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P rimary prevention implantable cardioverter-defibrillators
(ICDs) play a crucial role in the treatment of patients at

heightened risk of sudden cardiac death (SCD) caused by
ventricular arrhythmias. The use of ICDs for primary preven-
tion is supported by multiple, randomized clinical trials now
codified into guidelines that drive clinical practice.1 However,
there are well-known shortcomings of the current paradigm,
which determines primary prevention ICD candidacy based
largely on left ventricular ejection fraction (LVEF) and heart
failure class.2,3 Most ICD recipients never receive appropriate
device therapy, whereas others may receive shocks but die
from progressive heart failure or noncardiac causes without
deriving a meaningful survival benefit from the device.4

Despite well-acknowledged limitations, there have been no
significant new trials refining patient selection for primary
prevention ICDs in nearly 15 years, with the guidelines
themselves likely presenting a significant barrier to random-
ization. In this article, we review areas where current risk
stratification algorithms perform poorly and highlight oppor-
tunities for improving decision making regarding ICD implan-
tation. We also propose research and policy solutions for
improving the yield of primary prevention ICD implantation.

Current Paradigm
Largely on the basis of data from the MADIT-II (Multicenter
Automatic Defibrillator Implantation Trial II),5 published in
2002, and the SCD-HeFT (Sudden Cardiac Death in Heart

Failure Trial),6 published in 2005, guidelines for ICD therapy
initially published in 2008 and then updated in 2012 and
2017 recommend primary prevention device implantation
principally on the basis of 2 factors: LVEF and New York Heart
Association (NYHA) class.7 As these data pertain only to
primary prevention ICD implantation, for the remainder of this
discussion, all references to ICD implantation will be focused
on primary prevention indications. Additionally, our discussion
focuses only on ICD therapy for prevention of SCD, without
concomitant cardiac resynchronization therapy to treat heart
failure.

Since the publication of the 2008 guidelines, individuals
with LVEF ≤35% who are NYHA class II or III (or class I with
prior myocardial infarction and LVEF ≤30%) on optimal
medical therapy and who have not had a recent acute
coronary syndrome or coronary revascularization can be
considered candidates for ICD implantation, with a class IA
recommendation.7 However, heart failure class is notoriously
subjective8 and can change significantly over time, making
LVEF the main objective criterion. The guidelines also
stipulate that candidates for ICD implantation should have a
reasonable expectation of survival >1 year.7 Under this
paradigm, which has been in place for over a decade with
relatively little change, individuals with persistently impaired
LVEF who are not imminently at risk of dying from other
causes can be considered for ICD implantation.

On the basis of these guidelines, �75 000 primary
prevention ICDs are implanted annually in the United
States.9 But despite the large number of devices implanted,
the number of patients who receive appropriate ICD therapy
is relatively small. Estimates vary on the basis of specific
patient factors but across most studies of primary prevention
ICDs, the rate of appropriate ICD shocks is only about 5% to
10% per year.5,6 The incidence may be even lower in
contemporary practice if devices are programmed according
to recent studies demonstrating the benefit of extended
arrhythmia detection times and high detection rate cut-
offs.10–12 Given that half of all device recipients aged >65
are dead 5 years after implantation,13 many patients who are
implanted with ICDs will die before an appropriate ICD shock
occurs, or shortly thereafter if the shock occurs as part of
the dying process.4
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Even among those with reasonable life expectancy after
ICD implantation, the current paradigm is suboptimal in
identifying patients who are likely to benefit. In a large
national data set of over 24 000 patients undergoing
replacement of ICD generators at end of battery life, only
one-third of individuals had received any ICD shocks during
the first battery life. The other two-thirds had survived through
the first ICD generator (mean 5.3 years) without having
received device therapy.14 These data highlight the fact that
under current implantation algorithms, most individuals
implanted with primary prevention ICDs receive no benefit
from the device. They are, however, exposed to the risks of
device implantation, generator replacements, and the poten-
tial drawbacks of living with an ICD.15–18 This suggests that if
risk stratification algorithms were refined, many patients
could be spared from device implantation without any
expected reduction in overall survival. Additionally, although
it has been several years since formal cost-effectiveness
analyses of primary prevention ICD therapy have been
published,19 given the large number of devices implanted
annually, opportunities to refine implantation criteria hold
significant promise for reducing healthcare expenditures
without compromising clinical outcomes.

Why Does the Current Paradigm Perform
Poorly in Predicting ICD Benefit?
Defibrillators are capable of preventing only one specific
mode of death attributable to sudden arrhythmic causes.
Therefore, it makes sense that the initial trials of ICD
implantation used LVEF as the main inclusion criteria. LVEF is
an easily measurable, quantifiable marker of SCD risk with a
well-established relationship between worsening LVEF and
increased risk of arrhythmic mortality.20–22 However,
although a statistically significant benefit can be demon-
strated with ICD therapy in appropriately designed clinical
trials that use LVEF as the main criterion for selection,5,6 LVEF
performs relatively poorly when predicting the likelihood of
ICD benefit for an individual patient.

Several reasons account for the low positive predictive
value of impaired LVEF in identifying patients who are likely to
benefit from an ICD. First, the annual incidence of SCD is
relatively low even among the highest-risk LVEF subgroups.
Among primary prevention ICD recipients, the annual risk of
SCD among those with high-risk features including prior
myocardial infarction and nonsustained ventricular tachycar-
dia is only about 10%,2,5 suggesting that most patients would
have to survive many years before expecting to derive benefit
from the device. Second, low LVEF is associated not only with
an increased risk of SCD but also with an increased risk of
death attributable to nonarrhythmic causes, such as

progressive heart failure. The fact that impaired LVEF is
associated with increased risks of both sudden and nonsud-
den death is a major reason why using LVEF as the primary
criterion for determining ICD candidacy is suboptimal. For
many patients, as LVEF decreases, the risk of nonsudden
death may increase at an even faster rate2,21,23 (Figure 1),
such that the proportional risk of sudden cardiac death, which
describes the ratio of sudden cardiac death to overall
mortality, may actually decrease as ejection fraction worsens.
Understanding this difference between absolute and propor-
tional risk of SCD is critical to appreciating the limitations of
LVEF as a predictor of ICD benefit.

Taking 2 hypothetical patients with overall similar profiles
except that patient A has an LVEF of 30% whereas patient B
has an LVEF of 15%, the absolute risk of SCD is higher for
patient B, as a function of lower ejection fraction. However,
the proportional risk of SCD may be lower for patient B
because of an increased risk of dying from nonarrhythmic
causes, such as progressive heart failure (Figure 1). Stated
another way, if patient A dies, it is far more likely that he or
she will die from SCD, whereas if patient B dies, he or she may
be more likely to die from nonarrhythmic causes. Even if
patient A has a lower absolute risk of SCD, he or she may
derive more benefit from device implantation.

It may seem counterintuitive that a patient with a lower
absolute risk of SCD might derive more benefit from an ICD
than another patient with a higher absolute SCD risk, but the
data from seminal ICD trials suggest exactly that. In an
important sub-analysis from MADIT-II,24 the investigators
retrospectively identified clinical markers that were associ-
ated with the risk of SCD: renal function, NYHA class, age,
presence of atrial fibrillation, and QRS duration. Using these
variables, they classified patients enrolled in the trial into 3
groups on the basis of predicted SCD risk: low, intermediate,
and high.25 At 2-year follow-up, a survival benefit to ICD
therapy was noted only in the intermediate SCD risk group; no
benefit was discernable in either the low- or the high-risk
groups. However, during long-term follow-up to 8 years, a
significant survival benefit to ICD therapy also became evident
in the low-SCD-risk group, whereas the highest-SCD-risk
group continued to derive no benefit.24 An increased risk of
death attributable to nonarrhythmic causes likely explains the
lack of survival benefit to ICDs in the highest-SCD-risk group
in MADIT-II.

Another consideration when evaluating limitations of the
current paradigm for ICD implantation is that advances in
medical therapy for heart failure have had a significant impact
on SCD risk. In an analysis of SCD incidence among patients
enrolled in heart failure clinical trials over the past 2 decades,
the annual incidence of SCD has decreased by over 40%, from
�6% per year in the mid-1990s to <4% per year in trials
completed most recently.26 Figure 2 demonstrates the
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stepwise reduction in both SCD and all-cause mortality with
the addition of medical therapy for heart failure and highlights
the need to account for improvements in background therapy
on the potential benefit of ICDs.27 On the basis of these
findings, the SCD risk profile of patients who were enrolled in
the seminal ICD trials (ie, MADIT-II and SCD-HeFT) over a
decade ago is likely different from those who are encountered
in current clinical practice.

Given the limitations of LVEF in predicting ICD benefit,
considerable effort over recent years has focused on devel-
oping better tools for predicting absolute SCD risk. Many
methods have been evaluated for this purpose, including
measures of depolarization and repolarization dynamics,
indicators of autonomic dysregulation, extent of delayed
enhancement on cardiac magnetic resonance imaging, elec-
trophysiologic testing, biomarkers, and genetics.22,28–32

Some of these methods have demonstrated superiority to
LVEF in predicting absolute SCD risk. However, none of these
methods is likely to significantly improve prediction of ICD

benefit unless it also accounts for competing risks of
nonarrhythmic death.

Better Approaches to Predicting ICD Benefit
Having established the importance of evaluating competing
risks in predicting ICD benefit, the next 2 questions that need
to be answered are (1) at what level of proportional SCD risk
is an ICD likely to be beneficial, and (2) at what level of overall
mortality risk is the proportional risk of SCD so low that an
ICD is no longer beneficial? To answer these questions,
several important studies have evaluated ICD benefit as a
function of proportional SCD risk.

The Seattle Heart Failure Model (SHFM) was initially
developed to predict all-cause mortality in patients with heart
failure using commonly available clinical and demographic
variables. In a paper published in 2009, the SHFM was applied
to patient-level data from SCD-HeFT (n=2483), with patients
divided into quintiles based on the SHFM-predicted 4 year

Figure 1. Theoretical representation of the differences in all-cause mortality and proportional SCD risk as
a function of left ventricular ejection fraction and the impact on potential defibrillator benefit. Although
patient A has a higher absolute risk of SCD, the benefit to defibrillator therapy may be attenuated as a
function of lower proportional sudden death risk. ICD indicates implantable cardioverter-defibrillator; SCD,
sudden cardiac death.
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risk of all-cause mortality.33 Several useful findings emerged
from this analysis. First, the proportional risk of SCD was
highest (52%) in quintiles 1 and 2, which had the lowest
overall 4-year mortality. The proportional risk of SCD was
intermediate in quintiles 3 and 4 at 40% and the percentage of
deaths that were adjudicated as SCD was lowest (24%) in
quintile 5, which had the highest overall mortality. This finding
echoes other lines of evidence that demonstrate that as the
overall risk of mortality increases, the proportional risk of SCD
decreases. At 4 years of follow-up, the absolute survival
benefit associated with randomization to ICD therapy in SCD-
HeFT was 6.6%, 8.8%, 10.6%, and 14.0% in quintiles 1 to 4, but
minus 4.9% in quintile 5, demonstrating that ICD therapy was
of no benefit among those with the highest predicted all-
cause mortality. On the basis of these findings, the investi-
gators predicted that ICD candidates with an SHFM-predicted
1-year mortality of >20% to 25% are highly unlikely to benefit
from ICDs, reflecting the fact that the proportional risk of SCD
in this range of total mortality is too low to be meaningfully
impacted by an ICD. In real-world practice, many of these
individuals with very high levels of overall mortality who are
implanted with ICDs may receive appropriate ICD shocks but
go on to die from other causes shortly afterwards, without
deriving any meaningful survival benefit.

In a subsequent analysis, the same group of investigators
developed the Seattle Proportional Risk Model (SPRM), which
is designed to predict the proportional risk of SCD, indepen-
dently of the SHFM-predicted estimate of all-cause mortal-
ity.34 In essence, the SHFM predicts the risk of all-cause

mortality, and the SPRM can then be used to predict the
proportion of deaths attributable to SCD, if death occurs.
Variables included in the SPRM include age, sex, diabetes
mellitus, body mass index, systolic blood pressure, LVEF,
NYHA class, serum sodium, creatinine, and use of digoxin—all
of which are easily accessible in clinical settings and can be
obtained in a highly cost-effective manner. Some instructive
patterns emerge when comparing the variables included in the
SHFM and the SPRM, one of which is designed to predict all-
cause mortality, and the other is designed to predict
proportional risk of SCD. As might be expected, many clinical
variables were associated with increased risk of both sudden
and nonsudden death. However, younger age, male sex,
higher NYHA class, and higher body mass index were more
strongly associated with risk of dying suddenly, whereas
diabetes mellitus, renal dysfunction, hyponatremia, and
systolic hyper- or hypotension were more strongly associated
with risk of dying nonsuddenly (Figure 3). For example, the
proportional risk of SCD increased by 25% for every younger
decade of life, consistent with findings from clinical trials that
suggest that younger patients derive more benefit from ICDs
than older patients.35,36 The derivation of these models
highlights the fact that exploiting differences in clinical
variables that are more closely associated with the risk of
dying suddenly or nonsuddenly can be used to enrich for
populations who are most likely to benefit from ICDs and
withhold therapy from those who are unlikely to benefit.

Figure 2. Demonstration of the stepwise reduction in all-cause
mortality and sudden cardiac death risk with guideline directed
medical therapy (GDMT) for heart failure.27 ACEI indicates
angiotensin-converting enzyme inhibitor; ICD, implantable car-
dioverter-defibrillator; MRA, mineralocorticoid receptor antago-
nist; NYHA, New York Heart Association Class; LVEF, left ventricle
ejection fraction; SCD, sudden cardiac death.

Figure 3. Clinical factors that are more closely associated with
the risk of sudden vs nonsudden death based on the Seattle
Proportional Risk Model. BMI indicates body mass index; EF,
ejection fraction; NYHA, New York Heart Association; SBP,
systolic blood pressure. Reproduced from Levy et al37 with
permission. Copyright ©2017, Elsevier.
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The SPRM was subsequently validated in a group of 2331
ambulatory patients with NYHA class II-IV heart failure and
LVEF ≤35%, of whom 1204 patients (62%) had ICDs.37 Among
patients without ICDs, the SPRM was highly predictive of
likelihood of dying suddenly versus nonsuddenly (odds ratio,
2.05; P=0.002). And when the SPRM was applied in the
subgroup of patients with ICDs, a significant interaction was
noted between the proportional risk of SCD and the
magnitude of survival benefit from the device. Defibrillators
had the greatest impact on survival among patients with the
highest proportional risk of SCD, whereas no survival benefit
was noted among those with a proportional SCD risk ≤32%.

Application of the SHFM and SPRM to patient-level data from
SCD-HeFT demonstrated that randomization to ICD therapy
was associated with a significant survival benefit among
patients with low predicted overall mortality based on the
SHFM and high predicted proportional SCD risk based on
SPRM.38 Approximately two-thirds of patients enrolled in SCD-
HeFT fell in this category (Figure 4), with an�50% reduction in
all-cause mortality from ICDs noted in this subgroup. In
contrast, no significant ICD benefit was noted in the remaining
one-third of patients who had either high predicted overall
mortality or low proportional SCD risk. Similar findings were
noted in an analysis of over 87 000 patients with ICDs in the
NCDR (National Cardiovascular Data Registry) ICD Registry,
who were compared with a contemporary cohort of patients
without ICDs.39 ICD therapy was most beneficial among those
with low overall mortality and high proportional SCD risk, which
accounted for about one-quarter of patients implanted with
ICDs in the NCDR cohort. In this subgroup, ICD treatment for
only 4.2 years resulted in an overall improvement in survival of
1 year. In real-world practice, these are the patients who
benefit most from primary prevention devices. In contrast,
among the group with low predicted overall mortality and low
proportional SCD risk, which also accounted for about a quarter
of the NCDR cohort, ICD treatment would require over 22 years
to add 1 year of life. Withholding ICDs from this subgroupwould
be very unlikely to have a meaningful impact on overall
mortality. These findings also reinforce the notion that
substantial heterogeneity exists among individuals who are
implanted with ICDs in current practice and that better risk
stratification tools could significantly improve the yield of
device implantation.

Although the SHFM and SPRM are among the best
validated approaches to using competing risks models to
predict ICD benefit, other studies have also capitalized on this
idea using different approaches. Several studies have devel-
oped models in ICD recipients to predict the likelihood of
dying without receiving appropriate defibrillator therapy,
based on the premise that these individuals derive no benefit
from their devices. Among several studies that have looked at
this outcome, �10% to 15% of ICD recipients die without ever

receiving appropriate ICD therapy.40–42 The variables that
predict the highest likelihood of death without ICD therapy are
similar to the variables that predict high overall mortality in
the Seattle models: older age, more advanced heart failure
symptoms, diabetes mellitus, and more extreme reductions in
LVEF.41,42 In effect, these differing approaches are all
identifying similar sorts of patients who have high overall
mortality risk and will die either before receiving ICD therapy
or despite receiving ICD therapy. In either case, device
implantation provides no benefit and represents an opportu-
nity for improving patient selection.

An important and related concept to the idea of predicting
high overall mortality risk and low likelihood of ICD benefit is
the concept of frailty. Frailty, defined as a loss of physiological
reserve and vulnerability to stressors that may span multiple
physical, cognitive, and functional domains, is closely asso-
ciated with high overall mortality risk.43 The Canadian
Cardiovascular Society guidelines for ICD implantation specif-
ically address frailty assessment as part of the ICD decision-
making process.44 However, additional research is needed to
better understand how frailty interacts with risks of arrhyth-
mic and nonarrhythmic death in predicting ICD benefit.

Assessing competing risks also provides useful context for
understanding the results of one of the few randomized trials
that has been performed in the field of primary prevention ICD
implantation in recent years. The results of the DANISH
(Danish Study to Assess the Efficacy of ICDs in Patients with
Non-Ischemic Systolic Heart Failure on Mortality) trial,
published in 2016, suggest that patients with nonischemic
cardiomyopathy may not benefit from ICDs.45 Although other
explanations may account for the results of the DANISH
study, including the impact of cardiac resynchronization
therapy on SCD, the competing risks paradigm likely offers
the most relevant perspective. It is well recognized that the
absolute risk of SCD is higher in ischemic versus nonischemic
cardiomyopathy.6 However, for many patients with nonis-
chemic cardiomyopathy, the proportional risk of SCD may still
be sufficiently high to benefit from an ICD, if competing risks
of nonarrhythmic death are low. A subanalysis from DANISH
provided support for this concept by demonstrating that
patients in the trial younger than 70 years of age had a much
higher proportional risk of SCD and benefited significantly
from ICDs, whereas those over the age of 70 derived no
benefit.36 As has already been demonstrated, older age is an
important predictor of all-cause mortality, and the findings
from the DANISH subanalysis are consistent with the idea
that many younger individuals with nonischemic cardiomy-
opathy may still benefit from ICDs, whereas the benefit is
significantly attenuated above the age of 70.

TheSHFMandSPRMhave beenapplied to patients enrolled in
DANISH, and the results reinforce the idea that assessment of
competing risks can be used to identify which patients with
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nonischemic cardiomyopathy are most likely to benefit from
ICDs. Among the 1116 patients enrolled in DANISH, ICD
implantation in those with an SPRM score above the median
was associated with a significant reduction in mortality (hazard
ratio, 0.63; 95% CI, 0.43–0.94). No survival benefit to ICD
implantation was noted among those with lower SPRM scores.46

In aggregate, the data on competing risks clearly demon-
strate that the benefit to ICD therapy cannot be predicted
accurately based only on absolute SCD risk assessment.
Competing risks of nonarrhythmic death must be accounted
for and models based on proportional risk of SCD are likely to
provide a much more robust estimate of ICD benefit. Modeling
competing risks, using commonly available clinical variables,
provides the best opportunity to improve on the current
paradigm for ICD implantation.

Other Opportunities for Modeling Competing
Risks: ICD Generator Replacement
The discussion so far has focused on indications for de novo
ICD implantation under the current paradigm. However,

understanding the idea of competing risks may also provide
important context for other aspects of ICD therapy. In current
practice, ICD generators are often routinely replaced at the
end of battery life with little assessment of whether ongoing
ICD therapy is likely to be beneficial.15 All individuals are older
at the time they undergo ICD generator replacement than
they were at the time of initial implant, and some will have
had progression of underlying cardiac and noncardiac
comorbidities.9 On the basis of the evidence discussed
above, it is likely that for most individuals, the risk of all-cause
mortality is higher, and the proportional risk of SCD is lower,
at the time of generator replacement than it was at the time
of initial ICD implantation. Among patients who did not
receive shocks during the first ICD battery life, the risk of SCD
after generator replacement may be even lower.14 For many
of these individuals, ongoing ICD therapy may be unlikely to
provide meaningful benefit. Real-world data support the idea
that overall mortality rates are higher after ICD generator
replacement than after de novo device implantation47 and
rates of appropriate ICD shocks are likely lower.48,49 Devel-
oping methods for estimating patient-specific risks of sudden
and nonsudden death, and evaluating how those proportional

Figure 4. Benefit associated with randomization to implantable cardioverter-defibrillator (ICD) therapy in
the SCD-HeFT (Sudden Cardiac Death in Heart Failure Trial). Defibrillators were associated with the greatest
reduction in all-cause mortality among patients with low overall mortality risk based on the Seattle Heart
Failure Model (SHFM) and high proportional sudden cardiac death risk based on the Seattle Proportional
Risk Model (SPRM). CI indicates confidence interval; HR, hazard ratio. Reprinted from Levy et al38 with
permission. Copyright ©2018, Elsevier.
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risks change over time, may help make better decisions about
who is most and least likely to benefit from ICD generator
replacement.

Avoiding Unnecessary Exposure to Harm
It may be argued that trying to identify individuals who are
candidates for ICDs on the basis of current guidelines, but
who may not benefit because of competing risks, has the
potential to unnecessarily withhold therapy from individuals
who would meet inclusion criteria on the basis of clinical
trials. Although this is a fair concern, the relatively small
percentage of patients who receive appropriate ICD shocks
and the significant expense of ICD implantation under the
current paradigm19 highlight the imperative to optimize
allocation. Perhaps even more importantly, for an individual
patient, the decision to undergo ICD implantation is associ-
ated with risks, including a major complication rate of about
4%,50 with the highest procedural risks occurring among those
who may be least likely to benefit, including the elderly18 and
those with significant comorbidities.18,50 Experiencing a major
complication during ICD implantation is associated with a
significantly increased risk of mortality up to 6 months after
the procedure.51 Efforts to identify those who are least likely
to benefit from ICD implantation may also identify those who
are at the greatest risk of procedural harm.

Opportunities for Improving the Status Quo
Relatively little has changed in the approach for identifying
primary prevention ICD candidates over the past decade. To a
certain extent, the presence of guidelines that give strong
support to implantation based on the current paradigm may
hinder new developments in the field. Important opportunities
exist for improving the manner in which ICDs are implanted.
However, progress in the field will require acknowledgment on
the part of physicians, payors, and regulators that the current
paradigm for ICD implantation does not effectively identify
those who are most likely to benefit, may expose many
patients to procedural risks with little expectation of improved
survival and results in wasteful healthcare spending. Research
efforts, funding priorities, and policy decisions should be
made with this perspective in mind.

Although dated, the current paradigm for ICD implantation
rests on a robust body of randomized clinical trial data.
However, many of the seminal trials were performed with
significant support from medical device companies. It seems
unlikely that similar funding will be available for studies that
are designed to refine the current paradigm, particularly given
the high likelihood of identifying sizable percentages of
patients who are currently candidates for device therapy but

may not benefit. Given these limitations, novel clinical trial
formats such as those that incorporate randomization into
registries or use electronic medical records for follow-up hold
substantial promise.52,53 For instance, randomized registry
trial designs have been used to test other invasive cardio-
vascular therapies and generate high-level data with reduced
cost and increased efficiency.54 Similar approaches may allow
high-quality, randomized trials of new ICD implantation
algorithms to be performed at a fraction of the cost of the
seminal ICD trials without compromising the level of evidence.
The ability to monitor ICDs remotely makes this field ripe for
novel trial formats that can leverage large and linked data sets
to evaluate clinical outcomes with lower costs and greater
speed than traditional clinical trial platforms.

However, the 2018 Centers for Medicare & Medicaid
Services (CMS) coverage update for defibrillator implantation,
which eliminated the requirement for participation in the
NCDR ICD registry,55 represents one potentially lost oppor-
tunity in the effort to improve the current paradigm. CMS
justified this decision by stating that they “believe [the
registry] has served its purpose” and that “CMS believes that
additional data collection is no longer needed.” Although the
original requirement for registry participation was designed to
answer 10 specific questions about ICD therapy in real-world
practice following the initial coverage decision in 2005, the
NCDR has contributed substantially to understanding the
risks and benefits of ICD therapy well beyond the 10
hypotheses initially set forth by CMS. Since the registry was
originally implemented, the NCDR ICD registry can now be
linked with remote device monitoring databases, billing claims
data and survival data from the Social Security Death
Index.13,39,47,56–58 These resources have contributed substan-
tially to our understanding of real-world ICD benefit. Although
participation in the NCDR registry is now voluntary, the lack of
a mandate renders the data less valuable and subject to
greater levels of bias on the basis of the centers that choose
to continue participating. Alternative sources of data will be
required to fill this gap.

Physicians must also take an active lead in improving the
status quo. The current paradigm is easy to use. It takes a
complex decision, such as the one to implant an ICD, and
largely reduces it to a binary decision based on a single
number: ejection fraction. While simplicity and ease of clinical
application are laudable goals, effective ICD decision making
is complex, requiring assessment of competing risks to
develop patient-specific predictions of potential benefit and
harm, while simultaneously incorporating patient perspectives
on what life with an ICD would mean for them. The 2017
American Heart Association/American College of Cardiology/
Heart Rhythm Society guidelines for management of ventric-
ular arrhythmias and prevention of SCD give a class I
recommendation to “shared decision making” such that
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“patients considering implantation of a new ICD or replace-
ment of an existing ICD for low battery should be informed of
their individual risk of SCD and nonsudden death from heart
failure or noncardiac conditions and the effectiveness, safety
and potential complications of the ICD in light of their health
goals, preferences and values.”59 The recent CMS coverage
update also included a requirement for a shared decision-
making interaction as a condition for coverage before primary
prevention ICD implantation.55 It is essential that physicians
and hospitals establish processes that allow for high-quality
shared decision making. Payors should support these efforts
by reimbursing for time and effort spent in shared decision
making regardless of whether the decision is made to
ultimately implant an ICD.

Finally, under the current paradigm, many patients with
ICDs never derive benefit from the device. Conversely, it is
also well recognized that some patients who may benefit from
ICDs do not undergo implantation, and ICDs may be
underutilized in at-risk populations.60,61 Many potential rea-
sons may contribute to therapeutic inertia and ICD underu-
sage. Among them, one potential reason may be perceptions
among physicians and patients of low magnitude of benefit
and large numbers needed to treat with ICDs to save a life
under current implantation guidelines. If so, then efforts to
better understand competing risks of sudden and nonsudden
death and improvements in the ability to identify those who
are most, or least, likely to benefit from ICD implantation may
improve usage.

Conclusions
Relatively little has changed over the past decade in the way
that ICD recipients are selected. Although many patients
have benefited from device implantation on the basis of the
current paradigm, it is also likely that many have been
subjected to device implantation with almost no reasonable
expectation of benefit. As the field of primary prevention ICD
therapy matures, it is essential that future efforts seek to
better identify patients who are or are not likely to benefit
from devices. Patient-specific tools to predict overall mor-
tality and proportional SCD risk provide the best and most
cost-effective opportunity for individualizing decisions
regarding ICD implantation and ushering in an era of
precision medicine that has thus far been lacking under
the current paradigm.
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