
the disease may fall upon the CNS. Combinations of peripheral and CNS involvement are not
uncommon. Generally, the prognosis worsens with the degree of CNS involvement. Some of
these diseases are remarkably selective; for example, only affecting the optic nerve or the
auditory nerve in isolation. The neurological mitochondrial diseases have recently been
shown to be an important cause of morbidity and mortality in the general population.15

Chronic progressive external ophthalmoplegia (CPEO)

Kearns–Sayre syndrome (KSS)

Chronic progressive external ophthalmoplegia is one of the most common clinical manifesta-
tions of mitochondrial disease. This disorder that is slowly progressive usually begins in late
childhood or in adolescence, although onset after 40 can occasionally be seen. Ptosis and oph-
thalmoplegia (limitation of eye movement) are the initial clinical features and may be fol-
lowed by limb weakness, fatigue, or exercise intolerance. The limitation of eye movements is
usually in all directions of gaze. Diplopia (double vision) is not usually present.
Opthalmoplegia rarely cause symptoms until it is nearly total when the patient may have to
turn the head to look to either side. The ptosis may be asymmetrical initially and may progress
to complete occlusion of the pupil. Limb weakness, when present, is mainly proximal and
mild. Patients often have limitation of daily activities due to exercise intolerance rather than
weakness.13 Life expectancy is not usually reduced in uncomplicated CPEO.

Kearns–Sayre syndrome is a more serious disorder in which CPEO is one feature. Strictly,
it is defined by the development of CPEO and pigmentary degeneration of the retina before
the age of 20 years. In addition, one or more of the following should be present: cardiac con-
duction block, cerebellar ataxia, or increased protein in cerebrospinal fluid (CSF; �1 g/l).
Other features which are variably present include short stature, sensory neural hearing loss,
vestibular dysfunction, and impaired intellectual function. The ptosis and ophthalmoplegia
are as described above. The pigmentary retinal degeneration can be visualized on ophthal-
moscopic examination as a fine, diffuse, hypo and hyperpigmentation of the retina. It is
mostly in the central retinal region and is described as a ‘salt and pepper’ appearance. It rarely
causes severe impairment of visual acuity or visual field defects.10 Cardiac conduction block
can cause syncopal attacks, congestive heart failure, or cardiac arrest. In contrast to CPEO,
the prognosis in KSS is poor. Most patients die in the third or fourth decade.16

Over the past 10 years there have been many reports of patients with phenotypes interme-
diate between isolated CPEO and full-blown KSS. For example, there are cases of CPEO with
pigmentary retinopathy but no other features of KSS. Clinically, there is a spectrum of dis-
ease severity ranging from isolated ‘benign’ CPEO through to severe and often fatal KSS.17

The commonest mtDNA defect associated with phenotypes ranging from CPEO to KSS is the
single large-scale deletion.14 There is some evidence to suggest that the severity of the phe-
notype relates to the proportion of the deleted mtDNA molecule and its tissue distribution.17

Most CPEO patients harbouring a single large-scale rearrangement of mtDNA are sporadic
cases without any family history. Single large deletions are not generally found in other fam-
ily members of sporadic CPEO and KSS patients,18,19 In one family, a mother and her son har-
boured single large deletions, However, their deletions were different in size and location
suggesting that maternal transmission was not the explanation.20 The absence of family history
in the vast majority of CPEO/KSS cases has, in part, led to the view that large-scale
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rearrangements of mtDNA may be somatic mutational events followed by clonal expansion.19

Although most CPEO patients harbour single mtDNA deletions, a minority harbour point
mutations in mtDNA. Approximately 15 per cent of CPEO patients harbour the A3243G 
point mutation which more commonly associates with the MELAS phenotype. The A3243G
mutation is in the mitochondrial transfer RNA (tRNA) leucine(UUR) (tRNALeu(UUR)) gene
which is inherited by maternal transmission.21 At least seven other mtDNA point mutations
have been reported in association with CPEO; each mutation being identified in a single case
or family (Table 5.2). One of the mutations, a G12315A mutation in the tRNALeu(CUN) gene
was identified in a sporadic patient with CPEO, sensorineural hearing loss and a pigmentary
retinopathy. The mutation was only present in muscle and was not present in several other tis-
sues including skeletal myoblasts. This suggested rapid segregation of mutant mtDNA during
embryogenic development and a low probability of transmission to offspring.22

Multiple deletions of the mtDNA have been identified in families with autosomal dominant
CPEO (see Chapter 9).

Isolated skeletal myopathy

Although limb muscle weakness is commonly associated with other clinical features of mito-
chondrial encephalomyopathies, such weakness not infrequently is the sole clinical mani-
festation. The age of onset of such cases ranges from late childhood to adult life. Patients
typically exhibit a slowly progressive course. It commonly associates with exercise intoler-
ance and exertional fatigue which limit the patient’s functional capacity. A small proportion
of patients with the ‘chronic fatigue syndrome’ turn out to have isolated mitochondrial
myopathy.23 Ocassionally, the presentation may be more dramatic with muscle pain and rhab-
domyolysis resulting in myoglobinuria.24,25

Isolated mitochondrial myopathy is genetically heterogeneous and has been described in
association with large-scale single deletions and point mutations in both transfer RNA gene
and protein-coding genes (Table 5.3). Many of the patients harbouring pont mutations exhibit
maternal inheritence. However, we recently described sporadic patients harbouring point
mutations in the cytochrome b gene. These point mutations exhibited interesting character-
istics. They appeared to represent somatic mutations occurring in skeletal muscle and were
not detected in other tissues such as blood.23,26
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Table 5.2 MtDNA point mutations associated with CPEO

Gene MtDNA mutation Reference

tRNALeu(UUR) A3243G 21
tRNAIle T4274C 142

T4285C 143
G4309A 144

tRNAAsn A5692G 145
G5703A 146

tRNALeu(CUN) T12311C 147
G12315A 22

Abbreviations: tRNA � transfer RNA, Leu � Leucine, Ile � Isoleucine, Asn � Asparagine.
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Myoclonic epilepsy with ragged red fibres (MERRF)

This is one of the well-recognized predominantly CNS mitochondrial diseases. The associa-
tion between progressive myoclonic epilepsy and RRFs was first observed by Tsaris et al. 
in 1973.27 Subsequently, Fukuhara et al. described two further patients with myoclonic epilepsy
associated with RRFs and suggested that this is a distinctive mitochondrial encephalomyopathy
syndrome. They proposed the acronym MERRF.11 Four other progressive myoclonic 
epilepsy syndromes including Unverricht–Lundborg disease (Baltic myoclonus), Lafora-
body disease, sialidosis, and neuronal lipofuscinosis, enter into the differential diagnosis.
However, unlike these other progressive myoclonic epilepsy syndromes, MERRF usually
exhibits maternal inheritance. The age of onset varies widely form childhood up to 50-years
old. Early age of onset often correlates with a more severe clinical course leading to death in
adulthood.28

MERRF is characterized by myoclonus, seizures, and cerebellar ataxia often in association
with mild limb myopathy. The myoclonus is usually stimulus-sensitive that is, sensitive to
action, noise, or photic stimuli. Seizures may be tonic-clonic, focal, absence, or atonic types.
Associated features which are often present include dementia, optic neuropathy, sensorineural
hearing loss, ophthalmoplegia, peripheral neuropathy, foot deformity, and lipomas.17,29 These
associated features are clinical clues in the differential diagnosis of progressive myoclonic
ataxia. Retinitis pigmentosa, stroke-like episodes, diabetes mellitus (DM), and chronic pan-
creatitis are less common additional features.30–33 Although the full syndrome is quite charac-
teristic, there can be quite marked clinical heterogeneity with in families. Electrophysiological
features are variable and there are no features to distinguish cases of mitochondrial disease
from other causes of progressive myoclonic epilepsy.34 Neuropathology reveals neuronal loss
and gliosis affecting the dentate nuclei of the cerebellum, the globus pallidus, the posterior
columns, and the spinocerebellar tracts of the spinal cord. Abnormal mitochondria have been
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Table 5.3 MtDNA mutations associated with mitochondrial myopathies

Gene MtDNA mutation Phenotypes Ref.

tRNALeu(UUR) A3243G Myopathy 48
A3251G Myopathy/sudden death 148

ND1 7bp-inversion Myopathy/exercise intolerance 149
ND4 G11832A Exercise intolerance 26
Cyt b G14846A Exercise intolerance 23

G15059A Exercise intolerance 150
G15084A Exercise intolerance 23
G15168A Exercise intolerance 23
24bp-del, G15498A Exercise intolerance 23
G15615A Exercise intolerance 151
G15723A Exercise intolerance 23
G15762A Myopathy 152

COX II T7587C Myopathy/ataxia/deafness 153
COX III T7671C Myopathy 154

15-bp del Exercise intolerance 155

Abbreviations: ND � NADH dehydrogenase, COX � cytochrome oxidase, bp � base pairs,
del � deletion.
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observed in the cells of the cerebellar cortex and of the dentate nuclei.35,36 The pathological
changes of Leigh’s syndrome (LS) are found in some patients with very severe pheno-
types.36,37 Skeletal muscle biopsy typically reveals RRFs, even in patients with little clinical
limb muscle weakness and is therefore a very useful diagnostic test.

Approximately 80 per cent of cases of MERRF are associated with the A8344G mutation
in the mitochondrial tRNALys gene.38,39 Significant clinical heterogeneity is often observed in
large MERRF families harbouring the A8344G mutation. There is a significant correlation
between the proportion of mutant mtDNA in blood and both clinical severity, and age of
onset. Unlike large-scale rearrangements, all mothers of affected offspring harbour the
A8344G mutant mtDNA. Symptomatic mothers are more likely to have affected offspring
than asymptomatic mothers.28 The MERRF is also associated with other tRNALys point muta-
tions including T8356C and G8363A mutations. The 7472C-insertion (7472insC) mutation in
the tRNASer(UCN) gene has been identified in five families with myoclonus, ataxia, seizures,
sensorineural hearing loss, and myopathy, a phenotype very similar to the MERRF pheno-
type.39–42 In contrast to patients harbouring theA8344G mutation, the published patients har-
bouring 7472insC mutation do not have RRFs on the skeletal muscle biopsies, rather, the
majority of muscle fibres exhibit a decrease in cytochrome oxidase (COX) activity. However,
we have recently identified the 7472insC mutation in a MERRF family with typical RRFs
(unpublished data).

Mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes (MELAS)

This is an important predominantly CNS mitochondrial disease in which a major feature is
stroke-like episodes which can be fatal.

In 1975, Schapira et al. first described a syndrome associated with stroke-like episodes,
lactic acidaemia, and RRFs.43 The acronym MELAS was subsequently introduced by
Pavlakis to characterize a distinctive group of patients who had young onset stroke-like
episodes and lactic acidosis.12 Hirano et al. reviewed 69 MELAS cases and proposed the fol-
lowing invariant criteria for a diagnosis of MELAS: (i) stroke-like episode before age 40 (ii)
encephalopathy characterized by seizures, dementia, or both and (iii) lactic acidosis, RRF, or
both. The diagnosis may be considered secure if there are also at least two of the following:
normal early development, recurrent headache, or recurrent vomiting.44 It is notable that
MELAS patients with mental retardation (indicating impaired early development) or first
stroke-like episode after age 40 are occasionally observed suggesting the diagnosis of
MELAS should be considered at any age in the presence of consistent clinical and imaging
features.45,46

The stroke-like episodes frequently do not conform to a single vascular territory as is the
case for the commonest type of strokes in the population, ischaemic strokes. MELAS strokes
commonly affect parieto-ocipital areas resulting in hemianopia or cortical blindness.
Complete recovery is uncommon. Usually, patients have some residual deficits and progres-
sive encephalopathy following the stroke-like episodes leading to dementia and premature
death.47,48 The stroke-like episodes are often accompanied by migrainous type headache,
recurrent vomiting, and seizures. Seizures may be focal, for example, focal motor seizures are
not uncommon. Secondary generalized seizures or myoclonic seizures are also described.
Other common additional features include short stature, sensorineural hearing loss, and DM.
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Myopathy, cardiomyopathy, optic neuropathy, cerebellar features, sensorimotor axonal neuro-
pathy, gastrointestinal pseudo-obstruction, and nephropathy are less commonly associated
features.12,48,49

The commonest mtDNA defect associated with MELAS was identified simultaneously by
two Japanese groups, Goto et al.50 and Kobayashi et al. in 1990.51 This is the A3243G mutation
in the tRNALeu(UUR)gene and is identified in over 80 per cent of MELAS cases.50 Families har-
bouring the A3243G mutation usually exhibit a maternal inheritance pattern. The A3243G
mutation may associate with marked clinical heterogeneity even in the same family. It is of
interest that less than half of the patients harbouring the A3243G mutation exhibit MELAS.15,52

Other clinical syndromes associated with the A3243G mutation include CPEO, diabetes and
deafness, myopathy or MERRF.22,48 The precise factors underlying such clinical diversity,
which is more marked than for the A8344G mutation, remain unclear. The proportion of the
mutant mtDNA, the tissue distribution of mutant mtDNA, the threshold effect, and nuclear and
mitochondrial DNA backgrounds have all been invoked. Recently, we provided evidence to sug-
gest that a polymorphism, A12308G, in the mitochondrial tRNALeu(CUN) increased the risk of
developing stroke-like episodes in patients harbouring the A3243G mutation.52

Other less common mtDNA mutations associated with MELAS including T3271C muta-
tion in tRNALeu(UUR) gene53 and G13513 in the ND5 gene54 (Table 5.4). The majority of
MELAS patients harbouring T3271C mutation are Japanese although it has been reported in
two Caucasian families.55,56 The G13513A mutation appears to be the second commonest
cause of MELAS in the United Kingdom and is part of our DNA diagnostic screening test in
MELAS patients.57 The G13513A mutation has also been identified in MELAS cases in other
countries in Europe and in North America suggesting that it may be common in
Caucasians.54,58,59
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Table 5.4 MtDNA mutations associated with MELAS

Gene MtDNA mutation Reference

Single large deletion 156
Large scale tandem duplication 157

tRNALeu(UUR) A3243G 50, 51
A3252G 158
A3260G 159
T3271C 53
T3291C 160

tRNAPhe G583A 45
tRNAVal G1642A 161
tRNACys A5814G 162
COX III T9957C 163
ND5 G13513A 54

A13514G 59

Abbreviations: tRNA � transfer RNA, Leu � leucine, Phe � phenylalanine,
Val � valine, Cys � cysteine, COX � cytochrome oxidase, ND � NADH
dehydrogenase.

Holt-05.qxd  4/15/03  8:35 AM  Page 93




