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Background-—Patients with muscular dystrophy (MD) represent a vulnerable patient population with no clearly defined care model
in modern-day clinical practice to manage a high burden of heart disease and comorbidities. We demonstrate the effectiveness of
cardiac interventions, namely the initiation and optimization of medical and device therapies, as part of a multidisciplinary care
approach to improve clinical outcomes in patients with MD.

Methods and Results-—We conducted a prospective cohort study at the Neuromuscular Multidisciplinary clinic following patients
with dystrophinopathies, limb-girdle MD, type 1 myotonic dystrophy, and facioscapulohumeral MD. A negative control group
classified as non-MD myopathies without heart disease, was also tracked. Our cohort of 185 patients (median age: 42 years; 79
[42.7%] women), included 145 patients with MD. Cardiomyopathy was present in 65.6% of the patients with dystrophinopathies (21
of 32) and 27.3% of the patients with limb-girdle MD (9 of 33). Conduction abnormalities were common in type 1 myotonic
dystrophy (33.3% [20/60] patients). Cardiac intervention reversed systolic dysfunction, with left ventricular ejection fraction
improving from 43% to 50.0% over a 3-year period. A sustained reduction in healthcare utilization was also observed. The number
of outpatient clinic visits decreased from 3.0 to 1.5 visits per year, the duration of hospitalizations was reduced from 14.2 to
0.9 days per year, and the number of cardiac-related hospitalizations decreased from 0.4 to 0.1 hospitalizations per year
associated with low mortality.

Conclusions-—Our study demonstrates that cardiac intervention as part of a comprehensive multidisciplinary care approach to
treating patients with MD leads to a sustained improvement in clinical outcomes. ( J Am Heart Assoc. 2020;9:e014004. DOI: 10.
1161/JAHA.119.014004.)
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M uscular dystrophies (MDs) are inherited neuromus-
cular diseases with a wide range of systemic

manifestations that are often life-threatening. The multi-
system involvement of MD leads to significant disability
ranging from limited ambulation to heart and lung disease,

resulting in poor quality of life, and increased morbidity
and mortality.1–3

Heart disease, characterized by cardiomyopathy and
arrhythmias, is now recognized as the primary cause of
mortality in patients with MD.4–8 Of the 9 main types of MDs,
dystrophinopathies, namely Duchenne MD (DMD) and Becker
MD, exhibit dilated cardiomyopathy, characterized by
decreased left ventricular (LV) ejection fraction (LVEF), and
increased end-diastolic volumes.2,9 Many subtypes of limb-
girdle MD (LGMD), specifically subtypes 1B, 2E, and 2I have
similar cardiac manifestations.4,10 Conduction abnormalities
are observed in patients with type 1 myotonic dystrophy (DM1)
such as atrioventricular block and left bundle branch block
(LBBB). Importantly, ventricular arrhythmias are a serious
complication in patients with DMD, Becker MD, LGMD, and
DM1.4,11,12 Facioscapulohumeral MD (FSHD) exhibits cardiac
conduction abnormalities to a milder degree.13

Given the inherent complexities of MD, the ideal care model
for these patients has not been established.2,14,15 Our Neuro-
muscular Multidisciplinary (NMMD) clinic was established to
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provide multifaceted care by specialist physicians and allied
healthcare professionals to patients with MD in a single visit.
Our prospective cohort study was designed to determine the
impact of specialist cardiology care as part of a novel
multidisciplinary care pathway for patients with MD.

Methods
The data that support the findings of this study are available
from the corresponding author upon reasonable request. In
coordination with the NMMD care clinic established in 2014
at the Kaye Edmonton Clinic, 185 patients were recruited into
our prospective study, after providing written consent, over a
4-year period from November 5, 2014, to December 1, 2018.
Following neurological assessments, muscle biopsy, and
genetic testing to confirm diagnosis, patients were catego-
rized into the various cohorts of MD including dys-
trophinopathies (32 patients), LGMD (33 patients), DM1 (60
patients), and FSHD (20 patients). We included a negative
control group classified as non-MD myopathies, which
included patients with myositis, mitochondrial myopathies,
spinal muscular atrophy, and undefined congenital myopa-
thies (40 patients). These patients had moderately impaired
ambulation. The prevalence of respiratory disease was similar
to the patients with MD; however, these patients did not have
heart disease. Patients were referred to the NMMD clinic with
no bias towards patients with overt cardiac or respiratory
symptoms to receive specialist care as well as interventions
from allied healthcare professionals. Guideline-based medical
therapy was implemented and appropriate device implanta-
tions and follow-up care was performed. The investigation
conforms to the principles outlined by our locally appointed

ethics committee, the Health Research Ethics Board, at the
University of Alberta. All patients provided informed and
written consent before being recruited into our study.

Risk Assessment
In addition to demographic and clinical parameters, biochem-
ical, ECG, transthoracic echocardiogram, and cardiac mag-
netic resonance imaging (MRI) data were collected to create
detailed patient profiles. Heart rate and blood pressure were
recorded at each visit, and the presence of cardiomyopathy
and comorbidities, such as anemia, diabetes mellitus, ambu-
latory status, respiratory disease, and sleep-disordered
breathing (SDOB), defined as obstructive sleep apnea or
nocturnal hypoventilation, were documented. All patients with
suspected SDOB underwent polysomnography for further
evaluation. Respiratory disease was defined as chronic
obstructive pulmonary disease, asthma, recurrent aspiration
pneumonia, respiratory muscle weakness, or restrictive lung
disease. Appropriate patients were trained in lung volume
recruitment and the use of a mechanical insufflator-exsuf-
flator and provided with ventilatory assist devices such as
bilevel positive airway pressure, when appropriate. Overall
ambulatory function was evaluated by physiatrists, and
interventions in the form of different mobility aids such as
cane or walker and wheelchair use, manual or powered, were
instituted where needed.

Serum biochemistry, fasting lipid profile, hemoglobin,
plasma BNP (B-type natriuretic peptide) and creatine kinase
(CK) were monitored. Anemia was defined as per the
hemoglobin level cutoffs established by the World Health
Organization. Dyslipidemia was defined in accordance with
the 2016 Canadian Cardiovascular Society guidelines.16 Serial
12-lead resting ECG and Holter data collected over either 24-
or 48-hour periods were evaluated. All patients with DM1
received a 48-hour Holter monitor following their initial
NMMD clinic visit. Subsequent Holter studies were completed
after follow-up visits for patients who required further
electrophysiological studies because of risk suggestive of
arrhythmias. Serial transthoracic echocardiograms and car-
diac MRI were used to detect and follow cardiac structure and
function. Cardiomyopathy was defined as LVEF <55% or a LV
end-diastolic volume index >105 mL/m²,17 as determined by
cardiac MRI. Incident heart failure and arrhythmias were also
documented. Heart failure was diagnosed following a com-
prehensive cardiac assessment, which considered symptoms
and signs such as dyspnea, orthopnea, poor appetite, elevated
jugular venous pressure, peripheral edema, and abdominal
distention. Medical therapy by maximum tolerated dose,18

use and type of device therapy, and use of bilevel positive
airway pressure ventilation were documented at each clinic
visit.

Clinical Perspective

What Is New?

• Cardiac interventions as part of a multidisciplinary care
approach can markedly improve all-cause clinical outcomes
in patients with muscular dystrophy.

• Use of medical and device therapies improved systolic
dysfunction in different cohorts of patients with muscular
dystrophy.

What Are the Clinical Implications?

• Design and implementation of multidisciplinary care that
includes cardiology should be undertaken to provide optimal
care to patients with muscular dystrophy.

• Cardiomyopathy and arrhythmias are frequent comorbidities
in patients with muscular dystrophy, which requires expe-
dient diagnosis and management with frequent monitoring.
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Outcome Data Assessment
Cardiac systolic function was tracked through the monitoring
of LVEF, obtained by cardiac MRI and/or echocardiogram,
from 57 patients who had a cardiomyopathy and had imaging
data available for the full 3-year period, spanning from their
initial NMMD clinic visit to their 3-year follow-up visit. This
includes 23 patients with dystrophinopathies, 11 patients
with LGMD, 20 patients with DM1, and 3 patients with FSHD.
Outcome data, such as the number of unplanned, all-cause
outpatient clinic visits, the duration of hospitalization, and the
number of cardiac-related hospitalizations were collected by
the Data Integration and Management Repository (DIMR)
analytics branch of Alberta Health Services using our
provincial electronic health records. All 185 patients had
DIMR data available over a 3-year period, beginning from
November 1, 2015, until December 1, 2018, to capture
clinical outcomes. To account for the ongoing enrollment
process and variable lengths of follow-up, outpatient clinic
visits and duration of hospitalization were standardized as
rates for the patients in each cohort. Outcome rates of the
patients with MD and non-MD myopathies cohort were
plotted in 6-month intervals as time series graphs to quantify
the change of healthcare utilization rates, in days per year,
following initial intervention and optimization of medical
therapies 6 months after their initial clinic visit.

Data Analysis
Continuous variables analyzed were compared using a
Mann–Whitney U test or Kruskal–Wallis test where appro-
priate, and all categorical data were compared using
Pearson chi-square tests. Patient LVEF at the point of
clinic enrollment was compared with data collected at the
end of the study using a paired t test. Time series plots
were used to illustrate the rates associated with clinical
outcome data and accompanied by linear regression
analysis. A P<0.05 was considered significant through all
statistical analysis. Statistical analyses were conducted
using SPSS Statistics 25.0 (IBM).

Results

Dystrophinopathies
Patients were recruited from our multidisciplinary care clinic
where they received concurrent care from specialists in
cardiology, neurology, respirology, and physiatry (Figure 1A).
The dystrophinopathies cohort comprising young male patients
(27 patients with DMD and 5 patients with Becker MD)
(Table 1). The majority of these patients exhibited severe
skeletal muscle wasting and motor difficulties at their initial
clinic visit, with 27 (84.4%) patients being wheelchair-bound

(Table 1). Dilated cardiomyopathywas highly prevalent, with 21
(65.6%) patients affected based on echocardiogram and cardiac
MRI (Figure 1B), illustrated by biventricular remodeling with a
moderately reduced LVEF (Table 2), and 6 (42.9%) patients who
received a cardiac MRI showing evidence of myocardial fibrosis
(Figure S1). In this cohort, echocardiogram confirmed LV
dilation and dysfunction (Table 2) and showed no valvular
abnormalities (Table S1). The high prevalence of cardiomyopa-
thy resulted in a high rate of incident heart failure diagnosed
following the initial NMMD clinic visit (Figure 1C). For the
majority of the patients in this cohort, ECG parameters were
within normal limits (Table 2) and, concordant with these
findings, there was a low incidence of atrial and ventricular
arrhythmias in this cohort (Figure 1D). Respiratory disease,
including SDOB, was prevalent in this population, with 27
(84.4%) patients affected. Lung volume recruitment and
mechanical insufflation-exsufflation were implemented in 26
(81.3%) and 13 (40.6%) patients, respectively (Table 1).

Limb-Girdle MD
Patients with LGMD presented with a moderate burden of
muscle weakness as indicated by wheelchair use (Table 1),
with muscle wasting more localized to the shoulder and pelvic
regions. The LGMD cohort demonstrated a substantial
prevalence of dilated cardiomyopathy based on echocardio-
gram and cardiac MRI (Figure 1B; Table 2), with delayed
enhancement present in 3 (18.8%) patients who received a
cardiac MRI (Figure S1). The mild cardiomyopathy in patients
with LGMD was not detected by routine transthoracic
echocardiography (Table 2). Twelve-lead ECG and Holter
monitoring demonstrated 3 patients with atrial fibrillation
and 2 patients with ventricular tachycardia (Figure 1D), with a
low prevalence of conduction disease (Table 2). Respiratory
disease accompanied by SDOB was prevalent in this cohort,
with 5 (15.2%) patients requiring pressure ventilation devices
(Table 1).

Type 1 Myotonic Dystrophy
Based on echocardiogram and cardiac MRI studies in the
DM1 cohort, 17 (28.3%) patients had a cardiomyopathy, as
indicated by reduced LVEFs (Figure 1B; Table 2), with 2
patients also displaying myocardial fibrosis (Figure S1).
Patients with DM1 exhibited a high prevalence of conduc-
tion abnormalities, with prolonged PR intervals and QRS
durations (Table 2). Indeed, first-degree atrioventricular
block and LBBB were common abnormalities, occurring in
18 (30%) and 11 (18.3%) patients, respectively, while 6
patients had left anterior fascicular block (Table 2). Atrial
fibrillation or flutter and ventricular tachycardia were
detected in 14 and 6 patients, respectively. Respiratory
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disease was accompanied by SDOB in 16 of the patients
with DM1, with 8 patients requiring ventilator devices. In
addition to DM1, 7 patients with type 2 myotonic dystrophy
were evaluated; all patients with type 2 myotonic dystrophy
exhibited normal 12-lead ECGs, echocardiograms, and
cardiac MRIs (Table S2).

Fascioscapulohumeral MD
Two patients with FSHD had a cardiomyopathy as indicated
through echocardiogram and cardiac MRI studies (Figure 1B),
although the degree of cardiomyopathy was milder relative to
the other cohorts; both patients had mildly thickened right
ventricles (Table 2 and Table S1) and only 1 showedmyocardial

fibrosis (Figure S1). ECG abnormalities were minimal and
associated with a low prevalence of atrial and ventricular
arrhythmias (Figure 1D; Table 2). Respiratory disease and
SDOB were observed in 6 and 6 patients, respectively, with 5
patients receiving noninvasive pressure ventilation.

Non-MD Myopathies
The non-MD myopathies cohort included 40 patients with a
significant burden of respiratory disease and moderate degree
of limited ambulation (Table 1). These patients were included
as a negative control cohort for appropriate comparisons to
the broader MD cohort, which had a similar distribution of
sex. The patients with non-MD myopathies had normal cardiac

Figure 1. Cardiac assessment of patients with muscular dystrophy (MD) in the Neuromuscular Multidisciplinary (NMMD) clinic. Cardiac
assessment and intervention applied through the NMMD clinic care pathway (A). Prevalence of cardiomyopathy in patients with MD (B). Heart
failure diagnosed in patients at their initial NMMD clinic visit (C). Arrhythmia burden as captured by ECG, Holter monitoring, and device
interrogation (D). DM1 indicates type 1 myotonic dystrophy; FSHD, facioscapulohumeral muscular dystrophy; LGMD, limb-girdle muscular
dystrophy; ND, not detected.
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structure and function with no indication of a cardiomyopathy
or ECG abnormalities (Table 3).

Biomarkers
Plasma CK (normal <250 U/L) was markedly elevated in the
dystrophinopathiesandLGMDcohorts (Table 1). In contrast, BNP
values (normal range: 100–500 pg/mL) were within the normal
range in both cohorts (Table 1). There was no substantial
elevation of plasma BNP or CK in the DM1 cohort, with CK being
increased inonly3patients.Similarly, patientswithFSHDshowed
normal BNP, while 2 patients exhibited elevated CK values. All
patients with non-MD myopathies had normal BNP levels
(Table 1). There was no evidence of hyperkalemia, and serum
creatinine remained within the low-normal range (Table 1).

Optimization of Medical and Device Therapies
Following enrollment in the NMMD clinic, the initiation and
optimization of pharmacological therapies were implemented
to better manage and improve heart disease (Figure 2). The
use of angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers (P=0.039), b-blockers (P=0.018), and min-
eralocorticoid receptor antagonists (P=0.001) was increased
for eligible patients (Figure 3A) and the dose of angiotensin-
converting enzyme inhibitors/angiotensin receptor blockers
was uptitrated (P=0.004) and evaluated relative to the
maximum tolerated dose as defined by 2016 American Heart
Association guidelines (Figure 3B; Table S3).18 Diuretics and
statin therapies were uptitrated in 21 (14.5%) and 25 (17.2%)
patients, respectively. Corticosteroid use, with either

Table 2. Cardiac Evaluation of MD Patient Cohorts

Modality Dystrophinopathies LGMD DM1 FSHD P Value

12-Lead ECG (n=32) (n=33) (n=60) (n=20)

Heart rate, beats per min 83 (71–98) 75 (60–81) 68 (63.3–75) 75 (69.5–85) 0.005

PR interval, ms 132 (121.5–144) 157.5 (140.5–164) 193 (178.3–223) 162 (148–170) <0.001

QRS duration, ms 97 (87.5–109.3) 94 (86–102) 107 (96–118) 91 (85.5–97.8) <0.001

QTc interval, ms 377 (359.5–399) 394 (374.8–426) 412 (396–440) 378 (352–399.5) <0.001

First-degree AVB 0 0 18 (30) 0 <0.001

LAFB 2 (6.3) 0 6 (10) 1 (5) 0.29

LBBB 3 (9.4) 1 (3) 11 (18.3) 0 0.039

RBBB 2 (6.3) 2 (6.1) 2 (3.3) 2 (10) 0.71

Echocardiogram (n=23) (n=21) (n=50) (n=12)

LVIDd, cm 4.7 (4.2–5.3) 4.7 (4.4–5.1) 4.4 (4.0–4.9) 4.4 (4.3–4.7) 0.16

LVIDs, cm 3.5 (3–4.6) 3 (2.8–3.6) 2.8 (2.6–3.1) 2.9 (2.5–3) 0.003

LVPWd, cm 0.7 (0.6–0.8) 0.9 (0.8–0.9) 0.9 (0.7–1) 0.8 (0.7–0.9) 0.003

LVEF, % 38.1 (26.3–52.3) 55 (52.8–60) 55 (50–60) 60 (56.3–60) <0.001

LVMI, g/m2 63.2 (56–71.1) 57.1 (52.1–64.5) 46.7 (38.2–49.9) 49.1 (41.5–55.7) 0.003

Cardiac MRI (n=14) (n=16) (n=21) (n=10)

LA volume index, mL/m2 39.8 (35.5–43.5) 36 (31.3–38.2) 29 (23.8–31.3) 29 (27.7–33) 0.06

LVEDVi, mL/m2 91 (76.8–110.8) 74 (64.5–92.3) 61 (55–72) 68 (56.5–79) 0.001

LVESVi, mL/m2 50 (31–61) 31 (25–44) 29 (20.5–36.3) 23.5 (20.5–32.5) 0.015

LVEF, % 45 (40–56.5) 55.5 (52–58.3) 56 (50–63) 58.5 (53.5–66) 0.08

LVMI, g/m2 61 (44–67) 45 (39–54) 42.5 (39.5–49.8) 42 (37.5–49.3) 0.07

RVEDVi, mL/m2 76 (68–84) 67 (60.5–78.5) 60 (56–75) 73 (58–94) 0.09

RVESVi, mL/m2 38.5 (35.3–43.3) 32 (28.5–41.5) 31 (26.8–35) 27 (26–41) 0.13

RVEF, % 49 (44–53) 52 (48.5–54) 50 (47–55) 53 (49–55) 0.66

Data are presented as median (interquartile range) or number (percentage). AVB indicates atrioventricular block; DM1, type 1 myotonic dystrophy; FSHD, facioscapulohumeral
muscular dystrophy; LA, left atrial; LAFB, left anterior fascicular block; LBBB, left bundle branch block; LGMD, limb-girdle muscular dystrophy; LVEDVi, left ventricular end-diastolic
volume index; LVEF, left ventricular ejection fraction; LVESVi, left ventricular end-systolic volume index; LVIDd, left ventricular internal dimension at end-diastole; LVIDs, left
ventricular internal dimension at end-systole; LVMI, left ventricular mass index; LVPWd, left ventricular posterior wall thickness at end-diastole; MD, muscular dystrophy; MRI,
magnetic resonance imaging; PR interval, duration of atrial depolarization; QRS duration, duration of ventricular depolarization; QTc interval, corrected duration between ventricular
depolarization and repolarization; RBBB, right bundle branch block; RVEDVi, right ventricular end-diastolic volume index; RVEF, right ventricular ejection fraction; RVESVi, right ventricular
end-systolic volume index.
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deflazacort or prednisone, was used in 9 of 27 patients with
DMD. Based on clinical guidelines and on a clinical basis of
primary and secondary prophylaxis,19 device therapy was used
in patients with more severe cardiomyopathies, namely in the
DMD and DM1 cohorts (Figure 3C). These included implan-
table cardioverter-defibrillators and pacemakers, such as
cardiac resynchronization therapy (CRT) devices. Four patients
received an implantable cardioverter-defibrillator and 9
patients received a CRT device.

Clinical Outcomes

We assessed the impact of cardiac intervention as part of a
multidisciplinary care approach on the clinical outcomes of
our MD patient cohort. The median LVEF of patients tracked
with a cardiomyopathy in dystrophinopathies, LGMD, DM1,
and FSHD cohorts was 39%, 44%, 45%, and 49%, respectively,
at the initial NMMD clinic visit, which improved to 50%, 57%,
50%, and 55%, respectively (Figure 4). Overall, the 57 patients
with MD tracked with a cardiomyopathy showed a marked
improvement in their median LVEF from baseline of 43% to
50% at the end of the 3-year period (P<0.001) (Figure 4). The
rate of unplanned, all-cause outpatient clinic visits was
reduced from 3.0 to 1.5 visits per year among all cohorts of
MD. Over the first 18 months, there was minimal difference
between the rates of all-cause outpatient clinic visits between
the MD and non-MD myopathies cohorts (b=0.06; 95% CI,
�0.93 to 1.05 [P=0.86]); however, from 18 months onward,
there was a marked lowering in all-cause outpatient clinic
visits for the MD cohort (b=�1.09; 95% CI, �2.17 to �0.01
[P=0.048]) (Figure 5A). The dystrophinopathies and DM1
groups showed the most substantial reduction in annual
unplanned, all-cause outpatient clinic visits, from 6.5 to
1.6 visits per year and 3.2 to 0.5 visits per year, respectively.
A smaller improvement in the rate of outpatient clinic visits
was noted in the LGMD group (2.8 to 1.3 visits per year) and
FSHD group (2.5 to 2.2 visits per year). The rate of
hospitalization duration decreased from 14.2 to 0.9 days
per year among all cohorts of MD. Over the first 18 months,
there was no difference between the rates of hospitalization
between the MD and non-MD myopathies cohorts (b=0.65;
95% CI, �6.22 to 7.51 [P=0.78]); however, from 18 months
onward, there was a clear divergence in rates illustrating a
marked reduction in hospitalizations for the MD cohort
(b=�7.72; 95% CI, �13.73 to �1.71 [P=0.021]) (Figure 5B).
Both the LGMD and DM1 groups had a large decline in the
rates of hospitalization duration from 27.0 to 1.2 days per
year and 14.9 to 0.5 days per year, respectively. The
dystrophinopathies group showed a moderate decline in the
rates of hospitalization duration from 13.4 to 4.8 days per
year. The FSHD group maintained a low rate of hospitalization
duration at 0.4 to 0 days per year. The rate of cardiac-related
hospitalizations was reduced from 0.4 to 0.1 hospitalizations
per year, while there were no cardiac-related hospitalizations
in the non-MD myopathies cohort (b=0.21; 95% CI, 0.14–0.28
[P<0.001]) (Figure 5C). At the 6-month period following the
optimization of medical therapies, outcome rates of the MD
patient cohorts were higher than the non-MD myopathies
cohort (Figure 5). Overall, all MD cohorts showed a marked
and sustained reduction in cumulative rates of unplanned, all-
cause outpatient clinic visits, the duration of hospitalization,
and the number of cardiac-related hospitalizations over the 3-

Table 3. Cardiac Evaluation of the Non-MD Myopathy Patient
Cohort

Modality Non-MD Myopathies

12-Lead ECG (n=40)

Heart rate, beats per min 72 (62–83.5)

PR interval, ms 152 (140–172)

QRS duration, ms 90 (82–98)

QTc interval, ms 396 (382–416)

First-degree AVB 2 (5)

LAFB 2 (5)

LBBB 1 (2.5)

RBBB 2 (5)

Echocardiogram (n=33)

LVIDd, cm 4.5 (4.1–5)

LVIDs, cm 2.8 (2.6–3.3)

LVPWd, cm 0.8 (0.7–1)

LVEF, % 60 (55–60)

LVMI, g/m2 51.8 (43.9–54)

Cardiac MRI (n=16)

LA volume index, mL/m2 36.8 (24–40.9)

LVEDVi, mL/m2 71 (62.5–78.5)

LVESVi, mL/m2 27 (21.5–31)

LVEF, % 62 (57–66)

LVMI, g/m2 43 (32.5–52)

RVEDVi, mL/m2 74 (65–80)

RVESVi, mL/m2 31 (26–37)

RVEF, % 57 (53–59.5)

Values are expressed as median (interquartile range) or number (percentage). AVB
indicates atrioventricular block; LA, left atrial; LAFB, left anterior fascicular block; LBBB,
left bundle branch block; LVEF, left ventricular ejection fraction; LVEDVi, left ventricular
end-diastolic volume index; LVESVi, left ventricular end-systolic volume index; LVIDd, left
ventricular internal dimension at end-diastole; LVIDs, left ventricular internal dimension
at end-systole; LVMI, left ventricular mass index; LVPWd, left ventricular posterior wall
thickness at end-diastole; MD, muscular dystrophy; MRI, magnetic resonance imaging;
PR interval, duration of atrial depolarization; QRS duration, duration of ventricular
depolarization; QTc interval, corrected duration between ventricular depolarization and
repolarization; RBBB, right bundle branch block; RVEDVi, right ventricular end-diastolic
volume index; RVEF, right ventricular ejection fraction; RVESVi, right ventricular end-
systolic volume index.
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year period (Figure 5). One patient with DMD died of cardiac
causes and 1 patient with DMD died of noncardiac causes (2
of 32 patients over 3 years [2.1% per year]). Two patients with
LGMD died of noncardiac causes (mortality rate of 2.0% per
year), while 3 patients with DM1 died of noncardiac causes,
yielding a mortality rate of 1.7% per year.

Discussion
Patients with MD represent a vulnerable population because of
the complex syndrome of progressive muscle weakness along
with cardiac and respiratory comorbidities. Our cohort clearly
demonstrates a significant burden of heart disease and our care
model facilitates a prompt and careful assessment, followed by
the initiation and optimization of medical and device therapy
with effective follow-up care. We included a cohort of patients
with non-MD, without heart disease, but with moderately
impaired ambulation and respiratory disease concomitant with
relatively low adverse outcomes treated in the same multidis-
ciplinary care environment. Our outcome data demonstrated a
high burden of healthcare use in the dystrophinopathies, LGMD,
and DM1 cohorts. The incidence of unplanned, all-cause
outpatient clinic visits, the duration of hospitalizations, and
the incidence of cardiac-related hospitalizations are indicative
of the severity of patient condition. Cardiac intervention had a
direct effect on the rate of cardiac-related hospitalizations. In
addition, all-cause outcomes were progressively improved in
our patients with MD, through optimized medications, illus-
trated by the divergence of all-cause outcome rates following

18 months of treatment. Furthermore, the implantation of
implantable cardioverter-defibrillator and pacemaker devices
usually occurs within the first 18 months of NMMD clinic
enrollment and cardiac assessment. With regards to the non-
MD myopathies cohort, these patients show comparable
complex neuromuscular disease phenotypes to the MD cohort
and receive the same multidisciplinary care, including a similar
degree of respiratory intervention, with the exception of cardiac
intervention in the form of medical and device therapy. Unlike
theMDcohort, these patients donot have heart disease.We can
therefore elucidate that heart disease is an important driver of
MD patient outcomes by contrasting them with non-MD
myopathies patient outcomes. This emphasizes the necessity
for cardiac intervention and management in the MD patient
population, effectively provided through our multidisciplinary
care model, in which confounding comorbidities may be treated
and stabilized. Importantly, in our dystrophinopathies, LGMD,
and DM1 cohorts, mortality rates were markedly lower (1.7–
2.1%) compared with historical cohort data collected from
patient cohorts in the absence of multidisciplinary care (2.0–
3.3%).20–23

The demographics of all of the MD patient cohorts appear
uniform, except for the dystrophinopathies cohort, which
comprised younger males as shown by the X-linked inheri-
tance pattern.2,24,25 We used a combination of transthoracic
echocardiography and cardiac MRI at the initial clinic visit and
during follow-up to evaluate the degree of cardiomyopathy
and the response to therapy. Although cardiac MRI is the
preferred imaging modality for patients with MD,24 its

Figure 2. Cardiac assessment and management in a multidisciplinary setting improves outcomes in patients with muscular dystrophy (MD).
MRI indicates magnetic resonance imaging; NMMD, Neuromuscular Multidisciplinary.
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feasibility in patients with advanced disease can be challeng-
ing because of limited mobility, wheelchair dependence, use
of defibrillators and pacemakers, spinal stabilization rods, and
mouthpiece ventilation. Therefore, the use of transthoracic
echocardiography was an important imaging modality for our
patients who were unable to undergo cardiac MRI. We
detected a high prevalence of cardiomyopathy in the
dystrophinopathies and LGMD cohorts characterized by
reduced systolic function as well as LV chamber dilation.
Cardiac imaging is particularly important since plasma BNP, a
well-known biomarker of pathological cardiac remodeling,26

was not markedly elevated, illustrating the limitation of BNP in
predicting heart disease in our cohort.

Patients with DM1 presented with a high burden of atrial and
ventricular arrhythmias. Notably, therewas a high prevalence of
first-degree atrioventricular block and LBBB.27 The presence of
LBBB likely aggravated the cardiomyopathy in patients with
DM1 because of the associated electromechanical ventricular
dyssynchrony leading to progressive LV dysfunction.28 The
demonstrated occurrence of ventricular tachyarrhythmias in
our DM1 patient cohort is consistent with the increased risk of
sudden cardiac death in this patient population.7,11,29 Of our
entire MD cohort, there were 10 cardiac defibrillators (6.9%
[10/145] patients) and 20 pacemakers (13.8% [20/145]
patients) implanted. As such, the use of pacemakers, including
CRT, is particularly important while allowing the initiation of b-

Figure 3. Uptitration of medical therapy and increase in device implantation following the initial clinic visit in patients with muscular dystrophy
(MD). Baseline use of angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs), b-blockers, mineralocorticoid
receptor antagonists (MRAs) (before), and their initiation at the initial Neuromuscular Multidisciplinary clinic visit (after) (A); and their uptitration
following the initial visit (B). Implantable cardioverter-defibrillator (ICD) and pacemaker (including cardiac resynchronization therapy)
implantation (C). Maximum tolerated dose (MTD) as defined by 2016 American Heart Association guidelines for the diagnosis and treatment of
acute and chronic heart failure.
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blocker therapy. Nine CRT devices were implanted in our
patients with DM1 and we have recently shown that CRT
improves LVEF in patients with DM1 with LBBB.30

The use of medical therapies in our patients with dys-
trophinopathies is supported by clinical trial evidence. Angio-
tensin-converting enzyme inhibition,31 b-blockade,32,33 and
mineralocorticoid receptor antagonism34 improves LV systolic
function and delays the progression of cardiomyopathy in DMD.
Importantly, we extrapolated these findings to other MD
cohorts with cardiomyopathies, which was associated with
similar improvement in cardiac and clinical outcomes, thereby
supporting the widespread use of these therapies in this
vulnerable patient population. Our data show that active cardiac
care by way of optimized medical and device therapies,
prescribed to patients with MD but not patients with non-MD
myopathies, improved clinical outcomes. However, respiratory
care, through the assessment and management of respiratory
comorbidities, likely also contributed to the improved outcomes
in our patients. SDOB and limited airway clearance in our
patients can be attributed to muscle weakness affecting the
chest wall, diaphragm, and upper airways. The initiation of
assisted noninvasive positive pressure ventilation alongside the
use of lung volume recruitment strategies and mechanical
insufflation-exsufflation likely contributed to improved clinical
outcomes. Although these were prescribed to a similar degree
in the MD and non-MD myopathies cohorts, mechanical
insufflation-exsufflation tended to be prescribed at a greater
extent in patients with dystrophinopathies. The involvement of
social workers in our clinic allowed patients to receive financial
assistance and counseling for psychosocial distress, and
enabled adherence to medical therapy. Our dietician provided
healthy dietary recommendations and adjusted potassium

intake tominimize hyperkalemia, which is particularly important
since medications such as angiotensin-converting enzyme
inhibitors may cause electrolyte imbalances and there is no
accurate measure of renal function in our patients. Taken
together, relieved heart disease burden combined with comor-
bidity control, facilitated by our novel multidisciplinary care
model provided at the NMMD clinic, improved outcomes in
patients with MD.

Limitations
Attributable to the systemic manifestations of this disease,
patients with MD in our region are generally referred to the
NMMD clinic, and it is therefore not feasible to recruit
patients with MD exclusively receiving cardiac care. With
regards to cardiac imaging for patients with MD, although
echocardiography may be the only feasible cardiac imaging
modality, there are limitations to the reliability of data
collected because of the obstructed acoustic windows as a
result of scoliosis, obesity, and lung disease. Another
limitation to our study is our modest cohort size. Given that
these conditions are relatively uncommon, we believe that our
group sizes are reasonable. The rarity of neuromuscular
conditions also limits the number of patients referred to the
NMMD clinic. This introduces limitations when composing a
suitable negative control cohort, such as the non-MD
myopathies cohort we included in this study. Inherent
differences between the heterogeneous MD and non-MD
myopathies cohorts include ambulation and age, in which the
patients with non-MD myopathies were older. We have
included this patient cohort on the basis that they received
the same multidisciplinary care in the same setting as our

Figure 4. Improvement in left ventricular ejection fraction (LVEF) in the various muscular dystrophy (MD)
cohorts in response to multidisciplinary care. LVEF obtained by cardiac magnetic resonance imaging and/
or echocardiogram for 57 patients with cardiomyopathy, with 3 years of imaging data, shown as the median
LVEF at the time of their initial clinic visit and at their 3-year follow-up. DM1 indicates type 1 myotonic
dystrophy; FSHD, facioscapulohumeral muscular dystrophy; LGMD, limb-girdle muscular dystrophy.
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patients with MD, in the absence of heart disease, allowing for
a comparison of the impact of cardiac care. Our outcome data
were provided over a 3-year period, but, given the prospective
nature of our study, we will continue to recruit patients and
obtain additional outcome data over a longer duration.

Conclusions
Patients with MD experience a considerable burden of
heart disease with multiple comorbidities. The treatment
of patients using a multidisciplinary care model, such as

the one initiated at the NMMD clinic, provides patients
with comprehensive care including cardiac assessment
and prompt management of their heart disease. Our
prospective cohort study demonstrates the effectiveness
of cardiac intervention facilitated through a multidisci-
plinary care pathway to improve health outcomes of
patients with MD.
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Supplemental Material 



 
 

Table S1. Structural Evaluation of the Mitral, Tricuspid, Aortic, and Pulmonic Valves by 

Cohort.* 

 

  

Dystrophinopathies  

(n=23) 

LGMD  

(n=21) 

DM1  

(n=50) 

FSHD  

(n=12) 

Mitral  

Valve 

1 Mild Thickening,  

2 Mild Prolapse 

1 Mild 

Thickening 
Normal 

1 Mild 

Thickening 

Tricuspid 

Valve 
Normal Normal Normal Normal 

Aortic  

Valve 
Normal Normal Normal Normal 

Pulmonic 

Valve 
Normal Normal Normal Normal 

 

DM1 indicates type 1 myotonic dystrophy; FSHD, facioscapulohumeral muscular dystrophy; and LGMD, limb-

girdle muscular dystrophy. *Data obtained from the 106 patients that received an echocardiogram study at baseline.  

 



 
 

Table S2. Comparing 12-Lead Electrocardiogram and Systolic Function Data of Type 1 

Myotonic Dystrophy Patients with Type 2 Myotonic Dystrophy Patients.* 

 

 DM1 (n=60) DM2 (n=7) P Value 

Heart Rate, bpm 68 (63.3-75) 69.5 (66-74.5) 0.61 

PR Interval, ms 193 (178.3-223) 152 (144.5-173.5) 0.01 

QRS Duration, ms 107 (96-118) 92 (86-95.5) 0.02 

QTc Interval, ms 412 (396-440) 399.5 (393-409.8) 0.37 

1° AVB 18 (30) 0  

LAFB 11 (18.3) 0  

LBBB 6 (10) 0  

LVEF, % 55 (50-60) 60 (51.3-60) 0.52 
 

1° AVB indicates first-degree atrioventricular block; DM1, type 1 myotonic dystrophy; DM2, type 2 myotonic 

dystrophy; LAFB, left anterior fascicular block; LBBB, left bundle branch block; LVEF, left ventricular ejection 

fraction; PR Interval, duration of atrial depolarization; QRS Duration, duration of ventricular depolarization; and 

QTc Interval, corrected duration between ventricular depolarization and repolarization. *12-lead electrocardiogram 

data was obtained from all 67 patients. Echocardiogram data was obtained from 54 patients (50 DM1 and four DM2 

patients). 

 

 

 

 



 
 

Table S3. Defined Maximum Tolerated Dose of Medications.* 

Drug Maximal Dose 

(mg) 

 Drug Maximal Dose 

(mg) 

ACEi   Beta-Blockers  

Enalapril 20  Bisoprolol 10 

Lisinopril 40  Carvedilol 50 

Perindopril 8  Metoprolol 200 

Ramipril 10    

     

ARB   MRA  

Candesartan 32  Spironolactone 50 

Irbesartan 300    

Telmisartan 80    

Valsartan 320     
 

ACEi indicates angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; and MRA, 

mineralocorticoid receptor antagonist. *Maximal dose defined as per the 2016 American Heart Association 

Guidelines.1 
  



 
 

Figure S1. Prevalence of myocardial fibrosis based on cardiac magnetic resonance imaging 

(MRI). 

 

 

 

 

 

 

 

 

 

 

 

 

Patients screened by cardiac MRI that showed fibrosis as visualized by late gadolinium 

enhancement. DM1 indicates type 1 myotonic dystrophy; FSHD, facioscapulohumeral muscular 

dystrophy; LGMD, limb-girdle muscular dystrophy; and ND, not detected.    
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