Management of rhythm disorders in Duchenne muscular dystrophy

Jeffrey Bennett! and Naomi Kertesz!

'Nationwide Childrens Hospital

August 14, 2020

Abstract

Dystrophin-deficiency results in a cardiomyopathy of variable onset and deficiency. Myocardial scarring commonly results in
cardiac dysfunction, with both atrial and ventricular dysrhythmias. Heart failure, rather than arrhythmia burden, remains the
strongest cardiac predictor of mortality in this patient population. Current data suggests the overall rate of sudden cardiac death
in pediatric dilated cardiomyopathy is significantly lower than adults. Specifically in the Duchenne cardiomyopathy population,
sudden death from an arrhythmic cause appears to be rare, even in patients with previously diagnosed arrhythmias. Despite
this, recommendations for implantable cardioverter-defibrillator (ICD) placement in patients with Duchenne cardiomyopathy
has traditionally been extrapolated from adult heart failure recommendations based on decreased left-ventricular ejection
fraction less than 35%. Early involvement of the cardiologist in the care for patients with dystrophin-deficient cardiomyopathy
is recommended for this reason. The indications for ICD placement to prevent sudden death in patients with Duchenne
cardiomyopathy are not well defined. There is little evidence to suggest placement meaningfully prolongs life in this population,

and should be carefully considered in accordance with the care goals of the patient and his family.
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Introduction

Dystrophinopathies in the form of Duchenne and Becker’s muscular dystrophies affect 1:5000 newborn males
worldwide!. As patients age, myocyte degeneration and myocyte fibrosis occur, resulting in progressive
immobility and respiratory failure. While neuromuscular disease is severe in Duchenne Muscular Dystropy
(DMD) and milder in Becker’s Muscular Dystrophy (BMD), dystrophin deficient cardiomyopathy tends
to be more unpredictable in onset. Myocardial fibrosis and arrhythmic manifestations are common and
do not necessarily correlate to the degree of skeletal muscle involvement?. In fact, in cases of more mild
muscular disease, cardiac dysfunction may precede symptomatic skeletal muscle involvement®. Periodic
cardiac evaluation including imaging and routine surveillance of cardiac arrhythmias is recommended, and
advanced imaging frequently detects myocardial fibrosis under the age of ten years old*.

Mechanisms for Arrhythmias in Duchenne Cardiomyopathy

The substrate for arrhythmias in DMD remains under investigation. Progressive myocardial fibrosis may
produce scar which disrupts normal myocardial electrical coordination. Fibrosis manifests as late gadolinium
enhancement (LGE) on cardiac magnetic resonance (CMR) imaging, most often involving the posterobasal
subepicardial muscle. Advanced disease features LGE expanding to the inferior and lateral wall, with increas-
ing thickness of affected myocardium®%. Electrocardiogram (ECG) abnormalities in DMD were described



greater than 50 years ago and in general are thought to mirror the pattern of myocardial injury’. Al-
tered electrical activation (depolarization) results in changes to the QRS complex voltage and are commonly
identified®®. Fragmented QRS complexes in adults represent heterogeneous myocardial activation in both
ischemic and non-ischemic cardiomyopathy have been associated with arrhythmic events and sudden cardiac
death!'?. Specifically in the DMD population, QRS fragmentation is associated with both left ventricular

systolic dysfunction and ventricular ectopy burden'!.
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Figure 1: ECG of a patient with dystrophin-deficient cardiomyopathy. Complex QRS morphology and
fragmentation reflect abnormal depolarization of myocardium.

The mechanism for arrhythmia in the dystrophin-deficient cardiomyopathy involves not just fibrosis of the
myocardial tissue, but derangement of the molecular electrophysiology of conduction system cells themselves.
These specialized cells are reliant on dystrophin to support organization of ion channels and promote coor-
dinated electrical activity'2. In mouse models deficient in dystrophin, misregulation of critical ion channels
in specialized conduction tissue cells disturbs electrical activity, contributing to the arrhythmogenesis in the
dystrophin-deficient heart'3!*. On electrocardiogram, both short and long PR intervals may be observed,
and complete heart block has been observed!®.

Genotype-Phenotype Correlation

The dystrophin deficient cardiomyopathies, Becker’s and Duchenne Muscular Dystrophy differ in both genetic
alteration, and residual protein function. Within each disease however, further attempts to correlate specific
genotype and phenotype have been made'. Patients with sparing of certain crucial domains within the
protein, or mutations which replace a single amino acid rather than disrupting the entire protein reading
frame, trend towards having milder cardiac phenotype on magnetic resonance imaging!”. While mutation
analysis may help to predict age of onset of cardiomyopathy in the muscular dystrophy, arrhythmia burden
has not included in these studies'®:1?.

Arrhythmias in DMD

Despite a compelling substrate and abnormal conduction system tissue, arrhythmia burden in DMD is
generally attributed to accumulated cardiac injury and systolic dysfunction. The most common finding on
ambulatory monitoring of patients with DMD is sinus tachycardia. Often in response to pulmonary pathology
or cardiac dysfunction, atrial arrhythmias including flutter and fibrillation may develop’. In a study of 151
patients with dystrophinopathy (Duchenne and Becker’s), arrhythmias were significantly associated with
decreased function, as well as independently with increased age?’. In the study over 300 Holter monitor
studies from Texas Children’s Hospital were evaluated, and burden of supraventricular tachycardia (SVT),



ventricular tachycardia (VT), or frequent ventricular premature contractions (VPCs) were noted. Overall,
44% of patients with DMD and 57% of patients with BMD had arrhythmias, with clinically significant
arrhythmia, either SVT or VT, occurring in 10% and 25% of those patients respectively?’. Though PR
interval and QRS disturbances have demonstrated the progressive impact of dystrophin deficiency on cardiac
conduction, complete atrioventricular block is rare?":22. There was correlation between atrial arrhythmias
and sudden cardiac death in dystrophin-deficient cardiomyopathies controlling for decreased systolic function.
In fact atrial arrhythmias were present in 68% of all holter monitors in one study on 235 patients with DMD?23.
Non-sustained atrial tachycardia, including frequent premature atrial contractions, are more common in
patients with decreased systolic function. None of the patients experienced sustained atrial tachycardia and
just 5 patients (2%) experienced ventricular tachycardia. Other rare arrhythmias including bundle branch
reentry ventricular tachycardia, have been noted”?3. Atrial fibrillation and flutter, certainly common in the
adult dilated cardiomyopathy population, is much rarer in children. When these occur, increased cardiac
rhythm monitoring and treatment with standard antiarrhythmic therapies is recommended?.

Clinically Significant Arrhythmias in Muscular Dystrophy

Cardiorespiratory monitoring during hospitalization of muscular dystrophy patients with muscular dystrophy
has allowed for some insight into causes of cardiac arrest in this population. A large retrospective study of the
Pediatric Health information Database (PHIS) identified 84 cardiac arrests in 3363 patients with muscular
dystrophy who were hospitalized?4. An analysis of ICD-9 codes found that cardiac arrest/mortality rate
was 5 fold higher (1% vs 5%) in patients with cardiac disease. In patients with ventricular tachycardia
(VT) encoded at some point in the stay, the rate was significantly higher, with or without heart failure.
Risk factors for death were VT, inotrope use, and cardiomyopathy, as well as ventilator use, reinforcing the
suggestion of complex cardiopulmonary interactions at the heart of death in this population.

Prevention of Sudden cardiac death

Sudden cardiac death secondary to heart failure with reduced systolic function is well-studied in the adult
population, and decreased ejection fraction (<35%) remains an indication for primary prevention ICD place-
ment, even in absence of documented ventricular tachyarrhythmia?>26. ICD placement has been shown quite
definitively to reduce mortality in this adult population®’. In the pediatric dilated cardiomyopathy popu-
lation, the mechanism of death is more likely to be a heart failure death rather than a sudden arrhythmic
death. This incidence of sudden death in the pediatric age group is far lower than what is found in the adult
cohorts. It is therefore far more difficult to predict sudden cardiac death from decreased function alone,
and far fewer primary prevention ICDs are placed in the setting of decreased LV ejection fraction without
concurrent clinically significant arrhythmias. A study of 85 patients with idiopathic dilated cardiomyopathy
and mean ejection fraction of 25% found just one sudden cardiac death, despite a 60% mortality rate over
the course of the study?®. The study, which excluded dystrophin-deficient cardiomyopathy, found no sta-
tistically significant difference in survival among patients with either atrial or ventricular arrhythmias, and
the majority of deaths were from heart failure or transplantation. The Pediatric Cardiomyopathy Registry
also sought to answer this question in a registry of over 3,500 infants, children and adolescents younger than
18 years old?”. Despite a high overall five year mortality rate, the 5 year sudden cardiac death rate was
estimated at 3% (of 280 overall deaths), far below the 14% two-year mortality rate reported in adults without
ICD implantation®”. Left ventricular dilation with posterior wall thinning and early onset of clinic disease
(<14.3 years) were significantly associated with risk of sudden cardiac death. Antiarrhythmic medication
usage was associated with SCD, however detailed arrhythmias and holter data was not available.

While arrhythmias are common in advanced Duchenne cardiomyopathy, declining left ventricular systolic
function remains the most powerful cardiac predictor of mortality though it does not predict whether it will
be due to sudden arrhythmic death or a heart failure death3’. A study of 442 holters across 235 patients
found late gadolinium enhancement, left ventricular dilation and older age were all associated with decreased
cardiac function. Most importantly, patients with severe decrease in systolic cardiac function (LV EF<35%)
were at higher risk for clinically significant arrhythmias. While 3 study patients died over the four year
timeframe, none had cardiac death, or severe dysfunction?3.



To help mitigate mortality secondary to systolic dysfunction in Duchenne cardiomyopathy, pharmacotherapy
has been generally adopted from adult consensus statements, which are frequently updated®!:32. Inhibition of
the renin-angiotensin system inhibition, via angiotensin converting enzyme inhibition(ACEI) or angiotensin
receptor blockers (ARB) remains first line treatment, and have been demonstrated to improve LV systolic
function in DMD?33. Studies in the past decade have identified benefit from aldosterone inhibition with either
spironolactone or eplerenone®#-36, though the use of these agents is too new to demonstrate mortality benefit.
Beta-adrenergic antagonists are a mainstay of treatment in adult heart failure, and when used in children
with dilated cardiomyopathy may serve to decrease the burden of ventricular arrhythmias as well.

Current treatment guidelines support ICD implantation in patients with medically treated nonischemic car-
diomyopathy (LVEF [?] 35%) and mild heart failure symptoms, with recommendation of Class I?". The
supportive data for this recommendation are predominantly derived from the SCH-HeFT trial which enrolled
patients with a median age of 60 years and included those with ischemic cardiovascular substrate®®. It is
unclear if these results and documented benefit can be readily extrapolated to the much younger muscular
dystrophy population®. Additional data from the Pediatric Cardiomyopathy Registry and other similar
series demonstrate very low rate of sudden arrhythmic death in the pediatric population, contrasting their
adult couterparts?®2949 Consequently, it remains unclear at what age the incidence of sudden arrhythmic
death increases and when ICD implantation is most beneficial. Additional considerations for ICD implanta-
tion in this population include the technical challenge difficulties brought about by body habitus including
severe kyphoscoliosis, respiratory muscle weakness, and sedation-related complications?. A multi-center
study recently sought to describe the use of ICDs in advanced Duchenne cardiomyopathy, reviewing 436
males with DMD. Of these, 57 patients (13%) had severe dysfunction, and just nine underwent ICD implan-
tation. There were two appropriate shocks and no inappropriate shocks in the study, and just 3/16 deaths
in severe LV dysfunction group. Nine additional patients met ICD implantation criteria but did not receive
an ICD. Four of these patients died (respiratory failure, multisystem organ failure and an embolic stroke
following VAD and of unknown etiology). The authors concluded that DMD cardiomyopathy has similarities
to both ischemic and non-ischemic cardiomyopathy, and that for patients with symptoms on GDMT, ICD
implantation may be beneficial*!. It is important to note that many of these patients in this study were not
on guideline directed medical therapy. Surveys of patients with DMD and caregivers do suggest interest in
a discussion about potential benefits of ICDs, should a life-prolonging benefit be demonstrated2.

Conclusions

Repeat investigations have demonstrated that sudden cardiac death in patients with dilated cardiomyopathy
and severely diminished LV systolic function is far rarer in the pediatric population than in adults. Despite
this, recommendations for ICD implantation in DMD are generally extrapolated from adult data into the
pediatric population. Moreover, our advances in heart failure have allowed children with Duchenne cardiomy-
opathy to grow into adults with Duchenne cardiomyopathy, and the need for evidence-based disease-specific
recommendations is great. There is limited evidence to suggest sudden death in Duchenne Muscular Dys-
trophy is typically from an arrhythmic cause. More likely, pathologic cardiopulmonary interactions manifest
as sudden death. The inability to correlate holter findings to cardiac arrest risk make discussions about ICD
placement challenging, as there is not significant evidence suggesting placement meaningfully prolongs life
in these patients. The placement of an ICD is not without risk; the patient will need anesthesia which may
require intubation or other respiratory support. In our institution, our practice is to discuss ICD placement
only in presence of both severely decreased ejection fraction and ventricular arrhythmias. While ICDs are an
effective method to prevent arrhythmic death in cardiac disease, the absolute risk of sudden cardiac arrest in
the dystrophin-deficient cardiomyopathies is low, and the decision to implant an ICD must be thoughtfully
discussed with the patient and his caregivers, and in accordance with their goals of care.
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