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Implantable Cardioverter—Defibrillators
after Myocardial Infarction
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ERSONS WHO SURVIVE A MYOCARDIAL INFARCTION ARE AT INCREASED

risk for sudden death from cardiac causes, owing largely to ventricular

tachyarrhythmias.®2 The risk of sudden death after a myocardial infarction is
highest during the first 12 months and then declines.3-® Although survival during
the acute and early convalescent phases after a myocardial infarction has improved
as a result of therapies introduced during the past 25 years,” a delayed increase in
the risk of sudden death from cardiac causes after the initial convalescent phase
has become evident. Those in whom ventricular remodeling and heart failure de-
velop are at greatest risk®® (Fig. 1).

In studies from the 1980s, a low ejection fraction was shown to predict the risk
of death after a myocardial infarction. In addition, the presence of spontaneous
ventricular arrhythmias that occur during ambulatory monitoring (termed ambient
ventricular arrhythmias) was shown to be associated with an increased risk of
sudden death.*'° On the basis of these observations, therapy with antiarrhythmic
drugs was evaluated for its efficacy in preventing sudden death from cardiac causes
among patients who had a low ejection fraction and ambient arrhythmias after a
myocardial infarction.’* However, therapy with the class 1-C antiarrhythmic agents
encainide and flecainide was shown to increase mortality among patients in the
Cardiac Arrhythmia Suppression Trial (CAST),*>'3 and no survival benefit was
seen with amiodarone treatment after a myocardial infarction in two subsequent
trials*1> These findings discouraged the use of antiarrhythmic drugs for reducing
the risk of sudden death from cardiac causes. Attention turned to the rapidly evolv-
ing technology of the implantable cardioverter—defibrillator (ICD) as a potential
approach to this unresolved clinical problem.

EVIDENCE OF THE BENEFIT AND RELIABILITY OF ICDs

ICDs are designed to sense life-threatening arrhythmias and are reported to be
more than 97% successful in responding with electrical therapy to terminate them.®
However, early evidence supporting a survival benefit of ICDs was based largely on
observations from relatively small cohorts of very-high-risk patients. Seventeen
years elapsed between the first implantation of an ICD and the publication in 1996
of the results of the first randomized trial of ICD therapy.}” During that interval,
debates continued between proponents of drug therapy that was guided by infor-
mation from ambulatory monitoring or electrophysiological testing and supporters
of the empirical use of ICDs.'82° Subsequent data from clinical trials established
the benefit of ICD therapy and led to more widespread acceptance of the device and
broader indications for its use for various categories of tachyarrhythmic risk.2-?
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Figure 1. Pathophysiology of Life-Threatening Tachyarrhythmias in Coronary Heart Disease.

Short- and long-term risks of ventricular tachycardia or ventricular fibrillation, and of recurrent events, are related to the presence of
transient or persistent physiological factors. Ventricular tachycardia or ventricular fibrillation caused by transient ischemia (Panel A) and
the acute phase of myocardial infarction (24 to 48 hours after onset) (Panel B) are not predictive of recurrent events if recurrent ischemia
is preventable. In contrast, ventricular tachycardia or ventricular fibrillation associated with healed myocardial tissue, with or without acute
transient ischemia (Panel C), is associated with the risk of recurrence. Long-standing ischemic cardiomyopathy (Panel D), especially
when accompanied by heart failure, establishes a substrate associated with the long-term risk of ventricular tachycardia or ventricular

fibrillation. (Modified from Huikuri et al.*)
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Randomized trials have investigated the use
of an ICD for both primary and secondary pre-
vention.?® ICD therapy for secondary prevention
targets patients who have survived a life-threat-
ening ventricular arrhythmia, as well as selected
high-risk patients who have unexplained synco-
pe that is thought to be due to tachyarrhyth-
mias. Primary prevention targets high-risk pa-
tients in whom life-threatening arrhythmias have
not yet occurred.

The cumulative results of three secondary-

prevention trials have led to a general acceptance
of ICD therapy for most survivors of tachyarrhyth-
mic cardiac arrest.222425 The major exceptions
are patients in whom arrhythmias are triggered
by transient or reversible conditions. For exam-
ple, ventricular fibrillation or ventricular tachy-
cardia that occurs during the acute phase of a
myocardial infarction (the first 24 to 48 hours)
is caused by electrophysiological changes that are
due to acute ischemia and injury, and the condi-
tion stabilizes as the infarct evolves (Fig. 1B).
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Such arrhythmias do not predict future arrhyth-
mic events and are not an indication for implan-
tation of an ICD.?°

PRIMARY PREVENTION
OF SUDDEN DEATH
AFTER MYOCARDIAL INFARCTION

In contrast to the fairly clear role of ICD therapy
for secondary prevention, the optimal approach
to the appropriate selection of patients for pri-
mary prevention has been more difficult to de-
fine. Several major trials, including the Multi-
center Automatic Defibrillator Implantation Trial
(MADIT),'” the Multicenter Unsustained Tachy-
cardia Trial (MUSTT),?®* the Multicenter Auto-
matic Defibrillator Implantation Trial IT (MADIT
1I),2¢ the Sudden Cardiac Death in Heart Failure
Trial (SCD-HeFT) (ClinicalTrials.gov number,
NCT00000609),%” and the Defibrillator in Acute
Myocardial Infarction Trial (DINAMIT),3° have ad-
dressed this issue (see Table 1 for summaries of
individual trials, and the Supplementary Appen-
dix, available with the full text of this article at
www.nejm.org, for further details). Although the
results of most of these studies have confirmed a
significant benefit of ICD therapy, these trials,
especially MADIT II and SCD-HeFT, had broad
enrollment criteria, with limited stratification of
the study populations, and have shown relatively
small absolute improvements in the outcomes
(Table 1).

In 2005, the Centers for Medicare and Med-
icaid Services (CMS) estimated that as many as
500,000 Medicare beneficiaries might be eligible
for an ICD on the basis of the available trial
criteria, at a cost of $30,000 per case.3! These
estimates, and the challenge of predicting indi-
vidual risk, have led to concerns that ICDs may be
used too broadly and perhaps in some subgroups
for which the actual benefit from therapy will be
very modest.

According to current CMS policy, ICD therapy
is approved for patients who have ejection frac-
tions of 35% or less, ambient episodes of non-
sustained ventricular tachycardia, and inducible
ventricular tachycardia. These criteria are based
on data from MADITY” and MUSTT23 (Table 1).
In addition, ICDs are approved for patients with
egjection fractions of 30% or less and for those
who have New York Heart Association (NYHA)
class II or III heart failure with ejection fractions

N ENGL J MED 359;21 WWW.NEJM.ORG

Table 1. Summary of Major Randomized Trials of ICD Therapy for Primary Prevention of Sudden Death after Myocardial Infarction.*

[a) 0]
<9 s
__:>\ 8§
g.“:g_ o B
°3g < %
T >3 <
S22 . c o
T = [
g £ 2 R
&5 & °
]
= &
a s
wn
gz 982 5§
s = (U
mg S
Y5 5o &
=S 5 3> o
< c O o
S5 XN
UU
a
c
S
o5
En.
c 8 BN
°=
= 2
L e
RgT]
o
5]
s ©
2 3
= 9]
£ <
iy
©
]
(o4
£
2
PR
E =
F 2
=
@)
>
s
C
w
8
=
7]
2
.6
f
s
c
]
k]
@
o
=
1]
a
©
S

13 59 19

32

=6 mo in 75% of cases

=3 wk

EF <35%, previous MI, nonsustained VT, in-

MADIT (2-yr analysis)

ducible VT not suppressed by intravenous
administration of antiarrhythmic agents

24 58 31

55

Median, 30 (interquartile

=1 mo in 16% of cases;

Not defined

EF <40%, previous MI, nonsustained VT,

MUSTT (5-yr analysis) |

range, 21-35)

23 yrin 49% of cases

inducible VT
EF <30%, previous Ml

28
23

22 16
29

36

2315
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* Plus—minus values are means +SD. DINAMIT denotes Defibrillator in Acute Myocardial Infarction Trial,* EF ejection fraction, HRV heart-rate variability, MADIT Multicenter Automatic

Defibrillator Implantation Trial,*” MADIT Il Multicenter Automatic Defibrillator Implantation Trial 11,2¢ MI myocardial infarction, MUSTT Multicenter Unsustained Tachycardia Trial,??

NYHA New York Heart Association, SCD-HeFT Sudden Cardiac Death in Heart Failure Trial,>” and VT ventricular tachycardia.
7 For the MUSTT results listed here, all-cause mortality and relative and absolute risk reductions are for the group that received antiarrhythmic treatment based on electrophysiological

guidance, as compared with the ICD subgroup, in most of whom drug therapy failed, as assessed by electrophysiological testing.
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Figure 2. Ejection Fractions of Subjects Enrolled in the ICD Trials.

The figure shows defined entry criteria for ejection fraction (EF) and EFs of
subjects enrolled in ICD trials. Each of these four primary prevention trials
had a qualifying EF cutoff (green circles), above which patients were not en-
rolled in the trials (gray boxes). In each study, the EF subgroup that domi-
nated enrollment (solid blue boxes [mean +SD for MADIT and MADIT Il
and median and interquartile ranges for MUSTT and SCD-HeFT]) received
a measurable benefit from ICD therapy, whereas those whose EF extended
to the upper limit of entry criterion (striped blue boxes) were underrepre-
sented, received no benefit, or received an uncertain benefit. AM denotes
ambulatory monitor, EPS electrophysiological study, and HF heart failure.

of 35% or less. These criteria are based on data
from MADIT I12° and SCD-HeFT,?” respectively. In
all these cases, implantation of an ICD is ap-
proved only after 40 days or more have elapsed
from the time of the myocardial infarction, on
the basis of data from DINAMIT.3°

The available practice guidelines, although
substantially similar to the CMS criteria, differ in
some specifics. The 2006 Guidelines for Manage-
ment of Patients with Ventricular Arrhythmias
and the Prevention of Sudden Cardiac Death
from the American College of Cardiology, the
American Heart Association, and the European
Society of Cardiology?® use ranges of ejection
fraction to define the limits for consideration of
ICD therapy. They set the upper limit of the ejec-
tion fraction in a range of 30 to 35% among pa-
tients who do not have heart failure and in a
range of 30 to 40% among patients with NYHA
class II or III heart failure. Patients in both cate-
gories qualify for implantation 40 days or more
after a myocardial infarction. The 2008 Guide-
lines for Device-Based Therapy of Cardiac Rhythm
Abnormalities from the American College of Car-
diology, the American Heart Association, and the
Heart Rhythm Society®? adhere more closely to

the specific ejection-fraction limits used in the
major ICD studies, avoiding ranges but also ad-
hering to the 40-day rule.

SELECTION OF PATIENTS
FOR PRIMARY PREVENTION

The ICD trials showed a benefit of ICD implanta-
tion for high-risk patients who have had a myo-
cardial infarction. However, they did not define
specific criteria for the use of ICDs in individual
patients or in subgroups. Neither the CMS crite-
ria nor the practice guidelines are able to provide
a clear consensus about the way in which the data
should be applied selectively, on the basis of the
characteristics of the individual patient. The fol-
lowing discussion outlines some of the factors
that should be taken into consideration in the
selection of patients for ICD therapy.

EJECTION FRACTION
The one entry criterion that is common to all of
the ICD studies is a qualifying ejection fraction.
Each of the trials used a single ejection-fraction
threshold, most often 35%, with a range of 30 to
40% (Table 1). However, the differences between
the entry criteria and the mean or median values
for patients who were actually enrolled in the
trial were large (7 to 10%) (Table 1 and Fig. 2).
Yet it is the upper limit that is the basis for cur-
rent treatment recommendations. For example,
in SCD-HeFT, the ejection-fraction threshold for
entry into the trial was 35%, but the enrolled pa-
tients had a median ejection fraction of 25%,
with an interquartile range of 20 to 30%. A sub-
group analysis of participants who had ejection
fractions higher than 30% suggested no benefit
from ICD therapy. A similar trend was seen in the
MADIT and MADIT II study populations.t?2%:33

HEART FAILURE
A history of heart failure influences the likeli-
hood that a patient will benefit from ICD ther-
apy.33-3> Whereas SCD-HeFT was designed to study
ICD therapy in patients with stable NYHA class II
or III heart failure, MADIT II required only a low
gjection fraction and did not require the presence
of clinical heart failure for enrollment. Nonethe-
less, hospitalization for episodic heart failure was
a strong indicator of future ICD use and of death
among patients enrolled in MADIT IL.3¢ Thus, if
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implantation of an ICD is questioned because the
egjection fraction is in the range of uncertainty
(Fig. 2), a history of heart failure tips the scale in
favor of ICD therapy.

QRS DURATION
In a subgroup analysis from MADIT II, a pro-
longed duration of the QRS interval on the electro-
cardiogram was associated with a benefit from ICD
therapy, whereas a normal duration of the QRS
interval was associated with an uncertain benefit
(if any).2° The first set of ICD indications approved
by the CMS after the MADIT II criteria were pub-
lished included a QRS duration of 120 msec or
more.?! Subsequently, this criterion was removed
from the CMS approval policy on the basis of the
results of SCD-HeFT?” and a reassessment of the
predictive value of the QRS duration.?” It is none-
theless reasonable to take a prolonged duration of
the QRS complex into account in making decisions
about the treatment of individual patients (Fig. 2).

TIME-DEPENDENT BENEFIT
All of the patients in MADIT and MADIT II, and
almost all of those in MUSTT, were enrolled more
than 3 weeks after they had had a myocardial in-
farction (Table 1). The DINAMIT trial3° specifi-
cally addressed the potential benefit of ICD im-
plantation in patients with a reduced ejection
fraction in the early period after a myocardial in-
farction. Patients were randomly assigned to a
study group 6 to 40 days after a myocardial infarc-
tion, with a mean interval of 18 days between the
myocardial infarction and enrollment. Despite the
higher risk of sudden death from cardiac causes
in the early period after a myocardial infarction,
there was no reduction in all-cause mortality in
the group that received an ICD.

One possible explanation of the results from
DINAMIT is that the prognostic value of an ejec-
tion fraction depends on when it is measured.
The DINAMIT study population had a mean (£SD)
ejection fraction (28+5%) that was similar to the
mean ejection fraction in the other primary-
prevention trials. However, some patients with
early left ventricular dysfunction may have par-
tial or complete recovery of function when they
are restudied at 7 months, particularly if they
receive acute reperfusion therapy.?® This issue
awaits clarification from additional research.

Physicians are also commonly confronted with

the need to decide whether a patient who meets
indication criteria for ICD therapy many months
or years after a myocardial infarction is still con-
sidered a candidate for implantation of an ICD,
even though he or she has had no events for a
substantial length of time. Subgroup analyses
from the ICD trials suggest that there is an in-
creased benefit at 3, 4, or more years after a
myocardial infarction,?®273 probably because the
risk of arrhythmia may increase over time as a
result of progressive remodeling and its hemody-
namic consequences (Fig. 1D). Accordingly, a long
interval from the most recent myocardial infarc-
tion should not preclude consideration of ICD
therapy.

COEXISTING CONDITIONS AND AGE
Patients who have serious coexisting conditions
and an expected survival of 1 year or less and
patients with NYHA class IV heart failure are not
considered candidates for ICD therapy according
to both practice guidelines and current CMS-
approved indications. Patients with heart failure
who have moderate-to-severe renal dysfunction
have a very poor prognosis, regardless of whether
they receive an ICD.#° Studies suggest that such
patients do not have a survival benefit from
ICDs.3%# The effect of other coexisting condi-
tions (e.g., chronic lung disease and cancer) has
not been systematically studied.

Age limits for ICD therapy are not specified
in the practice guidelines or by the CMS. The
majority of patients who were enrolled in the
trials of ICD therapy after a myocardial infarction
were between 60 and 70 years of age at entry. On
the basis of life-table data for 2004 in the United
States, the average number of additional years of
life expected for people who reach the age of 70
years is 15.1, and the average number for people
who reach the age of 80 is 9.1.42 Although par-
ticipants in ICD trials are not likely to be repre-
sentative of people in the general elderly popula-
tion, an analysis from MADIT II suggests that
patients 75 years of age or older are no less likely
to have a survival benefit from an ICD than
younger patients.** Age limitations for ICD im-
plantation should be considered in the context
of coexisting conditions and the quality of life of
the candidate, with recommendations individu-
alized through discussions with the patient and
family members.
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OTHER CONSIDERATIONS

Implantation of an ICD is a minor surgical pro-
cedure that is accompanied by a small risk of
surgical complications, primarily bleeding, infec-
tion, and vascular lacerations or cardiac perfora-
tions. The reported incidence of procedure-related
complications does not substantially affect the
expected benefit of the device for appropriate can-
didates. However, the risk of surgery should be
taken into consideration when patients with mar-
ginal indications are referred for ICD therapy and
in the rare circumstances when there are increased
risks of bleeding or infection as a result of con-
comitant bleeding diatheses or immunodeficient
states.

During long-term follow-up, optimal treatment
requires coordination between the patient’s pri-
mary physicians (generalists, internists, and car-
diologists) and the electrophysiologist.** The re-
quirement for repeated routine and event-related
downloading of the information from the ICD is
an inconvenience, rather than a risk, but compli-
ance is important for long-term management of
the device and for patient safety. Remote-moni-
toring technology is likely to alleviate much of
this inconvenience.

A malfunction of the ICD can be life-threaten-
ing and may require replacement of the pulse
generator or leads.*>*° However, because device
malfunction is infrequent, and because some

types of malfunction can be tracked or modified
by reprogramming, the possibility of future mal-
function should not influence the decision about
whether to implant an ICD. Efforts to reduce the
risk of complications resulting from malfunc-
tion of the device should include improved detec-
tion of malfunction by means of better surveil-
lance methods,*> communication of information
to physicians and patients by manufacturers and
the Food and Drug Administration, and clear
definition of the indications for early replacement
of devices or leads.*® Decisions about elective re-
placement of the ICD are complex and should be
guided by an electrophysiologist, in consultation
with the treating physician and the patient.

AREAS OF UNCERTAINTY

The decision to proceed with the implantation of
an ICD requires consideration of the clinical-trial
criteria, the society guidelines, and CMS policies;
consideration of all these factors must be modu-
lated by an understanding of the issues discussed
above and by clinical judgment. Unfortunately,
there is no established approach for synthesizing
the various elements of the risk of sudden death
and the benefit of ICD therapy for the individual
patient. Although recent analyses from MADIT II3°
and MUSTT* describe scoring systems that could
be used for risk stratification, these algorithms

Table 2. Variables That May Increase the Strength of the ICD Indication Based on Ejection Fraction.*

Modifier of EF

EF <25%

(strong indication)
Heart failure Uncertain
Ambient nonsustained VT; Possible
induced VT

QRS interval =0.12 sec Possible
Deteriorating EF over time Uncertain

Increase in Strength of Indication

EF 26%-30%
(probable indication) (uncertain indication)

Likely Uncertain Unknown
Likely Probable Possible

Likely Possible Unknown
Possible Likely Probable

EF >35%
(no indication or no
data available)

EF 26%-35%
(variable indication)

EF 319%-35%

* Data on ejection-fraction (EF) indicators and other variables are derived from data in published randomized trials of
ICDs.17:23:26:27:30 EF indication is based on EF measured more than 2 weeks after a myocardial infarction. Classifications
of added value modifiers of EF data are as follows: likely refers to strong support from subgroup data; probable, to sup-
port from subgroup data or other sources; possible, to limited support from subgroup data; uncertain, to equivocal or
unlikely support from subgroup data or other sources; unknown, to the lack of available data. The values assigned to
the modifiers are intended as guides to decision making and are the author’s opinion derived from subgroup analyses
of published trials and other sources of risk data. They do not necessarily align exactly with practice guidelines and are
subject to modification as new clinical research dictates in the future.

T Induced ventricular tachycardia (VT) refers to VT induced by programmed electrical stimulation.
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have not been prospectively validated and can
serve only as partial guides to clinical decision
making.

One area of uncertainty is the reliability of the
measurement of the ejection fraction. Although
there are methods available for quantitating
echocardiographic, nuclear, or angiographic esti-
mates of the ejection fraction, the use of such
methods in clinical practice is limited. In fact,
many reported ejection fractions are visual esti-
mates, which are subject to bias and reader error.
If we are to use the ejection fraction as the major
objective criterion for ICD implantation, we will
need better methods and practice standards to
provide uniform measurements.

We also lack sufficient information about the
evolution of the ejection fraction over time and
the way in which this influences risk. The inter-
val between myocardial infarction and study en-
rollment varied widely among patients in the ICD
trials (except in DINAMIT). In addition, the inter-
val between myocardial infarction and measure-
ment of the ejection fraction was not uniform.
Thus, the optimal time for measurement of the
ejection fraction is uncertain. Until further data
are available, patients with initially marginal in-
dications for ICD therapy in whom the ejection
fraction deteriorates over time should be consid-
ered for ICD therapy, especially if they have
other risk factors (Table 2).

Efforts to identify additional measures of risk
with independent or additive predictive power are
under way. These include techniques such as
microvolt T-wave alternans*® and magnetic reso-
nance imaging with the use of contrast material
to define the anatomy of the infarct,*>5° as well
as measures of QT variability,>* derivatives of
measures of heart-rate variability,>2>* and studies
of familial clustering of sudden death as the first
clinical expression of coronary artery disease>>-57
and the possible value of genetic risk profiling.>®
With the possible exception of T-wave alternans
testing, which some practitioners have adopted
as a means of further risk stratification, these
measures are all in their infancy with respect to
their application in clinical practice.

RECOMMENDATIONS

Because of the limitations of the available data
and current guidelines, the selection of patients
to receive an ICD for primary prevention is not

uniform in clinical practice.>*°® A reasonable ap-
proach is to begin with an assessment of the
gjection fraction and then consider the modifying
factors discussed above (Table 2).

Patients with ejection fractions higher than
35% after a myocardial infarction are not current-
ly considered to be candidates for ICD implanta-
tion. Although one of the studies did set an
ejection-fraction threshold of 40%,23 there was
no suggested benefit for patients with ejection
fractions higher than 35%. For patients with
ejection fractions in the range of 30 to 40%, a
reassessment of ventricular function every 6 to
12 months is prudent.

For patients with ejection fractions between
25 and 35%, additional factors should be consid-
ered. Within this range, there is some evidence
of greater benefit among patients with ejection
fractions that are closer to 25%, and less, if any,
benefit for those with ejection fractions closer to
35%. Modifying factors include symptomatic
heart failure or a history of heart failure, docu-
mented nonsustained or inducible ventricular
tachycardia, and a prolonged duration of the
QRS interval (Table 2). For patients with none of
these modifying factors, implantation of an ICD
may be deferred, particularly when the ejection
fraction is in the range of 30 to 35%. Decision
making involving patients in this category should
include a discussion with the patient and his or
her referring physician to gauge their preferences.
Finally, patients with ejection fractions of 25%
or less should generally be considered suitable
candidates, even in the absence of the modifying
factors.

As noted above, patients with NYHA class IV
heart failure were not included in the major trials
and are not considered to meet standard criteria
for implantation of an ICD. Candidates for heart
transplantation may receive an ICD in order to
reduce the risk that sudden death will occur dur-
ing the time the patient is awaiting a donor heart.
Some patients with relatively stable, early class
IV heart failure may also be considered for ICD
therapy, usually in combination with resynchroni-
zation pacing, but patients with unstable class IV
heart failure are typically hospitalized for more
urgent heart transplantation, support with a ven-
tricular assist device, or palliative care.

These principles are tempered by consideration
of the overall clinical picture. In order to be suit-
able candidates, patients over the age of 75 years,
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and especially those over the age of 80, must have
no other life-limiting coexisting condition and
should be in reasonably robust physical condition
(to the extent that their heart condition allows)
and have normal or near-normal cognition. Pa-
tients with poorly controlled bleeding diatheses,
systemic immunosuppression, or persistent com-
pliance problems should be considered on an
individual basis but may not be appropriate can-
didates for ICD therapy. In all of these cases, a
detailed discussion of the issues with the patient
and his or her referring physician is an essential
part of appropriate care.

These recommendations are provisional and
are likely to change as more information becomes
available. Additional objective stratifying criteria
are needed and are likely to emerge from further
research. In the meantime, ICD therapy should
be neither denied nor overextended while we are

awaiting better evidence-based algorithms. Physi-
cians familiar with the current criteria and their
limitations are in the best position to exercise
reasonable judgment. Patients should be advised
of the issues involved and included in the discus-
sion of the appropriateness of ICD implantation
for them.
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