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Mitochondrial diseases are a heterogeneous group of progres-
sive, genetically transmitted, multisystem disorders caused by
impaired mitochondrial function. The disease course for indi-
viduals with mitochondrial myopathies varies greatly from pa-
tient to patient because disease progression largely depends on
the type of disease and on the degree of involvement of various
organs which makes the prognosis unpredictable both within the
same family and among families with the same mutation. This
is particularly, but not exclusively, true for mitochondrial disor-
ders caused by mtDNA point mutations, which are maternally
inherited and subject to the randomness of the heteroplasmy. For
this reason, the prognosis cannot be given by single mitochon-
drial disease, but should be formulated by any single mitochon-
drial disease-related event or complication keeping in mind that
early recognition and treatment of symptoms are crucial for the
prognosis. The following approach can help prevent severe organ
dysfunctions or at least allow early diagnosis and treatment of
disease-related complications.

Key words: multisystem disorders, clinical heterogeneity, intrafa-
milial variability, dual genetic control

Introduction

Definition

Mitochondrial diseases are a heterogeneous group
of progressive multisystem disorders caused by impaired
mitochondrial function. Mitochondria are subcellular or-
ganelles endowed with their own DNA (mitochondrial
DNA or mtDNA) which is only maternally transmitted to
all progeny. The most important mitochondrial role is the
provision of energy in the form of adenosine triphosphate
(ATP), which occurs through different metabolic path-
ways. One of these pathways, known as respiratory chain,

depends on both nuclear DNA (nDNA) and mtDNA. This
dual genetic control and the fact that mitochondrial dis-
eases encompass defects in any of the multiple metabolic
pathways that are contained within the mitochondrion ac-
count for the great heterogeneity, complexity and severity
of clinical manifestations and disease classification.

Brief molecular classification
of mitochondrial disorders (1, 2)

1. Disorders due to mutations in mtDNA (maternally
inherited point mutations, sporadic large scale dele-
tions).

2. Disorders due to mutations in nDNA (Mendelian/au-
tosomal inheritance) that can affect five components
of mitochondrial biology:

a. genes encoding subunits of the respiratory chain;

b. genes encoding mitochondrial assembly proteins;

c. genes affecting mtDNA translation;

d. genes controlling the phospholipid composition
of the mitochondrial inner membrane (MIM);

e. genes involved in mitochondrial dynamics.

3. Defects of mtDNA maintenance (Mendelian inherit-
ance, but clinically similar to primary mtDNA defects).

Demographics

The prevalence of mitochondrial disorders in the gen-
eral population is not known also because of the clear-cut
separation into two main genetic groups: mtDNA point
mutations and mtDNA deletions.

The prevalence is estimated around 1 in 5000 in pa-
tients tested for deletions and for common mutations of
mtDNA which account for 5-40% of cases, depending on
the study (3, 4).
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In an investigation made in the North East of England
from 1990 to 2004 to define the prevalence of mtDNA
disease in adults with suspected mitochondrial diseases,
9.2 in 100,000 people were found to have clinically mani-
fest mtDNA disease, making this one of the common-
est inherited neuromuscular disorders. The m.3243A_G
mutation was the most common pathogenic mtDNA
mutation (40%), associated with extreme phenotypic
variation. A further 34% of adults were affected with
Leber’s hereditary optic neuropathy [LHON]) caused by
the m.11778G_A or m.3460G_A point mutations Single
large-scale deletions of mtDNA represented 13%, and the
m.8344A_G mutation a further 4%, of disease cases. The
remaining 9% of affected adults harbored other mtDNA
point mutations (5).

Mitochondrial disease heterogeneity: a prognostic challenge

Clinical features

It would be excessively reductive to confine the de-
scription of mitochondrial disorders to just one or two
mitochondrial diseases because there is a quite consistent
number of typical, genetically different, mitochondrial
syndromes each of them characterized by a peculiar set
of clinical signs and symptoms.

The following tables, courtesy of Prof. Di Mau-
ro (1, 2) aim at providing a schematic and at the same
time exhaustive description of the main clinical features
of key mitochondrial disorders in compliance with their
molecular and functional classification.

When speaking about mtDNA-related mitochondrial
disorders it is worth reminding that there are thousands of
copies of mtDNA instead of the two alleles of each nu-

Table 1. Signs and symptoms of six key mitochondrial diseases due to mtDNA mutations.

Tissue or Sign or symptom A-mtDNA- tRNA-associated | ATPase 6-associated
factor associated disease disease disease
KSS Pearson | MERRF | MELAS| NARP MILS
CNS Seizures - - + + - +
Ataxia + - + + + /-
Myoclonus - - + +/— _ _
Psychomotor retardation - - - - +
Psychomotor regression + - +/- + - +
Hemiparesis/hemianopia - - - + _ _
Cortical blindness - — + _ _
Migraine-like headaches - - - + - -
Dystonia - - - + — +
PNS Peripheral neuropathy +/- - +/- +/- + -
Muscle Weakness + - + + + +
Ophthalmoplegia + +/- - /- - _
Ptosis + - - +/- - -
Eye Pigmentary retinopathy + - - - + /-
Optic atrophy - - - - /- /-
Cataracts - - - - _ _
Blood Sideroblastic anaemia +/- + - - - -
Endocrine Diabetes mellitus +- - - +/- - -
Short stature + - + + _ _
Hypoparathyroidism +/- - - - - -
Heart Conduction block + - - +/- - -
Cardiomyopathy +/- - - /- - +/-
Gastrointestinal | Exocrine pancreatic dysfunction +/- + - - - -
Intestinal pseudo-obstruction
ENT Sensorineural hearing loss - - + + +/— _
Kidney Fanconi syndrome +/- +/- - +/- - -
Laboratory Lactic acidosis + + + + - +/-
testing Muscle biopsy (Ragged-Red Fibers) + +/— + + - -
Inheritance Maternal - +/- + +/— + +
Sporadic + - — - _ _
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clear autosome. For this reason, in most mtDNA-related
diseases, mutated and wild-type mitochondrial genomes
coexist, a situation known as heteroplasmy. The degree of
heteroplasmy determines both the manifestation and the
severity of the disease because a critical number of mu-
tated mtDNAs is needed for clinical symptoms to mani-
fest (threshold effect). This pathogenic threshold varies
in different tissues according to their dependence on
oxidative metabolism, explaining why brain and skeletal
muscle are so often affected (“mitochondrial encephalo-
myopathies”) even if every organ and tissue can virtually
be affected (multisystem disorders). Also, because the
number of mutated mtDNAs can distribute in different
proportions in different tissues and organs as well as in
the same tissues from one generation of cell to the next
(mitotic segregation), both genotype and clinical pheno-
type of mtDNA-related disorders may vary in different
individuals of the same generation and, in some tissues,
in the same individual with time (1, 6, 7).

Diagnosis

Mitochondrial disorders should be suspected anytime
an individual presents clinical involvement of more than
one tissue and/or organ (multisystemic nature of these
diseases) especially when both central and peripheral
nervous system are affected (“mitochondrial encephalo-
myopathies”). Serum lactate increase helps reinforce the
diagnosis and prompts further diagnostic procedures.

Blood: Serum creatine kinase levels are mildly el-
evated in most mitochondrial disorders. Increased serum
lactate and consequent lactic acidosis is a hallmark of mi-
tochondrial disorders, especially in pediatric cases, but it
is not invariably present and, also, not necessarily severe.

CSF: Increased CSF lactate is a pathognomonic
marker in mitochondrial encephalopathies.

Neurophysiology: Myopathic and/or mainly axonal
polyneuropathic patterns can be evidenced. Degree of
severity is quite variable, depending on the underlying
disease.

Skeletal muscle biopsy: This diagnostic procedure
represents the gold standard for the diagnosis of mito-
chondrial disorders. Apart from the histological reac-
tion for Gomori Trichrome, which shows proliferation
of (pathologic) mitochondria in affected fibers (Ragged
Red Fibers), valuable diagnostic clues are given by the
histochemical reactions for COX (cytochrome c oxidase,
complex IV of respiratory chain) and SDH (succinate de-
hydrogenase, complex II of the respiratory chain) used
alone or in combination. COX is frequently lacking or
reduced in skeletal muscle fibers from patients with both
mtDNA-related and nDNA-dependent mitochondrial
disorders whereas SDH, which is entirely encoded by
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nDNA, is unaffected by deleterious mutations affecting
mtDNA and therefore stands as an excellent marker of
mitochondrial proliferation (“ragged blue” fibers). Also,
ultrastructural studies may show evidence of mitochon-
dria proliferation and alterations (enlarged mitochondria
with abnormal cristae and paracrystalline inclusions).

Biochemistry: Measurement of the activities of res-
piratory chain complexes can provide important diagnostic
clues depending on whether respiratory chain deficiency is
confined to one, two or all complexes. Studies can be per-
formed on both frozen muscle tissue or fibroblast cultures.

Genetics: Maternal inheritance or sporadic (mtDNA
defects), autosomal dominant or recessive (nDNA de-
fects). Defects are detected by PCR, Southern Blot, se-
quence analysis of mtDNA or candidate nuclear genes,
whole-exome or mito-exome sequencing.

Imaging: Increased lactate detectable by brain 1H-
MRS; strokes that do not conform to the distribution of
major brain vessels and commonly affect the occipital or
parietal lobe in MELAS (TC and MR).

Prognosis

Although once considered rare, accumulating evi-
dence suggests that mitochondrial disorders are relatively
common, primary disorders of the respiratory chain af-
fecting up to 1 in 5000 people (3, 4).

The prognosis for patients with mitochondrial myo-
pathies varies greatly from patient to patient because dis-
ease progression largely depends on the type of disease
and the degree of involvement of various organs. Indeed,
the prognosis of mitochondrial diseases relies on disease
type, degree of heteroplasmy (mtDNA point mutations),
duration, possible complications, consequent outcomes,
and prospects for recovery. These variables affect both
quality of life and survival rate and are by their nature
unpredictable.

Also, a distinction is due between pediatric and adult
cases, the former being usually more dramatically affect-
ed and severe. In the last years many efforts have been
done to find more effective treatments if not a real cure
to improve both quality of life and survival rate in affect-
ed children, the purpose being to try to guarantee fairly
normal lives at least in selected cases. Many children,
however, still have to face major disabilities and a poor
prognosis, survival rate ranging between few months and
teenage years.

Adult onset disorders are less aggressive, but can re-
sult in drastic changes from an active lifestyle to a debili-
tating illness in a short amount of time.

Genetic counseling for families with ascertained
mitochondrial diseases is another important part of the
prognostic puzzle and faces the same uncertainties and



dilemmas. Also, in the case of mutations in mitochondrial
DNA, the degree of heteroplasmy will influence the clini-
cal presentation of the disease and its unpredictability is
a major drawback in family preconception counseling.
When the mutation causing the mitochondrial disease is
not yet identified, counseling about recurrence risks in fu-
ture pregnancies is even more difficult (8).

Given the progressive, often multisystem, nature of
mitochondrial disease, patients’ needs should be assessed
in detail at the time of diagnosis and monitored at regu-
lar intervals thereafter to guarantee the best prognostic
outcome (9). It is important to underline that any acute
or chronic symptoms or complications consequent to
mitochondrial disorders should be approached and treat-
ed in the same way they would be treated when due to
non-mitochondrial causes (i.e. insulin for diabetes) and
that the same principle is true for the prognosis. In other
words, the prognosis cannot be given by single mitochon-
drial disease, but should be formulated by any single mi-
tochondrial disease-related event or complication. It is
true, of course, that a patient with mtDNA macrodeletion
and isolated CPEO has a much better prognosis than one
with a fully expressed MELAS or MERFF syndrome, but
this does not affect the concept that mitochondrial disor-
ders are prognostically unpredictable. Therefore, as for
many other pathologic conditions, especially those with
a progressive course, the principle is that the earlier you
diagnose a complication, the better you treat it and the
more successful the prognosis will be. This is particularly
true in cases with cardiac involvement (see below). In
mitochondrial disorders caused by mtDNA point muta-
tions, which are maternally inherited and subject to the
randomness of the heteroplasmy, signs, symptoms and
organ involvement are highly heterogeneous from an in-
dividual to another, which accounts for a very high degree
of both inter- and intra-familial variability. This is why,
in these cases, each affected subject will have a differ-
ent prognosis. For example, MELAS and MERFF point
mutations are associated with several, extremely variable
clinical pictures, and the majority of patients do not have
full-blown MELAS or MERRF syndrome. In particular,
subjects with MELAS point mutations who never have
a stroke, or with MERRF point mutation without myo-
clonic epilepsy, have a totally different, and much better,
prognosis compared with individuals affected with the
entirely manifested syndrome caused by the same muta-
tion (10-12). Regarding mitochondrial disorders due to
nuclear gene mutations (autosomal dominant or recessive
inheritance) the mutation-related clinical picture is some-
how more predictable, but still a certain degree of intrafa-
milial variability in terms of both manifestations and re-
lated severity is to be expected. Again, early recognition
and treatment of symptoms are crucial for the prognosis.
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The following approach can help prevent severe or-
gan dysfunctions or at least allow early diagnosis and
treatment of disease-related complications.

Cardiac assessment: Cardiac arrhythmias are quite
common and require routine electrocardiography moni-
toring because progression to high-grade atrio-ventric-
ular block is often unpredictable, (i.e. KSS, MELAS,
MILS). Supraventricular and ventricular tachyarrhyth-
mias have been reported in patients with mtDNA dis-
ease, particularly in children. Also, echocardiography
and/or cardiac MRI should be performed periodically
even in asymptomatic subjects because hypertrophic
cardiomyopathy, most commonly associated with mt-
tRNA gene mutations, can become clinically evident
only at an advanced stage and evolve to dilated cardio-
myopathy if not treated. Cardiopathy is also a feature of
nDNA defects especially mutations in respiratory chain
ancillary proteins, often in association with Leigh dis-
ease (Table 2) (13). In addition, as demonstrated by a
clinical study of a large population of pediatric patients
with mitochondrial disorders (14) cardiac function in
mitochondrial patients deteriorates rapidly regardless
of the associated RC defect. Early and aggressive sup-
portive treatment might increase the chances of survival
even if mortality in subjects with cardiac complications
remains higher than in individuals with predominant
neuromuscular manifestations. In detail, pediatric pa-
tients with cardiomyopathy had an 18% survival rate at
16 years of age whereas patients without cardiomyopa-
thy had a 95% survival at the same age.

Ophthalmology assessment: Ptosis, strabismus,
ophthalmoplegia, retinal hyperpigmentation, optic atro-
phy, visual field defects and nystagmus are often part,
alone or in combination, of the mitochondrial clinical
picture. Strict periodic eye examination along with spe-
cific techniques like optical coherence tomography are
necessary when the optic nerve is directly involved (i.e.
LHON and optic atrophy-plus syndrome, OPA1) to moni-
tor the subtle progression of this highly disabling degen-
eration (15, 16).

EEG monitoring: epilepsy is a frequent complica-
tion of many mitochondrial disorders (MERRF, MELAS,
MILS, autosomal encephalopathies) and seizure control
is a main goal to prevent progressive cortical brain dam-
age and thus guarantee a satisfactory quality of life. Peri-
odical EEG monitoring allows identification of any brain
electrical abnormalities and their correction by appropri-
ate therapeutic adjustments.

Respiratory assessment: periodical spirometry and
nocturnal saturimetry allow early detection of any res-
piratory dysfunction and early adoption of measures to
prevent hypoxia. This is extremely important to avoid
hypoxia-related symptoms, namely headache, fatigue,
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Table 2. Disorders due to mutations in nDNA.

Mutations in respiratory chain subunits

® | eigh syndrome

Mutations in respiratory chain ancillary proteins

e Leigh syndrome with cytochrome c oxidase deficiency (SURFT)

¢ | eigh syndrome and cardiopathy (SCO2, COX10, COX14, COX15, COA5, FAM36A, TACO1)
e | eigh syndrome and hepatopathy (SCOT)

e GRACILE syndrome

e Defects of mitochondrial protein importation: Mohr—Tranebjaerg deafness—dystonia syndrome (TIMMB8A); spastic
paraplegia-13 (HSP60)

Defects of mtRNA translation

e Fatal neonatal lactic acidosis (MRPS16, MRPS22, RMND1)

e Spastic paraplegia (SPG7), dominant hereditary ataxia (AFG3L2)

¢ |Infantile hepatocerebral syndrome (GFM7); infantile encephalomyopathy (TUFM)

e Myopathy, lactic acidosis, sideroblastic anaemia (PUS1); reversible hepatopathy (TRMU)
¢ | eukoencephalopathy, brainstem and spinal cord involvement, lactic acidosis (DARS2)
e Late-onset Leigh syndrome with COX deficiency (TACOT)

Defects of the MIM lipid milieu

e Barth syndrome (TA2)

e Sengers syndrome (AGK)

e Megaconial encephalomyopathy (CHKB)

e MEGDEL (SERACT)

e Childhood myoglobinuria (LPINT)

Defects of mitochondrial dynamics

* DOA; DOA-plus (OPAT)

e Charcot-Marie-Tooth type 2A (MFNZ2)

e Charcot-Marie—Tooth type 4A (GDAP1)

e Fatal infantile encephalomyopathy (DRP1, MFF)

Representative implicated genes are indicated in parentheses. Abbreviations: DOA, dominant optic atrophy; GRACILE, growth
retardation, aminoaciduria, cholestasis, iron overload, and early death; MEGDEL, 3-methylglutaconic aciduria with sensorineural
deafness, encephalopathy, and Leigh-like syndrome.

nausea, dyspnoea and, ultimately, seizures, all of them Specific treatments

contr1but1-ng to deteriorate quality of life. N of mitochondrial diseases
Physiotherapy assessment: Abnormalities of tone,

posture, power, and balance often complicate mitochon- Therapy for mitochondrial diseases is unfortunately

drial disease in patients of all ages. Life-improving so-  scarcely adequate and sometimes palliative, but pharma-

lutions include, for example, the use of special seats to  cological treatments and surgical remedies are useful in
support hypotonic infants/children and unable them to  prolonging and improving the lives of patients with mito-

keep an upright posture, develop axial tone and have a  chondrial diseases, which equals the concept of prognosis
more comprehensive visual engagement with their envi-

ronment. Also, management of spasticity and dystonia
with splinting, botulinum toxin, and pharmacotherapy
can advantage affected individuals at many disease stages
and lower the risk of falls. It is very useful to perform

functional assessment of the patients at home because
this approach can reveal their main areas of difficulties idebenone. Also, coenzyme Q10 replacement therapy at

and help plan personalized health care support such as higher doses can benefit patients with coenzyme Q10 de-
mobility and hygiene aids. Management of respiratory ficiency whereas Riboflavin can be effective in some pa-
problems, including prevention of aspiration pneumonia, tients with complex I deficiency. Some evidence has been
is another important issue that the physiotherapist has to ~ reported of successful use of arginine for both acute treat-
care for (9). ment and prophylaxis of stroke-like episodes (2, 17, 18).
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to that of chronic morbidity.

Specific pharmaceutical drugs have failed to show
clear efficacy in treating mitochondrial diseases effective-
ly, but improvement in fatigue and relief of myalgia have
been reported with use of coenzyme Q10 and its analogue



Treating symptoms
of mitochondrial diseases

The difficulty in developing disease-modifying drugs
to cure mitochondrial diseases has led to a focus on symp-
tomatic treatments aiming at improving patient health
which ultimately results in a better prognosis at least in
terms of life quality if not, in some cases, of life span.

Lactic acidosis

It is one of the main symptoms especially in children.
Acute episodes are corrected with sodium bicarbonate
and dichloroacetate, but chronic use is not recommended
because it is not effective and, also, it can cause periph-
eral neuropathy (17, 21).

Diabetes mellitus

Diabetes mellitus is a frequent complication of mi-
tochondrial diseases, especially in patients with mito-
chondrial DNA mutations (22). Disease control relies on
dietary advice, physical exercise, weight control and drug
treatment in the same way as in non-mitochondrial diabe-
tes. Metformin should be avoided in patients with mito-

Table 3. Defects of mtDNA maintenance.

Mitochondrial disease heterogeneity: a prognostic challenge

chondrial disease because there is a risk of precipitating
or exacerbating lactic acidosis.

Electrolyte disturbances

Hyponatraemia and hypokalaemia are not uncom-
mon in children with mitochondrial diseases with renal
involvement and both proximal and distal renal tubular
acidosis have been identified (23). Their prompt investi-
gation and treatment help avoid life-threatening adrenal
crises.

Epilepsy

Seizures frequently complicate both pediatric and
adult cases of mitochondrial disorders, the most common
types being myoclonic and focal epilepsy. Common antie-
pileptic drugs are often effective and enable good seizure
control. Levetiracetam, lamotrigine, carbamazepine, and
clonazepam, alone or in combination, are most frequently
used. It is recommended not to use sodium valproate and
barbiturates which inhibit the respiratory chain and have
occasionally been shown to precipitate hepatic failure in
affected children (24, 25).

Mutated gene mtDNA depletion Multiple mtDNA deletions
TK2 Infantile or adult myopathy Adult autosomal recessive PEO
SMA phenocopy
DGUOK Infantile hepato-cerebral syndrome Adult myopathy = PEO
PEO1 Hepato-cerebral syndrome Infantile-onset Adult autosomal dominant PEO-plus
spinocerebellar ataxia
SUCLA2 Infantile encephalomyopathy —
SUCLG1 Infantile encephalomyopathy Methylmalonic —
aciduria
RRM2B Infantile encephalomyopathy Adult autosomal dominant or autosomal
recessive PEO-plus
MPV17 Infantile hepatocerebral syndrome Navajo Adult autosomal recessive PEO-plus
neurohepatopathy
TYMP Mitochondrial neurogastrointestinal Mitochondrial neurogastrointestinal
encephalomyopathy encephalomyopathy
POLG Hepato-cerebral syndrome (Alpers syndrome) Adult autosomal dominant or autosomal
recessive PEO-plus; SANDO; MIRAS
POLG2 — Adult autosomal dominant PEO
ANTA — Adult autosomal dominant PEO-plus
OPA1 — DOA; PEO-plus
MFN2 — DOA-plus
GFER — Congenital cataract, encephalomyopathy
MGME1 — PEO, muscle wasting, proximal weakness,
profound emaciation, respiratory failure
Abbreviations: DOA, dominant optic atrophy; MIRAS, mitochondrial recessive ataxia syndrome; mtDNA,
mitochondrial DNA; PEO, progressive external ophthalmoplegia; SANDO, sensory ataxic neuropathy, dysarthria and
ophthalmoparesis; SMA, spinal muscular atrophy. MGME1, mitochondrial genome maintenance exonuclease 1
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Cardiomyopathy and arrhythmias

In patients with cardiomyopathy, early administra-
tion of B blockers and an angiotensin converting enzyme
inhibitor (or angiotensin II receptor antagonist) is help-
ful in delaying disease progression, which explains why
early diagnosis is fundamental. Rhythm disturbances
include Wolff -Parkinson-White syndrome and various
degrees of conduction block (from right bundle branch
block to complete atrioventricular block) which can re-
quire radiofrequency ablation and/or implantation of pac-
ing devices. Rhythm disturbances are easily identifiable
on the electrocardiogram which, once again, stresses the
importance of strict disease monitoring from the very ear-
ly phases. Occasionally, cardiac involvement is the only,
or earliest, manifestation of mitochondrial disease, lead-
ing to rapid cardiac deterioration and, when possible, car-
diac transplantation before a diagnosis of mitochondrial
disease is considered. After cardiac transplantation, sur-
vival depends both on the immune-mediated reaction to
the new organ and on the degree of the disease-dependent
multi-organ involvement (26-29).

Respiratory failure

Respiratory insufficiency can dominate the clinical
picture especially in the late disease stages, the origin being
either central or peripheral (weakness of diaphragm and/or
respiratory muscles). In the latter cases, non-invasive posi-
tive pressure ventilation can help patients with their breath-
ing and relieve them from hypoxia side effects (9).

Ocular disease

The most debilitating ocular problem in mitochon-
drial disorders is optic neuropathy which can be almost
isolated, as in patients with LHON, or part of a multisys-
tem involvement. In both cases, given the progressive na-
ture of the neuropathy, this disabling disturbance is very
difficult to treat. Visual aids should be used as much as
possible to preserve residual visual activity.

Regarding eyelid ptosis, corrective ptosis surgery can
dramatically improve both visual field and appearance,
but the intervention is very delicate and subject to com-
plications. For this reason, it should be performed only
by dedicated ophthalmologists who are able to plan both
timing and technique of surgery. Alternatively, surgically
adjustable frontalis slings or less invasive ptosis props
might be preferred to ptosis surgery (30).

Acknowledgements

The Authors wish to acknowledge the Italian Asso-
ciation of Myology (AIM) and the Associazione Amici
del Centro Dino Ferrari.

92

References

1.

10.

13.

14.

16.

17.

18.

19.

20.

21.

22.

DiMauro S. Mitochondrial encephalomyopathies - Fifty years on:
The Robert Wartenberg Lecture. Neurology 2013;81:281-91.

DiMauro S, Schon EA, Carelli V et al. The clinical maze of mito-
chondrial neurology. Nature Reviews — Neurology 2013;9:429-44.

Bannwarth S, Procaccio V, Lebre AS, et al. Prevalence of rare mito-
chondrial DNA mutations in mitochondrial disorders. J Med Genet
2013;50:704-14.

Thorburn D. Mitochondrial disorders: prevalence, myths and ad-
vances. J Inherit Metab Dis 2004;27:349-62.

Schaefer AM, McFarland R, Blakely EL, et al. Prevalence of mito-
chondrial DNA disease in adults. Ann Neurol 2008;63:35-9.

Larsson NG, Holme B, Kristiansson B. Progressive increase of the
mutated mitochondrial DNA fraction in Kearns-Sayre syndrome.
Pediatr Res 1990;28:131-6.

McShane MA, Hammans SR, Sweeney M, et al. Pearson syndrome
and mitochondrial encephalomyopathy in a patient with a deletion
of mtDNA. Am J Hum Genet 1991;48:39-42.

Thorburn DR, Dahl HH. Mitochondrial disorders: Genetics, coun-
seling, prenatal diagnosis and reproductive options. Am J Med
Genet 2001;114:102-13.

McFarland R, Taylor RW, Turnbull DM. A neurological perspective
on mitochondrial disease. Lancet Neurol 2010;9:829-40.

Nesbitt V1, Pitceathly RD, Turnbull DM, et al. The UK MRC Mi-
tochondrial Disease Patient Cohort Study: clinical phenotypes as-
sociated with the m.3243 A>G mutation--implications for diagnosis
and management. J Neurol Neurosurg Psychiatry 2013;84:936-8.

. Mancuso M, Orsucci D, Angelini C, et al. The m.3243A&gt;G

mitochondrial DNA mutation and related phenotypes. A matter
of gender? J Neurol 2013 Dec 29. [Epub ahead of print] PMID:
24375076.

. Mancuso M, Orsucci D, Angelini C, et al. Phenotypic heteroge-

neity of the 8344A>G mtDNA “MERRF” mutation. Neurology
2013;80:2049-54.

Bates MG, Bourke JP, Giordano C, et al. Cardiac involvement in
mitochondrial DNA disease: clinical spectrum, diagnosis and man-
agement. Eur Heart J 2012;33:3023-33.

Scaglia F, Towbin JA, Craigen WJ, et al. Clinical spectrum, mor-
bidity, and mortality in 113 pediatric patients with mitochondrial
disease. Pediatrics 2004;114:925-31.

. Barboni P, Carbonelli M, Savini G, et al. Natural history of Leber’s

hereditary optic neuropathy: longitudinal analysis of the retinal
nerve fiber layer by optical coherence tomography. Ophthalmology
2010;117:623-7.

Milea D, Sander B, Wegener M, et al. Axonal loss occurs early in
dominant optic atrophy. Acta Ophthalmol 2010;88:342-6.

Pfeffer G, Majamaa K, Turnbull DM, et al. Treatment for mitochon-
drial disorders. Cochrane Database Syst Rev 2012;4:CD004426.

Thara Y, Namba R, Kuroda S, et al. Mitochondrial encephalomyo-
pathy (MELAS): pathological study and successful therapy with
coenzyme Q10 and idebenone. J Neurol Sci 1989;90:263-71.

Bernsen PL, Gabreels FJ, Ruitenbeek W, et al. Treatment of com-
plex I deficiency with riboflavin. J Neurol Sci 1993;118:181-7.

Koga Y, Akita Y, Nishioka J, et al. L-arginine improves the symp-
toms of strokelike episodes in MELAS. Neurology 2005;64:710-2.
Kaufmann P, Engelstad K, Wei Y, et al. Dichloroacetate causes tox-

ic neuropathy in MELAS: a randomized, controlled clinical trial.
Neurology 2006;66:324-30.

Whittaker RG, Schaefer AM, McFarland R, et al. Prevalence and



23.

24.

25.

26.

progression of diabetes in mitochondrial disease. Diabetologia
2007;50:2085-9.

Martin-Hernandez E, Garcia-Silva MT, Vara J, et al. Renal pa-
thology in children with mitochondrial diseases. Pediatr Nephrol
2005;20:1299-305.

Bindoff LA, Engelsen BA. Mitochondrial diseases and epilepsy.
Epilepsia 2012;53 Suppl 4:92-7.

Kang HC, Lee YM, Kim HD. Mitochondrial disease and epilepsy.
Brain Dev 2013;35:757-61.

Sproule DM, Kaufmann P, Engelstad K, et al. Wolff -Parkin-
son-White syndrome in patients with MELAS. Arch Neurol
2007;64:1625-7.

93

27.

28.

29.

30.

Mitochondrial disease heterogeneity: a prognostic challenge

Meyers DE, Basha HI, Koenig MK. Mitochondrial cardiomyopa-
thy: pathophysiology, diagnosis, and management. Tex Heart Inst J
2013;40:385-94.

Karanikis P, Korantzopoulos P, Kountouris E, et al. Kearns-Sayre
syndrome associated with trifascicular block and QT prolongation.
Int J Cardiol 2005;101:147-50.

Welzing L, von Kleist-Retzow JC, Kribs A, et al. Rapid develop-
ment of life-threatening complete atrioventricular block in Kearns-
Sayre syndrome. Eur J Pediatr 2009;168:757-9.

Tinley C, Dawson E, Lee J. The management of strabismus in pa-

tients with chronic progressive external ophthalmoplegia. Strabis-
mus 2010;18:41-7.



