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QUARTERLY FOCUS ISSUE: HEART RHYTHM DISORDERS

Indications for Implantable Cardioverter-
Defibrillators Based on Evidence and Judgment

Robert J. Myerburg, MD, Vivek Reddy, MD, Agustin Castellanos, MD

Miamsi, Florida

Implantable cardioverter-defibrillators (ICDs) are generally reliable medical devices that have the potential to
add quality years of life for appropriate candidates. Indications for ICDs have emerged from a series of random-
ized clinical trials, observational data from cohorts of high-risk patients with less common diseases, and expert
opinion based on limited data in uncommon disorders. The randomized trials are limited by inadequate stratifi-
cation designs that resulted from insufficient funding availability. The result was outcomes that led to uneven
applications, based in part on post-implant experience of device utilization. In this document, we explore the ba-
sis for the features of the evidence available to support ICD use, the role of clinical judgment in circumstances
in which data are limited or lacking, and the need for additional research to improve the specificity of indica-
tions. Directions for new research initiatives are considered. In addition, a general overview of a clinical research
paradigm is presented, in which the research and health care delivery arms of the health care enterprise com-
bine in research design and funding, as the latter bears the impact of the outcomes of the former. Impact esti-
mates during the design of trials, considering reasonable contingencies for outcomes, are suggested as a means
of justifying the size, scope, and appropriate costs of studies. If we who are involved in clinical research and
health care delivery do not resolve this problem, for both ICDs and other new therapies that appear in the future,

society will do it for us.
Foundation
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The implantable cardioverter-defibrillator (ICD) has emerged
as generally accepted therapy for prevention of sudden
cardiac death (SCD) in selected categories of patients.
Indications are derived from 3 sources of data: 1) random-
ized clinical trials; 2) observational data from cohorts of
high-risk patients with less common diseases; and 3) expert
opinion on potential benefit for clinical conditions or
specific circumstances in which data are limited or uncer-
tain. For all 3 categories of clinical guidance, there are
limitations in available data that reinforce the importance of
physician judgment in decision making, based on circum-
stances of individual cases. Understanding the value and
limitations of current information is important not only for
the clinical electrophysiologist, but also for general cardiol-
ogists and primary care physicians because of their roles in
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referring appropriate patients for consideration of ICD
therapy.

Categories of disease that have achieved confirmation of
ICD benefit from randomized trials, primarily coronary artery
disease (CAD) with a prior myocardial infarction (MI), non-
ischemic cardiomyopathy, and cardiac arrest survivors gener-
ally, have done so within the restrictions of clinical trial designs
that provide broad sweeps of statistical benefit. The clinical
trial data are hampered by the uncertainties of risk-benefit
impact for subgroups within study populations and for indi-
vidual patients. This is, at least in part, a consequence of
funding available for the trials. The purpose of this document
is to explore the current scientific basis for clearly defined
indications, as well as uncertainties based on limitations of data
from randomized clinical trials, observational data, and expert
opinions. Opportunities for improving risk prediction and
therapeutic efficacy and efficiency by means of new investiga-
tive strategies are also explored.

Evolution of the ICD

Nearly 4 decades elapsed between the original notion that
an ICD might be a useful clinical strategy, its subsequent
development, and its current acceptance in various clinical
settings based on randomized trial data (Fig. 1). Each
decade played a distinctive role in the evolution of ICD
therapy. From the late 1960s until the first patient implant
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Abbreviations
and Acronyms

CAD = coronary artery
disease

in 1980 (1), Mirowski’s concept of
a “standby automatic defibrillator”
(2,3) met with skepticism (4) and
concern about the practical diffi-
culties in designing and manufac-
turing such a device (5,6). After
the first human device implant in
1980, clinical acceptance of the
concept was initially slow, but be-
gan to accelerate after Food and
Drug Administration approval in
1985 and Medicare coverage for
limited indications in 1986.

The early scientific support for
the clinical value of the ICD was
limited to a series of nonrandom-
ized observational studies involv-
ing cohorts of high-risk patients.
They were counterbalanced by
contemporary interest in studies
exploring the value of antiar-
rhythmic drug therapy guided by
ambulatory arrhythmia monitor-
ing or electrophysiological testing, and antiarrhythmic sur-
gical techniques. This created uncertainty and intense de-
bate in the electrophysiology community that continued
even after the publication of the CAST (Cardiac Arrhyth-
mia Suppression Trial) study (7,8) highlighted the potential

CMS = Center for
Medicare and Medicaid
Services

EF = ejection fraction

HCM = hypertrophic
cardiomyopathy

ICD = implantable
cardioverter-defibrillator

MI = myocardial infarction

NYHA = New York Heart
Association

PVC = premature
ventricular complex

SCD = sudden cardiac
death

VF = ventricular fibrillation

VT = ventricular
tachycardia
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dangers of empiric treatment with membrane-active antiar-
rthythmic drugs. Nonetheless, the CAST study was seminal
in both constituting a turning point of the concept of
antiarrthythmic drug therapy for prevention of SCD and
serving as a catalyst for the recognition of the importance of
randomized trial data to validate the potential for ICD
benefit. The vacuum for evidence-based identification of
benefits and limitations of ICDs remained until the first
randomized clinical trials evaluating efficacy were designed
and implemented in the early 1990s and reported in the
later part of that decade (9-14), with the first published
study appearing nearly 17 years after the first implant (Fig.
1). After 2000, additional clinical trials broadened the
indications for, and acceptance of, the device for prophy-
lactic use in post-MI patients (15,16) and in patients with
nonischemic cardiomyopathy and heart failure (17,18), as
well as for other categories of diseases with tachyarrhythmic
risk. Since the publication of the most recent of the major
randomized ICD trials in 2005 (18), there has been a pause
in the rapid growth of enthusiasm for the device in the
clinical community, likely based upon a need for better
understanding of the specifics of indications and insights
into the magnitude of benefit for some subsets of patients.

Randomized Trial Support for ICD Therapy

The randomized clinical trials of ICD benefit are classified
into 2 categories: primary and secondary prevention strate-
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Timeline of Evolution of ICDs From Original Concept to Present

The concept of an implantable cardioverter-defibrillator (ICD) originated in the late 1960s, and the development of the technology and proof of concept leading to the
first clinical implant extended to 1980. From 1980 until late 1996, data supporting ICD benefit were largely observational, or based on small high-risk cohorts or case-
control studies. The first true randomized trials were designed in the late 1980s and early 1990s, and all of the major trials for both primary and secondary indications
were published during an interval of <10 years between late 1996 and early 2005. Additional studies since then have aided in the interpretation of the outcomes from
the clinical trials, but there remains a need for consolidation and clarification and for additional data to better define efficiency of therapy and targeted selection of indi-
vidual candidates who have a high likelihood of benefit. AVID = Antiarrhythmic Versus Implantable Defibrillator; CABG-Patch = Coronary Artery Bypass Graft-Patch;
CASH = Cardiac Arrest Study of Hamburg; CAST = Cardiac Arrhythmia Suppression Trial; CIDS = Canadian Implantable Defibrillator Study; DEFINITE = Defibrillators In
Non-Ischemic Cardiomyopathy Treatment Evaluation; DINAMIT = Defibrillator In Acute Myocardial Infarction Trial; FDA = Food and Drug Administration; MADIT = Multi-
center Automatic Defibrillator Implantation Trial; MUSTT = Multicenter Unsustained Tachycardia Trial; SCD-HeFT = Sudden Cardiac Death-Heart Failure Trial.
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gies. Primary prevention of SCD has been interpreted, by
common usage, to mean a reduction in mortality among a
category of patients known to be at high risk for cardiac
arrest due to defined pre-existing disease, but without
clinical expression of potentially fatal arrhythmias. Second-
ary prevention has been used to refer to reduction of
mortality risk in patients who have survived cardiac arrests
due to ventricular tachyarrhythmias. Although these classi-
fications, as used in the electrophysiological literature, are
not conventional epidemiological definitions (19) (Table 1),
they have become ingrained in the ICD literature and will
therefore be applied in this document.

Although the preferred strategy of randomized trial
support for defining indications and benefits is feasible for
the common diseases, the less common disorders do not
generate sufficient numbers to adequately power clinical
trials. The ICD indications for these conditions must derive
guidance from more limited observational data, registries,
and/or expert opinion.

Secondary Prevention Trials

The secondary prevention strategy emerged from observa-
tional data recognizing that survivors of documented life-
threatening ventricular tachyarrhythmias (ventricular fibril-
lation [VF], pulseless ventricular tachycardia [VT]) are at
high risk for recurrent arrhythmic events and death (20,21).
This category has been extended to include patients with
unexplained syncope suspected to be due to high-risk
tachyarrhythmic mechanisms in the presence of advanced
structural heart disease. High recurrence rates were likely
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when a cardiac arrest was associated with uncontrollable
arrhythmogenic pathophysiology or recurring triggers.

The cumulative results of 3 randomized trials have led to
the general acceptance of ICD therapy for survivors of
cardiac arrest when the arrhythmia was not due to transient
and/or reversible factors, such as acute MI, proarrhythmic drug
effects, or electrolyte disturbances. The occurrence of cardiac
arrest during the acute phase of MI, defined as from the onset
of symptoms to 24 to 48 h, is not an indication for an ICD and
does not contribute to the decision of whether an ICD is
indicated, based upon post-MI risk markers. While this
statement is generally accepted and incorporated into the
guidelines documents addressing management of ventricular
arthythmias and SCD (22), limited data have begun to
question the validity of this conclusion (23). Until further data
are forthcoming, this generally accepted exclusion still stands.

The 3 secondary prevention trials, the AVID (Antiar-
rthythmic Versus Implantable Defibrillator) trial in the U.S.
(11), CIDS (Canadian Implantable Defibrillator Study) in
Canada (13), and CASH (Cardiac Arrest Study of Ham-
burg) in Germany (14), were initiated between the late
1980s and early 1990s (Table 2). The AVID trial was the
first to be completed and demonstrated a statistically sig-
nificant survival benefit of the ICD over antiarrhythmic
drug therapy (primarily amiodarone), with a 2-year relative
risk reduction of 27%, corresponding to an absolute risk
reduction of 7% (Table 2). Because of the similarities
between the AVID and CIDS trials, the latter was termi-
nated after the AVID trial was reported. Although the
CIDS trial did not achieve a statistically significant all-cause
mortality benefit, possibly because it was stopped early, it

Common Usage in Strategies to
Prevent Cardiac Arrest and SCD

Proper Usage in Strategies to
Prevent Cardiac Arrest and SCD

Primary prevention Prevention of atherogenesis

Prevention of SCD in post-MI, heart Prevention of SCD in some high-risk

Target
Prevent underlying disease
Strategies
Public education
Screening for risk factors
Preventive medicine

Secondary prevention
Target
Early progression and onset of
clinical events
Strategies
Therapy to prevent clinical expression
Prophylaxis against recurrences or
complications

Tertiary prevention
Target
Complications of clinically expressed
disease
Strategies
Control of transient risk factors
Treatment of disease-associated
risk factors
Responses to acute syndromes

failure, or uncommon
arrhythmogenic syndrome patients
who are profiled at high risk but
have not had prior cardiac arrests
or clinical events equivalent to
cardiac arrests
Prevention of myocardial infarction,
progression of LV dysfunction, or
SCD in post-MI patients

Prevention of SCD in survivors of prior
cardiac arrests or who have had
clinical events equivalent to
cardiac arrests

Prevention of SCD in survivors of cardiac
arrest, or SCD or heart failure deaths
in patients at very high risk due to
extent or expression of disease (e.g.,
heart failure, ischemia, arrhythmias)

uncommon arrhythmogenic
syndrome patients who have not
had any prior events

Prevention of SCD in post-MI, heart
failure, or some uncommon
arrhythmogenic syndrome
patients who are at high risk for
SCD but have not had a prior
cardiac arrest or its equivalent

Prevention of SCD in survivors of
prior cardiac arrests

LV = left ventricular; Ml = myocardial infarction; SCD = sudden cardiac death.
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All-Cause
Trial Mortality Benefit
(Follow-Up Analysis) Study Group Time From Diagnosis of Ejection Fraction of
Year Published Defined Entry Criteria Qualifying Condition to Randomization Enrolled Patients Control ICD RelRR AbsRR

AVID VF, VT with syncope, Entry criterion: interval not defined 32 £ 13% 25% 18% —27% —7%
(2-yr analysis) VT with EF =40% Actual: interval not reported
1997 EF: 3 days after qualifying event, median
CIDS VF, out-of-hospital cardiac Entry criterion: interval not defined 34 = 14% 21% 15% —30% —6%
(2-yr analysis) arrest due to VF or VT, Actual: time from qualifying event to
2000 VT with syncope, VT with randomization not reported; median

symptoms and EF time from randomization to ICD

=35%, unmonitored 7 days (>90% in =21 days)

syncope with EF: interval not reported

subsequent spontaneous

or induced VT
CASH VF, VT Entry criteria: interval not defined 46 = 18% 44% 36% —23% —8%
(9-yr analysis) Actual: interval not reported
2000 EF: interval not reported

AbsRR = absolute risk reduction; EF = ejection fraction; ICD = implantable cardioverter-defibrillator; RelRR = relative risk reduction; VF = ventricular fibrillation; VT = ventricular tachycardia; other

abbreviations as in Figure 1.

did demonstrate a similar trend toward benefit, with a
2-year relative risk reduction of 30%, corresponding to an
absolute risk reduction of 6%. The CASH study, which was
smaller and had some intervening design changes because 1
of the arms in the study suggested an adverse outcome, was
started before the AVID and CIDS trials and were reported
later (14). It too failed to achieve statistically significant
benefit, but showed magnitudes of relative and absolute risk
reduction similar to the other 2 studies. Thus, only 1 of the
3 secondary prevention trials achieved independent statisti-
cal significance, but that 1 has dominated opinion because
of its larger size and clarity of outcome. Moreover, a
meta-analysis of the pooled data from the 3 trials did
demonstrate statistical significance (24).

The secondary prevention trials tracked, but did not
stratify, ejection fraction (EF). The AVID and CIDS
studies’ populations had mean EFs <35% in the study
groups, but there remain uncertainties of the relationship
between EF measured shortly after cardiac arrest and ICD
benefit over time. The mean interval between qualifying
event and EF measurement in the AVID study was 3 days
(11), a time at which transient myocardial injury may be a
consequence of cardiac arrest. A subgroup analysis of the
AVID trial (25) suggested the possibility that the benefit of
ICDs is absent (or at least is equivalent to amiodarone) for
patients with EFs >35%. Because this was a secondary
analysis that was not pre-specified, the validity of that
possibility remains uncertain. It has not been re-evaluated
prospectively, but the same finding emerged from the
meta-analysis of the secondary prevention trials (24). Be-
cause of the limitations of relying on post-hoc subgroup
analyses, and the principle that meta-analyses are considered
exploratory rather than definitive (26), the observations
questioning secondary prevention benefit for patients with
EF >35% have not had an impact on recommendations in
practice guidelines.

Primary Prevention of SCD in Patients
With Coronary Artery Disease and
Prior Myocardial Infarction

During the 1980s and early 1990s, there was intense interest
in the use of programmed electrical stimulation techniques
for determining whether inducibility of life-threatening
arrhythmias (VT or VF) was a reliable method for profiling
risk of SCD in patients with CAD who have survived an
MI (27-29). In addition to risk profiling, the questions of
suppression of inducibility of ventricular arrhythmias in the
electrophysiology laboratory and of suppressibility of ambi-
ent arrhythmias were also explored for their potential as
indicators of protection against spontaneous life-threatening
arthythmias by antiarrhythmic drugs. The combination of the
emergence of ICDs as a practical therapy, concern about
adverse effects of antiarrhythmic drugs based in part upon
the CAST study (7,8), and insufficient data on efficacy of
device or pharmacological therapies for protection against
SCD, led to the design of randomized trials testing defi-
brillator therapy against “conventional” therapy, the latter
including antiarrhythmic drugs in many of the studies. The
first of the randomized primary prevention ICD trials was
MADIT (Multicenter Automatic Defibrillator Implanta-
tion Trial) (Table 3). MADIT compared ICD therapy to
antiarrhythmic drugs (75% amiodarone) in a population of
post-MI patients with EFs <35%, nonsustained VT on
ambulatory monitoring, inducible VT by programmed stim-
ulation, and failure of intravenous procainamide to prevent
inducibility. The study was small, but a 59% difference in
the relative risk of death was observed between the ICD
group and the active controls at 2 years of follow-up (13%
versus 32%) (9). Another study, MUSTT (Multicenter
Unsustained Tachycardia Trial) (12), was designed to de-
termine whether inducibility of VT identified SCD risk in
patients with CAD, ~95% of whom had a prior MI,

documented nonsustained VI =4 days after the most
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LE: 1GR3 Primary Prevention ICD Trials
All-Cause
Trial Time From Diagnosis Mortality Benefit

(Follow-Up Analysis) Study Group of Qualifying Condition Ejection Fraction of

Year Published Defined Entry Criteria to Randomization Enrolled Patients* Control IcD RelRR AbsRR
MADIT Prior MI, EF =35%, NS VT, Entry criterion: =3 weeks 26 £ 7% 32% 13% —59% 19%
(2-yr analysis) inducible VT, failed IV PA Actual: 75% =6 months
1996 Qualifying EF: interval not reported
CABG-Patch Coronary artery bypass surgery, Diagnosis of CAD: interval not 27 £ 6% 18% 18% N/A N/A
(2-yr analysis) EF <36%, SAECG(+) reported
1997 Qualifying EF: interval not reported

SAECG: day of randomization
MUSTT CAD (prior Ml ~95%), EF Qualifying NS VT: =4 days from MI 30% (21%, 35%) 55% 24% —58% —31%
(5-yr analysis) =40%, NS VT, inducible VT Time from MI: 17% =<1 month; [EP guided arm: AAD vs. ICD at 60 m]
1999 50% =3 yrs
Qualifying EF: interval not reported
MADIT-II Prior Ml (>1 month), EF =30% Entry criteria: =1 month 23 +5% 22% 16% —28% —6%
(2-yr analysis) Actual: 88% =6 months
2002 Qualifying EF: interval not reported
DEFINITE Nonischemic CM, history of Heart failure onset, mean: 21% (7%-35%) 14% 8% —44% —6%
(2.5-yr analysis) HF, EF =35%, =10 PVCs/h, Controls = 3.27 yrs
2004 or NS VT ICD group = 2.39 yrs
DINAMIT Recent MI (6-40 days), Entry criteria: 6-40 days 28 = 5% 17% 19% N/A N/A
(2.5-yr analysis) EF =35%, abnormal HRV, or Actual: mean 18 days
2004 mean 24 heart rate =80
beats/min

SCD-HeFT NYHA functional class II-11I Entry criteria: interval not reported 25% (20%, 30%) 36% 29% —23% —7%

(5-yr analysis) CHF, EF =35%

2005

Qualifying EF: interval not reported

*Values are presented as mean = SD, median (25th, 75th percentile), and mean (range).

AAD = antiarrhythmic drug; CAD = coronary artery disease; CHF = congestive heart failure; CM = cardiomyopathy; EP = electrophysiologically; HF = heart failure; HRV = heart rate variability; IV PA =
intravenous procainamide; N/A = not available; NS = nonsustained; NYHA = New York Heart Association; PVC = premature ventricular complex; SAECG = signal-averaged electrocardiogram; other

abbreviations as in Tables 1 and 2 and Figure 1.

recent MI, and an EF =40%. The MUSTT trial did not
randomize ICD therapy, but patients failing suppression of
inducibility received ICDs at the option of treating physi-
cians. The ICD subgroup achieved a 58% reduction in
relative risk of death (24% vs. 55%) over 5 years of
observation (12). The MADIT and MUSTT results were
interpreted to indicate that electrophysiological inducibility
in patients with low EFs and nonsustained VT was a
predictor of SCD, with improvement in outcome by im-
plantation of ICDs compared with antiarrhythmic drugs.
The lack of survival benefits attributable to antiarrhythmic
drugs in these studies were reinforced by 2 other random-
ized, placebo-controlled post-MI amiodarone trials that
showed no survival benefit, EMIAT (European Myocardial
Infarct Amiodarone Trial) (30) and CAMIAT (Canadian
Amiodarone Myocardial Infarction Arrhythmia Trial) (31).

The CABG-Patch (Coronary Artery Bypass Graft-
Patch) trial (10) was carried out concurrent with the
MADIT and MUSTT trials. The CABG-Patch trial tested
for a potential benefit of ICDs in patients undergoing
nonemergent coronary bypass surgery, with EFs <36% and
positive signal-averaged electrocardiograms. Prior MlIs
and/or a heart failure history were not required for entry but
were very prevalent among the enrolled subjects (82% and
50%, respectively). The mean EF was 27%. Despite these
features, ICDs demonstrated no survival benefit in this
study, possibly because of a parallel benefit of revasculariza-

tion (10). A subsequent study, MADIT 1II, was designed
to test the hypothesis that an EF =30% in post-MI
patients was a sufficient marker of risk to justify ICD
therapy, without relying on ambient or inducible arrhyth-
mias (15). In the MADIT 1I trial, the ICD group per-
formed better than a conventional therapy control group,
with a 28% reduction in relative risk of mortality at 2 years,
considerably less than the relative benefit for the MADIT
and MUSTT trials. The absolute risk reduction was 6%
at 2 years.

Whereas the MADIT, MUSTT, and MADIT II studies
enrolled patients many months after the qualifying MI on
average, the DINAMIT (Defibrillator In Acute Myocardial
Infarction Trial) study was designed to evaluate the poten-
tial for ICD benefit when implanted early after a MI in
patients with EFs =35% (16). Even though both old
(32,33) and recent (34,35) data suggest a higher risk for
SCD early after MI, the DINAMIT study suggested no
overall survival benefit attributable to early implantation of
ICDs in patients randomly allocated at 6 to 40 days after MI
(mean 18 days), despite a reduced arrhythmic mortality. In
addition, there was an unexplained increase in nonarrhyth-
mic mortality compared with conventional therapy that
needs to be explored in future studies. The inconsistency
between early SCD risk and absence of early ICD benefit
observed in the DINAMIT study has led some to call for
further studies of this question.
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ICDs for Prevention of SCD
in Nonischemic Cardiomyopathy

Several small randomized trials carried out to evaluate the
potential for ICD benefit among patients with nonisch-
emic cardiomyopathy were inconclusive. Another study,
the DEFINITE (Defibrillators In Non-Ischemic Cardio-
myopathy Treatment Evaluation), was designed to test
ICD benefit in a cohort of 458 patients with nonischemic
cardiomyopathy, a history of heart failure, EFs =35%,
and PVCs or nonsustained VT (17) (Table 3). The study
compared ICD therapy to conventional therapy and
demonstrated a strong trend (p = 0.08) toward ICD
benefit, with a 2-year mortality of 7.9% in the ICD group
compared with 14.1% with standard therapy. Although a
threshold of significance for total survival benefit was not
reached, likely because of insufficient numbers, certain
subgroups, such as those with prolonged QRS durations,
EF >20%, and New York Heart Association (NYHA)
functional class III heart failure performed better with
ICD therapy.

The SCD-HeFT (Sudden Cardiac Death-Heart Fail-
ure Trial) study (18) enrolled patients with both nonisch-
emic and ischemic cardiomyopathies with EFs =35%,
and required stable NYHA functional class II or III heart
failure. The study was unique in design in that it had an
ICD arm, a drug arm (amiodarone), and a usual-therapy
control group. The study was nearly equally balanced
between patients with nonischemic cardiomyopathy and
those with ischemic cardiomyopathy, 85% of whom had
a prior MI (G. Bardy, personal communication, previ-
ously unpublished data from SCD-HeFT, May 2008).
Both groups were large enough to do meaningful sub-
group analyses of benefit. The study was underpowered
for a 3-way analysis, so the ICD and amiodarone groups
were compared with the control group independently.
There was no difference between usual therapy and
amiodarone, whereas an ICD survival benefit became
apparent after the first 2 years and continued to increase
at 5 years. The magnitude of absolute benefit was
relatively small at 1.4% per year (cumulative 7% over 5
years), but there was a relative risk reduction of 23% (29%
vs. 36%). Although there remains some uncertainty
regarding ICD benefit for nonischemic cardiomyopathy
patients without heart failure, regardless of EF (Table 3),
the cumulative information available from clinical trials
and observational data, in conjunction with opinions of
experts in the field, supports prophylactic ICD therapy
among the subgroup of patients with nonischemic car-
diomyopathy who remain in NYHA functional class II or
IIT heart failure on optimal medical therapy. Subgroup
analysis suggested that NYHA functional class II patients
benefited more, in contrast to the observation in the
DEFINITE study that class III heart failure patients
performed better (17).
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ICD Indications in Less Common
and Rare Disorders

The major categories of cardiovascular diseases, which
generate cohorts large enough to accommodate randomized
clinical trial designs, dominate the cumulative number of
indications for ICDs. Nonetheless, physicians must also
evaluate patients with less common disorders about which
available data on ICD benefit are less robust. The less
common diseases associated with SCD risk are a heteroge-
neous group of clinical entities, none of which is large
enough to support a randomized clinical trial. Thus, the
decision-making process for ICD indications is derived
from registry and small cohort data, and interpreted by
expert opinion provided in practice guideline documents
(22,36) (Table 4). In the absence of sufficient data to
generate uniformly agreed-upon expert opinions, decision
making defaults to physician judgment. Under such circum-
stances, it is incumbent upon the physician to explain the
limits of knowledge to the potential candidates, so that they
can make informed decisions.

The less common and rare disorders that may be indica-
tions for ICDs include acquired, congenital, and inherited
conditions. Among the acquired diseases, myocarditis, var-
ious infiltrative disorders, and the acquired valvular diseases
dominate (22). Congenital disease indications include val-
vular diseases and arrhythmic risk that appears late after
surgical correction of complex anomalies (22,36,37), and the
inherited diseases include both genetically based primary
arrhythmia disorders (long-QT syndromes, Brugada syn-
drome, catecholaminergic polymorphic ventricular tachy-
cardia) and structural diseases with a lethal arrhythmia risk
(hypertrophic cardiomyopathy, arrhythmogenic right ven-
tricular dysplasia).

Myocarditis. Cardiac arrest is a well-established complica-
tion of acute viral myocarditis (38,39). Its incidence appears
to be very low, although the precise frequency of cardiac
arrest or symptomatic sustained VI among those affected
with myocarditis is unknown. Although arrhythmias during
the acute phase of myocarditis are generally not considered
decisive for immediate ICD indications, the determination
of whether, and under what circumstances, the post-
myocarditis patient should receive an ICD remains chal-
lenging (22). Despite limited data, recurrent or persistent
life-threatening arrhythmias (sustained VT, and possibly
long runs of nonsustained VT, especially if polymorphic)
after healing are commonly considered indications, regard-
less of EF, based on pathological data on unanticipated
SCDs in minimally symptomatic or unrecognized myocar-
ditis (39). It is generally agreed that post-myocarditis
cardiomyopathy that meets ICD criteria for nonischemic
cardiomyopathy is an ICD indication, but ICDs are not
generally recommended for patients whose EFs return to
normal or near-normal, and who are free of arrhythmias
other than PVCs after healing, regardless of prior acute
phase arrhythmias. The middle ground—patients with EFs
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LELCR  ICD Indications in Genetic Disorders Associated With SCD Risk
Guidelines
Diagnosis ICD Indication Primary Source of Data Risk Indicators Classification Evidence
HCM Secondary SCA protection Registries; cohorts Prior SCA, pulseless VT Class | Level B
Sustained VT, unexplained syncope Class lla Level C
Primary SCA protection Registries; cohorts LV thickness >30 mm, high LV Class lla Level C
outflow gradient, family history
of SCD, NS VT, blunted BP
response to exercise
ARVD/RVCM Secondary SCA protection Registry; case series Prior SCA, sustained VT Class | Level B, C
Unexplained syncope Class lla Level C
Primary SCA protection Registry; case series Induced VT, ambient NS VT, Class lla Level C
extensive disease
Congenital LQT Secondary SCA protection Registry; cohorts Prior SCA, symptomatic VT Class | Level B
Primary SCA protection Registry; cohorts VT or syncope on beta-blocker, Class lla, IIb Level B
QTc >500 ms, family history
premature SCA (?)
Familial SQT Secondary SCA protection Small case series Prior SCA, “idiopathic” VF Class | Level C
Primary SCA protection Small case series Unknown; family history of SCD (?) Class lib, 11l Level C
Brugada syndrome Secondary SCA protection Case cohorts Prior SCA, pulseless VT Class | Level B
Primary SCA protection Case cohorts Symptomatic VT, unexplained Class lla Level C
syncope, family history of
premature SCA with type |
ECG pattern
CPVT/F Secondary SCA protection Small case series Prior SCA, pulseless VT Class | Level C
Primary SCA protection Small case series Syncope or VT while receiving Class lla Level C

beta-blockers, family history
premature SCA (?)

Guideline classifications and levels of evidence are derived from an amalgamation of narrative and tabular statements in 2 recent guideline documents (22,37), with variations in the documents adjudicated

by the authors. Definitions are the standard usages provided in guideline documents.
ARVD/RVCM = arrhythmogenic right ventricular dysplasia/cardiomyopathy; BP = blood p!

: CPVI/F =

ic polymorphic ventricular tachycardia/idiopathic ventricular fibrillation; ECG =

electrocardiographic; HCM = hypertrophic cardiomyopathy; LQT = long-QT syndrome; PVT = polymorphic ventricular tachycardia; QTc = corrected QT interval; SCA = sudden cardiac arrest; SQT = short-QT syndrome;

VA = ventricular arrhythmias; (?) = uncertain; other abbreviations as in Tables 1 and 2.

in the range of 35% to 45% and ambient nonsustained
arrhythmias—remains uncertain because of an absence of
data.

Infiltrative disorders. Cardiac sarcoidosis is a generally
accepted indication when accompanied by VT (sustained
and possibly nonsustained), regardless of EF (40). The
other infiltrative disorders have indication criteria that are
variable and not well defined, as outlined in the guideline
documents (22,37). However, the data are not extensive,
and to a significant degree, indications are determined by
life expectancy based on multiorgan involvement, as in
amyloidosis.

Inherited disorders. The inherited disorders that may be
indications for ICDs are a heterogeneous group character-
ized by primary expressions that are either structural
substrate-based or arrhythmic. An example of the former is
hypertrophic cardiomyopathy (HCM) for which categori-
cally defined SCD risk has been recognized for many years
(41). Unfortunately, although HCM is relatively more
common among the less common disorders, it is not
sufficiently common to support a reasonably sized random-
ized clinical trial. Thus, the data favoring the use of ICDs
for at-risk patients in this category are derived from retro-
spective analysis of observational data from a registry of
patients with HCM who received ICDs (42) (Table 4). In
the absence of randomized controls, outcomes were mea-
sured as rates of appropriate ICD discharges, rather than

survival benefit. Despite the limitations of such an ap-
proach, and the fact that an ICD shock is not a surrogate for
death (43), it is generally accepted that ICDs are indicated
for specific subgroups within the HCM cohort.

The ICD strategies for HCM are separated into primary
and secondary indications. Among patients who received
ICDs for secondary indications after surviving a docu-
mented or strongly suspected life-threatening arrhythmia,
the end point of appropriate ICD discharges occurred at an
annualized rate of 10.6%, or a cumulative rate of 39% over
5 years (44). Primary prevention indications are based upon
risk profiling, also derived largely from retrospective data
and expert opinion. The ICD utilization rate of 3.6% per
year (cumulative 5-year rate of 17%) suggests a less dramatic
benefit, but nonetheless supports the use of ICDs in
patients with the defined risk markers. The major risk
markers for primary prevention include one or more of the
following: LV wall thickness =30 mm, syncope, family
history of SCD, and nonsustained VT. A high LV outflow
gradient and blunted blood pressure response to exercise
have also been suggested as risk markers for primary
prevention (42,45).

A second structurally based inherited condition is ar-
rhythmogenic right ventricular dysplasia, which has at-
tracted a great deal of interest in recent years because of
recognition that it is more common than previously
thought, although it still remains properly classified among
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the less common disorders. SCD is commonly the first
clinical manifestation, particularly in association with exer-
cise triggers. While accurate diagnosis can be difficult (46),
early recognition offers the potential for improved SCD
prevention strategies. To this end, ICD therapy has become
accepted for patients arrhythmogenic right ventricular dys-
plasia who have symptomatic arrhythmias (Table 4), as well
as for those with documented disease thought to be at high
risk, although the cut-point for ICD indications for primary
prevention is not yet clearly defined (47,48). As with other
entities in this category, the secondary prevention strategy
for ICDs is clear, but criteria for ICDs for primary preven-
tion use of ICDs are less well defined.

The inherited disorders that express as primary arrhyth-
mias include congenital long-QT interval syndrome, Bru-
gada syndrome, and very rare conditions such as cat-
echolaminergic polymorphic VT (49), short-QT interval
syndrome (50), and a recently described variant of early
repolarization (51). These uncommon disorders may have
extremely variable clinical expression, and reliable cohort
data are also difficult to acquire, further defaulting to expert
opinion that is based on limited data. For each of these
entities, it is generally accepted that ICDs are indicated for
high-risk subgroups that can be identified with varying
degrees of confidence.

Among patients with congenital long-QT syndrome,
ICDs are generally accepted as secondary prevention ther-
apy for those who have had cardiac arrest or documented
symptomatic ventricular tachyarrhythmias, based largely
upon experiences from a sizable international registry (52)
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(Table 4). Beta-blockers are generally recommended as the
first choice of therapy for patients who are asymptomatic or
have syncope without beta-blocker therapy. For patients
who experience syncope while on beta-blocker therapy,
particularly if suspected to be due to ventricular tachyar-
thythmias, ICDs are generally recommended (53). How-
ever, an ICD may be recommended in other circumstances,
based on the judgment of the physician.

A more difficult decision-making process in the congen-
ital long-QT syndrome population regards management of
asymptomatic family members who carry the mutation
identified in a related proband who has expressed life-
threatening arrhythmias or SCD. Beta-blockers are gener-
ally advised as first-line therapy. However, while it has been
thought in the past that a family history of SCD, cardiac
arrest, or symptomatic ventricular tachyarrhythmias sug-
gested increased risk of such events in asymptomatic rela-
tives who are mutation carriers, the magnitude of risk is
lower than in probands, and the power of the carrier state as
an independent predictor for individual risk has recently
been questioned (54,55). Variability of risk in individual
carriers within a family may be based upon modifier genes
migrating in a parallel but separate inheritance patterns,
random environmental factors, or even a statistical aberra-
tion due to selection bias or limited numbers observed over
time (Fig. 2) (56). Individual variability creates a dilemma
for treating physicians, and it is now suggested that indi-
vidual risk profiles be considered in related carriers. One of
the potential limiting factors is the observation that among
the clinical expressions of long-QT syndrome, syncope is by
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cess for implantable cardioverter-defibrillators in gene-positive carriers of related probands, with and without baseline expression of corrected QT prolongation. No quanti-
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far the more common, and mortality rates, while large enough
to warrant concern, are statistically lower than nonfatal events.
New strategies for risk profiling, both clinical and genetic, will
be needed to unravel these uncertainties.

Brugada syndrome has attracted world-wide interest
since its original description in Europe in the 1990s (57)
and subsequent recognition that it was the basis for a group
of variously named disorders in the Far East, many if not all
of which turned out to be based on Brugada pathophysiol-
ogy (58,59). The ICD indications among patients with
Brugada syndrome have run a contentious course, in part
because of difficulties in establishing risk based upon various
electrocardiographic patterns of expression and risk profil-
ing according to clinical expression. At one point, it was
proposed that virtually all patients with an electrocardio-
graphic phenotype should be considered ICD candidates;
but over time, with clarification of profiles of risk, the
indications have been more limited (T'able 4) (60,61). Once
again, the secondary prevention indications are uncontested
and generally accepted, as are the primary prevention
indications based on type I electrocardiographic manifesta-
tions with suspected ventricular tachyarrhythmias and/or
syncope. The values of positive programmed electrical
stimulation studies or positive pharmacological challenge
with flecainide or intravenous procainamide in patients who
do not have the typical type I Brugada electrocardiographic
pattern at baseline are less certain.

Catecholaminergic polymorphic ventricular tachycardia,
the short—-QT-interval syndrome, and early repolarization
patterns associated with risk of SCD (51) are additional
conditions in which ICDs are indicated for secondary
prevention. Patients with early repolarization patterns asso-
ciated with life-threatening arrhythmias have some clinical
features similar to those of patients with Brugada syndrome
(62). However, the pathophysiological basis for this entity
has yet to be defined and, most importantly, our current
inability to prospectively differentiate the rare persons at risk
from the very large population with “normal” early repolar-
ization confounds attempts at primary prevention with

ICDs.

Limitations of Clinical Trial Designs

The sources of data for establishing ICD benefits, particu-
larly those for primary prevention strategies, are limited in
their ability to identify strata of risk and ICD survival
benefits for individual patients or concentrated subgroups.
This derives in part from the fact that none of the studies,
regardless of the number of entry criteria, stratified the 1
continuous variable common to each—namely, a qualifying
EF. By dichotomizing entry based on a single pre-specified
value of EF, analyses of the outcomes are limited to
cumulative effects on heterogeneous populations. This is
further impacted by emergence of qualifying EF as a
dominant focus for ICD indications, in a sense minimizing
other qualifications or clinical criteria.
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Whenever an entry cut-off is used for a continuous
variable, it is axiomatic that the enrolled population will
have a mean or median value that deviates from the defined
threshold value. This variance was especially prominent in
the primary prevention ICD trials for post-MI and non-
ischemic cardiomyopathy patients, in which enrollees had
broad ranges of EF values skewed away from the entry
threshold (63) (Fig. 3). However, it is the threshold values
that are generally linked to recommendations, even though
subgroup analyses have generally suggested reduced benefit
for patients closer to the entry limits. The effect of failing to
stratify the entry criteria such as EF, accumulating patient
populations that deviate significantly from the outer limit of
qualification, and suggestions of limited benefit in certain
defined subgroups is a loss of efficiency in application of the
results of these clinical trials as they are applied to the
general population (63,64). While conventional analysis of
most of the trials demonstrate statistically significant bene-
fit, the actual magnitudes of the benefits among subgroups,
and their impact on individual patients, remain uncertain.
Without placing a value on a particular length of added life
based upon numbers needed to treat, it is sufficient to
recognize the need for better stratification so that greater
numbers of patients receiving ICDs will achieve benefit and
those not reasonably expected to achieve benefit can be
excluded from consideration.

Entry criteria based on study design versus exit data
based on enrollment. The post-MI primary prevention
trials have led to a general consensus that there is a survival
benefit attributable to ICD therapy among those with low
EFs. However, interpretation of indications based on the
benefit (and its magnitude) identified in the randomized
trials are intricately woven into contrasts between trial
designs and details in outcome data (63,64). Strict reliance
on indications based solely on defined entry thresholds leads
to conclusions that are not perfectly aligned among peer-
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reviewed reports of the actual data, 2 guideline documents
that analyze the data and conclusions (22,36), and with
current Center for Medicare and Medicaid Services (CMS)
approvals. The CMS approval policies come closest to strict
alignment with entry criteria defined in the trials, approving
ICD therapy for patients who have EFs =35%, ambient
episodes of nonsustained VT, and inducible VT as ICD
candidates 40 or more days after a qualifying MI, and those
with EFs =30% without further qualifiers also at 40 or more
days after MI (65,66). The 2 practice guidelines documents
(22,36), and several thoughtful reviews and analyses of the
topic (67-72), critically explore the subtleties in available
data. Comparisons between entry criteria, actual enroll-
ment, and survival data lead to a distinction between “entry
criteria” and “exit data.” The intent of the latter term is to
highlight the patterns of patients actually enrolled in the
studies and the need for physician judgment in applying the
results of these trials in clinical practice. In addition to the
difficulties inherent in the EF data and recognition of the
need for additional risk stratifiers, other subgroup metrics
also raise important questions (73).

Ejection fraction data from ICD trials. A pre-specified
qualifying EF limit was the 1 categorical entry criterion
common to all of the primary prevention ICD trials. Most
of the trials set enrollment at an EF =35%, with entry
cut-offs ranging from =30 to =40% (Table 3). Although
the absolute differences between the EF entry thresholds,
and mean or median values of those actually enrolled,
ranged from 7% to 14% in these trials (Table 3), the
threshold entry criterion is generally linked, directly or
indirectly, to treatment recommendations. As an example of
the limitations of this approach, the maximum qualifying
EF in the SCD-HeFT study was 35%, whereas the enrolled
patients had a median EF of 25%, with an interquartile
range of 20% to 30% (18). Subgroup analysis of the 17% of
study patients enrolled with EFs >30% suggested no ICD
benefit. The MADIT and MADIT 1II study populations
had similar trends for EF subgroups close to the upper limit
cut-off for entry (9,15,74). While such nonpre-specified
subgroup analyses usually lack the power to prove absence of
benefit, particularly if apparent differences are trends that do
not achieve statistical significance, such trends raise impor-
tant questions about generalizability of the magnitude of
benefit across all strata of the study populations. Consis-
tency of this pattern in multiple ICD trials reinforces the
plausibility of this concern (75) and supports the need for
additional data.

In contrast to the CMS approval values for EF, the
ventricular arrhythmias and sudden cardiac death guidelines
document (22) uses EF ranges derived from (but not
identical to) entry criteria, rather than values observed
among the enrolled subjects, to establish recommendations
for ICD therapy. The recommended upper limit of EF in
post-MI patients ranges from 30% to 35% in the absence of
heart failure, and from 30% to 40% with class II or III heart
failure. The 2008 update of the 2002 device guidelines links
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more closely to specific EF limits used in study designs,
avoiding ranges, but does not integrate commentary on the
potential confounding influence of observed values. The
recommendations developed in both documents reinforce
the generally accepted principle of inserting clinical judg-
ment into decision making for the individual patient.

Additional limitations of EF data include a lack of a

uniform methodology and reliability of EF measurements
and of time from infarct to determination of a qualifying
EF. In regard to the former, while many large clinical trials
establish uniform reading criteria or core centers for analysis
of imaging data, giving somewhat more credibility to the
reported values, they still allow measurement to be made by
multiple modalities which are inherently variable. Of greater
concern is the lack of any standard for interpretation of data,
particularly echocardiographic EFs, during the general ap-
plication of the outcomes in the practice communities.
Reader variability in interpreting data is a general problem
to which ICD decision making is not immune.
Heart failure and ICD benefit. Because a history of heart
failure is among the clinical variables that add dimensions
beyond EF for potential benefit of ICD therapy (74,76-78),
it is important for the clinician to distinguish cardiomyop-
athy as an expression of myocardial damage and measured as
a reduced EF, from clinical heart failure as the functional
consequence of muscle damage, expressed as NYHA func-
tional classification. The role of heart failure as an indicator
for ICD benefit enters trial strategies and influences out-
comes analyses in 3 different patterns: 1) persistent heart
failure on medical therapy as an entry criterion in study
design, as exemplified in the SCD-HeFT study; 2) a high
prevalence of manifest heart failure at entry in studies in
which only a history of heart failure was included in entry
criteria, such as in the DEFINITE study; and 3) a high
prevalence of either a history of heart failure or manifest
heart failure in studies in which neither was an entry
criterion, such as in the MADIT 1II trial. In the latter 2
models, subgroup analyses suggest that a history of heart
failure is likely an indicator of potential ICD benefit,
exceeding that of the qualifying EF alone.

Although the SCD-HeFT study (18) was designed to
determine whether patients with heart failure and an EF
=35% benefit from ICD therapy, requiring stable NYHA
functional class II and III for enrollment, the MADIT II
trial required only a low post-MI EF. Based upon subgroup
analysis of EFs dichotomized at 25%, the 33% of subjects
with EFs >25% did not appear to achieve the same
magnitude of ICD benefit suggested for the cumulative
group or for those with EF =25%. Moreover, hospitaliza-
tion for episodic heart failure was a strong indicator of
future ICD use and of mortality among patients enrolled
into the MADIT II trial (15). In addition, emergence of
heart failure was more common in the ICD group, partic-
ularly after ICD therapy (78,79), suggesting (among other
possibilities) that the underlying pathophysiology of heart
failure predisposes to life-threatening arrhythmias. In the



JACC Vol. 54, No. 9, 2009
August 25, 2009:747-63

SCD-HeFT study, ICD shocks predicted a higher mortal-
ity rate than observed in ICD recipients who did not have
shocks (80). At least 30% of the deaths among patients who
had appropriate shocks occurred within 24 h of a first
appropriate shock, suggesting end-stage pathophysiology in
a substantial minority of those with a shock/death relationship.

Subgroup analysis of the MADIT population also suggested
that an EF =25% and/or a history of heart failure were better
predictors of ICD use and mortality during follow-up than EF
=26% without heart failure (73). This general principle
appears in other trials as well (12,15,17,18), suggesting
interactions between EF and heart failure, with the likeli-
hood that presence or absence of heart failure modulates the
implications of risk and benefit attributable to EF (63). An
exception is the CABG-Patch study (10), which demon-
strated no ICD survival benefit despite a mean EF of 27%
and a high prevalence of heart failure history (50%) and
functional classification impairments (72% NYHA func-
tional class II or III).

QRS duration. In the MADIT II study, subgroup analysis
indicated that a prolonged QRS duration increased the
probability of ICD benefit, with uncertainty if the QRS
duration was normal (15). This observation controlled
CMS-approved ICD indications based on MADIT II data
until the SCD-HeFT study (18), and reassessment of the
QRS-duration indicator (81,82), superceded the require-
ment of a QRS duration =0.12 s (66). Although the QRS
duration no longer limits CMS indications for MADIT-II
candidates, a prolonged QRS duration may be a modifier
supporting ICD use in patients with a marginal EF indica-
tion. This role for QRS duration is debated (83).

Time after MI and ICD benefit. The presence of tempo-
ral heterogeneity in most of the studies, both in regard to
time from qualifying MI or onset of heart failure to
enrollment and to timing of a qualifying EF determination,
are confounding influences for interpreting EF significance
and outcomes data generally. With the exception of DINA-
MIT, the qualifying EF may have been recorded as early as
within 3 to 4 weeks or as remotely as several years from the
qualifying MI or onset of heart failure (Table 3). In those
studies in which timing of qualifying EF was defined, it was
linked to a time before randomization (e.g., 3 to 6 months
before enrollment), rather than to time from the qualifying
MI or heart failure onset.

The combined observations of the defined time to en-
rollment in the post-MI ICD trials (9,12,15,18), and the
absence of benefit from earlier ICD implantation in the
DINAMIT trial (16), have led to the current recommen-
dations for ICD implants 40 days or more after the
qualifying MI. In addition, time after a MI influences
decision making for an ICD recommendation, in that it is
often necessary to decide whether an indication is durable
over a long period after MI in a patient free of recurrent
events. That is relevant because subgroup differences in
outcomes in the primary prevention trials suggest that ICD
benefit increases as the interval from the MI to ICD
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implant increases (84). Because of such subgroup data on
delayed risk and benefit, ICD therapy should be considered
for the chronic post-MI patient who fulfills criteria, even
when there is a long time interval from the most recent MI.

The Low Risk-High Number Dilemma

A major population dynamic, the number of SCDs that
occur among lower risk subgroups of patients with common
disorders, remains a dilemma for reducing the numbers of
SCDs. A large majority of the SCDs due to CAD come
from the segment of the general population with undiag-
nosed disease and those who are profiled to be at low absolute
risk based on conventional risk markers (85) (Fig. 4). It has
been estimated that more than one-third of all SCDs occur
among patients with known heart disease, whose EFs are
>35%, without other known arrhythmia risk markers.
Thus, they are difficult to identify individually based on
current ability to profile risk, but generate large numbers
among the total SCD population. Another 30% or more are
first clinical expressions of unrecognized underlying disease
(86) (Fig. 5). At present, the general adult population, those
with markers for coronary atherosclerosis and those with
low risk profiles after expression of a coronary event, cannot
be subgrouped into numbers small enough to warrant ICD
therapy. The denominator for the total population class
described above is much too large, with event rates too
small, to warrant such an approach. New methods of risk
profiling will be needed to work within these categories to
identify high-risk subgroups among whom primary preven-
tion ICD therapy can be justified (63,71,72,87). Such an
approach would have a much greater impact on the public
health issue of SCD than does the focus on the small, very
high-risk subgroups included in the randomized clinical
trials to date (Table 4).

New Risk Markers and Dynamic Risk Profiling

Despite the intent of many of the investigators responsible
for the designs of the series of trials summarized here, and
the limitations of the nonstratified threshold EFs used in
these clinical trials, the practice has evolved of placing
disproportionate emphasis on EF for determining ICD
indications in post-MI and nonischemic cardiomyopathy
patients (63,88). This practice has led to limited power of
prediction for individual patients or small subgroups of
patients, and a low statistical benefit for individual patients,
despite high relative benefits (63) (Tables 2 and 3). Thus,
the need for better risk profiling is self-evident.

The ICD trials incorporated only limited strategies for
linking the time interval between the qualifying infarct and
EF measurement, or between the qualifying EF and ran-
domization. Neither was there provision for repeated mea-
sures of EF or other qualifiers over time. The static nature
of these designs does not take into account that the
pathophysiologies of ischemic heart disease and nonisch-
emic cardiomyopathy are dynamic, encompassing changes
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over time that may influence the presence and stability of
risk markers. That results in conflicts between entry criteria
and outcomes data that can be difficult to resolve for routine
clinical applications (63).

Dynamic risk profiling. The concept of dynamic risk
profiling is intended to take into account time-dependent
changes in both the presence and the power of risk markers.
It is based on the hypothesis that markers such as remod-
eling after MI, anatomic properties of scarred areas, pro-
gression of disease, and variations in hemodynamic and
electrophysiological substrates are active processes, and their
predictive power for adverse events may change over time.

Because of the dynamic nature of post-infarction patho-
physiology, a low EF shortly after an acute MI may improve
over time (especially if there has been an intervention)
(89,90), or an EF >35% may deteriorate over time as a
result of remodeling or recurrent ischemic injury. It is,
therefore, intuitively treacherous to accept a priori that a
single measurement at an ill-defined point in time is
necessarily a durable predictor of either low or high long-
term risk at some future point in time. Since the stability of
risk markers over time has not been systematically studied in
the ICD trials, the potential value of repeated measures as a
strategy for dynamic risk profiling will require further research.
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Additional markers under study. Reliance on EF as a sole
or dominant indicator for ICD implantation has been
challenged (88) and debated (91,92), and efforts are under
way to identify alternative measures of risk that have
independent or added predictive power. These include
microvolt T-wave alternans (93), contrast magnetic reso-
nance imaging for imaging the post-infarct anatomy and
border zone (94,95), measures of QT variability (96), heart
rate variability methods (97-99), familial clustering of SCD
as the first expression of CAD (100-102), and the potential
for genetic risk profiling (103). None of these have yet
worked their way into general clinical applications. For
some, available studies have not yet confirmed a generaliz-
able value, and others are still in their infancy.

Risk Stratification and Economic Impact

The funding paradox. While clinical investigators, prac-
ticing physicians, and patients focus primarily on the risk-
benefit equation for evaluating the applicability of clinical
research to the practice of medicine, other segments of
society add a third dimension— cost—to the equation. The
expanded equation, risk-benefit-cost, has become increas-
ingly visible to physicians as major trials now commonly
include cost-efficacy studies as part of the research design
and outcome statements. Such studies, while increasingly
important to a financially stressed health care delivery
system, appear to have had little impact on health care
practice attitudes.

The economic challenges linked to ICD therapy are
defined by the facts that ICDs provide reliable therapy, for
which the cost is high and the indications are inefficient, as
a consequence of limitations of clinical trial designs and
observational data. Cost-effectiveness analyses have sug-
gested differing levels of benefit, some falling within ac-
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cepted ranges for cost-effective medical therapies and others
falling outside those ranges (72,104-109). Levels of benefit
related to cost are expressed in terms of variables such as
length of extended life, complications, need for interim
hospitalizations, and most important, the ability to identify
the most suitable individual candidates.

The multiplier effect and economic impact. The impact
of ICDs on medical economics is driven by the integration
of individual and group efficiencies, which should be ad-
justed for a multiplier effect based upon prevalence of
disease. ICD therapy that is not cost effective by standard
criteria, but intended for a rare disorder such as long—QT-
interval syndrome, will place a limited economic burden on
society because of the infrequency of the disease. In con-
trast, a common disorder with inefficient guidelines, in
which the multiplier effect is large, can have significant
economic impact. As an example, the adjustments in CIMS
approvals after publication of the SCD-HeFT study results
(65) for patients in primary prevention categories of isch-
emic and nonischemic heart disease was estimated to have a
potential economic impact of as much as $10 to $15 billion
for initial implants only. This was based upon estimates of
disease prevalence and then-current costs of ICDs (66). The
inefficiencies in ICD prescription, particularly for primary
prevention after MI, are reflected in appropriate shock rates
of only 20% to 30% and relatively low survival benefits (Fig. 6)
(110), as discussed earlier. These limitations derive from
restrictions in the designs of clinical trial designs because of
funding limitations. The cumulative direct cost (exclusive of
ICDs) for the major trials underpinning the primary pre-
vention indications was <$120 million (personal commu-
nication with the principle investigators of MADIT,
MUSTT, MADIT-II, SCD-HeFT, and DINAMIT, Oc-
tober 2008). Even if the cost of defibrillators are included

1.0 —
0.8 —
06 -

Cumulative Excess Mortality
Among Control Patients

Probability of ICD Therapy
for VI/VF

Atrisk 719 414

Modified, with permission, from Moss AJ et al. (110).

Comparison of Appropriate ICD Discharge Rate and Survival Benefit From MADIT Il

The survival curve demonstrates the probability of appropriate implantable cardioverter-defibrillator (ICD) therapy at 1, 2, and 3 years of follow-up. The insert demon-
strates the excess mortality among control patients without ICDs at the same 3 points in time. These figures demonstrate that appropriate ICD discharges cannot be
considered a surrogate for survival, and do not accurately indicate the magnitude of benefit expected from ICD recipients. VT/VF = ventricular tachycardia/fibrillation.
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(estimated cost based on 2,159 patients receiving ICD
devices at $30,000 per initial implant = $65 million), and
primary prevention indications derived from these study
designs were implemented in only one-third of the esti-
mated number of candidates, the initial cost to the health
care delivery system would be >25 times the cumulative
1-time expenditure for the clinical trials. Further, additional
candidates are added into the health care pool annually.

The conceptual inconsistency in this economic model is that
the scope and the stratification of the clinical trials for therapies
that might have broad utilization are limited by their conven-
tional sources of funding, while the economic burden of the
outcomes of those trials is borne by another segment of the
health care enterprise, namely, the health care delivery systems.
The absence of a formal interaction between the clinical
research enterprise and the health care delivery enterprise, in
view of the large impact that the former has upon the latter,
is inconsistent with rational health care policy planning and
optimal medical care. Impact estimates during the design of
trials, based on reasonable contingencies for outcomes,
could be used to justify the size and scope of studies.
Relatively modest increases in funding for research that has
the potential for large economic impact on clinical practice,
in order to provide clinical trial data that are more compre-
hensive and yield better guidelines by using stratified de-
signs, would avoid such false economies. There are now
attempts to better define candidates by additional research
and post hoc registries, but this will be a complicated
challenge because of difficulties in accumulating compre-
hensive post hoc data, ethical issues, and existing guidelines
for care.

For the future, those of us involved in clinical research
and health care delivery, including clinicians and clinical
investigators, the insurance industry, funding agencies, and
the biomedical manufacturing industries, must work on a
resolution of the problem of appropriate funding for clinical
research, for both ICDs and other new therapies that are on
the horizon. As we learned in the 1980s, failure to consider
and address the economic context of our actions will leave us
without a meaningful voice as society addresses these issues
through other channels (111,112). A societal revolution
against perceived excesses or inefliciencies, once started, will
be beyond control by any elements of the medical complex
(111), and political forces will ultimately prevail.

Conclusions

ICDs are reliable medical devices that have the potential to
add quality years of life for appropriate candidates. There
are scientifically-derived guidelines for their prescription
that are limited by the scope of the clinical trials and
observational data available. Further studies on risk profiling
are needed, but in the interim, practicing physicians should
recommend devices to their individual patients based upon
available data, which they should interpret in the light of
individual patient profiles and their patients’ preferences.
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