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Summary. In this case report, we present familiar hypertrophic cardiomyopathy with age-de-
pendent heterogeneity of the disease phenotype among the members of one family who carry the
same mutation of the myosin-binding protein C gene. Phenotypic heterogeneity is common in pa-
tients with familial forms of hypertrophic cardiomyopathy, both in clinical expression and outcome.
Compared with other noninvasive cardiac imaging modalities, cardiovascular magnetic resonance
provides an opportunity to more accurately characterize the varying phenotypic presentations of

hypertrophic cardiomyopathy.

Introduction

Hypertrophic cardiomyopathy (HCM) is a com-
mon genetic cardiac disease with a prevalence of
about 0.2% in the general population (1, 2). Clini-
cally, HCM is defined by the presence of left ven-
tricular hypertrophy (LVH) unexplained by abnor-
mal loading conditions (1). The natural history
of HCM varies from an asymptomatic course to
drug refractory angina/dyspnea, sudden cardiac
death (SCD), and end-stage heart failure (2). In
approximately 60% of cases, HCM is inherited as
an autosomal dominant trait caused by mutations
in genes coding for cardiac sarcomere proteins (3,
4). The most common mutations are mutations in
genes, encoding the cardiac myosin-binding pro-
tein C (MYBPC3) and the f-myosin heavy chain
(MYH?7). These mutations account for one-quarter
to one-third of all HCM cases. Mutations in other
HCM-causing genes contribute to less than 5% of
all HCM cases for each gene (5). Disease expression
in families with HCM related to MYBPC3 muta-
tions shows marked heterogeneity with incomplete,
age-related, and gender-specific penetrance (4).

Thus, the primary aim of this educative case re-
port was to present the age-dependent heterogeneity
of disease expression and clinical outcomes in one
family with the mutation in MYBPC3. The second-
ary aim of this report was to illustrate an important
role of cardiovascular magnetic resonance (CMR) in
identifying the varying phenotypic presentations of
HCM.
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Case Report

A 50-year-old man (an arrow pointing to the
index patient in the pedigree chart, Fig. 1) was di-
agnosed with HCM by transthoracic echocardiogra-
phy (TTE) at the age of 40 years. He was regularly
followed up at our center due to exertional dysp-
nea. His 28-year-old (indicated as x in Fig. 1) and
17-year-old (indicated as xx in Fig. 1) sons, hav-
ing no complaints, underwent clinical and genetic
screening regarding HCM. The third 25-year-old
son, who had a hypertrophic phenotype observed
on TTE at the age of 20 years, moved to another
country and was lost to genetic and more profound
clinical screening. Molecular genetic analysis re-
vealed a mutation in the MYBPC3 gene causing fa-
milial HCM with autosomal dominant inheritance
in the index patient and 2 of his sons. No mutation
in the MYH7 gene was found. On TTE, a signifi-
cant variability of the hypertrophic phenotype with-
out LV outflow tract obstruction was observed in all
3 patients. CMR imaging was performed in order
to precisely assess cardiac morphology, function,
and myocardial fibrotic changes. The age-depend-
ent intrafamiliar heterogeneity of the hypertrophic
phenotype was clearly seen on CMR cine images
(balanced steady-state free precession sequence)
(Fig. 2) with progressing LVH and myocardial fi-
brotic changes with age. The index patient and his
28-year-old son were scheduled for the implanta-
tion of a cardioverter-defibrillator (ICD) because
of documented nonsustained ventricular tachycar-
dia (NSVT) during ambulatory electrocardiography
(ECG) monitoring and a family history of SCD.
Late gadolinium enhancement (LGE) foci con-
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Fig. 1. Pedigree chart representing the phenotypic expression
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of hypertrophic cardiomyopathy with autosomal dominant
inheritance in one family

An arrow indicates the index patient;
X, a 28-year-old-son; xx, a 17-year-old son.
SCD, sudden cardiac death.
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sistent with myocardial fibrosis observed on CMR
images (T1 inversion recovery gradient-echo se-
quence [IR]) (Fig. 2) favored ICD implantation. The
17-year-old son of the index patient was scheduled
for further yearly follow-up visits.

Discussion

Like in all other autosomal dominant diseases,
a characteristic feature of HCM is the presence of
significant variability in its phenotypic expression,
such as cardiac hypertrophy and SCD. There can also
be large differences among the relatives of the same
family (intrafamilial variability), who carry the same
mutation. This suggests that additional genetic and
possibly environmental mechanisms modulate the
phenotype of the disease. Such disease modifiers are
not well understood, but some studies have reported
an effect of specific genetic polymorphisms (6). In
some families, a significant variability in the pheno-
typic expression of the disease has been explained
by the presence of a second causal mutation (6).

Index Patient 28-Year-Old Son (x) 17-Year-Old Son (xx)

Fig. 2. Cardiac magnetic resonance images representing the phenotype of hypertrophic cardiomyopathy:
3 chamber long-axis (upper row) and short-axis (middle row) cine images and short-axis LGE (bottom row) images

There is a different phenotypic expression of the disease with marked hypertrophy (reaching 22 mm in diastole) of the basal antero-
septal and anterior segments in the index patient, hypertrophy of the whole basal and midventricular septum (reaching 19 mm in
diastole) in the older son, and lesser-degree hypertrophy (reaching 14 mm in diastole) located only in the basal anteroseptum in the
younger son. The thickness of the basal inferoseptal wall in diastole was the within reference range in all 3 patients: 8 mm, 7 mm,
and 8 mm, respectively. Late gadolinium enhancement foci of different sizes and localizations were observed in the index patient
(arrow) and his older son (arrow). B-SSFP, balanced steady-state free precession sequence; LGE, late gadolinium enhancement; IR,
T1 inversion recovery gradient-echo sequence.
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Like in all other diseases inherited as an autoso-
mal dominant trait, the penetrance of the mutations
causing HCM is age dependent. Causal mutations
do not lead to hypertrophy and other clinical HCM
phenotypes often until the third and fourth decades
of life (7, 8). MYBPC3 mutations have been associ-
ated with a cardiomyopathy starting late and evolv-
ing slowly but possessing an apparent risk of sud-
den death similar to that caused by other sarcomeric
mutations. All 3 patients presented in our case re-
port have almost the same HCM phenotype: asym-
metrical hypertrophy of the LV septum extending
to some degree into the anterior wall. We think that
the observed heterogeneity of LVH seen in this fam-
ily is a function of age, i.e., the severity of LVH
progresses with age. At a given time point, more pro-
found changes in respect of LVH and myocardial fi-
brosis are seen in the index patient and his older son,
meanwhile the younger son has LVH of a lesser de-
gree without visually detectable myocardial fibrosis.

Compared with other noninvasive cardiac im-
aging modalities, CMR provides complete tomo-
graphic imaging of the entire heart, superior spatial
resolution with sharp contrast between the blood
and the myocardium, and very accurate and repro-
ducible measurements of cardiac dimensions, vol-
umes, and mass. CMR has incremental utility in
atypical cases of HCM (focal segmental LVH limited
to the anterolateral free wall, posterior septum, or
apex). These areas are technically challenging for
TTE due to limited acoustic windows and foreshort-
ening. Additionally, contrast-enhanced CMR offers
a unique possibility to visualize LGE foci consistent
with myocardial fibrosis using the IR sequence. Due
to the abovementioned reasons, CMR now plays an
important role in the diagnosis, therapeutic plan-
ning, and prognostication of this cardiomyopathy.

Although many patients remain asymptomatic
with a benign natural history, SCD might be the ini-
tial manifestation in many otherwise asymptomatic
or mildly symptomatic young people. Current HCM
risk prediction models include previous SCD, ven-
tricular fibrillation, family history of SCD, unex-
plained syncope, spontaneous sustained ventricular
tachycardia, LV thickness of >30 mm, NSVT on
continuous ECG monitoring, and abnormal blood
pressure during exercise (2). Published longitudi-
nal studies have emphasized a strong association be-
tween LGE and SCD (9-12) and suggested to use
LGE detected on CMR as a predictor of SCD in
patients with HCM. At the moment, there is insuf-
ficient evidence for implanting an ICD based on
LGE alone because up to date, there is no large-
scale prospective study on how the presence of LGE
should be interpreted to alter management (9).
Further studies should establish the role of LGE in
identifying high-risk patients among those who do

not otherwise qualify for ICD insertion. Taking into
account a family history of SCD, NSVT on continu-
ous ECG monitoring, and LGE foci on CMR, the
index patient and his oldest son received ICDs for
the primary prevention of SCD.

The histological correlate of LGE in HCM seems
to be an increased amount of myocardial collagen
rather than the disarray of myocardial fibers, which
is also observed on the histological specimens of
patients having HCM (9). The patterns of LGE in
HCM are heterogeneous, may occur commonly in
either the ventricular septum or free LV wall, and
usually involve myocardial segments that are most
hypertrophied. The most common LGE pattern ob-
served in HCM is patchy, multifocal midmyocardial
fibrosis. Other patterns include diffuse confluent
transmural septal fibrosis and patchy septal fibrosis
at right ventricle (RV) insertion points (9). Myocar-
dial fibrosis visually observed on CMR in patients
with HCM typically do not conform to particular
coronary arterial distributions or subendocardial-to-
transmural localizations characteristic of ischemia.
An exception to the abovementioned LGE patterns
are the areas of burned-out HCM where the LV
wall is typically thinned, and full-thickness LGE is
present resembling a scar after myocardial infarc-
tion (13). The latter condition is mostly seen as an
atypical form of HCM — an apical aneurysm. Almost
transmural subepicardial fibrosis in the projection
of the anteroseptal wall (Fig. 2, index patient) and
patchy septal fibrosis at the RV insertion point (Fig.
2, 28-year-old son), which are typical LGE patterns
for HCM, were observed in our case.

Histological studies suggest that in HCM, besides
focal LGE, increased diffuse myocardial fibrosis can
be documented, which that cannot be detected by
current LGE imaging techniques. New techniques
such as T1 mapping (14) might help quantify the
overall extent of diffuse myocardial fibrosis and to
identify patients with subclinical HCM.

Conclusions

Hypertrophic cardiomyopathy is a genetic disease
with incomplete, age-related expression causing a
marked intrafamilial phenotypic but not genotypic
variability both in clinical expression and risk of
sudden cardiac death. An accurate characterization
of the disease is crucial for optimal therapeutic plan-
ning and risk stratification. Thus, cardiac magnetic
resonance is an excellent tool in clinical practice for
the diagnosis of hypertrophic cardiomyopathy and
clarification of its phenotype, especially when the
phenotype is not adequately defined by means of
echocardiography.

Statement of Conflict of Interest
The authors state no conflict of interest.

Medicina (Kaunas) 2013;49(9)



CMR for Assessment of HCM Phenotypical Heterogeneity

425

References

Maron BJ, McKenna W], Danielson GK, Kappenberger L],
Kuhn HJ, Seidman CE, et al. American College of Cardiol-
ogy/European Society of Cardiology clinical expert con-
sensus document on hypertrophic cardiomyopathy. A report
of the American College of Cardiology Foundation Task
Force on Clinical Expert Consensus Documents and the
European Society of Cardiology Committee for Practice
Guidelines. ] Am Coll Cardiol 2003;42:1687-713.

Gersh BJ, Maron BJ, Bonow RO, Dearani JA, Fifer MA,
Link MS, et al. 2011 ACCF/AHA guideline for the diagno-
sis and treatment of hypertrophic cardiomyopathy: execu-
tive summary: a report of the American College of Cardiol-
ogy Foundation/American Heart Association Task Force on
Practice Guidelines. Circulation 2011;124:2761-96.

Desai MY, Ommen SR, McKenna W], Lever HM, Elliott
PM. Imaging phenotype versus genotype in hypertrophic
cardiomyopathy. Circ Cardiovasc Imaging 2011;4:156-68.
Page SP, Kounas S, Syrris P, Christiansen M, Frank-Hans-
en R, Andersen PS, et al. Cardiac myosin binding protein-
C mutations in families with hypertrophic cardiomyopathy:
disease expression in relation to age, gender, and long term
outcome. Circ Cardiovasc Genet 2012;5:156-66.

Richard P, Charron P, Carrier L, Ledeuil C, Cheav T,
Pichereau C, et al. Hypertrophic cardiomyopathy: distribu-
tion of disease genes, spectrum of mutations, and implica-
tions for a molecular diagnosis strategy. Circulation 2003;
107:2227-32.

Charron P, Arad M, Arbustini E, Basso C, Bilinska Z, El-
liott P, et al. Genetic counseling and testing in cardiomy-
opathies: a position statement of the European Society of
Cardiology Working Group on Myocardial and Pericardial
Diseases. Eur Heart ] 2010;31:2715-26.

Received 4 September 2013, accepted 30 September 2013

10.

11.

12.

13.

14.

Marian AJ. On genetic and phenotypic variability of hyper-
trophic cardiomyopathy: nature versus nurture. ] Am Coll
Cardiol 2001;38:331-4.

Niimura H, Bachinski LL, Sangwatanaroj S, Watkins H,
Chudley AE, McKenna W, et al. Mutations in the gene
for cardiac myosin-binding protein C and late-onset famil-
ial hypertrophic cardiomyopathy. N Engl ] Med 1998;338:
1248-57.

To AC, Dhillon A, Desai MY. Cardiac magnetic resonance
in hypertrophic cardiomyopathy. JACC Cardiovasc Imaging
2011;4:1123-37.

Rubinshtein R, Glockner JF, Ommen SR, Araoz PA, Ack-
erman M], Sorajja P, et al. Characteristics and clinical
significance of late gadolinium enhancement by contrast-
enhanced magnetic resonance imaging in patients with hy-
pertrophic cardiomyopathy. Circ Heart Fail 2010;3:51-8.
O’Hanlon R, Grasso A, Roughton M, Moon JC, Clark S,
Wage R, et al. Prognostic significance of myocardial fi-
brosis in hypertrophic cardiomyopathy. ] Am Coll Cardiol
2010;56:867-74.

Bruder O, Wagner A, Jensen CJ, Schneider S, Ong P,
Kispert EM, et al. Myocardial scar visualized by cardiovas-
cular magnetic resonance imaging predicts major adverse
events in patients with hypertrophic cardiomyopathy. ] Am
Coll Cardiol 2010;56:875-87.

Noureldin RA, Liu S, Nacif MS, Judge DP, Halushka MK,
Abraham TP, et al. The diagnosis of hypertrophic cardio-
myopathy by cardiovascular magnetic resonance. | Cardio-
vasc Magn Reson 2012;14:17.

Amano Y, Takayama M, Kumita S. Contrast-enhanced my-
ocardial T1-weighted scout (look-locker) imaging for the
detection of myocardial damages in hypertrophic cardio-
myopathy. | Magn Reson Imaging 2009;30:778-84.

Medicina (Kaunas) 2013;49(9)



