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Synopsis
In patients with muscular dystrophies, cardiac involvement leading to cardiomyopathy and
arrhythmias occur with variable prevalence mirroring the phenotypic variability seen among and
within the various hereditary myopathies. These patients are at risk for development for
bradyarrhythmias and tachyarrhythmias including sudden cardiac death. Knowledge of the
incidence of arrhythmias and predictors of sudden death in the various hereditary myopathies can
help guide screening and appropriate management of these patients, thereby improving survival.
The non-cardiac manifestations can lead to delayed recognition of symptoms (limited mobility and
respiratory weakness masking cardiac manifestations), affect decision to implant prophylactic
device (quantity vs. quality of life) and once a decision is made to proceed with device implant,
increase peri-procedural respiratory and anesthesia-related complications.
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Introduction

The muscular dystrophies are a group of inherited disorders affecting skeletal muscle
diseases and to variable degree, cardiac muscle, with manifestations including heart failure,
conduction disease and heart block, atrial and ventricular arrhythmias, and sudden death.
With improved multidisciplinary care and increase in the life span, the prevalence of later-
onset cardiac involvement is increasingly being recognized. Electrophysiologists are
typically part of the care team involved in the management of patients with muscular
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dystrophies due to associated atrial and ventricular arrhythmias and the risk of sudden
cardiac death. The aim of this article is to familiarize the reader with the nature, prevalence,
treatment and outcome of arrhythmias in muscular dystrophies and present the recent
advances in this arena.

Classification of the muscular dystrophies is shown in Box 1.

Box 1
Classification of the muscular dystrophies
*  Duchenne and Becker muscular dystrophies
*  Type 1 and type 2 Myotonic dystrophies
e Emery-Dreifuss muscular dystrophies and associated disorders
e Limb-girdle muscular dystrophies

»  Facioscapulohumeral muscular dystrophy

Duchenne and Becker Muscular Dystrophies

Genetics and cardiac pathology

Duchenne and Becker muscular dystrophy are X-linked recessive disorders caused by
mutations in the dystrophin gene. Abnormalities in dystrophin and in dystrophin-associated
glycoproteins underlie the degeneration of cardiac and skeletal muscle in several inherited
myopathies including X-linked dilated cardiomyopathy. In Duchenne muscular dystrophy
(DMD), dystrophin is nearly absent whereas in Becker muscular dystrophy (BMD),
dystrophin is present but reduced in size or amount. This leads to the characteristic rapidly
progressive skeletal muscle disease in DMD and the more benign course in BMD. Cardiac
involvement is seen in both disorders, and the severity is not correlated with the severity of
skeletal muscle involvement. Mutations in specific domains of the large dystrophin gene are
associated with a higher risk for cardiomyopathyl. Most patients with DMD develop a
cardiomyopathy with a predilection for involvement in the inferobasal and lateral left
ventricle. In BMD, cardiac disease can even be more pronounced than skeletal muscle
weakness?.

Electrocardiography

The majority of DMD patients have an abnormal ECG with the classically described
electrocardiographic pattern of distinctive tall R waves and increased R/S amplitude in V13
and deep narrow Q waves in the left precordial leads possibly related to the posterolateral
left ventricular involvement 4. Other common findings include short PR interval and right
ventricular hypertrophy. No association between the presence of a dilated cardiomyopathy
and electrocardiographic abnormalities has been established °. Left bundle branch block
may be seen in patients with a dilated cardiomyopathy.
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Arrhythmias

In patients with DMD, persistent or labile sinus tachycardia is the most common arrhythmia
recognized. Atrial arrhythmias including atrial fibrillation and atrial flutter can occur, often
in the setting of respiratory dysfunction with cor pulmonale and in those with a dilated
cardiomyopathy. Abnormalities in atrioventricular conduction have been observed with both
short and prolonged PR intervals recognized. Ventricular arrhythmias occur on monitoring
in 30%, primarily as ventricular premature beats. Complex ventricular arrhythmias have
been reported, more commonly in patients with severe skeletal muscle disease. The presence
of systolic dysfunction was a powerful predictor of mortality but ECG abnormalities, late
potentials or ventricular arrhythmias were not predictive . In a cohort of DMD patients, QT
dispersion was an independent risk factor for the occurrence of VT.”. Sudden death occurs
in DMD, typically in patients with end-stage muscular disease. Whether the sudden death is
caused by arrhythmias is unclear. Several follow-up studies have shown a correlation
between sudden death and the presence of complex ventricular arrhythmias 8. The presence
of ventricular arrhythmias was not a predictor for all-cause mortality. Arrhythmia
manifestations in BMD typically relate to the severity of the associated structural
cardiomyopathy. Distal conduction system diseases with complete heart block and bundle
branch reentry ventricular tachycardia have been observed.

Screening, Treatment and Prognosis

Clinical care guidelines recommend screening echocardiography at diagnosis or by the age 6
of years and subsequently every 2 years until the age of 10 and annually thereafter in boys
with DMD °. In patients with DMD, with improvement in respiratory support, age at death
has increased so that the majority of patients survive into their 30s10. Decision of
implantation of an implantable cardioverter-defibrillator (ICD) should be considered
individually based on patient status and wishes. Advanced heart failure therapy, including
primary prevention ICDs, is appropriately considered in patients with cardiomyopathy.
Patients with BMD often develop cardiac complications and death from congestive heart
failure and arrhythmias is estimated to occur in up to 50% of cases 9. BMD has a high heart
transplantation rate in the first year after diagnosis of cardiomyopathy 11. Female carriers of
DMD and BMD do not develop a cardiomyopathy during childhood but can occur later in
life. Screening echocardiography should be done in adults or with symptoms.

Myotonic Dystrophies

Genetics and cardiac pathology

The myotonic dystrophies are autosomal dominant disorders characterized by myotonia
(delayed muscle relaxation after contraction), weakness and atrophy of skeletal muscles and
systemic manifestations. Two distinct mutations are responsible for the myotonic
dystrophies. In myotonic dystrophy type 1, the mutation is an amplified trinucleotide
cytosine-thymine-guanine (CTG) repeat found on chromosome 19 12, It is typical for the
CTG repeat to expand as it is passed from parents to offspring, resulting in the characteristic
worsening clinical manifestations in subsequent generations termed anticipation 13.
Myotonic dystrophy type 2, also called proximal myotonic myopathy, has generally less
severe skeletal muscle and cardiac involvement than in type 1 and is a tetranucleotide,
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CCTG repeat expansion occurs on chromosome 3. A recent study suggests that cardiac
pathology in both myotonic dystrophy type 1 and 2 is related to gap junction (GJA1) and
calcium channel (CACNALC) protein overexpression!4. Cardiac pathology involves
degeneration, fibrosis, and fatty infiltration preferentially targeting the specialized
conduction tissue including the sinus node, atrioventricular node, and His-Purkinje system.
Degenerative changes are observed in working atrial and ventricular tissue but only rarely
progress to a symptomatic dilated cardiomyopathy. The primary cardiac manifestations of
the myotonic dystrophies are arrhythmias and are age-dependent and although the pathology
appears similar in types 1 and 2, type 1 typically has earlier and more severe cardiac
involvement. No correlation has been established between spontaneous ventricular
arrhythmia and the severity of muscular weakness 1%, the size of CTG repetition?,
premature ventricular contractions on 24-hour ambulatory ECG 15, the presence of late
ventricular potentials 17, or ventricular arrhythmia induced by programmed ventricular
stimulation?®.

Electrocardiography

A majority of adult patients with myotonic dystrophy type 1 exhibit electrocardiographic
abnormalities. In a large, unselected middle- aged U.S. myotonic population; abnormal
electrocardiographic patterns were seen in 65% of the patients 18. Abnormalities included
first-degree atrioventricular block in 42%, right bundle branch block in 3%, left bundle
branch block in 4%, and nonspecific intraventricular conduction delay in 12%. Q waves not
associated with a known myocardial infarction are common. Conduction disease worsens
with advancing age Electrocardiographic abnormalities are less common in myotonic
dystrophy type 2, occurring in approximately 20% of middle-aged patients.

Arrhythmias

Patients with myotonic dystrophy type 1 demonstrate a wide range of arrhythmias. At
cardiac electrophysiological study, the most commonly abnormality found is a prolonged
His-ventricular (H-V) interval. Conduction system disease can progress to symptomatic
atrioventricular block and necessitate pacemaker implantation. The prevalence of permanent
cardiac pacing in patients with myotonic dystrophy type 1 varies widely between studies.
Updated practice guidelines have recognized that asymptomatic conduction abnormalities in
neuromuscular diseases such as myotonic dystrophy may warrant special consideration for
pacing?®.

Atrial arrhythmias, primarily fibrillation and flutter, are common. Patients with atrial
arrhythmias are often asymptomatic possibly because of a controlled ventricular response
from concomitant conduction disease.

Up to one third of individuals with myotonic dystrophy type 1 die suddenly. The
mechanisms leading to sudden death are not clear, but are believed to be related primarily to
arrhythmia. Asystole, owing to complete heart block without an appropriate escape rhythm,
has been considered a probable cause. Sudden death can occur despite pacemakers
implicating ventricular arrhythmias.
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Patients with myotonic dystrophy type 1 are at risk for bundle branch reentry tachycardia
because of associated conduction disease. Arrhythmias are observed in patients with
myotonic dystrophy type 2, but are less frequent and occur later in life. Patients with
myotonic dystrophy type 1 are at a higher risk of sudden death if they have significant ECG
conduction disease 18. Up to 18% of patients with type 1 myotonic dystrophy and minor
depolarization/repolarization at baseline present with Brugada ECG pattern after drug
challenge?0. This was not related to the occurrence of significant conduction disturbances or
ventricular arrhythmias during follow-up. It may be useful to rule out Brugada ECG pattern
myotonic patients with the idea of avoiding some medications (i.e., use of Class 1 drugs for
decreasing myotonia in myotonic dystrophy) or in cases of unexplained syncope/
palpitations. However, the role of drug challenge to unmask Brugada for purpose of risk
stratification in these patients is uncertain. The prospective long-term multicenter RAMYD
study is a large-scale clinical trial designed to investigate the course of cardiac disease in
DML patients and to explore the value of noninvasive and invasive findings to predict the
occurrence of sudden death, resuscitated cardiac arrest, ventricular fibrillation, sustained
ventricular tachycardia, severe sinus node dysfunction or grade 11 or Il atrioventricular
block 21,

Emery-Dreifuss Muscular Dystrophies

Genetics and cardiac pathology

The X linked recessive Emery-Dreifuss muscular dystrophy (EDMD) disorder (EDMD1) is
characterized by mild skeletal involvement but life threatening cardiac and arrhythmia
manifestations. Mutations in the genes coding for the nuclear membrane protein Emerin 22
result in fibrotic replacement of cardiac muscle and conduction tissue and thought to be
responsible for the abnormalities in impulse generation and conduction that are commonly
encountered in this group. The autosomal dominant EDMD (EDMD?2) and a rare autosomal-
recessive form of EDMD are caused by a mutation in the lamin A/C gene. Lamin A/C
mutations can cause several other phenotypes, including limb-girdle muscular dystrophy
type 1B (LGMD1B). Because of the different implications of laminopathy and
emerinopathy both from the point of view of management and genetic counseling, a precise
diagnosis should be sought in all patients.

Arrhythmias

First degree atrioventricular block and atrial arrhythmias are among the early manifestations.
Classically atrial standstill with junctional bradycardia may be seen. Pacing support is
recommended once conduction disease is evident. Heart failure and ventricular arrhythmias
seem to occur only in a minority of patient, but the risk may increase as patients with a
pacemaker may survive longer 23. In both XLEDMD and ADEDMD atrial fibrillation/flutter
and atrial standstill occur frequently, even after pacemaker implantation, and this carries a
substantial risk of thromboembolic events, including ischemic stroke and initiation of
therapeutic anticoagulation should be strongly considered
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Screening, treatment and prognosis

Sudden death is the most common cause of death and can be highly unpredictable 2. Risk
factors for sudden death and appropriate ICD therapy include nonsustained ventricular
tachycardia, left ventricular ejection fraction less than 45%, male sex, and lamin A or C non-
missense mutations 2°. Female carriers of X-linked Emery-Dreifuss muscular dystrophy are
at risk of cardiac conduction disease and sudden death, typically occurring late in life.
Affected patients should be monitored carefully for electrocardiographic conduction
abnormalities and left ventricular dysfunction. Ambulatory monitoring can reveal
asymptomatic ventricular arrhythmias that have prognostic significance. An ICD rather than
bradycardia protection alone is the preferred prophylactic therapy.

Limb-Girdle Muscular Dystrophies

Genetics and cardiac pathology

Arrhythmias

The muscular dystrophies with a limb—shoulder and pelvic girdle distribution of weakness
and heterogeneous inheritance are called limb-girdle muscular dystrophies (LGMD -
autosomal recessive -subtypes 2A to 2P, dominant -subtypes 1A to 1H, sporadic
inheritance). Genes involved include those encoding dystrophin-associated glycoproteins,
sarcomeric proteins, sarcolemma proteins, nuclear membrane proteins, and cellular
enzymes.

Occurrence of arrhythmias related to specific genetic subtypes with high incidence seen in
subtype 1B (mutation in the gene coding Lamin-A/C akin to Emery-Dreifuss muscular
dystrophy).

Screening, treatment and prognosis

The recommendations for cardiac surveillance in this group depend very much on the
particular type of LGMD. LGMD2I patients are at risk of cardiomyopathy and should be
assessed as for DMD/BMD. The severity of cardiomyopathy may be out of proportion to
that of skeletal muscle involvement. Present perception is that the incidence of tachy- or
brady-arrhythmias in sarcoglycanopathies (LGMD 2C, 2D, 2E, and 2F) is low but this issue
is not fully resolved. Some arrhythmia surveillance with Holter ECG or similar recordings is
still justified. In LGMD 1B, risk factors for sudden death and appropriate ICD therapy
include non-sustained ventricular tachycardia, left ventricular ejection fraction less than
45%, male sex, and Lamin A or C non-missense mutations 26. Prophylactic implantation of
an ICD rather than pacemaker is recommended in patients with limb-girdle muscular
dystrophy subtype 1B when cardiac conduction disease is present 27.

Facioscapulohumeral Muscular Dystrophy

Facioscapulohumeral muscular dystrophy is the third most common muscular dystrophy
after the Duchenne and myotonic types inherited in an autosomal dominant fashion
characterized by slowly progressive muscle weakness. Since significant clinical cardiac
involvement is rather rare in this form of muscular dystrophy, specific monitoring or
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treatment recommendations are not well defined. Discussion of arrhythmia related
symptoms and yearly electrocardiograms have been recommended.

Conclusion

With progress in the respiratory management of patients and prolonged survival of muscular
dystrophy patients, heart failure and arrhythmias contribute to a larger extent to premature
death. Recognition of cardiac involvement requires active investigation and remains
challenging since typical signs and symptoms of cardiac dysfunction may not be present and
progression is unpredictable. Upon initial evaluation, the diagnostic workup for arrhythmias
would depend on the type of muscular dystrophy, age of the patient, disease stage,
symptoms attributable to cardiac involvement and previous cardiac events. Careful
monitoring of cardiac symptoms, and surveillance using electrocardiogram, Holter and event
monitoring and or implantable loop recorder as dictated by clinical situation would allow
timely management of bradycardia and tachycardia rhythm disturbances with device
implantation and can potentially improve prognosis. Because this clinical need frequently
arises late in the life of many muscular dystrophy patients, kyphoscoliosis, and muscle
wasting might complicate device implantation. Experimental therapy for muscular
dystrophies include cell-based therapies are also being explored for the regeneration of
skeletal and cardiac muscle; skeletal muscle stem cells, when delivered systemically, might
also home to cardiac muscle and result in muscle regeneration, which would alter electrical
properties and cardiac function.

References

1. Spurney CF. Cardiomyopathy of Duchenne muscular dystrophy: Current understanding and future
directions. Muscle Nerve. 2011; 44:8. [PubMed: 21674516]

2. Melacini P, Fanin M, Miorin M, et al. Myocardial involvement is very frequent among patients
affected with subclinical Becker’s muscular dystrophy. Circulation. 1996; 94:3168-3175. [PubMed:
8989125]

3. D’Orsogna L, O’Shea JP, Miller G. Cardiomyopathy of Duchenne muscular dystrophy. Pediatr
Cardiol. 1988; 9:205-213. [PubMed: 3237504]

4. Perloff JK, Roberts WC, Leon AC Jr, et al. The distinctive electrocardiogram of Duchenne’s
progressive muscular dystrophy. An electrocardiographic—pathologic correlative study. Am J Med.
1967; 42:179-188. [PubMed: 6018530]

5. Thrush PT, Allen HD, Viollet L, Mendell JR, et al. Re-examination of the electrocardiogram in boys
with Duchenne muscular dystrophy and correlation with its dilated cardiomyopathy. Am J Cardiol.
2009; 103:262. [PubMed: 19121448]

6. Corrado G, Lissoni A, Beretta S, et al. Prognostic value of electrocardiograms, ventricular late
potentials, ventricular arrhythmias and left ventricular systolic dysfunction in patients with
Duchenns muscular dystrophy. Am J Cardiol. 2002; 89:838. [PubMed: 11909570]

7. Yotsukura M, Yamamoto A, Kajiwara. QT dispersion in patients with Duchennes muscular
dystrophy. Am Heart J. 1999; 137:62.

8. Chenard AA, Becane HM, Tertrain F, et al. Ventricular arrhythmia in Duchenne muscular
dystrophy: prevalence, significance and prognosis. Neuromuscul Disord. 1993; 3:201-206.
[PubMed: 7691292]

9. Bushby K, Finkel R, Birnkrant DJ, et al. Diagnosis and management of Duchenne muscular
dystrophy, part 1: Diagnosis, and pharmacological and psychosocial management. Lancet Neurol.
2010; 9:77. [PubMed: 19945913]

Card Electrophysiol Clin. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rajdev and Groh

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Page 8

Eagle M, Baudouin SV, Chandler C, et al. Survival in Duchenne muscular dystrophy:
improvements in life expectancy since 1967 and the impact of home nocturnal ventilation.
Neuromuscul Disord. 2002; 12:926-929. [PubMed: 12467747]

Connuck DM, Sleeper LA, Colan SD, et al. Characteristics and outcomes of cardiomyopathy in
children with Duchenne or Becker muscular dystrophy: a comparative study from the Pediatric
Cardiomyopathy Registry. Am Heart J. 2008; 155:998-1005. [PubMed: 18513510]

Brook JD, McCurrach ME, Aburatani H, et al. Molecular basis of myotonic dystrophy: Expansion
of a trinucleotide (CTG) repeat at the 3’ end of a transcript encoding a protein kinase family
member et al. Cell. 1992; 69:385. [PubMed: 1568252]

Howeler CJ, Busch HF, Geraedts JP, et al. Anticipation in myotonic dystrophy: fact or fiction?
Brain. 1989; 112:779-797. [PubMed: 2731029]

Rau F, Freyermuth F, Fugier C, et al. Misregulation of miR-1 processing is associated with heart
defects in myotonic dystrophy. Nat Struct Mol Biol. 2011; 18:840. [PubMed: 21685920]

Lazarus A, Varin J, Babuty D, et al. Long-term follow-up of arrhythmias in patients with myotonic
dystrophy treated by pacing: a multicenter diagnostic pacemaker study. J Am Coll Cardiol. 2002;
40:1645-165. [PubMed: 12427418]

Nishioka S, Filho M, Marie S, et al. Myotonic dystrophy and heart disease: behavior of arrhythmic
events and conduction disturbances. Arq Bras Cardiol. 2005; 84:330-336. [PubMed: 15880208]
Babuty D, Fauchier L, Tena-Carbi D, et al. Significance of late ventricular potentials in myotonic
dystrophy. Am J Cardiol. 1999; 84:1099-1101. [PubMed: 10569675]

Groh WJ, Groh MR, Chandan S, et al. Electrocardiographic abnormalities and risk of sudden death
in myotonic dystrophy type 1. N Engl J Med. 2008; 358:2688. [PubMed: 18565861]

Epstein A, Dimarco J, Ellenbogen K, et al. ACC/AHA/HRS 2008 guidelines for device-based
therapy of cardiac rhythm abnormalities. Circulation. 2008; 117:e350. [PubMed: 18483207]
Maury P, Audoubert M, Razcka F, et al. Prevalence of type 1 Brugada ECG pattern after
administration of Class 1C drugs in patients with type 1 myotonic dystrophy: Myotonic dystrophy
as a part of the Brugada syndrome. Heart Rhythm. 2014 Oct; 11(10):1721-7. Epub 2014 Jul 9.
10.1016/j.hrthm.2014.07.011 [PubMed: 25016148]

Russo A, Mangiola F, Bella P, et al. Risk of Arrhythmias in Myotonic Dystrophy: trial design of
the RAMYD study. Journal of Cardiovascular Medicine. 10.2459/JCM.0b013e328319bd2c
Manilal S, Nguyen TM, Sewry CA, et al. The Emery-Dreifuss muscular dystrophy protein,
emerin, is a nuclear membrane protein. Hum Mol Genet. 1996; 5:801-808. [PubMed: 8776595]
Boriani G, Gallina M, Merlini L, et al. Clinical relevance of atrial fibrillation/flutter, stroke,
pacemaker implant, and heart failure in Emery—Dreifuss muscular dystrophy: a long-term
longitudinal study. Stroke. 2003; 34:901-908. [PubMed: 12649505]

Merlini L, Granata C, Bonfiglioli S, et al. Emery—Dreifuss muscular dystrophy: report of five cases
in a family and review of the literature. Muscle Nerve. 1986; 9:481-485. [PubMed: 3736581]
Fanselme G, Moubarak A, Savouré, et al. Implantable cardioverter-defibrillators in lamin A/C
mutation carriers with cardiac conduction disorders. Heart Rhythm. 2013; 10(10):1492-1498.
[PubMed: 23811080]

Berlo JH, Voogt WG, Kooi AJ, et al. Meta-analysis of clinical characteristics of 299 carriers of
LMNA gene mutations: do lamin A/C mutations portend a high risk of sudden death? J Mol Med.
2005; 83:79-83. [PubMed: 15551023]

Meune C, Van Berlo JH, Anselme F, et al. Primary prevention of sudden death in patients with
lamin A/C gene mutations. N Engl J Med. 2006; 354:209-210. [PubMed: 16407522]

Card Electrophysiol Clin. Author manuscript; available in PMC 2016 June 01.



1duosnuepy soyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuep Joyiny

Rajdev and Groh

Card Electrophysiol Clin. Author manuscript; available in PMC 2016 June 01.

Page 9



