Introduction to Myopathy© by EJ Fine, MD   





Rev 08/2008 


Clinical and Physiological Evaluation of Myopathic Weakness©


Edward J. Fine, M.D.


Associate Professor of Neurology


Director of Neuromuscular Clinic


Department of Veterans' Affairs Medical Center, Buffalo, NY and


Department of Neurology and Clinical Neurophysiology

State University of New York at Buffalo

Summary

Myopathic disorders are evaluated precisely by obtaining a four-legged database. A reliable and stable diagnosis, like a chair, is supported by four legs.  The first leg is made from an accurate history and a meticulous physical examination. The second leg is drawn by serum creatine kinase (CK) and other laboratory tests, selected appropriately for metabolic or autoimmune disorders that effect muscle. These tests include: TSH, ANA, ESR and serum lactate levels. The third leg is designed by EMG with nerve conduction studies. The fourth leg is carved from the results of muscle biopsy. Muscle samples for biochemical analysis of enzyme activity must be “snap” frozen in liquid nitrogen within seconds of removal. Another muscle sample is quickly fixed in 1.5% glutaraldehyde for electron microscopy. Examination of nuclear gene products for repeating triplets, frame shifts and other alterations are made from fresh or frozen tissue. Genetic testing for mitochondrial DNA repetitions and deletions can provide additional information that correlates with the clinical presentation. Appropriate treatment of myopathy depends on accurate diagnosis based on data supported upon these four legs of knowledge.


This chapter introduces a method for diagnosis of weakness due to inflammatory myositis, inclusion body myopathy, mitochondrial disorders, statin toxicity, HIV, and critical illness. Subsequent chapters review muscle disease due to enzyme deficiency, congenital disorders and manifestations of systemic disease.   

Leg 1: History and Physical Examination.

Determine the age of the patient at onset of the weakness; note the variation of symptoms and progress of the weakness. Primary diseases of muscle present with unique patterns of weakness that are revealed by detailed history. Weakness that varies by the hour and relates to amount of work performed, suggests disorders of the neuromuscular junction: myasthenia gravis, Eaton-Lambert syndrome. Increasing weakness over several days with minimal sensory signs suggests the presence of rapidly demyelinating neuropathy: Guillain-Barre syndrome or an acute attack of intermittent porphyria. Weakness after strenuous exercise or following a large meal hints at a diagnosis of periodic paralysis.



Clinical examinations provide firm evidence that lead to a diagnosis of myopathy. Upper motor neuron weakness is defined by mild to severe weakness in patterns of hemiparesis or crossed hemiparesis with little to no muscular atrophy. In upper motor neuron induced weakness, Babinski's extensor toe response, hyperactive reflexes and spasticity occur. Sensory loss is in a distribution related to lesions of a hemisphere, or crossed in brainstem lesions.  Lower motor neuron pattern weakness manifests with focal or scattered weakness in proximal or distal limb muscles. Focal muscular atrophy is distributed commonly distally for neuropathy, and proximally for myopathy. Atrophy due to radiculopathy follows a distribution reflecting damage to spinal roots. Decreased or normal myotactic reflexes occur in lower motor neuron disease. Sensory loss that is either in a stocking or glove distribution occurs with generalized neuropathy. Sensory loss that follows the distribution of a nerve relates to a diagnosis of mono-neuropathy. The syndrome of multiple mono-neuropathies is called mononeuritis multiplex (MM). MM is associated with diabetes mellitus, renal failure, inflammatory or autoimmune neuropathy, hypothyroidism and gout.


Ask about Recurrent Myoglobinuria

Diagnosis of a mitochondrial disorder may be suspected with a history positive for recurrent of brown urine with myalgia, muscle cramps, stiffness or tenderness. Excessive exercise, fasting, fevers, ischemia of, trauma to or pressure upon muscles, or alcoholic debauchery can cause myoglobinuria. Carnitine palmityl transferase deficiency type II (CPT II) during fasting, fever or general anesthesia manifests itself with myoglobinuria. Patients with deletions of the gene for cytochrome C (complex III) may have develop myoglobinuria. (Keightley, Hoffbuhr, Burton, Salas, et. al., 1996). Deficiency of the Co Q10 enzyme can lead to myoglobinuria. (Hirano, Sobreira, Shankse, 1996). Other causes of myoglobinuria include Epstein-Barr virus, adenovirus and echovirus infections. Exposure to barbiturates, cocaine or the combination of statin drugs with or without gemfibrozil may initiate myoglobinuria. Statin drugs alone can cause painful muscles and myoglobinuria.

Determine Distribution of Weakness  


Discover where the weakness is, by asking what functions were lost to the disease. Then determine and record the strength of affected muscles using the British Medical Research Council (MRC) scale system. Getting out of a chair requires normal strength in psoas, tensor fascia lata, quadriceps and gluteus maximus muscles. Reaching up to put dishes onto a shelf uses levator scapulae, trapezius, supraspinatus and deltoid muscles. Proximal weakness in limb, girdle and axial muscles usually indicates myopathy. Inclusion body myositis (IBM) uniquely affects both distal and proximal muscles with a predilection for weakness of flexor digitorum profundus and quadriceps femoris muscles. Dysphagia appears in 30 % patients with IBM. 


Distal myopathy may occur rarely in isolation: Welander's type, myotonic dystrophy, and Miyoshi myopathy. Motor predominant neuropathies generally affect distal muscles. Hypothyroid myopathy and Kearns-Sayre Syndrome (KSS) may have associated neuropathy.

Grade and Record Muscle Strength

Strong and weak muscles must be carefully examined and graded using the British MRC scales. Score 0 for no movement, 1 for a flicker of movement, and 2 for full range of motion with gravity eliminated. Grade 3 strength is full range of motion against gravity in the absence of resistance. Grade 4 strength indicates full range of motion (ROM) against gravity, but the examiner overcomes the patient's muscle contraction. Grade 5, full strength, confirms that the examiner cannot over power the patient's muscle contraction. I use 2.5/5 for a muscle contraction that just misses being able to go through the full ROM against gravity. I use 4.5/5 to document weakness, whenever I can barely overcome the muscle. Always write down what determines the scale of strength. .The fractional designations are not accepted universally, as are the standard MRC Grades 1, 2, 3, 4, 5.

After finding a weak muscle, palpate it to determine fat content, remaining muscle fibers, degree of fibrosis and tenderness.  Palpate the muscle by lifting the skin up and then rolling the muscle over the bone to determine its thickness, degree of atrophy and extent of fat deposition. Then push aside the fat with your 4th and 5th fingers, using your thumb and index finger to feel underlying muscle. These maneuvers can determine the distribution of the atrophy and fat deposition. MRI of the muscles is an elegant but expensive way, to determine the pattern, extent of atrophy and fatty infiltration. MRI guided biopsy may select areas of active inflammation and avoid examination of end-stage, fibrotic muscle.

Look for Fasciculations

Looking for fasciculations in muscles is extremely valuable for diagnosis. The yield rises for finding fasciculations, if you observe for them under these conditions: an overhead light, obliquely casting no shadows, a warm room to eliminate shivering and relaxing the patient can suppress confusing tremor or shivering. When observing the tongue for fibrillations the pataints’ tongues must lie in their mouths and are illuminated by oblique lighting to eliminate glare that could obscure minute ripples in the mucosa. Patients must breathe through their nostrils to place the tongue at rest. This maneuver will eliminate confounding voluntary movements, which may be mistaken for fibrillations and fasciculations. Palpate the tongue with a gloved hand. The tongue should normally be firm. A baggy, soft tongue implies atrophy. The bulbar form of amyotrophic lateral sclerosis (ALS) has a great predilection to produce tongue atrophy and fasciculations.
 
Facial Muscles May Aid in the Diagnosis of Myopathy

Ptosis with hourly variation suggests a diagnosis of myasthenia gravis. Progressive ptosis, frontalis muscle weakness and external ophthalmoplegia progressing over several years raises suspicion of Kearns-Sayre Syndrome (KSS) and oral-pharyngeal dystrophy. The ptosis may be asymmetrical initially in KSS. A fish mouth appearance is seen with nemaline rod myopathy. Facial weakness, frontal baldness, cataracts, and sternocleidomastoid atrophy suggest a diagnosis of myotonic dystrophy. 


A combination of muscle atrophy with increased myotactic reflexes may indicate motor neuron disease. Mono-neuritis multiplex with cervical myelopathy may imitate motor neuron disease initially because compressive myelopathy will produce hyper-active reflexes below the level of compression. At the level of compression, the concomitant radiculopathy may result in local atrophy. Motor neuron disease advances in groups of subjacent muscles and is often initially asymmetric and eventually effects bulbar muscles.

Diagnostic Combinations of Hypertrophy or Atrophy  


 Finding calf muscle hypertrophy in young boys and elevated serum CK correlates to a high probability to a diagnosis of Duchenne muscular dystrophy. In adolescents, entertain a diagnosis of Miyoshi myopathy, if there is distal weakness and initial calf hypertrophy. Asymmetric hypertrophy appears in sarcoidosis, and cysticercosis. Strongly consider inclusion body myopathy when you observe quadriceps and forearm flexor muscles atrophy + elevated CK in adult. With scapular and peroneal muscles atrophied, offer a diagnosis of scapular peroneal dystrophy. Progressive weakness in proximal and distal muscles is characteristic of inclusion body myopathy. 

Examine the Skin Carefully


Patients who have neuropathy and large lipomas around the neck, shoulders and proximal limbs probably suffer from mitochondrial DNA deletions. (Berkovic, Andermann, Shoubridge, Carpenter, et al., 1991; Coin, Bussoletto, Ceschin, Digito, et al., 2000)  Proximal weakness, violaceous rash over swollen eyelids and a scaly rash over sun-exposed areas manifest dermatomyositis. Eyelid edema and rubor (Gotron's sign) may occur with dermatomyositis. Subcutaneous calcinosis occasionally occurs in adult dermatomyositis in the form of hard plaques or nodules of calcified tissues in skin covering knuckles, elbows and buttocks. These dermal changes are common in children and adolescents, but not adults with dermatomyositis.  (Mastaglia, Garleep, Phillips, Zilko, 2003) 


Perform Ophthalmoscopy 


Retinitis pigmentosa is associated with Kearns- Sayre Syndrome. Retinitis pigmentosa can be associated also with sensory neuropathy, dementia, ataxia and seizures and myopathy. (Holt, Harding, Petty, Morgan-Hughes. 1990) 
Leg 2: Serum Creatine Kinase (CK) Determination 

Creatine kinase (CK) is a highly reliable index of muscle fiber destruction. Highest serum levels are present in rhabdomyolysis, drug or autoimmune induced myopathies. CK levels 10 or 20 units above upper limit for normal occur in persons who exercise vigorously or who traumatize their muscles at work or at play, such as furniture movers or karate enthusiasts. The persons who may be at risk for malignant hyperthermia, carriers of Duchenne and Becker muscular dystrophies may have CKs that are about 2 x greater than the upper limit of normal. Creatine kinase may be normal in hyperthyroid, corticosteroid myopathy, myotonic syndromes and sometimes in KSS. Drugs that may increase CK are AZT, colchicine, emetine, lipid lowering drugs: statins and fibrins.


If the serum CK is elevated, ascertain that the patient does not exercise strenuously, suffers trauma to muscle, receives IM injections or has had an EMG 14 days antecedent to drawing blood for CK. Re-measure CK in 2 weeks, if initially elevated. Rising concentrations of CK are significant. However CK levels do not parallel treatment results in polymyositis. The proven parameter in treatment of inflammatory muscle disease is improving strength and not the CK level.
Leg 3: Electromyography

Electromyography (EMG) is a proven method to examine the electrical properties of muscle at rest, in mild contraction and maximally contraction. EMG identifies instability of the muscle membranes at rest. In rare cases, EMG demonstrates marked reductions in potentials such as in periodic paralysis due to loss of the muscle action potential. Fibrillations represent spontaneous depolarization of a single muscle fiber. A fibrillation is an initially positive, 3-5 ms (millisecond) duration, triphasic wave 50-250 uV (microvolt) amplitude. Fibrillations localize the lesion only to the lower motor neuron pathway. Fibrillations appear in motor neuron disease, radiculopathy, plexopathy, axonopathy, neuromuscular junction disorders, and certain myopathies. Positive sharp waves are diphasic, have a sharply descending positive initial component and a negative component slowly rising back to an isoelectric (zero) line. Their duration may be up to 10 ms and amplitude to 500 uV. Positive sharp waves have the same etiology as fibrillations.


Fasciculations are either initially positive triphasic or polyphasic discharges, greater than 6 ms duration, and from 50-5000 uV amplitude. Fasciculations are the electric discharges from groups of muscle fibers. Fasciculations associate with motor neuron disease, radiculopathy and axonal degeneration type of neuropathy. Many EMGers teach that fasciculations move the EMG needle. 


Complex repetitive discharges (CRD) represent small groups of muscle fibers cyclically and rhythmically depolarizing. CRD occur in motor neuron disease, radiculopathy, long-standing axonopathy, and myopathy. EMG is subject to sampling errors because the ratio of muscle cross-section to that of the needle electrode is on the order of 1: 5,000 times. 


Myopathic processes produce short duration, small amplitude motor unit potentials during partial activation of muscles. Short duration polyphasic potentials and reduced amplitude on maximum recruitment further characterize a myopathic process. Short duration, simple potentials occur with muscle atrophy. Portions of "electrically dead" muscle adjacent to active tissue generate smaller amplitude than normal potentials. "Live" sarcoplasm adjacent to electrically “dead” areas generates polyphasic discharges due to the multi-directional vectors of electrical discharges from these partially damaged muscle fibers. Commonly myopathy has been associated with an EMG showing low amplitude, short duration potentials as ("myopathic").  Yet long duration, large amplitude polyphasic potentials sometimes appear in patients with inclusion body myopathy. 


Neuropathic processes result in longer durations, larger amplitudes than normal, but fewer number than normal triphasic or polyphasic motor unit potentials during recruitment. These polyphasic potentials arise from denervation followed by re-innervation by axonal sprouting at the axon’s terminal portion. Sprouting axons from viable motor neurons re-innervate muscle that became denervated upon death of their original innervating motor neurons. The surviving motor unit's territory enlarges and its motor unit potential becomes dispersed over time and space, creating longer than normal duration, multi-phasic potentials. Axonal motor neuropathy, motor neuron disease, radiculopathy, and plexopathy can cause denervation and reinnervation. 


Use Repetitive stimulation (Rep Stim) to distinguish myopathic weakness versus a disorder of the neuromuscular junction. Rep Stim reflects the functional integrity of the neuromuscular transmission. Rep stim is abnormal, when the area under the curve of 5th motor action potential when compared with first is reduced by at least 10-12%. Rep stim is abnormal in myasthenia gravis, Eaton-Lambert Syndrome, botulism, and after spider and tick bites. Rep stim may be abnormal in ALS and severe axonal neuropathy. Increased amplitude, following 20 Hz stimulation, implies a pre-synaptic abnormality of calcium release. This decrement with 2-5 times /s is associated with Eaton-Lambert syndrome (E-L). E-L is distinguished from myasthenia gravis where the amplitude of the evoked motor response may increase by at least 160% over the amplitude of a single evoked motor response when the neuromuscular junction is stimulated at 10-20 x /s. Repetitive stimulation at 20 Hz does not produce significant increase in botulism and myasthenia gravis.  

Leg 4: Muscle Biopsy

Diagnosis of muscle disease by biopsy is an immensely complex topic and cannot be discussed adequately in these few paragraphs. Diagnostic muscle biopsies must be free of artifacts, which confound diagnosis. The muscle must be removed without crushing and should be clamped without stretching to preserve the linear alignment of fibers.  The clamped tissue must be wrapped in saline moistened gauze and transported to a specialized laboratory where special stains for group typing by ATP-ase and succinic dehydrogenase, fat stains, hematoxylin and eosin stains, and dystrophin are regularly and skillfully performed on fresh tissue. Another sample of muscle tissue must be “snap” frozen immediately in liquid nitrogen for biochemical analysis. A third sample should be fixed in glutaraldehyde for electron microscopy (EM). EM provides the ability to look at mitochondrial, glycogen storage, vacuolar and fibrillar structures at high magnification.


Muscle biopsy in inclusion body myositis (IBM) must show rimmed vacuoles, hyaline eosinophil inclusions, beta-amyloid, infiltrates of T cells and macrophages for a positive diagnosis. Ubiquitin, amyloid precursor protein (APP), prion protein and tau protein are found in varying amounts inside the rimmed vacuoles. (Beyenburg, Zierz, Jerusalem, 1993) Most T cells in the exudate are CD8+ in IBM. APP is also found in brains of patients dying of Alzheimer's dementia, but recent studies show no connection of IBM with an increased susceptibility for Alzheimer's disease. CD8+ cells fill up vacuoles. Internuclear filaments are arranged in parallel. Damaged myoblasts release Interleukin 6 that is chemotactic. Perhaps these infiltrates are an epiphenomenon in IBM and not the cause. (Dalakas, 1991)  
Muscle biopsy in dermatomyositis (DM) shows muscle fiber necrosis, phagocytes, mononuclear infiltrates, increased central nuclei and perifascicular atrophy involving type I and type II muscles. Perifascicular atrophy is present in up to 75% of patients with DM. Capillaries are lost in the perifascicular area of the muscle. Regenerating fibers stain basophilic with hematoxylin due to increased synsthesis of messenger RNA and and augment ed ribosomal activity. These fiber often have clear cytoplasm with large nuclei that are located centrally. Infiltrates invade the perifascicular portion in dermatomyositis. Interstitial blood vessels show endothelial hyperplasia, thrombin emboli and capillary obliteration. Inflammatory cells are in the perimysium and often surround blood vessels.  Anti-Jo staining frequently occurs in muscles of patients with DM and interstitial lung disease. (Mastaglia, Garleep, Phillips, Zilko, 2003) Capillaries undergo necrosis of their endothelial walls, with the basal lamina breaking up or exuberantly reduplicating. Mitochondria are numerically decreased in areas of necrosis and increased in areas of regeneration. Skin lesions in dermatomyositis are thin, reddened due to increased dermal capillaries. The skin can be come ulcerated due to arteritis and phlebitis. CD4+ (T-helper) cells and macrophages fill the inflammatory exudate in DM. (Engel &, Arahata, 1984.)


In polymyositis (PM), the muscle biopsy reveals necrosis with eosinophilic staining of the fibers, loss of cross striations with the hematoxylin and eosin (H and E) stain. Regenerating muscle fibers stained by H and E are larger than normal  and basophilic staining muscle fibers often with central nuclei. There are increased T cells, especially CD8+ type and macrophages. The capillary density is normal in PM, but decreased in DM.  



Muscle biopsy in Mitochondrial Disease (MtD) may demonstrate ragged red fibers (RRF). Sub-sarcolemmal aggregates of red-staining globs with modified Gomori trichrome stain. RRFs occur with damage to mitochondrial genomes, large Mt-DNA deletions and duplications. RRF represent defects that alter intra-mitochondrial proteins. In KSS, RRF may stain poorly for cytochrome C oxidase. However, in the syndrome of sensorimotor neuropathy, ataxia, retinitis pigmentosa, NARP, there are no ragged red fibers. 

Treatment of Myopathy

Treatment must be tailored to the pathophysiological mechanism. In autoimmune disorders such as polymyositis, the immune response to an unknown stimulus must be suppressed. In mitochondrial myopathy, diminished substrates caused by absent enzymes can be replaced by pharmacological doses of these substances. Thus oxidative phosphorylation is "jump-started" by supplying the decreased substrate. For deficiencies of carnitine palmityl transferase, avoiding longer than 15-minute periods of strenuous exercise and increasing carbohydrate intake forestalls breakdown of previously stored fatty acids that will accumulate in the serum. CPT is necessary for transport fatty acids into mitochondria. Specific  treatments will be listed with the disease in subsequent paragraphs.

Clinical Diagnosis of Mitochondrial Disease (MtD)


Clinical diagnosis of mitochondrial disease (MtD) is based upon family history. Non-Mendelian transmission occurs from the ovum in which there are deletions or replications of mt-DNA. The mother of a proband can exhibit no symptoms. The effected mother usually passes defective MtD to all of her children, but the amount may vary in each child. But the sons cannot pass the defect to next generation because their sperm contain an infinitesimal amount of mt-DNA.  Each mitochondrion contains 2-10 copies of a double stranded circular genome of 16,569 nucleotides. (Vladutiu, 2002) The mt-DNA contains genes for13 structural proteins in mitochondrial complexes I, II, IV and V [7, 0, 1, 3 and 2-respectively]. (Johns & Fadic, 1998) The proteins in complex II are controlled entirely by nuclear-DNA. The transmission of genetic deletions can be autosomal recessive or dominant Mendelian due to the fact that up to 90% of the proteins in the mitochondria are encoded in nuclear DNA. (Vladutiu, 2002) 


Combinations of defects in different progeny suggest MtD: short stature, ptosis, ophthalmoplegia, sensorineural hearing loss, cardiomyopathy, conduction defects, convulsions, retinal pigment degeneration, diabetes mellitus, hypothyroidism and other endocrinopathies. The degree of involvement in an organ may change over time due to heteroplasmy. Heteroplasmy refers to varying loads of abnormal mitochondria in tissue of several organs. Deletions of mt-DNA sometimes cause mutant mitochondrial DNA to duplicate faster than normal (wild type) mitochondrial DNA. So the number of defective mitochondria may increase at the expense of normal mitochondria in post mitotic tissue such as muscles. As the number of abnormal mitochondria rises within a tissue, the more likely the effected organ will not function adequately. Tissues with high metabolic activity have a lower threshold for manifesting a disorder of energy production than less active tissue. Thus external eye and heart muscles become symptomatic earlier in life than less active leg muscle. The buildup of defective mitochondria eventually causes energy crises in the involved cells. The results are weakness, and under stress muscle necrosis.

Family history may suggest a non-Mendelian transmission from the asymptomatic mother for an inherited defect. The amount of defective mt-DNA may vary in each ovum, so some of the children will have more defective mt-DNA with greater stigmata than other siblings. Some patients with mitochondrial disorders may have inherited defects from disorders of nuclear DNA. Different burdens of defective mt-DNA in different organs determine the variations in clinical presentations given a similar deletion. Combinations of these characteristics that suggest a diagnosis of MtD: Short stature, ptosis, ophthalmoplegia, sensorineural hearing loss, cardiomyopathy, myocardial conduction defects, convulsions, migraine headaches, mental dullness, retinal pigment degeneration, endocrinopathies, strokes, lactic acidosis and neuropathy can be associated with MtD. (DiMauro, Moraes, 1993; Rose, 1998)


The mitochondria are the "energy bunnies" of the cell, generating ATP by combustion of glucose, amino acids from proteins and lipids to transfer high-energy phosphate to ADP to form ATP. Amino acids enter the mitochondria and are transformed ultimately into pyruvate by reductive deamination. Carbohydrates are broken down to pyruvate that enters the mitochondria. Pyruvic dehydrogenase (PDC) converts pyruvate to acetyl-CoA that enters the citric acid (Krebs) cycle. (Figure 2, Appendix). The citric acid cycle releases hydrogen ions (protons) to nicotinic-adenine (NAD) and to flavin adenine dinucleotide (FAD) to NADH and FADH2. Complexes II and I are linked by the electron carrier coenzyme, CoQ10.
 Complex III passes electrons from CoQ to cytochrome C. Complex IV is known also as Cytochrome c oxidase (COX). Complex IV contains Zn, Cu, Mg. ATP synthase generates ATP at Complex V from ADP.  Electrons leaving the inner mitochondrial membrane, pass to the outer membrane through a rotor in Complex V that transfers the phosphate to ADP to form ATP. Then ATP is released from the mitochondria to fuel activities of the cell. (Figures 3 and 4, Appendix) [Voett, Voett, Pratt, 1999]  


Mitochondria contain a double stranded circular molecule of DNA, with 16,569 nucleotides. (Rose, 1998) The mt-DNA genes control 22 transfer RNAs, 2 ribosomal RNAs. Mt-DNA genes regulate 13 polypeptides, all of which are involved with oxidative phosphorylation. (Rose, 1998) Mitochondrial complex I contains 7 subunits, Complex III 1 subunit, Complex IV 3 subunits, Complex V, 2 subunits, regulated by mt-DNA.. The mutation rate of the mt-DNA is at least 10 times more often than the nuclear genome, because mt-DNA lacks repair enzymes and protective histones. Moreover Mt- DNA is localized close to sites of free radical production generated by the electron transport chain. 
Specific Mitochondrial Syndromes

Mitochondrial myopathy, encephalopathy, lactic acidosis and stroke-like syndrome, MELAS, is due to at least two identified point deletions. The most common mutation is A3243G in the t-RNA leucine gene with adenine substituted for guanine. (Goto, Nonaka, Horai, 1990) A typical patient with MELAS has a normal early childhood, but then suffers recurrent stroke episodes, hemianopsia and cortical blindness in teenage. MELAS patients have episodic vomiting and sometimes seizures. An atypical MELAS syndrome was associated with deafness since age 20, acute cerebral stroke at 47, leukoencephalopathy and extensive based ganglia calcifications in the MRI. The defect was G to A transition at nucleotide 4322 in the t-RNA glutamine gene. (Bataillard, Chatzoglou, Rumbach, et al., 2001) Ragged red fibers appear in the light microscopy of muscle biopsy stained with modified Gomori trichrome stain. Their absence does not rule out a mitochondrial disorder. The children or young adults have fleeting strokes, seizures, short stature, small head circumferences, elevated protein in the cerebrospinal fluid (CSF), and lower than normal muscle succinic cytochrome C reductase (Pavlakis, Phillips, DiMauro, et al., 1984) The EMG may be normal, but often short duration and small amplitude polyphasic waves are detected. 


Kearns-Sayre syndrome, (KSS), is characterized by retinitis pigmentosa, cardiac arrhythmias and heart block, ophthalmoplegia, and ptosis. Other less frequent symptoms and signs include ataxia, incoordination, mental retardation, and shortened stature. Concomitant endocrinopathies, diabetes mellitus, hypothyroidism and hypothalamic hypogonadalism have been reported. One of the 3 first reportedl KSS patients died of heart block at age 16 because in 1958, heart pacers were not yet invented. (Kearns & Sayre, 1958) The most common defect is a 4.97 KB deletion in the mitochondrial DNA starting at position 8997. Most of the cases are sporadic, with deletion defect(s) from the ovum of the patient’s mother's mt-DNA. The ragged red fibers contain aggregates of mitochondria that usually have reduced levels of cytochrome c oxidase (COX). (Appendix, Figure 2)    


A peripheral neuropathy associated with mitochondrial myopathy and ragged-red fibers, NERF, was described in a heterogenous group of persons. The neuropathy was due to loss of larger diameter myelinated fibers, which resulted in slight nerve conduction slowing, but considerable loss of amplitude of sensory fibers. (Yiannikas, McLeod, Pollard, Baverstock, 1986) A syndrome of varying degrees of sensorimotor neuropathy, ataxia, retinitis pigmentosa, dementia, and proximal muscle weakness is known as NARP. A common point mutation in NARP affects ATP-ase 6 in complex V.   The mutation is guandine substituted for thymidine at 8993 [T->G]. (Holt, Harding, Petty, Hughes, 1990) 


Myoclonic epilepsy with ragged red fibers (MERRF) occurs in patients who may have  jerking seizures, ataxia and occasional lipomas that ring the skin around the neck like a collar. The syndrome is commonly caused by a point mutation, A8344G. Ragged red fibers, the RR, in MERRF, are present. (Hirano, DiMauro, 1996)  The EEG shows a diffusely slow background with bursts of spikes and waves.


Leber's Hereditary Optic Neuropathy (LHON) is a maternally inherited disorder causing loss of central vision and dyschromatopsia. The optic fields of patients with LHON show an enlarged cecocentral defect. They often manifest first night blindness before day light loss of vision. There are many pedigrees with other features: dystonia, myelopathy, ataxia and spasticity. Some of the common deletions are located at positions 2460, 11778, 14484, and 15257 in the mitochondrial DNA.



MNGIE is the abbreviation for a syndrome of myopathy, neuropathy, gastrointestinal disease with megacolon and encephalopathy. (Hirano, Silvestri, Brake, et al., 1994) It is usually inherited as a recessive disorder. MNGIE patients manifest external ophthalmoplegia, gastrointestinal dysmotility, peripheral neuropathy, cachexia and leukoencephalopathy. (Hirano, Marti, Casali, Tadesse, et al, 2006). These symptoms are caused by mutations in the ECGF 1 gene that encodes thymidine phosphorylase.  That enzymatic defect results in faulty synthesis of mitochondrial complexes and deletions of mitochondrial DNA.  An ever-increasing number of deletions, duplications, point mutations have been discovered that produce this mt-DNA related disease.  


Treatment of Mitochondrial Disease


Therapy must be individualized: look for and treat possible associated diabetes mellitus, hypoparathyroidism and hypothyroidism from the associated endocrinopathies. Symptomatic heart block in KSS is treated with a cardiac pacer. Dysphagia is improved with a mechanical soft diet and instructions from a speech pathologist with knowledge and interest in improving swallowing. Seizures can be treated with gabapentin, lamotrigine or levitiracetam. Divalproex has theoretical detrimental effects on carnitine transport and therefore should not be used in my opinion in patients with mt-DNA deletions. This author has treated a Kearns-Sayre syndrome patient with the common mt deletion with a batch of oral vitamins: 50 mg riboflavin, Vitamin C 250 units, and CoQ10 50 mg q 6 hr. (Fine, Vladutiu, Wong, Young, 2005) This regimen stabilized the progress of the myopathy in this man and reversed dysphagia. Other authors have used riboflavin and carnitine with improvement in a boy with complex I deficiency. (Bersen, Gabreels, Ruitenbeek, et al, 1991)


An exhaustive, well-illustrated and up to date review of mitochondrial disease appeared in Muscle and Nerve 2001, (Nardin and Johns, 2001). See the appendix of this chapter for a list of phenotype, mutations, gene, inheritance pattern adapted from Nardin and Johns.

Statin and Fibrin Associated Myopathy


Statin drugs provide superb therapeutic effects against the ravages of coronary artery, cerebrovascular disease and perhaps multiple sclerosis. (Amarenco , Bogousslavsky , Callahan III, et al., 2006; Patients receiving statin drugs in combination with antiplatelet therapy (APL) and ACE Inhibitors, had had lower NIH Stroke Scores than those taking APL only-p=.001. (Kumar, Savitz, Schlaug, Caplan, 2006)   Statin drugs elevate the HDL-cholesterol, which reverses deposition of cholesterol and transports it to the liver for excretion. (Ashen & Blumenthal, 2005)  Each increase of 1 mg of HDL /deciliter reduced risk from death from myocardial disease or infarction by 6% and reducing the expression of cellular adhesion molecules. (Ashen & Blumenthal, 2005)  Statins act as immunomodulators by decreasing gamma interferon, inhibit natural killer cell activity, and reduce stimulation induced nitric oxide synthase and metalloproteinase 9 activity. All these factors are up regulated in exacerbations of multiple sclerosis. Simvastatin can reduce the activity of interferon gamma and interleukins 12. (Neuhaus, Strasser-Fuchs, Fazekas, et al., 2002)



Unfortunately statin drugs have serious side effects for approximately .5% patients. The etiologies for patients with adverse reactions to statins may have concurrent metabolic,  mitochondrial or structural myopathies. Statins work to reduce cholesterol by reducing the production of mevalonate, the building block for synthesis of cholesterol. 3-Hydroxy-3-methylglutaryl-CoA reductase converts 2 molecules of acetoacetyl CoA into mevalonate. [See appendix] The statins block this key reaction. Mevalonate is used to build isoprenoids that form lipophilic structures that anchor the enzyme CoQ in the inner matrix of the mitochondria. (Baker, 2005) Disruption of the mitochondria electron transport chain ultimately blocks the formation of ATP from ADP and P at complex V. Cellular energy diminishes formation of the actin-myosin complexes with actin sliding over myosin to produce muscle contractions.  Relaxation of the actin-myosin complex depends on ATP formation also.   The ultimate result of reduced ATP production results in not enough ATP to pump calcium back into the sarcoplasmic reticulum. The accumulated calcium triggers apoptosis and ultimate necrosis of muscle. Statin drugs impair the formation of farnesyl and geranylgeranylproteins that are necessary for the maintenance of membrane integrity, microfilament and microtubules. (Baker, 2005)  Perhaps reduced production or repair of the sarcoplasmic membrane could cause the contracting sarcomeres to leak CPK or to break down under mechanical stress. Statins also interrupt the formation of selenoproteins that maintain nuclear control of protein synthesis. Statins interfere with the addition of farnesyl to nuclear lamin A. Lamin A/C anchors emerin to the nuclear envelope. The lamins A and C link to desmin that binds to the membrane protein alpha dystrobrevin. Loss of these structural links could provide another mechanism for destruction of muscle exposed to statin. (Baker, 2005)  

Statins produce severe rhabdomyolysis in 3.4-6.5 individuals/100,000 person years. The case fatality was 10% of patients with documented rhabdomyolysis. (Law & Rudnicka, 2006)  Incidence of rhabdomyolysis was increased 10X when statins are combined with gemfibrozil vs. statins alone.  Lovastatin, atorvastatin and simvastatin are metabolized by cytochrome 450 CYP 3 A4 oxidation. These drugs had an incidence of rhabdomyolysis frequency of 4.2/100,00 person years. (Law and Rudnicka, 2006) For patients taking fluvastatin or pravastatin the incidence of rhabdomyolysis is only 1 in 100,000. (Law and Rudnicka, 2006) When erythromycin and other macrolides, and the ACE inhibitors nifedipine and felodipine compete with statin drugs, lovastatin, atorvastatin and simvastatin for metabolism by CYP 450 3A3, the serum level of statins rises. Quinidine, lidocaine and midazolam administered with these statins produce elevations of the serum levels of these statins. (Baker &Tarnopolsky, 2001)  Protease inhibitors, used for the treatment of HIV, indinavir, nelfinavir, and saquinavir are inhibitors of CYP450 3A4. (Igel, Sudhop, vonBergman, 2001)

Sometimes patients with underlying structural muscle disease are erroneously started on statin drugs without preliminary testing for myopathy. The author and colleagues recently diagnosed a 28 year-old man with no prior symptoms who became weak and remains unable to work as a stocking clerk at a chocolate factory. He had been after being dosed for 4 months with 80 mg simvastatin despite complaints of muscle aches. One year after treatment was stopped, his CPK remains increased to 2 X upper limit of normal. He cannot rise from a chair without using his hands. His biopsy showed hyaline body inclusions that stained positive for slow and fast myosin. The mitochondria showed distortion and disturbance of folding in the inner matrix. His Co-enzyme Q10 level, 6 months after stopping simvastatin, was decreased to 49% of the lower limit of normal. (Fine, Heffner, Vladutiu, Supala, Young-McLain, 2006)

There are no evidence based “guide-lines” for reducing the effects of statin drugs at the time that this chapter was revised. However before starting statins in a patient with elevated LDL over 125 or cholesterol above 200 mg/dl without stroke or myocardial infarction, know the diet habits of the recipient. If the diet is flagrant, encourage modification to a lower fat  and calorie intake. Exercising will reduce the extra calories that become stored as fat in arterial vessel plaques. .If diet therapy fails to lower LDL cholesterol and/or cholesterol, consider statin therapy. Ask the patient if there was a history of muscle cramping with vigorous exercise for 15 minutes or 30 minutes or after fasting for 8 or more hours to screen for McArdle’s disease or carnitine palmityl-transferase II deficiency. Enquire if the patient was the slowest in running races as a child or had cramps when walking distances far less than their peers. These questions may detect mild forms of congenital myopathy in addition to checking for the previously mentioned. Diseases. Examine the patient for weakness by having them arise from a low chair without using his or her hands or dipping the trunk forward. Ask about passing tea colored urine following strenuous exercise. After starting the statins at the lowest dose, make certain the patient understands that at the onset of muscle aches, weakness and/or passing  tea colored urine  he or she must stop the statin and go to the Emergency Room or office for a CK and myoglobin check. The patient should report any additional drug he or she receives to check against the list of combinations of stains with other drugs that raise the serum levels of the statins through interaction with the cytochrome P450 microsomes. 


In the future genetic testing may be used to predict patients who will have adverse reactions to fibrates or statins. Patients with rs363657 single nucleotide polymorphism with SCL
O1B1 on chromosome 12 have increased sensitivity to statin therapy. This gene controls the synthesis of OATP1B1, a carrier for statin drugs into the liver where statins are metabolized.. Reduced activity of this carrier results in higher than expected serum levels of statins and hence more muscle or hepatic toxicity (Search Group, 2008).
Congenital Myopathies

Congenital myopathies (CM) are disorders of the contractile structure or nuclear placement that can be seen with light or electron microscopy. These diseases are usually manifested at birth by weakness in a newborn child that is ungraciously described as a floppy infant. A floppy infant exhibits poor muscular tone. When a normal infant is held in the palms of an examiner, the child reflexly straightens out the trunk and limbs. The floppy infant dangles the arms and legs and the trunk sags. Floppiness is not due exclusively to muscular weakness but may be due to poor cerebral cortical development. The child with CM usually has delayed ability to reach motor activity milestones such as walking at 12-14 months and running at 20 months.


The more commonly occurring CMs include myotubular myopathy (aka centronuclear myopathy), central core disease, nemaline myopathy (aka rod-body myopathy). (Spiro AJ, Shy GM, Gonatas NK. 1966; Sher JH, Rimalovski AB, Athanassiades TJ, Aronson SM, 1967) G. Milton Shy and colleagues (1963) described the clinical course of a 4-year-old girl, born floppy, who had muscle weakness more in her upper than her lower extremities. Subsarcolemmal rod like bodies appeared in the modified Gomori trichrome stain as a collection of red threads (Greek=nema) against the blue green color of the muscle fibrils.  Features associated with nemaline myopathy include kyphoscoliosis, pigeon chest (pectus carniatum) pes cavus, elongated face and high arched palate. (Engel, Wanko, Fenichel. 1964.) Nemaline rods are comprised of Z band material and are in continuity with the Z bands. The rods are comprised of alpha actinin and sometimes desmin. (Engel & Oberic, 1975; Ishibashi-Ueda, Imakita, Yutani, et al., 1990) CPK may be normal or elevated 2-3 times upper limit of normal. Genetic analysis confirms autosomal recessive, dominant, or a sporadic inheritance. (Wallgreen-Petterson, Laing, 1996) The candidate gene for the autosomal dominant, adult onset form is located on chromosome 1 at 1p13-q25 (Laing, Majda, Akkari, et.al, 1992). The autosomal recessive form appears due to a defect on the long arm of chromosome 2. (Wallgreen-Petterson, Avela, Marchand, 1995) Respiratory failure occurs in nemaline myopathy and nocturnal hypoxia must be monitored. C-PAPP and B-PAPP are used to support respirations in sleep. (Wallgreen-Petterson, Clarke, 1996) Rod-like bodies have been associated with HIV infection, but the morphology of these rods is not the same as in the non-HIV cases. (Dalakas, Pezeshpour, Flaherty, 1987)


Spiro, Shy and Gonatas first described Centronuclear myopathy (CNM) in 1966 from biopsies of a 12 year-old boy, with delayed motor milestones and inability  to run. These authors dubbed the changes as "myotubular" because of a similarity to the myotubules and central placed nuclei in fetal skeletal muscles. In 1967, Joanna Sher and colleagues described the same myopathy as "centronuclear" after reviewing the biopsies of two African-American adolescent girls. (Sher, Rimalovski, Athanassiades, Aronson, 1967) The first sister had delayed motor milestones, elongated face, facial muscle weakness, ptosis, and muscular atrophy. The second sister had no delayed milestones or facial weakness, but like her sister, had muscular atrophy. The biopsies of these sisters showed centrally placed nuclei in both type I and type II fibers. The sex-linked variety has early onset propensity for respiratory failure or even increased number of fetal miscarriages in males. Their faces were elongated, their mouths were tent -shaped, their palates were high-arched. As infants their suck and cry were weak. (Wallgren-Pettersson and Thomas, 1994)


Nemaline myopathy (NEMD) was described and named by the late G. Milton Shy in collaboration with William King Engel in 1963. (Shy, Engel, Somers, Wanko, 1963) The term nemaline is derived from the Greek word for thread, nema. Conen and colleagues described a patient with similar physical findings and light and electron microscopy findings under the name of myogranular myopathy. (Conen, Murphy, Donohue, 1963) The disease has several degrees of severity from neonatal which is frequently fatal to the adult onset that causes only mild muscular weakness. There are autosomal recessive and rare autosomal dominant forms of NEMD. (Liang, Wilton, et al., 1995)  Most persons with nemaline myopathy present at birth with floppiness, muscle weakness, and impaired sucking reflexes and swallowing. The face is elongated, the mouth is tent-shaped and the palate is high arched. Children and adults with NEMD have small tongues and weak facial muscles. Persons with NEMD waddle and have a hyperlordotic stance. NEMD patients are at risk for sudden respiratory failure. Cardiac muscle is usually not filled with nemaline bodies.


Electromyography usually shows increased numbers of short duration, low amplitude, polyphasic motor units and a full recruitment pattern. (Dietzen, D'auria, Fesenmeier, Oh, 1993) The muscle biopsy showed small round, mostly type 1 fibers. The rods are seen only after staining with Gomori trichrome stain clustering under the sarcolemma. The rods contain alpha actinin surrounded by desmin and are in continuity with the Z band (Jockusch, Veldman, Griffiths, 1980).


Management of NEMD is to prevent the consequences of pulmonary insufficiency with CPAP and BIPAP at night.  Scoliosis can also impair respirations.


 Central core disease (CCD) was described first by Shy and Magee in 1956. Persons with CCD are born with hypotonia and have delayed motor milestones with poor development of leg muscles. These patients have pes cavus, or pes planus, shortening of Achilles tendons, excessive lumbar lordosis, and kyphoscoliosis and mild myopathy. (Akiyama and Noraka, 1996) Up to 28% of CCD patients have malignant hyperthermia. (Wedel 1992)


EMG demonstrates normal insertional activity, small amplitude motor potentials with early recruitment. (Mzorek, Strugalska, Fidzianska, 1970) Another author found longer duration and larger than normal motor units. (Isaacs, Heffron, 1975)


The inheritance is autosomal dominant. The genetic linkage is to locus 19q13 that codes for the skeletal muscle ryanodine receptor. (Greenberg, 1997) 


The cores are centrally placed cores of disorganized myofibrils with absent mitochondria and no glycogen and decreased staining for phosphorylase. Cores contain densely packed and disorganized myofibrils. (Fidzianska, Niebroj-Dobosz et al., 1984) Mitochondria are absent from the cores, but are increased around the cores. (MacLennan and Phillips, 1995; Fidzianska, Niebroj-Dobosz, et al., 1984) The Z lines are thickened and wavy. T tubules and sarcoplasmic reticulum are distorted. Desmin is absent from cores and in excess around the cores in the muscle biopsies of some patients, or excessive in cores of others (De Bleecker, Ertl, Engel, 1996).


Multicore myopathy (MCM) is less common than the above other CM. MCM was first described by Andrew G. Engel and collaborators in 1971. (Engel, Gomez, Groover, 1971) the neonatal period is essentially normal; however the child with MCM usually has a slender body, high-arched palate, scoliosis and rarely ptosis. (Engel, Gousuallymez, Groover, 1971; Heffner, Cohen, Duffner, Daiger, 1976)  


The CK levels are normal usually. Light microscopy of muscle biopsy shows multiple cores of myofibrils devoid of oxidative activity. Electron microscopy demonstrates that the multicores are composed of streaming Z disc material and disrupted myofibrils. The multicores are smaller in diameter than central cores and do not extend the entire length of a muscle sarcomere. Type 1 and Type 2 fibers  may contain multicores, but the predominance of the multicores are in type 1 fibers. Mitochondria are absent from the multicore areas. (Engel, Gomez, Groover, 1971)


Treatment of MCM is by non-specific therapy. The attendant scoliosis may need spine surgery. Since malignant hyperthermia is related to core disease, MCM should avoid certain types of inhalation anesthesia to prevent the syndrome of malignant hyperthermia. Respiratory assistance in the form of nocturnal CPAP may reduce the work of breathing for these patients.




Glycogen Storage Diseases

These diseases will be discussed in greater extent and detail in a separate chapter. However glycogen storage disease (GSD) Type II or acid maltase deficiency disease can serve as a bridge from the above diseases in this chapter because there are distinct physical features in the infantile form that allow for rapid diagnosis by neurological and physical examination.. Acid maltase deficiency also known as Pompe’s Disease is an autosomal recessive disorder caused by the lack of or deficiency of the lyosomal enzyme that breaks down glycogen at the alpha 1,4 and 1,6 links.  Infants that lack this enzyme entirely have large thick tongues, repeated episodes of hypoglycemia, ever worsening cardiomyopathy, muscular weakness and mental retardation. (Nascimbeni, Fanin, Tasca, Angelini, 2008) Adults rarely have cardiomyopathy and retain some acid maltase activity. Their disease is often limited to exercise intolerance and proximal muscle weakness. (Nascimbeni, Fanin, Tasca, Angelini, 2008; Engel & Hirschhorn, 1994).  They have progressive proximal muscular weakness. The gene that encodes for acid maltase is located on gene 17 at the q21-23 site. There are up to 200 known mutations associated with this disease. However up to 70% of Caucasian adults with acid maltase deficiency have the -32-13 T->G mutation. Because abnormal quantities of stored glycogen accumulate in vacuoles, the diagnosis can be made by the vacuoles staining positive with the periodic Schiff (PAS) dye staining the vacuoles a deep magenta color. Enzyme replacement is now available to treat infants with this formerly fatal disease.     
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Appendix:  Illustrations and Table I for Myopathy 
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Figure 1: From Nardin R, Johns DR, 2001. Mitochondrial dysfunction and neuromuscular disease. Muscle and Nerve 24:170-191. 
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Table I: Adapted from Nardin R, Johns DR, 2001. Mitochondrial dysfunction and neuromuscular disease.  Muscle and Nerve 24:170-191.


[image: image6.emf]Statins Effect Multiple Sites in Muscle

Statins Effect Multiple Sites in Muscle


From Baker SK. 2005. Molecular clues into the pathogenesis of statin-mediated muscle toxicity. Muscle and Nerve 31:572-580



