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Structural abnormalities of the left ventricle in
hypertrophic cardiomyopathy mutation carriers
detectable before the development of hypertrophy

T. Germans, A.A.M. Wilde, C.J.A. van Echteld, O. Kamp, Y.M. Pinto, A.C. van Rossum

ypertrophic cardiomyopathy (HCM) is a common

hereditary disease, with a prevalence of 1:500 in the
general population."? HCM is clinically diagnosed by the
presence of — often asymmetrical — left ventricular (LV)
hypertrophy in the absence of a disease likely to cause this
hypertrophy, such as diabetes mellitus, hypertension and /or
aortic valve stenosis.?

Hereditary HCM has a Mendelian pattern of inheritance
and is mainly caused by mutations in genes that encode for
sarcomeric proteins.* To date, over 430 mutations have been
associated with the development of HCM.® Histologically,
HCM is characterised by myocyte disarray and interstitial
fibrosis.®
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The clinical course of HCM has a large inter- and intrafamilial
variability, ranging from the onset of sudden cardiac death at
a young age to the development of mild symptoms of heart
failure late in life. Therefore, risk estimation of asymptomatic
family members of HCM patients for the development of
HCM is important to enable timely initiation of therapy.

If a mutation is found in an HCM patient, asymptomatic
family members at risk can be identified by screening for
carriership of this mutation. Unfortunately, mutations are
only found in 63% of HCM patients.” In the remaining 37%,
identification of asymptomatic family members at risk is
confined to the use of echocardiography and electrocar-
diography, by which subtle diastolic dysfunction and/or
electrocardiographic abnormalities can be detected.®® How-
ever, no specific structural abnormalities have been detected
in human HCM mutation carriers before frank hypertrophy
has developed.

Cardiac magnetic resonance imaging (CMR) has excellent
tomographical qualities and can be used to detect focal fibrosis
with delayed contrast enhancement (DCE) imaging tech-
niques. Consequently, we performed a study to evaluate if
structural abnormalities could be discerned with CMR in
HCM mutation carriers before LV hypertrophy has de-
veloped.'

In brief, we selected 28 HCM mutation carriers from 15
different families, who had an LV wall thickness <13 mm
measured by 2D echocardiography in the year prior to the
study. The HCM mutation carriers either had a 2373 insG
mutation in the gene encoding for cardiac myosin binding
protein C, or a Glu62Gln missense mutation in the gene
encoding for o-tropomyosin.'"'> The structure and global
function of the LV of the HCM mutation carriers were
evaluated with CMR and echocardiography and compared
with 16 age- and gender-matched healthy volunteers. Also,
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Figuve 1. End-diastolic shovt-axis (A) and dedicated long-axis (B) cine images of a hypertrophic cavdiomyopathy mutation carrvier. Note
the bright triangular spot in the inferoseptum (A) through which the dedicated long-axis image is planned. The white avvowheads indicate

crypts in the inferoseptum of the left ventricle (B).

astandard twelve-lead ECG was performed. LV hypertrophy
was evaluated using the Romhilt-Estes criteria. ST segments
were defined as normal or abnormal, and an R wave in V)
>3 mm was considered abnormal.

We found that global LV and left atrial dimensions of the
HCM mutation carriers were comparable with those of the
healthy volunteers. In one HCM carrier, CMR showed infero-
septal basal hypertrophy which was not detected by echo-
cardiography. In the remaining 27 HCM mutation carriers,
maximum septal wall thickness, maximal lateral wall thickness,
LV mass and LA dimensions were within normal limits. In
82% of HCM mutation carriers (23,/28), only CMR revealed
an abnormal structure of the myocardium consisting of
profound crypts in the basal and mid segments of the
inferoseptal LV myocardium, at the junction of the right and
left ventricle (figure 1). Best visualisation was obtained in end-
diastole on a dedicated long-axis slice, slightly modified from
the two-chamber view, cutting through the inferior septum
(figure 1B). All healthy volunteers had normal LV myo-
cardium without structural abnormalities. Patchy DCE was
found in two HCM mutation carriers within the septal wall
(figure 2). In these HCM mutation carriers, maximum septal
wall thickness was 17 and 12 mm respectively. None of the
HCM mutation carriers met the Romhilt-Estes ECG criteria
for left ventricular hypertrophy. In 74% of the crypt-positive
carriers (17 /23), the ECG was considered abnormal, based
on abnormal ST segments, a tall R wave in V), and /or pro-
minent q waves in the inferior limb leads. One crypt-negative
female HCM mutation carrier had an abnormal ECG. To
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Figure 2. Short-axis contrast enhanced image of a bypertrophic
cavdiomyopathy mutation carvvier with vegional infevoseptal hyper-
trophy. Note the patchy contrast enbancement within the infero-
septum of the left ventricle, as indicated by the thvee white arvow-
heads.
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date, the number of HCM mutation carriers included in this
study has increased, and still approximately 80% of the HCM
mutation carriers exhibit crypts, particularly in the infero-
septum.

The pathophysiological background of the crypts is currently
unknown, but the presence of crypts contradicts the hypothesis
that HCM is the result of a disease process that directly induces
myocyte hypertrophy. The crypts may be the macroscopic
representation of myocyte disarray and a precursor stage of a
disease process that ultimately leads to hypertrophy and focal
fibrosis."

To fturther investigate the role of the crypts in the develop-
ment of HCM, we set up a multicentre, long-term follow-up
study, in which HCM mutation carriers will undergo a
biannual CMR examination in addition to the regular
ambulatory ECG monitoring, echocardiogram and exercise
testing. The clinical and CMR data will be registered within
the national database for genetically identified cardio-
myopathies (GENCOR).

Parallel to the follow-up study with human HCM mutation
carriers, an experimental study with an HCM mouse model
has been set up to determine the histological background of
the crypts.!* For this purpose, transgenic mice will undergo
serial CMR examinations at the live mouse MRI facility in
Utrecht. If the crypts are visualised with CMR, histological
examination will be performed.

This study illustrated that structural abnormalities can be
detected with CMR in HCM mutation carriers at a very early
stage of disease.® Therefore, CMR may serve as an additional
tool to screen for asymptomatic family members at risk of
developing HCM. This unique finding challenges current
concepts on the development of HCM and merits further
research.
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