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Abstract
Objective—To determine the neuroradio-
logical abnormalities associated with
subjects carrying the mitochondrial
myopathy, encephalopathy, lactic acido-
sis, and strokelike episodes (MELAS)
tRNALeu(UUR) A3243G point mutation
Methods—Mitochondrial genetic analysis
was performed on 24 subjects from six
kindreds with the MELAS tRNALeu(UUR)

A3243G point mutation. Cerebral CT and
MRI were performed on 24 patients and 15
patients respectively. Previous neurora-
diological investigations including cer-
ebral CT from four deceased members of
the families were also reviewed.Histologi-
cal examination of postmortem speci-
mens of two patients within the kindreds
was performed.
Results—The commonest radiological
finding was basal ganglia calcification.
Other abnormalities included focal le-
sions and cerebellar and cerebral atrophy.
Basal ganglia calcification was progres-
sive, symmetric, and asymptomatic. His-
tologically, basal ganglia calcification in
one patient was found to be in the
pericapillary regions of the globus
pallidus, with no neuronal involvement.
Focal lesions most commonly involved the
grey matter of the parietal and occipital
lobes and cerebellum. Histopathological
examination suggested that these were
due to cellular rather than vascular dys-
function. Enlargement of the fourth ven-
tricle was the first sign of cerebellar
atrophy. Cerebral and cerebellar atrophy
were only present with severe disease.
Conclusions—These radiological findings,
when considered in the context of the
clinical and pathological findings, seem to
reflect two major disease processes: an
intermittent abrupt loss of function asso-
ciated with cell injury from which there is
at least partial recovery and a slowly pro-
gressive degenerative process causing
basal ganglia calcification, and cerebral
and cerebellar atrophy. The clinical and
radiological features resulting from these
processes are distinctive and provide
insight into the consequences of mito-
chondrial dysfunction on the brain.
(J Neurol Neurosurg Psychiatry 1998;65:233–240)
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The mitochondrial cytopathies are a group of
disorders defined by biochemical, morphologi-
cal, and genetic abnormalities that are diYcult
to classify on clinical grounds alone.1 Three
main clinical syndromes in adults are recog-
nised: mitochondrial myopathy, encephalopa-
thy, lactic acidosis, and strokelike episodes
(MELAS), myoclonic epilepsy and ragged red
fibre disease (MERRF), and Kearns-Sayre
syndrome (KSS).2 The overlap in the clinical
expression of these syndromes was the subject
of a previous report.3 It is now possible to clas-
sify some of these disorders on a genetic basis:
MELAS is associated with point mutations
involving, among others, the leucine transfer
RNA at nt position 3243,4 3271,5 and ND4
subunit at nt 110846; MERRF at nt position
83447 and 83568; and KSS with large scale
deletions of up to 9kb in length most
commonly involving regions between the
ATPase 8 and ND5 genes.9

The neuroradiological abnormalities associ-
ated with the mitochondrial cytopathies such
as intracerebral calcification, focal hypo-
densities, and generalised atrophy are charac-
teristic and are useful in the clinical diagnosis
of these disorders. Previous reviews of these
abnormalities have included only a few
patients or a diverse array of mitochondrial
disorders,10–13 leaving the relation to specific
mitochondrial genetic abnormalities unclear.
The aim of this study was to determine the
neuroradiological features of many patients
with the same genetic abnormality and to
relate these to the patients’ symptoms, signs,
and pathology.

Patients and methods
PATIENTS

After the identification of six probands who
presented with MELAS syndrome, 24 living
family members, at risk through a maternal line
of inheritance, agreed to participate in the
study. All members were examined by a
neurologist and their clinical features docu-
mented. Four deceased family members who
had documented clinical features suggestive of
MELAS syndrome and in whom radiological
information was also available were included in
the study. The project was approved by the
Western Sydney Area human ethics committee
and written consent was obtained from all sub-
jects or if deceased, their next of kin.
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METHODS

Mitochondrial genetic analysis
Total DNA from muscle biopsy, blood, and/or
hair follicle samples from each patient was
digested by proteinase K at a final concentra-
tion of 200 µg/ml in a buVer solution contain-
ing 50 mMTris HCl pH 8.5, 1mMEDTA, and
0.5% Tween 20 overnight at 37°C. MtDNA
was amplified using oligospecific primers as
described previously.14 The polymerase chain
reaction (PCR) product (902bp in length) was
digested with Apa I overnight, run on a 1%
agarose gel, and photographed under UV light.

As the mutant mtDNA creates an additional
restriction site for Apa I, those patients with the
MELAS A3243G point mutation had two
additional bands (416 and 486 bp) identified.

Neuroimaging
Cerebral CT with 5–10 mm slices was
performed on all patients who were available
for study and 28 age and sex matched controls.
Controls were from a series of unselected
patients who had cerebral CT for various rea-
sons at Wesmead Hospital in January 1996
and in whom no intracranial pathology was
found. Axial slices 5 mm thick were obtained
in the region of the posterior fossa with the
scans angled parallel to the radiographic base-
line: a line drawn from the outer canthus of the
eye to the external auditory meatus. Intravenous
contrast was given if there was evidence of a
focal lesion. Mineralisation of the globus
pallidus, putamen, caudate, thalamus, and
dentate nuclei was categorised as “basal
ganglia” calcification. To assess enlargement of
the fourth ventricle, the maximal width of this
structure was measured on axial CT at the level
of the pons. Generalised cerebellar atrophy was
defined as enlargement of the superior vermian
cistern, the cerebellopontine angle, and fourth
ventricle and prominence of the cerebellar
folia. Cerebral atrophy was defined using
Evans’ ratio15: the greatest width of the frontal
horns of the lateral ventricles divided by the
width of the internal diameter of the skull at the
level >0.30–0.33 (depending on the age of the
patient). All previous available cerebral CTwas
reviewed. In nine patients, CT had been
repeated over periods ranging from 4 to 7
years, and one patient had a series of CT span-
ning 10 years (table 1). Fifteen patients had
cerebral MRI. T1 and T2 weighted images
were obtained and images were reconstructed
in the sagittal and axial planes.

Histopathology
Postmortem specimens were examined from
two patients from two kindreds (1.IV.4 and
3.II.1). Brains were fixed in formalin and 7 µm
paraYn sections from multiple brain regions
were stained with haematoxylin and eosin.

Results
Figure 1 shows the relevant sections of the
family pedigrees and table 1 shows their
clinical symptoms and signs.

MITOCHONDRIAL GENETIC ANALYSIS

Twenty two patients had the MELAS point
mutation A3243G identified on hair, blood,
and/or muscle. Four patients had the clinical
features of MELAS syndrome but were not
tested (before their death) for the MELAS
A3243G point mutation. Two other patients
did not have the genetic abnormality identified
and were subsequently excluded from the
study.

RADIOLOGICAL FEATURES

The radiological features found in the 26
patients included basal ganglia calcification,

Table 1 Clinical symptoms and signs of the patients studied

Patient Age at time of CT (y) Clinical features Mt DNA analysis

1.II.1 76 D,DM +
1.II.5 64,65 D,DM,A +
1.II.7 61 D +
1.III.1 55,61 D,DM,S,M +
1.III.2 57 D,M +
1.IV.1 22 D,M +
1.IV.2 20 M +
1.IV.3 17,17,21,25,27 D,S,E,A,C,M,SS +
1.IV.4 9 S,E ND
2.III.5 68 D,DM,S ND
2.III.6 72,75 D,DM ND
2.III.7 69 D,DM ND
2.III.8 75,80 D,DM,S +
2.III.9 73,78 D,E −
2.IV.2 44,48 D,DM,S,E,A,C +
2.IV.3 42,47 D,E +
2.IV.5 35,40 D,E +
2.V.1 39,44 D,DM,A +
2.V.2 35,40 D,M +
2.V.3 31 Nil −
2.V.4 18 D +
2.V.5 16 Nil +
2.VI.1 12 Nil +
3.II.1 48 D,DM,S,E,M +
4.II.3 24,31 D,DM,S,E,A,C,SS +
5.II.1 16 D,S,M,SS +
6.I.1 36 D,DM,M,SS +
6.II.2 15 Nil +

D=deafness; DM=diabetes mellitus; S=stroke-like episode; E=epilepsy; A=ataxia; C=cognitive
impairment; M=migraine like headache; SS=short stature; +=positive for the MELAS A3243G
point mutation; −=mt DNA analysis did not show the MELAS A3243G point mutation; ND=mt
DNA analysis not performed.

Table 2 Neuroradiological findings on CT of the 26 patients studied

Patient
Basal ganglia
calcification

Isolated enlargement
of the fourth ventricle

Cerebellar
atrophy

Focal
lesions

Cerebral
atrophy

1.II.1 + − − − +
1.II.5 − − − − −
1.II.7 − − − − −
1.III.1 + − − + −
1.III.2 + + − − −
1.IV.1 − + − − −
1.IV.2 − − − − −
1.IV.3 + + + + +
1.IV.4* − − − + −
2.III.5 + + − + −
2.III.6 + − − − −
2.III.7 + − − − −
2.III.8 + − − + −
2.IV.2 + + + + +
2.IV.3 + + − − −
2.IV.5 − − − − −
2.V.1† + − + − +
2.V.2 − − − − −
2.V.4 − + − − +
2.V.5 − + − − −
2.VI.1 − + − − −
3.II.1 + − − + −
4.II.3† + − + + +
5.II.1 − − − + −
6.I.1 + − − − −
6.II.2 − − − − −

*Report only available in these patients. †Although enlargement of the fourth ventricle was
present, it was not isolated; +=present; −=absent.
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enlargement of the fourth ventricle, focal
lesions, cerebral atrophy, and cerebellar atro-
phy (table 2).

Basal ganglia calcification
Basal ganglia calcification was found in 14
patients; this aVected the globus pallidus in 12
patients. Calcification was also seen in the
putamen, caudate, and thalamus (fig 2). In two
patients, there was also calcification in the
corona radiata. Prominent calcification was
seen in both young and old patients (age range
17–76 years, mean age 54 years), with nine out
of the 14 patients being under 60. In four
patients, calcification was absent on the first
scan but present on a repeat scan 4–5 years
later. No patient had clinical features to suggest
basal ganglia dysfunction. The serum calcium
concentration in all 14 patients was normal.
The serum parathyroid hormone concentra-
tion, in six patients in whom it was measured,
was also normal.

Enlargement of the fourth ventricle and cerebellar
atrophy
The mean diameter of the fourth ventricle in
the age and sex matched controls was 10.9 (SD
1.2, range 8–14) mm. Defining enlargement of
the fourth ventricle as >15 mm (mean +3 SD),
isolated enlargement of the fourth ventricle was
found in nine patients (fig 3 A). Patients with
enlarged fourth ventricles were aged between
12 and 68 years; eight of the nine were under

Figure 1 Family pedigrees of the six families identified with the MELAS A3243G point
mutation. Patient identification numbers are the same as those that appear in the text.
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Figure 2 CT showing basal ganglia calcification: (A) in
the globus pallidus, putamen, and caudate of a 24 year old
woman (4.II.1), (B) thalamus of a 48 year old man
(3.II.1).
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60 years old (tables 1 and 2). Two patients with
isolated enlargement of the fourth ventricle on
initial scanning showed generalised cerebellar
atrophy when the scans were repeated 4 years
later. Four patients had generalised cerebellar
atrophy; all had a wide based gait and mild
limb ataxia. None of these patients had a

history of alcohol misuse and only one patient
had taken phenytoin or other drugs that may
have caused cerebellar atrophy.

Focal lesions
In nine patients, discrete hypodense lesions
were seen on CT. In eight of these, the lesions

Figure 3 Evolution of a CT series of patient 1.IV.3 spanning a period of eight years showing (A) bilateral basal ganglia
calcification and enlargement of the fourth ventricle at the age of 17 years, (B) four months later when comatose, showing
bilateral cerebellar swelling and hypodensity causing secondary obstructive hydrocephalus due to obliteration of the previously
enlarged fourth ventricle, (C) left parieto-occipital hypodensity associated with right hemiparesis, right hemianopia, and
aphasia at the age of 21 years, (D) right sided parietal lesion associated with a left hemiparesis at the age of 25 years. In the
later scans, the patient’s basal ganglia calcification becomes more prominent and cerebral atrophy develops.
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involved the parietal and occipital lobes. One
patient also had hypodense lesions of both cer-
ebellar hemispheres. Figure 3 shows a series of
scans from a patient with multiple stroke-like
episodes. In four patients, the lesions were not
confined to the territory of a single major
artery, such as the middle or posterior cerebral
arteries or their branches. Cerebral angiograms
performed in four patients were normal with
no abnormality in the arterial or venous phase
of the studies.
The lesions seen on CT usually involved the

grey and white matter. In the acute stage, there
was enhancement with intravenous contrast
and in some cases, a mass eVect. Cerebral
MRIs showed increased signal intensity on T2
weighted images,mainly within the grey matter
of the cortical mantle.
All patients with focal lesions on CT had a

history of stroke-like episodes (table 3). These
were characterised by a clinical prodrome
followed by a sudden neurological deficit. The
prodrome consisted of subacute onset of
nausea, vomiting, throbbing headache, and
abdominal pseudo-obstruction (in varying
combinations) and would commence hours to
days before the neurological deficit. The
prodrome was usually the same for each patient
but varied from patient to patient. A
neurological deficit, such as hemiplegia, hemi-
anopia, ataxia, or aphasia would follow. There
were 12 episodes in the nine patients who had
focal lesions; 10 of these events were preceded

by a clinical prodrome. Six of the nine patients
had a history of at least one prodrome which
did not proceed to a neurological deficit. In five
patients, these stroke-like episodes were associ-
ated with seizures, both focal and generalised.
In each case, the site of the focal lesion seen on
neuroimaging was appropriate for the
neurological deficit. In five instances, stroke-
like episodes followed a metabolic or toxic
stress; these included an infected toe nail, heat
stroke, gastroenteritis, or viral illness.
Seven of the nine patients required admis-

sion to hospital during the stroke-like episode.
There was usually good clinical recovery within
six months. One patient (5.II.1), with an
episode of dense hemiparesis and hemianopia
associated with the appearance of a hypodense
region involving the right parieto-occipital area
on CT,made a full recovery within a few weeks;
MRI a month after the event showed only
minor changes. Seven of the nine patients with
focal lesions also had basal ganglia calcifica-
tion; the two without were both aged younger
than 20. Three patients who had stroke-like
episodes eventually developed cerebral atrophy
and cognitive impairment.

Cerebral atrophy
Cerebral atrophy was present in six patients,
four of whom were younger than 40 at the time
of scanning (range 17–76 years). The Evans’
ratio was highest in those patients with multiple
episodes of neurological deficits. Five of the six
patients with cerebral atrophy had basal ganglia
calcification. All had an onset of symptoms
before the age of 40.

HISTOPATHOLOGY

Postmortem specimens were available in two
patients. In patient 1.IV.4, there was extracellu-
lar calcification in the pericapillary regions of the
globus pallidus. There were tubular casts of
mineral deposition within the blood vessel walls.
No calcification was seen within neurons (fig 4).
Focal lesions disclosed areas of cell loss in a

laminar distribution of cerebral cortex. This
predominantly involved layers 3 and 5 of the
cortex. Within these lesions there was spongi-
form change, astrocytic proliferation, capillary
proliferation and relative neuronal sparing (fig
5). The white matter was aVected minimally. In
one patient (3.II.1) the hippocampus was
histologically normal, in the other patient
(1.IV.4) there was cell loss in the endfolium of
the hippocampus only.

Table 3 Clinical features of patients who had focal lesions seen on CT

Patient
No

Age at
onset Types of focal neurological deficit

Associated
seizures Prodrome

Known
trigger Location of focal lesion on CT

1.III.1 56 R hand weakness and aphasia − N/V + Parietal watershed area
1.IV.3 14 Coma then ataxia N/V, HA + Cerebellum

R hemiparesis, aphasia, and hemianopia + N/V, HA + Parieto-occipital region
L hemiparesis Ps, HA + Parietal region

1.IV.4 9 R hemiparesis and aphasia. + N/V − Parieto-occipital region
2.III.5 68 R hemiparesis − − − Parieto-occipital region
2.III.8 76 R hand weakness − − − Parieto-occipital region
2.IV.2 40 Dysarthria + N/V − Parieto-occipital region
3.II.1 48 R hemiparesis, aphasia, + N/V, HA − Parieto-occipital region

Cortical blindness N/V Occipital region
4.II.3 21 Aphasia, R hemianopia + N/V, HA + Parieto-occipital region
5.II.1 16 R hemiparesis and R hemianopia − N/V, HA − Parieto-occipital region

N/V=nausea and vomiting; Ps=pseudo-obsruction of the bowel; HA=headache; +=present; −=absent.

Figure 4 Haematoxylin and eosin section of the globus pallidus of patient 1.IV.4 showing
tubular casts of mineral deposition within the capillary walls (arrows).No neuronal
calcification is seen. (Magnification×45.)
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Discussion
Neuroradiological abnormalities in this study
included calcification of the basal ganglia,
enlargement of the fourth ventricle, and focal
lesions, which usually involved the parieto-
occipital regions of the cerebral hemispheres.
Late features included cerebral and cerebellar
atrophy. The neuroradiological picture was
distinctive and highly suggestive of MELAS
syndrome when all these features were present.
The discussion deals with each feature in turn.

BASAL GANGLIA CALCIFICATION

In the present study, basal ganglia calcification
was the commonest (54%) neuroradiological
abnormality in patients with the MELAS
A3243G point mutation. This compares with
an incidence of 13% in a series of 820
unselected patients who had cerebral CT for
various indications performed at our hospital
(unpublished data). Basal ganglia calcification
in our patients was progressive, symmetric, and
most commonly involved the globus pallidus. It
also aVected other areas such as the caudate,
putamen, thalamus, and internal capsule, but
unlike previous studies,13 was not seen in the
dentate nucleus. Hypoparathyroidism, an im-

portant cause of basal ganglia calcification16

and one which may occur in association with
mitochondrial disorders,17 was not present in
any of the patients in this study.
Basal ganglia calcification in our patients was

in the same histological18 and radiological
distribution as in normal aging brains, but
often occurred at an earlier age. As mitochon-
drial dysfunction occurs with aging,19 it is
tempting to speculate that deposition of miner-
als in the basal ganglia in the normal
population is due to cumulative mitochondrial
defects associated with aging. The fact that
basal ganglia calcification occurs after a wide
range of insults to the brain such as hypoxia,20

radiation,21 and congenital hypothyroidism,22

suggests that this part of the brain has a
propensity to respond to injury or metabolic
disturbance by laying down minerals.23 Why
basal ganglia calcification occurs in patients
with mitochondrial disease is unclear. Mito-
chondria are important in the regulation of
intracellular calcium concentration24 and it has
been suggested that calcium may accumulate
within the mitochondria and deposit as salts
during periods of stress.25 Defects in the mito-
chondrial genome may impair the mitochon-
drion’s ability to function, resulting in calcium
deposition in susceptible regions.
None of the patients with basal ganglia calci-

fication showed signs of basal ganglia dysfunc-
tion such as Parkinson’s disease or dystonia. In
the one patient with basal ganglia calcification
studied at postmortem, no mineral deposition
within the neurons of the basal ganglia or neu-
ronal loss within these regions was found
although neuronal loss associated with basal
ganglia calcification has previously been
reported.26 Although extrapyramidal symp-
toms have occasionally been described in
patients with basal ganglia calcification27 28

most patients are asymptomatic.29 30 Normal
basal ganglia function may be explained by this
neuronal sparing, as seen in our patients. In
addition, the lack of symptoms may relate to
the functional reserve of the extrapyramidal
system resulting from its organisation as a par-
allel processing system.31 Basal ganglia calcifi-
cation is thus a useful marker of mitochondrial
disease though it does not usually cause clinical
symptoms.

FOURTH VENTRICLE ENLARGEMENT AND

CEREBELLAR ATROPHY

Enlargement of the fourth ventricle was found
more often than generalised cerebellar atrophy.
Isolated enlargement of the fourth ventricle
was often seen in young patients, some of
whom were asymptomatic, but generalised cer-
ebellar atrophy was only seen in those patients
with longstanding (>10 years) disease. Isolated
enlargement of the fourth ventricle developed
into generalised cerebellar atrophy in two
patients. Thus this feature seems to be the first
sign of cerebellar atrophy in patients with
MELAS. Selective atrophy of the anterior supe-
rior vermis, the structure which forms the roof of
the fourth ventricle, has been reported in pyru-
vate dehydrogenase deficiency, a disorder which
produces a similar metabolic derangement to

Figure 5 (A) Magnified view (×10) of the parietal cortex of patient 1.IV.4 showing
laminar distribution of necrosis, predominantly involving layers 3 and 5 (arrow) and (B)
magnified view (×200) of a cortical lesion in the insular region of patient 1.IV.4 showing
spongiform change, astrocytic proliferation, capillary proliferation, and relative neuronal
sparing. A preserved neuron is indicated by the arrow.
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the mitochondrial cytopathies.32 The anterior
superior vermis seems to be the first part of the
cerebellum to atrophy in MELAS and the
resultant fourth ventricle enlargement may thus
be regarded as an early, though not specific,
marker of disease.

CEREBRAL ATROPHY

All patients with cerebral atrophy had long-
standing disease. Only half of the patients had
a history of multiple stroke-like episodes. It
seems likely that atrophy results from both
sudden loss as well as gradual attrition of
cells.33 34 The progressive atrophy may result
from increased release of free radicals from the
respiratory chain in genetically damaged
mitochondria.35

FOCAL LESIONS

Focal lesions found on CT usually involved the
parietal and occipital lobes. This distribution
has been previously noted2 36 37 but why this
region is preferentially aVected remains un-
clear. Cells in this area might be expected to
carry a higher proportion of mutant to wild
type mitochondrial DNA but quantitative
studies, performed on postmortem
specimens,38–40 have failed to confirm this. The
preferential involvement of the parieto-
occipital region highlights the similarities
between mitochondrial disease and migraine:
both also have clinical prodromes of nausea,
vomiting, and visual scintillations and are asso-
ciated with headache. In migraine, a wave of
focal hypoperfusion progressing from the
occipital to parietal regions41 42 occurs during
the aura, causing the typical visual symptoms.
The hyperaemia which follows the migraine
aura has also been described in patients with
MELAS.43–44

Focal lesions were always associated with a
history of stroke-like episodes. Although the
sudden onset of these episodes is suggestive of
a vascular mechanism,45 the lesions often
crossed adjacent arterial territories (sometimes
involving posterior and anterior circulations)
making it unlikely that these lesions resulted
from large vessel occlusion. As the stroke-like
episodes were often preceded by toxic or meta-
bolic stressors that may have precipitated
dehydration, the possibility of venous throm-
bosis could also be raised. However, the
appearance and distribution of the focal lesions
seen in the present study diVered from those of
venous infarcts which are often haemorrhagic
and usually multifocal or bilateral.46 Carotid
angiograms performed in this study and
others26 33 47 failed to show either arterial or
venous abnormalities.
Involvement of the arterioles in the patho-

genesis of the stroke-like episodes has been
postulated.45 48–50 Goto45 speculated that arteri-
oles, strongly reactive to succinic
dehydrogenase,50 51 contract abnormally in pa-
tients with MELAS. This mechanism would
lead to a reduction in blood supply, thus lead-
ing to a stroke-like episode.This theory is yet to
be substantiated, as occlusion of cerebral arte-
rioles has not been shown in MELAS.
Furthermore, arteriolar disease usually results

in small subcortical white matter lesions52

rather than the selective cell loss in the grey
matter seen in our patients.
Histopathological examination of the focal

lesions disclosed a laminar distribution of neu-
ronal cell loss, changes often seen with global
hypoperfusion, such as occurs during a cardiac
arrest. The changes, however, diVered from
global hypoperfusion in several ways: the
lesions were scattered throughout the cortical
rim and were of diVering ages; there was
neuronal sparing amongst the areas of astro-
cytic proliferation and spongiform change
instead of confluent areas of necrosis; and the
hippocampus, which is almost always aVected
by global hypoperfusion, was entirely normal in
one patient and atypically aVected in the other.
There was no history of cardiac arrest or
prolonged hypotension in either patient. These
findings suggest that the focal lesions do not
result from episodes of global hypoperfusion.
Focal lesions predominantly aVected the

grey matter, suggesting that the lesions may
result from a sudden inability of cortical cells
with abnormal mitochondria to cope with the
metabolic demands placed on them. In support
of this argument recent studies using MR
spectroscopy have shown increased concentra-
tions of lactate11 and impaired oxidative
metabolism within the focal cortical lesions
during an acute episode, with return to normal
after clinical resolution.34 PET studies have
shown a reduction in the oxygen extraction rate
in the presence of preserved cerebral blood
flow during an acute event, particularly in the
grey matter of the posterior cortex.53 Preserved
or increased cerebral blood flow has also been
found on both SPECT43 44 and xenon en-
hanced CT,47 suggesting that there is a
compensatory vascular response to a metabolic
stress. Hence, the vascular changes seem to be
secondary to the metabolic disturbance taking
place in the parenchyma of the grey matter.
Perhaps the sudden imposition of a biologi-

cal stress, such as infection, leads to a failure of
mitochondrial function in susceptible neurons
in the grey matter. A cascade of biological
events then occurs with accumulation of cellu-
lar metabolites which causes regional hyperae-
mia. The combination of regional hyperaemia
and toxic cellular metabolites may be responsi-
ble for the hyperexcitability leading to visual
scintillations, seizures, nausea, and vomiting
found in the prodromal phase. As the meta-
bolic derangement becomes more severe,
cellular dysfunction predominates, resulting in
a neurological deficit. Clinical improvement,
which is such a feature of these episodes,37 54 55

occurs with recovery of mitochondrial func-
tion, with the ultimate deficit being dependent
on the proportion of neurons surviving the
metabolic insult.
Focal lesions in the parietal and occipital

lobes in the presence of cerebral and cerebellar
atrophy and basal ganglia calcification provide
a distinctive neuroradiological picture which
should raise the suspicion of a mitochondrial
disorder, particularly in a young patient.

Neuroradiological features of MELAS 239

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.65.2.233 on 1 A

ugust 1998. D
ow

nloaded from
 

http://jnnp.bmj.com/


This work was supported by the National Health and Medical
Research Council of Australia and the Winthrop Fellowship.We
also thank Dr W Evans for his help with obtaining pathological
specimens used in this work.

1 Petty RKH, Harding AE, Morgan-Hughes JA. The clinical
features of mitochondrial myopathy. Brain 1986;109:915–
38.

2 Pavlakis SG, Phillips PC, DiMauro S, et al. Mitochondrial
myopathy, encephalopathy, lactic acidosis, and strokelike
episodes: a distinctive clinical syndrome. Ann Neurol 1984;
16:481–8.

3 Crimmins D, Morris JGL, Walker GL, et al. Mitochondrial
encephalomyopathy: variable clinical expression within a
single kindred. J Neurol Neurosurg Psychiatry 1993;56:900–
5.

4 Goto Y, Nonaku I, Horai S. A mutant in the tRNA leucine
gene associated with the MELAS subgroup of mitochon-
drial encephalopathies.Nature 1990;348:651–3.

5 Goto Y, Nonaka I, Horai S. A new mutation associated with
mitochondrial myopathy, encephalopathy, lactic acidosis
and stroke-like episodes (MELAS). Biochim Biophys Acta
1991;1097:238–40.

6 Lertrit P, Noer AS, Jean-Francois MJB, et al. A new disease
related mutation for mitochondrial encephalopathy, lactic
acidosis, and stroke-like episodes (MELAS) syndrome
aVects the ND4 subunit of the respiratory complex I.Am J
Hum Genet 1992;51:457–68.

7 ShoVner JM, Lott MT, Lezza AMS, et al. Myoclonic
epilepsy and ragged red fibre disease (MERRF) is
associated with a mitochondrial DNA tRNA(Lys) muta-
tion. Cell 1990;61:931–7.

8 Silvestri G, Moraes CT, Shanske S, et al. A new mutation in
the tRNA(Lys) gene associated with myoclonus epilepsy,
ragged red fibres (MERRF). Am J Hum Genet 1992;51:
1213–7.

9 Schon EA, Rizzuto R, Moraes CT, et al. A direct repeat is a
hot spot for large scale deletions of human mitochondrial
DNA. Science 1989;244:346–9.

10 Egger J, Kendall BE. Computed tomography in mitochon-
drial cytopathy.Neuroradiology 1981;22:73–8.

11 Barkovich AJ, Good WV, Koch TK, et al. Mitochondrial
disorders: analysis of their clinical and imaging characteris-
tics. Am J Neuroradiol 1993;14:1119–37.

12 Allard JC, Tilak S, Carter AP. CT and MR of MELAS syn-
drome. Am J Neuroradiol 1988;9:1234–8.

13 Kendall BE. Disorders of lysosomes, peroximes, and
mitochondria. Am J Neuroradiol 1992;13:621–39.

14 Kotsimbos N, Jean-Francois MJB, Huizing M, et al. Rapid
and non-invasive screening of patients with mitochondrial
myopathy.Hum Mutat 1994;4:132–5.

15 Evans WA. An encephalographic ratio for estimating
ventricular enlargement and cerebral atrophy. Arch Neurol
1942;47:931–7.

16 Lowenthal A. Striopallidodentate calcifications. In: Vinken
PJ, Bruyn GW, eds. Handbook of clinical neurology.
Amsterdam: Elsevier, 1986:417–36.

17 Toppet M, Telerman-Toppet N, Szliwowski HB, et al. Ocu-
locraniosomatic neuromuscular disease with hypoparathy-
roidism. Am J Dis Child 1977;131:437–41.

18 Slager UT, Wagner JA. The incidence, composition, and
pathological significance of intracerebral vascular deposits
in the basal ganglia. J Neuropathol Exp Neurol 1956;15:417–
31.

19 Trounce I, Byrne E, Marzuki S. Decline in skeletal muscle
mitochondrial respiratory chain function: a possible factor
in ageing. Lancet 1989;i:637–9.

20 Midroni G, Willinsky R. Rapid postanoxic calcification of
the basal ganglia.Neurology 1992;42:2144–6.

21 Kingley DPE, Kendall BE. CT of the adverse eVects of
therapeutic radiation of the central nervous system. Am J
Neurorad 1981;2:453–60.

22 Halpern J P, Boyages SC, Maberly GF, et al. The neurology
of endemic cretinism. A study of two endemias. Brain
1991;114:825–41.

23 Neumann MA. Iron and calcium dysmetabolism in the
brain. J Neuropathol Exp Neurol 1963;22:148–63.

24 Borle A. Calcium metabolism at the cellular level. Fed Proc
1979;32:1944–50.

25 Anderson HC. Mechanisms of pathological calcification.
Rheum Dis Clin North Am 1988;14:303–19.

26 Kishi M, Yamamura Y,Kuriharra T, et al. An autopsy case of
mitochondrial encephalopathy: biochemical and electron
microscopic studies of the brain. J Neurol Sci 1988;86:31–
40.

27 Muenter M, Whisnant JP. Basal ganglia calcification,
hypothyroidism, and extrapyramidal motor manifestations.
Neurology 1968;18:1075–83.

28 Messimy R, Diebler C, Metzger J. Dystonie de torsion du
membre superieur gauche probablement consecutive a un
traumatisme cranien. Rev Neurol (Paris) 1977;133:199–206.

29 Harrington M G, Macpherson P, Mcintosh W, et al. The
significance of the incidental finding of basal ganglia calci-

fication on computed tomography. J Neurol Neurosurg Psy-
chiatry 1981;44:1168–70.

30 Koller WC, Cochran JW, Klawans HL. Calcification of the
basal ganglia: computerized tomography and clinical corre-
lation.Neurology 1979;29:328–33.

31 Alexander GE, Crutcher MD. Functional architecture of
basal ganglia circuits; neural substrates of parallel process-
ing. Trend Neurosci 1990;13:266–71.

32 Reynolds SF, Blass JP. A possible mechanism for selective
cerebellar damage in partial pyruvate dehydrogenase
deficiency.Neurology 1976;26:625–8.

33 Hasuo K, Tamura S, Yasumori K, et al. Computed
tomography and angiography in MELAS (mitochondrial
myopathy, encephalopathy, lactic acidosis, and stroke like
episodes); report of three cases. Neuroradiology 1987;29:
393–7.

34 Matthews PM, Andermann F, Silver K, et al. Proton MR
spectroscopic characterisation of diVerences in regional
brain metabolic abnormalities in mitochondrial encephalo-
myopathies.Neurology 1993;43:2484–90.

35 Harding AE, Schapira AHV. Mitochondrial disease and
movement disorders. In: Jankovic J, Tolosa E, eds.
Parkinson’s disease and movement disorders. Baltimore:
Williams and Wilkins, 1993.

36 Kuriyama M, Umezaki H, Fukuda Y, et al. Mitochondrial
encephalomyopathy with lactate-pyruvate elevation and
brain infarctions.Neurology 1984;34:72–7.

37 Yamamoto T, Beppu H, Tsubaki T. Mitochondrial
encephalopathy: fluctuating symptoms and CT. Neurology
1984;34:1456–60.

38 Ciafaloni E, Ricci E, Servidei S, et al. Widespread tissue dis-
tribution of a tRNALeu(UUR) mutation in the mitochondrial
DNA of a patient with MELAS syndrome.Neurology 1991;
41:1663–5.

39 Love S, Nicoll A R, Kinrade E. Sequencing and quantitative
assessment of mutant and wild-type mitochondrial DNA in
paraYn sections from cases of MELAS. J Pathol 1993;170:
9–14.

40 Shoji Y, Sato W, Hayasaka K, et al. Tissue distribution of
mutant mitochondrial DNA in mitochondrial myopathy,
encephalopathy, lactic acidosis, and strokelike episodes. J
Inherit Metab Dis 1993;16:27–30.

41 Olesen J, Larsen B, LauritzenM. Focal hyperaemia followed
by spreading oligemia and impaired activation of rCBF in
classic migraine. Ann Neurol 1981;9:344–52.

42 Lauritzen M, Skyhoj Olsen T, Larsson NA, et al. Changes in
regional cerebral blood flow during the course of classic
migraine attacks. Ann Neurol 1983;13:633–41.

43 Morita K, Ono S, Fukunaga M, et al . Increased accumula-
tion of n-isopropyl-p-(I-123)iodoamphetamine in two
cases with mitochondrial myopathy, encephalopathy, lactic
acidosis, and strokelike episodes (MELAS). Neuroradiology
1989;31:358–61.

44 Satoh M, Ishikawa N, Yoshizawa T, et al. N-isopropyl-p-
[123I]iodoamphetamine SPECT in MELAS syndrome:
comparison with CT and MR imaging. J Comput Assist
Tomogr 1991;15:77–91.

45 Goto Y. Clinical features of MELAS and mitochondrial
DNA mutations.Muscle Nerve 1995;(suppl 3):S107–12.

46 Chiras J, Dubs M, Bories J. Venous infarction. Neuroradiol-
ogy 1985;27:593–600.

47 Ooiwa Y, Uematsu Y, Terada T, et al. Cerebral blood flow in
mitochondrial myopathy, encephalopathy, lactic acidosis,
and strokelike episodes. Stroke 1993;24:304–9.

48 Sakuta R, Nonaka I. Vascular involvement in mitochondrial
myopathy. Ann Neurol 1989;25:594–601.

49 Tokunaga M, Mita S, Sakuta R, et al. Increased mitochon-
drial DNA in blood vessels and ragged-red fibres in
mitochondrial myopathy, encephalopathy, lactic acidosis,
and strokelike episodes (MELAS). Ann Neurol 1993;33:
275–80.

50 Hasegawa, Matsuoka T, Goto Y, et al. Strongly succinate
dehydrogenase-reactive blood vessels in muscles from
patients with mitochondrial myopathy, encephalopathy,
lactic acidosis, and strokelike episodes. Ann Neurol
1991;29:601–5.

51 Matsuoka T, Hasegawa T, Nonaka I. Strongly succinate
dehydrogenase-reactive blood vessels (SSV) in various
neuromuscular diseases. Clin Neurol 1992;32:645–7.

52 Donnan GA, Nrving B, Bamford JM, et al. Subcortical
infarction: classification and terminology. Cerebrovasc Dis
1993;3:248–51.

53 De Volder A, Ghilain S, de Barsy T, et al. Brain metabolism
in mitochondrial encephalopathy: a PET Study. J Comput
Assist Tomography 1988;12:854–7.

54 Taverni N, Dal Pozzo G, Arnetoli G, Zappoli R. Diagnosis
and follow-up of mitochondrial encephalomyopathy: CT
and MR studies. J Comput Assist Tomogr 1988;12:696–7.

55 Rosen L, Phillips S, Enzmann D.Magnetic resonance imag-
ing in MELAS syndrome.Neuroradiology 1990;32:168–71.

240 Sue, Crimmins, Soo, et al

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.65.2.233 on 1 A

ugust 1998. D
ow

nloaded from
 

http://jnnp.bmj.com/

