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ABSTRACT

Background Hypertrophic cardiomyopathy is a ge-
netic disease associated with a risk of ventricular
tachyarrhythmias and sudden death, especially in
young patients.

Methods We conducted a retrospective multicenter
study of the efficacy of implantable cardioverter—
defibrillators in preventing sudden death in 128 pa-
tients with hypertrophic cardiomyopathy who were
judged to be at high risk for sudden death.

Results At the time of the implantation of the de-
fibrillator, the patients were 8 to 82 years old (mean
[+SD], 40+16), and 69 patients (54 percent) were less
than 41 years old. The average follow-up period was
3.1 years. Defibrillators were activated appropriately in
29 patients (23 percent), by providing defibrillation
shocks or antitachycardia pacing, with the restoration
of sinus rhythm; the average age at the time of the in-
tervention was 41 years. The rate of appropriate defib-
rillator discharge was 7 percent per year. A total of 32
patients (25 percent) had episodes of inappropriate
discharges. In the group of 43 patients who received
defibrillators for secondary prevention (after cardiac
arrest or sustained ventricular tachycardia), the devic-
es were activated appropriately in 19 patients (11 per-
cent per year). Of 85 patients who had prophylactic
implants because of risk factors (i.e., for primary pre-
vention), 10 had appropriate interventions (5 percent
per year). The interval between implantation and the
first appropriate discharge was highly variable but was
substantially prolonged (four to nine years) in six pa-
tients. In all 21 patients with stored electrographic data
and appropriate interventions, the interventions were
triggered by ventricular tachycardia or fibrillation.

Conclusions \entricular tachycardia or fibrillation
appears to be the principal mechanism of sudden
death in patients with hypertrophic cardiomyopathy. In
high-risk patients with hypertrophic cardiomyopathy,
implantable defibrillators are highly effective in termi-
nating such arrhythmias, indicating that these devices
have a role in the primary and secondary prevention
of sudden death. (N Engl J Med 2000;342:365-73.)
©2000, Massachusetts Medical Society.

YPERTROPHIC cardiomyopathy is a ge-

netically determined myocardial disease

with a diverse natural history.l”7 Since a

subgroup of patients with hypertrophic
cardiomyopathy are at high risk for sudden death,
there has been considerable interest in risk stratifica-
tiont:38-11 and appropriate preventive measures.311,12
There are few data supporting the efficacy of prophy-
lactic treatment with amiodarone in patients with hy-
pertrophic cardiomyopathy,!3 and the frequent adverse
consequences of long-term use of this drug limit its
application for the prevention of sudden death in
young patients with this disease.

The implantable cardioverter—defibrillator* is wide-
ly accepted as a definitive treatment for the preven-
tion of sudden death, principally in high-risk patients
with ischemic heart disease.’>17 The superiority of
the implantable defibrillator over antiarrhythmic-drug
treatment has been documented in prospective, ran-
domized trials.!516 There are few data, however, on
the efficacy of implantable cardioverter—defibrillators
in patients with hypertrophic cardiomyopathy.!2.18-20
We conducted a retrospective, multicenter study to
determine the efficacy of defibrillators in a group of
patients with hypertrophic cardiomyopathy who were
considered to be at high risk for sudden death.
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METHODS

Selection of Patients

Patients were recruited at 19 institutions in the United States
and Italy. U.S. centers were invited to participate in the study be-
cause of their experience with the use of implantable defibrillators
in patients with hypertrophic cardiomyopathy and because they
routinely offered implantation of a defibrillator as a treatment op-
tion to patients judged to be at high risk (e.g., those with prior car-
diac arrest or sustained ventricular tachycardia). In Italy, all major
clectrophysiology centers were invited to participate in the study.
The participating centers enrolled an average of seven patients
cach, and eight institutions enrolled at least five patients.

The 128 patients enrolled in the study were the consecutive pa-
tients at each institution who met the following enrollment criteria:
an unequivocal diagnosis of hypertrophic cardiomyopathy based
on two-dimensional echocardiographic evidence of a hypertrophied
and nondilated left ventricle in the absence of another cardiac or
systemic disease that could have accounted for the hypertrophy?2!;
successful implantation of a cardioverter—defibrillator for the pre-
vention of sudden death; and a follow-up period of at least three
months after implantation of the defibrillator, with documenta-
tion of the clinical outcome as of September 1, 1998 (for 124
patients), the time of death (2 patients), or the removal of the de-
vice because of infection (2 patients). One patient with severe
symptoms (who had survived cardiac arrest at the age of 16 years)
died at the time of thoracotomy for implantation and is not in-
cluded in the analysis.

Defibrillators

The defibrillators were implanted between December 1984 and
June 1998; 101 patients (79 percent) underwent implantation af-
ter January 1, 1994. Implantation was performed through a tho-
racotomy with epicardial lead systems in 22 patients (17 percent)
or transvenously in 106 (83 percent). Most of the devices were
third-generation defibrillators with the capacity to provide anti-
tachycardia and antibradycardia pacing and the potential for pec-
toral implantation; 95 (74 percent) of the devices had diagnostic
memory and the ability to record and store electrocardiographic
data, including intracardiac electrograms, for subsequent review.2

Defibrillation thresholds were routinely tested to document suc-
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cessful termination of ventricular tachyarrhythmias. Programmed
antitachycardia pacing?® was activated at the discretion of the in-
vestigator. Stored data were reviewed after all discharges.

Interpretation of Intracardiac Electrograms

Stored data were analyzed to classify the arrhythmias responsible
for precipitating defibrillator discharges, according to the follow-
ing definitions. Ventricular fibrillation or flutter was defined as reg-
ular or irregular tachycardia with regard to QRS or electrographic
polarity, amplitude, morphology, and sequence, with a mean cycle
length of 240 msec or less. Ventricular tachycardia was defined as
regular (monomorphic) or irregular (polymorphic) tachycardia with
regard to QRS or electrographic polarity, amplitude, and morphol-
ogy, with a mean cycle length of more than 240 msec. Atrial flut-
ter was defined as regular tachycardia with a ventricular cycle length
of 350 to 450 msec and with no differences in electrographic mor-
phology and polarity as compared with sinus rhythm. Atrial fibril-
lation was defined as irregular tachycardia with more than 60 msec
between consecutive complexes and no differences in QRS mor-
phology as compared with sinus rhythm. Sinus tachycardia was de-
fined as regular tachycardia with a gradual acceleration identical
to that recorded during sinus rhythm and a mean rate exceeding
the programmed cutoft rate.

Classification of Discharges as Appropriate
or Inappropriate

Defibrillator discharges that were considered appropriate includ-
ed automatic defibrillation shocks or programmed antitachycardia
overdrive pacing triggered by ventricular tachycardia or fibrillation
and documented by stored intracardiac electrographic or cycle-
length data. For events occurring in patients who had defibrillators
without the capacity to store electrographic data, discharges were
judged to be appropriate on the basis of clinical findings that strong-
ly suggested the presence of ventricular arrhythmia (i.e., symptoms
such as presyncope or syncope immediately before the discharge
and the absence of these symptoms immediately afterward).

For patients with defibrillators that stored electrographic data,
inappropriate discharges were defined as those triggered by a rap-
id ventricular rate exceeding the programmed threshold rate as a
consequence of supraventricular tachycardia, exercise-related sinus
tachycardia, or a malfunction of the device. For patients with de-
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Figure 1. Age at the Time of Implantation of a Defibrillator in 128 Patients with Hypertrophic Cardio-
myopathy Who Were Judged to Be at High Risk for Sudden Death.

The age distribution is shown according to whether the defibrillator was implanted for primary or sec-

ondary prevention.
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fibrillators that did not store electrographic data, discharges were
defined as inappropriate if they were not preceded by symptoms,
if circumstances suggested the presence of sinus tachycardia due to
emotional or physical stress, or if there was a malfunction of the
device.

Each investigator initially classified a discharge as appropriate or
inappropriate. For the group of 40 patients with discharges initial-
ly classified as appropriate, the stored electrographic data or clin-
ical circumstances at the time of the discharge were subsequently
reviewed independently by two of the investigators, who were ex-
perienced electrophysiologists.

The two independent reviews were concordant for 38 of the 40
patients (95 percent); for the other 2 patients, an agreement was
reached. On the basis of these reviews, discharges were classified
as appropriate in 29 patients and as inappropriate in 11 patients.

Statistical Analysis

Continuous data are expressed as means +SD. Cumulative rates
of appropriate discharges were estimated by the Kaplan—Meier
method.2*

RESULTS
Characteristics of the Patients

At the time of implantation, the 128 patients were
8 to 82 years old (mean age, 40+16); 69 patients
(54 percent) were less than 41 years old (Fig. 1) and
88 patients (69 percent) were male (Table 1). A to-
tal of 126 patients survived to the end of the follow-
up period. Two patients (2 percent) with end-stage
hypertrophic cardiomyopathy, systolic dysfunction,
and refractory congestive heart failure died after de-
fibrillator discharges failed to reverse ventricular tachy-
arrhythmias.2s

Two patients had an apical aneurysm associated
with a midcavity obstruction,* 12 had undergone pri-
or septal myotomy—myectomy,'+7 and 6 had end-
stage disease with severe systolic dysfunction and cav-
ity dilatation.2¢ The ejection fraction, estimated on the
basis of echocardiography, was at least 55 percent in
all the patients except the eight with end-stage dis-
ease or an aneurysm.

Reasons for Implantation of Defibrillators

In 43 patients (34 percent), with a mean age of
40*19 years, defibrillators were implanted for sec-
ondary prevention after either resuscitation from car-
diac arrest (with documented ventricular fibrillation)?”
or sustained, spontancous ventricular tachycardia. In
the remaining 85 patients (66 percent), with a mean
age of 40*15 years, defibrillators were implanted pro-
phylactically for primary prevention of sudden death.
The predominant clinical reasons for these prophy-
lactic implantations, either alone or in combination,
were syncope (in 41 patients), a family history of one
or more sudden deaths due to hypertrophic cardio-
myopathy (in 39), nonsustained ventricular tachycar-
dia on Holter electrocardiographic monitoring (in
32), and a left-ventricular-wall thickness of at least 30
mm (in 10). In addition, 56 patients had inducible
ventricular tachycardia or fibrillation during electro-
physiologic testing.

TABLE 1. CLINICAL AND ECHOCARDIOGRAPHIC DATA ON 128
PATIENTS WITH HYPERTROPHIC CARDIOMYOPATHY WHO
RECEIVED IMPLANTABLE CARDIOVERTER—DEFIBRILLATORS. *

CHARACTERISTIC VALUE
Mean age — yr 40=16
Male sex — no. (%) 88 (69)
NYHA class — no. (%)
I 83 (65)
I 27 (21)
III or IV 18 (14)
Antiarrhythmic drugs — no.
Amiodarone
Before implantation 33
After implantation 22
Sotalol
Before implantation 13
After implantation 11
Disopyramide
Before implantation 7
After implantation 8
Maximal LV-wall thickness — mmt
Mean 23%7
Range 14-60
LV end-diastolic cavity dimension — mm
Mean 44+8
Range 23-61
Left atrial dimension — mm
Mean 44*6
Range 26-62
LV outflow gradient — no. (%)
=30 mm Hg 23 (18)
<30 mm Hgt 105 (82)
Electrophysiologic testing to induce VI or VF — no.
Not inducible 12§
Inducible 799

*Data were documented at the time of implantation, unless otherwise
indicated. Plus—minus values are means =SD. NYHA denotes New York
Heart Association, LV left-ventricular, VT ventricular tachycardia, and VF
ventricular fibrillation.

tThe analysis excluded 18 patients who had localized apical hypertrophy
or who underwent echocardiographic studies after ventricular septal myot-
omy-myectomy was performed.

}Included in this category were 94 patients in whom the gradient was
zero. Twelve of the 105 patients were assessed after they had undergone
myotomy—myectomy.

§In 4 of the 12 patients (33 percent), there was subsequently an appro-
priate defibrillator discharge.

fIn 19 of the 79 patients (24 percent), there was subsequently an ap-
propriate defibrillator discharge.

Inappropriate Discharges

Of the 128 patients, 32 (25 percent) had one or
more episodes of inappropriate discharges due to si-
nus tachycardia (in 13 patients), atrial fibrillation with
a rapid ventricular rate (in 10), or lead dislodgment,
disruption, or oversensing (in 9). Of these 32 patients,
13 had only 1 inappropriate discharge, and 19 had
more than 1, including 5 patients who had 6 or more
discharges (average, 2.6). In 7 of the 32 patients with
inappropriate discharges, there was also at least one
appropriate discharge.

Appropriate Discharges

Twenty-nine of the 128 patients (23 percent) had
one or more appropriate discharges. Of these 29 pa-
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Figure 2. Age at the Time of the First Appropriate Defibrillator Discharge in 29 Patients.

The bar for each age category shows the number of patients with appropriate discharges expressed
as a proportion of the patients who were in the same age category at the time that the defibrillator

was implanted.

tients, 19 were in the group of 43 patients who had
received defibrillators for secondary prevention (44
percent of the group), and 10 were in the group of
85 patients who had received defibrillators for pri-
mary prevention (12 percent of the group). Twenty-
one of the 29 patients with appropriate discharges
had defibrillators that stored electrographic data. The
interventions were defibrillation shocks in 18 of these
21 patients and antitachycardia pacing in 3. Discharg-
es in the other eight patients were considered to be
appropriate on the basis of the clinical findings.

The age at which the first appropriate discharge oc-
curred ranged from 11 to 83 years (mean, 41). Patients
with appropriate discharges were most likely to be less
than 31 years old or more than 55 years old (Fig. 2).

In the group of 10 patients who had appropriate
discharges after implantation of defibrillators for pri-
mary prevention, the clinical reasons for implantation
were as follows: syncope unassociated with sustained
ventricular tachycardia or hemodynamic compromise
in 5 patients (syncope on exertion in 2 and at rest in
3, with recurrent syncope in 2 of the 5), each with in-
ducible ventricular tachycardia or fibrillation on elec-
trophysiologic testing; nonsustained ventricular tachy-
cardia in 2; massive left ventricular hypertrophy in 2;
and a family history of sudden death in 1, with induci-
ble ventricular arrhythmias in the patient. However,
the 5 patients with syncope represented only 12 per-
cent of the 41 patients in whom syncope was a ma-
jor justification for prophylactic implantation of a de-
fibrillator.

At the time of implantation, 26 of the 29 patients
with appropriate discharges were asymptomatic or

368 - February 10, 2000

had mild functional limitation (New York Heart As-
sociation class I or II), and 3 had severe symptoms
(class III). Information about activity at the time of
the first appropriate discharge was available for 28
patients; 25 were sedentary, asleep, or engaged in
mild physical activity (e.g., walking or eating), and
3 were performing activities that involved physical
exertion. Only 3 of 29 patients (10 percent) had left
ventricular outflow obstruction (i.e., a gradient of at
least 30 mm Hg). At the time of implantation, the
cardiac rhythm was normal sinus in all the patients,
but three had a history of atrial fibrillation.

Fifteen of the 29 patients with appropriate dis-
charges (52 percent) received antiarrhythmic drugs
(11 received amiodarone, 4 sotalol, and 2 disopyra-
mide, alone or in combination) after implantation,
as compared with 21 of the 99 patients (21 percent)
with inappropriate discharges or none.

The interval between implantation of the defibril-
lator and the initial appropriate discharge?8 ranged
from 2 weeks to 9 years (mean, 23 months) (Fig. 3).
The interval was four or more years in six patients.
Conversely, 12 patients had an initial appropriate dis-
charge less than six months after implantation; in 9 of
these 12 patients, there was at least one additional
discharge (more than one year later in 6 patients).

Discharge Rates

With an average follow-up of 3.1 years after im-
plantation, the rate of appropriate discharges for the
overall study group was 7 percent per year. In the
group of 43 patients with defibrillators implanted for
secondary prevention, the rate of appropriate dis-
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charges was 11 percent per year (mean follow-up peri-
od, 4.0 years). In the group of 85 patients with devic-
es implanted for primary prevention, the estimated
rate of appropriate discharges was 5 percent per year
(mean follow-up period, 2.6 years). Cumulative rates
of first appropriate discharges (Fig. 4) were significant-
ly higher in the secondary-prevention group than in
the primary-prevention group (P=0.004).

Multiple Discharges

Of the 29 patients with appropriate discharges,
8 had a single defibrillation shock or cardioversion,
and 12 had two to five interventions. Nine patients
had more than five interventions, including six with
clusters of multiple and consecutive appropriate dis-
charges (three or more within 24 hours).??

Triggering Events

Analysis of the stored electrographic data, which
were available for 21 of the patients with appropriate
discharges, showed that the intervention was trig-
gered by ventricular tachycardia in 10 patients and
by ventricular fibrillation in 9 patients, preceded by
ventricular tachycardia in 3 of the 9 (Fig. 5). In two
other patients, multiple discharges were preceded by
either ventricular tachycardia or fibrillation.

Complications

Complications of defibrillator therapy occurred
in 18 patients. These included lead malfunctions
with fracture or disruption (in 12 patients, including
9 with inappropriate discharges), infection requiring
removal of the defibrillator (in 2), and subclavian

Volume 342 Number 6 369

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.
Copyright © 2000 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

203 bpn

VF Zone

Pre-attempt EGM (10 sec max)

Initial Detection
Pre-attempt Avg Rate

£ i
a i
a H
2 |
F i
€ N
o i
Y 4 ! TRRBEN RN N | KRN :
k] LI ! { A :
" i i '
2.2 3 | N by
2|z ¢ AN Yo
x L 1
@ 3 [ ! b4 8
ot w [ Y
S 413 i |
|8s £ €& ! :
@ ° N ¥
P
Pl
L L]
)
PO
R
o o
-
-]
3
g
H
sel
aE—~
55
a8
D>
aea
Ewn
sal
u'llll
ot
W

370 - February 10, 2000

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.
Copyright © 2000 Massachusetts Medical Society. All rights reserved.



IMPLANTABLE CARDIOVERTER-DEFIBRILLATORS TO PREVENT SUDDEN DEATH IN HYPERTROPHIC CARDIOMYOPATHY

thrombus, hemorrhage requiring thoracotomy, he-
matoma, and clinical depression in 1 patient each.

DISCUSSION

Sudden death has been recognized as a devastat-
ing consequence of hypertrophic cardiomyopathy
since the initial description of the disease in 1958.31
Many authors have emphasized that sudden deaths
frequently occur in young, asymptomatic patients,
with reported annual mortality rates as high as 4 to
6 percent.323¢ Prevention of sudden death in patients
with hypertrophic cardiomyopathy continues to be
a major challenge.

The implantable cardioverter—defibrillator is clearly
effective in terminating life-threatening ventricular ar-
rhythmias in patients with coronary artery disease.+17
Furthermore, the evolution of the implantable defib-
rillator from a device with epicardial leads that re-
quires thoracotomy for implantation to a transvenous
endocardial electrode system with pectoral implanta-
tion of the pulse generator has facilitated its clinical
use. However, studies of defibrillators in small num-
bers of patients with hypertrophic cardiomyopathy
have had mixed results,!218-20 [eaving the role of the
implantable defibrillator in the management of this
disease unresolved.?” Indeed, in the joint recommen-
dations of the American College of Cardiology and
the American Heart Association, hypertrophic car-
diomyopathy is not a standard indication for implan-
tation of a defibrillator.38

The results of our multicenter study establish an
important role for implantable-defibrillator therapy in
the prevention of sudden death in high-risk patients
with hypertrophic cardiomyopathy. The defibrillator
proved reliable in sensing and terminating life-threat-
ening ventricular tachyarrhythmias. Appropriate dis-
charges occurred in almost 25 percent of the 128 pa-
tients during an average follow-up period of three
years. The annual discharge rate was 7 percent per
year; furthermore, in about 70 percent of the patients

Figure 5. Stored Ventricular Electrogram from an Asymptomat-
ic 35-Year-Old Man Who Received a Defibrillator Prophylactically
Because of a Family History of Sudden Death Related to Hyper-
trophic Cardiomyopathy and Marked Ventricular Septal Thick-
ness (31 mm).

The electrogram was obtained four years eight months after
implantation of the defibrillator. The data were recorded at 1:20
a.m. while the patient was asleep. A continuous recording, at
25 mm per second, is shown in four panels, with the tracing re-
corded from left to right in each. After four beats of sinus
rhythm, ventricular tachycardia begins abruptly, at a rate of 200
beats per minute (Panel A). The defibrillator senses ventricular
tachycardia and charges (Panel B). Ventricular tachycardia de-
teriorates into ventricular fibrillation (Panel C). The defibrillator
discharges appropriately (a 20-J shock denoted by the bar, Pan-
el D) during ventricular fibrillation and restores sinus rhythm.
Adapted from Maron et al.30

with appropriate discharges, there were multiple ap-
propriate interventions. It should be emphasized, how-
ever, that the discharge rates in this study may have
been influenced by the selection of patients and are
most appropriately regarded as estimates. More than
one third of the patients were taking amiodarone at
the time of an appropriate discharge — a finding that
highlights the superiority of the defibrillator in pre-
venting sudden death.!s

Discharges were most frequent in patients who
had received defibrillators for secondary prevention
of sudden death (i.e., those with prior cardiac arrest
or spontaneous, sustained ventricular tachycardia). In
over 40 percent of these patients, the defibrillator was
activated on one or more occasions during a relative-
ly short follow-up period. The frequent recurrence
of potentially lethal ventricular tachyarrhythmias af-
ter cardiac arrest is consistent with reports on the
clinical course of hypertrophic cardiomyopathy in the
era before defibrillators were available.?” Neverthe-
less, in our study, the implantable defibrillator did not
provide complete protection against sudden death.
The device failed to prevent death in two patients
who had end-stage hypertrophic cardiomyopathy with
severe systolic dysfunction and heart failure.2¢

The rate of appropriate discharges was about 5 per-
cent per year in the group of patients who had re-
ceived defibrillators solely for primary prevention (i.e.,
those with one or more risk factors for sudden death).
By extrapolating from this discharge rate, one could
predict that within 10 years, almost 50 percent of the
defibrillators prophylactically implanted in young pa-
tients would discharge and prevent sudden death.
Also, the 5 percent annual discharge rate in our study
is remarkably similar to the rates reported in selected
high-risk patients with hypertrophic cardiomyopathy
at tertiary referral centers.32-36

In the primary-prevention subgroup, the patients
with appropriate discharges were most likely to have
received a defibrillator because of syncope. However,
our investigation was not designed to establish firm
guidelines for prophylactic implantation of defibril-
lators in patients with hypertrophic cardiomyopathy,
and one must be cautious in interpreting these find-
ings, given our study design. The use of defibrillators
for primary prevention in this retrospective study, al-
though based on the generally accepted risk factors
for sudden death in patients with hypertrophic car-
diomyopathy,!?* was not systematic or controlled and
relied largely on the participating electrophysiologists’
evaluation of the level of risk in their patients.

Since some patients with hypertrophic cardiomy-
opathy are at risk for sudden death over a long peri-
od, which may extend throughout midlife and there-
after,3 the implantable defibrillator has the potential
to prolong life substantially in such patients. In pa-
tients with coronary artery disease, defibrillators are
implanted at a relatively advanced age (average, about
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65 years), whereas patients with hypertrophic car-
diomyopathy who are at high risk for sudden death are
often much younger and have few or no symptoms.
Indeed, the average age of our patients at the time
of implantation was 40 years (more than 25 percent
were under the age of 31 years), and the average age
at the time of the first appropriate defibrillator dis-
charge was only 41 years. Despite our relatively short
period of follow-up, in some cases, there was a par-
ticularly long interval between implantation and the
first appropriate discharge, with a maximal interval of
nine years; in 21 percent of the patients with appro-
priate discharges, the interval was at least four years.
Thus, in patients with hypertrophic cardiomyopathy,
the implanted defibrillator may remain dormant for
a long period but eventually discharge appropriately.
As a result, the decision to implant a cardioverter—
defibrillator in a high-risk patient is likely to represent
a lifelong preventive measure.

It has been difficult to identify the arrhythmias re-
sponsible for sudden death in patients with hyper-
trophic cardiomyopathy, largely because of the pau-
city of electrocardiographic recordings at the time of
such events.#? Considerable attention has been fo-
cused on primary ventricular tachyarrhythmias,33.3440
but alternative mechanisms have been proposed.!® In
our study, defibrillators in 21 patients recorded and
stored electrographic data during appropriate dis-
charges. In each instance, ventricular tachycardia or
fibrillation was the rhythm that activated the device.
These findings support the hypothesis that ventricular
tachycardia or fibrillation is often the primary cause
of sudden death in patients with hypertrophic car-
diomyopathy, with the arrhythmia emanating largely
from a substrate of electrical instability and distort-
ed electrophysiologic transmission as a result of the
characteristically disorganized arrangement of car-
diac-muscle cells.#! The occurrence of bradycardia-
mediated events could not be ruled out in our study
population because of the backup pacing capacity in
many of the devices.

Our data support the view that the implantable
defibrillator can be a lifesaving device in patients with
hypertrophic cardiomyopathy and support its use for
both secondary and primary prevention. The de-
fibrillator proved effective in terminating ventricular
tachycardia or fibrillation despite the substantial in-
creases in heart mass and wall thickness that are
characteristic of this discase.!+6:21 However, it is also
important to recognize that the implantable defibril-
lator is expensive, that its availability is still limited in
many countries, that it may be associated with com-
plications and may be activated inappropriately, and
that it is not invariably effective. Although the rates
of appropriate discharges in our patients with hyper-
trophic cardiomyopathy were lower than those report-
ed in patients with ischemic heart disease,!>16 they
are nevertheless substantial when viewed in the con-
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text of a disease that frequently affects young pa-
tients without symptoms of congestive heart failure
and with preserved systolic function. Given the pro-
tection afforded by an implantable defibrillator, such
patients may survive for many decades, with normal
or nearly normal life expectancy.

Since our study was retrospective and uncontrolled,
with possible limitations related to the selection of
patients, we wish to be cautious in drawing conclu-
sions about the role of implantable defibrillators in
the management of hypertrophic cardiomyopathy. We
can reasonably conclude that the defibrillator was ef-
fective in preventing sudden death in a group of pa-
tients with hypertrophic cardiomyopathy who were
considered to be at high risk. However, we did not
compare the outcome in this group with that in a
group of patients with hypertrophic cardiomyopathy
and a similar clinical profile who were evaluated at the
same centers but who did not receive defibrillators. It
would be difficult to conduct prospective, randomized
trials of the efficacy of defibrillators as compared with
that of drug therapy in patients with hypertrophic
cardiomyopathy because of ethical considerations, the
relatively low prevalence of the disease in the general
population,! and the relatively low event rate,? as
well as major practical limitations (e.g., the frequent-
ly long dormant period between implantation of the
defibrillator and a first discharge).

Although selection bias could have influenced the
precision of the estimated rates of appropriate dis-
charges reported here, this factor does not obscure
the basic message that the implantable cardioverter—
defibrillator provides lifesaving protection by eftec-
tively terminating ventricular tachycardia or fibril-
lation in patients with hypertrophic cardiomyopathy
who have few or no symptoms, many of whom are
young. The use of a defibrillator is therefore warrant-
ed, for both primary and secondary prevention of
sudden death, in high-risk patients with hypertrophic
cardiomyopathy.
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APPENDIX

The following centers and investigators participated in the study: Mayo
Clinic, Rochester, Minn. — W.-K. Shen, M.S. Stanton, and R.E Rea;
Azienda Ospedaliero S. Maria della Misericordia, Udine, Italy — A. Pro-
clemer; Georgetown University Medical Center, Washington, D.C. — A.J.
Solomon; Minneapolis Heart Institute Foundation, Minneapolis — A.K.
Almquist, S.A. Casey, and B.J. Maron; New England Medical Center, Bos-
ton — M.S. Link and N.A.M. Estes III; North Shore University Hospital,
Manhasset, N.Y. — M. Ovadia; Ospedale Civile, Asti, Italy — R. Massa;
Ente Ospedalicro Ospedale Galliera, Genoa, Italy — P. Spirito and M.
Berisso; Ospedale Maggiore della Carita, Novara, Italy — E. Occhetta; Os-
pedale Niguarda-Ca Granda, Milan, Italy — M. Lunati; Ospedale S. Filip-
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po Neri, Rome — M. Santini and R. Ricci; Ospedale San Gerardo, Monza,
Ttaly — A. Vincenti; St. Luke’s—Roosevelt Hospital Center, New York —
M.V. Sherrid and E Ehlert; Universita degli Studi di Bari, Bari, Italy —
S. Favale; Ospedale S. Orsola, Universita di Bologna, Bologna, Italy — G.
Boriani and C. Rapezzi; Universita Federico II, Naples, Italy — S. Betoc-
chi; Cattedra di Cardiologia, Universita di Milano, Milan, Italy — P. Della
Bella; University of Alabama at Birmingham, Birmingham — A.E. Epstein;
De Paul Hospital, Norfolk, Va. — J.M. Herre; University of Rochester
Medical Center, Rochester, N.Y. — J.P. Daubert; and the University of
Washington Medical Center, Seattle — G.H. Bardy and J. Anderson.
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