Carnitine Palmitoyltransferase Deficiency CPT II deficiency is the most
common recognizable cause of recurrent myoglobinuria, more common than the glycolytic defects. Onset is usually in the teenage years
or early twenties. Muscle pain and myoglobinuria typically occur after
prolonged exercise but can also be precipitated by fasting or infections;
up to 20% of patients do not exhibit myoglobinuria, however. Strength
is normal between attacks. In contrast to disorders caused by defects
in glycolysis, in which muscle cramps follow short, intense bursts of
exercise, the muscle pain in CPT II deficiency does not occur until the
limits of utilization have been exceeded and muscle breakdown has
already begun. Episodes of rhabdomyolysis may produce severe weakness. In young children and newborns, CPT II deficiency can present
with a very severe clinical picture including hypoketotic hypoglycemia,
cardiomyopathy, liver failure, and sudden death.
Serum CK levels and EMG findings are both usually normal
between episodes. A normal rise of venous lactate during forearm
exercise distinguishes this condition from glycolytic defects, especially
myophosphorylase deficiency. Muscle biopsy does not show lipid
accumulation and is usually normal between attacks. The diagnosis
requires direct measurement of muscle CPT or genetic testing.
CPT II deficiency is much more common in men than women (5:1);
nevertheless, all evidence indicates autosomal recessive inheritance.
A mutation in the gene for CPT II (chromosome 1p36) causes the
disease in some individuals. Attempts to improve exercise tolerance
with frequent meals and a low-fat, high-carbohydrate diet, or by substituting medium-chain triglycerides in the diet, have not proven to
be beneficial.
Myoadenylate Deaminase Deficiency The muscle enzyme myoadenylate
deaminase converts adenosine-5′-monophosphate (5′-AMP) to inosine monophosphate (IMP) with liberation of ammonia. Myoadenylate
deaminase may play a role in regulating adenosine triphosphate (ATP)
levels in muscles. Most individuals with myoadenylate deaminase deficiency have no symptoms. There have been a few reports of patients
with this disorder who have exercise-exacerbated myalgia and myoglobinuria. Many questions have been raised about the clinical effects of
myoadenylate deaminase deficiency, and, specifically, its relationship
to exertional myalgia and fatigability, but there is no consensus.

MITOCHONDRIAL MYOPATHIES
In 1972, Olson and colleagues recognized that muscle fibers with significant numbers of abnormal mitochondria could be highlighted with
the modified trichrome stain; the term ragged red fibers was coined.
By electron microscopy, the mitochondria in ragged red fibers are
enlarged and often bizarrely shaped and have crystalline inclusions.
Since that seminal observation, the understanding of these disorders
of muscle and other tissues has expanded (Chap. 82).
Mitochondria play a key role in energy production. Oxidation of
the major nutrients derived from carbohydrate, fat, and protein leads
to the generation of reducing equivalents. The latter are transported
through the respiratory chain in the process known as oxidative phosphorylation. The energy generated by the oxidation-reduction reactions of the respiratory chain is stored in an electrochemical gradient
coupled to ATP synthesis.
A novel feature of mitochondria is their genetic composition. Each
mitochondrion possesses a DNA genome that is distinct from that of
the nuclear DNA. Human mitochondrial DNA (mtDNA) consists of
a double-strand, circular molecule comprising 16,569 base pairs. It
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of the respiratory chain enzymes. The genetics of mitochondrial diseases differ from the genetics of chromosomal disorders. The DNA of
mitochondria is directly inherited from the cytoplasm of the gametes,
mainly from the oocyte. The sperm contributes very little of its mitochondria to the offspring at the time of fertilization. Thus, mitochondrial genes are derived almost exclusively from the mother, accounting
for maternal inheritance of some mitochondrial disorders.
Patients with mitochondrial myopathies have clinical manifestations that usually fall into three groups: chronic progressive external
ophthalmoplegia (CPEO), skeletal muscle–CNS syndromes, and pure
myopathy simulating muscular dystrophy or metabolic myopathy.
PROgRESSIVE EXTERNAL OPHTHALMOPLEgIA SYNDROMES
WITH RAggED RED FIBERS
The single most common sign of a mitochondrial myopathy is CPEO,
occurring in >50% of all mitochondrial myopathies. Varying degrees
of ptosis and weakness of extraocular muscles are seen, usually in the
absence of diplopia, a point of distinction from disorders with fluctuating eye weakness (e.g., myasthenia gravis).
KEARNS-SAYRE SYNDROME (KSS)
KSS is a widespread multiorgan system disorder with a defined triad of
clinical findings: onset before age 20, CPEO, and pigmentary retinopathy, plus one or more of the following features: complete heart block,
cerebrospinal fluid (CSF) protein >1 g/L (100 mg/dL), or cerebellar
ataxia. Some patients with CPEO and ragged red fibers may not fulfill
all of the criteria for KSS. The cardiac disease includes syncopal attacks
and cardiac arrest related to the abnormalities in the cardiac conduction system: prolonged intraventricular conduction time, bundle
branch block, and complete atrioventricular block. Death attributed
to heart block occurs in ~20% of the patients. Varying degrees of progressive limb muscle weakness and easy fatigability affect activities of
daily living. Endocrine abnormalities are common, including gonadal
dysfunction in both sexes with delayed puberty, short stature, and
infertility. Diabetes mellitus is a cardinal sign of mitochondrial disorders and is estimated to occur in 13% of KSS patients. Other less common endocrine disorders include thyroid disease, hyperaldosteronism,
Addison’s disease, and hypoparathyroidism. Both mental retardation
and dementia are common accompaniments to this disorder. Serum
CK levels are normal or slightly elevated. Serum lactate and pyruvate
levels may be elevated. EMG is myopathic. Nerve conduction studies
may be abnormal related to an associated neuropathy. Muscle biopsies
reveal ragged red fibers, highlighted in oxidative enzyme stains, many
showing defects in cytochrome oxidase. By electron microscopy, there
are increased numbers of mitochondria that often appear enlarged and
contain paracrystalline inclusions.
KSS is a sporadic disorder. The disease is caused by single mtDNA
deletions presumed to arise spontaneously in the ovum or zygote.
The most common deletion, occurring in about one-third of patients,
removes 4977 bp of contiguous mtDNA. Monitoring for cardiac
conduction defects is critical. Prophylactic pacemaker implantation
is indicated when ECGs demonstrate a bifascicular block. In KSS, no
benefit has been shown for supplementary therapies, including multivitamins or coenzyme Q10. Of all the proposed options, exercise might
be the most applicable but must be approached cautiously because of
defects in the cardiac conduction system.
PROgRESSIVE EXTERNAL OPHTHALMOPLEgIA (PEO)
This condition is caused by nuclear DNA mutations affecting mtDNA
copy number and integrity and is thus inherited in a Mendelian
fashion. Onset is usually after puberty. Fatigue, exercise intolerance,
and complaints of muscle weakness are typical. Some patients notice
swallowing problems. The neurologic examination confirms the ptosis
and ophthalmoplegia, usually asymmetric in distribution. A sensorineural hearing loss may be encountered. Mild facial, neck flexor,
and proximal weakness are typical. Rarely, respiratory muscles may
be progressively affected and may be the direct cause of death. Serum
CK is normal or mildly elevated. The resting lactate level is normal or
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circulating very-low-density lipoprotein (VLDL) in the blood or from
triglycerides stored in muscle fibers. Oxidation of fatty acids occurs in
the mitochondria. To enter the mitochondria, a fatty acid must first be
converted to an “activated fatty acid,” acyl-CoA. The acyl-CoA must
be linked with carnitine by the enzyme carnitine palmitoyltransferase
(CPT) I for transport into the mitochondria. CPT I is present on the
inner side of the outer mitochondrial membrane. Carnitine is removed
by CPT II, an enzyme attached to the inside of the inner mitochondrial
membrane, allowing transport of acyl-CoA into the mitochondrial
matrix for β-oxidation.

