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Hypertrophic cardiomyopathy (HCM) is the most frequent
genetic cardiac disease that causes sudden death in young
people, with an incidence of 1:500 adults.

The routinely used criteria for worst prognosis have
limited sensitivity and specificity. Thus, the estimated risk
of evolving to dilated cardiomyopathy or sudden death is
somewhat inaccurate, leading to management uncertainty
of HCM patients.

Therefore, an accurate noninvasive method for the diagnosis
of HCM with prognostic value is of great importance.

In the last years, Cardiovascular Magnetic Resonance (CMR)
emerged not only as a diagnostic tool, but also as a study
with prognostic values, by characterizing myocardial fibrosis
with great accuracy in HCM patients. Additionally, CMR
identifies the types of hypertrophy, analyses the ventricular
function, estimates the intraventricular gradient and allows
the determination of differential diagnosis. Moreover, CMR
can uniquely access myocardial fibrosis in HCM.

Introduction

Hypertrophic cardiomyopathy (HCM) is a genetic cardiac
disease which is the major responsible for sudden death
among youth', with relatively frequent incidence of 1:500
in adults?.

The polygenic character of the disease with over 200
mutations®, leads to an extremely varied phenotypic
expression®. While some subjects remain asymptomatic for
their whole lives, others present sudden death as the first
presentation®.

The common risk factors used to stratify patients are:
cardiac sudden death and family history of HCM; unexplained
syncope; non-sustained ventricular tachycardia; abnormal
blood pressure response during upright exercise testing in
subjects < 40 years old; and presence of severe left ventricular
hypertrophy (> 30 mm by echocardiogram). These criteria
are very useful to physicians in guiding treatment of HCM
subjects®.
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However, the accuracy of these criteria is limited, leading
to uncertainty about the real risk of sudden death.

Therefore, it is crucially important to have new diagnostic
methods with enough prognostic power to identify potential
subjects with higher risk of sudden death and ventricular
dilatation form. This approach would allow more aggressive
therapy with this group of subjects.

In the last few years cardiovascular magnetic resonance
(CMR) has emerged as a very accurate tool in the diagnosis
of HCM, even being considered as the first choice exam’.
CMR evaluates several hypertrophic patterns, the ventricular
function, the pressure gradient between the left ventricular
outflow tract and aorta and is extremely useful for the
differential diagnosis with other entities. Besides, for the first
time, a non-invasive method identifies and quantifies the
distribution of myocardial fibrosis found in this disease®.

The role of cardiovascular magnetic resonance in
hypertrophic cardiomyopathy

Recently the European Society of Cardiology (Consensus
Panel Report)” and later the American College of Cardiology/
American Heart Association (Clinical Competence Statement
on Cardiac Imaging with Magnetic Resonance)® indicated CMR
as first choice exam or at least equivalent to other diagnostic
methods in the approach of several cardiomyopathies,
including HCM.

The excellent accuracy of CMR in anatomical and
functional analysis of the left and right ventricles to quantify
ventricular volume and mass'®'? has increased the sensitivity
and specificity of the diagnosis of HCM (Figure1). This has
allowed precise identification of several forms of hypertrophy
(Figures 2, 3, 4 and 5) and determination of differential
diagnosis.

A comparative study of two-dimensional echocardiograms
and CMR among HCM subjects demonstrated the greater
accuracy of CMR in diagnosing and differentiating several
patterns of hypertrophy. In cases where LV hypertrophy is more
accentuated on the free wall, the echocardiogram did not
permit diagnosis of HCM and among subjects with confined
hypertrophy in anterolateral wall underestimated the thickness
of the wall in relation to CMR" (Figures 4 and 5).

Two other studies demonstrated that echocardiograms have
lower sensitivity compared to that of CMRs. In the diagnosis
of apical hypertrophic cardiomyopathy, echocardiograms did
not properly evaluate the apical segment in up to 40% of
HCM subjects''* (Figure 2).

Recently, Petersen et al'® compared geometric LV indices by
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Fig. 1 - A Patient example with classic pattern of hypertrophic cardiomyopathy. Panel A shows a four chamber long axis view with a classic asymmetric septal
hypertrophy (arrow). Panel B depicts LVOT view and flow artifacts (arrows) caused by pressure gradient. Panel C is a short axis view, showing asymmetric septal
hypertrophy (compare thickness of septum and posterior wall). Ao - Aorta; LA - Left Atrium; LV - Left Ventricle; LVOT - Left Ventricle Outflow Tract; RA - Right Atrium;
RV - Right Ventricle; SSFP - steady-state free precession.
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Fig. 2 - A Patient example with apical hypertrophic cardiomyopathy. Panels A and B shows long axis views with a apical regional hypertrophy, which produces a classic
spade shape ventricular cavity in systole(arrows). In the short axis view (panel C), the apical cavity is almost obliterated (arrow). Ao - Aorta; LA - Left Atrium; LV - Left
Ventricle; LVOT - Left Ventricle Outflow Tract; RA - Right Atrium; RV - Right Ventricle; SSFP - steadly-state free precession.

CMR in HCM subjects, healthy volunteers, competitive athletes  years with that of the HCM subjects. This index for healthy
with physiologic hypertrophy, aortic stenosis and hypertensive volunteers and athletes was lower than 0.15 mm x m? x ml.
heart disease. These authors pointed to the low sensitivity in Indices higher than 0.15mm x m? x ml was observed in
the classic measurements used in diagnosis of HCM, such as all patho|0gica| hypertrophies and presented a Sensitivity of
the maximal end-diastolic wall thickness over 13mm (40%  80%, specificity of 99%, negative predictive value of 94%, and

sensitivity) and wall thickness ratio (28% sensitivity). However, positive predictive value of 95% in determining the differential
when a new geometric index was applied using the maximal ~ diagnosis between HCM and the athletes” hearts'®.
end-diastolic thickness-to-left ventricular end-diastolic volume One of the major contributions of CMR, besides the

index ratio, the results were promising. They compared this  anatomical and functional data and geometric indices, is the
index among athletes participating in high-level competitive  delineation of myocardial fibrosis in HCM, which follows
sports, which were principally rowing, swimming, running,  specific patterns®. The presence of myocardial fibrosis
and cycling for at least the previous 18 months with an average  increases even more the diagnostic accuracy and provide an
of 19.2 % 6.8 hours of training per week for the last 8.5 = 4.9 insight on the prognosis.
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Fig. 3 - A Patient example with hypertrophic cardiomyopathy. Panels A and B. In the long axis views, there is isolated mid regional hypertrophy of left ventricular
(arrows). Panel C. In the short axis view the circumferential mid LV hypertrophy can be clearly seen. Ao - Aorta; LA - Left Atrium; LV - Left Ventricle; LVOT - Left Ventricle
Outflow Tract; RA - Right Atrium; RV - Right Ventricle; SSFP - steady-state free precession.
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Fig. 4 - A Patient example with hypertrophic cardiomyopathy. Panel A: In the four chamber long axis view, one can not observe the wall hypertrophy. Panel B: In

the LVOT view, observe the localized hypertrophy on basal segment of anterior left ventricular wall, causing dynamic obstruction of the left ventricular outflow tract
(arrow). Panel C: In the short axis view, it is demonstrated the value of full LV coverage by contiguous slices from base to apex provided by CMR. Only in the short axis
view the real dimension of the anterior basal localized hypertrophy can be uncovered. Ao - Aorta; LA - Left Atrium; LV - Left Ventricle; LVOT - Left Ventricle Outflow

Tract; RA - Right Atrium; RV - Right Ventricle; SSFP - steady-state free precession.

The technique that allows the identification of myocardial
delayed enhancement (MDE) in ischemic heart disease was
developed by Kim et al'”?'. They demonstrated a close
correlation between myocardial fibrosis by CMR and the
fibrosis seen in histology??. Moreover, a landmark study by
Kim et al*® defined a direct relationship between the extent of
myocardial fibrosis by CMR and the potential for contractility
recovery after revascularization. This data and other are
the basis for considering CMR MDE as a gold-standard for
myocardial viability in coronary artery disease®.

The MDE technique uses contrast based agents that have
extracellular distribution and accentuate the difference in
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tissue relaxation characteristics between infarcted and normal
myocardium. Following intravenous administration, the
contrast agent diffuses rapidly from the intravascular to the
extracellular compartment. Several minutes after injection,
gadolinium in the normal myocardial, which has small
extracellular space, washes out rapidly, while slow wash out
occurs within areas with enlarged extracellular space, such as
areas of myocardial fibrosis or necrosis'”.

Choudhury et al® were the first to use the MDE technique
to detect myocardial fibrosis areas in 81% of asymptomatic
or mild symptomatic HCM subjects. Furthermore, these
authors observed that the delayed enhancement pattern was
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Fig. 5 - A Patient example with hypertrophic cardiomyopathy. In the four chamber long axis view, observe the lateral wall hypertrophy of left ventricular (arrow). In
the three chambers long axis view, observe the anterior wall hypertrophy on medial-basal segment of anterior left ventricular wall (arrow). In the short axis view, the
anterolateral hypertrophy of left ventricular wall can be evaluated simultaneously (arrows). Ao - Aorta; LA - Left Atrium; LV - Left Ventricle; LVOT - Left Ventricle Outflow

Tract; RA - Right Atrium; RV - Right Ventricle; SSFP - steady-state free precession.
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Fig. 6 - A Patient example with hypertrophic cardiomyopathy. Long (left) and short (right) axis view with multiple foci myocardial delayed enhancement with confluent
pattern. In the short axis view it is observed the classic areas of delayed enhancement in HCM: in the junctions of interventricular septum and free wall right ventricle.
This pattern of delayed enhancement can be visualized in about 80% of asymptomatic or mild symptomatic HCM subjects and is a more localized and homogeneous

pattern. Ao - Aorta; LA - Left Atrium; LV - Left Ventricle; LVOT - Left Ventricle Outflow Tract; RA - Right Atrium; RV - Right Ventricle; SSFP - steady-state free precession.

very peculiar, with multiple foci standard. The myocardial
hyperenhancement in HCM did not respect any specific
coronary territory and in the majority of HCM subjects was
found mostly at the junction between the interventricular
septum and right ventricular free wall (Figure 6). This was
previously demonstrated by HCM necropsy studies that
showed myocardial disarray and highly accentuated fibrosis
in these areas®2#2°,

Once the fibrosis is visualized in the HCM by CMR, would
the delayed enhancement have any prognostic implication?

In coronary artery disease, Bello et al ” showed that fibrosis

measured by CMR in infarcted areas are better identifiers of
patients who have a substrate for monomorphic ventricular
tachycardia than LV ejection fraction.

Similar to ischemic cardiomyopathy, the probable origin
of ventricular arrhythmias in HCM subjects?® is the multiple
areas of electrical abnormal conduction caused by myocardial
fibrosis, which could lead to sudden death?. Necropsy studies
of HCM subjects demonstrated a higher fibrosis percentage
in subjects who had sudden death when compared to those
who died from non-cardiac causes™®.

Moon etal, in 2003*', demonstrated the presence of delayed
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Fig. 7 - A Patient example with hypertrophic cardiomyopathy. Long (left) and short (right) axis view showing multiple foci delayed enhancement, with diffuse pattern.
This diffuse and almost transseptal pattern is a more patchy and heterogeneous and is correlated with worse prognosis. Ao - Aorta; LA - Left Atrium; LV - Left Ventricle;
LVOT - Left Ventricle Outflow Tract; RA - Right Atrium; RV - Right Ventricle; SSFP - steady-state free precession.

enhancement representing myocardial fibrosis areas by CMR
in 79% of HCM patients. Previous studies demonstrated that
sudden death in HCM correlates to a number of risk factors®.
The percentage of delayed enhancement was significantly
higher when patients presented more than 2 risk factors
for sudden death (15.7% vs. 8.6% p = 0.02). It was also
significantly higher in patients who presented with progressive
disease, in the form of ventricular dilatation (28.5% vs. 8.7%
p < 0.001). This difference remained statistically significant
when the subjects with more than 2 risk factors for sudden
death or those with progressive dilated form were excluded.

These authors have also found the multiple foci delayed
enhancement pattern previously related. Furthermore,
they also observed 2 distinct patterns. The first pattern was
denominated confluent hyperenhancement, a more localized
and homogeneous pattern (Figure 6); the second, diffuse
hyperenhancement, a more patchy and heterogeneous pattern
(Figure 7). In the confluent pattern, there was a significant
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