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Abstract
Purpose—To review the current understanding of the pathophysiology of dilated
cardiomyopathy (DCM) in patients with Duchenne and Becker muscular dystrophies, assessment
of cardiac dysfunction for these patients, and the recommended pharmacological treatment options
and ongoing research directions.

Data sources—Reviews and original research articles from scholarly journals and books.

Conclusions—Duchenne and Becker muscular dystrophies are debilitating neuromuscular
disorders, both caused by mutations in the dystrophin gene. Most patients develop DCM as part of
the disease course; in fact, DCM is the leading cause of death among these patients. Cardiac
surveillance, including routine monitoring of electrocardiograms, echocardiograms, and
appropriate blood biomarkers, may detect early DCM development. Although previous studies
have shown that early administration of cardiac medications may delay the development of DCM,
current standard of care does not emphasize cardiac surveillance and timely treatment. This, in
turn, limits clinicians, including advanced practice nurses, to be optimally engaged in providing
the most aggressive and proactive patient care.

Implications for practice—Implementing a routine cardiac assessment and timely
pharmacological treatment in primary or specialty care settings is high-lighted as an important step
to optimize cardiac health among patients with Duchenne and Becker muscular dystrophies.
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Introduction
Duchenne muscular dystrophy (DMD) is an X-linked, neuromuscular disorder with an
incidence of 1 in 3500 live newborn males (Emery, 1991). It is characterized by progressive,
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generalized weakness and wasting of muscle. The disease was first described by Meryon
(1851) at a meeting of the Royal Medical and Chirurgical Society. He described a familial
pattern with a male predilection that ultimately resulted in early death. Twenty years later,
Duchenne, a French neurologist, published a complete histological description of muscle
biopsies from 13 patients. He gave the condition the name “paralysie musculaire
pseudohypertrophique” (pseudohypertrophic muscle paralysis), which accurately described
the muscle paralysis and muscle hypertrophy characteristics of DMD patients (Duchenne,
1872). The term muscular dystrophy was adopted by Erb (1884), who defined the disease
as a primary degeneration of the muscle. To date, there is still no effective treatment or cure
for muscular dystrophy, despite extensive research for the past 100 years.

Clinically, DMD patients are diagnosed between 3 and 6 years of age with a delay in motor
development and skeletal muscle weakness. To get up from the floor, DMD patients face the
floor, plant their feet widely apart, raise their buttocks first, and use their hands to “walk” up
the legs. This set of movements is termed the Gowers’ maneuver. As the disease progresses,
the child reports difficulty or weakness in performing normal tasks such as walking,
running, and climbing stairs. Underlying these challenges, these patients experience
musculoskeletal wasting, muscle contractures, and severe scoliosis. These children usually
lose ambulatory ability and require a wheelchair at as early as 10 to 12 years of age. The
majority of DMD patients eventually develop dilated cardiomyopathy (DCM) in their
midteens (English & Gibbs, 2006; Jefferies et al., 2005), characterized by enlarged heart
chambers and reduced cardiac wall thickness. The cardiomyopathy accentuates respiratory
problems caused by intercostal and diaphragmatic respiratory muscle weakness and
scoliosis. In most cases, the DMD patient dies from cardiac or respiratory failure by 30 years
of age.

Koenig and colleagues (1987) reported the important genetic aspect of this lethal disease in
1987 with their discovery that mutations in the dystrophin gene give rise to abnormal
expression of the dystrophin protein within the myofiber, resulting in the muscle damage
noted in DMD. The dystrophin gene is localized at the short arm of the X chromosome at
cytogenetic band 21 (Xp21) and is expressed in all muscle types, including skeletal, smooth,
and cardiac muscles, as well as in the brain and retina (Hoffman, Brown, & Kunkel, 1987;
Hoffman, Hudecki, Rosenberg, Pollina, & Kunkel, 1988; Koenig et al.; Pillers et al., 1993).
This seminal discovery and recent advances in genetic diagnostic techniques have revealed
that mutations in the dystrophin gene can also result in several other disorders, including
Becker muscular dystrophy (BMD). The reported incidence for BMD is at least 1 in 18,450
male live births (Bushby, Thambyayah, & Gardner-Medwin, 1991).

The spectrum of clinical presentation and severity of BMD is much broader than that of
DMD. In general, most patients with BMD develop musculoskeletal symptoms at a much
slower pace than DMD. The natural history of the disease varies considerably depending on
the dystrophin gene mutation and the amounts of dystrophin protein expressed in muscle.
Many BMD patients remain ambulatory until the third or fourth decade or later. Despite the
milder skeletal muscle involvement in BMD, the majority of BMD patients still develop
DCM (Nigro et al., 2006). Moreover, the severity and onset of cardiac symptoms in BMD
patients are unrelated to the skeletal myopathy (Nigro et al., 1995; Kirchmann, Kececioglu,
Korinthenberg, & Dittrich, 2005).

In agreement with this discordance between skeletal and cardiac involvement, recent genetic
testing has revealed that mutations in the dystrophin gene are also the cause for some
familial X-linked dilated cardiomyopathy (XLDCM), in which the phenotype is cardiac-
specific, generally sparing the skeletal muscle. In addition to DMD, BMD, and XLDCM,
dystrophin gene mutations can also cause other conditions as listed in Table 1, indicating the
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gene’s essential function in the biology of the muscles and the brain (Davies & Nowak,
2006).

In summary, damage to respiratory and cardiac muscles significantly shortens the life
expectancy of DMD and BMD patients. Advances in technology have greatly improved
respiratory care for these patients, making DCM the leading cause of death among DMD
and BMD patients (Eagle et al., 2002). The purpose of this article is to provide an overview
of the current understanding in the pathophysiology of DCM in DMD and BMD, and to
discuss the assessment and pharmacological treatments for DCM in this patient population.
Finally, ongoing and future research directions are discussed.

Pathophysiology
Dystrophin

The dystrophin gene is the largest gene in the human genome, containing 79 exons and
encompassing 2.6 million base pairs of the genomic sequence, which is about 1.5% of the
entire X chromosome. Mutations in the dystrophin gene lead to errors in coding for the
dystrophin protein. The rod-shaped dystrophin protein is localized under the muscle fiber
membrane, or the sarcolemma. Dystrophin consists of four major domains: an amino
terminal domain that anchors it to the intracellular actin cytoskeleton, a long flexible rod
domain that absorbs the impact of muscle contraction, a cysteine-rich domain that links the
intracellular cytoskeleton to the extracellular matrix, and the carboxyl terminal, which is less
critical for preserving muscle function. Additionally, dystrophin is an essential member of
the dystrophin-associated protein complex (DAPC), which protects the sarcolemma from
mechanical stress during repeated cycles of muscle contraction and relaxation. Mutations
that permit some gene expression are usually associated with the milder BMD clinical
phenotype. The mutations of BMD patients are commonly in the rod domain but do occur
elsewhere in the gene. In contrast, mutations that interrupt the linkage between the actin
cytoskeleton (amino terminal) and extracellular matrix (cysteine-rich domain) or result in
very low levels of dystrophin protein expression typically give rise to the more severe DMD
phenotype.

When the function of dystrophin is compromised as a result of mutations, the sarcolemma is
more fragile and susceptible to damage from muscle contractions leading to small tears in
the membrane. Extracellular calcium enters the muscle fiber through these small tears,
which in turn activates calcium-activated proteases leading to protein degradation
(Constantin, Sebille, & Cognard, 2006). Evidence from DMD skeletal muscle biopsies has
shown that the level of dystrophin protein in muscle is ≤ 5%, much less than the amount of
dystrophin found in BMD patients. The increased permeability of the sarcolemma also leads
to the release of intracellular muscle proteins from the myofiber, such as creatine kinase
(CK). Increased level of CK in the serum above normal (35–174 U/L) is the hallmark of
muscle damage and is a diagnostic tool of these two types of muscular dystrophy. The value
of serum CK varies with the age and clinical progression in DMD and BMD patients, and it
can reach values 200 to 300 times higher than normal (Zatz et al., 1991).

Dystrophin in the cardiomyocyte
Defects in or absence of dystrophin protein in the cardiomyocyte result in DCM through a
similar pathway as described. Specifically, recent studies have suggested that absence or
mutation of dystrophin disrupts the function of membrane ion channels, particularly the
sarcolemmal stretch-activated channels, which respond to mechanical stress (Woolf et al.,
2006). When cardiomyocytes with deficient or mutant dystrophin stretch during ventricular
filling, the stretch-activated channels do not open appropriately, leading to increased influx
of calcium (Williams & Allen, 2007). The high intracellular calcium activates calcium-
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induced calpains, a group of proteases, which will degrade troponin I and compromise
contraction of the cardiomyocyte (Feng, Schaus, Fallavollita, Lee, & Canty, 2001; Gao et
al., 1997). Calpain-mediated destruction of membrane protein allows more calcium entry.
Eventually, the chronic calcium overload leads to the death of the cardiomyocyte
(Raymackers et al., 2003). Figure 1 is a graphic representation of the cardiomyocyte
pathophysiology pathways.

Cardiac mechanical factors
There are several distinctive characteristics of the cardiomyocyte that contribute to the
deterioration of the heart when dystrophin is dysfunctional or absent. First, unlike skeletal
muscle, cardiac muscle repeatedly contracts at least 86,400 times per day. The calcium
fluxes associated with each excitation-contraction cycle undoubtedly accelerate the
deterioration process within cardiomyocytes compared to skeletal myofibers. Second, the
cardiomyocyte contracts in the calcium-induced calcium release manner; small amounts of
extracellular calcium enter the cell through the voltage-gated L-type calcium channels and
induce larger amounts of intracellular calcium to be released into the cytoplasm. As
described earlier, when extracellular calcium leaks into the cardiomyocyte because of
dystrophin defect or deficiency, the L-type channels can be activated unnecessarily, causing
the release of intracellular calcium and initiating a contraction. Ultimately, the elevated
intracellular calcium concentration activates the cascade of protein degradation and
cardiomyocyte death.

Cardiomyocyte fibrosis and dilation of the heart
The death of cardiomyocytes initiates an inflammatory cascade during which macrophages
migrate to clear the damaged cells and debris. Following macrophage recruitment,
fibroblasts invade the damaged area and form scar tissue or fibrosis in the heart. Fibrotic
tissue is very inflexible compared to the normal cardiac tissue and thus restricts the
efficiency of myocardial contraction. The fibrosis begins in the left ventricular wall in DMD
and in the right ventricular wall in BMD, starting in the epicardium and advancing into the
endocardium (Frankel & Rosser, 1976). It progressively spreads throughout most of the
outer half of the ventricular wall. This pattern of fibrosis is unique to dystrophinopathy. The
fibrotic region will gradually stretch, become thinner, lose contractility, and result in DCM.
The dilation of the heart increases left ventricular volume, decreases systolic function, and
often leads to mitral valve regurgitation, all of which result in decreased cardiac output and
hemodynamic decompensation. The cardiac phenotype in each DMD or BMD patient results
from the patient’s particular type of dystrophin gene mutation; however, the relationship
between genotype and phenotype remains elusive. Figure 2 depicts the pathologic
progression of DCM.

Assessments
In the early stages of muscular dystrophies, cardiomyopathy is usually asymptomatic
because of some compensatory mechanisms, including activation of the sympathetic nervous
system (Lu & Hoey, 2000). Eventually, functional reserve of the heart is exhausted and the
patient develops classic signs of DCM. Because DMD patients often have limited physical
abilities, pathologic changes of the heart are seldom detected until the disease is quite
severe; however, because the physical ability of BMD patients varies, cardiac manifestations
for BMD patients are much more variable. In BMD patients who live a more active lifestyle,
cardiac symptoms may lead the patient to the cardiologist before skeletal muscle weakness
is noticed and the BMD diagnosis is made. In BMD patients who have minor physical
limitation, the cardiac disease may negatively affect quality of life more than the skeletal
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symptoms. Therefore, early diagnosis and treatment of cardiomyopathy will greatly benefit
patients with muscular dystrophy (English & Gibbs, 2006).

Cardiac condition can be assessed via 12-lead or Holter electrocardiogram (EKG) and
echocardiogram. Cardiac magnetic resonance imaging (MRI) allows functional assessment,
as do computerized tomography imaging, radionuclide imaging, and positron emission
testing. Additionally, MRI can show the presence and degree of fibrosis. Clinicians have
different preferences in setting the time intervals between cardiac follow-up visits. Emerging
data have shown that assessment of cardiac function should begin on diagnosis of the
muscular dystrophy, and then every year until an abnormality is identified. Once evidence of
cardiac abnormality has been identified, the patient may be seen by the cardiologist every
three months, or more frequently as necessary depending on the need to assess responses to
treatment.

DCM pathology specific to DMD
Many DMD patients develop sinus tachycardia by 5 years of age and conduction changes by
10 years of age. Irregular conduction patterns seen in a 12-lead EKG include deep Q waves
in leads I, aVL, V5, and V6, tall R waves in V1, and the R/S ratio of greater than 1 (Emery
& Muntoni, 2003). Shortened PR intervals are seen in about 50% of patients, and QT
prolongation is rare but can also be noted. From Holter EKG monitoring, resting sinus
tachycardia, loss of circadian rhythm, and reduced heart rate variability caused by increased
sympathetic activity can be observed (Kirchmann et al., 2005). With an advanced fibrosis,
more serious arrhythmias may be seen, including atrial fibrillation, atrioventricular block,
ventricular tachycardia, and ventricular fibrillation (Corrado et al., 2002).

With DMD, myocardial fibrosis and dilation first appear in the left ventricular wall behind
the posterior mitral valve leaflet, which over time progress inferiorly toward the apex and
into the septum, ultimately affecting the entire left ventricle. Visualization of posterior
epicardial thinning, areas of dyskinesis and akinesis, as well as direct measurement of
systolic and diastolic dysfunction are possible with echocardiogram or other imaging
methods such as MRI. The E point-to-septal separation (EPSS) measures the minimal
separation between the mitral valve anterior leaflet and the ventricular septum during early
diastole. An EPSS of greater than 5–5.5 mm suggests that the left ventricle has become more
spherical and can provide a clue for cardiac anatomical changes (Anderson, 2007).
Likewise, the sphericity index, calculated by dividing the length of the left ventricle by the
width of the left ventricle, is very useful in evaluating the shape of the left ventricular
chamber. A sphericity index of greater than 0.66 suggests the presence of dilated
cardiomyopathy (Tani, Minich, Williams, & Shaddy, 2005). Other signs of dilation include
increased left ventricular diameter and volume, decreased shortening and ejection fractions,
and development of mitral valve regurgitation.

DCM pathology specific to BMD
Becker-type muscular dystrophy patients have EKG presentations of DCM similar to those
seen in DMD, including deep Q waves in leads I, aVL (or II, III aVF) and V6, tall R waves
in V1 and shortened PR intervals. Bundle-branch block, nonspecific ST changes, and
negative T waves have also been reported (Melacini et al., 1996), as have atrial or
ventricular arrhythmias such as tachycardia, fibrillation, and flutter (Suselbeck, Haghi, Neff,
Borggrefe, & Papavassiliu, 2005). Different from DMD, however, the Holter EKG in
Becker patients does not show the increased automaticity of sympathetic activation
(Kirchmann et al., 2005; Vita et al., 2001). Figure 3 shows the EKG of a BMD patient. The
fibrosis in BMD has a similar pattern of progression; however, it often begins in the right
ventricular wall. The echocardiographic measurement standards are the same as in DMD. In
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addition, measurement of the peak systolic strain rate and early diastolic strain rate may
detect abnormal myocardial function not revealed by the measurement of the ejection
fraction (Meune et al., 2004).

Other assessment tools
Chest X-ray is another tool used to reveal cardiomegaly, pleural effusion, and pulmonary
congestion, supporting the diagnosis of DCM (Finsterer & Stollberger, 2003). Although it is
common to measure blood levels of certain enzymes to evaluate cardiac pathology, this is
not always helpful in the diagnosis of DCM of muscular dystrophy. The leakage of muscle
proteins from skeletal muscle fibers into the serum because of the nature of the disease
persistently maintains a high level of CK, which declines only with reduction in muscle
mass. For example, the typical “cardiac-specific” protein, CK-MB, can also be detected
during ongoing skeletal muscle regeneration; therefore, it is not cardiac-specific for DMD
and BMD patients (Bodor et al., 1997; Nakada, Miyazaki, & Hirabayashi, 2002). On the
other hand, the use of cardiac troponin I as a marker for myocardial damage among DMD
and BMD patients has been reported (Matsumura, Saito, Fujimura & Shinno, 2007).
Alternatively, brain natriuretic peptide (BNP), a cardiac hormone originally isolated from
the brain, is used to monitor cardiac failure. BNP is synthesized by the cells in the atria and
is released following left ventricular overloading and increased wall stress. Therefore, BNP
level serves as a valuable clinical tool for monitoring the progression of DCM (Mori et al.,
2002). BNP has been proposed as a biomarker for left ventricular dysfunction as well as the
most accurate predictor of cardiac prognosis (Doust, Pietrzak, Dobson, & Glasziou, 2005).
In practice, a diagnostic BNP value greater than 80–100 pg/mL is indicative of heart failure.

Pharmacological treatments
Pharmacological treatment should be offered to DMD and BMD patients with cardiac
complications. Based on the fundamental pathogenesis of calcium accumulation in DMD
and BMD, clinical trials have been conducted to test the rescuing effect of calcium channel
blockers, including diltiazem, flunarizine, and nifedipine (Dick et al., 1986; Moxley et al.,
1987; Pernice et al., 1988; Toifl, Presterl, & Graninger, 1991). These trials did not, however,
demonstrate benefits; therefore, calcium blockers are not used. The progressive cardiac
fibrosis eventually leads to reduction of the functional myocardial mass, increased wall
stress, and decreased cardiac output. The decrease in cardiac output leads to activation of the
renin-angiotensin-aldosterone system (RAAS), which is crucial in the regulation of sodium
and water. The first RAAS component activated is renin, an enzyme that cleaves
angiotensinogen to form angiotensin I. Subsequently, the angiotensin-converting enzyme
(ACE), which is produced by endothelial cells in the lungs, transforms angiotensin I to
angiotensin II. Angiotensin II stimulates the adrenal cortex to secrete aldosterone, promoting
fluid and sodium retention.

Both angiotensin II and aldosterone contribute to the formation of fibrosis and overgrowth
of connective tissue within the heart. Specifically, angiotensin II acts as a growth factor at
sites of tissue repair and enhances the activity of a fibrogenic cytokine, TGF-β1 (Weber,
1999). Likewise, aldosterone is involved in the synthesis of fibrosis-forming collagen and
reduces compliance of the heart (Bernal, Pitta, & Thatai, 2006). These harmful
consequences of RAAS hyperactivity secondary to decreased cardiac output further
complicate the myocardial fibrosis resulting from dystrophin deficiency in DMD and BMD
patients. Therefore, the use of ACE inhibitors, angiotensin receptor blockers (ARBs), and
aldosterone antagonists in DMD and BMD patients with cardiomyopathy is indicated. ACE
inhibitors have been more extensively studied and therefore are prescribed more frequently.
In 2003, a European group first recommended treating the progressive cardiomyopathy in
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DMD and BMD patients with ACE inhibitors and, if necessary, beta blockers. This group
also emphasized that their recommendation was not evidence-based and encouraged large-
scale trials (Bushby, Muntoni, & Bourke, 2003). Since then, several studies have been
initiated.

An uncontrolled retrospective study showed that echocardiographic parameters, including
left ventricular ejection fraction, fractional shortening, and sphericity index, in DMD and
BMD patients were improved 3 years after administration of either ACE inhibitors alone or
the combination of both ACE inhibitors and beta blockers (Jefferies et al., 2005). Around the
same time, a double-blind multicenter study was conducted to evaluate the effect of
preventive afterload reduction in muscular dystrophy patients. In this study, DMD patients
between 9.5 and 13 years old with normal ventricular function were randomly assigned to
receive 3 years of placebo or perindopril, an ACE inhibitor. After this 3-year period, every
participant received 2 years of perindopril. At the conclusion of the study, a lower left
ventricular ejection fraction was found in those subjects who did not take perindopril for the
first 3 years (Duboc et al., 2005). The findings of this study not only suggested the beneficial
effects of perindopril but also encouraged early pharmacological interventions to preserve
cardiac function. A later study in 2006 tested another ACE inhibitor, enalapril, and
monitored left ventricular systolic dysfunction in DMD patients with DCM, diagnosed based
on left ventricular fractional shortening. Normalization of fractional shortening occurred in
43% of the patients on enalapril (Ramaciotti et al., 2006). This study provided more support
for the use of ACE inhibitors in DMD and BMD patients with DCM. Although there is no
universally agreed upon guideline for the best time to begin ACE inhibition therapy for
these patients, current evidence suggests that an ACE inhibitor should be prescribed to the
DMD or BMD patient with a left ventricular ejection fraction less than 55%, a sphericity
index less than 0.66, or a myocardial performance index less than 0.35 (Bosser et al., 2004;
Duboc et al., 2005; Jefferies et al., 2005; Naruse et al., 2004). Prescribing an ACE inhibitor
dosed once a day will add to patients’ convenience and likelihood of compliance.

Given the beneficial effects of beta blockers used in patients with DCM and heart failure
attributable to other causes, this class of drugs is frequently prescribed in addition to ACE
inhibitors for DCM in DMD or BMD patients (Doing, Renlund, & Smith, 2002; Ishikawa,
Bach, Ishikawa, & Minami, 1995). In a more recent Japanese study, patients with different
types of muscular dystrophies were assigned to receive either an ACE inhibitor alone
(cilazapril or enalapril) for at least 3 years or an ACE inhibitor plus a beta blocker
(carvedilol) for at least 2 years. Interestingly, the combination therapy provided a significant
improvement on left ventricular fractional shortening, whereas ACE inhibitor treatment
alone maintained the fractional shortening at the same level (Kajimoto et al., 2006). These
data support the combined use of ACE inhibitors and beta blockers. In clinical practice, beta
blockers may be added to the treatment regimen when ventricular irritability (i.e., ventricular
arrhythmias) is noted or when the ACE inhibitor does not improve echocardiographic
indices of ventricular remodeling for 3 months (Jefferies et al., 2005).

Although ARBs are not currently used to treat DMD and BMD patients with dilated
cardiomyopathy as often, their effects are being actively investigated in animal and human
studies. One ARB, valsartan, together with enalapril was tested in an animal model of DCM.
The results showed that animals that received combination therapy showed significant
improvement in cardiac function as observed from echocardiogram and cardiac
catheterization (Shimizu et al., 2002). Other studies have shown other ARBs, including
candesartan, cilexetil, and losartan, to have therapeutic potential in animal models of DCM
(De Mello & Specht, 2006; Shirai et al., 2005). In another study, the ARB losartan was
administered to animal models of myopathy as a blockade of TFG-β signaling in skeletal
muscle. This antagonism restored the regenerative capacity of the skeletal muscle, which is
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lost in muscular dystrophy. The results suggested that in addition to their cardiac therapeutic
benefits, ARBs may also be useful in treating the skeletal muscle degeneration in muscular
dystrophy (Cohn et al., 2007). Currently, the efficacy of ARBs has not been studied in large
trials of DMD and BMD patients with DCM. Overall, pharmacological intervention has
proven to be partially effective in managing the DCM of muscular dystrophy; however,
DCM inevitably worsens as the patient becomes older and as the disease progresses,
demonstrating the need for further research and development of new therapies.

There are many ongoing investigations to find a cure for DCM of muscular dystrophy.
Several studies have explored the introduction of a modified, functional dystrophin gene via
gene transfer (Townsend et al., 2007; Yue et al., 2003), as well as molecular correction of
the mutated dystrophin gene in situ (Lu et al., 2003). A therapy involving intravenous
delivery of a synthetic surfactant that functions as a cell membrane sealant has shown
promise in strengthening the fragile and leaky sarcolemmal membrane responsible for the
excessive calcium influx (Yasuda et al., 2005). To date, these approaches have been studied
in only animals or a small number of humans. Although demonstrating significant promise,
these studies are still in proof-of-concept or early clinical development.

Summary
In the not so distant past, the cardiac features of muscular dystrophy were often explained as
being secondary to the respiratory abnormalities and musculoskeletal problems. It is now
speculated that certain mutations within the dystrophin gene may be more likely than others
to lead to cardiac involvement. Improved clinical care of these patients depends on a better
genetic understanding of the dystrophin gene mutations and the pathophysiological
consequences. Novel strategies using existing or newly developed pharmacologic agents
may slow the progression of cardiac dysfunction. Methods to correct mutations or to replace
the dysfunctional or absent protein in skeletal and cardiac muscle, however, will have the
greatest impact on this disease. Although the disease has eluded a cure for nearly two
centuries, the next decade may prove to be the most fruitful for altering the clinical course of
muscular dystrophy. The challenge for clinicians is to keep updated with the latest research
to provide optimal patient care.
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Figure 1.
Known pathways through which abnormal dystrophin leads to cardiomyocyte death.
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Figure 2.
Progression from cardiomyocyte death to dilated cardiomyopathy.
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Figure 3.
Electrocardiogram of a patient with Becker muscular dystrophy. Note the short PR interval
(98 ms, black horizontal bar, normal range: 120–200 ms), Q waves in leads 2, 3, aVF, V5,
V6 (arrows), and tall R wave in V1 (asterisks). The EKG finding in patients with Duchenne
muscular dystrophy is similar.
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Table 1

Clinical phenotypes resulting from mutations in the dystrophin gene

• Duchenne muscular dystrophy

• Becker muscular dystrophy

• X-linked dilated cardiomyopathya,b

• Retinal neurotransmission defectb

• Mental retardationb

• Psychiatric disturbancesb

a
Can manifest without any musculoskeletal manifestation.

b
Usually present with Duchenne or Becker muscular dystrophy or both.
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