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ESPITE ADVANCES IN EMERGENCY MEDICAL SYSTEMS AND IN TECH-
niques of resuscitation, sudden death from cardiac arrest remains a major
public health problem. Most persons who have an out-of-hospital cardiac ar-

rest do not survive.1:2 Those who are resuscitated may have severe, long-term cognitive

impairment and motor impairment due to delays before a stable rhythm could be re-
stored. In the 1970s, motivated by the death of a colleague, Drs. Michel Mirowski and

Morton Mower, and their colleagues, developed the concept of an implantable device

that could automatically monitor and analyze cardiac rhythm and deliver defibrillating

shocks when it detected ventricular fibrillation.3# After years of testing, in 1980 the
first clinical implantation was performed in a young woman with recurrent ventricular

fibrillation.5 Subsequently, the implantable cardioverter—defibrillator evolved from a

therapy of last resort for patients with recurrent cardiac arrest to a management stand-

ard for use in primary prevention (the prevention of a first life-threatening event) and
secondary prevention (prevention of a recurrence of a potentially fatal arrhythmia or
cardiac arrest) in patients with coronary heart disease.

COMPONENTS AND FUNCTION

An implantable cardioverter—defibrillator system comprises a pulse generator and one
or more leads for pacing and defibrillation electrodes (Fig. 1). The pulse generator has
anumber of components (Table 1).¢ A sealed titanium can encloses a lithium-silver vana-
dium oxide battery, voltage converters and resistors, capacitors to store charges, micro-
processors and integrated circuits to control the analysis of the rhythm and the delivery
of the therapy, memory chips to store electrographic and other data, and a telemetry mod-
ule. Technological advances have made possible a gradual reduction in the size of the
pulse generator, permitting subcutaneous implantation of the defibrillator on the ante-
rior chest wall in most patients.

The top of the pulse generator contains an epoxy resin header for connecting the
pacing and defibrillation leads. The defibrillation leads must be capable of delivering
high-energy shocks to the heart without damaging the myocardium. In the earliest de-
fibrillators, epicardial patches were used, but transvenous leads are now standard. Each
defibrillation lead contains one or two coils that dissipate heat during high-voltage dis-
charges. In most systems, the pulse generator can serve as a part of the defibrillation
pathway. The defibrillation lead also contains bipolar electrodes, which are used for
ventricular pacing and sensing. If both pacing electrodes are independent of the defib-
rillation coils, they form what is called a dedicated bipole. If a defibrillation coil is linked
to the ring electrode for sensing, it forms what is called an integrated bipole. Both sys-
tems are effective in most patients. Active-fixation (screw-in) and passive-fixation lead
systems are in clinical use. Dual-chamber and biventricular devices also have ports for
atrial or left ventricular electrodes, which are used for pacing and sensing.
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DETECTION OF ARRHYTHMIA

The original implantable cardioverter—defibrillator
was designed to detect only ventricular fibrillation,
by means of a wave-form analysis termed a probabil-
ity-density function. Use of this device indicated that
therapy for organized ventricular tachycardia was
also important. Subsequently, the rate of R waves
detected by the defibrillator’s ventricular-sensing
circuit became the standard measurement used to
identify cardiac rhythm. In the present generation of
defibrillators, the ventricular bipolar sensing circuit
filters the incoming signal to eliminate unwanted
low-frequency components (e.g., T waves and base-
line drift) and high-frequency components (e.g.,
skeletal-muscle electrical activity). One or more
tachycardia-detection zones may be programmed.
The fastest rate, or ventricular-fibrillation zone, is
treated by delivery of a shock. Zones with lower rate
boundaries may be treated with antitachycardia pac-
ing or low-energy synchronized shocks or, in some
cases, just observed. Because the amplitude of the
bipolar electrogram may be low or unstable during
ventricular fibrillation, all implantable cardiovert-
er—defibrillators allow sensitivity-gain adjustment
during intervals when an R wave is not sensed, in or-
der to detect low-amplitude signals when ventricu-
lar fibrillation does occur. In many cases, the rates of
sinus tachycardia or of other supraventricular ar-
rhythmias may be within the zones set for detection
of ventricular tachycardia or ventricular fibrillation,
which may result in inappropriate delivery of the
therapy. Therefore, most implantable defibrillators
can be programmed to enhance the discrimina-
tion between supraventricular and ventricular ar-
rhythmias.”-9

Single-chamber devices most commonly can dis-
tinguish the sudden onset of sinus tachycardia from
ventricular tachycardia. They can also identify the
stability of cardiac-cycle lengths in order to detect
atrial fibrillation and can characterize morphology
and width in electrograms. In dual-chamber devic-
es, information from the atrial electrogram may be
included in the algorithm used to perform the analy-
sis. Features that enhance detection are primarily
used in ventricular-tachycardia zones, where even
a transient inhibition of the delivery of the appro-
priate therapy is undesirable.® Early models deliv-
ered therapy after the criteria for detecting arrhyth-
mia had been met, which could lead to the delivery
of unnecessary shocks when the arrhythmia was
spontaneously terminated. Therefore, defibrillators
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Figure 1. Diagram of a Single-Chamber Implantable Cardioverter-Defibrillator
System.

The pulse generator is usually placed in a subcutaneous pocket in the pectoral
region. It contains a header with ports for leads, the battery and capacitors,
memory chips, integrated circuits and microprocessors, and the telemetry
module. The transvenous right ventricular lead contains the shock coils and
pacing electrodes. Additional leads may be connected for right atrial or left
ventricular pacing.

now reanalyze the rhythm before delivering shocks
and painlessly dump the stored charge when the cri-
teria for detection are no longer met.

In an implanted cardioverter—defibrillator, two
basic methods are used to terminate arrhythmias:
antitachycardia pacing and direct-current shocks.
Physicians select the method to be used first to de-
liver therapy in each tachycardia-detection zone.
Antitachycardia pacing is a standard electrophys-
iological technique that is useful for terminating
monomorphic tachycardias.1° The electrophysiol-
ogist can program the device to deliver one or more
bursts of pacing in an attempt to terminate the tach-
ycardia. The characteristics of the bursts can be pro-
grammed and may vary, depending on the detection
zone. Antitachycardia pacing is painless for the pa-
tientand, because the capacitor does not need to be
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Table 1. Specifications of Implantable Cardioverter—Defibrillators.*

Weight (g)
Volume (ml)
Battery
Capacitors
Generator can
Leads

Functions
Ventricle
Atrium

Device
Implantation

Estimated battery life (yr)
Estimated costs ($)T

50-120

30-70

Lithium—silver vanadium oxide

Aluminum or aluminum chloride electrolytic
Titanium

Transvenous defibrillation coils

RA, RV, LV sensing and pacing electrodes
Active can

Epicardial or subcutaneous patches

Shock, RV or BIV sensing, pacing
Sensing, pacing (shock)

4to9

10,000-40,000 or more
6,000-12,000

s

tricular.

* RA denotes right atrial, RV right ventricular, LV left ventricular, and BIV biven-

T Systems that can be used for defibrillation and resynchronization are more ex-
pensive. The costs of the implantation procedure include only payments for
the hospitalization and physicians’ services.
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charged, can be delivered rapidly. However, anti-
tachycardia pacing is not always effective, and it can
accelerate ventricular tachycardia or, if applied dur-
ing a supraventricular rhythm, induce a ventricular
arrhythmia. Thus, delivery of a shock is always in-
cluded in the prescription for therapy when anti-
tachycardia pacing is ineffective.

All implantable cardioverter—defibrillators can
be programmed to deliver either synchronized, usu-
ally low-energy shocks (less than 5J) or unsynchro-
nized high-energy shocks. Low-energy shocks may
have very short charge times, but they may acceler-
ate ventricular tachycardia and, in spite of the low
energy, are uncomfortable for the patient. High-
energy shocks are used in the zone with the highest
rate and in zones with lower rates, if antitachycar-
dia pacing or low-energy shocks are either unsuc-
cessful or not programmed. Traditionally, the en-
ergy of the first shock is set at least 10 J above the
threshold of the last defibrillation measured. Early
models used monophasic wave forms, but the use of
biphasic wave forms improved defibrillation thresh-
olds.11 Defibrillation administered by transvenous
systems thatdeliver up to about 30J can be success-
ful in most patients, but in rare cases, alternative lead
configurations or high-energy devices may be neces-
sary to deliver the therapy.

N ENGL J MED 349;19 WWW.NEJM.ORG

OTHER FUNCTIONS OF
IMPLANTABLE DEFIBRILLATORS

In current models of implantable defibrillators there
are a number of features that are not directly related
to the analysis of or the delivery of therapy for ven-
tricular arrhythmias. All models now have pacing
modes similar to those in single- or dual-chamber
pacemakers. All models routinely store electrograms
for sensed arrhythmias, a feature that is extremely
helpful during follow-up for analysis of the thera-
pies delivered and for detection of many malfunc-
tions that may occur in the device (Fig. 2). Informa-
tion about battery voltage, lead impedance, and the
time needed to charge the capacitor is stored for
later analysis. Some models can detect atrial arrhyth-
mia and deliver the appropriate therapy (shock or
antitachycardia pacing). A dedicated atrial defibril-
lator has been developed and tested in limited clin-
ical trials in patients with atrial fibrillation, but it is
not yet available as a separate unit.12:13 The most
recent major innovation in implantable cardiovert-
er—defibrillators is implementation of biventricu-
lar pacing to achieve cardiac resynchronization in
patients with advanced congestive heart failure and
intraventricular conduction delays, especially left
bundle-branch block.14.15

CLINICAL TRIALS

From the time of its clinical introduction, the im-
plantable cardioverter—defibrillator has been shown
to recognize ventricular fibrillation and terminate
the arrhythmia by delivering shocks. In early, uncon-
trolled studies, the delivery of a shock was assumed
to represent a life saved.16:17 This analytic approach
overestimated the benefit of a defibrillator, because
not all shocks are appropriate, not every arrhythmia
would prove fatal if not terminated, and death may
still soon occur from other cardiac causes.® Ran-
domized clinical trials were therefore conducted to
evaluate the effect of implanted defibrillators on
mortality (Table 2).19-25 Secondary-prevention trials
in which the subjects enrolled were survivors of car-
diac arrest or had sustained ventricular tachycar-
dia were conducted to compare the effect of defib-
rillator therapy and antiarrhythmic-drug therapy
on mortality. The enrollment of an untreated con-
trol group was considered unethical. Primary-pre-
vention trials in which the subjects enrolled were
high-risk patients without a history of sustained ven-
tricular arrhythmias compared the effects of no treat-
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Figure 2. Normal Function of an Implantable Cardioverter—Defibrillator.

Stored data are shown from an episode of ventricular tachycardia after successful therapy in a 22-year-old woman with
recurrent ventricular tachycardia. From top to bottom, the tracings represent electrograms from the atrial, ventricular,
and shock leads and from an annotated marker channel. Ventricular activity (arrow) initiates the tachycardia, and a change
occurs in the QRS complex on the shock-lead electrogram. The initial beat after the arrow is a fusion complex, which is
followed by a wider complex during the rest of the episode. The first break in the rhythm strip denotes that criteria for the
detection of tachycardia in the ventricular-fibrillation zone have been met. The ventricular tachycardia, with 1:1 retrograde
conduction, continues. The second break corresponds to the delivery of a 21-J shock (not shown in the printout). After
the shock, there are a few beats of a different ventricular rhythm that gradually slows and breaks. This phenomenon is
frequently observed after a shock. By the end of the strip, sinus rhythm is restored.

ment, antiarrhythmic-drug therapy, or both with the
effect of defibrillator therapy on mortality from car-
diac arrhythmias.

SECONDARY-PREVENTION TRIALS

The Antiarrhythmics versus Implantable Defibril-
lators (AVID)?9 trial enrolled 1016 subjects who had
survived one or more episodes of ventricular fibril-
lation or symptomatic, sustained ventricular tachy-
cardia. To be eligible for enrollment, subjects with
ventricular tachycardia had to have a reduced left
ventricular ejection fraction. The subjects were ran-
domly assigned to receive either an implanted car-
dioverter—defibrillator or drug therapy. Although
electrophysiologically guided therapy with sotalol,
a beta-blocker with Vaughn Williams class III anti-
arrhythmia effects, was permitted, almost all of

those receiving drug therapy received amiodarone.
The AVID trial was terminated early by the study’s
data safety monitoring board when a relative reduc-
tion in mortality from all causes of 29 percent was
noted in the defibrillator group.

The Canadian Implantable Defibrillator Study
(CIDS)2° compared the benefits of the implantable
defibrillator with amiodarone therapy in a group
of 659 subjects with a history of cardiac arrest, epi-
sodes of sustained ventricular tachycardia, or synco-
pe with a depressed ejection fraction and inducible
sustained ventricular arrhythmia. In the defibrilla-
tor group there was a relative decrease of mortality
from all causes of 20 percent.

The Cardiac Arrest Study Hamburg (CASH)2!
enrolled 288 subjects who had survived cardiac ar-
restand compared the benefits of implanted cardi-
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Table 2. Selected Randomized, Clinical Trials of Implantable Cardioverter—Defibrillator (ICD)Therapy.*

No. of Mean

Trial Patients Age LVEF Follow-up

yr % mo
Secondary-prevention trials
AVID® 1016 65+10 35 18+12
CIDS2° 659 64+9 34 36
CASH21 288 58+11 45 57+34
Primary-prevention trials
MADIT?22 196 63%9 26 27
MADIT 1123 1232 64+10 23 20
CABG Patch24 900 6419 27 32+16
CAT23 104 52+11 24 66+26

Control Therapy Mortality P Value
Control ICD
%
Amiodarone or sotalol 24.0 15.8 0.02
Amiodarone 29.6 253 0.14
Amiodarone or metoprolol 444 36.4 0.08
Conventional 38.6 15.7 0.009
Conventional 19.8 14.2 0.007
No ICD 213 22.2 0.64
No ICD 314 26.0 0.554

* Plus—minus values are means +SD. LVEF denotes left ventricular ejection fraction, AVID Antiarrhythmics versus Implantable Defibrillators,
CIDS Canadian Implantable Defibrillator Study, CASH Cardiac Arrest Study Hamburg, MADIT Multicenter Automatic Defibrillator Implanta-
tion Trial (first and second), CABG Patch Coronary Artery Bypass Graft Patch, and CAT Cardiomyopathy Trial.
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ac defibrillators with antiarrhythmic-drug therapy
(amiodarone, metoprolol, or propafenone). In com-
parison with the subjects in the AVID and CIDS tri-
als, those in CASH had a higher mean ejection frac-
tion and included a greater proportion of patients
with defibrillators who had also received epicardial
systems. Despite these differences, in CASH there
was a relative decrease in total mortality of 23 per-
cent in the defibrillator group, as compared with the
amiodarone and metoprolol groups combined. Ran-
dom assignment to propafenone was stopped early
in the trial because of excess mortality.

Although the AVID trial enrolled the largest num-
ber of patients and the CIDS and CASH trials did
not achieve statistical significance for the end point
of total mortality, the average length of follow-up
in the AVID trial was shorter than in either the CIDS
or CASH trial. Connolly etal.2¢ performed a meta-
analysis of the results of AVID, CIDS, and CASH and
concluded that the results of the three studies were
consistent. Overall, the reduction in total mortality
was 28 percent (95 percent confidence interval, 13 to
40 percent; P=0.006). Over an estimated follow-up
period of 6 years, the mean increase in survival with
defibrillator therapy, as compared with drug thera-
py, was 4.4 months.

The subgroup or data-base analysis reported
by all three trials provided additional insights. The
greatest benefit of implantable cardioverter—defib-
rillators occurs among patients with advanced heart

N ENGL J MED 349;19 WWW.NEJM.ORG

disease. In both the AVID trial?? and the meta-analy-
sis,2¢ little advantage over drug therapy was seen in
subjects with an ejection fraction that was greater
than 35 percent. According to Sheldon et al.,28 when
the CIDS population was stratified according to age,
gjection fraction, and functional status, defibrillator
therapy was shown to improve survival primarily for
patients in the quartile at highest risk. Patients with
arrhythmias that were thought to be due to a tran-
sient or reversible cause were excluded from the
AVID trial, but they continued to be at high risk,2°
presumably either because the transient cause was
likely to explain a recurrence or because the patients
had an underlying chronic instability. In the absence
of any contraindication, such patients may therefore
be considered candidates for treatment with an im-
plantable defibrillator.

Electrophysiological studies performed after re-
suscitation were not significant predictors of re-
current arrhythmias during follow-up among the
subjects in either the AVID trial3° or CASH.21 Pa-
tients in whom clusters of shocks were delivered in
abrief time — reflecting a phenomenon sometimes
termed an electrical storm — have an increased risk
of death in the next several months, but not of sud-
den death, even if, as is usually the case, they survive
the acute episode.31 Defibrillator therapy and anti-
arrhythmic-drug treatment had similar effects on
the quality of life among the subjects in the AVID
trial32 and CIDS,33 with a reduced quality of life as-
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sociated with sporadic shocks in the defibrillator
groups. The use of beta-adrenergic blocking drugs
is associated with improved survival even among pa-
tients receiving amiodarone.?

DEFIBRILLATOR THERAPY PLUS DRUG THERAPY

IN SECONDARY PREVENTION

The AVID, CIDS, and CASH secondary-prevention
trials were designed to test the hypothesis that ther-
apy with an implantable cardioverter—defibrillator
was superior to antiarrhythmic-drug therapy. Pa-
tients in whom antiarrhythmic-drug therapy was
thought to be required were excluded from all three
trials. In actual practice, drug therapy is often used
in conjunction with a defibrillator. Antiarrhythmic
drugs may be needed early after resuscitation to sta-
bilize the patient, or they may be needed to decrease
the frequency of shocks, to terminate the arrhyth-
mia along with antitachycardia pacing, or to treat
atrial arrhythmias. Pacifico et al.34 reported that
long-term therapy with oral sotalol decreased the
need for defibrillator shocks. Because some antiar-
rhythmic drugs may influence defibrillation thresh-
olds or tachycardia sensing, physicians should be
aware of the potential for interactions and should
retest the function of the defibrillator when a harm-
ful interaction is liable to occur.3>

PRIMARY-PREVENTION TRIALS

Even with advances in emergency medical systems,
most persons who have an out-of-hospital cardiac
arrest do not survive. Clinical trials of antiarrhyth-
mic-drug therapy for the primary prevention of sud-
den death have had variable results, showing harm,
no effect, or an inconsistent benefit.3¢ Several clin-
ical trials evaluating the implantable cardioverter—
defibrillator for the primary prevention of sudden
death have been reported. The first Multicenter Au-
tomatic Defibrillator Implantation Trial (MADIT)?2
enrolled 196 subjects with coronary artery disease,
spontaneous nonsustained ventricular tachycardia,
an ejection fraction of 35 percent or less, and induc-
ible ventricular tachycardia that was not suppressed
with the use of intravenous procainamide. The sub-
jects were randomly assigned to therapy with a de-
fibrillator or “conventional” antiarrhythmic therapy,
as prescribed by their primary care physicians, and
they were followed for a mean of 27 months. There
were 15 deaths in the defibrillator group, as com-
pared with 39 deaths in the conventional-therapy
group, for a relative reduction of 54 percent. Inter-
estingly, the improvement in mortality was report-

ed for all causes of death: arrhythmic and nonar-
rhythmic cardiac, noncardiac, and unknown. Similar
effects on deaths from noncardiac causes have not
been seen in other trials.

The Coronary Artery Bypass Graft Patch (CABG
Patch) trial?* enrolled subjects with decreased ejec-
tion fractions (35 percentor less) and abnormalities
on signal-averaged electrocardiography who were
scheduled for coronary revascularization. Patients
were randomly assigned in the operating room ei-
ther to implantation of a defibrillator with epicar-
dial leads or to no defibrillator therapy. The CABG
Patch trial was terminated when an interim analy-
sis of data from 900 subjects who were followed for
more than a mean (+SD) of 32+16 months showed
no potential benefit in the defibrillator group. There
were 101 deaths among the 454 patients who re-
ceived defibrillators, and 95 deaths among the 446
control patients. The hazard ratio for death in the
defibrillator group was 1.07 (95 percent confidence
interval, 0.81 to 1.42).

Several possible explanations for this result have
been proposed. Most of the deaths occurred in the
hospital, with a large proportion of them occurring
early in the postoperative period.37 About 10 per-
cent of the control group crossed over early to im-
plantation of a defibrillator, and these patients may
have been at the highest long-term risk for death
from cardiovascular causes. The mortality rate was
lower than anticipated, possibly owing to improve-
ments in early surgical managementand to the ben-
efits of revascularization for patients with a low ejec-
tion fraction. Epicardial-lead systems were used in
the patients who received defibrillators and may
have had an adverse effect on early mortality.

The second Multicenter Automatic Defibrilla-
tor Implantation Trial (MADIT II)23 enrolled 1232
patients with coronary artery disease, a history of
myocardial infarction, and an ejection fraction of
30 percent or less. Documentation of spontaneous
or inducible arrhythmias was not required. Patients
were randomly assigned to either defibrillator ther-
apy or conventional medical therapy. Antiarrhyth-
mic therapy was used in less than 20 percent of
patients in both groups. During an average of 20
months of follow-up, mortality from all causes was
19.8 percent in the control group and 14.2 percent
in the defibrillator group. The hazard ratio for death
in the defibrillator group was 0.69.

The Multicenter Unsustained Tachycardia Trial
(MUSTT)38:39 enrolled a study population similar
to thatin the first MADIT. Patients with a history of
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myocardial infarction, an ejection fraction of 40 per-
cent or less, and spontaneous, nonsustained ven-
tricular tachycardia underwent an electrophysio-
logical study. Patients who did not have inducible
ventricular tachycardia were followed in a registry.
Patients with inducible ventricular tachycardia were
randomly assigned to either no therapy or antiar-
rhythmic therapy, which was guided by serial elec-
trophysiological studies, and could receive a defib-
rillator if one or more of the trial drugs were not
beneficial. Although MUSTT has often been de-
scribed as a defibrillator trial, it may be better de-
scribed as a test of an electrophysiologically guided
treatment strategy in which implantable cardio-
verter—defibrillators were prescribed at an investi-
gator’s discretion. The frequency of the prescrip-
tion of an implantable defibrillator varied among
centers and over time. However, at five years the
mortality from all causes among the 161 subjects
who received defibrillators during the initial hospi-
talization (24 percent) was much lower than among
the 171 subjects who were treated with drugs (55
percent) and the 353 subjects who received no ther-
apy (48 percent).

All the clinical trials cited above included pa-
tients who had had myocardial infarctions. The role
of defibrillator therapy for the primary prevention
of death from cardiac causes in patients with non-
ischemic cardiomyopathy has not yet been estab-
lished. The Cardiomyopathy Trial?> enrolled 104
subjects with nonischemic cardiomyopathy and an
gjection fraction of 30 percent or less who were
randomly assigned either to implantation of a de-
fibrillator or to no therapy. No significant differ-
ence in survival was observed. As cited by Raj and
Sheldon,#° preliminary data from the Amiodarone
versus Implantable Cardioverter—Defibrillator Trial
(AMIOVIRT) showed no improvement in survival
with implantation of a defibrillator as compared
with amiodarone therapy in 103 patients with non-
ischemic dilated cardiomyopathy. Two large, ongo-
ing trials, the Defibrillators in Nonischemic Cardio-
myopathy Treatment Evaluation (DEFINITE)#1 and
the Sudden Cardiac Death in Heart Failure Trial
(SCD-HEFT),*2 may help to clarify the comparative
benefits of these therapies in patients at high risk
for sudden death from cardiac causes.

Ventricular arrhythmias thatlead to sudden death
can result from a number of congenital syndromes
and acquired diseases that have been treated with
implantable defibrillators. Some examples are hy-
pertrophic cardiomyopathy,*3 the long-QT syn-

drome,+# the Brugada syndrome, 4> sarcoidosis,*®
arrhythmogenic right ventricular dysplasia,*” and
certain congenital heart diseases.#8-59 Since these
conditions are relatively uncommon, it is unlikely
that randomized trials of defibrillator therapy for
them will be conducted.

On the basis of large completed trials, ongoing
trials, and other clinical evidence, revised guidelines
for therapy with implantable cardioverter—defibril-
lators have recently been published in the United
States5t and Europe.>2 The list of indications in-
cludes both primary prevention of sudden death in
persons at high risk and secondary prevention, after
an initial episode of sustained ventricular tachyar-
rhythmia, in most forms of cardiac disease (Table 3).

CARDIAC RESYNCHRONIZATION
AND THE IMPLANTABLE
CARDIOVERTER—DEFIBRILLATOR

Cardiac resynchronization is a recently developed
technique in which biventricular pacing is used to
improve ventricular function.>3 In patients with de-
pressed ejection fractions, intraventricular conduc-
tion delay, and advanced heart failure (New York
Heart Association [NYHA] functional class III or
IV), cardiac resynchronization may improve hemo-
dynamic function, increase exercise tolerance, and
lower the NYHA functional class. Preliminary re-
ports from two randomized trials145455 indicate
that combining cardiac resynchronization with de-
fibrillator therapy may improve functional status
and lower mortality.

COMPLICATIONS

The evolution of the implantable defibrillator from
a large device that required an abdominal pocket
and insertion of an epicardial lead system by thora-
cotomy to the present generation of smaller trans-
venous pectoral devices has markedly decreased the
complications related to implantation (Table 4).56-58
The surgical complications are similar in type and
frequency to those seen with routine pacemaker im-
plantation. Infection occurs in 1 to 2 percent of cas-
es after implantation and requires further surgery
to remove the device. Malfunctions in a lead after
implantation continue to be a problem. Fractures
inalead or failure in the insulation can cause false
signals, which, when detected, prompt delivery of
inappropriate shocks. Changes in the patient’s con-
dition, the addition of drug therapy, or abnormal-

N ENGL J MED 349;19 WWW.NEJM.ORG NOVEMBER 6, 2003

Downloaded from www.nejm.org at WASHINGTON HOSP CTR on December 1, 2004 .
Copyright © 2003 Massachusetts Medical Society. All rights reserved.



MEDICAL PROGRESS

ities in the levels of electrolytes may increase the
defibrillation threshold. The unnecessary use of ven-
tricular pacing may have led to an increased number
of hospitalizations among the subjects in the sec-
ond MADIT?3 and those in the Dual Chamber and
VVI Implantable Defibrillator (DAVID) trial,5° in
which defibrillators that provide dual-chamber pac-
ing were compared with defibrillators that provide
ventricular backup pacing.

Frequent shocks, whether appropriately deliv-
ered during a ventricular arrhythmia or inappropri-
ately delivered in the absence of an arrhythmia, are
the most common complications encountered af-
ter implantation of a defibrillator. When the shocks
are appropriate, antitachycardia pacing can be re-
programmed to improve its effectiveness, antiarrhy-
thmic-drug therapy can be instituted or changed, or
catheter ablation can be performed.®® When shocks
are inappropriately delivered because of supraven-
tricular arrhythmias in the detection zone, repro-
gramming of the defibrillator to include an arrhyth-
mia-discrimination algorithm, drug therapy, or an
ablation procedure may be helpful.

Patients’ psychological responses to implanta-
tion of a defibrillator are highly variable.°1 In the
AVID trial,32 patients who reported shocks during
follow-up also reported reductions in their physical
functioning and mental well-being and increased
anxiety. In CIDS, 33 adverse effects on the quality of
life were observed only in patients who received
more than four shocks. In both of these studies, pa-
tients who reported having received no shocks also
reported a quality of life similar or superior to that
reported by subjects receiving antiarrhythmic drugs
who had no adverse effects from the therapy.

FOLLOW-UP

Current implantable defibrillators automatically
perform necessary periodic capacitor reformation
and recharging of the battery to maintain electrical
integrity. Patients should be seen at regular intervals
to monitor the site of implantation, proper function-
ing of the leads and the device, arrhythmia detec-
tion, and the delivery of therapy.®2:63 The interval
between follow-up visits may range between one
and six months, depending on the patient’s condi-
tion and the length of time since implantation of
the defibrillator. Primary follow-up should be con-
ducted by or in coordination with an electrophysi-
ologistwith experience in defibrillator management.
Manufacturers of implantable defibrillators have

Cardioverter—Defibrillator (ICD) Therapy.*

Table 3. Major Indications and Contraindications for Implantable

Indications

Secondary prevention

Cardiac arrest due to VT or VF

Sustained VT, especially with structural
heart disease

Unexplained syncope with inducible
sustained VT or VF or with advanced
structural heart disease and no
other identifiable cause

Primary prevention

Coronary disease, LV dysfunction,
inducible VT

Chronic coronary disease,
LVEF <30 percent

High-risk, inherited or acquired con-
ditions (e.g., long-QT syndrome,
Brugada’s syndrome, hypertrophic
cardiomyopathy)

ICD therapy plus biventricular pacing
Above indications with QRS =130 msec,

Contraindications
Unexplained syncope in the
absence of structural heart
disease or inducible VT
or VF
Incessant VT or VF

VT or VF due to completely
correctable cause

Psychiatric illness potentially
aggravated by ICD therapy

Terminal illness

Irreversible NYHA class IV
congestive heart failure
without option
of cardiac transplantation

Implantation at time of
coronary-bypass surgery
performed for primary
prevention

LV dilatation, LVEF <35 percent, and
advanced heart failure

* Modified from Gregoratos et al.,5* where a full list and description of indica-
tions can be found. VT denotes ventricular tachycardia, VF ventricular fibrilla-
tion, LV left ventricular, LVEF left ventricular ejection fraction, and NYHA New

York Heart Association.

Web sites and other technical support services for
physicians who have questions concerning patients
with defibrillators.

Patients who report single shocks without se-
quelae can be evaluated by the physician during a
routine office visit. Patients who have multiple
shocks within a short period (24 to 48 hours) should
contact their physicians within 24 hours. Patients
and physicians should both be aware that strong
electromagnetic fields may interfere with the func-
tion of a defibrillator. Malfunctions caused by diag-
nostic or therapeutic devices that generate electrical
current or magnetic fields (e.g., cautery and mag-
netic resonance imaging) or by the use of motors,
appliances, cellular phones, and security and an-
titheft devices have been reported.64.65

Driving should not be affected by an implanted
defibrillator, but patients who have had episodes of
severe symptoms or loss of consciousness within
the previous six months, whether or not they have
an implanted defibrillator, should be advised to re-
frain from driving.®®:67 Many patients resume driv-
ing after an interval of less than six months during
which they have been free of symptoms.®8 Patients
must be warned of specific local legal restrictions
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Table 4. Complications of Implantable Cardioverter—
Defibrillator Therapy.

Device-related

Infection or erosion

Hematoma

Pneumothorax

Lead dislodgment

Inadequate defibrillation threshold
Connection problems

Lead malfunctions or fractures
Electromagnetic interference

Therapy-related

Frequent shocks, appropriate or inappropriate
Acceleration of ventricular tachycardia
Psychological reactions

Longer or additional hospitalization (possibly for right
ventricular pacing)

on driving. Driving is typically not restricted among
patients who receive defibrillators for primary pre-
vention, because such patients have no history of
an arrhythmia that might cause loss of control of
avehicle.

FACTORS AFFECTING USE

Many factors affect the adoption of new medical
devices.®9-71 Originally, the indication for implant-
able cardioverter—defibrillator therapy was recurrent
life-threatening ventricular arrhythmias that were
unresponsive to drug therapy. Now, implantable de-
fibrillator therapy may also be indicated for the pri-
mary or secondary prevention of sudden death from
cardiac causes in many groups of patients. The de-
velopment of devices that combine cardiac resyn-
chronization with standard defibrillator functions
offers the possibility of improving the patient’s func-
tional status as well as prolonging life. In other
countries, the acceptance of implantable cardiovert-
er—defibrillator therapy for secondary and, especial-
ly, primary prevention has been uneven.?%:71 The
rate of defibrillator implantation per 1 million per-
sons in the United States is five times as high as the
rate in Western Europe, whereas the rate of im-
plantation there far exceeds that elsewhere in the
world. Possible reasons for these differences in-
clude social attitudes toward sudden death, the
prevalence of heart disease in the population, differ-
ences in the organization and funding of medical
care, the amount of resources available for such

high-technology devices, the availability of trained
electrophysiologists, and market penetration by
manufacturers of cardioverter—defibrillators.

Estimates of the costs of implantable-defibrilla-
tor therapy depend strongly on the design used in
the analysis.”® Implantable-defibrillator therapy has
both a large up-front cost and considerable addi-
tional costs throughout the life of the device. If the
estimates of costs and benefits used in a clinical trial
are truncated at the close of the study, the result will
overestimate the cost per year of life saved. Long-
term data from the meta-analysis2° of the results of
the AVID, CASH, and CIDS trials suggest that the
survival benefits of defibrillator therapy for second-
ary prevention, in comparison with those of drug
therapy, decrease over time and are negligible after
about six years. Long-term economic data from tri-
als on the primary prevention of sudden death are
not yet available.

Although complex models for the economic as-
sessment of defibrillator therapy have been de-
scribed, the results have varied, owing to the wide
range of assumptions made regarding the risk of
death from arrhythmias in the patient population
and the relative effectiveness of the therapies exam-
ined.7274 An economic analysis conducted by the
CIDS investigators?> suggested that the cost per
year of life saved might be acceptable if implantable
defibrillators were prescribed only for persons with
atleast two of the following risk factors: an age of
70 years or more, an ejection fraction of 35 percent
or less, and advanced heart failure. Others have re-
ported similar analyses.”®

In the United States, the greatest number of
out-of-hospital deaths from cardiac causes and
the highest ratios of out-of-hospital to in-hospi-
tal deaths from cardiac causes are seen in the old-
est age groups; in 1999, 37.3 percent and 28.4
percent of 465,000 such deaths that occurred out-
of-hospital or in emergency departments were in
persons over 85 years of age and between 75 and
84 years of age, respectively.””

The appropriate application of an intervention
as expensive as implantable cardioverter—defibrilla-
tor therapy remains an unsettled issue, and one that
is influenced by political, ethical, philosophical, so-
cial, economic, and medical factors. Although some
have called on manufacturers to market low-cost
implantable defibrillators,?® such marketing would
require a change in the current business model,
which features competition among large manufac-
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turers on the basis of technological innovation and
intensive support to patients and physicians.”9

MEDICAL PROGRESS

verter—defibrillators may improve the functional
status and quality of life of selected patients who

are likely to benefit from biventricular pacing. The

SUMMARY

implantable defibrillator, however, is invasive and

Implantable cardioverter—defibrillator therapy has
been established as an effective method of prevent-
ing sudden death from cardiac causes. Few other in-
terventions have been shown as consistently to have
equivalent absolute and relative effects on survival

among high-risk patients. New models of cardio- and CPI/Guidant.
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