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In the past decade major advances have been made in understand- 
ing the genetics and pathophysiology of neuromuscular diseases. These 
advances have led to many diseases being subtyped and distinguished 
from similar disorders. Most of our understanding of cardiovascular 
complications of the neuromuscular diseases comes from observational 
data. This understanding is complicated by older studies that grouped 
together disorders now known to be distinct. One example of this is 
found in literature dealing with facioscapulohumeral muscular dystro- 
phy and its association with atrial paralysis. These studies probably 
included patients with Emery-Dreifuss muscular dystrophy, and it is 
these patients who manifest the atrial paralysis, not the patients with 
facioscapulohumeral muscular dystrophy. These limitations can impair 
our understanding of neuromuscular diseases. 

Neuromuscular diseases vary widely in their degree of cardiac 
involvement. In many cases, such as Charcot-Marie-Tooth disease, car- 
diac involvement is minimal and rarely causes significant morbidity. In 
others, such as Ducheme muscular dystrophy, cardiac involvement is a 
source of considerable morbidity and mortality. Since so little is known 
about the mechanisms involved in most neuromuscular diseases, this 
article will concentrate on detailing the observed abnormalities for the 
major neuromuscular diseases and will not speculate on the mechanisms 
involved. 
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Management of cardiac complications of neuromuscular diseases is 
based primarily on experiences from other diseases. When available, 
experiences with the specific diseases will be discussed. 

DUCHENNEMUSCULARDYSTROPHY 

Of the muscular dystrophies, Duchenne muscular dystrophy (DMD) 
is the one most commonly associated with significant cardiac involve- 
ment. Death may result from heart failure in 40% to 50% of patients2" 
"3. or from sudden death in about 5% of patients.lhV Abnormalities of 
the heart may be detected by numerous methodologies, appearing first 
on the electrocardiogram, followed by chest radiography and echocardi- 
~ g r a p h y . ~  Physical examination is notable for the point of maximal 
impulse palpable at the left sternal border due to the marked reduction 
in anteroposterior chest dimension common in DMD. A mitral regurgita- 
tion murmur frequently can be auscultated and is thought to be second- 
ary to dystrophic involvement of the posterobasal left ventricular wall 
and adjoining posterolateral papillary muscle leading to dysfunction of 
the mitral ~ a 1 v e . I ~ ~  A loud pulmonic component of the second heart 
sound suggests pulmonary hypertension in patients with respiratory 
failure. 

Nearly all patients over the age of 13 demonstrate abnormalities of 
the electrocardiogram (Table 1).5,"5. 47, "1."'. 82.91.9'. "h, '43 Q waves in the 
lateral leads are the first abnormalities to appear, followed by elevated 
ST segments and poor R wave progression, then increased R/S ratio, and 
finally resting tachycardia and conduction defects. Electrocardiographic 
abnormalities have been demonstrated to be predictive for cardiomyo- 
pathic death with the major determinants being: R wave in lead V1 less 
than 0.6 mV; R wave in lead V5 less than 1.1 mV; R wave in lead V6 
less than 1.0 mV; abnormal T waves in leads 11, 111, AVF, V5, and V6; 
cardiac conduction disturbances; premature ventricular contraction; and 
sinus tachycardia.' Sinus tachycardia may be gradual in onset due to 
progressive cardiomyopathy, or sudden in onset and labile, suggesting 
autonomic disturbance or direct involvement of the sinus node by the 
dystrophic p r o c e s ~ . ~ ~ ~  Short PR intervals have been reported in varying 
frequency, with some authors reporting a 50% prevalence (Table l)."", "" 
Neither delta waves nor reciprocating tachycardias have been reported 
suggesting that bypass tracts are not the cause of the short PR intervals. 

Necropsy studies13' and thallium-201 SPECT imaging have demon- 
strated left ventricular lateral and posterior wall defects that may explain 
the lateral Q waves15' and the increased R/S ratio in V1 seen on electro- 
cardiography.IhH Localized posterior wall fibrosis was found to be pecu- 
liar to DMD and was not found in other types of muscular dystrophy. 
Pulmonary hypertension leading to right ventricular enlargement also 
is known to effect prominent R waves in V1 and has been demonstrated 
in patients with DMD.174 Improvement of the pulmonary hypertension 
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with supplemental oxygen suggests the pulmonary hypertension is due 
to pulmonary artery constriction secondary to hypoxia. 

Dystrophin is the muscle protein affected in DMD. This protein also 
has been isolated in cardiac muscle and on the membrane surface of 
cardiac Purkinje fibers.'? Involvement of Purkinje fibers likely contributes 
to the known infranodal conduction disturbances (Table I), but whether 
this contributes to the occurrence of sudden death remains speculative. 
Ventricular ectopy and sudden death are known complications of cardio- 
myopathy, and this association is the most likely explanation for the 
observed cases of sudden death. Corroboration of this speculation has 
come from studies reporting high-grade ventricular ectopy in DMD 
associated with left ventricular dysfunctionlo5 and sudden death.2y 

Cardiomyopathy is a common clinical problem in older patients." 
", H2 Preclinical involvement has been seen in 25% of patients under 
6 years of age, increasing to over 50% by age 10. Clinically evidenf 
cardiomyopathy is usually first noted after age 10 and is apparent in 
nearly all patients over age 18.109, Development of cardiomyopathy is 
a predictor of poor prognosis, with death occurring within a few years.'"" 
Controversy exists over whether the severity of cardiomyopathy corre- 
lates with extent of skeletal muscle disease.', '"More severe cardiomyop- 
athy has been demonstrated in patients with deletion of the dystrophin 
gene than in patients without gene deletiomhh 

Echocardiography has been used extensively to follow the develop- 
ment of cardiomyopathy and to attempt to predict prognosis in patients 
with DMD. The onset of systolic dysfunction is associated with a poor 
short-term prognosi~.'~'~ Stress echocardiography with angiotensin A has 
demonstrated inducible posterior wall defects in six of nine patients 
with normal resting echocardiograms.~atent systolic dysfunction can 
be detected by abnormalities in the time interval between the onset of 
electrical activity and the onset of ventricular ejection (preejection pe- 
riod) and in the duration of ventricular ejection (left ventricular ejection 
period). In cardiornyopathy, the preejection period increases and the leff 
ventricular ejection period decreases. Abnormalities in these intervals 
can be detected before age 10 and increase rapidly during the teen 

2% 990 

Diastolic dysfunction generally is thought to predate systolic dys- 
function in most forms of cardiornyopathy. Studies of diastolic dysfunc- 
tion utilizing mitral valve blood flow have not shown abnormalities in 
peak atrial velocity or time-velocity integrals. The lack of abnormal 
diastolic mitral valve blood flow suggests that either diastolic dysfunc- 
tion does not exist in DMD or that there may be disease in the atria 
equal to that in the ventricle, leading to normalization of mitral valve 
diastolic blood flow. 

Clinical cardiomyopathy has also been found in 17% of 210 women 
with a close relationship to patients with DMD. Forty-three percent of 
the women studied showed minor signs of myocardial involvement.', 
Significant cardiomyopathy was associated with serum creatine kinase 
greater than 80 U/L or a genetic risk higher than 70% In another report, 
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cardiomyopathy was described in two women with elevated serum 
creatine kinase and absent dystrophin in many fibers of myocardial 
biopsy specimens.y' These authors suggest that, because 30% of cases of 
DMD are due to spontaneous mutations, cardiomyopathies in young 

I men without obvious clinical causes should be investigated for dys- 
! trophin abnormalities, and cardiomyopathies in young women should 

raise suspicion for a carrier state of DMD. This may be reasonable in 
young patients with no other obvious cause for their cardiomyopathies, 
but overzealous and indiscriminate analysis for DMD of all patients 
with cardiomyopathy is not warranted. One study of 27 cardiomyopathy 
patients average aged 50 years and no skeletal muscle weakness, dys- 
trophin gene analysis showed no  defect^.'^ 

Ducheme muscular dystrophy also has been associated with clini- 
cally silent mitral valve prolapse in patients with severe skeletal muscle 
disease.lZ7 These patients did not have significant cardiomyopathies that 
might explain the valve abnormality. Some investigators speculate that 
the thoracic cage abnormalities associated with severe DMD might be 
involved in developing mitral valve prolapse. This theory is supported 
by the association of mitral valve prolapse with decreased anteroposter- 
ior chest wall diameters in individuals without muscular dystrophy. 

There have been no large randomized treatment trials of cardiomy- 
opathy in DMD, but there have been several small studies suggesting 
that therapy is possible. Atrial natriuretic peptide (ANP) is a protein 
produced by the myocardium and is elevated in heart failure. In patients 
with DMD, ANP is markedly elevated (35.5 pg/mL vs 19.3 for normals)71 
and correlates with increased cardiothoracic ratio on chest radiography, 
abnormal preejection and ejection periods on echocardiography, but not 
with respiratory failure. A subsequent study demonstrated a decrease 
in ANP and clinical improvement in nine patients treated with digitalis, 
beta blockers, and angiotensin converting enzyme inhibitors.lou Another 
study reported clinical improvement in three patients treated initially 
with angiotensin converting enzyme inhibitors and subsequently with 
beta Another study reported improved physical well-being in 
12 patients treated with coenzyme Q10 in a double-blind and open 
crossover trial.'" 

Supplemental oxygen has been demonstrated to improve survival 
in patients with cor p~lmonale, '~'~, 'I' but no studies have been performed 
in patients with neuromuscular diseases to date. Most investigators 
believe that the benefit from oxygen therapy demonstrated in patients 
with COPD also applies to patients with reversible pulmonary hyperten- 
sion from other etiologies. Because the pulmonary artery hypertension 
in DMD has been demonstrated to reverse with supplemental oxygen, 
this therapy may be beneficial in patients with respiratory failure and 
increased R/S ratios in lead V1 of the electrocardiogram suggestive of 
pulmonary hypertension. 

Duchenne muscular dystrophy is characterized by significant car- 
diomyopathy leading to death in approximately 40% of patients. Electro- 
cardiography is the first test to become abnormal in these patients 




















