 patients were randomized
to ICD implant or antiarrhythmic drug therapy.1 The ICD was
associated with a 31% decrease in mortality at 3 years. Sim-
ilar results were found in the Canadian Implantable De-
fibrillator Study (CIDS).2 In CIDS, 659 patients with cardiac
arrest or syncope who had ventricular tachycardia (VT) in-
duced at electrophysiologic 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. 

Several studies published from the AVID registry of 4,450
patients provide additional important information. First, 278
patients were identified as having transient or correctable
causes for VT/ventricular fibrillation (VF) including myocar-
dial ischemia or electrolyte disorders.3 However, subsequent
mortality was not different between patients with correctable
causes and the rest of the registry patients. Second, the 334 pa-
tients with nonischemic cardiomyopathy had survival rates
similar to those of the 2,268 patients with coronary artery dis-
ease.4 In general, patients who have experienced sudden car-
diac death should be evaluated for ICD implant, with specific
consideration of patient wishes, life expectancy, and comor-
bid conditions.

Primary prevention: Patients with coronary artery disease
(CAD), reduced left ventricular ejection fraction (EF), and
nonsustained VT have a 20–30% incidence of cardiac arrest
during the 5-year period after a myocardial infarction (MI).5
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The Multicenter Automatic Defibrillator Trial (MADIT) ran-
domized 196 patients with prior MI and EF < 0.35, nonsus-
tained VT, and inducible ventricular arrhythmias at electro-
physiologic testing to ICD implantation or medical therapy.6

Implantation of an ICD was associated with a significant re-
duction in all-cause mortality (hazard ratio 0.46). In a similar
patient population, the Multicenter Unsustained Tachycardia
Trial (MUSTT) found that ICD implant was associated with a
60% decrease in mortality at 5 years.7

Several recently published trials have provided additional
information on the use of ICDs in patients with reduced EF
due to CAD. In MADIT II, 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 alone.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% in the ICD group (p = 0.016). In the Sudden
Cardiac Death Heart Failure Trial (SCD-HEFT), patients
with reduced EF (< 0.35) due to ischemic or nonischemic car-
diomyopathy and New York Heart Association (NYHA)
class II or III heart failure were randomized to receive place-
bo, amiodarone, or an ICD.9 Over 2,500 patients were en-
rolled, and after 3.8 year follow-up a 23% reduction in all-
cause mortality was observed in patients receiving ICD
compared with placebo. No differences in survival were de-
tected between patients receiving amiodaone or placebo.
However, in the Defibrillator in Acute Myocardial Infarction

Trial (DINAMIT), 674 patients with MI within the preceding
6 to 40 days with 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
who did (7.5%) and did not (6.9%) receive and ICD.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 III or higher heart failure (Fig. 1).
However, application of trial data to individual patient care is
not always straightforward. First, even with careful measure-
ments, EF estimates from standard echocardiography varied
from �18 to 8% from EF obtained from magnetic resonance
imaging.11 Ejection fraction varies with loading conditions
and temporally from acute ischemic events. The DINAMIT
data appear to stress the importance of waiting >40 days after
an MI before using EF to evaluate risk. Similarly, in a sub-
group analysis of the MADIT II data, ICD therapy did not con-
fer a survival benefit in patients enrolled within 18 months of
an acute MI.12 However, in an analysis of the Valsartan in
Acute Myocardial Infarction Trial (VALIANT), the risk for
sudden death was highest during the first 30 days after MI,
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 months after MI. The complexity of data from random-
ized trials underscores the importance of careful physician and
patient discussion before ICD implantation.
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Ischemic

EF <0.35–0.40
NSVT, + EPS

EF <0.35
Class II or III CHF EF <0.30

MADIT
• 196 pts, 27 mo f/u
• 53% reduction in
      mortality
• improved survival
      in pts with lower
      EF (<0.26)
MUSTT
•  pts, mo f/u
•  ICD associated
      with a 5-year
      60% decrease
      in mortality

SCD-HeFT
• 2,251 pts, 48 mo f/u
• 70% ischemic,
    30% noninschemic.
    No difference in
    outcome
• 23% reduction
    in mortality
• Average EF 25%

MADIT-II
• 1,232 pts, 20 mo f/u
• 31% reduction
    in mortality
• 66% were class II/III
• Average EF 23%

Cardiomyopathy
type

Nonischemic

Clinical criteria EF <0.35
Class II or III CHF

Trial summaries

SCD-HeFT
DEFINITE
•  458 pts, 29 mo f/u
•  Nonischemic CM,
     Sx CHF, and NSVT
     or PVCs
•  2 yr mortality: ICD:
    14%, no ICD: 7.9%

FIG. 1 Summary of trial data from primary prevention studies for patients with cardiomyopathy based on ejection fraction and other clinical
characteristics. MADIT = Multicenter Automatic Defibrillator Implantation Trial, MUSTT = Multicenter Unsustained Tachycardia Trial, SCD-
HeFT = Sudden Cardiac Death in Heart Failure Trial, DEFINITE = Defibrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation tri-
al, pts = patients, yr = year, mo = month, EF = ejection fraction, EPS = electrophysiologic testing, f/u = follow-up, CHF = congestive heart fail-
ure, NSVT = nonsustained ventricular tachycardia, PVC = premature ventricular contraction, ICD = implantable cardioverter defibrillator, 
CM = cardiomyopathy.
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Although clinically effective, the cost implications of ICD
therapy for primary prevention must be addressed.14, 15 In the
United States, there are approximately three million persons
with advanced left 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
healthcare system is 60–75 billion dollars, with an annual cost
of 8 billion dollars. Since the likelihood of appropriate use of
ICD therapy in primary prevention studies is approximately
20% over 5 years, development of further risk stratification
tools will become important to determine optimal use of the
ICD in clinical practice.9

Several specific patient groups at high risk for sudden death
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 I and below. The clinician
should also be aware of other conditions associated with sud-
den cardiac death, such as arrhythmogenic right ventricular

cardiomyopathy and the short QT syndrome, that are not cov-
ered in this review.

Three small- to moderate-sized prospective randomized
trials have specifically evaluated the use of ICDs in patients
with nonischemic cardiomyopathy. In the Amiodarone Ver-
sus Implantable Cardioverter Defibrillator Randomized Trial
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-
ences in the survival curves between the two groups (amio-
darone 87% vs. ICD 88%). In the Cardiomyopathy Arrhy-
thmia Trial (CAT), 104 patients with angiographically proven
symptomatic nonischemic cardiomyopathy (NYHA II or III,
EF < 0.30) were randomized to receive an ICD or medical
therapy alone.17 At a 1-year interim analysis, the overall mor-
tality for the entire patient group was 5.6%. Since this was
significantly less than the expected 30% mortality rate, the tri-
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TABLE I Use of implantable cardioverter defibrillators (ICD)

Clinical scenarios in which ICD implant should 
Condition Indications be considered

Coronary artery disease • Aborted sudden cardiac death1,2

• Sustained ventricular arrhythmias
• EF<0.30 more than 6 weeks after 

myocardial infarction8,10

• EF<0.40, nonsustained ventricular 
tachycardia, and inducible at EPS7

Dilated cardiomyopathy • Aborted sudden cardiac death • Syncope
• Sustained ventricular arrhythmias
• Ejection fraction <0.35 associated with 

NYHA II or III symptoms, particularly 
if ventricular arrhythmias are present9, 18

Hypertrophic • Aborted sudden cardiac death • Syncope20

cardiomyopathy • Sustained ventricular arrhythmias • Significant family history of SCD20

• Nonsustained ventricular tachycardia on continuous 
24° electrocardiographic monitoring20

• Septal thickness >3 cm20

Long QT syndrome • Aborted sudden cardiac death • High-risk genotypes (LQT 3) or significant family
• Continued symptoms despite Rx history of SCD21

• Drug intolerance or noncompliance

Brugada syndrome • Aborted sudden cardiac death • Syncope and classic associated ECG findings 
• Sustained ventricular arrhythmias (RBBB pattern and ST-segment elevation in V1) 22, 23

• Significant family history of SCD

Repaired congenital • Aborted sudden cardiac death • Syncope associated with repaired tetralogy of Fallot, 
heart disease • Sustained ventricular arrhythmias transposition of the great vessels, coarctation of the 

aorta, particularly if inducible at EPS24, 25

Abbreviations: EPS = electrophysiologic testing, SCD = sudden cardiac death, LQT 3 = long QT syndrome type 3 associated with Na+ channel
defects, EF = ejection fraction, NYHA = New York Heart Association, Rx = drug treatment.
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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 cardiomyopathy (EF < 0.35) and spontaneous ven-
tricular ectopy (> 10 premature ventricular contractions
(PVCs)/h or nonsustained VT) were randomized to receive
an ICD or standard medical therapy.18 After 2-year follow-up,
the mortality rate was not significantly different between the
two groups (medical therapy 33 deaths vs. ICD 23 deaths; p =
0.06). However, the arrhythmic death rate was significantly
higher in the group receiving medical therapy alone (medical
therapy 13.8% vs. ICD 8.1%). In the much 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.9

To summarize, ICD 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 mortality rate of 1% as shown in community-
based studies and are at increased risk for sudden cardiac death
depending on the presence or absence of risk factors.19 No ran-
domized trials of ICD use in patients with hypertrophic car-
diomyopathy are currently available. In a multicenter retro-
spective evaluation of ICD use in patients with hypertrophic
cardiomyopathy at high risk for sudden cardiac death, appro-
priate ICD use was observed at a rate 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
include syncope, particularly in young patients or patients with
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 VT; and an abnormal hemodynam-
ic response to exercise (≤20 mmHg rise in blood pressure dur-
ing exercise or after recovery). 

The use of ICDs in patients with “primary electrical” dis-
ease has not been well studied. The long QT syndrome is a het-
erogeneous group of genetically determined disorders associ-
ated with QT interval prolongation (QTc > 0.44 s in men and
> 0.46 s in women) due to defects associated with changes in
potassium or sodium permeability. Beta blockers are first-line
therapy, and an ICD is usually considered in patients with con-
tinued symptoms despite beta-blocker therapy.21 Brugada syn-
drome also appears to be a genetic disease associated with 
abnormal sodium-channel function and has a characteristic
electrocardiogram with terminal positive forces and ST-seg-
ment elevation in lead V1.22 The use of ICDs in this population
has not been formally studied with randomized controlled tri-
als. However, these patients once identified appear to be at
high risk for ventricular arrhythmias and often have ICDs im-
planted. In the Defibrillators vs. Beta Blockers in Unexpected
Death in Thailand (DEBUT) trial, 86 patients who survived
cardiac arrest or had a Brugada type electrocardiogram were
randomized to beta blockers or prophylactic ICD implant.23

After 3-year follow-up, there were four deaths that all occurred

in the beta-blocker arm. There were seven patients in the ICD
arm who had appropriately treated VF.

The final high-risk group considered here are patients with
congenital heart disease. In a retrospective analysis of a large
database of 3,589 patients with surgically repaired congenital
heart disease, unexpected sudden cardiac death was more
common in patients with aortic stenosis, coarctation of the aor-
ta, corrected transposition of the great arteries, or tetralogy of
Fallot.24 The risk of sudden cardiac death increased incremen-
tally 20 years after surgery for aortic stenosis, coarctation of
the aorta, and tetralogy of Fallot. In another retrospective study
of adult patients with repaired tetralogy of Fallot, sudden car-
diac death was more common in those with wide QRS com-
plexes (> 180 ms) and moderate to severe left ventricular sys-
tolic dysfunction (EF <0.40).25

Follow-Up

Implantable cardioverter-defibrillators should be interro-
gated every 3 to 6 months and after delivery of any shock ther-
apy. During device interrogation, pacing thresholds can be as-
certained and electrograms evaluated for the presence of noise
that might suggest lead malfunction due to fracture or insula-
tion break. Lead resistances should be directly measured; high
resistances suggest the possibility of a conductor wire fracture,
while low impedances suggest an insulation break. Event
counters should be evaluated to determine whether the patient
is having brief episodes of ventricular arrhythmias that have
not required ICD therapy.

In earlier generations of ICDs, patients had the ICD func-
tion tested directly by induction of VF in the electrophysiol-
ogy laboratory (defibrillation threshold testing); for current
ICDs implanted in the pectoral region defibrillation, testing
may not be routinely required if low (< 20 joules) thresholds
were documented at implant or if intervening clinical events
have not 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, several highly publicized ICD recalls or software
problems have involved several manufacturers. Medtronic
ICDs implanted between April 2001 and December 2003 can
potentially develop sudden battery depletion within hours or
days that can result in loss of device function with an estimat-
ed rate of 0.2–1.5%.27 Certain Guidant (Guidant Corp.,
Indianapolis, Ind., USA) ICDs may develop deterioration of
the wire insulator within the lead connector block that can re-
sult in loss of device function 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 has issued nearly 30
safety alerts and recalls affecting nearly 337,000 ICDs.29

When counseling patients, clinicians must consider the device
failure rate, age of the device, and the risk and accompanying
consequences of infection (approximately 1%) after device re-
placement. These problems underscore the importance for
physicians and their professional organizations to take an ac-
tive role in monitoring device reliability and safety.
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Implantable Loop Recorders

Indications

Several randomized trials have evaluated the use of im-
plantable loop recorders (ILRs) for the evaluation of patients
with syncope.30–32 Syncope is a common problem that may be
the first manifestation of a life-threatening arrhythmia. Car-
diac causes of syncope have a much worse prognosis than
noncardiac causes, but diagnostic tests such as echocardiogra-
phy, tilt table testing, Holter monitoring, and electrophysiolog-
ic testing are costly and have low diagnostic yield, particularly
in patients without a history of cardiac disease. In the Random-
ized Assessment of Syncope Trial (RAST), 60 patients with
unexplained syncope were randomized to “conventional” car-
diac evaluation (external loop recorder, echocardiography,
Holter monitoring, electrophysiologic testing) or prolonged
monitoring using an ILR. Prolonged monitoring (months to
even years) was more likely to result in a diagnosis than con-
ventional testing (55 vs. 19%, p = 0.0014).30 Episodes of tran-
sient symptomatic bradycardia were 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.31 The patients were an-
alyzed in two groups: 29 patients with tilt-positive and 82 pa-
tients with tilt-negative results. Syncope recurred in 34% of
patients in both groups, and the most frequent cause was pro-
longed sinus pauses. The ILR should be considered in selected
patients with unexplained syncope.

Conclusion

Implantable cardiac devices are now standard therapies as
well as diagnostic modalities for multiple cardiac problems.
Pacemakers are used for the treatment of symptomatic brady-
cardia and in patients with symptomatic heart failure, left ven-
tricular dysfunction, and wide QRS complexes. The use of
ICDs for the treatment of patients who are at increased risk for
ventricular arrhythmias and sudden death is now well estab-
lished. Implantable loop recorders have become an important
part of the diagnostic evaluation of patients with syncope.
With the rapid development of different types of cardiac de-
vices, it is important to understand the potential uses of these
devices and issues in the management of patients in whom
they are implanted.
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