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Heart disease is an under-recognized cause of morbidity and mortality in patients with Emery-Dreifuss muscular dystrophy
(EDMD). Arrhythmias and conduction delays are highly prevalent and given the rarity of this disease the patient care process re-
mains poorly defined.

This study closely followed four adult patients from the Neuromuscular Multidisciplinary Clinic (Alberta, Canada) that presented with
X-linked recessive EDMD. Patients were assessed and managed on a case-by-case basis. Clinical status and cardiac function were assessed
through clinical history, physical examination, and investigations (12-lead electrocardiogram, 24 hour Holter monitor, transthoracic echo-
cardiogram, and plasma biomarkers). Conduction disease, requiring permanent pacemaker, was prevalent in all patients. With appropriate
medical therapy over a median follow-up period five years the cardiac status was shown to have stabilized in all these patients.

We demonstrate the presentation of arrhythmias, conduction abnormalities, and chamber dilation in adult patients with X-linked
EDMD. Cardiac medications and pacemaker therapy are shown to prevent adverse outcomes from these complications. Patients
with EDMD are expected to develop heart disease early and prior to the development of an overt neuromuscular phenotype.
These patients should be closely monitored in a multidisciplinary setting for effective management to improve their clinical outcomes.
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6.5 Cardiomyopathy

e X-linked Emery-Dreifuss muscular dystrophy (EDMD) is a rare neuromuscular disease in which the assessment and management of patients
is poorly defined.

e Heart disease in EDMD is characterized by atrial and ventricular tachyarrhythmias, atrial standstill, conduction abnormalities and chamber
dilation.

e Multidisciplinary approach to management of heart disease and comorbidities is critical in these vulnerable patients to prevent progression
and sudden cardiac risk.
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Introduction

X-linked recessive (XLR) Emery-Dreifuss muscular dystrophy (EDMD)
is the most common EDMD subtype caused by reduced or
loss-of-function in the nuclear membrane protein emerin." Emerin
is associated with gene regulation, stabilization of the nuclear mem-
brane, and plays a role in intercalated disc function in cardiomyocytes.**
The classic phenotypic EDMD presentation is characterized with early
joint contractures, slow progressive muscle wasting and weakness, and
cardiac conduction abnormalities.” Skeletal muscle involvement typical-
ly precedes cardiac involvement.® Due to the slow progression of the
disease, symptoms are often undetected, allowing for the progression
of serious cardiac abnormalities and increased risk of sudden cardiac
risk (SCD).* There are currently no disease-specific therapies for
EDMD therefore management and therapeutic strategies are patient
specific. Heart disease, clinical management, and outcomes in
EMD-associated XLR-EDMD is poorly defined compared with
LMNA-associated autosomal dominant (AD) EDMD.” This case series
assesses the disease progression, therapeutic management, and out-
comes of four patients with EMD-associated XLR-EDMD in a multidis-
ciplinary setting.®

Timeline of clinical progression in
four patients with Emery-Dreifuss
muscular dystrophy

Patient 1
23 year Genetically confirmed for EDMD
27 year Single-chamber pacemaker implantation
36 year NMMD Clinic Enrolment
36 years— Advanced AV block and permanent atrial fibrillation.
44 years Prolonged QRS duration and QTc interval on 12-lead
electrocardiogram.
Patient 2
20 year Genetically confirmed for EDMD
31 year Dual chamber pacemaker implantation
39 year NMMD Clinic Enrolment
31 years— Nodal dysfunction treated with pacemaker. Marginal
40 years thinning of the myocardium and systolic dysfunction.
Managed dyslipidemia with cholesterol-lowering drugs.
Patient 3
20 year Genetically confirmed for EDMD
21 year Single-chamber pacemaker implantation
50 year NMMD Clinic Enrolment
43 years— Normal left ventricular dimensions with increased
50 years ventricular mass.

History with permanent atrial fibrillation. History of
sleep disordered breathing, and mild pulmonary
hypertension.

50 year Elevated blood pressure, dilated ventricles and elevated

ventricular mass is treated with increased dose of
perindopril and discontinued modafinil.

Improved ventricular dimensions and mass.

51 years— Advancing atrial myopathy with increased QRS duration
55 years is treated with switch to apixaban.
Patient 4
6 year Genetically confirmed for EDMD
14 year Single-chamber pacemaker insertion and intraatrial
re-entrant tachycardia (IART) ablation for AV block
and atrial tachycardia.
18 year NMMD Clinic Enrolment
18 year IART ablation and subcutaneous implantable
cardioverter-defibrillator. Started on perindopril.
14 years— Normal ventricular structure and function.
20 years

Patient 1

A thirty-seven-year-old male XLR-EDMD patient was referred to the
NMMD clinic (Figure 1A). The patient exhibited symptoms of mild joint
contractures and generalized weakness that required the use of a cane
to ambulate independently (Table 7). From a cardiac perspective, the
patient had a history of advanced AV block and permanent atrial fibril-
lation (AF), for which he had a pacemaker implanted 10 years prior to
enrolment. In addition to the patient’s pacemaker, he was taking biso-
prolol 7.5 mg q.d. for rate control of the underlying permanent AF and
enteric-coated acetylsalicylic acid (ECASA) for thromboembolism
prophylaxis prevention.

Physical examination demonstrated a regular heart rate of 70 bpm
and blood pressure of 102/68 mmHg (Table 7). Baseline B-type natri-
uretic peptide (BNP) and troponin | (Tnl), were normal at
23.0 pg/mL and 0.1 ng/mL, respectively.” Creatine kinase (CK) was
mildly elevated at 345 U/L indicating active muscle damage and
inflammation.

The 12-lead electrocardiogram (ECG) recorded AF, which was ven-
tricularly paced by a single-chamber pacemaker (Figure 2A). ECG para-
meters included a prolonged QRS duration of 148 ms and a QTc
interval of 452 ms (Table 1). At 4-years and 6-years follow-up, ECG
parameters performed were relatively unchanged.

Baseline TTE data showed normal cardiac structure, with no signs of
dilation or hypertrophy with left ventricular mass index (LVMI) at
57 g/m?, low-normal function with a left ventricular (LV) ejection frac-
tion (EF) at 55%, left atrial volume index (LAVI) of 12 mL/m? and no
signs of valvular disease (Table 1). Echocardiogram was performed at
4-year and 8-year follow-up demonstrating stable cardiac function
with minimal changes to the cardiac structure (Figure 3B). Over the
course of 8 years, LV dimensions remained normal with a marginal in-
crease in left ventricular end diastole diameter (LVIDd) from 39 to
45 mm and left ventricular end systole diameter (LVIDs) from 29 to
30 mm. There was a marginal increase in LVMI at 49 g/m? to 66 g/m?.
Qualitative assessment of atria size remained normal. In addition, LVEF
remained stable from 55 to 60% and LAVI increased from 12 mL/m?
to 29 mL/m? (Figure 3B). Overall, the patient is predominantly affected
by severe conduction deficits that are monitored through periodic as-
sessment at the NMMD clinic and managed with the use of device ther-
apy and medications.

Patient 2

A thirty-nine-year-old male XLR-EDMD patient, the brother of Patient 1,
was referred to the NMMD clinic presented with advanced symptoms
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Pedigree chart depicting family history of EMD gene-associated in an X-linked recessive mode of inheritance in (A) proband 1 and 2, (B)
proband 3, and (C) proband 4. Proband 3 refused to share family history regarding his children.

including elbow contractures and weak ankles requiring a cane for bal-
ance and ambulation (Figure 1A). In terms of comorbidities, the patient
has a history of sleep disordered breathing (SDOB) for which continuous
positive airway pressure (CPAP) was prescribed (but not used on a regu-
lar basis due to patient discomfort), and dyslipidemia that was treated
with rosuvastatin 5 mg q.d. and maintained his low-density lipoprotein
at 3.0 mmol/L (Table 7). From a cardiac perspective, the patient had a his-
tory of heart failure, syncope, and sinoatrial (SA) and AV nodal dysfunc-
tion, for which a dual chamber pacemaker was inserted 8 years prior to
clinic enrolment (a generator change was performed seventeen years
after insertion) (Table 7).

Upon physical examination, the patient was bradycardic with a heart
rate of 57 bpm and hypertensive with a blood pressure of 159/
93 mmHg; however, no prior history of hypertension was noted, and
no additional cardiovascular signs and symptoms were reported
(Table 1). CK levels were elevated at 434 U/L.

Baseline ECG study showed sinus rhythm with a QRS duration of
102 ms and a prolonged QTc interval of 452 ms (Table 7). An 8-year
follow-up ECG showed the QRS duration remained normal and un-
changed and QTc interval incrementally decreased to 437—-403 ms
(Figure 3B).

Baseline TTE data showed normal cardiac structure, with no evi-
dence of dilation (LVIDd =46 mm; LVIDs =28 mm) or hypertrophy
(LVMI =80 g/m?), normal systolic function (LVEF = 62%), and no signs
of valvular heart disease (Table 1). Follow-up TTE 2-years and 3-years
later demonstrated LV dimensions remained normal (LVIDd =46 and
51 mm; LVIDs =29 and 32 mm) and normal to borderline normal sys-
tolic function (LVEF=61% and 52%) with no signs of hypertrophy
(LVMI =49 g/m*and 58 g/m?) (Figure 3B). From baseline, LV mass index
in this patient reduced from 80 g/m? to 58 g/m? (Figure 3B). Left atrial
volume (LAVI =22 mL/m? and 25 mL/m?) remained stable and normal
(Figure 3B). Qualitative assessment of atrial size showed the right atria
was initially mild to moderately enlarged that recovered to normal size
and the left atria size remained normal and stable. Overall, ECG and
TTE parameters remained within the normal range; however, there
was marginal thinning of the myocardium and decreased systolic
function.

A fifty-year-old male XLR-EDMD patient was referred to the NMMD
clinic and presented with hand weakness and wrist contractures
(Figure 1B). The patient had a history of smoking and SDOB for which
CPAP was used with good compliance and was taking modafinil for day-
time sleepiness. He has a history of mild pulmonary hypertension with
non-invasive right ventricular systolic pulmonary arterial pressure of
35-40 mmHg. The patient had AF that he received a single-chamber
pacemaker 29 years prior, which progressed to permanent AF
(Table 1). Due to the uncertain risk of thromboembolic events from
permanent AF, patient was prescribed ECASA 81 mg q.d.

On examination, he was hypertensive and bradycardic with a heart
rate of 50 bpm and blood pressure of 145/90 mmHg. Plasma BNP
and Tnl were within normal ranges, and CK was elevated at
1695 U/L. Baseline Holter monitor confirmed AF with AV conducted
beats and regular junctional tachyarrhythmias.

Baseline ECG study showed AF and ventricular-paced complexes
with QRS duration of 102 ms, and QTc interval of 417 ms. At 6-year
follow-up, his blood pressure was elevated to 172/94 mmHg; therefore
his perindopril was uptitrated from 2 mg q.d. to 4 mg q.d., and modafinil
was discontinued. After medication adjustments, follow-up ECG 1-year
and 3-years later showed QRS duration increased from 156 to 160 ms
over 4-year time span (Figure 3B). Given his advancing age and progres-
sion of atrial myopathy, patient was switched from ECASA to using a
direct oral anticoagulant (apixaban 5 mg twice daily).

Baseline TTE demonstrated mild aortic dilation, moderate mitral and
tricuspid regurgitation, mild right ventricular (RV) dilation (RVd basal =
5.4 cm) and severely dilated left and right atria, which did not change
during follow-up assessments. Patient exhibited mildly reduced LVEF
of 51% as well as normal LV dimensions (LVIDd = 55 mm) and elevated
ventricular mass (LVMI = 124 g/m?) (Table 1). Echocardiogram showed
significant improvements before and after medication adjustments with
reduced LV dimensions (LVIDd=62 and 58 mm; LVIDs=35 and
25 mm), and improved hypertrophy (LVMI =182 g/m? and 135 g/m?)
(Figure 3B). Systolic function remained steady ranging from 50-55%
over the 4-year-period (Figure 3B). In addition, LAVI increased from
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Figure 2 Electrocardiograms from (A) patient 1 depicting atrial fibrillation with ventricular-paced rhythm at 60 bpm, and (B) Patient 4 depicting junc-
tion escape rhythm at the rate of 50 bpm with normal axis and no hypertrophy.

63 mL/m? to 112 mL/m? (Figure 3B). Overall, LV structure and function
improved over the 4-year-period following discontinuation of modafinil
and uptitration of perindopril.

Patient 4

An 18-year-old male XLR-EDMD patient referred to the NMMD Clinic
presenting with leg and ankle weakness, scoliosis, and a history of falls
(Figure 1C). The patient experienced progressive cardiac involvement

with hypertension, recurrent atrial tachycardia, SA and AV node dys-
function, and history of non-sustained VT.

Upon enrolment, the patient was bradycardic with a heart rate of
51 bpm and elevated blood pressure of 144/43 mmHg, while pre-
scribed ECASA 81 mg for thromboembolism prophylaxis prevention
due to possible increased risk related to atrial abnormalities including
atrial standstill.

Pre-device ECG showed a junctional escape rhythm with normal
QRS duration of 94 ms, and a prolonged QTc interval of 443 ms
(Figure 2B). The patient received a single-chamber pacemaker for AV
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Figure 3 (A) Cardiac monitoring and management strategies for X-linked EDMD patients (B) illustrated by 12-lead electrocardiogram (QRS duration,
qtc interval) and echocardiogram (LVEF, LVIDd, LVIDs, LVMI, LAVI) parameters in patients 1—4 to track disease progression from baseline to median

3-year first follow-up and 5-year second follow-up.

block. Follow-up monitoring revealed episodes of atrial tachycardia re-
quiring intraatrial re-entrant tachycardia (IART) ablation. Four years la-
ter, a subcutaneous ICD for primary prevention of SCD was inserted
due to the potential risk of developing VT given several prior episodes
of non-sustain VT. Alternatively, the patient could have been upgraded
to a transvenous ICD system. In addition to device therapy, the patient
was started on perindopril 2 mg.

Baseline TTE showed normal LV dimensions (LVIDd =52 mm;
LVIDs =29 mm) and normal systolic function at 64%. Patient exhibited
mild mitral, tricuspid, and pulmonary valve regurgitation, which pro-
gressed to moderate tricuspid regurgitation. Follow-up TTE was per-
formed 2-years and 6-years following pacemaker implantation
showed a moderately enlarged right atrium and mildly enlarged left at-
rium (Table 7). Ventricular dimension remained stable (LVIDd =56—
47 mm; LVIDs = 35-25 mm), and systolic function remained preserved
within normal limits (LVEF = 60-70%) (Figure 3B). Overall, LV structure
and function remained stable, but the main concern was recurrent atrial
tachycardia and nodal dysfunction.

Discussion

We report four cases of XLR-EDMD and a longitudinal assessment of
their clinical profile, cardiac outcomes and the therapeutic strategies uti-
lized in clinical management. We discuss the variation in cardiac involve-
ment and evolution of cardiac monitoring parameters over time. Clinical
cardiac monitoring for EDMD patients consists of ECG, Holter monitor-
ing, laboratory markers and TTE to monitor conduction abnormalities,
arrhythmias, and changes in heart structure and function (Figure 3A)."*""

Conduction abnormalities and arrhythmias are the predominant car-
diac manifestation in EDMD, presenting as bradycardia, prolonged PR
interval, or reduced P wave amplitude on ECG. The incidence of conduc-
tion abnormalities and arrhythmias increase with age and include atrio-
ventricular (AV) conduction delays, and atrial and ventricular
arrythmias.”” In XLR-EDMD patients, age of onset for AVB is earlier,
and there is a high occurrence of AF/atrial flutter compared with
AD-EDMD.%” In addition, atrial standstill is the primary cause of cardiac
death in XLR-EDMD that could be averted with pacemaker



Cardiac manifestations of Emery-Dreifuss muscular dystrophy

implantation.'® Two patients developed permanent AF, for whom
underwent device intervention in the third decade of their life. The other
two patients exhibit nodal dysfunction, for whom underwent device
intervention in the second decade of their life. All the patients received
pacemaker therapy at the first indications of bradycardia, sinus node dys-
function, or as preventative measure. Indeed, due to the prevalence of
atrial standstill in EDMD, European Society of Cardiology guidelines rec-
ommend pacing device intervention at first indication of conduction dis-
turbances or bradyarrhythmias, or before the age of 30.™

Sudden cardiac death and ventricular arrhythmias are associated
with AD-EDMD, thus early ICD intervention should be considered
along with pacemaker implantation.7 Despite the rarity of VT in
XLR-EDMD, Patient 4 had several episodes of non-sustain VT, which
emphasizes the importance of consistent follow-up with Holter and
cardiac device monitoring. Subsequently, this patient received a sub-
cutaneous ICD as primary prevention of SCD and VT. Cardiac magnet-
ic resonance studies suggest a relationship between remodelling in
areas associated with the conduction system to atrial conduction ab-
normalities and risk of SCD."®

Our study is one of few to describe successful atrial ablation proced-
ure in EDMD patients. Patient 4 was diagnosed with recurrent atrial
tachycardia detected on a routine ECG and Holter study (Figure 3A).
Previous case studies have described success with atrial ablation pro-
cedure in paediatric and young adult EDMD patients, in which patients
present with various types of supraventricular arrhythmias.'®"” Butt
et al. demonstrated a successful approach to atrial ablation using 3D
mapping on a 21-year-old male EDMD patient presenting with sus-
tained VT and atrial flutter."”” Unsuccessful ablation have been linked
to adverse outcomes including systolic dysfunction, embolic stroke,
and heart transplant in this cohort.'®'81?

There is a high prevalence of disabling embolic stroke in EDMD pa-
tients untreated with anticoagulation or aspirin treatment.*2%%"
Current guidelines for heart failure cohorts have not been validated in
EDMD management nor are they tailored to patients with rare diseases.
The CHADSVasc score for AF stroke risk has not been validated in the
EDMD population and the use of anticoagulation and antiplatelet therapy
in EDMD patients is controversial.”> Our approach to therapeutics was
based on atrial abnormalities and a potential increased risk of thrombo-
embolic events and strokes; we used low-dose ECASA as a preventative
measure for patients 1, 3, and 4, as per clinician and patient preference
although not evidence-based. In addition, anticoagulation therapy may
be preferred treatment option depending on age and severity of atrial
myopathy as seen in patient 3. The ideal approach to thromboprophy-
laxis strategy has not been established, thus further research is needed
to assess prophylactic efficacy of anticoagulation therapy.*®

Muscle weakness and upper limb contractures were the most prevalent
neuromuscular symptoms in our cohort. Each case exhibited some degree
of skeletal muscle involvement that did not correlate with severity of heart
disease. Of the three patients to receive biomarker assessment, all exhibit
elevated levels of CK consistent with EDMD-induced scapulohumeroper-
oneal muscle wasting." In EDMD patients, CK levels can range from normal
to 15 times the upper limit, and there is no direct link between CK levels
and cardiac or skeletal muscle involvement.* In addition, cardiac biomar-
kers, BNP and Tnl, were at normal levels in two patients thereby limiting
the use of these cardiac biomarkers in these patients.” Marchel et al.
have shown elevated BNP as a predictor of mortality in EDMD patients.**

In addition to laboratory markers, our patients were assessed by TTE for
cardiac structure and function at baseline and median follow-ups of 3-years
and 5-years at the Level lll echocardiography laboratory (Figure 3A). Systolic
function remained preserved with LVEF above 50% for all four patients
across all timepoints. Compared with XLR-EDMD, systolic dysfunction is
more prevalent in AD-EDMD.>* EDMD is characterized by a high preva-
lence of dilated atria and LV.** Three patients exhibit dilated atria, and
two patients exhibit dilated LV. Dilated cardiomyopathy is rare in
XLR-EDMD compared with other X-linked dystrophies; however,

AD-EDMD s associated with ventricular dilation.?> Overall, LV dimensions
remained relatively stable over time for three of the four patients, which
may be influenced by several factors including the short follow-up, use of
medical therapies, and patient lifestyle choices. Patient 3 was the only pa-
tient of our cohort to develop eccentric hypertrophy that improved after
discontinuation of modafinil and uptitration of perindopril. Modafinil is not
recommended in patients with hypertrophy and can induce/worsen hyper-
tension, thus we suspect that the worsening of blood pressure, hyper-
trophy, and dimensions in Patient 3 were associated with the
sympathomimetic effects of modafinil. VWe cannot say whether the im-
provements were directly linked to modafinil discontinuation or improved
control of hypertension, but likely a combination of the two changes.

Family genetic counselling is imperative for diagnosis and early interven-
tion for both AD-EDMD and XLR-EDMD to prevent disease progression.
In addition to early intervention and annual monitoring, cardiac devices and
pharmacotherapy are foundational aspects of our therapeutic strategy to
treat conduction abnormalities and prevent further complications
(Figure 3A). Several factors may influence our patient outcomes including
early pacemaker implantation prior to enrolment at our clinic, the use of
CPAP therapy, and extent of conduction abnormalities in our cohort.
Thus, cardiac care in a multidisciplinary setting serve an important role in
the management of this disease.>”?** The recognition and management
of SDOB in patients with EDMD is important since nocturnal hypoxia
and hypercapnia secondary to hypoventilation can affect the cardiovascular
system and lead to poor outcomes.?®** Monitoring cardiac comorbidities,
such as, hypertension, SDOB, and dyslipidaemia is an important aspect of
our therapeutic approach, thus strict management with statin therapy,
positive airway pressure therapy and renin—angiotensin system blockade
prevent further complications. Considering the extent of neuromuscular,
cardiovascular, and other comorbidities experienced by the muscular dys-
trophies, these patients benefit from a multidisciplinary approach to their
care management 3726273

Variability in cardiac manifestations pose a challenge to the clinical man-
agement of EDMD patients. Conduction system disease and dilated at-
ria are the two most prevalent cardiac manifestations seen in patients
with EDMD. Early indications of conduction disease include bradycardia
and prolonged PR interval. Underlying conduction disease should be an
indication for pacemaker insertion at the first sign of bradycardia or no-
dal dysfunction. Regular monitoring with device interrogation, ECG and
TTE allow for close monitoring of disease progression.
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