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Why the Heart is important in 
Duchenne Muscular Dystrophy

• Significant advances in respiratory care are 
unmasking cardiomyopathy as a leading 
cause of death in DMD.

• The incidence of cardiomyopathy increases 
with age:

- 25% of patients with DMD affected  
by cardiomyopathy by 6 years of age   
- 59% affected between the ages of 6  
and 10 years.       
- By adulthood, 100% of patients have   
cardiac involvement

• Early detection is important because 
institution of cardio-protective medical 
therapies may slow adverse cardiac 
remodeling and attenuate heart failure 
symptoms in these patients 

Dystrophin-Deficient Cardiomyopathy
Journal of the American College of Cardiology, Volume 67, Issue 21, Pages 2533-2546
Forum Kamdar, Daniel J. Garry
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What is Cardiomyopathy?
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Objectives

• Review Dystrophinopathies
• Review Pathophysiology of 

Cardiomyopathy in Duchenne Muscular 
Dystrophy  

• Discuss Diagnosis of Cardiomyopathy
• Discuss Treatment Strategies
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Dystrophinopathies
• The first historical account of muscular dystrophy 

appeared in 1830, when Sir Charles Bell wrote an 
essay about an illness that caused progressive 
weakness in boys. 

• Duchenne’s muscular dystrophy(DMD)  is named after 
the French neurologist Guillaume Benjamin Amand
Duchenne (1806–1875), who first described the 
disease in 1861

• In 1986, MDA-supported researchers identified the 
gene that causes DMD. 

• In 1987, the protein associated with this gene was 
identified and named dystrophin.
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What is the Dystrophin Gene ?

boys with DMD and seven with BMD and found:
(1) an association between mutations involving
exons 12 and 14 to 17 and onset of dilated cardio-
myopathy; (2) a trend towards a significant associ-
ation between mutations involving exons 31 to 42
and heart disease; and (3) a decreased risk of cardiac
involvement in case of mutations involving exons 51
or 52. However, this study suffered from severe
statistical limitations.
More recently, Kaspar et al elegantly demon-

strated: (1) that the locus of dystrophin gene
mutation is associated with the time of onset (early
vs late) of cardiomyopathy, indicating that dele-
tions affecting the amino-terminal domain of the
dystrophin protein are associated with early onset
dilated cardiomyopathy in BMD patients; and
(2) that genetic dystrophin mutations which result
in the disruption of spectrin repeat phasing (located
in the rod domain of the dystrophin protein) lead
also to early onset of cardiomyopathyddespite the
absence of any differences in myocardial dystrophin
expression compared to those with dystrophin
mutations without spectrin repeat phasing disrup-
tion.23 Hence, this study demonstrates the impor-
tance of integrating protein structure information
in genotypeephenotype correlation studies.
Taken together, the underlying dystrophin gene

mutation seems to be associated with the time of
onset and potentially the severity and progression

rate of cardiomyopathy in MD patients. Therefore,
genetic findings have to be taken into consideration
regarding optimal timing and aggressiveness of
treatment.

THERAPEUTIC OPTIONS FOR THE TREATMENT OF
CARDIOMYOPATHY IN MUSCULAR DYSTROPHY
Since cardiomyopathy in patients with MD is
caused by a genetically determined dystrophin
deficiency, therapeutic options for treatment of this
cardiomyopathy are unfortunately still quite
limited. The majority of MD patients continues
to be asymptomatic in spite of advanced
cardiomyopathy due to limited physical activity.
The first clinical symptoms consist of dyspnoea and
palpitations (primarily on exercise/efforts) due
to the reduced systolic LV function and often
tachyarrhythmias.
Previous studies have shown that timely onset of

heart failure treatment, including ACE inhibitors,
ß-blockers and diuretics, may result in beneficial
ventricular remodelling with improvement in LV
systolic function or at least in retardation of
progressive cardiac dysfunction.19 w12 In particular,
one study suggested that early treatment with an
ACE inhibitor in DMD patients aged 9 years and
older may have beneficial effects when therapy is
implemented even before LV dysfunction occurs.24

This observation may be explained and is supported

Figure 9 (A) Physical map of the dystrophin gene. Green boxes indicate exons, blue boxes indicate exons specific for
each promoter (B1, first brain exon; M1, first muscle exon; P1, first Purkinje exon), and red boxes indicate promoters
(BP, brain promoter; G1, general type promoter; MP, muscle promoter; PP, Purkinje promoter; S1, Schwann cell
promoter). (B) Domains of the dystrophin protein. The N-terminus contains the primary actin binding sites, whereas the
C-terminus contains the b-dystroglycan, dystrobrevin, and syntrophin binding sites. The N- and C-terminal domains are
connected by 24 spectrin-like repeats, some of which have been shown to bind actin. The four ‘hinge’ regions are
shown as blue boxes. The blue horizontal arrows indicate regions of the gene that have been suggested to have a role in
the function and interaction of dystrophin in the heart. Both images reproduced with permission from Cohen et al.w27

426 Heart 2012;98:420e429. doi:10.1136/heartjnl-2011-300254
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• There are 79 exons: which makeup 
0.6% of the entire gene.

• There are 8 promoters (binding 
sights).

• Introns: make up 99.4% of the entire 
gene.

• Genomic DNA: 2.2 million base 
pairs.

• N-terminal or actin binding sight: 
binds dystrophin to membranes 
surrounding striated muscle fiber. 

• Rod Domain: contains 24 proteins 
that repeat and maintain molecular 
structure.

o It is thought to give the rod its 
flexibility.

o The main rod is interrupted by 4 
hinge regions.

• The cysteine-rich domain: regulates 
ADAM protease which are cell 
membrane anchors that are 
important in maintaining cell shape 
and structure.

• The C-terminal: contains the 
syntrophin binding sight (for binding 
internal cellular components)
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Dystrophin Related Diseases
• Duchenne (DMD) and type Becker 

(BMD) represent the most 
common X-linked genetic 
diseases.

- DMD affects one in 3500 
male  births 

- BMD  affects one in 18, 450   
male births. 

• Both diseases result from 
mutations in the dystrophin gene 
located on chromosome Xp21.1.

• DMD and BMD are related 
disorders differing in severity due 
to the amount of  and quality of 
expressed dystrophin.

• Female Carriers 
• X linked Dilated Cardiomyopathy
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DMD 
Mutations • Deletion of 1 or more exons 

are found in approximately 60 
to 65% of patients 

• Duplications are found in 9% 
cases

• Nonsense or splice site 
mutations in 16% and 5% 
cases, respectively 

• Although there is no clear 
correlation found between the 
extent of the deletion and the 
severity of the disorder, DMD 
deletions usually result in out –
of frame shift mutations
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a.) In the normal situation pre-mRNA is spliced to produce mRNA, which in turn is translated into the 
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Becker Muscular Dystrophy
• Becker Muscular Dystrophy is named after the German doctor Peter Emil 

Becker
• Also known as Benign pseudohypertrophic muscular dystrophy
• In BMD, the disease is milder and more heterogeneous, compared to DMD. 
• Muscle weakness often is first noticed in adolescence or young adulthood.

• The frequency of cardiac involvement in BMD is 60% to 75%
• The average age of onset of cardiac involvement is 28.7 ± 7.1 years. 

Severe dilated cardiomyopathy (DCM) in patients less than 20-year-old is 
rare.

• Cardiac involvement in BMD may precede the skeletal muscle decline, with 
death due to cardiomyopathy often occurring before the age 60 years 

• Presence of cardiac involvement has been associated with exon 49 deletion 
and exon 48 deletion
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Duchenne Muscular Dystrophy Carriers
• Genetic screening of mother and potential female 

carriers should be offered
• Carriers should be made aware of the risk of 

developing cardiomyopathy
• X-inactivation is the mechanism where 1 of the 2 X 

chromosomes in female cells randomly becomes 
transcriptionally inactive. It is postulated that carriers 
can become symptomatic on the basis of the extent of 
random X-inactivation of the normal X chromosome 
versus the dystrophic X chromosome. 

• Carriers should have screening in late adolescence or 
early adulthood

• Should have screening at least every 5 years
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X linked Dilated Cardiomyopathy 

(XLDCM) 

• First described in 1987 

• Rare cardiomyopathy resulting from mutations in the 

DMD gene that affects teenage males and their 

mothers

• Patients with XLDCM have normal dystrophin levels in 

skeletal muscle, but a complete loss of dystrophin in 

cardiac muscle, thus making it a distinct phenotype 

(i.e., cardiomyopathy without overt skeletal muscle 

disease) from DMD or BMD

• The rapidly progressive cardiomyopathy associated 

with XLDCM results in death between 10 and 20 years 

of age.
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Why is Dystrophin Important?

metabolic and structural abnormalities in the
myocardium, which predispose to morphological
changes comprising early cardiomyocyte cell death
and replacement fibrosis. These morphological
changes seem to begin in the posterolateral wall
potentially aggravated by additional mechanical
stress, but may involve other myocardial regions at
a later stage. Early diagnosis is now possible using
modern imaging modalities.
Theoretically, one would expect a rather diffuse

and random distribution of deficient dystrophin
throughout the whole myocardium. Unfortu-
nately, histopathological data addressing the
myocardial distribution of dystrophin deficiency in
MD patients with early stages of cardiomyopathy
are scarce. Numerous former studies have evalu-
ated the distribution of myocardial scarring and
fibrosisdbut not the distribution in dystrophin
expressiondand consistently demonstrated that
the posterolateral wall segments represent the
most extensive sites of myocardial fibrosis.8 9 In
one smaller study, the distribution of myocardial
dystrophin expression was assessed in four BMD
patients and a variable distribution with contin-
uous, discontinuous or absent immunostaining
patterns was documented.w18 Hence, we believe

that cardiomyopathy in MD patients is a diffuse
(genetically determined) disease process with
ubiquitous or randomly distributed alterations in
cell metabolism and signal transduction. These
alterations precede functional impairment and lead
to myocardial damage preferentiallydbut not
onlydin the posterolateral wall due to exaggerated
mechanical stress in this region. This notion is
further supported by recent findings demon-
strating a similar pattern of myocardial damage in
patients with different missing or deficient
components of the proteoglycan-dystrophin
complex (figure 6DeF).5 22

GENOTYPE AND PHENOTYPE CORRELATIONS
In several previous studies an association between
the underlying dystrophin gene mutation and the
clinical phenotype (regarding skeletal muscle
status) was suggested. In one study, the relation-
ship between dystrophin protein structure and
function was evaluated in comparison to the
domain of mutation in BMD patients.w19 Deletions
effecting the amino-terminal domain (which binds
to the actin filaments) of the dystrophin protein
were associated with a more severe phenotype,
while mutations in the central rod domain resulted
in more variable phenotypes (figure 9) suggesting
thatdapart from the gene defect itselfdepigenetic
and environmental factors essentially determine
the clinical phenotype. In another study, BMD
patients with mutations involving exon 9 (amino-
terminal domain) of the dystrophin gene demon-
strated a worse clinical phenotype with an earlier
onset of myopathy and a faster progression rate.w20

Regarding the cardiac phenotype, in the 1990s
Nigro et al described a higher frequency of cardiac
involvement in MD patients with deletion muta-
tions involving exons 48-49 of the dystrophin gene
with a concurrent earlier onset of cardiomyopathy.w5

However, other studies could not confirm these
results.4 A decade later, Jefferies et al described
a potential association between the underlying
dystrophin gene defect and the occurrence of
cardiomyopathy in MD patients.19 They studied 62

Figure 7 Macroscopic and microscopic findings from a Duchenne muscular dystrophy
(DMD) patient. In panel A, myocardial fibrosis is seen in the anterior, lateral, and
posterior walls of the left ventricle (white arrows). In panel B, a microscopic image of the
lateral wall is seen. Slight interstitial fibrosis and intermuscular oedema (arrows),
thinning of myofibrils, and eosinophilic degeneration are observed. Adapted with
permission from Nishimura et al.w16

Figure 8 Cine, late gadolinium enhancement (LGE), and T1 weighted spin echo cardiac magnetic resonance (CMR) images ‘without’ and ‘with’ fat
suppression techniques of a patient with Becker muscular dystrophy (BMD) and advanced cardiomyopathy. Fatty infiltration (red arrows) in the lateral
wall segments of the myocardium was documented by comparison of T1 weighted spin echo CMR images ‘without’ and ‘with’ fat suppression.
Moreover, the area of myocardial fatty infiltration corresponds to the area of positive LGE.

Heart 2012;98:420e429. doi:10.1136/heartjnl-2011-300254 425
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Pathophysiology of Dystrophin Deficiency in 
the Heart

D'Amario D, et al. Heart 2017;103:1770–1779. doi:10.1136/heartjnl-
2017-311269
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Progression of Cardiomyopathy

D'Amario D, et al. Heart 2017;103:1770–1779. doi:10.1136/heartjnl-
2017-311269
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How is Cardiomyopathy 

Diagnosed?

• Physical Exam, signs 

and Symptoms

• Electrocardiogram

• ECHOCARDIOGRAM

• Cardiac MRI

• HOLTER

• Lab work 

- B type Natriuretic Peptide

- Lipids



#PPMDConnect

Signs & Symptoms of Cardiac 
Dysfunction

• Some children do not have symptoms early on.
• Cardiac symptoms typically appear late because 

boys with DMD are wheelchair bound and 
physically inactive.

• Some may have  palpitations, difficulty 
breathing, and some may have postural 
nocturnal dyspnea.

• Heart rate and respiratory rate may be elevated
• Hypotension
• Impaired cough and speech 
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Electrocardiogram

• Typical ECG abnormalities for 
both DMD and BMD   

- R:S ratio > 1 in lead V1

- deep Q waves in leads I, 

aVL, V5 & V6, 

- sinus tachycardia, 

- right axis deviation or 

- a complete right bundle    

branch block.

• Study of 150 boys with DMD

• ECG abnormalities often 
preceded the development of 
DCM by a significant period of 
time ( 3.7 +/- 2.6 yrs)
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Ambulatory Holter monitoring
• Used to detect arrhythmias
• Holter analysis has shown impaired 

automaticity with sinus tachycardia, loss 
of circadian rhythm, and reduced heart 
rate variability

• In one study of 150 boys:
*Arrhythmias were common with 11%  
of the cohort being affected. 

* Those with cardiomyopathy were more    
likely to have an arrhythmia,    
with 16 of 64 (25%) of that group being 
affected (P < .01). 

* The presence of ventricular 
tachycardia was a poor prognostic 
indicator 

Shah AM, et al. Electrocardiographic 
abnormalities and arrhythmias are strongly 
associated with the development of 
cardiomyopathy in muscular dystrophy. Heart 
Rhythm 2010;7:1484e8.
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ECHOCARDIOGRAPHY
• Specific imaging 

recommendations 
include:

* Echocardiogram 
beginning at diagnosis and 
by at least 6 years of age, 
then 

* subsequent echo 
studies every 1 to 2 years, 
depending on age and 
function

*After 10 years of 
age, it is recommended that  
boys undergo at least 
annual echocardiograms.

measure T2 relaxation time to study myocardial tis-
sue composition. T2 relaxation times decrease with
fibrosis, and the investigators found significantly
decreased times in DMD patients >12 years old
compared with controls. The T2 times also
decreased with age in DMD patients and could be
a potential marker of worsening disease.45 A later
study also showed that patients treated with deflaza-
cort showed better preservation of T2 relaxation
times in the myocardium and better systolic func-
tion compared with untreated younger controls.46

Hor et al. found that DMD patients with normal EF
showed reduced left ventricular myocardial peak cir-
cumferential strain when <10 years old compared
with controls and this continued to decline with
age.47 Hagenbuch et al. studied serial circumferen-
tial strain changes in DMD patients and found sig-
nificantly decreased strain in all patients over a
mean interval of 15.6 months with no significant
changes in EF.48 Thus, strain derived from CMR is

another potential early marker of myocardial dys-
function in DMD. It is more sensitive than EF and
potentially can be followed longitudinally to moni-
tor changes related to experimental therapies.

Another technique used with CMR is termed
late gadolinium enhancement (LGE). Gadolinium-
based contrast is given to the patient, and imaging
is performed 10–20 minutes thereafter. Areas that
are fibrotic retain the contrast due to diminished
washout (Fig. 4). Using this technique, Silva et al.
showed that midwall and subepicardial fibrosis was
present in 7 of 10 muscular dystrophy patients,
most commonly in the lateral wall of the left ven-
tricle. Decreased systolic function was only seen in
3 of these patients, and the study found fibrosis in
2 of 4 patients who were <10 years of age.49 Simi-
lar techniques were applied to patients with BMD,
and CMR again showed increased cardiac involve-
ment compared with echocardiography.50 Guil-
laume et al. presented a case report using CMR

FIGURE 3. Echocardiographic images of a 16-year-old DMD patient with cardiomyopathy. (A) Two-dimensional apical four-chamber
view of a dilated left ventricle (LV) showing thin and rounded lateral myocardial wall and septum. (B) Measurement of the left ventricle
end-diastolic volume (LVEDV) in the apical four-chamber view used to calculate ejection fraction. The ejection fraction in this patient
was severely decreased at 20% (normal 55–65%). (C) M-mode image of the left ventricle showing decreased movement of the inter-
ventricular septum at the top of the image and the lateral free wall at the bottom of the image. The left ventricular internal diameter in
diastole (LVIDd: green line) and the left ventricular internal diameter in systole (LVIDs: blue line) are measured to derive the shortening
fraction (LVIDd ! LVIDs / LVIDd). This image shows a severely decreased shortening fraction of 9% (normal 28–40%). (D) Color tis-
sue Doppler image of the left ventricle (LV). The coloring of the ventricular myocardium corresponds to myocardial velocities that are
measured to evaluate diastolic function and myocardial strain. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

12 Cardiomyopathy of DMD MUSCLE & NERVE July 2011
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Cardiac MRI
• Study of 314  DMD boys

- 36% of DMD subjects 
showed LGE positivity suggesting fibrosis &  
scar

* 17% of patients <10 years to 
* 34% of those aged 10–15 years 
*59% of those >15 years-old. 

• Patients with LVEF ≥55% were LGE positive in 
30% of cases à
this increased to 84% for LVEF <55%. 

• Patterns of LGE: LGE was more prevalent in 
the free wall vs. septal segments 

• Patients with septal involvement were 
significantly older and had lower LVEF than 
those with isolated free wall LGE. 

• Patients who died had higher heart rate, larger 
left ventricular volume and mass, greater 
number of positive LGE segment and increase 
incident of septal LGE compared to those who 
remained alive. 

Hor et al. Journal of Cardiovascular Magnetic Resonance 
2013, 15:107
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Treatment Strategies
• Based on symptoms 

and degree of 
dysfunction

• Goal is to decrease 
symptoms and 
prolong quality of life
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Medical Management

• The use of ACE inhibitors or ARBs has now become more mainstream in 
the DMD population

- age at which such therapy should begin remains an 

important question

- this should be a discussion with the cardiologist

- Opinion of the 2014 NHLBI Working Group that ACE inhibitor/ARB  

use in DMD should begin by 10 years of age, but the 

relatively low risk of ACE inhibitors and ARBs should not 

discourage the consideration of earlier therapy. 

• The use of β-adrenergic blockers remain variable, 

- Common practice to begin after the onset of ACE 

inhibitor/ARB use, usually on the basis of ventricular 

dysfunction or elevated heart rate. 
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Heart Failure

Effect of Perindopril on the Onset and Progression of
Left Ventricular Dysfunction in Duchenne Muscular Dystrophy
Denis Duboc, MD, PHD,* Christophe Meune, MD,* Guy Lerebours, MD,† Jean-Yves Devaux, MD, PHD,*
Guy Vaksmann, MD,* Henri-Marc Bécane, MD*
Paris, France

OBJECTIVES The aim of this research was to examine the effects of perindopril on cardiac function in
patients with Duchenne muscular dystrophy (DMD).

BACKGROUND Duchenne muscular dystrophy, an inherited X-linked disease, is characterized by progressive
muscle weakness and myocardial involvement.

METHODS In phase I, 57 children with DMD and a left ventricular ejection fraction (LVEF) !55% (mean
65.0 " 5.4%), 9.5 to 13 years of age (mean 10.7 " 1.2 years), were enrolled in a three-year
multicenter, randomized, double-blind trial of perindopril, 2 to 4 mg/day (group 1), versus placebo
(group 2). In phase II, all patients received open-label perindopril for 24 more months; LVEF was
measured at 0, 36, and 60 months.

RESULTS Phase I was completed by 56 (27 in group 1 and 29 in group 2) and phase II by 51 patients
(24 in group 1 and 27 in group 2). There was no difference in baseline characteristics between
the treatment groups. At the end of phase I, mean LVEF was 60.7 " 7.6% in group 1 versus
64.4 " 9.8% in group 2, and was #45% in a single patient in each group (p $ NS). At 60
months, LVEF was 58.6 " 8.1% in group 1 versus 56.0 " 15.5% in group 2 (p $ NS). A
single patient had an LVEF #45% in group 1 versus eight patients in group 2 (p $ 0.02).

CONCLUSIONS Early treatment with perindopril delayed the onset and progression of prominent left ventricle
dysfunction in children with DMD. (J Am Coll Cardiol 2005;45:855–7) © 2005 by the
American College of Cardiology Foundation

Duchenne muscular dystrophy (DMD), an inherited
X-linked disease associated with absence of dystrophin (1),
is characterized by progressive muscle weakness and ines-
capable cardiac involvement (1,2), fatal in approximately
40% of patients (3,4). Angiotensin-converting enzyme in-
hibitors (ACEI) are effective in overt congestive heart
failure (CHF) (5) and have prophylactic effects in the Syrian
hamster, an experimental model of beta-sarcoglycanopathy
phenotypically similar to DMD (6,7).

See page 858

This study examined the preventive effects of the ACEI,
perindopril, on the onset and progression of left ventricular
(LV) dysfunction in children with DMD and a normal left
ventricular ejection fraction (LVEF).

METHODS

This study was approved by the appropriate ethical review
committees, and informed written consent was granted by
the parents or legal guardians of all patients. Children
between the ages of 9.5 and 13 years with genetically proven
DMD, normal cardiac examination, and a radionuclide

LVEF !55% were included in the study provided they: 1)
tolerated a 1-mg test dose of perindopril; and 2) had a
systolic blood pressure !80 mm Hg in the supine or !70
mm Hg in the sitting position. Patients treated with
cardioactive drugs, or with a blood urea nitrogen !7
mmol/l, or contraindications to ACEI therapy were not
included.
Study protocol. This two-phase study was conducted at 10
medical institutions (Appendix). In a double-blind phase I,
patients were randomly assigned to perindopril 2 to 4 mg daily
as tolerated (group 1), or equivalent placebo (group 2), for three
years. In phase II, both groups were treated with open-label
perindopril, 2 to 4 mg daily, for two additional years. Other
cardioactive medications were allowed in phase II, if indicated.
Outcome measures. All patients underwent detailed, se-
rial, clinical, and drug tolerance evaluations, and routine
laboratory screens. Resting radionuclide ventriculography
was performed at baseline, 36 months, and 60 months, after
in vitro erythrocyte labeling with 500 to 740 MBq
technetium-99m, and analyzed in the nuclear medicine
department of Cochin Hospital’s core laboratory by two
experts blinded to other study data.

The primary study end points were a reduction in mean
LVEF, and in the number of patients whose LVEF fell
below 45%. The cut-off value of 45% was predefined on the
basis of prior studies where an LVEF #40% was an
important prognostic factor in adults (8), and on the basis of
a normal LVEF 5% higher in children than in adults in our

From the *French Working Group of Heart Involvement in Myopathies Investigators,
Paris, France; and †Servier Laboratories, Paris, France. This study was supported by
grants from the French Association Against Myopathies and from Servier Laboratories.

Manuscript received March 2, 2004; revised manuscript received August 5, 2004,
accepted September 13, 2004.

Journal of the American College of Cardiology Vol. 45, No. 6, 2005
© 2005 by the American College of Cardiology Foundation ISSN 0735-1097/05/$30.00
Published by Elsevier Inc. doi:10.1016/j.jacc.2004.09.078

• Aim of study was to examine effects of perindopril on cardiac function in 
boys with DMD

• Phase I à 57 children with DMD and a left ventricular ejection fraction 
(LVEF) 55% (mean 65.0 +/- 5.4%), 9.5 to 13 years of age (mean 10.7 +/-1.2 
years), were enrolled in a three-year multicenter, randomized, double-blind 
trial of perindopril, 2 to 4 mg/day (group 1), versus placebo (group 2)

• Phase II à all patients received open-label perindopril for 24 more months
LVEF was measured at 0, 36, and 60 months 

• At the end of phase I, mean LVEF was 60.7 +/- 7.6% in group 1 versus 64.4 
+/- 9.8% in group 2, and was 45% in a single patient in each group (p = 
NS). 

• At 60 months, LVEF was 58.6 +/- 8.1% in group 1 versus 56.0 +/- 15.5% in 
group 2 (p = NS). A single patient had an LVEF <45% in group 1 versus 
eight patients in group 2 (p = 0.02). 

JACC, 2005
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spironolactone, or steroids during any part of the study;
none had implantable devices, including cardioverter/
defibrillators or cardiac pacemakers. Compliance to
prescription was fair in all patients; it was assessed
during the double-blind period by pill count and by
interrogation of both patients and families during the
open phase. Adequate compliance, a key factor in
therapeutics, is encouraged by the French Association
Against Myopathies (AFM); families are invited to
participate in the meetings of the AFM and do adhere to
the edited recommendations. Lastly, a tracheotomy has
been performed in 13 patients at the end of the
extended period (5 in the perindopril group vs 8 in the
placebo group, P = .38). In France, a standard policy is
applied for ventilatory support; it has been recommen-
ded by a consensus of national experts and promoted
by the AFM for N10 years and has been recently
approved by the French National Health System (Haute
Autorité de Santé). A tracheotomy has to be performed
when vital capacity is b300 mL, whereas noninvasive
nocturnal ventilation is recommended in patients with
vital capacity b500 mL and transient nocturnal hypoxia
and/or Pco2 N55 mm Hg.

Patients’ survival
Vital status information was available at the end

of the extended period in all of the 57 included
patients. Vital status has been gathered by telephone
communications with both the relatives and primary
care physicians for 54 patients. For the 3 remaining
(1 in the perindopril group and 2 in the placebo
group), vital status was determined after physician

interrogation and confirmed by city hall interrogation: all
3 were alive.

Table II summarizes the cumulative death during the
extended follow-up period; the Kaplan-Meier cumulative
survival in each study group is represented in Figure 1.
Of 28 patients, 26 (92.9%) in group 1 were alive at
10 years versus 19 (65.5%) of 29 in group 2; early versus
delayed initiation of treatment with perindopril con-
ferred a 27.4% absolute risk reduction in all-cause
mortality ( P = .0125 for the log-rank test and P = .02 for
the Fisher exact test). It is noteworthy that this effect
became apparent after 7 years of treatment (Figure 1).

No difference between the patients who were alive
versus those who died during the study could be
demonstrated regarding age at randomization, h-blocker
agent prescription, and perindopril dosage available at
the end of phase I.

Most patients died at home, all of them from a
cardiorespiratory mode of death. In fact, none of the
patients died from any other cause including respiratory
or nonrespiratory infectious disease, but a clear
distinction between cardiac and respiratory failure
cannot be ascertained. As expected, a depressed LV
function was a predictor of poor outcome because 5 of
9 patients who had an LVEF b45% at 5 years died
during the subsequent 5 years’ extended period, versus
7 of 48 who had an LVEF N45% (mortality rate of 55.6%
in the group with LVEF b45% vs 14.6% in patients
with LVEF N45%, P = .006). Lastly, 4 of 13 patients
with a tracheotomy performed died versus 8 of
36 of those without a tracheotomy during the study
period ( P = .35).

Figure 1

Survival of patients initially assigned to perindopril versus placebo. Black dot indicates group 1 (initially allocated to perindopril); gray dot, group
2 (initially allocated to placebo).

American Heart Journal
September 2007
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Perindopril preventive treatment on mortality in
Duchenne muscular dystrophy: 10 years’ follow-up
Denis Duboc, MD, PhD,a Christophe Meune, MD, PhD,a Bertrand Pierre, MD,a Karim Wahbi, MD,a

Bruno Eymard, MD, PhD,b Annick Toutain, MD,c Carole Berard, MD,d Guy Vaksmann, MD,e

Simon Weber, MD, PhD,a and Henri-Marc Bécane, MDb Paris, Tours, Lyon, and Lille, France

Background Duchenne muscular dystrophy (DMD), an X-linked disorder due to lack of dystrophin, is associated with
muscle weakness and myocardial dysfunction. Although preliminary data support the efficacy of angiotensin-converting
enzyme inhibitors on left ventricular (LV) function, our aim was to examine the long-term impact of a preventive treatment
with perindopril on mortality in children with DMD.

Methods Patients with DMD between the ages of 9.5 and 13 years presenting with normal LV ejection fraction
were included in this prospective study. They were randomly assigned for 3 years to perindopril, 2 to 4 mg (group 1), or
placebo (group 2) in a double-blind protocol, followed by open-label treatment with perindopril for up to 10 years.
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in both groups. At the end of the 10 years’ follow-up period, survival status was available for all included patients:
26 (92.9%) of 28 patients in group 1 were alive at 10 years versus 19 (65.5%) of 29 in group 2 ( P = .02).
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Conclusion Early initiation of treatment with perindopril is associated with a lower mortality in patients with
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Duchenne muscular dystrophy (DMD) is an inherited,
X-linked disease characterized by progressive muscle
weakness present in approximately 1 in 3000 male
births.1 The gene, located at Xp21, codes for dystrophin,
a sarcolemmal protein that links the cytoskeleton to the
basal lamina via the dystrophin-associated glycoprotein
complex.2,3 Cardiac involvement is inescapable and,
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fatal outcomes.1,4,5 Evidence of myocardial involvement
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mortality in patients with DMD with normal LV ejection fraction at study entry.
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Beta Adrenoreceptor Blockade
• Literature contains scant and conflicting data concerning the 

efficacy of carvedilol or other beta-blockers for patients with 
DCM secondary to muscular dystrophy.

• One study assessed use in 22 patients with DCM and LVEF 
<50% ages 14 to 46 years
- Carvedilol up-titrated over 8 weeks then was 
administered at the maximum or highest tolerated 
dose for 6 months. 

- Baseline and post-treatment cardiac magnetic 
resonance imaging (CMR), echocardiography, and Holter
monitoring were recorded. 
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Results

declined from 90 ± 14 to 76 ± 26 beats per minute (bpm)

(p \ 0.0001). Consequently, cardiac output (i.e., the
product of stroke volume and heart rate) did not change.

Carvedilol also was associated with statistically signif-

icant improvements in the MPI and the mean dP/dtic. A
trend toward improved shortening fraction, E/E’ ratio, and

isovolumetric relaxation time also was observed, but these

changes did not achieve statistical significance (Table 2).
An improvement in LVEF was observed in all six

patients with a baseline LVEF less than 41%. Among the
14 patients with an LVEF exceeding 41%, the response to

carvedilol therapy was less consistent (Fig. 1). Similarly,

all patients with a mean dP/dt less than 760 mmHg, an MPI
exceeding 0.61, or an E’/E ratio higher than 12 experienced

improvements in these parameters after carvedilol therapy.

Contingency table analysis (Fisher’s exact test) showed

that patients with an LVEF or a mean dP/dt below the
aforementioned values had a significantly superior

response to carvedilol than patients with higher values

(p \ 0.05).
The 24-h Holter recordings showed that carvedilol

caused the patients’ maximum, mean, and minimum heart

rates to fall (Table 3). Two patients had runs of nonsu-
stained ventricular tachycardia exceeding 140 bpm before

carvedilol administration. Ventricular tachycardia exceed-
ing 140 bpm was not observed after carvedilol therapy.

Pulmonary Function Tests

For the patients capable of performing spirometry, carve-
dilol was associated with small, statistically insignificant

declines in spirometric measurements (Table 4). However,

no patient required a permanent increase in the level of his
ventilatory support.

Questionnaire Data

On the posttreatment questionnaire, seven patients reported
fewer palpitations after carvedilol treatment. No patient

reported more frequent palpitations (p \ 0.02). Similarly,

five patients reported less dyspnea on the posttreatment
questionnaire than they had reported on the pretreatment

questionnaire, whereas only one patient reported more

dyspnea. The remaining patients reported similar amounts
of dyspnea. Eight subjects felt their overall health had

improved over the course of the study, whereas 12 felt it

was unchanged, and 2 felt that their health had deteriorated
slightly. The changes in these domains did not achieve

statistical significance.

Table 2 Effect of carvedilol on indices of left ventricular function

Before After %Change n p Value

LVEDV (ml) 183 ± 76 195 ± 77 +6.6 20 \0.01

LVESV (ml) 113 ± 62 115 ± 61 +1.8 20 NS

EF (%) 41.0 ± 8.3 43.2 ± 8.3 +5.4 20 \0.02

SV (ml) 70 ± 18 80 ± 22 +14.3 20 \0.0001

MPI 0.54 ± 0.16 0.43 ± 0.15 –20.4 18 \0.01

dP/dt (mmHg/s) 804 ± 216 947 ± 276 +17.8 21 \0.05

E/E’ ratio 10.1 ± 6.3 8.8 ± 4.1 –12.9 13 NS

IRT (ms) 115 ± 35 106 ± 38 –7.8 18 NS

SF 0.21 ± 0.08 0.23 ± 0.08 +9.5 16 NS

Before, before initiation of carvedilol; After, 6-month follow-up value; n, number of patients who completed pre- and posttreatment studies;
LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; NS, not significant; EF, ejection fraction; SV,
stroke volume; MPI, myocardial performance index; dP/dt, mean change in left ventricular pressure during isovolumetric contraction; IRT,
isovolumetric relaxation time; SF, shortening fraction

Fig. 1 Change in magnetic resonance imaging (MRI)-derived ejec-
tion fraction and mean dP/dtic after 6 months of treatment with full-
dose carvedilol. Carvedilol therapy was associated with statistically
significant improvements in these indices of left ventricular function.
Patients with the most severe dysfunction had the best response to
carvedilol therapy. The response of patients with milder degrees of
dysfunction was less consistent. mean dP/dt, mean rate of ventricular
pressure rise during isovolumetric contraction
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• Carvedilol therapy also was 
associated with modest 
improvement in ventricular 
function. 

• Significant improvements 
were detected in the left 
ventricular ejection fraction 

*secondary to an increase 
in left ventricular end-
diastolic volume with no 
change in end-systolic 
volume), mean dP/ dti, 
and MPI. 

Rhodes, et al. Pediatric Cardiology, 2007
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no patient required a permanent increase in the level of his
ventilatory support.
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fewer palpitations after carvedilol treatment. No patient

reported more frequent palpitations (p \ 0.02). Similarly,

five patients reported less dyspnea on the posttreatment
questionnaire than they had reported on the pretreatment

questionnaire, whereas only one patient reported more

dyspnea. The remaining patients reported similar amounts
of dyspnea. Eight subjects felt their overall health had

improved over the course of the study, whereas 12 felt it

was unchanged, and 2 felt that their health had deteriorated
slightly. The changes in these domains did not achieve

statistical significance.
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Before After %Change n p Value

LVEDV (ml) 183 ± 76 195 ± 77 +6.6 20 \0.01

LVESV (ml) 113 ± 62 115 ± 61 +1.8 20 NS

EF (%) 41.0 ± 8.3 43.2 ± 8.3 +5.4 20 \0.02

SV (ml) 70 ± 18 80 ± 22 +14.3 20 \0.0001

MPI 0.54 ± 0.16 0.43 ± 0.15 –20.4 18 \0.01

dP/dt (mmHg/s) 804 ± 216 947 ± 276 +17.8 21 \0.05

E/E’ ratio 10.1 ± 6.3 8.8 ± 4.1 –12.9 13 NS

IRT (ms) 115 ± 35 106 ± 38 –7.8 18 NS

SF 0.21 ± 0.08 0.23 ± 0.08 +9.5 16 NS

Before, before initiation of carvedilol; After, 6-month follow-up value; n, number of patients who completed pre- and posttreatment studies;
LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; NS, not significant; EF, ejection fraction; SV,
stroke volume; MPI, myocardial performance index; dP/dt, mean change in left ventricular pressure during isovolumetric contraction; IRT,
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Fig. 1 Change in magnetic resonance imaging (MRI)-derived ejec-
tion fraction and mean dP/dtic after 6 months of treatment with full-
dose carvedilol. Carvedilol therapy was associated with statistically
significant improvements in these indices of left ventricular function.
Patients with the most severe dysfunction had the best response to
carvedilol therapy. The response of patients with milder degrees of
dysfunction was less consistent. mean dP/dt, mean rate of ventricular
pressure rise during isovolumetric contraction
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Eplerenone for early cardiomyopathy in Duchenne 
muscular dystrophy: a randomised, double-blind, 

placebo-controlled trial

• Addition of 
eplerenone to ACEI or 
ARB therapy 
attenuates the decline 
in left ventricular 
systolic function over 
12 months

• Earlier use warrants 
consideration but 
further studies are 
needed Lancet Neurology; 2015 Feb 14(2) 153-161
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Glucocorticoids
• Most patients with DMD now are being 

treated with corticosteroids

- most commonly prednisone or     

deflazacort

- therapy begins in early life while  

boys still are ambulatory. 

• One recent study:

Eighty-six patients: 

9.1 ± 3.5 years of age, 

followed for 11.3 ± 4.1 years. 

• Seven of 63 patients (11%) receiving 
steroid therapy died compared 

with 10 of 23 (43%) not receiving steroid 

therapy (p = 0.0010)

• Annual rates of decline in left ventricular 
ejection fraction (-0.43% vs. -1.09%, p = 
0.0101) and shortening fraction (-0.32% 
vs. -0.65%, p = 0.0025) were less steep 
in steroid-treated patients

• Patients were on a renin-angiotensin 
aldosterone inhibitor already

are summarized in Table 1. Patients receiving steroid
therapy were assessed by cardiology and prescribed a
renin-angiotensin-aldosterone system antagonist at a
younger age. Steroid therapy was initiated at a mean age of
8.6 ! 3.5 years. Patients receiving steroid therapy were less
likely to receive digoxin and a diuretic agent, but not a
beta-blocker. No statistically significant differences in echo-
cardiographic or electrocardiographic parameters were ob-
served between the 2 groups at baseline.
Mortality. A total of 17 patients (20%) died over the course
of follow-up, which averaged 11.3 ! 3.6 years versus 11.3 !
5.1 years in patients receiving and not receiving steroid
therapy, respectively (p " 0.9671). Seven of the 63 patients
(11%) receiving steroid therapy died compared with 10 of 23
patients (43%) not receiving steroid therapy (p " 0.0010).
Freedom from all-cause mortality is depicted in Figure 1.
Overall survival rates at 5, 10, and 15 years of follow-up
were 100%, 98.0%, and 78.6%, respectively, for patients
receiving steroid therapy versus 100%, 72.1%, and 27.9%,
respectively, for patients not receiving steroid therapy (log-
rank p " 0.0005). Univariate and propensity-adjusted
multivariate predictors of all-cause mortality are summa-
rized in Table 2. The only variables independently associ-
ated with all-cause mortality were steroid therapy (hazard
ratio: 0.24; 95% confidence interval: 0.07 to 0.91; p "
0.0351) and a lower left ventricular ejection fraction (hazard

ratio: 0.89 for a 1% unit change; 95% confidence interval:
0.82 to 0.96; p " 0.0023).

Causes of death in all patients and according to whether
steroids were received are listed in Table 3. Steroids were

Baseline CharacteristicsTable 1 Baseline Characteristics

All Patients
(N ! 86)

Steroid Therapy
(n ! 63)

No Steroid Therapy
(n ! 23) p Value

Age at initial cardiac evaluation, yrs 9.1 ! 3.5 8.5 ! 2.9 10.8 ! 4.3 0.0267

Age at initiation of RAASa, yrs 12.9 ! 4.3 12.0 ! 3.4 15.1 ! 5.5 0.0162

ACE inhibitor 74 (86) 54 (86) 20 (87) 0.8830

Angiotensin receptor blocker 35 (41) 28 (44) 7 (30) 0.2418

ACE inhibitor and ARB 23 (27) 19 (30) 4 (17) 0.2364

Beta-blockers 53 (62) 41 (65) 12 (52) 0.2160

Digoxin 22 (26) 12 (19) 10 (43) 0.0215

Diuretic agents 8 (9) 3 (5) 5 (22) 0.0164

LV ejection fraction, % 58 ! 6 59 ! 5 56 ! 8 0.1704

Normal 61 (76) 47 (77) 14 (73)

Mildly impaired 17 (21) 14 (23) 3 (16)

Moderately impaired 2 (3) 0 (0) 2 (11)

Severely impaired 0 (0) 0 (0) 0 (0)

LV shortening fraction, % 32 ! 4 32 ! 3 30 ! 5 0.1486

Normal 78 (98) 61 (100) 17 (90)

Mildly abnormal 1 (1) 0 (0) 1 (5)

Moderately abnormal 1 (1) 0 (0) 1 (5)

Severely abnormal 0 (0) 0 (0) 0 (0)

LV end-diastolic dimension, mm 41 ! 5 40 ! 3 43 ! 7 0.0956

z-score LV end-diastolic dimension 0.89 ! 1.11 0.91 ! 1.04 0.80 ! 1.34 0.7220

LV end-systolic dimension, mm 28 ! 5 27 ! 3 30 ! 8 0.1471

PR interval, ms* 116 (108, 120) 115 (108, 120) 120 (114, 120) 0.3716

QRS duration, ms* 80 (80, 88) 80 (80, 88) 80 (70, 80) 0.1537

Corrected QT interval, ms* 404 (400, 416) 404 (400, 418) 404 (390, 410) 0.5112

Values are mean ! SD or n (%). *Non-normally distributed continuous variables are summarized by median and interquartile range (25th, 75th
percentile).

ACE " angiotensin-converting enzyme; ARB " angiotensin receptor blocker; LV " left ventricular; RAASa " renin-angiotensin-aldosterone system
antagonist.

Figure 1 Overall Survival in Patients
With and Without Steroids

Kaplan-Meier curves depict freedom from all-cause death in patients with
Duchenne muscular dystrophy who did and did not receive steroid therapy.
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antagonists of the renin-angiotensin-aldosterone system
alone, or in combination with a beta-blocker, delay the
course of progressive left ventricular dysfunction (11,17,18).

Corticosteroids (i.e., namely prednisone and deflazacort)
are commonly used to treat musculoskeletal and respiratory
complications in DMD, with no perceived differences in
efficacy between the 2 agents (2,19,20,33). To our knowl-
edge, our study is the first to explicitly assess the impact of
steroids on all-cause mortality. In multivariate propensity-
adjusted analyses that controlled for factors such as age,
concomitant pharmacological therapy, echocardiographic
parameters, and electrocardiographic metrics, steroid ther-
apy was associated with a statistically significant 76% lower
mortality rate. These findings are consistent with those of a
previous study of 74 patients with DMD, 40 of whom were
treated with deflazacort for an average of 5.5 years (2).
Twelve of 34 boys (35%) who did not receive deflazacort
died in their second decade of life compared with to 2 of 40
boys (5%) treated with deflazacort. A mortality analysis was
not specifically performed, and concomitant medications
were not reported.

The mortality reduction observed in our study appeared
to be driven by significantly fewer heart failure–related
deaths, as evidenced by the analysis of modes of death.
Consistently, steroid therapy was associated with a 62%
lower rate of new-onset cardiomyopathy, defined by a left
ventricular ejection fraction !45%. This finding was inde-
pendent of the left ventricular ejection fraction at baseline
and other clinical, electrocardiographic, and echocardio-

Patient Characteristics at Last Follow-UpTable 4 Patient Characteristics at Last Follow-Up

All Patients
(N ! 86)

Steroid Therapy
(n ! 63)

No Steroid Therapy
(n ! 23) p Value

Age at last follow-up, yrs 20.4 " 5.7 19.8 " 5.5 22.1 " 5.8 0.0910

Height, cm 153 " 15 149 " 14 167 " 11 !0.0001

Weight, kg 54 " 18 54 " 16 54 " 24 0.9284

Body mass index, kg/m2 23 " 7 24 " 6 19 " 7 0.0017

Systolic blood pressure, mm Hg 104 " 14 104 " 14 102 " 13 0.5509

Diastolic blood pressure, mm Hg 67 " 11 67 " 11 66 " 11 0.5404

Heart rate, beats/min 89 " 17 89 " 14 89 " 22 0.9796

RAASa treatment duration, yrs 7.9 " 3.2 8.1 " 3.4 7.3 " 2.9 0.2900

LV ejection fraction, % 50 " 10 53 " 7 42 " 13 0.0008

Normal 30 (35) 27 (43) 3 (13)

Mildly impaired 35 (41) 29 (46) 6 (26)

Moderately impaired 15 (17) 6 (10) 9 (39)

Severely impaired 6 (7) 1 (2) 5 (22)

LV shortening fraction, % 27 " 6 29 " 5 23 " 7 0.0043

Normal 67 (80) 56 (90) 11 (50)

Mildly abnormal 8 (9) 2 (3) 6 (27)

Moderately abnormal 5 (6) 3 (5) 2 (9)

Severely abnormal 4 (5) 1 (2) 3 (14)

LV end-diastolic dimension, mm 47 " 8 46 " 7 51 " 11 0.0341

LV end-systolic dimension, mm 35 " 9 32 " 7 40 " 12 0.0146

PR interval, ms* 120 (112, 134) 120 (112, 134) 120 (114, 124) 0.9565

QRS duration, ms* 90 (84, 100) 90 (84, 100) 90 (88, 100) 0.4966

Corrected QT interval, ms* 415 (401, 429) 420 (405, 429) 409 (392, 415) 0.1182

Follow-up duration, yrs 11.3 " 4.0 11.3 " 3.6 11.3 " 5.1 0.9671

Values shown are mean " SD or n (%). *Non-normally distributed continuous variables are summarized by median and interquartile range (25th,
75th percentile).

Abbreviations as in Table 1.

Figure 2 Freedom From Cardiomyopathy in
Patients With and Without Steroid Therapy

The Kaplan-Meier curves plot freedom from new-onset cardiomyopathy, as
defined by a left ventricular ejection fraction !45%, in patients with and with-
out steroid therapy.
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antagonists of the renin-angiotensin-aldosterone system
alone, or in combination with a beta-blocker, delay the
course of progressive left ventricular dysfunction (11,17,18).

Corticosteroids (i.e., namely prednisone and deflazacort)
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efficacy between the 2 agents (2,19,20,33). To our knowl-
edge, our study is the first to explicitly assess the impact of
steroids on all-cause mortality. In multivariate propensity-
adjusted analyses that controlled for factors such as age,
concomitant pharmacological therapy, echocardiographic
parameters, and electrocardiographic metrics, steroid ther-
apy was associated with a statistically significant 76% lower
mortality rate. These findings are consistent with those of a
previous study of 74 patients with DMD, 40 of whom were
treated with deflazacort for an average of 5.5 years (2).
Twelve of 34 boys (35%) who did not receive deflazacort
died in their second decade of life compared with to 2 of 40
boys (5%) treated with deflazacort. A mortality analysis was
not specifically performed, and concomitant medications
were not reported.

The mortality reduction observed in our study appeared
to be driven by significantly fewer heart failure–related
deaths, as evidenced by the analysis of modes of death.
Consistently, steroid therapy was associated with a 62%
lower rate of new-onset cardiomyopathy, defined by a left
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and other clinical, electrocardiographic, and echocardio-
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RAASa treatment duration, yrs 7.9 " 3.2 8.1 " 3.4 7.3 " 2.9 0.2900
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Moderately abnormal 5 (6) 3 (5) 2 (9)

Severely abnormal 4 (5) 1 (2) 3 (14)

LV end-diastolic dimension, mm 47 " 8 46 " 7 51 " 11 0.0341
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Corrected QT interval, ms* 415 (401, 429) 420 (405, 429) 409 (392, 415) 0.1182

Follow-up duration, yrs 11.3 " 4.0 11.3 " 3.6 11.3 " 5.1 0.9671
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Figure 2 Freedom From Cardiomyopathy in
Patients With and Without Steroid Therapy

The Kaplan-Meier curves plot freedom from new-onset cardiomyopathy, as
defined by a left ventricular ejection fraction !45%, in patients with and with-
out steroid therapy.

952 Schram et al. JACC Vol. 61, No. 9, 2013
Steroid Therapy in Duchenne Muscular Dystrophy March 5, 2013:948–54



#PPMDConnect

Emerging Cardiac Treatments

• Dystrophin gene replacement
• Implantable cardioverter defibrillators
• Gene Editing with CRISPR
• Exon Skipping
• Polaxamer 188
• Phosphodiesterase Inhibition
• Cardiac Resynchronization therapy
• Heart Transplantation
• Mechanical Circulatory Support
• Cardiac Stem Cell Therapy : CAP -1002
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Implantable Cardioverter
Defibrillator (ICD)

• A slight increase in 
sudden cardiac death 
among patients with DMD 
has been reported, 
although this has never 
been documented in 
prospective studies 

• the indications for ICD 
implantation are based on 
recommendations given 
for patients with HF. 

• The indication for ICD 
implantation is usually 
given for EF ≤35%  
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Cardiac Resynchronization therapy
• Cardiac resynchronization therapy (CRT) is a relatively new 

additional treatment option. 
• Its limited to patients with: 

(1) ongoing dyspnea (New York Heart Association functional 
Class III‒ IV despite optimal medical treatment; 

(2) a severely reduced LV ejection fraction; and 
(3) an intraventricular excitation delay (QRS > 120 ms) 

preferably with a left bundle branch block. 

• Although CRT implantation in MD patients with advanced myopathy 
may be technically challenging and the data in this specific 
subgroup of patients are limited, this therapeutic alternative is being 
considered, particularly in those patients with documented 
ventricular arrhythmias. 

• However, it is not established in DMD or BMD patients, but is limited 
to single case reports



#PPMDConnect

Ventricular Assist Device (VAD)
• LVAD as destination 

therapy for end-stage 
heart failure

• Paucity of literature
• Case Reports:

- 3 patients in Italy  
had Jarvik 2000

- 2 patients in US :
one with Heart mate   

& one with Heart Ware



#PPMDConnect

Heart Transplantation
• Wu et al performed a comprehensive retrospective review comprising 29 

transplant centers in the USA over the period from 1990 to 2005.
- 29 transplanted patients with MD were identified and 

compared with 275 non-MD patients with non-ischemic 
cardiomyopathy who were matched for age, body mass 
index, race, and sex. 

- Becker's muscular dystrophy was present in 52% of the patients. 

• Survival in the muscular dystrophy patients was similar to the controls at 1 
year (89% vs 91%; p = 0.5) and at 5 years (83% vs 78%; p = 0.5). 

• The differences in rates of cumulative infection, rejection, or allograft 
vasculopathy between the 2 groups were not significant (p > 0.5 for all 
comparisons).

Wu, et al. Clinical outcomes after cardiac transplantation in muscular dystrophy 
Patients.  Journal of Heart and Lung transplant, 2010
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Emerging Cardiac Strategies
• Phosphodiesterase Inhibition with Sildenafil

- Sildenafil has been shown to have positive effects on 
the heart of dystrophin deficient mdx mice that develop 
cardiomyopathy comparable to BMD patients.

- The ability of dystrophin deficient mice hearts to resist
- Enhancing cGMP signaling using sildenafil may 

improve contractile performance, myocardial 
metabolic status,and sarcolemmal integrity. 

- Studies with tadalafil have not shown benefit
• Polaxamer 188 ( CARMA_SEAL)

- non-ionic tri-block copolymer of poly(ethylene oxide)80-
poly(propylene oxide)27-poly(ethylene oxide

- a surfactant that helps seal membrane ruptures
- In mdx mice, it improved compliance in response 
to stretch and acute dobutamine induced heart failure

-
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Non-Cardiac Considerations that 
Affect the Heart

• Respiratory Care 
- Use of Non-invasive positive Pressure 

ventilation: BIPAP, CPAP
• Anesthesia considerations:

- Prior cardiac evaluation is necessary   
before anesthesia or procedural sedation

- Avoidance of certain anesthetics such as  
Succinylcholine and volatile anesthetics

• Exercise
• Nutrition
• Mental Health
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• Cardiomyopathy is a leading cause of 
death in the DMD population. 

• However, with early detection, 
consideration for medical intervention, and 
multidisciplinary care, quality of life can be 
improved. 

Conclusion

Thank you!
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Genotype- Phenotype Correlation 
• Genetic Predictors and Remodeling of Dilated Cardiomyopathy in Muscular 

Dystrophy 1
- 67 boys with DMD and seven with BMD 

* an association between mutations involving exons 12 and 14 to 17 
and onset of dilated cardiomyopathy

* trend towards a significant association between  mutations of exons  
31 to 42 and dilated cardiomyopathy

* a decreased risk of dilated cardiomyopathy in mutations in exons 51 or 
52.

• Analysis of dystrophin deletion mutations predicts age of cardiomyopathy onset 
in Becker Muscular Dystrophy 2

• - 118 patients
* deletions affecting the amino-terminal domain of the dystrophin protein 

are associated with early onset cardiomyopathy in BMD patients
*  that genetic dystrophin mutations which result in the disruption of 

spectrin repeat phasing are also associated with dilated cardiomyopathy
1Jeffries, et al. Circulation 2005 
2 Kasper, et al. Circ Cardiovasc Genet 2009


