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Abstract

Duchenne and Becker muscular dystrophy (DMD/BMD)
are X-linked muscular diseases responsible for over
80% of all muscular dystrophies. Cardiac disease is a
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common manifestation, not necessarily related to the
degree of skeletal myopathy; it may be the predominant
manifestation with or without any other evidence of
muscular disease. Death is usually due to ventricular
dysfunction, heart block or malignant arrhythmias.
Not only DMD/BMD patients, but also female carriers
may present cardiac involvement. Clinically overt heart
failure in dystrophinopathies may be delayed or absent,
due to relative physical inactivity. The commonest
electrocardiographic findings include conduction
defects, arrhythmias (supraventricular or ventricular),
hypertrophy and evidence of myocardial necrosis.
Echocardiography can assess a marked variability of left
ventricular dysfunction, independently of age of onset
or mutation groups. Cardiovascular magnetic resonance
(CMR) has documented a pattern of epicardial fibrosis in
both dystrophinopathies’ patients and carriers that can
be observed even if overt muscular disease is absent.
Recently, new CMR techniques, such as postcontrast
myocardial T1 mapping, have been used in Duchenne
muscular dystrophy to detect diffuse myocardial fibrosis.
A combined approach using clinical assessment and CMR
evaluation may motivate early cardioprotective treatment
in both patients and asymptomatic carriers and delay the
development of serious cardiac complications.

Key words: Muscular dystrophies; Electrocardiography;
Heart failure; Echocardiography; Cardiovascular magnetic
resonance imaging
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Core tip: Duchenne and Becker muscular dystrophy
are the commonest X-linked muscular diseases. Death
is usually due to cardiac disease including ventricular
dysfunction, heart block or malignant arrhythmias. Female
carriers may also present cardiac involvement. Overt heart
failure may be delayed or absent. Electrocardiography
findings include conduction defects, arrhythmias and
myocardial necrosis. Echocardiography assesses a marked
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variability of left ventricular dysfunction. Epicardial fibrosis
in both patients and carriers has been documented
by Cardiovascular Magnetic Resonance (CMR), even if
overt muscular disease is absent. A combined approach
using clinical and CMR assessment may motivate early
cardioprotective treatment and delay serious cardiac
complications.
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INTRODUCTION

Duchenne and Becker muscular dystrophy (DMD/
BMD) includes a group of X-linked muscular diseases
responsible for over 80% of all cases of muscular
dystrophy™!. The incidence of DMD is 1 in 3500 male
newborns with a prevalence of 6 in 100000 males""”
and is characterized by weakness of leg, pelvic and
shoulder girdle muscles starting in early childhood.
BMD is a milder variant of dystro-phinopathy with a
better prognosis. The incidence of BMD is 1 in 18450
males and prevalence 2.4 per 100000 in the general
population®?). First symptoms appear between ages
of 3-21 years with a mean age of onset at 11 years.
Age at death is at 21-89 years with an average age of
about 45 years™”,

In DMD, boys are diagnosed as toddlers and most
are wheelchair bound by age 15. Death usually occurs
at the age of 20 years, due to respiratory complications
or cardiomyopathy. Currently more patients survive
until the age of 30 years, due to home ventilation and
corticosteroids, which can prolong ambulation by 2-3
years, reduce risk of scoliosis and postpone pulmonary
and heart failure after the age of 20 years'. Despite
this documented efficacy, more than 25% of DMD
boys are not treated with corticosteroids, either due to
side-effects or lack of response™’. In BMD, the disease
is milder and more heterogenous, compared to DMD.
Muscle weakness often is first noticed in adolescence
or young adulthood. Cardiac involvement in BMD may
precede the skeletal muscle decline, with death due
to cardiomyopathy often occurring before the age 60
years'™,

Mutations leading in the absence of a functional
dystrophin protein cause DMD, whereas mutations
leading in a reduced amount or shortened dystrophin
protein cause BMD™?', Dystrophin is a large (427 kDa)
subsarcolemmal protein that represents a physical
link between the intracellular actin cytoskeleton
and the extracellular matrix™”\. Loss or abnormal
dystrophin destabilizes the sarcolemma, making the
muscle fibers susceptible to contraction injury!!. The
repeated episodes of necrosis followed by regeneration
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Figure 1 Fibrosis of the left ventricle in ecker muscular dystrophy patient,
presented as late gadolinium enhancement in the inferolateral wall of left
ventricular.

Figure 2 Fibrosis of the left ventricle in a mother Duchenne muscular
dystrophy carrier, presented as late gadolinium enhancement in the lateral
wall of left ventricular.

finally lead to replacement of muscles by fat and
connective tissue that is clinically manifested as
progressive muscle weakness™. Dystrophin is also
a scaffold protein that localizes other proteins to the
sarcolemma and forms a highly organized multimeric
dystrophin-associated glycoprotein complex (DGC)™?.
Dystrophin deficiency disrupts the DGC, resulting
in downregulation and/or mislocalization of the
dystrophin-associated proteins.

CARDIAC DISEASE IN DMD/BMD

Cardiac disease in DMD is progressive and finally leads
to ventricular dysfunction, usually accompanied by
ventricular dilation™. Pathology examination during
the late stages of the disease shows cardiomyocytes’
hypertrophy, atrophy and fibrosis!***. Fibrosis of the
left ventricle in DMD, BMD and DMD/BMD carriers has
been observed at autopsy™**! and after evaluation
with cardiovascular magnetic resonance (CMR) using
late gadolinium enhancement (LGE)"***! (Figures 1
and 2).

The majority of DMD after the third decade of their
age have established cardiomyopathy™. Although
clinically overt heart failure may be delayed or absent,
due to relative physical inactivity, cardiomyopathy is
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the leading cause of death in DMD and myocardial
damage precedes decline in left ventricular systolic
function. Neither the age of onset nor the severity
of cardiomyopathy was correlated with the type of
mutation®!. It was recently documented that in
DMD with pre-served ejection fraction, the addition
of eplerenone to background ACE inhibitors or ARB
attenuates the progressive decline in left ventricular
systolic function®,

Cardiomyopathy is the main clinical complication
in patients affected by subclinical or mild BMD. The
clinical presentation is usually characterized by early
right ventricular dysfunction and is later associated with
left ventricular impairment. In mild BMD, myocardial
damage may develop because the patients, who are
unaware of a possible cardiac disease, can still perform
strenuous muscle exercise and, through pressure or
volume overload, may induce mechanical stress, which
is harmful for dystrophin-deficient myocardial cells™?.

Cardiac disease in female carriers of dystrophi-
nopathies may present with hypertrophy, arrhythmias or
dilated cardiomyopathy™. The percentage of clinically
overt cardiac involvement increases significantly with
age, from 15% in carriers < 16 years to 45% in carriers
> 16 years. By contrast, significant cardiac disease is
unlikely in female carriers < 16 years”!. In a cross-
sectional study of 85 DMD and 44 BMD carriers aged
18-58 years, left ventricular dilatation and dilated
cardiomyopathy were assessed in 18% and 8%,
respectively®®®. Electrocardiography (ECG) abnormalities
were found only in 47% of this population””. Another
series of 56 adult, female carriers did not present
any ECG abnormalities, but ventricular dilatation or
hypertrophy was documented in 14% and dilated
cardiomyopathy in 7% of them™®. Nevertheless, severe
heart failure may develop in some women necessitating
heart transplantation to survive®*?%, Exercise may
unmask left ventricular (LV) systolic dysfunction in
female carriers®'. In a study by our group, CMR
documented myocardial fibrosis in the majority of
DMD and BMD mother-carriers, although the clinical
presentation and the usual noninvasive assessment
were mildly abnormal*®’. Therefore, detailed cardiac
evaluation, at least once after the teenage years, should
be recommended in all female carriers in order to start
early cardiac treatment®.

DMD is associated with increased R/S ratio in the
right precordial leads, deep Q waves in the lateral
leads, conduction abnormalities and arrhythmias
(mainly supraventricular but also ventricular). In a
study of 131 DMD, ECG was abnormal in 78.6%. All
were in sinus rhythm and the following percentages
were found for the main variables studied: short
PR interval = 18.3%; abnormal R waves in V1 =
29.7%; abnormal Q waves in V6 = 21.3%; abnormal
ventricular repolarization 54.9%; abnormal QS
waves in inferior and/or upper lateral wall = 37.4%;
conduction disturbances in right bundle branch =
55.7%; prolonged QTc = 35.8% and wide QRS =
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23.6%"™. According to the study by Petri et a/*¥,
ECG abnormalities were non-progressive in BMD and
asymptomatic SVT and NSVT were present in 21% and
14%, respectively. Both ECG and Holter monitoring
are necessary for DMD/BMD assessment. Serial
clinical evaluation, including routine monitoring of
electrocardiograms may detect early cardiomyopathy
in DMD/BMD, even if left ventricular function is still
preserved™!,

Echocardiography has already documented marked
differences in LV function of DMD patients, independently
of age of onset or mutation groups®!.. It has also proved
a high prevalence of LV dysfunction in DMD, with frequent
evidence of systolic ventricular asynchrony, particularly
in patients with EF < 35%"®. New echocardiographic
techniques, using transmural strain profile (TMSP), can
detect subclinical LV dysfunction in patients with DMD
without wall motion abnormalities by conventional
echocardiography™”’. The application of myocardial strain
imaging in DMD patients was characterized by decreased
peak systolic strain of the posterior wall, despite normal
standard echocardiographic findings®®. However, these
studies were not universally accepted for the routine
assessment of DMD/BMD.

Cardiovascular magnetic resonance (CMR) a non-
invasive, non-radiating technique has been proved
the most robust tool for detection of early myocardial
fibrosis in DMD, BMD and female carriers, using late
gadolinium enhancement (LGE). The pathology of
cardiomyopathy in dystrophinopathies includes the
presence of subepicardial fibrosis in the inferolateral
wall®”, similar to that observed in viral myocarditis. The
application of CMR in DMD/BMD and female carriers,
in addition to the standard monitoring is of great value
because: (1) Early start of heart failure treatment
may delay the progression of LV dysfunction®*”; (2)
Myocardial fibrosis, assessed by LGE, may be observed,
even if the echocardiographic evaluation remains
normal™*®*! and can potentially be used as an early
sensitive index to start cardioprotective treatment;
(3) It can be also applied as a screening tool to de-
tect patients at high risk for ventricular arrhythmias,
more advanced disease, adverse LV remodelling
and death™. An impaired LV systolic function (LV-
EF < 45%) and a “transmural” pattern of myocardial
fibrosis independently predict the occurrence of
adverse cardiac events in DMD/BMD patients. Even in
DMD/BMD patients with relatively preserved LV-EF (>
45%), the simple and visually assessable parameter
“transmural LGE” is of additive prognostic value!*;
(4) in mutation carriers, CMR revealed a pattern of
fibrosis similar to that observed in DMD®®, but without
any correlation with genotype-phenotype™, even in
the absence of overt muscular disease; and (5) new
CMR techniques, such as postcontrast myocardial T1
mapping, have been used in DMD to detect diffuse
myocardial fibrosis. It was documented that post-
contrast T1 obtained from the Look-Locker sequences
(T1LL) ratio is abnormally shortened in DMD compared
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with controls, even in DMD patients with otherwise
normal CMR study. It is assumed that the application
of more aggressive therapy for DMD with shorter
T1LL may improve morbidity and mortality in DMD

cardiomyopathy

[44]

CONCLUSION

To conclude, heart involvement is common in both
DMD/BMD and female carriers. Serial cardiac evaluation,
including clinical examination, ECG, Holter monitoring,
echocardiographic and CMR study, is the “sine qua non”
for this population. Early detection of heart involvement
should motivate early cardiac treatment with ACE
inhibitors and b-blockers to delay serious cardiac
complications.
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