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Abstract

Hypertrophic cardiomyopathy (HCM) is a hereditary disease with an autosomal dominant pattern of inheritance, that is
caused by a mutation in one of several sarcomere genes that encodes components of the contractile system of the heart.
Hypertrophic cardiomyopathy has been described as a disease that is more heavily diagnosed in the second decade of life,
that may present with abnormal syncopal episodes or sudden cardiac death. However, with a better understanding of the
genetic changes that occur in HCM and with improved imaging techniques, there has now been an increased recognition of
a late-onset disease that can occur in the elderly population. We report a case of a 73-year-old woman who was found to

have HCM after various clinical events took place.
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Background

Hypertrophic cardiomyopathy (HCM) is a hereditary disease
with an autosomal dominant pattern of inheritance that is
caused by a mutation in one of several sarcomere genes that
encodes components of the contractile apparatus of the heart.
It has been described to have an estimated prevalence of 1 in
500 people.!* Before the CARDIA study, HCM had been
considered as an uncommon heart disease, but its results pro-
vided an appropriate estimate of the general frequency with
which HCM is found in young adults.! Due to the increase in
the understanding of the genetic substrate,*> the implementa-
tion of family screening, and improved cardiac imaging,
there is a current notion that the prevalence of the disease
may have been underestimated. These days, it is identified
with increasing frequency, at any time in life, from childhood
to elderhood.®’ Therefore, by the current practice, better rec-
ognition of this disease in patients of all ages® will allow a
more timely diagnosis and implementation of appropriate
treatment options for those involved, including family
screening if pursued.

Transthoracic echocardiogram (TTE) is the recommended
first-line test when HCM is suspected. In the case that the
TTE demonstrates inconclusive results, cardiac magnetic
resonance (CMR) is indicated to clarify the diagnosis.’

Classically, HCM is thought to be an inherited cardiomyopa-
thy that occurs mainly in the second decade of life that may
present with sudden death or episodes of syncope.’ This clas-
sic age factor,! and the fact that elderly people have multiple
comorbidities that might explain the increase in left ventricu-
lar (LV) wall thickness (ie, hypertension and aortic valve ste-
nosis),"!%!! has inhibited HCM from being high on many
physicians’ differential diagnosis when an elderly patient
presents with left ventricular hypertrophy (LVH). Thus, this
can delay a timely diagnosis, the implementation of appro-
priate treatment options, and family screening if indicated. In
this case report, we described an elderly patient who was
found to have inherited HCM, after diverse clinical manifes-
tations followed by careful evaluation and genetic studies.
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Figure 1. Transthoracic echocardiogram strain assessment
demonstrating antero-septal strain.

Case

A 73-year-old woman with past medical history of hyperten-
sion, hyperlipidemia, breast cancer, paroxysmal atrial fibril-
lation status post pulmonary vein and cavo-tricuspid
isolation, and recurrent gastrointestinal bleeding on rivarox-
aban was admitted to the hospital for left atrial appendage
closure with a watchman device. In the immediate postoper-
ative period, the patient received one dose of lisinopril that
led to hypotension so severe that she required resuscitation
with intravenous fluids and a low-dose vasopressor. In this
period, the patient had a transient troponin elevation that was
thought to be secondary to demand ischemia. The advanced
heart failure team was consulted for further evaluation. After
interviewing the patient, she reported that one of her sons
had died due to sudden cardiac arrest at work (she was told it
was a heart attack) when he was in his early 50s. She also
noted that she had had ongoing shortness of breath, fatigue,
lower extremity edema, chest tightness, and orthopnea for
many years. Her symptoms were severe enough to affect her
daily life activities, and more specifically she said she was
limited due to recurring symptoms of orthostatic hypoten-
sion, shortness of breath, and chest tightness that all improved
with rest. A TTE demonstrated an LV ejection fraction of
67% (suggesting preserved LV ejection fraction), an LV
internal diastolic diameter of 4.4 (suggesting a preserved
internal diastolic diameter; normal range is from 3.5 to 6.5
cm), with an estimated right ventricular systolic pressure of
40 mm Hg (suggesting elevated pulmonary artery pressures;
normal is <36 mm Hg), the LV outflow tract gradient was
less than 30 mm Hg (gradient greater than 30 mm Hg marks
the diagnosis of obstructive HCM) and reduced strain on the
antero-septal region of the LV with a global longitudinal
strain of —15% (suggests depressed LV function; normal

is >—18%) (Figure 1). Due to concerns for cardiomyopathy
as an etiology of her heart failure symptoms, left and right
heart catheterizations were done, and no obstructive coro-
nary artery disease was found. Hemodynamics demonstrated
a pulmonary arterial wedge pressure of 36 mm Hg, mean
pulmonary arterial pressure of 45 mm Hg, right ventricular
systolic pressure of 62 mm Hg, and right atrial pressure 12
mm Hg. These pressures were considerably elevated and
brought the diagnosis of World Health Organization pulmo-
nary hypertension group 2. With the suspicious family his-
tory (son’s sudden and premature death without a clear
etiology), regular episodes of orthostatic hypotension, and
heart failure symptoms, genetic screening for cardiomyopa-
thies was performed. They showed that she was heterozy-
gous for an abnormal MYBPC3 gene with a pathogenic
mutation p.E1085 commonly associated with HCM. Cardiac
magnetic resonance imaging (MRI) was obtained, and it
demonstrated asymmetric thickening of the LV wall with an
antero-septal wall thickness up to 17 mm, abnormal delayed
enhancement in the basal to mid antero-septal wall in the
subepicardial mid myocardial region. These findings are all
suggestive of asymmetric HCM (Figure 2A and B).

Discussion

There are many systemic disorders (mitochondrial myopa-
thies, storages diseases, amyloid, sarcoid, hemochromatosis)
or secondary causes of LVH (athletic heart, hypertensive car-
diomyopathy, and valvular lesions) different from inherited
HCM that can all cause a thickening of the LV wall. The
name HCM has constantly been misemployed, all of which
has led to confusion about its true diagnostic factor.’
Although many diseases may cause LVH, HCM cannot be
effectively ruled out in all situations. To back up or rule out
an HCM diagnosis, many clinical markers and testing strate-
gies are used to facilitate the differentiation between HCM
and all the other conditions that may cause thickening of the
LV wall.

If HCM is suspected, the first step should be to perform a
TTE. If those results are inconclusive, a CMR 1is done. The
findings of LVH are described as a maximal end-diastolic
wall thickness of =15 mm anywhere across the LV. In the
lack of other etiologies that could explain LVH in adults,
diagnosis could possibly be HCM. Limited LVH of 13 to 14
mm can be diagnostic for HCM if there is a presence of HCM
in family members or in concurrence with a positive genetic
test. Other suggested echocardiogram findings include a
small LV cavity, nonexistence of LV dilation, or a typical
sigmoid-shaped septum.’-!? Genetic tests are recommended
in case it is beneficial to elucidate the genetic basis and to
facilitate the identification of family members at risk for
developing HCM. In the case we described, it was consid-
ered that the patient had the benefit from genetic testing
because of her son’s history of sudden cardiac death. With
the patient’s positive genetic results, a genetic origin as a
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Figure 2. Cardiac magnetic resonance (RV: right ventricle, LV: left ventricle, IVS: interventricular septum). (A) Post-gadolinium contrast
short axis showing abnormal delayed enhancement in the basal to mid antero-septal wall in the subepicardial, mid myocardial region.
Red line is bordering the left ventricular wall (endocardium), blue line is bordering the right ventricular wall (endocardium), the space
between the blue and red line is the myocardium (orange arrow). Blue arrow is pointing the subepicardial region. (B) Steady-state free
precision short axis demonstrating asymmetric thickening of the left ventricular wall in the antero-septal wall up to 17 mm. Red line is
bordering the left ventricular wall (endocardium), blue line is bordering the right ventricular wall (endocardium), and the myocardial wall
between the left ventricle and right ventricular is known as the interventricular septum.

cause of her disease was clarified and screening with electro-
cardiography and 2-dimensional echocardiography can be
planned for asymptomatic family members.’

Hypertrophic cardiomyopathy is characterized by LVH
with various phenotypic expressions. The phenotypes depend
on the location and extension of cardiac hypertrophy, rang-
ing from complete asymptomatic to diastolic dysfunction,
mitral regurgitation, myocardial infarction, LV outflow
obstruction, and sudden death. Classically, HCM has been
described as a disease that is identified in the second decade
of life,"* but recently, HCM has been recognized in patients
with advanced age.'* Interestingly, studies suggest that this
hereditary disease has a different phenotype when it is first
diagnosed in the advanced age group and may ultimately
represent a disease entity that is different from that which
predominates in young patients.>!*13

The study done by Lever et al® compared HCM that pre-
sented later onset to a population that presented at a younger
age (<40 years). They found that nearly any pattern and
location of LV wall thickening could be observed in HCM
irrespective of the age of presentation. In their study, the
reported most common location for LVH was the basal ante-
rior septum in continuity with the anterior free wall. Lever
et al’ noted that there was a greater predominance of disease
in young men and was more commonly present in the elderly

if they had atrial fibrillation and or hypertension. This sup-
ports the idea that the older population may largely be a
neglected subgroup of patients with this hereditary disease,
because of the belief that this condition is predominantly
secondary to uncontrolled chronic diseases. One limitation
of the previous study was that there was no control for
chronic conditions that could explain LVH in the elderly
population and genetic tests were not performed. More
recently, Alashi et al'? studied a group of elderly patients
diagnosed with HCM by imaging criteria, excluding the
population that may have had a secondary cause of LVH
(something that was not done on the study of Lever et al’).
They found that all their population had a significantly
increased LV mass index, small, indexed LV cavity dimen-
sions, and the typical sigmoid-shaped basal septal hypertro-
phy. This suggests that both populations, secondary LVH
and inherited HCM, may have similar echocardiographic
findings. One limitation of the study done by Alashi et al'?
was that no comparisons were done with other population;
thus, it brings the issue of whether the cohort studied (HCM
in elderly individuals) represents or not the same disease as
in young and middle-aged individuals who have positive
genetic tests, in those who have a phenocopy related to
aging due to unmasked chronic diseases, or those who have
a positive genetic test for HCM in the elderly.
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Myocardial strain assessed by echocardiography has
shown to play a key role in patients with HCM.'® The char-
acteristic longitudinal strain “bull’s eye” pattern in patients
with HCM is due to the asymmetrical hypertrophy that is
characteristic of the disease, represented by a reduced aver-
age global longitudinal strain with significantly reduced
strain in hypertrophic regions.!” Our patient had thickening
of the antero-septal wall that was seen on the MRI (Figure
1) and that area was the one that had localized reduced strain
(blue area in Figure 2) and reduced average global longitu-
dinal strain. It has previously been described that global lon-
gitudinal strain can be found reduced in patients with HCM,
ranging from —10% to —16%, with a statistically significant
association between lower (less negative) global longitudi-
nal strain and elevated risk of adverse disease-related
outcomes.'®

To summarize, our patient described transient dyspnea on
exertion alternating with episodes of dizziness, with variable
response to antihypertensives, and a concern for orthostasis.
At that time, left heart catheterization was done to rule out
obstructive coronary artery disease and right heart catheter-
ization was pursued due to concern for pulmonary hyperten-
sion. Echocardiography demonstrated a preserved ejection
fraction, localized reduced strain in the antero-septal wall
(bull’s eye), and a global longitudinal strain of —15%. With
hemodynamics suggesting World Health Organization pul-
monary hypertension group 2, localized reduced strain,
orthostasis, troponin elevations without obstructive coronary
artery disease, and premature family death, we started to
entertain the idea of hereditary cardiomyopathies.
Differentials included hereditary amyloid cardiomyopathy,
and less likely HCM. The genetic screening for cardiomy-
opathies then identified a pathologic mutation in the
MYBPC3. This led to the CMR which identified scaring and
asymmetric hypertrophy, a phenotype of HCM that most
likely was missed for years due to lack of suspicion.

To the best of our knowledge, there is no straightforward
clinical implications in missing the HCM diagnosis in elderly
patients. However, we consider the importance of a timely
diagnosis of hereditary HCM because of the following: First,
the results of gene tests for patients with HCM can help in
diagnosis and management. Second, in case it is found, it
could confer implications to family members. Genetic test-
ing is beneficial to clarify the genetic basis to facilitate the
identification of family members at risk for developing HCM
(also known as the cascade testing).” And third, when heredi-
tary HCM is diagnosed, it is important to note that the treat-
ment options and management are different from unknown
causes of heart failure with preserved ejection fraction (ie,
indication for beta-blocker or a no dihydropyridine calcium
channel blocker).”

Nowadays, contemporary treatments have transformed
HCM in a manageable disease with relatively low morbidity
and mortality.® Even though the medical therapy in HCM is

advancing with emerging pharmacological options for
obstructive and nonobstructive HCM, by the time this article
was submitted, there is not an approved medication by US
Food and Drug Administration for use in HCM. Therefore,
we consider that the greatest clinical utility of finding HCM
in the elderly, in addition to the management of disease-
related complications, may be starting early cascade screen-
ing in family members rather than a direct benefit to the
patient.

Conclusion

Hypertrophic cardiomyopathy is a hereditary condition with
various phenotypic expressions that can be asymptomatic
until late ages. As the diagnostic and therapeutic paradigms
for HCM are developing, physicians need to become familiar
with the diagnosis of this condition even in the elderly.
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