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Muscular dystrophies (MD) constitute a group of inherited disorders,
characterized by progressive skeletal muscle weakness and heart involve-
ment. Cardiac disease is common and 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.
In addition to MD patients, female carriers may present with cardiac
involvement. Clinical evaluation, electrocardiography, echocardiogra-
phy and cardiovascular magnetic resonance imaging (CMR) are the diag-
nostic tools used for the assessment of these patients. Heart failure in MD
may be delayed due to relative physical inactivity. The most common
electrocardiographic findings include conduction defects, arrhythmias,

hypertrophy and, potentially, evidence of myocardial necrosis, depend-
ing on the type of MD. Echocardiography is a routine technique used to
assess left ventricular dysfunction, independent of age of onset or muta-
tion. In some cases, it can also identify early, silent cardiac dysfunction.
CMR s the best technique for accurate and reproducible quantification
of ventricular volumes, mass and ejection fraction. CMR has docu-
mented a pattern of epicardial fibrosis in both dystrophinopathy patients
and mutation carriers that can be observed even if overt muscular disease
is absent. Recently, CMR techniques, such as postcontrast myocardial T1
mapping, have been used in Duchenne muscular dystrophy to detect dif-
fuse myocardial fibrosis. A combined approach using clinical assessment
and CMR evaluation may motivate early cardioprotective treatment in
both patients and asymptomatic carriers, and prevent the development of
serious cardiac complications.
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Muscular dystrophies (MD) constitute a heterogeneous group of
inherited disorders characterized by progressive skeletal muscle
atrophy and weakness. Diagnosis is based on the severity of muscular
disease and type of inheritance, confirmed by genetic assessment.

Cardiac disease is common in MD and is not necessarily related to
the severity of skeletal myopathic disease; on the contrary, heart
involvement may be the presenting or predominant manifestation of
MD in some cases, without any other evidence of muscular disease.
Cardiac death in these patients is usually due to ventricular dysfunction,
heart block and/or malignant arrhythmias. Recently, increased survival
rates due to better management of lung disease have emphasized the role
of heart disease as an important contributor to the mortality of MD (1).
Cardioprotective medical treatment may delay the development of
heart disease; therefore, early diagnosis is essential for MD patients’ sur-
vival (2-6). Clinical evaluation, electrocardiography (ECG) and echo-
cardiography are the classic screening tools (7,8); cardiovascular
magnetic resonance imaging (CMR) may be of considerable value for
early detection of cardiac disease — which may remain silent for long
periods — due to its capability to characterize tissue (9,10).

SKELETAL MUSCLE DISEASES COMMONLY
ASSOCIATED WITH CARDIAC INVOLVEMENT
Dystrophin-associated diseases (dystrophinopathies)
Dystrophinopathies include Duchenne muscular dystrophy (DMD),
Becker muscular dystrophy (BMD), X-linked dilated cardiomyopathy

(XLCM) and facioscapulohumeral muscular dystrophy (FSHD). DMD
and BMD are X-linked disorders affecting the synthesis of dystrophin,
a large sarcolemmal protein that is absent in DMD (11), and reduced
in amount or abnormal in BMD (12). The incidence of DMD is one in
3500 male newborns with a prevalence of six in 100,000 males (13).
DMD is characterized by weakness of the leg, pelvic and shoulder gir-
dle muscles starting in early childhood. DMD and BMD account for
>80% of all causes of MD.

Dystrophin provides the connection between a large complex of
glycoproteins in the muscle cell membrane (called the dystrophin-
glycoprotein complex) and intracellular actin filaments, transmitting
forces generated by sarcomere contraction to the extracellular matrix
(14,15). Absence, reduced levels or abnormal structure of dystrophin
leads to membrane fragility, making muscle fibres prone to injury during
contraction (16). As muscle disease progresses, muscle repair cannot
adequately compensate for damage, leading to necrosis of skeletal and
cardiac myocytes and progressive replacement by fibrofatty tissue (17).

BMD is a milder variant of dystrophinopathy with a better prog-
nosis. Incidence of BMD is one in 18,450 males and prevalence is 2.4
per 100,000 in the general population (11,18). The first symptoms
appear between three and 21 years of age, with a mean age of onset of
11 years. The age at death is 21 to 89 years (mean age approximately
45 years) (19-22).

XLCM is a primary myocardial dystrophinopathy, presenting as
congestive heart failure in teenage males, with almost no skeletal
muscle disease. It is characterized by rapid progression, leading to

1Onassis Cardiac Surgery Center; 2Pentelis Children Hospital; >First Department of Neurology, University of Athens; *Department of Neurosurgery,
Evangelismos Hospital, Athens Medical School; > Agia Sophia Children’s Hospital, Athens, Greece
Correspondence: Dr Sophie Mavrogeni, 50 Esperou Street, 175-61 P.Fdliro, Athens, Greece. Telephone/fax 30-210-98-82-797, e-mail somal 3@otenet.gr

creativecommons.org/licenses/by-nc/4.0/), which permits reuse, distribution and reproduction of the article, provided that the original work is

a This open-access article is distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC) (http://
OPEN ACCESS

properly cited and the reuse is restricted to noncommercial purposes. For commercial reuse, contact support@pulsus.com

Curr Res Cardiol Vol 2 No 2 Summer 2015

53



Mavrogeni et al

cardiac death within one to two years. The distinction between
XLCM and BMD with mild skeletal muscle weakness is difficult.
Therefore, these entities are considered to be part of the same disease
expression (23).

FSHD is the third most common MD (after DMD and myotonic
dystrophy), with an estimated prevalence of one per 20,000 in the
adult European population (24).

Cardiac disease in dystrophinopathies

After the third decade of life, the majority of DMD patients have
established cardiomyopathy (25). Although clinically overt heart fail-
ure may be delayed or absent due to relative physical inactivity, cardio-
myopathy is the leading cause of death in DMD and myocardial
damage precedes decline in left ventricular (LV) systolic function.
Neither the age of onset nor the severity of cardiomyopathy is correl-
ated with the type of mutation (26). It was recently documented that
in DMD with preserved ejection fraction, the addition of eplerenone
to background angiotensin-converting enzyme inhibitors or angio-
tensin II receptor blockers attenuates the progressive decline in LV
systolic function (27).

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 LV impairment. In mild BMD, myocardial dam-
age 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 (28).

Cardiac involvement in female carriers of dystrophinopathies
Cardiac disease in female carriers of dystrophinopathies may present
as hypertrophy, arrhythmias or dilated cardiomyopathy (29). The
percentage of patients with clinically overt cardiac involvement
increases significantly with age, from 15% in carriers <16 years of age
to 45% in carriers >16 years of age. In contrast, significant cardiac
disease is unlikely in female carriers <16 years of age (30). In a cross-
sectional study involving 85 DMD and 44 BMD carriers 18 to
58 years of age, LV dilation and dilated cardiomyopathy were
observed in 18% and 8%, respectively (31). ECG abnormalities were
found in only 47% of this population (32). Another series of 56 adult
female carriers did not present any ECG abnormalities, but ventricu-
lar dilation or hypertrophy was documented in 14% and dilated
cardiomyopathy in 7% (33). Nevertheless, severe heart failure may
develop in some women, necessitating heart transplantation
(29,34,35). Exercise may unmask LV systolic dysfunction in female
carriers (36). In a study conducted by our group, CMR revealed myo-
cardial fibrosis in the majority of DMD and BMD mother-carriers,
although the clinical presentation and the usual noninvasive assess-
ment were mildly abnormal (37). Therefore, detailed cardiac evalua-
tion, at least once after the teenage years, should be recommended for
all female carriers to enable an early start of cardiac treatment (38).
XLCM female carriers have later onset, typically during the fifth dec-
ade of life, and slow progression of heart failure (39).

Emery-Dreifuss MD

Emery-Dreifuss MD (EDMD) is characterized by early contractures
of the elbows, Achilles tendons (toe walking), posterior cervical
muscles (rigid spine) and muscle weakness in a humeroperoneal dis-
tribution. Joint contractures occur early, typically before the develop-
ment of any significant weakness. EDMD can be X-linked or
autosomal; X-linked recessive EDMD (EDMD1) has a prevalence of
one in 100,000 males. EDMDI is caused by various mutations in the
STA gene (40). The protein product (emerin) is a member of a pro-
tein complex that links filamentous actin in the cytoskeleton to the
nuclear lamina and/or chromatin (41,42). Autosomal dominant
EDMD (EDMD2) and a rare autosomal recessive form of EDMD are
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caused by a mutation in the lamin A/C gene (43,44) with unknown
prevalence. Lamin A/C codes for alternatively spliced lamins A and C.
Additionally, lamin A/C mutations can cause several other pheno-
types, including limb-girdle MD (LGMD) type 1B, autosomal domin-
ant dilated cardiomyopathy with conduction defects (CMDI1A),
autosomal-recessive EDMD, autosomal-recessive axonal neuropathy,
familial partial lipodystrophy, mandibuloacral dysplasia and progeria
syndromes, all referred to as laminopathies.

Cardiac disease in EDMD

In EDMD1, the most common cardiac finding is conduction disturb-
ances (45). LV dysfunction and atrial paralysis can also be observed
(46,47). Sudden death is common and highly unpredictable (48,49);
therefore, pacemakers are often needed at 30 years of age (range 14 to
44 years) (50-53). Heart failure and atrial or ventricular arrhythmias
occur only in a minority of patients; however, the risk may increase as
patients with a pacemaker survive longer (47,49).

Cardiac involvement in female carriers of EDMD

Female carriers of an emerin mutation have no muscular symptoms,
although some may be at risk for cardiac arrhythmias and sudden death
(52-55); however, studies investigating cardiac involvement in
EDMDI carriers are not available.

LGMD

LGMD consist of a heterogeneous group of MD with involvement of
pelvic and shoulder girdle musculature (55). Seven autosomal dominant
(LGMDI1A to LGMDIG) and 14 autosomal-recessive forms (LGMD2A
to LGMD2 M) have been already recognized as genes responsible for
LGMD. LGMD type 2A is caused by mutations in the calpain 3 gene
(CAPN3) and complete lack of functional CAPN3 leads to the most
severe muscle wasting. CAPN3 is suggested to be involved in matura-
tion of contractile elements after muscle degeneration (55).

The disease course of autosomal dominant LGMD is usually rela-
tively mild and the age of onset ranges from childhood to the fourth
decade of life (56). The clinical presentation of autosomal-recessive
LGMD is more severe and resembles that of dystrophinopathies (56).
The prevalence of all forms of LGMD ranges from one in 23,000 to
one in 150,000 (2,56). Disruption of proteins that mediate sarcolem-
mal repair or other cell-signalling pathways and defective enzymes can
result in the limb-girdle dystrophic phenotype (57); however, the
exact functional role of the affected proteins and the precise patho-
genic mechanism leading to LGMD remains unknown.

Cardiac disease in LGMD

LGMD1: Cardiomyopathy was reported in allelic disorders with
mutations in myotilin (myofibrillar myopathies) and caveolin-3 (auto-
somal dominant rippling muscle disease), which may overlap with
LGMDI1A and C, respectively. LGMDIE has been reported in only
one family (58). The phenotype is similar to LGMDIB. Dilated
cardiomyopathy with conduction defects and/or adult-onset LGMD
and sudden death, despite pacemaker therapy, has been described (58).
LGMD2C, 2D, 2E and 2F: These types of LGMD are caused by
mutations in the transmembrane proteins of the sarcoglycan com-
plex. The prevalence of sarcoglycanopathies is approximately one in
178,000 (59). LGM2D is the most frequent sarcoglycanopathy, fol-
lowed by LGMD2E andLGMD2C, while LGMD?2F is the least com-
mon (59-61). Disease severity is related to the percentage of residual
sarcoglycan protein. Mild ECG and/or echocardiographic changes
occur in 20% to 30% of sarcoglycanopathy (62,63). The risk for
cardiac involvement is low in LGMD2D; however, dilated cardio-
myopathy and ventricular arrhythmias may occur in LGMD2E with
severe DMD-like dystrophy (64,65). Although a correlation
between genotype/phenotype and prognosis has not yet been estab-
lished, detailed evaluation of sarcoglycanopathies for cardiac disease
is necessary (66).
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LGMD2I: LGMD2I is caused by mutations in the fukutin-related
protein (FKRP) gene (67). Mutant FKRP directly or indirectly disturbs
glycosylation of the transmembrane protein a-dystroglycan in muscle
cells. Appropriate glycosylation is necessary for a-dystroglycan to bind
components of the extracellular matrix, including laminin-2 (68).

Cardiac involvement has been reported in 29% to 62% of patients
with LGMD2I (69-73). LV wall motion changes and dilated cardio-
myopathy may begin as early as the teenage years. A significant per-
centage of patients may develop symptomatic heart failure over time,
beginning at a mean age of 38 years (range 18 to 58 years) (70); this is
not always associated with severe muscle weakness (67,70). LGMD2I
patients are also at risk for respiratory impairment and may require
nocturnal ventilation (69,70).

Myotonic dystrophy

Myotonic dystrophy type 1 (DM1) is an autosomal-dominant muscular
dystrophy caused by expansion of cytosine-thymine-guanine (CTG)
trinucleotide repeats in the myotonic dystrophy protein kinase (DMPK)
gene. DM is the most common MD in adults. It has a prevalence of 2.1
to 14.3 per 100,000 worldwide, although its prevalence is higher in cer-
tain populations due to genetic isolation (74). Muscle involvement is
characterized by myotonia and weakness of the facial, sternocleidomas-
toid and distal muscles, combined with systemic manifestations includ-
ing cataract, gastrointestinal, central nervous system and cardiac
abnormalities. Based on age at onset and symptoms, four clinical cat-
egories have been distinguished: congenital; childhood; classical (adult-
onset); and mild (late-onset) type (75). Life expectancy is reduced in
DMI, mainly in those with early disease onset and proximal muscle(s)
involvement (76). Median survival is 59 to 60 years for patients with
adult onset and 35 years for patients with the congenital type (77).
Progressive respiratory failure remains the leading cause of mortality,

followed by cardiac death in 20% to 30% of cases (76-78).

Cardiac disease in DM1

Cardiac abnormalities can be diagnosed as early as the second decade
of life in the childhood type (79). Conduction disturbances occur in
65% of adults (80); pathology studies showed fibrosis of conduction
system and diffuse interstitial fibrosis throughout the myocardium
(81). Ventricular dysfunction and structural changes have been docu-
mented by both echocardiography and cardiovascular magnetic reson-
ance imaging (82,83). However, the prevalence of heart failure is
approximately 2% to 7% (83,84).

Sudden death is not unusual in DM1, and was initially believed to
be due to conduction disturbances. However, reports of sudden death
in patients with pacemakers and episodes of sudden death related to
well-documented ventricular tachycardia (VT) suggested that VT may
be a more frequent cause of sudden death than it was previously
believed (78,85); therefore, prophylactic implantable cardioverter-
defibrillator (ICD) implantation should be carefully evaluated in the
high risk for sudden death patients with good prognosis of their neuro-
muscular disease.

Myotonic dystrophy type 2
Myotonic dystrophy type 2 (DM2) is an autosomal dominant disor-
der resembling adult-onset DM1, but with more favourable prognosis
compared with DM1. Three classes of large non-DM2 repeat alleles
were identified: up to (CCTG)-24 with two interruptions; up to
(CCTG)-32 with up to four interruptions; and uninterrupted
(CCTG)-22-33. Large non-DM2 alleles were more common in
African Americans than in European Caucasians. Uninterrupted
alleles were significantly less stable than interrupted alleles (86).
Patients present with predominantly proximal lower limb weakness
or weakness of deep finger flexors (86,87). A review of 209 DM2
patients reported that first symptoms occurred between 13 and 67 years
of age (median age at onset 48 years) (86). Facial muscle weakness is
less severe, myotonia is typically less apparent and muscle atrophy is
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milder than in DM1. Muscle pain is a major complaint of DM2 and
systemic manifestations such as cataract, cardiac and endocrine dysfunc-
tion may also coexist. However, in contrast to DM1, respiratory failure
is rather unusual (86,87).

Myofibrillar myopathies

Myofibrillar myopathies (MFM) represent a group of genetically disor-
ders, associated with peripheral neuropathy and cardiac disease. MFM
present in adult life with slowly progressive muscular weakness.

Desmin-related MFM (desminopathies) may have various pheno-
types depending on the type of mutations. Heart disease may precede,
coincide with or succeed skeletal disease. Conduction disturbances
and arrhythmias are frequent in desminopathies because desmin is an
important component of Purkinje fibres (88).

Mutations in a-B crystallin may also cause phenotypic features of
desminopathy. Patients with a-B crystallinopathy may develop hyper-
trophic cardiomyopathy (89,90) and mutation in BAG3 may cause
severe childhood MD with cardiomyopathy and respiratory failure (91).

Other MD

Mild to moderate cardiomyopathy was detected in one of three
affected family members with late-onset autosomal dominant distal
myopathy (92). Several rare X-linked myopathies are also associated
with cardiomyopathy. X-linked vacuolar cardiomyopathy and myop-
athy (Danon disease) is caused by mutations in the gene encoding
lysosome-associated membrane protein-2 (LAMP-2) at Xq24 (93)
and cardiac disease is the dominant clinical feature. Skeletal muscle
involvement is usually mild, and is observed in 90% of male patients
and 33% of female relatives.

A study involving 20 men and 18 women with genetically con-
firmed Danon disease reported cardiomyopathy in all patients (94).
Men were severely affected before 20 years of age. The most frequent
findings were hypertrophic cardiomyopathy with impaired LV func-
tion and Wolff-Parkinson-White syndrome. Most affected women
developed dilated cardiomyopathy in adulthood. The mean age at
death was 19 years in male and 40 years in female patients (94).

Barth syndrome, an X-linked disorder in infancy, characterized by
cardiomyopathy, neutropenia, skeletal myopathy and growth delay, is
caused by mutations in the taffazin gene at Xq28 that result in cardio-
lipin deficiency and abnormal mitochondria (92). Female carriers
appear to be healthy. In a study involving 34 men, 90% had dilated
cardiomyopathy, 53% had prominent LV trabeculations and ventricular
arrthythmias were frequent in adolescents (95).

McLeod syndrome is a late-onset X-linked disorder caused by
mutations of XK, a gene of unknown function, and characterized by
movement disorders (chorea), cognitive impairment, myopathy and
acantocytosis. A few cases of female mutation carriers have been
reported (96). Approximately 65% of individuals develop cardiac
disease, including dilated cardiomyopathy, atrial fibrillation and
tachyarrhythmia (96).

Mutations in the four-and-a-half LIM domain gene (FHL1) have
been identified as causative for reducing body myopathy, X-linked
scapuloperoneal myopathy and X-linked myopathy with postural
muscle atrophy (XMPMA). FHLL1 is highly expressed in skeletal and
cardiac muscle. Hypertrophic cardiomyopathy was observed in four of
nine XMPMA patients, and dilated cardiomyopathy in one of
11 reducing body myopathy patients (97,98); however, respiratory
failure remains the major cause of death.

An early-onset myopathy with fatal cardiomyopathy, due to
homozygous C-terminal TTN deletions, has been described as the
only titinopathy involving both heart and skeletal muscle (99).

Mutations in the beta-cardiac myosin heavy chain gene (MYH?7)
may cause various phenotypes ranging from pure peripheral muscle dis-
ease to isolated cardiomyopathies. However, MYH7 mutations combin-
ing symptomatic distal myopathy and cardiac involvement have been
reported (100,101).
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CURRENTLY USED TECHNIQUES FOR THE

EVALUATION OF HEART INVOLVEMENT IN MD
ECG
The most common electrocardiographic findings in MD include con-
duction disease (PR interval >210 ms, QRS duration >120 ms, left
anterior or posterior fascicular hemiblock), arrhythmias (supraventri-
cular or ventricular), hypertrophy (Sokolow-Lyon index >35 mm) and
evidence of myocardial necrosis, depending on the type of MD.

DMD, the most common and severe form of childhood MD, is
associated with increased R/S ratio in the right precordial leads, deep
Q waves in the lateral leads, conduction abnormalities and arrhyth-
mias (mainly supraventricular but also ventricular). In a study involv-
ing 131 individuals with DMD, ECG was abnormal in 78.6%. All
were in sinus thythm 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 ven-
tricular repolarization, 54.9%; abnormal QS waves in inferior and/or
upper lateral wall, 37.4%; conduction disturbances in right bundle
branch, 55.7%j; prolonged QT, 35.8%; and wide QRS, 23.6% (102).
The prevalence of incomplete right bundle branch block was signifi-
cantly higher in patients with FSHD (33% [95% CI 22.6% to 44%])
than in the normal population (1.2% to 3.4%) (103). Additionally,
the prevalence of complete right bundle branch block in FSHD
(3.8% [95% CI -0.4% to 8.4%]) tended to be higher than in the
normal population (0.16% to 0.8%) (104).

In EDMD, normal myocardium is gradually replaced by fibrous and
adipose tissue; this process usually starts in the atria (leading to atrial
arrhythmias) or involves the atrioventricular node, leading to conduc-
tion abnormalities, sometimes requiring a pacemaker, and finally the
ventricles, causing progressive dilation and systolic function failure
(105). Sudden death may be the presenting symptom of EDMD; there-
fore, cardiac screening of relatives, including female carriers with
X-linked EDMD, is recommended (106).

Patients with mutations in the lamin A/C gene (1p1-q21 locus)
develop sinus and atrioventricular node dysfunction, ventricular
arrhythmias and adult-onset cardiomyopathy with mild skeletal myop-
athy. The inheritance pattern is autosomal dominant with high pene-
trance, and patients are at high risk for sudden death (107).

Atrioventricular and intraventricular conduction defects are
common in both DM1 and DM2, with infrahisian block being an
important cause of sudden death (103). Additionally, cardiac
arrhythmias may occur early during the course of the disease, even in
the absence of severe neuromuscular impairment. In a population of
31 DM1 patients, 38% had first-degree atrioventricular block (AVB)
and 51% had intraventricular conduction disturbances (62% had
late potentials) (108).

Not only ECG but also Holter monitoring is necessary for evalua-
tion of MD patients. Cardiac surveillance, including routine monitor-
ing of electrocardiograms, may detect early DCM development in both
DMD and BMD (109). In addition, in 32% of MD1 patients with a
normal ECG, the 24 h Holter monitoring showed arrhythmias and
conduction abnormalities (110). In MD1, Holter monitoring should
be performed on a regular basis, at intervals not >6 months (111).

In a study involving MD1 patients including ECG, Holter and
echocardiography, a normal ECG was not associated with normal
Holter and echo (113). In another study investigating MD1 using
Holter, atrial fibrillation (AF) and atrial flutter (AFL) were frequent
in MD1 and lead to increased mortality. AFL could present as 1/1
AFL with a poor tolerance and a risk for misdiagnosis despite fre-
quent conduction disturbances. Another study including 104 DM2
and 117 DM patients who underwent baseline and follow-up assess-
ments of ECG, 24 h Holter monitoring, two-dimensional echocardi-
ography and electrophysiological studies, showed that 10% of DM2
patients versus 31% of DM1 patients had PR >200 ms and 17% of
DM2 patients versus 48% of DM1 patients had QRSD >100 ms. Six
patients with DM2 versus 28 patients with DM1 required PM/ICD
implantations (114). Holter recording has been used not only for
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accurate diagnosis of heart thythm in MD, but also for treatment
evaluation (115-118).

Echocardiography
Echocardiography is the most commonly used imaging technique for
LV evaluation and has already assessed marked variability in the sever-
ity of LV dysfunction in DMD, independently of age of onset or muta-
tion groups (119).

In another study, echocardiograghy identified LV systolic dysfunc-
tion in 20.6% and reduced global longitudinal strain in 21.7% of MD1
patients (120). An echocardiographic study involving sarcoglycanopa-
thy patients detected dilated cardiomyopathy in 17% (121).
Echocardiography also assessed a high prevalence of LV dysfunction in
DMD, with frequent evidence of systolic ventricular asynchrony, par-
ticularly in patients with ejection fraction <35% (122). LV dysfunc-
tion with reduced LV ejection fraction has been already observed in
EDMD (123). Echocardiography also revealed cardiac involvement in
24% of patients with LGMD2A-I (124). In a multicentre retrospective
analysis of 38 patients with LGMD 21, 55.3% had cardiac abnormali-
ties, of whom 24% had heart failure. Heterozygotes for the common
C826A mutation developed cardiac disease earlier than homozygotes.
All patients initially improved, while receiving standard therapy. No
correlation between skeletal muscle disease, cardiomyopathy and/or
respiratory insufficiency was identified (125). Structural heart disease
is also frequent in myotonic dystrophy, with LV dilation or hypertro-
phy observed in approximately 20% and LV systolic dysfunction in
14% of patients (126). Clinically overt heart failure, however, was
documented in only 2%, according to the same report. In a study
evaluating diastolic heart function in MD1 using echocardiography, an
increase of the left atrial diameter and mitral deceleration time sug-
gesting diastolic abnormalities was identified (127). In cases with a
suboptimal acoustic window, three-dimensional echocardiography can
serve as an excellent alternative (128).

In a recent case report, the abnormal region identified by voltage
mapping was concordant with the segmental impairment in two-
dimensional strain pattern detected by speckle tracking; this is prom-
ising for the application of this technique in the evaluation of MD1
(129). In DM2, although muscular disease is less prominent, cardiac
involvement may be developed; therefore, cardiac evaluation is rec-
ommended to identify those at high risk for potential major cardiac
events (130).

Finally, echocardiography using transmural strain profile can
detect subclinical LV dysfunction in patients with DMD without
wall motion abnormalities by conventional echocardiography (131).
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 (132). These
studies, although very promising, were not universally accepted for
the routine assessment of MD.

Why CMR in MD?

CMR is a noninvasive, nonradiating technique ideal for serial
evaluation of cardiac volumes, mass, ejection fraction, inflammation
and fibrosis because it is operator independent and has excellent
reproducibility (133). Early indexes, such as strain analysis, may be
abnormal in MD before any cardiac dysfunction is detected. CMR
tagging showed that DMD patients exhibit abnormal global and
segmental circumferential strain compared with age- and sex-
matched controls, despite similar LV volumes and ejection fractions
(134). Similar findings showed that abnormal myocardial strain pre-
cedes both the age-dependent decrease in ejection fraction and the
development of myocardial fibrosis in DMD (134). Finally, strain
analysis is more sensitive to detect serial impairment in LV function
compared with LV ejection fraction (135); therefore, it is of great
value to assess treatment efficacy. These indexes, although promis-
ing, are not widely accepted and do not represent a robust tool for
detection of cardiac involvement in MD.
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Figure 1) Late gadolinium enhancement in the lateral wall of the left ven-
tricle in a patient with Becker muscular dystrophy

In contrast, the most robust CMR data are referring to early myo-
cardial fibrosis in DMD, BMD and female carriers, detected by late
gadolinium enhancement (LGE). The pathology of cardiomyopathy
in dystrophinopathies includes the presence of subepicardial fibrosis
in the inferolateral wall (136,37), similar to that observed in viral
myocarditis. The application of CMR in MD, in addition to the
standard monitoring by echocardiography and ECG, is of great value
because early initiation of heart failure treatment may delay the
progression of LV dysfunction and/or even reverse cardiac remodel-
ling in X-linked dystrophinopathies (137); and because myocardial
fibrosis, assessed by LGE, may be observed, even if echocardio-
graphic evaluation is still normal (136,138) and CMR may serve as
an early sensitive index to motivate the start of cardioprotective
treatment. It may also be applied as a screening tool to identify
patients at risk for ventricular arrhythmias, more advanced disease,
adverse LV remodelling and death (139) (Figure 1). Finally, in muta-
tion carriers, CMR revealed a pattern of fibrosis similar to that
observed in DMD (37) (Figure 2), even in the absence of overt
muscular disease. Recently, CMR techniques, such as postcontrast
myocardial T1 mapping, have been applied in DMD to detect diffuse
myocardial fibrosis (140).

In EDMD, CMR data are limited due to the rarity of the disease
and the frequent pacemaker implantation in this population.
Comparative studies using echo and CMR in EDMD showed absence
of myocardial fibrosis, despite the presence of more subtle myocardial
abnormalities, including a decrease in systolic circumferential strain in
the inferior segment, suggesting a different pathophysiology of cardiac
disease in EDMD compared with DMD/BMD, where fibrosis usually
precedes systolic dysfunction (141).

Heart involvement in LGMD using CMR demonstrated sub-
epicardial pattern of LGE similar to that detected in BMD, sug-
gesting that this damage represents a nonspecific pattern due to
increased mechanical stress in this area (142). However, LGMD?2I
and LGMD2B usually lead to mild structural and functional cardiac
abnormalities, although severe dilated cardiomyopathy may also
occur (143). Another study that evaluated LGMD?2I using physical
examination, echocardiography, resting and 24 h ambulatory ECG
and CMR proved that both the gene mutation and the severity of
the muscle disease were not predictive of cardiac involvement; on
the contrary, CMR documented a high prevalence of myocardial
functional abnormalities, fatty replacement and fibrosis. Reduced
contractility and CMR abnormalities were highly prevalent in
LGMD2I, suggesting that all patients should be referred for cardiac
evaluation (144,145).

Structural alterations of the myocardium, such as fibrosis and
fatty infiltration, were also observed in autopsy studies of patients
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Figure 2) Late gadolinium enhancement in the lateral wall of the left ven-
tricle in a female carrier of Duchenne muscular dystrophy

with myotonic dystrophy. CMR evaluation of these patients revealed
functional and structural abnormalities in 44% and myocardial fibro-
sis in 12.5% (146). Patients with myotonic dystrophy may present
with cardiomyopathy, which is usually more benign in DM2 com-
pared with DM1. CMR can define the LV abnormalities of the dis-
ease, such as dilation, systolic dysfunction, hypertrophy and,
occasionally, noncompaction (147,148); however, typical LGE pat-
terns have not been observed in this population.

What type of sequences should be included in the CMR evaluation
of MD?

CMR, using cine sequences, can measure ventricular volumes and
ejection fraction without contrast agent and provides three-
dimensional images of the heart, also feasible with three-dimensional
echocardiography. CMR ejection fraction and volumes are more
accurate and reproducible than other imaging techniques; however,
there is a good correlation between CMR and other techniques
(132). Echocardiography is still the everyday bedside tool, but CMR
is ideal for the serial evaluation of ventricular volumes, mass and
function due to its high reproducibility (132).

CMR is the most reliable imaging technique to detect and quan-
tify scar or fibrotic tissue (viability study). Fibrotic/scar lesions retain
contrast agent and, therefore, appear bright (149). The preferred
imaging time for scar detection is between 10 min and 20 min after
contrast agent administration, when the differences between scar
tissue, normal myocardium and the blood pool are maximal. This
method is referred as LGE CMR and is the gold standard for the
in vivo assessment of myocardial scar. CMR can detect scar tissue
in as little as 1 cm? of tissue, substantially less than other in vivo
methods, and has shown excellent agreement with histology (149).
Not only the presence, but also the LGE amount plays an important
role in patients’ prognosis, because even a small area of LGE (<2%
of LV mass) was associated with a >7-fold increase in risk for a major
adverse cardiac event in patients with coronary artery disease (150).
Many studies have documented the presence of myocardial scar in
both MD and carriers, emphasizing its role as an early strong diagnos-
tic sign of heart involvement and as a motivating factor for early start
of cardiovascular treatment (37,136). A recent CMR evaluation of
patients with nonischemic cardiomyopathy documented that LGE
was a powerful and independent predictor of malignant arrhyth-
mic prognosis, while its amount and distribution did not provide
additional prognostic value; therefore, it may contribute to identify
candidates for ICD therapy not fulfilling the current criteria based
on LV ejection fraction (151).

Myocarditis can present in MD under different clinical scenarios
(varying from severe hemodynamic collapse to subclinical disease), is
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undetectable by blood inflammatory indexes and may lead to dilated
cardiomyopathy. MD patients are more prone to myocarditis compared
with the rest of population because abnormal dystrophin acts as a
vehicle for different viruses (152,153). During the early stages, it may
remain undetected by echocardiography, which is unable to distin-
guish tissue structural changes, occurring without associated changes
in LV ejection fraction, while an increase in cardiac troponin was
found in only 20% of cases (154). Additionally, according to American
College of Cardiology/American Heart Association guidelines, myo-
cardial biopsy should be used only for patients with unexplained new-
onset heart failure <2 weeks in duration associated with a normal-sized
or dilated LV with hemodynamic compromise and should not be used
for screening or follow-up (138); it is limited by sampling error and
observer expertise (155).

CMR diagnoses myocarditis using three types of images:
T2-weighted (T2-W), early T1- weighted images taken 1 min after
injection of the contrast agent (EGE), and delayed enhanced
images (or LGE). T2-W is an indicator of tissue water content,
which is increased in inflammation or necrosis, such as myocarditis
and myocardial infarction. To enhance the detection of pathology
on CMR, images should be obtained early and late after gadolinium
injection. Higher levels of EGE are due to increased membrane
permeability or capillary blood flow. LGE represent the amount of
scar tissue. A combined CMR approach using T2-W, EGE and LGE
has a sensitivity of 76%, a specificity of 95.5% and a diagnostic
accuracy of 85% for the detection of myocarditis (156). Myocarditis,
missed by other noninvasive techniques, has been already described
in DM using CMR, which may have significant implications in
patients’ treatment, risk stratification and prognosis (153).

Fat deposits are often found around the heart. Epicardial fat is the
adipose tissue accumulated between the visceral pericardium and the
myocardium; it has a variable distribution, being more prominent in
the atrioventricular, interventricular grooves and right ventricular
free wall, and is nourished by the coronary arteries (157). CMR is the
technique of choice for fat quantification (157). In a small case ser-
ies, histological studies of hearts from DMD patients on autopsy
identified fat infiltration (158).

Finally, CMR has the capability to characterize myocardial tissue
using T; mapping techniques. Patients with MD diseases are at risk for
heart failure due to diffuse myocardial fibrosis and LV remodelling.
Because native T1 values are raised in the presence of diffuse fibrosis
and edema, T1 mapping by CMR is emerging as a potential tool to
assess diffuse myocardial involvement. Native T1 values are increased
in DMD and may serve as early markers of diffuse fibrosis (159).

Limitations of CMR

e Lack of availability and expertise;

e Difficulties in collaboration between cardiologists and radiologists,
regarding the interpretation and clinical significance of CMR
findings;

e [gnorance of neurologists regarding the diagnostic and prognostic
information, offered by CMR; and

e High cost of examination.

CONCLUSIONS
Cardiac involvement is common in both MD patients and carriers.
Currently used noninvasive techniques are low cost, widely available
and do not require high expertise. However, they cannot identify the
preclinical cardiac involvement in MD patients and carriers.

Due to its capability to detect myocardial changes before they will
be clinically overt, CMR s the technique of choice for early, accurate
diagnosis, treatment and follow-up of MD patients and carriers.
However, further multicentre studies are needed before CMR will be
included in the routine algorithm of MD patients and carriers.
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HIGHLIGHTS

e Cardiac disease is common in MD and is not related to skeletal
myopathy.

e High R/S in the right precordial and deep Q in the lateral leads are
typical in DMD.

e Conduction defects are an important cause of sudden death in
EDMD, DM1 and DM2.

e Fibrosis is an early finding in carriers and patients, even if echo is
normal.

e CMR serves as sensitive index to early start cardioprotective
treatment.
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