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The implanted cardioverter defibrillator (ICD)
has now come of age. In 1980, Mirowski and asso-
ciates reported the first three patients in whom the
defibrillator was implanted to manage recurrent
ventricular tachyarrhythmias refractory to medical
therapy.! During the 1980s the clinical experience
with ICDs progressively increased, but mostly in-
volved patients who had been resuscitated from
out-of-hospital cardiac arrest or who had docu-
mented episodes of recurrent, life-threatening ven-
tricular tachycardias. The 1990s ushered in a num-
ber of randomized primary and secondary ICD
trials. In 1996, the Multicenter Automatic Defibril-
lator Implantation Trial (MADIT) was published,
and ICD therapy was associated with 54% reduc-
tion in all cause mortality when compared to con-
ventional therapy in patients without prior cardiac
arrest or syncope who had reduced ejection frac-
tion (EF = 0.35), nonsustained ventricular tachy-
cardia, and inducible nonsuppressible ventricular
tachycardia or fibrillation at electrophysiologic
study.2 A study reported in 1999 by the Multi-
center Unsustained Tachycardia Trial {MUSTT]
confirmed the MADIT findings.? Both the MADIT
and MUSTT trials were primary prevention stud-
ies. During the same period of time, several sec-
ondary prevention trials were reported, including
the Antiarrhythmics Versus Implantable Defibril-
lators (AVID) study,* the Canadian Implantable
Defibrillator Study (CIDS}), and the Cardiac Arrest
Study Hamburg (CASH).® In each of these studies,
ICD therapy was associated with improved sur-

vival when compared to antiarrhythmic drug ther-
apy.

The protocol used in most of the aforementioned
studies suggested that electrophysiologic testing for
inducibility should be used to identify patients who
would benefit from ICD therapy, but this approach
had never been substantiated. In subset analyses
from the original MADIT study, we showed that
the survival benefit from the ICD was directly re-
lated to the severity of the cardiac dysfunction.
More specifically, the combinations of the presence
of one, two, or three noninvasive factors (EF <
0.26, QRS duration on ECG = 0.12 seconds, history
of heart failure requiring treatment) were associ-
ated with a progressively lower hazard ratios, indi-
cating better survival in higher risk patients with
ICD therapy.78

When we designed the MADIT-II trial in 1977,
we reasoned that in patients with a prior myocar-
dial infarction and advanced left ventricular dys-
function as manifest by an EF =< 0.30, the scarred
myocardium would serve as a substrate for malig-
nant ventricular arrhythmias and electrophysi-
ologic testing would not be needed for risk strati-
fication. The MADIT-II trial randomized 1232
patients to ICD or conventional therapy; the only
criteria for eligibility was a prior myocardial infarc-
tion and EF = 0.30. MADIT-II showed a 31% re-
duction in mortality with ICD therapy compared to
conventional therapy, with both groups receiving
equivalent and appropriate beta blocker, angioten-
sin converting enzyme (ACE) inhibitor, diuretic,
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digitalis, and aspirin therapy.® In subset analyses,
the sicker patients received greater benefit from
ICD therapy than those receiving conventional
therapy. In an editorial that accompanied the
MADIT-II publication, Bigger suggested that
improved risk stratification with identification of
higher risk subsets within the MADIT-II defined
population might save almost as many lives as was
observed in the overall MADIT-II population, and
effective risk stratification might be more cost-ef-
fective.10

Thus, the MADIT-II trial substantiates that ben-
efit of ICD therapy in high-risk coronary patients
and raises important questions about methods to
enhance risk stratification beyond simply a low EF.
We have preliminary evidence from MADIT-II that
patients who were inducibile at electrophysiologic
testing [carried out at the time the ICD was im-
planted) did not identify those who subsequently
experienced an ICD shock for ventricular tachycar-
dia or fibrillation during follow-up. Thus, electro-
physiologic testing with documentation of induc-
ibility was not a good risk stratifier. However, the
survival benefit from the ICD progressively in-
creased in direct relationship to the manually mea-
sured QRS duration on the baseline 12-lead ECG.
Patients with QRS duration > 0.12 seconds, and
especially those with QRS duration > 0.15 sec-
onds, seemed to receive the greatest benefit from
the ICD. We believe these preliminary post-hoc
MADIT-II noninvasive analyses have major impli-
cations for reinvigorating noninvasive electro-
physiologic testing to better identify patients who

will achieve maximum benefit from ICD and/or
resynchronization therapy.

REFERENCES

1. Mirowski M, Reid PR, Mower MM, et al. Termination of
malignant ventricular arrhythmias with an implanted auto-
matic defibrillator in human beings. N Engl ] Med 1980;
303:322-324.

2. Moss A], Hall W], Cannom DS, et al. Improved survival
with an implanted defibrillator in patients with coronary
disease at high risk for ventricular arrhythmia. N Engl
] Med 1996;335:1933-1940.

3. Buxton AE, Lee KL, Fisher JD, et al. A randomized study of
the prevention of sudden death in patients with coronary
artery disease. N Engl ] Med 1999; 341:1882-1890.

4. The Antiarrhythmics versus Implantable Defibrillators
(AVID} Investigators. A comparison of antiarrhythmic-drug
therapy with implantable defibrillators in patients resusci-
tated from near-fatal ventricular arrhythmias. N Engl ] Med
1997;337:1576-1583,

5. Connolly SJ, Gent M, Roberts RS, et al. Canadian implant-
able defibrillator study (CIDS): A randomized trial of the
implantable cardioverter defibrillator against amiodarone.
Circulation 2000;101:1297-1302.

6. Kuck KH, Cappato R, Siebels |, et al. Randomized compar-
ison of antiarrhythmic drug therapy with implantable defi-
brillators in patients resuscitated from cardiac arrest: the
Cardiac Arrest Study Hamburg (CASH). Circulation 2000;
102:748 -754.

7. Moss A]. Implantable cardioverter defibrillator therapy:
The sickest patients benefit the most. Circulation 2000;101:
1638-1640.

8. Moss AJ, Fadl Y, Zareba W, et al. Survival benefit with an
implanted defibrillator in relation to mortality risk in
chronic coronary heart disease. Am J Cardiol 2001;88:516-
520.

9. Moss A]J, Zareba W, Hall W], et al. Prophylactic implanta-
tion of a defibrillator in patients with myocardial infarction
and reduced ejection fraction. N Engl ] Med 2002;346:877~
883.

10. Bigger JT. Expanding indication for Implantable cardiac
defibrillators. N Engl ] Med 2002;346:931-933.



