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NOTHING TO DISCLOSE 
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MITOCHONDRIAL DISORDERS 

 

 
3 

 
 
 

4 

 
 
 
 
 
 
 
 
 
 
 

Mitochondrial disorders in neurology are either underdiagnosed 
 

“what is this bizarre syndrome?” 

or overdiagnosed 

“this syndrome is so bizarre that it must be mitochondrial” 
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The same genetic defect may result in different phenotypes 

in different individuals or families (intra-and inter- familiar 

clinical heterogeneity) and, vice versa, homogeneous 

phenotypes may be expression of different mutations. 

 

Some nosological well defined syndromes are often 

associated with specific mutations. 

However, in most cases, phenotypes are heterogeneous and 

polymorphous, and may range from pure myopathy to 

multisystemic disorders, making it difficult to establish a 

precise genotype/phenotype correlation 
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There's the scarlet thread of mitochondria 

running through the colourless skein of life, and 

our duty is to unravel it, and isolate it, and 

expose every inch of it 

A Study in Scarlet, 1887 
Arthur Conan Doyle 

inch of it 

There's the scarlet thread of murder running 

through the colourless skein of life, and our duty 

is to unravel it, and isolate it, and expose every 

 

 
7 

 
 
 

8 

Challenging to treat 

Challenging to diagnose 

• 

Change over time 

100s of different nDNA-related diseases 

Even in individuals with the same mutation, there are 

different symptoms 

• 

• 

In fact… 

100s of different mtDNA-related diseases • 

• 

• 
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Diagnosis: assessing involvement 
 

• Brain MRI (also spectroscopy) 

• EEG 

• Sleep Study 

• Echocardiogram 

• EKG 

• Abdominal Ultrasound 

• Swallow Evaluation 

• Nutrition Assessment 

• Developmental Assessment 

• Vision Test 

• Ophthalmologic Examination+OCT 

• Hearing Test 

10 

• Labs: 

– Liver Function Tests 

– Fasting Serum Glucose 

– Ammonia 

– Amino Acids 

– Lactic Acid 

– Free/Total Carnitine 

– Urine organic aciduria 

– Biomarkers 

 

Diagnostic approach 
 

The diagnostic process is no different from that employed for other diseases 

and includes patient and family history, physical and neurologic examination, 

routine and special laboratory tests, exercise physiology, muscle biopsy for 

morphology and biochemistry, and molecular genetic screening 

 
 
 

You see Watson, but you do not observe 
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Maternal vs Mendelian inheritance 

 
Maternal inheritance of a clinical disorder is indicative of a mtDNA- 

related disease; 

however, very low levels of heteroplasmy may not cause a full 

phenotype, possibly causing only mild or subclinical signs. 

 

Family history 

 
A family history must be taken meticulously, with special attention to minimal and 

apparently unspecific signs in the maternal lineage, including short stature, 

diabetes, migraine, hearing loss, exercise intolerance and psychiatric disorders 

  
 

 
The little things are infinitely the most important 
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AS A GENERAL ROLE, mtDNA SINGLE DELETION IS ALWAYS SPORADIC! 

 

 
The little things are infinitely the 
most important 
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Maternal vs Mendelian 
inheritance 

Mendelian inheritance is also very common in mitochondrial diseases because of the 

multiple nuclear genes causing disease. Parental consanguinity suggests autosomal 

recessive inheritance. Incomplete penetrance, and absence of genotype-phenotype 

correlation, including those within the same family, is common. 



29/06/2019 

9 

 

 

mutation or other nuclear genes. 

Onset and progression 

Age at onset is not a red flag of mitochondriopathy. 

• Onset varies widely in mtDNA and nuclear DNA-related diseases, even within members of the 

same family. 

• Specific mitochondrial syndromes have onset in infancy or early childhood and may follow 

several months of normal development (i.e. mitochondrial depletion or Leigh syndromes). 

• Vice versa, very late onset is frequent in disorders of intergenomic communications caused by POLG 
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Onset and progression 

Age at onset is not a red flag of mitochondriopathy. 

• Onset varies widely in mtDNA and nuclear DNA-related diseases, even within 

members of the same family. 

• Specific mitochondrial syndromes have onset in infancy or early childhood and 

may follow several months of normal development (i.e. mitochondrial depletion or Leigh 

syndromes, revised in Ardissone et al, 2014). 

• Vice versa, very late onset is frequent in disorders of intergenomic communications caused 
by 

POLG mutation or other nuclear genes. 
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Clinical symptoms and signs 
 
 

 

 As a general hint, the apparently unrelated involvement of two or more tissues should 
suggest the possibility of mitochondrial disease, including the cases where the family 

history is unremarkable 
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Onset and progression 

Age at onset is not a red flag of mitochondriopathy. 

• Onset varies widely in mtDNA and nuclear DNA-related diseases, even within 

members of the same family. 

• Specific mitochondrial syndromes have onset in infancy or early childhood and 

may follow several months of normal development (i.e. mitochondrial depletion or Leigh 

syndromes). 

• Vice versa, very late onset is frequent in disorders of intergenomic communications caused 
by 

POLG mutation or other nuclear genes. 
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Symptom Review: brain 
• Seizures 

• Myoclonus 

• Ataxia 

• Hypotonia 

• Spasticity 

• Dystonia 

• Tremor 

• Parkinsonism 

• Other movement disorder 

• "stroke-like" episodes 

• Migraine 
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• Central Apnea 

• Developmental Delays 

• Developmental Regression 

• Dementia 

• Learning Disabilities 

• Autism or autistic-like 
features 

• Behavioral Concerns 

• Psychiatric Conditions 

• Coma 

Central Nervous System: 
 
 
 
 
 
 
 
 
 
 
 

…but also myoclonus, psychomotor retardation or regression, migraine, tremor and 
parkinsonism. 
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CHALLENGES OF MODERN 
MITOCHONDRIAL MEDICINE 

- INTERNATIONAL COLLABORATIONS 

- STAKEHOLDERS SHARING KNOWLEDGE 

- PATIENTS REGISTRIES 

- HPO LANGUAGE 

- THE GLOBAL REGISTRY CHALLENGE 
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“Construction of a database for a 
nation-wide Italian collaborative 

network of mitochondrial diseases” 
The Italian Network of Mitochondrial Diseases 
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1800 Patients 

Messina 

Cagliari 

Pisa 
Stella 
Maris Rome, Bambino 

GeRsùome, 
Cattolica 

Padua Bologna Genoa 

MilanBrescia Verona 
Turin 

Italian Network of Mitochondrial Diseases 

www.mitochondrialdisease.it 

http://www.mitochondrialdisease.it/
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RESULTS: Kearns-Sayre syndrome (KSS) 
 

Progressive external ophthalmoplegia plus: 

• pigmentary retinopathy 

• onset before age 20 

Plus at least one of: 

• cerebellar ataxia 

• cardiac conduction block 

• CSF protein > 0.1 g/L 

 With these criteria: 15 subjects with KSS (6.6%) 

M/F 0.88, age at onset 9.4 ± 4.8 years, 

last control 29.4 ± 18.0 years, died 2/15 (13.3%) 
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Three well-defined phenotypes 
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With the new clinical definition, we were able to classify almost all 

(97%) our single-deletion patients: 

 
• 62.7% PEO (141/22), vs 54.6 NMD 2012 

• 31.6% KSS (71/225), vs 6.6 NMD 2012 

• 2.7% Pearson (6/225), NMD 2.7 
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“New” KSS: multisystem involvement, more severe muscular 

impairment (weakness and wasting), MRI frequently abnormal 

(white matter, brainstem, basal nuclei), mean age at onset 21 

years, worst prognosis. 

 
“New” single-deletion PEO: prominent myopathic involvement, 

MRI frequently normal, mean age at onset 27 years, better 

prognosis. 
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Mitochondrial ataxias (15.9%) 

Data from the Italian network of MD 
 

POLG1 18.2% 

 
 
 
 

OPA1 4.5% 

Others 45.5% 

 
 
 
 

A8344G 18.2% 

 
 

 
A3243G 4.5% 

Single deletion 

9.1% 
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Mancuso et al, 2014 

Laboratory investigations 

ASSOCIATED CLINICAL SIGNS 

CA SUBACUTE\CHRONIC (not episodic) 
SPORADIC OR CONSANGUINITY 

MOLECULAR FINDINGS 

NCS-EMG: 
• Axonal sensorimotor 

neuropathy 

• Pure sensory neuropathy 
• No neuropathy 

Neuroimaging: 
• Cerebellar atrophy 
• Spinal cord atrophy 
• No atrophy 
• Leucodystrophy y\n 

Laboratory findings: 
• Vit. E 

• AFP 

• Abetalipoproteinemia 

• Lactate-CK 

• Coenzyme Q10 (F, M) 

• Oxysterols 

• Cholesterol  

• Cholestanol 
• Albumin  

• Albumin  
• AA organic acid 

• Natural history 

• Age at onset 
• Disease progression 

Autosomal recessive cerebellar ataxia 
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Neurological: 
• Movement disorders 
• Vertical ophthalmoparesis 
• Mental retardation 
• Cognitive decline 
• Oculomotor impairment 
• Piramidal signs 
• Myoclonus 

Organ involvement: 
• Caratact 
• Retinopathy 
• Deafness 
• Cardiomyopathy 
• Psichiatric disorders 
• GI dysmotility 
• Splenomegaly 
• Scoliosis 

General examination: 
• Lipomas 

• Ichtyosis 

• Xantomas 

• Teleangectasia 
• Angiocheratomas 
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Mancuso et al, 2014 

AD, autosomal dominant; AR, autosomal recessive; X, X-linked; mt, mitochondrial 

NCS-EMG, nerve conduction studies-electromyogram; MRI, magnetic resonance imaging 

SPORADIC AND 
ACQUIRED ATAXIAS 

> Neurological 
investigation 

> NCS-EMG 
> MRI 

> Biomarkers 
mt X AR AD 

YES NO YES 

Acute onset Family history 

Sporadic and acquired ataxias versus 

genetically confirmed 
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MITOCHONDRIAL ATAXIAS – SANDO 
 

 
Mancuso et al. 2004 

 

• Caused by mutations in mitochondrial POLG gene 

• POLG encodes the catalytic subunit of mitochondrial DNA polymerase 

• Adult-onset disease (typically between 16–40 years of age) 

• Typical clinical symptoms include: 

– Sensory ataxic neuropathy 

– Dysarthria 

– Chronic progressive external ophthalmoplegia 

MITOCHONDRIAL ATAXIAS – MIRAS 
 

• Caused by homozygous or compound heterozygous mutations in the POLG1 
gene 

• Cerebellar ataxia 

• Commonly associated with: 

– Mild cognitive impairment 

– Psychiatric abnormalities 

– Involuntary movements 

– Seizures 

– PNP 

• Patients may be prone to adverse reactions to valproate manifesting as acute 
liver failure 

MIRAS, mitochondrial recessive ataxia syndrome 
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Even though myoclonus is not a frequent sign of 

mitochondriopathy, in a myoclonic patient 

evidences of mitochondrial dysfunction must be 

searched, especially if myoclonus is associated with 

cerebellar ataxia (Mancuso et al, 2014). 
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In the last years, a special interest in the “mitochondrial movement disorders” has been 

developed 

Parkinsonism with or without 

muscular signs is a common 

manifestation of intergenomic 

communications, i.e. mutations 

in POLG or Twinkle, and OPA1 

Symptom Review: neuromuscular 
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Muscle and nerve 

exercise intolerance, weakness, dysphagia, respiratory failure, ptosis, 
ophtalmoparesis, cramps, muscle wasting and paresthesia 

 

PRIMARY MITOCHONDRIAL MYOPATHIES 

genetically defined disorders leading to defects of oxidative 
phosphorylation affecting predominantly, but not exclusively, 

skeletal muscle (see below for methodology). Secondary 
involvement of mitochondria, frequently observed in multiple 

neuromuscular diseases (i.e. inclusion body myositis, Duchenne 
muscular dystrophy, Kennedy disease) are not considered PMM 
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– Fatigue (defined as an overwhelming sense of tiredness, lack of 
energy and feeling of exhaustion) 

– Exercise Intolerance 

– Pain/Myalgia 

– Weakness 

– Wasting 

– Dysphagia 

– Spasms 

– Myoglobinuria, triggered by exercise (cyt b or CoQ10 deficiency) 

– Ptosis 

– ophtalmoparesis 
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PMM: clinical presentation 
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11.7% 
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Electromyography (EMG) may identify myopathic motor unit potentials and 

early recruitment, which are nonspecific signs of myopathy, 

whereas the electrodiagnostic detection of a subclinical peripheral 

neuropathy, when present, would provide a clue for a more systemic 

disease and might indirectly suggest a mitochondrial disease. 

However, EMG can also be normal in mitochondrial myopathy, especially 

when the myopathy is restricted to the extraocular muscles 
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NEUROPATHIES 
 
 
 
 
 
 
 
 
 
 
 

Mancuso et al 2016 

Mean age at onset 24.3 ± 20.1 years 

Age at last evaluation 39.8 ± 22.3 years 

Childhood onset [before age 16-yrs] 43.1% 

Females 52.7% 

 
 
 
 
 
 
 
 
 
 

 
“Construction of a database 

for a nation-wide Italian 
collaborative network of 
mitochondrial diseases” 
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Symptom Review: heart, lungs, kidneys, 
bladder, endocrine 

 

• Pulmonary: 
– Dyspnea 

– Obstructive Sleep Apnea 

• Heart: 
– Cardiomyopathy 

– Arrhythmia 

– Heart Block 

• Kidney: 
– Renal Tubular Acidosis 
– Renal Failure 

• Hearing loss 

• Bladder: 
– Urinary Retention 

– Incomplete Emptying 

• Endocrine: 
– Short Stature 

– Diabetes Mellitus (MIDD) 
– Hypothyroidism 

– Hypoparathyroidism 

– Adrenal Insufficiency 

 
MIDD+SNHL: m.3243 

 
 
 

51 
 
 
 

52 

Heart AND mt 
 

• Hypertrophic (HCM): 
– MELAS 

• Dilated (DCM): 
– Barth sy 
– MELAS 

• Arrhythmias and 
conduction defects: 
– KSS 
– PEO 
– MELAS 
– MERRF 

Cardiomyopathy, 
arhythmia, sudden 
death 

Heart 
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SIGNIFICANT CLINICAL IMPROVEMENT 
He was discharged one month after, and tracheostomy tube was removed few months later 

intravenous  IMMUNOGLOBULIN 

TREATMENT at standard dosage 

carnitine 

ventilator support 

Administration of 

Immediate intubation and artificial 

Muscle biopsy: ragged-red fibers associated to discrete 
inflammatory infiltrates and necrotizing features 
 

 

At age 57, he developed a 
SUDDEN RESPIRATORY 

FAILURE. 

ECG and echocardiogram: normal 

Electromyography: myopathic 
findings 
Visual evoked potentials: normal 
Pulmonary function: reduced MIP 
and MEP 

<170) 

Laboratory exams 
Hyperlactacidemia (65,9 mg/dl; 
normal <25,2); lactate increase 
after ischemic forearm exercise 
(124,9 mg/dl; normal <22.2); CK 
blood elevation (282 U/L; normal 

Family history of SUDDEN DEATH! 
Instrumental exams 

was 45 
59-year-old 

Sudden death: case report 
Present since he 

limbs muscle • Upper 
weakness 

• Hyperlordotic gait 

• Ophthalmoplegia 
• Ptosis 

 

 
FROM THE HEART……TO THE BRAIN 
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hearing loss 
burning dysesthesia 

diabetes 
diabetic nephropathy 

WPW 

angiokeratomas 
burning dysesthesia 

tinnitus 
Renal failure 

gastrointestinal disorders 

But also… 

Left ventricular hypertrophy 

47 years old Case 2: 57 years old Case 1: 

Case 1 
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Case 2 

Case 2: 

3243 A>G mt DNA mutation 

Case1: 

Fabry disease 

DNA analysis 

 
 
 

 
 
 
 
 

 
3243 A>G 
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Symptom Review: GI & Endocrine 
 

 

• GI: 
– Anorexia 

– Early Satiety 

– Failure to Thrive 

– Abdominal Pain 

– Gastroesophageal Reflux 

– Bloating 

– Abdominal Distention 

– Pseudo-Obstruction 

– Constipation 

– Cyclic Vomiting 

 

• Liver: 
– Hepatomegaly 

– Dysfunction 

– Fatty Liver 
– Cirrhosis 
– Coagulopathy 

• Pancreas: 
– Pancreatic dysfunction 

• Endocrine 
– Diabetes 

– Short stature 

– Dysthyroidism 

– Progressive reduction in BMI 

 
 
 
 

59 
 
 
 

60 
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Liver: 

Cronic: manifested by 

• Elevated aminotransferases 

• Hepatomegaly 

• Cholestasis 

• Cirrhosis 

• Steatosis 

These may be accompanied by other indicators of mitochondrial 

disease including hypoglycemia or lactic acidosis. 

Mitochondrial liver disease can present acutely in a child with no history of 
hepatic dysfunction, or with chronic liver and CNS disease. 

Liver disease accompanied by chronic neuromuscular disease or disease in 
other organ systems may be a sign of mitochondrial disease. 
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Acute: fulminant or acute liver failure is one important presentation of mitochondrial 

disease. Especially in a young child or in one with pre-existing or disproportionate central 

nervous system (CNS) involvement, mitochondrial disease is in the differential diagnosis of 

acute liver failure. 

In children with unknown status epilepticus treated with valproic acid and developing 
acute liver failure, Alpers syndrome (POLG) should be suspected 

AVOID VALPROIC ACID IN POLG 

Renal function: renal tubular insufficiency, Fanconi Syndrome, renal cysts 

low-molecular weight proteinuria, aminoaciduria, 
Fanconi Syndrome: glycosuria and phosphaturia with consequent 

rickets 
but no evidence of impaired glomerular filtration 

Genetic renal tubular 

diseases caused by 

failure of sodium 

reabsorption in 

individual nephron 

segments. 

Simplified schematic of renal 

proximal tubular cell with key 

transepithelial transport systems 
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50% of MDs patients 

 
 
 
 
 
 
 
 

 
Cataract 

Ptosis 

PEO 

Pigmentary retinopathy 

Optic nerve atrophy 

 
FUNDUS OCULI EXAMINATION: LHON 

 
- preceding or during the acute stage of vision loss, there 
can be characteristic findings, including optic disc 
hyperemia, peripapillary telangiectatic blood vessels, 
vascular tortuosity, and swelling of the retinal nerve fiber 
layer around the optic disc without corresponding leakage 
on fluorescein angiography ( “pseudoedema”). 

 
 

FO NORMAL AT THE ONSET UP TO 20% 
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peripapillary 

telangiectatic 

blood vessels, 

vascular 

tortuosity 

 
 

 
swelling of the retinal 

nerve fiber layer around the 

optic disc without 

corresponding leakage on 

fluorescein angiography ( 

“pseudoedema”) 
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Symptom Review: skin, blood 

• Skin: 
– Pallor, Blotchiness, Mottling 

without Provocation 

– Erythromyalgia 

– Easy Bruising 

– Multiple lipomatosis 

• Blood: 
– Anemia 

– Sideroblastic Anemia 

– Neutropenia 

– Thrombocytopenia 
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1,7% 

LABORATORY TESTS 

• Labs: 

– Liver Function Tests 

– CPK: normal or moderately elevated in patients with MDs. One notable 
exception is the myopathic form of the mtDNA depletion syndrome (TK2) 

– Urine Myoglobine: Some mito-patients (i.e. patients with cytochrome b 
mutations) may occasionally manifest with acute episodes of rhabdomyolysis 
with myoglobinuria 

– Fasting Serum Glucose 

– Ammonia 

– Amino Acids 

– Serum Thymidine: elevated in MNGIE (specific deficiency of thymidine 
phosphorylase) 

– Lactic Acid 

– UOA 
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Lactic acid 
Forearm ischemic test 

The key features of a mitochondrial 

myopathy are a low anaerobic 

threshold, indicating impaired oxygen 

utilization, and an increased 

respiratory exchange ratio because of 

an inefficient utilization of fatty acids 

as an energy source 

However, lactic acidosis should not be 
considered an absolute requisite for diagnosis; 

there are multiple mitochondrial diseases in 
which blood lactic acid is often normal or only 

mildly increased. 

 
Increased lactate may also be detected in the 

cerebrospinal fluid (CSF). 

73 
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Elevated lactate-to-pyruvate (L:P) ratio may indicate inherited disorders of the 
respiratory chain complex, tricarboxylic acid cycle disorders and pyruvate carboxylase 
deficiency. Respiratory chain defects usually result in L:P ratios >20. 

 

A low L:P ratio may indicate an inherited disorder of pyruvate metabolism. Defects of 
the pyruvate dehydrogenase complex result in L:P ratios <10 
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Oxigen extraction and VO2max is 

impaired in MDs 

 
Exercise induced change in venous 

oxygen saturation 



29/06/2019 

40 

 

 

CLINICAL PERIPHERAL BIOMARKERS IN MDs 

 

 
- FGF21circulating hormone-like cytokine 

regulation of lipid metabolism / starvation 

correlates with disease severity in a heterogeneous mitochondrial cohort 

(Suomalainenet al. Lancet Neurol2011) 

 
- GDF15 cytokine regulated by p53 and oxidative stress 
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VALUES IN PISA 
 

 
p <0,02 

 
 
 

p <0,01 
 
 
 
 

 
447,73 pg/mL 

 

385,78 pg/mL 
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Neuroradiological features 
 

To date, no pathognomonic correlation between 

specific genetic defect and neuroimaging findings 

have been described… 

 

 
…but… 

Age 19: 
Migraine, aphasia, 
hemianopia 

Tipical case MELAS: stroke-like episodes 
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Age 20: Migraine, cortical blindness and status epilepticus partial 
 
 
 
 
 
 
 
 
 
 

Spectroscopy: 

lactate peak in 

the lesion and 

in the CSF 

Brain MRI temporal lobes T2 
hyperintensity with diffusion 
restriction and contrast uptake and 
bilateral globus pallidus and caudate 
nucleus T1 hyperintensity. Proton 
spectroscopy showed a lactate peak 
with reduction of N-Acetyl- 
Aspartate. 

CSF presented increased proteins, glucose 
and lactate but not white cells. Increased 

lactate was also present in serum 

Atipical case 
ER: episodes of confusion 

45 years and headache in last 3 
weeks, two generalised 

seizures followed by coma 
(GCS 5). 

family history: negative for 
neuromuscular or 

neurodegenerative disorders 
Medical history: hearing loss 

MELAS: stroke-like episodes 
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LEV, carnitine and 600 mgs of 
coenzyme Q10 

 
 

A one-month later 
brain MRI showed 

regression of cerebral 
edema and marked 

 
 
 
 
 
 
 

 
Genetic testing showed the 

3243A> G mtDNA mutation in 
urine, compatible with MELAS 

syndrome 

Rapid clinical 
improvement (GCS 13) 
and regression of the 

lactic acidosis 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

KSS n = 43 (white), PEO n = 66 (red) % 
100 

RESULTS: mtDNA single deletion neuroradiological features 
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LBSL: 

Leukoencephalopathy 

with brainstem and 

spinal cord involvement 

and lactate elevation 

n = 77 

RESULTS: Neuroradiological features m.3243A>G 
 

% 
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AARS2 mutation: leukodystrophy 

 
AARS2 mitochondrial alanyltRNA 

synthetase 2 gene 

But not only… 
Pisa: woman 25 years-old 

AARS2 mutations recentrly 

described with infantile 

hypertrophic cardiomyopathy, 

lactic acidosis, and brain and 

skeletal muscle involvement, with 

early fatal outcome. 

c.340G>C exon 2 

Medical hystory: 

• left ventricle hypertrophy 

• thyreopathy 

Family history: cardiopathy, sudden 
death, ptosis 

- Bilateral ptosis 
- Ophtalmoparesis 
- Shoulders hypostenia 
- Mild cognitive impairment 

Woman 75 years-old 
ANT1 mutation 
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When hypothesize a mitochondrial disorder? 
 

 

 
but 

 
It is a mistake to confound strangeness with mystery. 
The most commonplace crime is often the 
most mysterious because it presents no new or special 
features from which deductions may be drawn. 
The strange details, far from making the case more difficult, 
have really had the effect of making it less so.” 

 
Mitochondrial disorders in neurology are either 
underdiagnosed : “what is this bizarre syndrome?”  
or overdiagnosed: “this syndrome is so bizarre that it 
must be mitochondrial” 

Lab tests (lactate,aa..) 
Radiology 

Details 
Mild signs-symptoms 
Multidisciplinary approach 
Observe (ie lipomas)! 
Associations (i.e.) 

-NSHL&DM 
-myoclonus&ataxia 
-PEO&Parkinsonism 
-liver f. &encephalopathy 

Deep inside 
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BEYOND NEUROLOGY 
-cardio(myo)pathy 
-liver imp. 
-diabetes 
-NSHL 
-lactic acidosis 

SNC 
-seizures & myoclonus 
-ataxia 
-cognitive imp. 
-stroke like episodes 
-movement disorders 
-optic atrophy 
-NSHL 
-psychomotor impairment\hallucinations 
NEUROMUSCULAR 
-PEO 
-Exercise intolerance 
-Weakness, fatigue, pain 
-wasting 
-dysphagia 
-numbness\paresthesia 
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THANKS! 


