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ABSTRACT

BACKGROUND

Eight randomized trials have evaluated whether the prophylactic use of an implantable
cardioverter—defibrillator (ICD) improves survival among patients who are at risk for
sudden death due to left ventricular systolic dysfunction but who have not had a life-
threatening ventricular arrhythmia. We assessed the cost-effectiveness of the ICD in
the populations represented in these primary-prevention trials.

METHODS

We developed a Markov model of the cost, quality of life, survival, and incremental cost-
effectiveness of the prophylactic implantation of an ICD, as compared with control
therapy, among patients with survival and mortality rates similar to those in each of the
clinical trials. We modeled the efficacy of the ICD as a reduction in the relative risk of
death on the basis of the hazard ratios reported in the individual clinical trials.

RESULTS

Use of the ICD increased lifetime costs in every trial. Two trials — the Coronary Artery
Bypass Graft (CABG) Patch Trial and the Defibrillator in Acute Myocardial Infarction
Trial (DINAMIT) — found that the prophylactic implantation of an ICD did not reduce
the risk of death and thus was both more expensive and less effective than control ther-
apy. For the other six trials — the Multicenter Automatic Defibrillator Implantation
Trial (MADIT) I, MADIT II, the Multicenter Unsustained Tachycardia Trial (MUSTT),
the Defibrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation (DEFINITE)
trial, the Comparison of Medical Therapy, Pacing, and Defibrillation in Heart Failure
(COMPANION) trial, and the Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT)
— the use of an ICD was projected to add between 1.01 and 2.99 quality-adjusted life-
years (QALY) and between $68,300 and $101,500 in cost. Using base-case assumptions,
we found that the cost-effectiveness of the ICD as compared with control therapy in
these six populations ranged from $34,000 to $70,200 per QALY gained. Sensitivity
analyses showed that this cost-effectiveness ratio would remain below $100,000 per
QALY as long as the ICD reduced mortality for seven or more years.

CONCLUSIONS
Prophylactic implantation of an ICD has a cost-effectiveness ratio below $100,000 per
QALY gained in populations in which a significant device-related reduction in mortality
has been demonstrated.

N ENGL J MED 353;14 WWW.NEJM.ORG OCTOBER 6, 2005

From Duke Clinical Research Institute,
Duke University, Durham, N.C. (G.D.S.);
the Department of Health Research and
Policy, School of Medicine (M.A.H.), and
the Center for Primary Care and Out-
comes Research, Department of Medicine
(M.AH., D.K.O.), Stanford University,
Stanford, Calif.; and the Veterans Affairs
Palo Alto Health Care System, Palo Alto,
Calif. (D.K.O.). Address reprint requests
to Dr. Sanders at Duke Clinical Research In-
stitute, P.O. Box 17969, Duke University,
Durham, NC 27715, or at gillian.sanders@
duke.edu.

N Engl ) Med 2005;353:1471-80.
Copyright © 2005 Massachusetts Medical Society.

1471

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.

Copyright © 2005 Massachusetts Medical Society. All rights reserved.



1472

The NEW ENGLAND JOURNAL of MEDICINE

HE IMPLANTABLE CARDIOVERTER-—

defibrillator (ICD) can convert episodes

of ventricular fibrillation and ventricular
tachycardia to sinus rhythm, thus potentially avert-
ing sudden death from cardiac causes. Randomized
trials clearly demonstrate that the implantation of
an ICD reduces the subsequent risk of death among
patients who have been resuscitated from a cardiac
arrest.1-3 However, because very few patients in the
United States survive an out-of-hospital cardiac ar-
rest, a strategy of implanting an ICD in patients at
high risk for sudden death from cardiac causes has
been proposed.

Eight clinical trials have randomly assigned pa-
tients at risk for sudden death due to left ventric-
ular systolic dysfunction who have not had life-
threatening ventricular arrhythmias to receive an
ICD or an alternative therapy: the Defibrillator in
Acute Myocardial Infarction Trial (DINAMIT), the
Multicenter Automatic Defibrillator Implantation
Trial Tand IT (MADIT I and MADIT II, respectively),
the Defibrillators in Non-Ischemic Cardiomyop-
athy Treatment Evaluation (DEFINITE) trial, the
Comparison of Medical Therapy, Pacing, and
Defibrillation in Heart Failure (COMPANION) tri-
al, the Multicenter Unsustained Tachycardia Trial
(MUSTT), the Sudden Cardiac Death in Heart Fail-
ure Trial (SCD-HeFT), and the Coronary Artery By-
pass Graft (CABG) Patch Trial.4-11 Several of these
trials, most notably MADIT Il and SCD-HeFT, have
shown that prophylactic implantation of an ICD
significantly reduced overall mortality.>° No such
advantage was found in the DINAMIT and CABG
Patch Trial, however.410

The Centers for Medicare and Medicaid Services
estimate that as many as 500,000 Medicare bene-
ficiaries might be eligible to receive a prophylactic
ICD in the United States.12 Given the substantial
cost of the ICD, the economic effect of this strategy
must be considered. In this analysis, we evaluated
the benefits, costs, and cost-effectiveness of the
prophylactic implantation of an ICD in patients
meeting the inclusion criteria of each of the eight
primary-prevention trials.

METHODS

DESIGN OF THE STUDY

We used a decision model to estimate costs and
survival among patients who received either an ICD
for the primary prevention of sudden death from
cardiac causes or control therapy (Fig. 1). We ad-

hered to recommendations for the conduct of cost-
effectiveness analyses by using a societal perspective
on health benefits and costs and applying a 3 per-
cent annual discount rate.13 Although some of the
individual trials from which we obtained data were
supported by device manufacturers, none of the au-
thors of this article had any association with the
manufacturers of ICD devices.

DECISION MODEL

We adapted a Markov model14:15 developed to as-
sess the cost-effectiveness of the ICD16-18 (Fig. 1)
using Decision Maker software (version 2002.7.2,
Pratt Medical Group). The model tracked a cohort
of patients who received either a prophylactic ICD
or control therapy. Each month, patients in this
Markov tree were at risk for sudden death from car-
diac causes, nonsudden death from cardiac causes,
and death from noncardiac causes.

We assumed that the probability of death was
constant and matched the total rate of death from
any cause among the control patients during the
average follow-up period (range, 16 to 41 months).
For extrapolation beyond the trial period, we as-
sumed the annual rate of death from any cause ob-
served during the trial period continued, butwe also
incorporated data from the U.S. general population
to account for the increase in the age- and sex-spe-
cific rate of death from noncardiac causes as the
cohort aged.19 Additional information is provided
in the Supplementary Appendix, available with the
full text of this article at www.nejm.org.+-11

EFFICACY OF THE ICD

We modeled the efficacy of ICD therapy as a reduc-
tion in the relative risk of death from any cause on
the basis of the hazard ratios reported by each clin-
ical trial (provided in the Supplementary Appen-
dix).4-11,16,20-30 The effectiveness of the ICD, as
compared with control therapy, in reducing the
hazard ratio for death varied among the trials in re-
lation to their annual rate of death from any cause
(correlation coefficient, —0.76) (Fig. 2). For our
base-case analysis, we assumed that the benefit of
the ICD would continue throughout the patient’s
lifetime and that the generator would be replaced
every five years.21

QUALITY OF LIFE

The Markov model incorporated adjustments for
the quality of life associated with age-specific cur-
rent health, a history of myocardial infarction, and
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with implantation of an ICD with the use of utili-
ties. Utilities are a measure of the quality of life rat-
ed on a scale from 0 to 1, where O represents death
and 1 ideal health. The model assumed that one
year of life with left ventricular dysfunction equaled
0.88 year of optimal health on the basis on data
from previous studies.27-29:31 This figure was then
multiplied by age-specific weights based on data
from the Beaver Dam Health Outcomes Study.28 In
our base-case analysis, we assumed that the quality
oflife did not change as a result of the implantation
ofan ICD. We assumed that patients who were hos-
pitalized for lead infections received a quality-of-
life decrement of 3.5 days (as shown in the Supple-
mentary Appendix).

cosTs
Our analysis included the direct costs of medical
care associated with inpatient and outpatient treat-
ment (provided in the Supplementary Appendix).
We included the costs of the initial ICD implanta-
tion; of ongoing therapy for both the control and
ICD groups, including visits to physicians, labora-
tory tests, and rehospitalization; and of ICD genera-
tor or lead replacement. We updated all costs to 2005
U.S. dollars using the gross domestic product de-
flator.32:33 We based the cost of ICD implantation
($27,975) and replacement ($18,390) on the fiscal-
year 2005 Medicare Inpatient Prospective Hospi-
tal Payment system (diagnosis-related groups 515
and 115) and professional fees (Current Procedural
Terminology codes 33249 and 33240). We assumed
that single-chamber ICDs were used in terms of
both costs and complications. We obtained follow-
up hospitalization costs unrelated to ICD implan-
tation for both strategies from the Myocardial In-
farction Triage and Intervention patient registry.34:35

SENSITIVITY ANALYSES

We performed sensitivity analyses to account for
important model assumptions and uncertainties.
For clinical variables, our ranges for sensitivity
analyses represent our judgment of the variation
likely to be encountered in clinical practice on the
basis of both the literature and discussion with ex-
perts. In sensitivity analyses that included all model
variables, the incremental cost-effectiveness of the
ICD as compared with control therapy was most
sensitive to variation in five factors: the efficacy of
the ICD in reducing mortality, the cost of ICD im-
plantation, the frequency of generator replacement,
the quality of life, and the time horizon used in the
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Figure 1. The Decision Model.

The square on the left represents a choice between alternative treatments:
the implantation of an ICD or control therapy. Circles represent chance nodes.
Patients who receive an ICD are at risk for death from the implantation proce-
dure. Patients who do not die from the procedure and patients assigned to con-
ventional (control) treatment enter the Markov tree (denoted by rectangles
containing circles and an arrow). The Markov tree represents the clinical events
that can occur during each one-month period as a patient is followed until
death: a patient may die (from arrhythmia, nonarrhythmic cardiac causes, or
noncardiac causes). If the patient survives, he or she remains well for the one-
month period. Patients who have an ICD may have a lead infection or failure
that may (or may not) cause them to discontinue treatment (and to switch to
the control therapy).

analysis. We therefore explored these variables more
extensively and assessed the range of potential ef-
fects.

RESULTS

VALIDATION OF THE MODEL

For the trial period, our Markov model predicted
mortality rates associated with control therapy that
were within 0.3 percentage point of those found in
the individual trials. For the ICD strategy, our mod-
el matched the trial results within 1.6 percentage
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Hazard Ratio for Death after Receipt of ICD
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Figure 2. Hazard Ratios for the Risk of Death after the Implantation of an ICD,
as Compared with Control Therapy, in Eight Primary-Prevention Trials.

The eight trials were as follows: the Defibrillator in Acute Myocardial Infarc-
tion Trial (DINAMIT), the Multicenter Automatic Defibrillator Implantation
Trial I (MADIT 1), MADIT I, the Defibrillators in Non-Ischemic Cardiomy-
opathy Treatment Evaluation (DEFINITE) trial, the Comparison of Medical
Therapy, Pacing, and Defibrillation in Heart Failure (COMPANION) trial,
the Multicenter Unsustained Tachycardia Trial (MUSTT), the Sudden Cardiac
Death in Heart Failure Trial (SCD-HeFT), and the Coronary Artery Bypass
Graft (CABG) Patch Trial.412

1474

points except for those of MADIT I, for which our
estimated mortality rate was 20 percent at 27
months, rather than the actual rate 0f 15.8 percent.
The cause of this discrepancy is not clear.

BASE-CASE ANALYSIS

The health and economic outcomes varied greatly
among the trial populations (Table 1). In each pop-
ulation, prophylactic implantation of an ICD was
more expensive than control therapy, with the
increase in estimated lifetime discounted costs
ranging from $55,700 in the CABG Patch Trial to
$101,500 in MUSTT. In six of the eight popula-
tions, implantation of the ICD improved life ex-
pectancy relative to control therapy, with the dis-
counted increment ranging from 1.40 to 4.14 years
(undiscounted range, 2.12 to 6.21) or from 1.01 to
2.99 quality-adjusted life-years (QALY) (undiscount-
ed range, 1.53 to 4.47). The incremental cost-
effectiveness ratios based on these trials ranged
from $24,500 to $50,700 per life-year added and
from $34,000 to $70,200 per QALY added (Table 1).
In two trials (DINAMIT and CABG Patch), the life
expectancy of the patients who received an ICD was
less than that of the patients who received control

therapy, so the ICD was both more expensive and
less effective than control therapy.

SENSITIVITY ANALYSES

The incremental cost-effectiveness of the ICD as
compared with control therapy became more favor-
able as the efficacy of the ICD increased within the
95 percent confidence interval for the reduction in
the risk of death from any cause that was calculated
in each trial (Table 1 and Fig. 3A). Since the efficacy
of the ICD is, in general, related to the estimated
annual mortality rate in the patient population stud-
ied (Fig. 2), the incremental cost-effectiveness of
the ICD tended to be more favorable in higher-risk
patients.

Lowering the estimated cost of the ICD im-
proved cost-effectiveness. If the cost of the ICD were
reduced from $27,975 to $10,000, the incremental
cost-effectiveness of ICD therapy would improve
from $70,200 to $52,400 per QALY gained in
SCD-HeFT and from $34,000 to $27,900 per QALY
gained in MUSTT. Conversely, if the cost of the de-
vice were increased to $60,000, the incremental
cost-effectiveness of the ICD would be less favor-
able, ranging from $44,700 per QALY gained in
MUSTT to $101,800 per QALY gained in SCD-HeFT.

IfICD generators were replaced more frequent-
ly than every five years, the cost-effectiveness of ICD
therapy would be less economically favorable (re-
placement every three years yields an incremental
cost-effectiveness of between $41,200 and $88,600
per QALY gained for the clinical trials in which pro-
phylactic implantation of an ICD was found to be
better than control therapy). However, if the gen-
erators were replaced every seven years, the cost-
effectiveness of ICD implantation relative to control
therapy would improve to between $30,800 and
$62,300 per QALY gained (Fig. 3B).

We initially assumed that the prophylactic im-
plantation of an ICD would not further change the
patients’ quality of life, butif the patients’ quality of
life were decreased by prophylactic ICD implanta-
tion, the cost-effectiveness of this approach would
be much less favorable (Fig. 3C). For example, in
SCD-HeFT, if a patient in the control group has a
utility of 0.88 and a patient with an ICD has a utility
0f0.72 or less, then the control therapy is associat-
ed with both lower costs and better outcomes than
the implantation of an ICD. Such an ICD-associated
decrease in the quality of life might be anticipated,
for example, in a patient who received numerous
shocks from the device.36 However, as long as the

N ENGL J MED 353;14 WWW.NEJM.ORG OCTOBER 6, 2005

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.

Copyright © 2005 Massachusetts Medical Society. All rights reserved.



COST-EFFECTIVENESS OF IMPLANTABLE CARDIOVERTER—DEFIBRILLATORS

Table 1. Health and Economic Outcomes of the Prophylactic Implantation of an ICD as Compared with Control Therapy.*
Increase in Increase in Increase in
Trial and Cost Related Life Life Expectancy QALY Related
Strategy Cost to ICD Expectancy Relatedto ICD QALY to ICD Incremental Cost-Effectiveness of ICD}
Baseline  High Low
$/Life-Yr Efficacy  Efficacy  Efficacy
$ year $/QALY

MADIT |

Control 38,300 4.06 2.98

ICD 130,400 92,100 7.70 3.64 5.62 2.64 25,300 34,900 27,000 96,600
CABG Patch

Control 78,600 8.41 6.13

ICD 134,400 55,700 8.01 (0.40) 5.84 (0.29) Dominated Dominated 84,200 Dominated
MUSTT

Control 44,300 4.72 3.46

ICD 145,800 101,500 8.86 4.14 6.45 2.99 24,500 34,000 28,800 47,600
MADIT Il

Control 57,500 6.16 4.51

ICD 136,900 79,400 8.20 2.03 5.98 1.47 39,000 54,100 37,200 213,900
DEFINITE

Control 84,400 9.03 6.57

ICD 184,900 100,500 11.75 2.73 8.53 1.96 36,800 51,300 34,500 Dominated
DINAMIT

Control 88,300 9.44 6.87

ICD 147,200 58,800 8.96 (0.48) 6.53 (0.34) Dominated Dominated 70,900 Dominated
COMPANION

Control 37,800 4.01 2.95

ICD 106,100 68,300 5.88 1.87 431 1.36 36,500 50,300 36,100 123,800
SCD-HeFT

Control 57,800 6.19 4.53

ICD 128,800 71,000 7.59 1.40 5.54 1.01 50,700 70,200 45,600 368,800

* The following eight trials were evaluated: the Defibrillator in Acute Myocardial Infarction Trial (DINAMIT), the Multicenter Automatic Defibril-
lator Implantation Trial | (MADIT 1), MADIT Il, the Defibrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation (DEFINITE) trial, the
Comparison of Medical Therapy, Pacing, and Defibrillation in Heart Failure (COMPANION) trial, the Multicenter Unsustained Tachycardia
Trial (MUSTT), the Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT), and the Coronary Artery Bypass Graft (CABG) Patch Trial.411
Numbers in parentheses correspond to a decrease in the value and thus to an increase in the risk of death among patients who received an
ICD. Costs and life expectancy are discounted at an annual rate of 3 percent. QALY denotes quality-adjusted life-year.

T Low efficacy and high efficacy correspond to the results obtained with the use of 95 percent confidence intervals for the efficacy of prophylactic
ICD implantation as compared with control therapy in each clinical trial, except in the case of SCD-HeFT, which reported 97.5 percent confi-
dence intervals. The term “dominated” means that the prophylactic implantation of an ICD was both more expensive and less effective than
control therapy.

utility associated with having an ICD exceeded 0.84,
the cost-effectiveness would be less than $100,000
per QALY gained. Recent clinical trials suggest that
the implantation of an ICD may in fact improve the
average quality of life.36:37 In SCD-HeFT, if the ICD
utility were increased to 0.95 (base-case utility, 0.88),
then the cost-effectiveness of the implantation of
an ICD would improve to less than $50,000 per
QALY gained.
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Because patients with nonischemic cardiomyop-
athy might have a lower quality of life than those
with ischemic heart disease, we also explored the
effect of decreasing patients’ utility on the basis of
the presence of left ventricular dysfunction (for both
the ICD and control strategies) from our base-case
value of 0.88 to 0.75, as suggested in one study.38
In the clinical trials in which prophylactic implan-
tation of an ICD was found to be better than control
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therapy, the cost-effectiveness of the ICD would
range from $39,800 to $82,400 per QALY gained.
Because such patients might also have higher inpa-
tient costs, we also explored increasing monthly
inpatient costs. Our results were not sensitive to
these changes; increasing these monthly inpatient
costs by 50 percent (for both treatment strategies)
would change the incremental cost-effectiveness
of the implantation of an ICD from $70,200 to
$73,500 per QALY gained in SCD-HeFT and from
$34,000 to $37,300 per QALY gained in MUSTT.

EXTRAPOLATION AND THE TIME HORIZON

Our base-case analyses used a time horizon thaten-
compassed the lifetime of the patient, and we as-
sumed that the costs and benefits associated with
the ICD in reducing the risk of sudden death from
cardiac causes would continue for the entire period.
If we used a lifelong horizon but assumed that ICD
efficacy ceased after the first three years, the cost-
effectiveness of the ICD as compared with control
treatment became much less favorable, ranging
from $70,200 per QALY gained in MUSTT to
$171,800 per QALY gained in SCD-HeFT (Fig. 4A).
As long as the ICD retained its effectiveness for at
least seven years, the cost-effectiveness of this ap-
proach as compared with control therapy was less
than $100,000 per QALY gained in all trials in which
prophylactic implantation of an ICD was found to
be better than control therapy (Fig. 44).

We also evaluated the costs and benefits of the
implantation of an ICD as compared with control
therapy for various time horizons (Fig. 4B). In these
analyses, both costs and benefits were included in
the simulation through the use of a specified time
horizon (for example, three years), and neither costs
nor benefits that occurred after that time frame were
included. Cost-effectiveness became substantially
more favorable as the time horizon increased (Fig.
4B). Therefore, a cost-effectiveness analysis limited
to a shorter time horizon would result in a less fa-
vorable estimate of cost-effectiveness than would an
analysis with a longer time horizon.

DISCUSSION

Our analysis demonstrates that under most as-
sumptions, the prophylactic implantation of an ICD
has a cost-effectiveness ratio below $100,000 per

Figure 3 (facing page). Sensitivity Analysis of the Incre-
mental Cost-Effectiveness of Prophylactic Implantation
of an ICD, as Compared with Control Therapy, with Re-
spect to Efficacy (Panel A), the Frequency of Generator
Replacement (Panel B), and the Quality of Life (Panel C).

Eight trials were analyzed: the Defibrillator in Acute
Myocardial Infarction Trial (DINAMIT), the Multicenter
Automatic Defibrillator Implantation Trial | (MADIT 1),
MADIT Il, the Defibrillators in Non-Ischemic Cardio-
myopathy Treatment Evaluation (DEFINITE) trial, the
Comparison of Medical Therapy, Pacing, and Defibril-
lation in Heart Failure (COMPANION) trial, the Multi-
center Unsustained Tachycardia Trial (MUSTT), the
Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT),
and the Coronary Artery Bypass Graft (CABG) Patch Tri-
al.#12 Panel A reflects the efficacy of the ICD in reducing
the risk of death from any cause. The arrows indicate the
efficacy of the ICD in reducing the risk of death from any
cause in the individual trials. The arrow in Panel B indi-
cates the base-case estimate of replacing the generator
every five years. The arrow in Panel C indicates the base-
case estimate of the quality of life with an ICD of 0.88.
For this analysis, the assumed quality of life with control
therapy remains constant at 0.88. QALY denotes quality-
adjusted life-year.

QALY gained in patients at increased risk for sud-
den death as the result of a reduced left ventricular
gjection fraction. The weight of evidence from eight
randomized trials is that the prophylactic implan-
tation of an ICD reduces the rate of death from any
cause; in the six trials that showed a mortality ben-
efit, we project that the implantation of an ICD adds
between 2.12 and 6.21 undiscounted years of life.
This increment in life expectancy is substantial as
compared with that provided by many other medi-
cal interventions, and the incremental cost-effective-
ness of the ICD, in appropriately selected patients,
is similar to that of other interventions often accept-
ed as cost-effective.

In the six randomized trials that showed a reduc-
tion in mortality associated with the implantation
of an ICD,5-911 we found a cost-effectiveness ratio
ofless than $51,000 per additional life-year and less
than $71,000 per QALY gained. In the two studies
that found a higher mortality rate among patients
who received an ICD than among patients who re-
ceived control therapy, the ICD strategy was associ-
ated with higher costs and worse outcomes.

A quantitative overview2° of the eight primary-
prevention ICD trials showed a significant degree
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Figure 4. Incremental Cost-Effectiveness of the Prophylactic Implantation of an ICD, as Compared with Control Therapy,
with Respect to the Duration of the ICD-Associated Reduction in the Risk of Sudden Death from Cardiac Causes
(Panel A) and the Time Horizon (Panel B).
The analysis included the six trials in which prophylactic implantation of an ICD was found to be better than control ther-
apy: the Multicenter Automatic Defibrillator Implantation Trial | (MADIT 1), MADIT II, the Defibrillators in Non-Ischemic
Cardiomyopathy Treatment Evaluation (DEFINITE) trial, the Comparison of Medical Therapy, Pacing, and Defibrillation
in Heart Failure (COMPANION) trial, the Multicenter Unsustained Tachycardia Trial (MUSTT), and the Sudden Cardiac
Death in Heart Failure Trial (SCD-HeFT). In Panel A, the x axis indicates the duration of the ICD-associated benefit in
years; after this time it is assumed that the ICD provides no additional benefit and the survival curves of both groups are
parallel. In this analysis, the costs for both treatment strategies continue through the patient’s projected lifetime. The
base-case assumption is that the benefit lasts a lifetime (arrow). In Panel B, both costs and benefits are assumed to stop
at the specified time. QALY denotes quality-adjusted life-year.

of heterogeneity among these trials in the effective- lations, the differing quality of the non-ICD medi-

ness of the ICD in reducing the rate of death from
any cause. The disparity in results among these
studies is probably a consequence of several factors,
including the differing characteristics of the popu-

cal therapy given to the control groups, and the
differing competing risks of death from causes not
affected by ICD implantation. The two trials in
which patients assigned to ICD therapy had a higher
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mortality rate were composed of patients who were
undergoing concomitant bypass surgery (CABG
Patch) or who had had an acute myocardial infarc-
tion (DINAMIT). Prophylactic implantation of an
ICD in such patients may have reduced efficacy ow-
ing to the specific characteristics of the patient
population, competing causes of death, or both.
Whatever the reason, this heterogeneity in the ef-
fectiveness of prophylactic implantation of an ICD
highlights the need for appropriate, evidence-based
selection of patients.

Because the clinical results of the prophylactic
implantation of an ICD vary substantially depend-
ing on the patient population, we did not pool the
results of available trials to estimate an overall cost-
effectiveness ratio. Indeed, cost-effectiveness is not
an inherent property of any particular therapy but
depends on the patient population in which the
therapy is used. When the clinical effectiveness of
a therapy varies according to the population select-
ed, its cost-effectiveness will vary as well.39

Prophylactic implantation of an ICD poses a dif-
ficult challenge to health policymakers owing to
the high cost of the device and the large patient pop-
ulation in which it may be applied.4° Even if this ap-
proach is used only in patient populations in which
ithas been shown to be cost-effective, the aggregate
expenditure in the United States for ICDs could eas-
ily exceed several billion dollars per year. If clini-
cians extend the prophylactic use of ICDs to lower-
risk patients in whom the efficacy is lower and
cost-effectiveness less favorable, the societal cost
will rise further. On the other hand, within the pop-
ulation of patients with low ejection fractions, it may
be possible to identify subgroups that have a char-
acteristically greater or lesser benefit. The Center
for Medicare and Medicaid Services has announced
plans for the prospective collection of data to assist
in identifying such subgroups.12 There is not yet,
however, a consensus as to how such patients might
be identified.

Recently, the SCD-HeFT investigators presented
results from their trial-specific cost-effectiveness
analysis.4! Their base-case analysis estimates that
the ICD costs $33,200 per life-year more than does
medical management (as compared with our esti-
mate of $50,700 per life-year). Although we do not

have access to all their assumptions, incorporating
into our model the lower ICD-implantation cost
used in their analysis ($17,500) would result in a
cost-effectiveness ratio of $43,200 per life-year.

Our study has several limitations. We used only
summary data from each trial, so our projections
may not match the more detailed results of pro-
spective economic studies that may have been done
within the individual trials. We also made lifetime
projections of the clinical and economic outcomes
of the prophylactic implantation of an ICD — an
approach that required some assumptions. Our
analysis demonstrates that as long as the mortality
benefit associated with the prophylactic implanta-
tion of the ICD (as compared with control thera-
py) exceeds seven years, the ICD costs less than
$100,000 per QALY gained in the trials showing
that the ICD implantation reduced the risk of death.
We cannot, however, be certain that longer-term
follow-up of the trials might indicate the need for
some adjustments in our analyses. Nevertheless, in
view of the substantial reductions in mortality seen
during medium-term follow-up in these trials, these
adjustments are notlikely to change our major con-
clusions.

Our analysis is limited to ICDs and cannot be
extrapolated to the newer devices that include a
cardiac-resynchronization capability. The added
costand complexity of these combined devices sug-
gest that their cost-effectiveness may be quite dif-
ferent from that of ICDs alone. By contrast, our
findings are probably applicable to lower-cost ICDs
that may omit noncritical features to reduce ex-
pense. Future price competition that lowers the
costs of these devices would also enhance the cost-
effectiveness of ICDs. In conclusion, our analysis
suggests that the prophylactic implantation of an
ICD has a cost-effectiveness ratio below $100,000
per QALY gained in populations in which a signifi-
cant device-associated reduction in mortality has
been demonstrated.

Supported by the Blue Cross Blue Shield Association Technology
Evaluation Center, the Department of Veterans Affairs, and the Agen-
cy for Healthcare Research and Quality.

Drs. Sanders, Hlatky, and Owens report having served as consult-

ants to the Blue Cross Blue Shield Association Technology Evaluation
Center.

N ENGL J MED 353;14 WWW.NEJM.ORG OCTOBER 6, 2005

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.

Copyright © 2005 Massachusetts Medical Society. All rights reserved.

1479



1480

COST-EFFECTIVENESS OF IMPLANTABLE CARDIOVERTER—DEFIBRILLATORS

REFERENCES

1. Connolly SJ, Gent M, Roberts RS, et al.
Canadian Implantable Defibrillator Study
(CIDS): a randomized trial of the implant-
able cardioverter defibrillator against amio-
darone. Circulation 2000;101:1297-302.

2. The Antiarrhythmics versus Implantable
Defibrillators (AVID) Investigators. A com-
parison of antiarrhythmic-drug therapy with
implantable defibrillators in patients resus-
citated from near-fatal ventricular arrhyth-
mias. N EnglJ Med 1997;337:1576-83.

3. SiebelsJ, Kuck KH. Implantable cardio-
verter defibrillator compared with antiar-
rhythmic drug treatment in cardiac arrest
survivors (the Cardiac Arrest Study Ham-
burg). Am Heart] 1994;127:1139-44.

4. Hohnloser SH, Kuck KH, Dorian P, etal.
Prophylactic use of an implantable cardio-
verter—defibrillator after acute myocardial
infarction. N Engl ] Med 2004;351:2481-8.
5. Kadish A, Dyer A, DaubertJD, et al. Pro-
phylactic defibrillator implantation in pa-
tients with nonischemic dilated cardiomy-
opathy. N EnglJ Med 2004;350:2151-8.

6. Moss AJ, Zareba W, Hall W], et al. Pro-
phylactic implantation of a defibrillator in
patients with myocardial infarction and re-
duced ejection fraction. N Engl ] Med 2002;
346:877-83.

7. Bristow MR, Saxon LA, Boehmer], etal.
Cardiac-resynchronization therapy with or
without an implantable defibrillator in ad-
vanced chronic heart failure. N Engl J] Med
2004;350:2140-50.

8. Buxton AE, Lee KL, Fisher JD, Joseph-
son ME, Prystowsky EN, Hafley G. A ran-
domized study of the prevention of sudden
death in patients with coronary artery dis-
ease. N Engl ] Med 1999;341:1882-90. [Er-
ratum, N EnglJ Med 2000;342:1300.]

9. Bardy GH, Lee KL, Mark DB, etal. Amio-
darone or an implantable cardioverter—defi-
brillator for congestive heart failure. N Engl
J Med 2005;352:225-37. [Erratum, N EnglJ
Med 2005;352:2146.]

10. Bigger JT Jr. Prophylactic use of im-
planted cardiac defibrillators in patients at
high risk for ventricular arrhythmias after
coronary-artery bypass graft surgery. N Engl
JMed 1997;337:1569-75.

11. Moss AJ, Hall W], Cannom DS, etal. Im-
proved survival with an implanted defibrilla-
tor in patients with coronary disease at high
risk for ventricular arrhythmia. N EnglJ Med
1996;335:1933-40.

12. McClellan MB, Tunis SR. Medicare
coverage of ICDs. N Engl J Med 2005;352:
222-4.

13. Gold MR, Siegel JE, Russell LB, Wein-
stein MC, eds. Cost-effectiveness in health
and medicine. New York: Oxford University
Press, 1996.

14. Sonnenberg FA, Beck JR. Markov mod-
els in medical decision making: a practical

guide. Med Decis Making 1993;13:322-38.
15. Beck JR, Pauker SG. The Markov pro-
cess in medical prognosis. Med Decis Mak-
ing 1983;3:419-58.

16. Sanders GD, Hlatky MA, Every NR, etal.
Potential cost-effectiveness of prophylactic
use of the implantable cardioverter defibril-
lator or amiodarone after myocardial infarc-
tion. Ann Intern Med 2001;135:870-83.

17. Owens DK, Sanders GD, Harris RA, etal.
Cost effectiveness of implantable cardiover-
ter defibrillators relative to amiodarone for
prevention of sudden cardiac death. Ann In-
tern Med 1997;126:1-12.

18. Special report: cost-effectiveness of
implantable cardioverter-defibrillators in a
MADIT-II population. Technol Eval Cent
Asses Program Exec Summ 2004;19(3):1-2.
19. Health, United States, 2002: with chart-
book on trends in the health of Americans.
Hyattsville, Md.: National Center for Health
Statistics, 2002. (DHHS publication no.
(PHS) 2002-1232.)

20. Al-Khatib SM, Sanders GD, Mark DB,
et al. Implantable cardioverter defibrillators
and cardiac resynchronization therapy in
patients with left ventricular dysfunction:
randomized trial evidence through 2004.
Am Heart] 2005;149:1020-34.

21. Hauser RG. The growing mismatch be-
tween patient longevity and the service life
of implantable cardioverter-defibrillators.
J Am Coll Cardiol 2005;45:2022-5.

22. Zipes DP, Roberts D. Results of the in-
ternational study of the implantable pace-
maker cardioverter-defibrillator: a com-
parison of epicardial and endocardial lead
systems. Circulation 1995;92:59-65.

23. Saksena S, Poczobutt-Johanos M, Castle
LW, et al. Long-term multicenter experience
with a second-generation implantable pace-
maker-defibrillator in patients with malig-
nant ventricular tachyarrhythmias. J Am
Coll Cardiol 1992;19:490-9.

24. Gabry MD, Brodman R, Johnston D, et
al. Automatic implantable cardioverter-defi-
brillator: patient survival, battery longevity
and shock delivery analysis. ] Am Coll Cardi-
0l 1987;9:1349-56.

25. Intrinsic dual chamber ICD. Minneapo-
lis: Medtronic, 2005. (Accessed September
12, 2005, at http://www.medtronic.com/
physician/tachy/icd/intrinsic.html.)

26. Larsen GC, Manolis AS, Sonnenberg
FA, Beshansky JR, Estes NA, Pauker SG.
Cost-effectiveness of the implantable car-
dioverter-defibrillator: effect of improved
battery life and comparison with amioda-
rone therapy. ] Am Coll Cardiol 1992;19:
1323-34.

27. Tsevat J, Goldman L, Soukup JR, et al.
Stability of time-tradeoff utilities in survi-
vors of myocardial infarction. Med Decis
Making 1993;13:161-5.

28. Fryback DG, Dasbach EJ, Klein R, et al.
The Beaver Dam Health Outcomes Study:
initial catalog of health-state quality factors.
Med Decis Making 1993;13:89-102.

29. Kuntz KM, Tsevat J, Goldman L, Wein-
stein MC. Cost-effectiveness of routine cor-
onary angiography after acute myocardial
infarction. Circulation 1996;94:957-65.

30. Lipscomb J, Weinstein MC, Torrance
GW. Time preference. In: Gold MR, Siegel
JE, Russell LB, Weinstein MC, eds. Cost ef-
fectiveness in health and medicine. New
York: Oxford University Press, 1996:214-46.
31. Moye LA, Pfeffer MA, Braunwald E. Ra-
tionale, design and baseline characteristics
of the Survival and Ventricular Enlargement
trial. AmJ Cardiol 1991;68:70D-79D.

32. Executive Office of the President of
the United States. Budget of the United
States government. Section 10. Gross do-
mestic product and implicit outlay defla-
tors. (Accessed September 12, 2005, at
http://www.gpoaccess.gov/usbudget/fy01/
hist.html.)

33. Mankiw NG. Principles of economics.
2nd ed. Orlando, Fla.: Harcourt College,
2001.

34. Every NR, Fihn SD, Maynard C, Martin
JS, Weaver WD. Resource utilization in treat-
ment of acute myocardial infarction: staff-
model health maintenance organization
versus fee-for-service hospitals. ] Am Coll
Cardiol 1995;26:401-6.

35. Every NR, Parsons LS, Fihn SD, et al.
Long-term outcome in acute myocardial in-
farction patients admitted to hospitals with
and without on-site cardiac catheterization
facilities. Circulation 1997;96:1770-5.

36. IrvineJ, Dorian P, Baker B, et al. Quality
oflife in the Canadian Implantable Defibril-
lator Study (CIDS). Am Heart J 2002;144:
282-9.

37. Hsu J, Uratsu C, Truman A, et al. Life
after a ventricular arrhythmia. Am Heart J
2002;144:404-12.

38. Lewis EF, Johnson PA, Johnson W, Col-
lins C, Griffin L, Stevenson LW. Preferences
for quality of life or survival expressed by pa-
tients with heart failure. J Heart Lung Trans-
plant 2001;20:1016-24.

39. Goldman L, Weinstein MC, Goldman
PA, Williams LW. Cost-effectiveness of
HMG-CoA reductase inhibition for primary
and secondary prevention of coronary heart
disease. JAMA 1991;265:1145-51.

40. Hlatky MA, Sanders GD, Owens DK. Ev-
idence-based medicine and policy: the case
of the implantable cardioverter defibrillator.
Health Aff (Millwood) 2005;24(1):42-51.
41. Shah A, Patel M, Goyal A, et al. High-
lights from the American Heart Association
Annual Scientific Sessions 2004: November
7-10, 2004. Am HeartJ 2005;149:240-53.
Copyright © 2005 Massachusetts Medical Society.

N ENGL J MED 353;14 WWW.NEJM.ORG OCTOBER 6, 2005

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.

Copyright © 2005 Massachusetts Medical Society. All rights reserved.



