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Hypertrophic cardiomyopathy:
Ask athletes these 9 questions

What you ask during sports physicals may be the key to
identifying young athletes with HCM—before it’s too late.

PRACTICE
RECOMMENDATIONS

> Screen for hypertrophic
cardiomyopathy (HCM)
during preparticipation
sports physicals. (€)

> Patients who have symp-
toms of, or are diagnosed
with, HCM should be cleared
by a cardiologist before being
allowed to participate in
organized sports or engag-
ing in physical exercise.

) Patients with HCM and

a history of cardiac arrest
should be given the opportu-
nity to receive an automatic
implantable cardioverter
defibrillator (AICD). (&)

> Beta-blockers are first-line
therapy for patients with
HCM who have symp-

toms of heart failure.

Strength of recommendation (SOR)

@ Good-quality patient-
oriented evidence

Inconsistent or limited-quality
patient-oriented evidence

@ Consensus, usual practice,
opinion, disease-oriented
evidence, case series

D

mon cardiac genetic disorder.! But it is best known

for its tragic outcomes—the sudden cardiac death
(SCD) of'young athletes, many of whom are in high school or
college.

In fact, HCM can present at any time frominfancy through
old\age, and has a broad range of manifestations. Some indi-
viduals remain asymptomatic throughout their lives and enjoy
a normal life span; others experience a range of symptoms,
from chest pain and dyspnea on exertion to dizziness, light-
headedness, palpitations, and syncope. Diagnosis is difficult,
and predicting which patients will develop severe complica-
tions and face the greatest risk of premature SCD remains an
inexact science.

What is clear is that in the United States, HCM causes SCD
far more than any other condition.? HCM has been positively
identified in well over a third of cases (36%) of SCD in athletes
under the age of 30, and cited as a possible cause in another
8%. Coronary artery anomalies is a distant second, responsible
for 17% of sudden deaths in this patient population; myocardi-
tis follows, at just 6%.>

We also know that HCM itself occurs much more fre-
quently than previously believed. In the early 1980s, its preva-
lence was estimated at <1 in 100,000;* today, HCM is believed
to affect approximately 1 in 500 adults.>* Because this poten-
tially fatal condition often remains undetected until an athlete
collapses on the playing field, it is crucial that family physi-
cians—who conduct many of the sports physicals typically
required before students are permitted to play competitive
sports—maintain a high degree of suspicion.

Knowing what signs and symptoms to look for and, per-
haps more importantly, the key questions to ask, will help you
identify young athletes at risk. This update, which begins with
areview of the genetic basis and pathophysiology of HCM, will
prepare you to take steps to protect your young patients.

H ypertrophic cardiomyopathy (HCM) is the most com-

THE JOURNAL OF FAMILY PRACTICE | NOVEMBER 2009 | VOL 58, NO 11



d4VV4 ‘AN "¥4311N39 ANOHLNY 40 ASILYNOD IDVINI ‘NVINYIVA ¥IJINNITM @ NOILYYLSNTI

>

LVOTO changes

with physical position
and physiological
factors, making the
murmur and
abnormal pulses
associated with it
hard to detect during
a physical exam.

Genetics and pathophysiology
HCM is associated with an autosomal-
dominant family of disorders affecting any of
11 genes encoding for proteins in the myocar-
dial sarcomere.® Hundreds of mutations have
been identified that can cause HCM disease.
(You'll find an updated list at http://genetics.
med.harvard.edu/~seidman/cg3/index.html.)

The disease occurs equally in men and
women,® although far more males than fe-
males die on the playing field.* Postulated
reasons for the lower death rate in female ath-
letes include differences in training regimen;
lack of participation in high-risk sports such
as football; and, until recently, fewer opportu-
nities for young women to participate in high
school and college athletic programs.* HCM
has no known racial predilection, although it
may be underdiagnosed in women, minori-
ties, and underserved populations.®

Myocardial tissue is disordered

The pathophysiology of HCM directly relates to
the disordered myocardial tissue arising from
the various gene mutations. Left ventricular
myocytes appear hypertrophied and are chaot-
ically arranged in bizarre structural patterns."’

N JFPONLINE.COM

This results in asymmetrically thickened and
stiff ventricular walls, which can lead to diastol-
ic dysfunction from poor left ventricle filling.

The abnormally thickened walls and sep-
tum also push the mitral valve anteriorly dur-
ing systole. In some HCM patients, the anterior
motion of the mitral valve, in conjunction with
septal hypertrophy, resultin obstruction of the
subaortic left ventricular outflow tract. This
obstruction—known as left ventricular out-
flow tract obstruction, or LVOTO—changes
with physical position as well as physiological
factors such as hydration level, heart rate, and
vascular preload, making the murmur and ab-
normal pulses associated with it hard to detect
during a physical exam.®

Ischemia and scarring result
The coronary arteries of patients with HCM
are often tortuous, with thickened walls and
narrow lumens. This leads to uneven perfu-
sion and areas of relative myocardial ischemia,
which result in patchy scarring. The ischemia,
disorganized cellular architecture, and myo-
cardial scarring create an environment that
promotes the ventricular and atrial arrhyth-
mias that commonly complicate HCM.!
CONTINUED
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In a patient with
HCM, a prior
episode of
cardiac arrest

is the most
significant

risk factor for
sudden cardiac
death.
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TABLE 1
HCM: Assessing risk
of sudden cardiac death®**

Major risk factors

Prior cardiac arrest*

Unexplained syncope

Family history of SCD

Left ventricular wall thickness 230 mm
Abnormal BP response to exercise

Nonsustained spontaneous ventricular
tachycardia

Possible risk factors

LVOTO

Late gadolinium enhancement on MRI
Myocardial ischemia

Specific troponin T and | mutations
Intense physical exertion

Atrial fibrillation

*Prior cardiac arrest is the most predictive of any

major factor.

BP, blood pressure; HCM, hypertrophic cardiomyopathy;
LVOTO, left ventricular outflow tract obstruction;

MRI, magnetic resonance imaging; SCD, sudden cardiac death.

While patients with HCM may develop
heart failure at any age, only a minority ever
experience severe heart failure—and more
than 25% of patients with HCM live beyond
the age of 75.% Overall, adults with HCM have
a 1% annual mortality rate, which is similar
to that of the general adult population in the
United States. For adults with HCM who have
had an episode of cardiac arrest or have more
than 1 major risk factor for SCD (TABLE 1), the
annual mortality rate climbs to 6%.'

The sports physical:

Frustratingly “normal”

The mainstay of screening for HCM and other
cardiac abnormalities associated with exer-
tional SCD is the preparticipation physical
examination, coupled with the medical his-
tory. The physical exam itself, however, is an
insensitive screening tool for this condition.
That’s because most patients with HCM have
nonobstructive disease, meaning there is no
murmur to be heard.! Even among HCM pa-
tients with LVOTO, the murmur may be diffi-
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cult to detect. Typically, it can be heard only
when the patient stands or performs the Val-
salva maneuver, movements that decrease
preload. Clinicians who manage to detect the
murmur generally describe it as a late-systolic
ejection murmur best heard at the left sternal
border radiating to the aortic and mitral areas,
but not into the neck.’

Resting pulses, too, are typically normal
in a patient with HCM/LVOTO, although “wa-
ter hammer” and double-peak pulses may be
present.'® At high levels of exertion, such pa-
tients may exhibit decreased peripheral pul-
ses and an ominous decrease in systolic blood
pressure.

It's important to realize, however, that
such findings are the exception. Because most
patients with HCM have normal physical ex-
ams, the medical history plays a particularly
important role in pinpointing patients at risk.

It's time to tweak your preparticipation
questionnaire

In recent years, efforts have been made to
improve preparticipation questionnaires."
Despite these efforts, only 17% of the prepar-
ticipation evaluation forms currently used by
US high schools contain all the recommended
screening elements.” Validated screening
questions are recommended by the American
College of Cardiology (ACC), American Acad-
emy of Family Physicians, and other major
organizations (TABLE 2). These 9 questions ad-
dress symptoms triggered by exertion, such as
chest pain, palpitations, syncope, or near syn-
cope; history of heart murmur or need for an
electrocardiogram (EKG); and family history
of unexplained sudden death or premature
heart disease.”® Further evaluation is critical
if the answers indicate a suggestive patient
or family history. (See “The sports physical:
Should EKG be mandatory?” on page 580.)

From suspicion to diagnosis

Patients with any abnormal findings or fea-
tures suggestive of HCM should be referred
to a cardiologist for further work-up."* Accom-
pany the referral with an order for complete
exercise restriction until a more detailed anal-
ysis has been completed or HCM has been
ruled out.
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2-dimensional echocardiogram

shows LV wall hypertrophy

Diagnosis is primarily made on the basis
of 2-dimensional echocardiography show-
ing asymmetric LV wall hypertrophy without
chamber dilation (in the absence of another
condition that might cause hypertrophy, such
as hypertension, valvular disease, or amy-
loidosis). The anterior septum is commonly
thickened; abnormal systolic anterior motion
of the mitral valve may be evident, as well.!

Although increased LV wall thickness
(213 mm) is the most common finding in
HCM—and thicknesses up to 60 mm have
been recorded—this is not a universal sign.
Many people with genetic evidence of HCM
have normal LV wall thickness. Conversely,
some patients have increased LV wall thick-
ness but do not have HCM.

IHCM or “athlete’s heart”? Mild con-
centric LV hypertrophy (13-14 mm)—a level
of thickening often referred to as the “athlete’s
heart”—may be present in healthy individuals
who exercise strenuously. In borderline cases,
calculation of the LV mass distribution index
by 3-dimensional echocardiography has been
shown to have 100% specificity in distinguish-
ing HCM from both athlete’s heart and hyper-
tensive cardiomyopathy."

I Cardiac magnetic resonance imaging
(MRI). With gadolinium as the contrast agent,
cardiac MRI is another diagnostic tool. Imag-
ing may reveal certain delayed enhancement
patterns that are highly suggestive of HCM."
Cardiac MRI can accurately quantify LV wall
thickness and LV mass distribution index and
identify subtle areas of patchy LV wall thick-
ness that echocardiography may miss.'®

Ensure that family members

undergo screening

When physical exam, medical history, and
follow-up tests are highly suggestive of HCM,
clinical screening of asymptomatic first-
degree relatives isrecommended. In screening
family members, it is important to remember
that a normal physical exam, echocardiogram,
and EKG do not definitively rule out HCM, as
many people who have genetic mutations for
this condition do not develop physical abnor-
malities until they reach adulthood.! In such
cases, genetic screening—the most definitive
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TABLE 2
Screening for HCM:
9 questions you need to ask"”

1. Have you ever passed out or nearly passed
out during exercise?

2. Have you ever passed out or nearly passed
out after exercise?

3. Have you ever had discomfort, pain, or
pressure in your chest during exercise?

4. Does your heart race or skip beats during
exercise?

5. Has a doctor ever told you that you have a
heart murmur?

6. Has a doctor ever ordered a test for your
heart (for example, EKG, echocardiogram)?

7. Has anyone in your family died for no
apparent reason?

8. Does anyone in your family have a heart
problem?

9. Has any family member or relative died of
heart problems or of sudden death before
age 50?

EKG, electrocardiogram; HCM, hypertrophic cardiomyopathy.

means of HCM diagnosis—may be consid-
ered, in consultation with a specialist.

I Recognize the limits of genetic testing.
Genetic testing is not universally recommend-
ed, however, for a number of reasons. Cost
(about $3000) is a key factor. In addition, the
test for HCM is not widely available. Nor is it
highly sensitive, identifying only 50% to 60% of
those with genetic mutations associated with
HCM.* What's more, the presence of a genetic
mutation does not guarantee that cardiac ab-
normalities will ever develop. Lifestyle, coex-
isting hypertension, and modifier genes may
all play a role in determining whether an indi-
vidual is affected."*

1 Provide follow-up. When genetic screen-
ing is not available, is declined, or is negative,
stress the need for periodic clinical follow-up
of family members. If the first-degree relative is
an adolescent, he or she will need a history and
physical examination, 12-lead EKG, and 2-di-
mensional echocardiography annually from the
age of 12 to 18 years. If the relative is older than
18, he or she should be evaluated every 5 years.®

CONTINUED
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Physical exam
is an insensitive
screening tool
for HCM.
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The sports physical:
Should EKG be mandatory?

Because both the physical exam and medical history are imperfect
screening modalities, some clinicians have proposed the

12-lead EKG as an additional HCM screening tool. In the United
States, the proposal is controversial, but the debate has intensified
as a result of Italy’s experience: a 90% reduction in SCD following
the implementation of a national EKG screening program for young

athletes.?”

Advocates in the United States cite the success of the Italian
model and the lack of sensitivity in the standard history-physical
HCM screening. Indeed, a retrospective study of US athletes who
died suddenly showed that only 3% had been identified as having
HCM during the traditional preparticipation screening, and none had
been disqualified.>® Opponents of universal EKG screening point to
the large number of potential candidates—approximately 12 million
young people, ranging in age from adolescence through college,
would need to be screened. Opponents also cite differences in the
Italian and American populations; cost-benefit considerations; the
large number of false-positive EKGs expected (10% to 15%); and
most importantly, the lack of medical personnel to perform and
interpret the EKGs.3® While advances in EKG technique may minimize
false-positive readings and changes in the health care system may
eventually create an environment more favorable to uniform
screening procedures, current recommendations for preparticipation
screening call for history and physical alone.

580

For patients themselves, SCD risk
assessment is the next step
While family physicians may be involved in
the care of a patient with HCM, an assessment
of the individual’s risk for SCD is best done
by a specialist. Risk stratification is typically
based on the presence (or absence) of LVOTO,
atrial fibrillation (AF), and heart failure.

ILVOTO. Defined as a subaortic gradient
of 30 mm Hg or more, LVOTO is present at rest
in 25% of HCM patients.'” Because the obstruc-
tion is typically dynamic, treadmill or bicycle
exercise testing in conjunction with Doppler
echocardiography may be needed to identify
it.5 LVOTO is a strong risk factor for death due
to heart failure or stroke (relative risk [RR],
4.4, compared with HCM patients who do not
have LVOTO) and death from any HCM-related
cause (RR=2.0). Patients with LVOTO and left
atrial enlargement are also at increased risk for
bacterial infective endocarditis.'®

B AF, which occurs in approximately 25%
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of those with HCM and is more common in
patients with LVOTO," often presents clini-
cally as acute heart failure because of the re-
duced diastolic filling. Although AF is not as
ominous as ventricular arrhythmia, it increas-
es the risk for embolic stroke, the likelihood
of severe functional disability, and the risk of
death from HCM."

I Heart failure. This is the most common
complication of HCM. In some cases, patients
progress to a dilated cardiomyopathy that re-
sembles classic systolic heart failure—and
responds well to conventional treatments
for systolic failure. More often, the condition
more closely resembles diastolic failure and
responds best to negative inotropic agents
and the avoidance of volume depletion, both
of which increase cardiac filling.?

Consensus guidelines weigh in

on SCD risk

Age is another consideration in risk stratifi-
cation for SCD, which primarily strikes those
with HCM in adolescence or early adulthood.
Consensus guidelines from the American Col-
lege of Cardiology (ACC), American Heart
Association (AHA), and European Society of
Cardiology (ESC)* (TABLE 1) offer additional
considerations in assessing SCD risk.

Risk factors identified as “major” in the
consensus guidelines include unexplained
syncope, family history of premature cardiac
death, left ventricular wall thickness >30 mm,
abnormal blood pressure response to exercise,
and nonsustained ventricular tachycardia, as
well as a prior episode of cardiac arrest—the
single most predictive risk factor.?? Because of
the high risk of sudden death, exercise is abso-
lutely contraindicated for many patients with
certain HCM phenotypes and major risks.

The organizations also cite “possible” risk
factors, and indicate in consensus statements
that patients with more than 1 major or oth-
er possible risk factors are at higher risk for
SCD.%?! In cohort studies, however, other than
a prior episode of cardiac arrest, no other risk
factor has been found to predict SCD.

Cardiac MR, discussed earlier for diagnos-
tic purposes, may also have a role in stratifying
risk. In small studies conducted recently, the
presence of myocardial fibrosis (as demon-
strated by delayed gadolinium enhancement)

VOL 58, NO 11
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FIGURE

HCM: A guide to screening, diagnosis, and treatment

if persistent obstruction

i

Interventional treatment:
1. Septal myomectomy
2. Septal ethanol ablation
3. DDD pacing

Clinical symptoms or p LVOTO? —» Medical therapy:
suspicion of HCM B-Blockers
l Disopyramide
Exercise restriction &
expert consultation —| Heart failure symptoms? —p Medical therapy:
B-Blockers
l Disopyramide
Calcium channel blockers*
Diagnosis of HCM —» Diuretics*
Nitrates*
Counseling and —_ Atrial fibrillation? D Medical therapy:
family screening B-Blockers
Calcium channel blockers*
+ Phenotypic HCM Amiodarone
v
Age <18: Annual H&P, ) Assess risk for SCD | SCD prevention:
EKG, echo; AICD?
Age >18: H&P, EKG, Amiodarone?
echo every 5 years

*Relatively contraindicated in LVOTO patients.

AICD, automatic implantable cardioverter defibrillator; DDD, dual-chamber; echo, echocardiography; EKG,
electrocardiography; HCM, hypertrophic cardiomyopathy; H&P, history and physical; LVOTO, left ventricular

outflow tract obstruction; SCD, sudden cardiac death.
Adapted from: Soor GS, et al. J Clin Pathol.*

correlates with increased risk of nonsustained
ventricular tachycardia (RR, 1.6, compared with
HCM patients without myocardial fibrosis).?

HCM management: Pharmacologic
and surgical options

There are no large-scale studies of medical
treatments for HCM, and therapy is largely
empiric and individualized based on compli-
cations, symptoms, and risk (FIGURE).*

Which drugs for which patients?

For those with symptoms of heart failure,
beta-blockers are first-line therapy. Addi-
tional therapeutic options for patients without
LVOTO include calcium channel blockers,
nitrates, and diuretics. But these additional
therapies are relatively contraindicated in
patients with LVOTO. For LVOTO patients, di-
sopyramide can be added to the beta-blocker
regimen, if needed for symptom control.***

N JFPONLINE.COM

Patients with LVOTO or abnormal mitral
motion are at moderate risk of spontaneous
bacterial endocarditis (SBE)."* But evolving
evidence shows low baseline rates of SBE and
increased complications in patients routinely
receiving antimicrobial prophylaxis, so the
most recent guidelines do not recommend
such treatment for any HCM patient.”

Amiodarone is effective for atrial fibrilla-
tion in HCM when beta- or calcium channel
blockers fail to provide sufficient rate control.*
Amiodarone can also be used to prevent SCD.?
Recent data show that an automatic implant-
able cardioverter defibrillator (AICD)—which
we'll discuss later—is superior to amiodarone
in preventing SCD,* but the drug may be used
in addition to an AICD or given to patients who
are not candidates for, or not interested in, an
implantable device.?**!

Invasive treatments may be considered
for patients with LVOTO who do not respond
to medical management.

CONTINUED

VOL 58, NO 11 | NOVEMBER 2009 | THE JOURNAL OF FAMILY PRACTICE

581




THE JOURNAL OF

PRACTICE

>

Septal
myomectomy
to remove the
obstructing
tissue is the
gold standard
for refractory
LVOTO.
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Septal myomectomy or ethanol

ablation: Which is better?

1 Septal myomectomy is the gold standard
for refractory LVOTO.* This open-heart pro-
cedure, which involves the resection of a por-
tion of the septum to remove the obstructing
cardiac tissue, has an operative mortality rate
<1%.%® Surgical complication rates are also
low, but include aortic regurgitation, left bun-
dle or complete heart block, and iatrogenic
ventricular septal defect.

1Septal ethanol ablation is a percuta-
neous alternative to surgical myomectomy.
In this minimally invasive procedure, etha-
nol is injected into the first septal perforating
branch of the left anterior descending (LAD)
artery, resulting in myocardial necrosis and
septal wall thinning, which relieves the ob-
struction. Complications include ablation
of inappropriate myocardium, heart block,
pericardial effusion, and LAD dissection.”
Maximum effects of the ablation are delayed,
typically occurring 6 to 12 months after the
procedure.

Although limited by a lack of randomized
controlled trials, a recent meta-analysis found
surgical myomectomy and ethanol ablation to
be equally effective in decreasing the LV out-
flow gradient to <20 mm Hg. Notably, though,
surgical myomectomy reduced the gradient
to nearly 10 mm Hg, compared with an aver-
age of 18 mm Hg for ethanol ablation.”® What’s
more, several studies have found a higher inci-
dence of complete heart block in patients who
had ethanol ablation compared with those
who underwent myomectomy.*® For patients
who cannot tolerate or are not interested in
invasive surgery, ablation offers an effective
option.

I Dual-chamber (DDD) pacing can also
be used to treat LVOTO, but studies compar-
ing pacing with myomectomy and ablation
have found mixed results.® Despite recent
data showing the benefits of pacing in HCM,*!
DDD pacing is typically reserved for patients
who are not candidates for either surgical
myomectomy or ablation.*

AICDs for which patients?

It's not always clear

AICDs effectively prevent SCD in patients with
HCM, %22 but the substantial cost and high
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rate of complications (>36%) make the devices
impractical and inadvisable for universal use.
Adverse events include pneumothorax, peri-
cardial effusion, device infection or malfunc-
tion, and physical and psychological sequelae
from inappropriate shocks.* In fact, several
studies of AICDs in patients with HCM have
found the yearly rate of inappropriate shocks
to be higher than the rate of appropriate dis-
charges.?”®! And, because HCM patients are
typically decades younger than coronary dis-
ease patients when they undergo implanta-
tion, they have a significantly higher burden
of complication.*

IConsensus statements vs actual
practice. The central question of HCM risk
stratification is how to identify patients at risk
of SCD, thereby making it possible for them to
reap the benefits of an AICD and drug treat-
ment while sparing low-risk candidates the
morbidity and the expense. So far, that ques-
tion has not been definitively answered. As
noted earlier, consensus statements agree that
patients with more than 1 major risk factor
have a higher risk of SCD®?* than those with
only 1; yet many patients with a single risk fac-
tor (and no prior cardiac arrest) have received
AICDs.®

I Studies highlight limitations of con-
sensus guidelines’ assessment of risk. In re-
cent case studies of HCM patients with AICDs
based on registry data, roughly 25% of those
studied® received AICDs for secondary pre-
vention—that is, after surviving cardiac arrest;
the rest received them for primary prevention
based on clinical risk factors. Rates of appro-
priate AICD discharge were 3-fold higher in
patients who had survived previous cardiac
arrest than in those who had not,?*** a finding
that supports aggressive AICD implantation
among these high-risk patients.

Among patients who had received AICDs
for primary prevention, however, appropriate
discharges occurred at statistically identical
rates whether they had 1, 2, or 3 major risk
factors. Further, there was no association be-
tween the number of risk factors and the like-
lihood of appropriate discharge. Given these
results, the decision to use an AICD in an
HCM patient for primary prevention should
be made after careful consultation with the
patient and an HCM disease specialist.
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What to tell patients about

sports activities

Just as there is no definitive means of de-
ciding when, or whether, a patient who has
never experienced cardiac arrest should re-
ceive an AICD, there is no clear, evidence-
based consensus on exercise restriction.
Recommendations, which are based on ex-
pert opinion, leave room for individualized
decision-making.

For those with genetic mutations consis-
tent with HCM but no associated cardiac ab-
normalities and no family history of sudden
death, no objective data support exercise limi-
tations.** For such patients, education regard-
ing warning signs and symptoms and annual
follow-up should be sufficient.

For athletes with a probable or unequivo-
cal diagnosis of HCM, the ACC recommends
restriction from competitive sports, with the
possible exception of low-intensity activi-
ties such as billiards, bowling, and golf.*® This
recommendation is not dependent on the
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presence of LVOTO or on patient symptoms,
medical or surgical therapy, or the placement
of an AICD.

A consensus statement from the ESC also
lists recreational doubles tennis and biking,
lap swimming, and weight lifting as permissi-
ble activities for patients with probable or un-
equivocal HCM, with a cautionary note about
avoiding the Valsalva maneuver.* The society
discourages those with HCM from engaging
in any activity that provokes dyspnea. Primary
care physicians, too, must be sure that young
patients with this condition understand the
importance of avoiding intense exertion—and
immediately stopping any physical activity if
they notice any signs or symptoms associated
with HCM. JFP
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