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THE RISK OF SUDDEN DEATH IN PA-
tients with hypertrophic car-
diomyopathy (HCM) has been
known for almost 50 years.1-6

Indeed, this disease is the most com-
mon cause of sudden cardiac death in
young people,1-6 including trained ath-
letes.7 However, only in the last few

years has the implantable cardioverter-
defibrillator (ICD) been systemati-
cally used as a potentially life-savingFor editorial comment see p 452.
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Context Recently, the implantable cardioverter-defibrillator (ICD) has been pro-
moted for prevention of sudden death in hypertrophic cardiomyopathy (HCM). How-
ever, the effectiveness and appropriate selection of patients for this therapy is incom-
pletely resolved.

Objective To study the relationship between clinical risk profile and incidence and
efficacy of ICD intervention in HCM.

Design, Setting, and Patients Multicenter registry study of ICDs implanted be-
tween 1986 and 2003 in 506 unrelated patients with HCM. Patients were judged to
be at high risk for sudden death; had received ICDs; underwent evaluation at 42 re-
ferral and nonreferral institutions in the United States, Europe, and Australia; and had
a mean follow-up of 3.7 (SD, 2.8) years. Measured risk factors for sudden death in-
cluded family history of sudden death, massive left ventricular hypertrophy, nonsus-
tained ventricular tachycardia on Holter monitoring, and unexplained prior syncope.

Main Outcome Measure Appropriate ICD intervention terminating ventricular tachy-
cardia or fibrillation.

Results The 506 patients were predominately young (mean age, 42 [SD, 17] years)
at implantation, and most (439 [87%]) had no or only mildly limiting symptoms. ICD
interventions appropriately terminated ventricular tachycardia/fibrillation in 103 pa-
tients (20%). Intervention rates were 10.6% per year for secondary prevention after
cardiac arrest (5-year cumulative probability, 39% [SD, 5%]), and 3.6% per year for
primary prevention (5-year probability, 17% [SD, 2%]). Time to first appropriate dis-
charge was up to 10 years, with a 27% (SD, 7%) probability 5 years or more after
implantation. For primary prevention, 18 of the 51 patients with appropriate ICD in-
terventions (35%) had undergone implantation for only a single risk factor; likelihood
of appropriate discharge was similar in patients with 1, 2, or 3 or more risk markers
(3.83, 2.65, and 4.82 per 100 person-years, respectively; P=.77). The single sudden
death due to an arrhythmia (in the absence of advanced heart failure) resulted from
ICD malfunction. ICD complications included inappropriate shocks in 136 patients (27%).

Conclusions In a high-risk HCM cohort, ICD interventions for life-threatening ven-
tricular tachyarrhythmias were frequent and highly effective in restoring normal
rhythm. An important proportion of ICD discharges occurred in primary prevention
patients who had undergone implantation for a single risk factor. Therefore, a single
marker of high risk for sudden death may be sufficient to justify consideration for pro-
phylactic defibrillator implantation in selected patients with HCM.
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treatment in high-risk patients with
HCM.8-10 Since HCM represents a less
common indication for ICDs than coro-
nary artery disease11-14 it is important
to document its effectiveness in a large
HCM population. In addition, al-
though there is little residual contro-
versy regarding the appropriateness of
ICDs for secondary prevention, con-
siderable uncertainty persists concern-
ing patient selection for prophylactic
ICD therapy in HCM. Therefore, to pro-
vide insights into these important clini-
cal issues, we report here the findings
in a large, international, multicenter co-
hort of patients with HCM who have
received an ICD.

METHODS
Patient Selection

The study group comprised 506 unre-
lated patients with HCM who had
received implanted cardioverter-
defibrillators at 42 referral and nonre-
ferral institutions in the United States,
Europe, and Australia. At each partici-
pating center, all patients with HCM
and an ICD implanted for high-risk sta-
tus between 1986 and 2003 were in-
cluded in the study group and data
analysis and underwent follow-up un-
til April 2005. Decisions regarding risk
status and ICD implantation were made
according to customary practice by the
managing cardiovascular specialists
(usually involving electrophysiolo-
gists) and using established risk strati-
fication markers for primary or second-
ary prevention of sudden death.2,4-6,8

Each patient had an unequivocal di-
agnosis of HCM based on 2-dimen-
sional echocardiographic evidence of a
hypertrophied and nondilated left
ventricle in the absence of another car-
diac or systemic disease that could ac-
count for the magnitude of hypertro-
phy.2,4 Of the 506 study patients, 150
were included in earlier investiga-
tions8,9 and are reported here with ex-
tended follow-up. Institutional review
board approval or the equivalent was
obtained from all participating institu-
tions. All participants provided writ-
ten and oral informed consent.

Defibrillators
Single- or dual-chamber ICDs were im-
planted with transvenous (n=482) or
epicardial (n=24) lead systems, with the
capacity for antitachycardia and anti-
bradycardia pacing.15,16 Eventually, over
the follow-up period, all patients had
received device models with diagnos-
tic memory and capacity for recording
and storage of electrocardiographic
data. Device implantations were per-
formed according to customary prac-
tice, with defibrillation thresholds rou-
tinely tested to document successful
termination of ventricular tachyarrhyth-
mias.15 Rate cutoff criteria for detec-
tion of ventricular tachyarrhythmias
were programmed, and antitachycar-
dia pacing was activated, at the discre-
tion of the electrophysiologist.

Interpretation of Events

Stored intracardiac electrograms were
analyzed to classify arrhythmias re-
sponsible for precipitating defibrillator
discharges, according to accepted defi-
nitions.8,17 Defibrillator discharges
(shocks or pacing) were considered
appropriate when triggered by ven-
tricular fibrillation or rapid ventricular
tachycardia (rate �200 per minute)
documented by stored electrographic
or cycle length data. For events with
older defibrillator models, discharges
were judged appropriate based on
clinical findings consistent with ven-
tricular arrhythmia.8 Interventions
were considered inappropriate when
triggered by heart rate exceeding the
programmed threshold, as a conse-
quence of either supraventricular
arrhythmias, sinus tachycardia, or
device malfunction documented by
ICD interrogation.

Risk Factor Analysis

Appropriate ICD interventions were
analyzed with respect to previously
identified HCM risk factors.2,4-6,17,18

These clinical markers included previ-
ous cardiac arrest (with documented
ventricular fibrillation) or sustained
ventricular tachycardia, for secondary
prevention. The 4 primary prevention
risk factors were (1) history of prema-

ture HCM-related sudden death in 1 or
more first-degree or other relatives
younger than 50 years; (2) massive left
ventricular hypertrophy (maximum
wall thickness �30 mm), as judged by
the managing cardiovascular special-
ist; (3) 1 or more runs of nonsus-
tained ventricular tachycardia at heart
rates of 120 per minute or greater on
24-hour ambulatory Holter electrocar-
diographic monitoring; and (4) prior
unexplained syncope judged inconsis-
tent with a neurocardiogenic origin. Hy-
potensive blood pressure response to
exercise2,4 was excluded from this analy-
sis because exercise testing for risk
stratification was customary practice in
only a minority of patients. In 74 of 383
primary prevention patients, an ambu-
latory Holter electrocardiographic re-
cording was not deemed necessary by
the investigators before implantation;
therefore, 309 patients had all 4 risk fac-
tors tested.

Statistical Analyses

Probability of appropriate interven-
tion within 5 years from defibrillator
implantation was estimated as cumu-
lative incidence of ICD discharges, com-
puted by Kaplan-Meier method and
compared in patient subgroups by log-
rank test.19 Follow-up duration was
computed from the date of device im-
plantation to the time of first appropri-
ate ICD discharge. In patients without
an ICD intervention, follow-up was to
date of death, most recent follow-up
evaluation, or April 2005, whichever
came first. ICD discharges known to oc-
cur after March 31, 2005, are reported
only in the text.

Rates of first appropriate interven-
tion were computed as the ratio be-
tween the number of events observed
and sum of person-years accumulated
during follow-up; 95% confidence in-
tervals (CIs) were calculated assum-
ing a Poisson distribution of rare events.
Rates were compared among patient
subgroups by �2 tests for heteroge-
neity and trend or by Fisher test, as ap-
propriate. Incidence rates were com-
puted as ratios between first appropriate
intervention rates and 95% CIs, using
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the Taylor series approximation
method. To investigate the role of pri-
mary prevention risk factors and the dif-
ferential effects of each marker on like-
lihood of ICD discharge, multivariate
Cox models were fitted to the data, ad-
justing for other risk factors. Syner-
gism between any 2 of the 4 risk fac-
tors was assessed by introducing into
the model information on each risk fac-
tor, individually. Likelihood ratio tests
evaluated statistical significance of each
risk marker and interaction term. Sta-
tistical significance was computed based
on binomial distribution. For continu-
ous variables, means (SDs) are re-
ported; P values are 2-sided and con-
sidered statistically significant at the
�.05 level. All analyses were per-
formed using SPSS version 14.0 (SPSS
Inc, Chicago, Illinois).

RESULTS
Baseline Clinical Characteristics

The 506 patients were aged 42 (SD, 17)
years at device implantation for sec-
ondary (n=123) or primary (n=383)
prevention; 140 (28%) were aged 30
years or younger and 323 (64%) were
male (TABLE 1). Follow-up period was
3.7 (SD, 2.8; range, to 16) years.

Appropriate ICD Interventions

Overall Study Group. Of the 506 study
patients, 103 (20%) experienced 1 or
more appropriate device interven-
tions, in which the ICD terminated ven-
tricular fibrillation (n=49) or ventricu-
lar tachycardia (n=54), immediately
restoring sinus rhythm. Initial ICD ac-
tivations were defibrillation shocks in
94 and overdrive pacing in 9.

Appropriate intervention rate for the
study group was 5.5% per year (95% CI,
4.5%-6.6%); cumulative probability of
discharge at 5 years was 23% (SD, 2%).
Most patients with appropriate inter-
ventions (92/103 [90%]) had no or only
mild symptoms of heart failure (Table 1).
After the close of follow-up, initial ap-
propriate ICD shocks were reported in
6 additional patients, each of whom had
received ICDs prophylactically.

Secondary Prevention. Of the 506
study patients, 123 (24%) received ICDs

after a resuscitated cardiac arrest or sus-
tained ventricular tachycardia; mean age
was 45 (SD, 19) years. Of these 123 pa-
tients, 52 (42%) experienced appropri-
ate ICD discharges. Intervention rate
was 10.6% per year (95% CI, 7.9%-
13.9%); cumulative probability of dis-
charge at 5 years was 39% (SD, 5%)
(FIGURE 1).

Primary Prevention. Of the 506
study patients, 383 (76%) judged to be
at high risk (without prior cardiac ar-
rest) received prophylactic ICDs2,4,17;
mean age was 41 (SD, 16) years. Of
these 383 patients, 51 (13%) experi-
enced an appropriate ICD discharge. In-
tervention rate was 3.6% per year (95%
CI, 2.7%-4.8%); cumulative probabil-
ity of discharge at 5 years was 17% (SD,
2%) (Figure 1). Rate of first appropri-
ate ICD shock for secondary preven-
tion exceeded by 3-fold that for pri-
mary prevention (rate ratio, 2.9; 95%
CI, 1.9-4.4; log-rank P � .001)
(Figure 1).

Demographics of
Appropriate Interventions

Multiple Discharges. Of 103 patients
with appropriate interventions, 38 had

a single appropriate intervention, and
44 had 2 to 5 discharges. The remain-
ing 21 patients had more than 5 inter-
ventions. Of the 65 patients with mul-
tiple discharges, 41 (63%) underwent
ICD implantation for secondary pre-
vention and 24 (37%) for primary pre-
vention.

Timing. Time lapsed between de-
vice implantation and initial appropri-
ate discharge varied considerably, and
in 16 patients was 5 to 10 years. Cu-
mulative probability of first appropri-
ate intervention beyond 5 years was
27% (SD, 7%).

Age and Sex. At first appropriate ICD
activation, mean age was 44 (SD, 19;
range, 5-83) years, including 31 pa-
tients (30%) 30 years or younger. Of
note, 23 of 83 patients (28%) who had
received an implant at 20 years or
younger had appropriate ICD interven-
tion at age 18 (SD, 4) years (7.3% per
year), including 13 of 37 children (35%)
who had received an implant at 15 years
or younger. In primary prevention pa-
tients, no overall association was pre-
sent between age at implantation and
subsequent risk of appropriate dis-
charge (P=.64).

Table 1. Clinical, Demographic, and Echocardiographic Data in 506 Patients With
Hypertrophic Cardiomyopathy and Implantable Defibrillatorsa

Characteristics
All

Patients

Primary Prevention Secondary Prevention

Overall

�1
Appropriate
Intervention Overall

�1
Appropriate
Intervention

No. of patients 506 383 51 123 52

Age, mean (SD), y 42 (17) 41 (16) 38 (17) 45 (19) 47 (22)

Male sex, No. (%) 323 (64) 241 (63) 34 (67) 82 (67) 34 (65)

Follow-up duration, mean (SD), y 3.7 (2.8) 3.6 (2.6) 2.3 (2.4) 4.0 (3.3) 2.3 (2.6)

NYHA class, No. (%)
I 277 (55) 200 (52) 32 (63) 77 (63) 36 (69)

II 162 (32) 127 (33) 13 (25) 35 (28) 11 (21)

III or IV 67 (13) 56 (15) 6 (12) 11 (9) 5 (10)

Maximal left ventricular wall
thickness, mean (SD), mm

22.8 (7) 23.3 (7) 23.0 (6) 21.0 (7) 19.8 (5)

Left ventricular end-diastolic cavity
dimension, mean (SD), mm

45.0 (8) 44.6 (8) 44.2 (9) 46.3 (8) 47.3 (8)

Left atrial dimension, mean (SD), mm 44.4 (8) 44.4 (8) 44.7 (9) 44.3 (8) 44.1 (9)

Left ventricular outflow gradient
(rest), %

�30 mm Hg 25 28 22 18 13

�30 mm Hg 75 72 78 82 87
Abbreviation: NYHA, New York Heart Association.
aData documented at time of implantation.
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Appropriate interventions occurred
in 68 of 323 men (21%) and 35 of 183
women (19%) (P=.60). Annual inter-
vention rates were 5.4% (95% CI, 4.2%-
6.8%) for men and 5.5% (95% CI, 3.7%-
7.5%) for women.

Drugs. Appropriate ICD interven-
tions were most common among pa-
tients taking amiodarone (22/82 [27%]),
but also occurred with verapamil (19/
131 [15%]), �-blockers (46/277 [17%]),
or disopyramide (5/25 [20%]).

Alcohol Septal Ablation and
Myectomy. Appropriate discharge rates
were 4-fold more common in patients
with prior alcohol septal ablation20-22

(4/17 [24%], or 10.3% per year [95%
CI, 2.0%-28.4%]), compared with pa-
tients who had previously undergone
surgical septal myectomy22 (6/50 [12%],
or 2.6% per year [95% CI, 1.2%-
7.2%]) (P=.04).

Risk Factor Analysis

Number of Risk Factors. Among all pri-
mary prevention patients, appropriate
ICD discharges occurred in 24 of 173
patients (14%) with 1 risk factor, in 16
of 143 (11%) with 2 risk factors, and
in 10 of 59 (17%) with 3 or more risk
factors (TABLE 2). Intervention rates per
100 person-years were similar in pa-
tients with 1, 2, or 3 or more risk fac-

tors (3.83, 2.65, and 4.82, respec-
tively; P=.77). Cumulative probability
of ICD discharge was unrelated to the
number of risk factors in all primary
prevention patients (P=.85) (FIGURE 2)
and also in the 309 patients with all 4
risk factors tested (P=.22).

Of the 51 primary prevention pa-
tients with an appropriate ICD inter-
vention, 18 (35%) were known to have
only 1 of the 4 risk factors. For pa-
tients with only 1 risk factor, rates of
appropriate intervention per 100 per-
son-years were: syncope (5.22); non-
sustained ventricular tachycardia
(3.99); family history of sudden death
(2.70); and massive left ventricular hy-
pertrophy (2.05) (TABLE 3).

Specific Risk Factors. The associa-
tion between each of the individual risk
factors and likelihood of an appropri-
ate ICD discharge (Table 3) was tested
in a series of multivariate Cox models
adjusting for the other risk factors in
all primary prevention patients, in those
with all 4 risk factors tested, and in
those with only 1 risk factor. No spe-
cific individual risk marker was asso-
ciated with an increased risk of ICD in-
tervention as compared with the others
(P=.35). Similarly, no significant inter-
action between any 2 risk factors was
observed (P� .10).

Survival and Causes of Death
Of the 506 study patients, 467 (92%)
survived to the end of follow-up (in-
cluding 10 with heart transplants),
while 39 others died. Nineteen of these
39 patients died of non–HCM-related
causes (eg, cancer, renal disease, coro-
nary artery disease, or accidents).
Twenty others died of causes related to
HCM, including end-stage systolic dys-
function and advanced heart failure
(n=12) or embolic stroke (n=7). The
remaining patient was an asymptom-
atic 21-year-old man with nonobstruc-
tive HCM who died suddenly and un-
expectedly due to ICD malfunction at
the time of appropriate defibrillation
shock.23

Complications

Of the 506 study patients, 136 (27%)
experienced 1 or more inappropriate
shocks due to sinus tachycardia, atrial
fibrillation, or lead malfunction. Inap-
propriate shocks occurred in 102 pa-
tients without and in 34 with appro-
priate ICD interventions (P=.15). Major
complications included infection in 19
(3.8%), hemorrhage/thrombosis in 8
(1.6%), and lead fractures, dislodge-
ment, and oversensing in 34 (6.7%). In-
appropriate shocks occurred with simi-
lar frequency in primary prevention
patients (97/383 [25%]) and second-
ary prevention patients (39/123 [32%])
(P=.38) and also were no more com-
mon in patients 30 years or younger
(35/110 [32%]) than in those older than
30 years (63/273 [23%]) (P=.22).

COMMENT
The results of this international, multi-
center study show the effectiveness
and reliability of the ICD in preven-
tion of sudden cardiac death in high-
risk patients with HCM. Over an aver-
age follow-up of approximately 31⁄2
years, appropriate device discharges
for life-threatening ventricular tach-
yarrhythmias occurred in 20% of our
large study group of more than 500
high-risk patients, including a sizeable
number of children, and predomi-
nantly in patients with no or only
mildly limiting symptoms. About 50%

Figure 1. Cumulative Rates for First Appropriate Implantable Defibrillator Intervention in
Patients Who Had Received Devices for Primary (n=383) or Secondary Prevention (n=123)
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of ICD interventions occurred for ven-
tricular fibrillation, while the other
appropriate discharges were triggered
by rapid, prolonged ventricular tachy-
cardia. Our 4% per year appropriate
discharge rate for primary prevention
is consistent with previously reported
sudden-death rates in similar high-risk
HCM populations from tertiary refer-
ral centers2,4,5 and is 4-fold the rate
reported in unselected community-
based HCM cohorts.2,24,25

Cumulative probability of an appro-
priate ICD intervention 5 years after im-
plantation was almost 25%, consistent
with a substantial ongoing risk for sud-
den death in the absence of an ICD.
These intervention rates, similar to
those reported in a much smaller pa-
tient cohort 8 years previously,8 un-
derscore the preventive power of ICDs
in HCM. It should be noted, however,
that our data were assembled in a se-
lected HCM cohort judged to be at high
risk in clinical practice. As a conse-
quence, the reported event rates are not
necessarily representative of what could
be expected in a truly general HCM
population (ie, one with a more be-
nign clinical profile).2-5,24,25

Prevention of sudden death with
ICDs is likely to prolong life substan-
tially in patients with HCM at high risk.2

We had anticipated that, after our ini-
tial report in 2000,8 greater numbers of
ICDs would be implanted in patients
with HCM, and enthusiasm created by
those data could trigger an excessive
number of device implants, including
those in patients unlikely to experi-
ence ICD therapy. However, this con-
cern now seems largely unfounded,
given that in the present cohort only 4
defibrillators were implanted for each
1 that had interrupted life-threatening
tachyarrhythmias over a relatively brief
mean follow-up period of 3.7 years. ICD
therapy in HCM also has been shown
to be cost-effective (and even cost-
saving) due to additional years of pro-
ductive life afforded young high-risk pa-
tients, made possible by device
intervention.26 Finally, more than 25%
of our patients taking amiodarone ex-
perienced appropriate ICD interven-

tions, reemphasizing the relative inef-
fectiveness of pharmacological therapy
alone in preventing sudden death in pa-
tients with HCM.6,8

There is little residual controversy
concerning defibrillators for second-
ary prevention of sudden death in pa-
tients who have fortuitously survived
cardiac arrest due to ventricular fibril-

lation.2,4,17,27-30 On the other hand, con-
siderable uncertainty persists regard-
ing the precise selection of patients with
HCM for primary prevention ICD strat-
egies. Certainly, recognition of mul-
tiple noninvasive risk factors creates an
environment in which ICD decision
making becomes easier and more com-
fortable. Of note, however, one-third of

Table 2. Relation Between Number of Primary Prevention Risk Factors and Appropriate
Implantable Defibrillator Interventions

No. of Risk Factors

1 2 �3 0

All Patients (n = 383)

Patients with risk factor,
No. (%)

173 (45) 143 (37) 59 (15) 8 (2)

Appropriate interventions,
No. (%)

24 (14) 16 (11) 10 (17) 1 (13)

Person-years 649.68 499.14 219.27 27.15

Appropriate interventions
per 100 person-years
(95% CI)

3.69 (2.37-5.50) 3.21 (1.84-5.21) 4.56 (2.18-8.38) 3.68 (0.07-20.51)

Patients With All 4 Risk Factors Assessed (n = 309)

Patients with risk factor,
No. (%)

126 (41) 122 (39) 58 (19) 3 (1)

Appropriate interventions,
No. (%)

18 (14) 11 (9) 10 (17) 1 (33)

Person-years 469.86 414.37 207.39 5.82

Appropriate interventions
per 100 person-years
(95% CI)

3.83 (2.27-6.05) 2.65 (1.32-4.75) 4.82 (2.31-8.86) 17.17 (0.34-95.65)

Abbreviation: CI, confidence interval.

Figure 2. Cumulative Rates for First Appropriate Implantable Defibrillator Intervention in
Patients With 1, 2, or 3 or More Risk Factors Who Had Received Devices for Primary
Prevention
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our primary prevention patients who
received device interventions for po-
tentially lethal ventricular tachyarrhyth-
mias had only 1 risk factor. In addi-
tion, we were not able to detect any
significant difference in the probabil-
ity of appropriate ICD discharges be-
tween patients with 1, 2, or 3 or more
noninvasive risk markers.

Consequently, the present findings
appear to contradict the view that 2 or
more risk factors are mandatory to trig-
ger recommendations for primary pre-
vention ICDs.30 Nevertheless, we wish
to emphasize that it is not our inten-
tion to promote a strategy for univer-
sal ICD implantation in all patients with
HCM who have only 1 risk factor. In-
evitably in a heterogeneous genetic dis-
ease such as HCM, there are numer-
ous complex clinical scenarios for
which ambiguities and gray areas arise
with respect to the presence, strength,
or number of risk factors and ulti-
mately to those decisions regarding pro-

phylactic ICDs. One specific example
would be elderly patients with unex-
plained syncope as a single risk factor.
Such patients may not be candidates for
primary prevention, given that HCM-
related sudden death is uncommon in
this age group,31 survival to advanced
age itself declares lower risk status in
this disease, and syncope is not uncom-
mon in elderly individuals.2,4 In addi-
tion, each HCM risk factor comprises
a large spectrum of clinical presenta-
tions that, for example, may vary from
a family history of several sudden deaths
in first-degree relatives to a single death
in a distant family member, or from an
isolated brief run of nonsustained
ventricular tachycardia on ambula-
tory Holter electrocardiography to
multiple and prolonged runs. Our
multicenter ICD registry did not
permit quantitative assignment of the
severity for each risk factor in indi-
vidual patients, nor could we demon-
strate that any particular risk marker

conveyed greater likelihood of an ICD
intervention.

Therefore, at present, assessment of
the magnitude of sudden death risk po-
tentially associated with a single marker
often may rely in part on the experi-
ence and clinical judgment of the in-
dividual physician evaluating the pa-
tient’s overall risk profile. Indeed, of
note in the present multicenter study,
the prognostic weighting of risk fac-
tors clinically by managing physicians
proved to be sufficiently accurate to
closely approximate (in terms of ICD
interventions) the sudden death rates
previously reported in high-risk HCM
populations.2 ,4 Also, patient au-
tonomy considerations23 and the strong
desires of the fully informed patient
with HCM can contribute measurably
to the resolution of uncertainties that
may arise due to insufficient evidence-
based data.

The observational design of this
registry-based study was unavoidable,
since it is virtually impossible to con-
template a prospective randomized
ICD trial in HCM given the infre-
quency of the disease in cardiologic
practice, its heterogeneous clinical
expression, and the low postimplanta-
tion event rate dispersed over many
decades, as well as ethical consider-
ations. However, despite the limita-
tions of the primary prevention risk
markers now used in HCM, and the
fact that by design our registry did not
include patients judged to be at low
risk without ICDs at the participating
centers or allow precise definition of
each patient requiring an implanted
device within the broad disease
spectrum, 20% of the study patients
nevertheless received appropriate ICD
interventions for life-threatening
arrhythmias during a mean follow-up
of less than 4 years. The latter findings
suggest that the current risk factor
strategy is a useful guide for identify-
ing patients with HCM who are sus-
ceptible to sudden death.

The fact that more than 40% of our
patients who experienced appropriate
ICD activations were younger than 40
years emphasizes the unique clinical cir-

Table 3. Individual Primary Prevention Risk Factors and Appropriate Implantable Defibrillator
Interventions

Risk Factor

Family History
of Sudden

Death Syncope Massive LVH NSVT (Holter)

All Patients (n=383)

No. of patients 197 181 91 175

Patients with appropriate
interventions, No. (%)

25 (13) 26 (14) 11 (12) 25 (14)

Person-years 754.51 684.50 304.47 597.97

Appropriate interventions
per 100 person-years
(95% CI)

3.31 (2.14-4.89) 3.80 (2.48-5.57) 3.61 (1.80-6.46) 4.18 (2.71-6.17)

Patients With All 4 Risk Factors Assessed (n=309)

No. of patients 157 140 80 175

Patients with appropriate
interventions, No. (%)

17 (11) 19 (14) 10 (13) 25 (14)

Person-years 579.14 525.64 252.00 597.97

Appropriate interventions
per 100 person-years
(95% CI)

2.94 (1.71-4.69) 3.61 (2.18-5.64) 3.97 (1.90-7.29) 4.18 (2.71-6.17)

Patients With Only 1 Risk Factor (n=173)

No. of patients 67 52 17 37

Patients with
appropriate
interventions, No. (%)

7 (10) 10 (19) 1 (6) 6 (16)

Person-years 258.83 191.70 48.68 150.47

Appropriate interventions
per 100 person-years
(95% CI)

2.70 (1.09-5.05) 5.22 (2.50-9.59) 2.05 (0.04-11.44) 3.99 (1.47-8.69)

Abbreviations: CI, confidence interval; LVH, left ventricular hypertrophy; NSVT, nonsustained ventricular tachycardia.
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cumstance common to genetic heart
diseases32 such as HCM. Indeed, high-
risk patients with HCM are usually
much younger than those with more
traditional device indications related to
coronary artery disease.11-14 Further-
more, the interval from implantation to
first appropriate device activation can
be considerable—up to 10 years in the
present cohort—and may prove even
longer should the follow-up be ex-
tended. However, the not infrequent oc-
currence of inappropriate shocks and
other device-related complications, as
well as lost employment opportuni-
ties or limitations in quality of life, un-
derscore the importance of balancing
the sudden death risk and potential ICD
benefit (ie, protection from sudden
death) against the possibility of ad-
verse defibrillator-related events over
long periods, particularly in patients
who have undergone implantation early
in life. It is possible that some patients
judged to be at high risk will experi-
ence only ICD-related complications
rather than life-saving interventions. Al-
ternatively, reassurance conveyed by the
ICD represents an important psycho-
logical benefit to many patients.

ICDs restored sinus rhythm, even in
the presence of extreme functional
and morphologic disease features such
as marked left ventricular outflow
tract obstruction and massive left ven-
tricular hypertrophy.2,4 Furthermore,
ICDs were effective in preventing sud-
den arrhythmic death in virtually
every patient with a typical clinical
expression of HCM (ie, absence of
progressive heart failure associated
with systolic dysfunction; embolic
stroke).33,34 The single notable excep-
tion was a college student with a his-
tory of syncope and extreme left ven-
tricular hypertrophy, associated with
preserved systolic function, who died
suddenly when his mechanically
defective (known only to the manufac-
turer) ICD failed due to massive elec-
trical overstress while delivering a
defibrillation shock.23,35 Therefore,
although only speculative at present, it
is possible that protection from sud-
den death offered by the ICD will

afford near-normal or normal longev-
ity to many high-risk patients with
HCM, assuming they are not encum-
bered by other major disease compli-
cations.

Percutaneous alcohol septal abla-
tion20,21 is a relatively new therapeutic
strategy that reduces the left ventricu-
lar outflow gradient and heart failure
symptoms in patients with HCM by
creating a transmural scar in the
hypertrophied proximal ventricular
septum.22 Our findings suggest that this
procedure may increase risk of sud-
den death in some patients with HCM,
given that ICD therapy was 4-fold more
common after alcohol ablation than fol-
lowing the more established surgical
myectomy.2

In conclusion, the ICD effectively and
reliably aborted life-threatening ven-
tricular tachyarrhythmias ina largegroup
of patients with HCM who were judged
to be at high risk for sudden death by
theirmanaging cardiologists based on the
risk factor algorithm currently used in
this disease. An important proportion of
these device interventions occurred in
patients who had undergone prophylac-
tic ICD implantation for a single risk fac-
tor. Therefore, a single marker of high-
risk status may justify consideration for
a primary prevention defibrillator in se-
lected patients with HCM.
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