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Hypertrophic cardiomyopathy (HCM) is a genetic
cardiac disease associated with ventricular tach-
yarrhythmias and sudden death.'”® In epidemio-
logic studies, HCM has been reported to occur
in about 1:500 individuals in the general popu-
lation and is therefore the most common genetic
cardiovascular disease.!™® Since its modern de-
scription by Teare almost 50 years ago, HCM
has been the subject of intense scrutiny and in-
vestigation.”® A substantial segment of these in-
vestigative efforts have focused on recognition of
those patients with unacceptably high risk of sud-
den death, who could benefit from preventive
interventions with the implantable cardioverter-
defibrillator (ICD).8~!! However, the heteroge-
neous nature of HCM has presented a significant
challenge for clinicians in identifying such patients.
Therefore, it is timely to review the spectrum and
implications of arrhythmias in HCM with particu-
lar focus on the high-risk patient and strategies for
sudden death prevention.

MECHANISMS

The substrate of electrical instability that leads
to arrhythmias in HCM lies predominantly in
the disordered architecture of left ventricular my-
ocardium in which adjacent myocytes are arranged
in a chaotic pattern providing a suitable envi-
ronment for reentrant ventricular tachyarrhyth-

mias.'?13 In addition, small vessel disease, charac-
terized by abnormal intramural coronary arteries,
may importantly contribute to this electrical in-
stability by repetitive bursts of asymptomatic is-
chemia leading to myocyte death and repair as
replacement scarring.!> In the context of this
unstable myocardial substrate ventricular tachy-
cardia/fibrillation may occur in HCM as the
usual mechanism of sudden cardiac death.!”58
Supraventricular tachycardia, particularly atrial
fibrillation, commonly occur in HCM (about 25% of
patients) and may lead to significant morbidity and
mortality by virtue of heart failure and stroke.!* 15
However, atrial fibrillation is not tightly linked to
sudden cardiac death. Therefore, this review fo-
cuses on the profile and prognostic significance of
ventricular tachyarrhythmias in HCM.

VENTRICULAR
TACHYARRHYTHMIAS ON HOLTER
ECG

Numerous clinical studies of 24-72 hour Holter
ambulatory ECGs have been reported in HCM pa-
tients over the past 25 years (Table 1).1722 Each
of these studies has shown a variety of ventricu-
lar tachyarrhythmias to occur commonly in HCM,
although the precise frequency and pattern of
each arrhythmia and their apparent clinical signifi-
cance has varied among these reports. For example,
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Figure 1. Prevalence of ventricular and supraventricular arrhythmias on 24-hour
ambulatory (Holter) ECG recording in 178 patients with HCM. PVC = prema-
ture ventricular complex; NSVT = nonsustained ventricular tachycardia; SVT =
supraventricular tachycardia. (Reproduced with permission of American College

of Cardiology; from Adabag et al., J Am Coll Cardiol 2005;45:697-704.)

>1 short runs of NSVT occur on a random Holter
ECG, five additional ambulatory recordings are ob-
tained over an 8-12 week period to expand the
monitoring period and assemble an arrhythmia pro-
file that permits prudent clinical decisions. For ex-

60 -

p=0.02

T T T

16-19 20-24 25-29 >30

a
o
I

Y
o
I

N
o
I

% of Patients with NSVT
[2]
o
1

-
o
I

0 Aj T
<15

Figure 2. Relation between maximum LV wall thickness
and occurrence of NSVT on 24-hour ambulatory (Holter)
ECG recording in 178 HCM patients. Occurrence of
NSVT increases in direct relation to maximal LV thickness
(p = 0.02 by chi-square test for trend). LV = left ven-
tricular; NSVT = nonsustained ventricular tachycardia.
(Reproduced with permission of American College of
Cardiology; from Adabag et al., J Am Coll Cardiol
2005;45:697-704.)

Maximal LV Wall Thickness (mm)

ample, if NSVT is repetitive on sequential Holter
ECGs (or prolonged), then such selected patients
may be considered for an ICD. On the other hand,
should the single NSVT burst which triggered the
additional Holter ECGs represent an isolated ar-
rhythmic event over six days, then device therapy
would probably not be justified. Conversely, the ab-
sence of NSVT on Holter ECG has a high negative
predictive value for sudden death in HCM (>90%),
which is the basis for a large measure of reassur-
ance to patients with regard to their sudden death
risk.?2

VENTRICULAR
TACHYARRHYTHMIAS FROM
INTERROGATED ICDS

Prior to the ICD era, based on anecdotal ev-
idence from isolated cases, ventricular tachycar-
dia/fibrillation was considered to be the most likely
mechanism for sudden death in HCM.!7%2526
More recently, the ICD has afforded access to
the arrhythmia sequences which trigger appropri-
ate device interventions, by virtue of stored elec-
trocardiographic recordings. Indeed, ICD studies
in high-risk HCM patients have confirmed the
long-standing hypothesis that primary ventricu-
lar tachycardia/fibrillation, presumably emanating
from the electrically unstable myocardial substrate



174 « AN.E. » April 2007 « Vol. 12, No. 2 « Adabag and Maron ¢ Arrhythmias and Sudden Death in HCM

are responsible for the unpredictable sudden death
events in this disease (Figs. 3 and 4).27732 While
some investigators have suggested that ventricu-
lar tachycardia interrupted by the ICD does not,
in fact, represent a potentially fatal arrhythmia
(but rather shocks occurring for arrhythmias which
would otherwise be self-limiting)®*3 we do not sub-
scribe to this view in HCM, and regard these as life-
saving interventions. Prolonged runs of ventricular
tachycardia (8-10 seconds), in the presence of thick
hearts with greatly increased LV mass intuitively
suggest that such arrhythmias are not likely to ter-
minate spontaneously. It should also be noted that
ventricular tachycardia episodes requiring ICD in-
tervention are much longer than those self-limiting
NSVT bursts (3-5 beats) typically evident on Holter
ECGs in HCM patients.!??7:28 Finally, it has not
been possible to conclusively exclude bradycardia-
mediated events in HCM because of the automat-
ically triggered back-up pacing capability of the
ICD. It is therefore possible that more diverse ar-
rhythmic mechanisms are responsible for appro-
priate device interventions or sudden death in this
complex disease.

SUDDEN DEATH RISK
STRATIFICATION

Arrhythmia-based sudden death is the most
recognized and devastating complication of
HCM.24768 Indeed, HCM is the most common
cause of sudden death in young people, including
trained athletes.®3*35 Despite a predilection for
young people (12-35 years of age), sudden death
in HCM may also occur in mid-life and even
beyond, and therefore achieving a particular
age does not confer an absolute immunity.®36
Although only a minority of HCM patients are
susceptible to sudden death (perhaps 10%-20%],
the unpredictable nature of these events and
the fact that most patients who die suddenly do
not experience premonitory symptoms creates a
sense of vulnerability among the HCM patient
population.?8:34.35

Recognition of high-risk HCM patients is a prior-
ity and has been the subject of a considerable body
of literature as well as persistent controversy.? 8711
The frequency of sudden death in HCM has been
reported to be as high as 4%-6% / year in highly
selected cohorts from tertiary care referral cen-
ters, disproportionately comprised of high-risk pa-
tients.® However, in reality sudden death is much
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Figure 3. Stored ventricular electrogram from an
asymptomatic 35-year-old man who received a defibril-
lator prophylactically because of a family history of sud-
den death related to hypertrophic cardiomyopathy and
marked ventricular septal thickness (31 mm). The elec-
trogram was obtained four years eight months after im-
plantation of the defibrillator. The data were recorded
at 1:20 a.m. while the patient was asleep. A contin-
uous recording, at 25 mm/second, is shown in four
panels, with the tracing recorded from left to right in
each. After 4 beats of sinus rhythm, ventricular tachy-
cardia begins abruptly, at a rate of 200 beats/minute
(Panel A). The defibrillator senses ventricular tachycar-
dia and charges (Panel B). Ventricular tachycardia dete-
riorates into ventricular fibrillation (Panel C). The defib-
rillator discharges appropriately (a 20-J shock denoted
by the bar, Panel D) during ventricular fibrillation and
restores sinus rhythm. (Reproduced with permission of
Massachusetts Medical Society; from Maron et al.,, N
Engl J Med 2000;342:365-373.)
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Figure 4. Intracardiac electrogram showing the mechanism of sudden death in a young
28-year-old patient with HCM who received a cardioverter-defibrillator for primary preven-
tion of sudden death. Spontaneous onset of ventricular fibrillation is automatically terminated
by a defibrillation shock (arrow) which immediately restores sinus rhythm.

less common in HCM (<1%/year), as demonstrated
in community-based cohorts where selection bias is
limited, and which come closest to the true disease
presentation.® 36738

Identification of that minority of HCM patients
who are at the highest risk for sudden cardiac
death has been challenging due largely to the
marked clinical heterogeneity of the disease spec-
trum.!7%%9 Nevertheless, by virtue of a number
of retrospective studies several clinical risk mark-
ers have been associated with sudden death risk
(Table 2).58:9:2439 For the most part, these mark-
ers emphasize arrhythmias (such as sustained or
nonsustained ventricular tachycardia and ventricu-
lar fibrillation) or variables judged to be associated
with or promote arrhythmias (e.g. massive LV hy-
pertrophy or syncope). Other clinical markers such
as LV outflow obstruction and atrial fibrillation are
not independent strong predictors of sudden death,
can be contributing factors in individual patients
but not sole indication for prophylactic defibrilla-
tor therapy. In addition, selected morphologic sub-

groups of patients appear to be candidates for pri-
mary prevention ICDs due to their propensity for
potentially lethal ventricular tachyarrhythmias, in-
cluding those in the end-stage phase with systolic
dysfunction and extensive fibrosis** or with LV
apical aneurysm and regional scarring.*!'*> Largely
due to the low overall rate of sudden death, most
clinical risk factors carry low-positive and high-
negative predictive values, so that the absence of
a marker can more easily be used as a source of
reassurance.

No single available test is capable of solely and
accurately assessing risk level in all HCM patients
and at least one risk factor can be found in almost
50% of clinically identified HCM patients. Also an
undefined but relatively small number of patients
without any of the known risk markers neverthe-
less are subject to the risk of sudden death.?”>8°
Consequently, it is apparent that the current risk
stratification algorithm for HCM is incomplete and
a future challenge in this disease is a more pre-
cise identification of those patients who should be
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Table 2. Risk Markers for Sudden Death in HCM

Major markers

e Previous cardiac arrest

e Spontaneous sustained ventricular tachycardia

e Family history of sudden death (particularly in a
first degree relative and/or multiple in
occurrence)

e Unexplained syncope (particularly if recurrent,
exertional or in the young)

e Extreme LV hypertrophy (maximal LV thickness
>30 mm by echocardiogram)

e Abnormal blood pressure response with exercise
(fall in pressure or sustained failure to rise
>20 mmHg during exercise or recovery, in
patients <50 years of age)

o NSVT on Holter ECG (>3 beats and >120
beats/minute)

Other possible markers

e Atrial fibrillation

e LV outflow obstruction

e Myocardial ischemia

e High-risk mutation

o Extensive delayed hyperenhancement by MRI
(post-gadolinium infusion)

NSVT = nonsustained ventricular tachycardia; LV = left
ventricular; ECG = electrocardiogram; MRI = magnetic
resonance imaging.

targeted for primary prevention. This would in-
clude the recognition of new risk markers such
as extensive fibrosis evidenced by delayed hyper-
enhancement on postgadolinium cardiac magnetic
resonance imaging.*3

Since HCM is a genetic disease with a variety
of mutant genesencoding protein components of
the cardiac sarcomere, a role for genetic testing
in risk stratification has been proposed based on
the concept that mutational analysis could reli-
ably identify benign and malignant genes and in
this way predict future events. Indeed, a rapid
genetic test is now commercially available which
analyzes mutations in the eight most common
HCM-causing genes by direct DNA sequencing
(http://www.hpcgg.org/LMM/tests.html).**  How-
ever, it is now evident that due largely to the
marked genetic and clinical heterogeneity of HCM
(11 genes and >400 individual mutations), this
genotyping strategy is not viable in assessing prog-
nosis and sudden death risk and in making clinical
management decisions for individual patients.

Noninvasive tests such as signal averaged ECG,
heart rate variability, QT dispersion, and T-wave
alternans have either not been studied systemat-

ically in HCM or have proven unhelpful for risk
stratification. Finally, the practice of electrophys-
iologic testing with programmed ventricular stim-
ulation and induction of ventricular tachyarrhyth-
mias to identify high-risk HCM patients has largely
been abandoned due to its low specificity for sud-
den death events (particularly when aggressive in-
duction protocols with three extra stimuli are used),
as well as concerns regarding the reliability of a sin-
gle test result predicting future clinical events over
many years.*®

Assessment of high-risk status in HCM, including
those patients who are asymptomatic or only mildly
symptomatic, routinely includes personal and fam-
ily history, physical examination, 12-lead ECG,
24-hour Holter ECG, and exercise testing. Subse-
quent risk analysis should be performed periodi-
cally or when a change in clinical status is per-
ceived. Prudent management decisions are cur-
rently based on the known risk factors and by in-
tegrating all relevant clinical data and individual
physician judgment in accord with the risk level
acceptable to patient and family.

PREVENTION
Pharmacological treatment

In the pre-ICD era, management of high-risk
HCM patients had been limited to prophylactic
pharmacological treatment with beta-blockers, ve-
rapamil, and antiarrhythmic agents such as pro-
cainamide, quinidine and more recently with amio-
darone.?38:46.47 However, there are very limited
data in HCM supporting the efficacy of such drug
treatment in prevention of sudden death.?3:8:46.47
For example, there have been no controlled studies
addressing the protective effects of beta-blockers
or verapamil, while class IA antiarrhythmic agents
have been largely abandoned due to potential
proarrhythmia. One report, using a retrospective,
non-randomized study design with historical con-
trols 15 years ago, proposed amiodarone as a
prophylactic treatment against sudden death in
HCM patients with NSVT.*” However, inexplica-
bly there have been no further reports assessing
the long-term efficacy of amiodarone from those
investigators advocating this drug for HCM pa-
tients.*>47 Also, the known side effects associ-
ated with chronic administration of amiodarone
severely limits the prophylactic application of this
drug to young HCM patients with characteristically
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extended periods of risk over many decades. There-
fore, due to the paucity of efficacy data, concern for
adverse effects, and the risk incurred potentially by
patient noncompliance, pharmacological treatment
for prevention of sudden death for HCM patients
has essentially been abandoned in light of proven
efficacy of the ICD.

Implantable cardioverter-defibrillator

Since its introduction to clinical medicine 25
years ago,*® the ICD has gained widespread appli-
cation to the prevention of sudden death in patients
with ischemic heart disease and dilated cardiomy-
opathy. Superiority of the ICD to antiarrhythmic
drugs (usually amiodarone) has been documented
in several large, prospective, randomized clinical
trials over the last decade.*~>% However, applica-
tion of ICD therapy to relatively young, high-risk
patients with genetic heart diseases (such as HCM)
has only more recently received attention over the
last five years (Figs. 3 and 4).27732.54

In a retrospective, multicenter study including
505 HCM patients, ICDs were effective in abort-
ing potentially lethal ventricular tachyarrhythmias
in 20% of high-risk HCM patients over 3.7 years.?®
The average age at first appropriate ICD discharge
was 44 £+ 19 years and a substantial proportion
of these shocks occurred in younger HCM pa-
tients (<30 years old). The average rate of appropri-
ate ICD interventions was 11%/year for secondary
prevention and 4%/year for primary prevention,
largely in otherwise asymptomatic or mildly symp-
tomatic patients.?”28 Notably, among patients who
underwent septal reduction interventions to re-
lieve LV outflow obstruction, appropriate ICD dis-
charges were 4-fold more common following alco-
hol septal ablation than surgical septal myectomy.2®
In the experience of this registry, only one patient
has died of a HCM-related arrhythmia (at age 21).
That event occurred when a defective ICD failed
due to short-circuiting at the time it attempted a
defibrillation shock to reverse ventricular fibrilla-
tion.55:56

HCM patients with ICDs are younger than those
patients with ischemic heart disease and therefore,
they are exposed to sudden death risk for much
longer periods of time. Furthermore, the time at
which high-risk status is identified in a given HCM
patient may not bear a direct relationship to the fu-
ture timing of a life-threatening arrhythmia requir-
ing defibrillation. Indeed, the interval between im-
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Figure 5. Interval between implantation of the defib-
rillator and the first appropriate discharge in 29 pa-
tients. (Reproduced with permission of Massachusetts
Medical Society; from Maron et al., N Engl J Med
2000;342:365-373.)

plantation and first appropriate shock has proven
to be highly variable and substantial (up to nine
years) in some patients (Fig. 5).27 This observation
also underscores the unpredictable nature of the
electrically unstable substrate in HCM.

There is little controversy concerning the ap-
propriateness of ICDs for secondary prevention in
HCM patients who have fortuitously survived a
cardiac arrest with ventricular fibrillation.® On the
other hand, there is not yet consensus on the pre-
cise selection of HCM patients for primary preven-
tion, i.e., the number and strength of clinical risk
markers sufficient to justify an ICD recommenda-
tion. While the presence of multiple clinical risk
factors makes this decision easier, it is also appar-
ent that a single risk factor may be sufficient to
justify offering the option of a prophylactic ICD to
some patients. Indeed, some investigators, particu-
larly in the United States, recognizing that the indi-
vidual risk markers are not equally weighted, favor
strong consideration for a primary prevention ICD
even in the presence of only one major risk factor
(e.g., family history of sudden death in a relative).
This was recently substantiated by multicenter data
which reported that 40% of HCM patients who ex-
perienced an appropriate discharge had been im-
planted for primary prevention based on recogni-
tion of only one risk factor.?® Other investigators
(largely Europeans) are much more conservative
and restrictive, usually requiring two or more risk
factors before recommending a prophylactic ICD.
Of note, the decision to implant an ICD cannot be
based solely on an arbitrary number of clinical risk
markers, but must be integrated into the overall
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clinical assessment and profile of a given patient
taking into account age, strength of the risk markers
identified and the level of uncertainty acceptable to
the patient and family.

Also, the potential life-saving implications of de-
vice implantation in patients must be weighed
against the relatively uncommon but occasionally
serious ICD-related complications, including inap-
propriate shocks and other lead-related problems,
as well as the negative psychological impact that
can be associated with implants in very young pa-
tients. It is also notable that physician and patient
attitudes towards ICDs and the access to such de-
vices can vary considerably among countries and
cultures, thereby impacting importantly on man-
agement decisions. For example, overall ICD im-
plantation rates are about 10 times higher in the
United States than in the United Kingdom.%”

Finally, the American College of Cardiol-
ogy/American Heart Association/North American
Society of Pacing and Electrophysiology 2002
guidelines designate the ICD only as a class IIb in-
dication for primary prevention of sudden death in
HCM.58 However, it is unlikely that sufficient data
from a randomized trial will ever be available to
support a higher classification. Given that HCM is
heterogeneous and relatively uncommon, with low
annual event rates, a prospective randomized and
controlled study would require an extended follow-
up period over many years. Furthermore, the
efficacy of ICDs in HCM has already been demon-
strated in large retrospective studies.?’~2° There-
fore, it would probably be impractical (and possi-
bly unethical) to conduct a randomized trial at this
time to document ICD benefit in HCM.

CONCLUSIONS

A variety of ventricular tachyarrhythmias includ-
ing PVCs, couplets and NSVT occur commonly on
ambulatory Holter ECG recordings in patients with
HCM. The high frequency of these arrhythmias
is disproportionate to the low event rate and rel-
atively uncommon occurrence of sudden death in
HCM. In high-risk HCM populations from tertiary
referral centers, NSVT on Holter ECG has been
strongly associated with sudden death while in less
selected community-based populations NSVT has
proven to be a weaker prognostic marker. While
the positive predictive value for NSVT is relatively
low (about 10%-20%), its absence has high neg-

ative predictive value and may be a source of
reassurance to patients concerning their level of
risk.

Over the last five years, the ICD has emerged
with an important role in both secondary and pri-
mary prevention of sudden death for patients with
HCM. Arrhythmia data obtained from ICD interro-
gation has documented primary ventricular tachy-
cardia/fibrillation as the predominant mechanism
of sudden death in HCM. While the precise criteria
for selection of patients for prophylactic ICDs con-
tinues to present challenges, those clinical recom-
mendations may be appropriate for patients with
one or more of the acknowledged primary preven-
tion risk factors, guided also by the overall clinical
risk profile of the patient.
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