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MERRF.

yoclonic epilepsy with ragged-red fibers (MERRF) is a
rare mitochondrial disorder featuring myoclonus, sei-
zures, mental deterioration, cerebellar ataxia, hearing loss,
muscular weakness, and other clinical symptoms. The
A8344G or A3243G mutations of mitochondrial deoxyribo-
nucleic acid (DNA) are the genetic causative factors.'” The
clinical phenotype and prognosis are better for patients with
the A8344G mutation than for those with the A3243G muta-
tion.> Mitochondrial DNA mutation is heteroplasmic, and
normal DNA and mutant DNA coexist within the same indi-
vidual.* Therefore, the onset age and clinical features of
MERREF vary,” though the onset age is usually adolescence or
early adulthood.®
Neuroradiologic findings in patients with MERRF are
rarely reported. Previous reports have described 1 or more
brain MR imaging abnormalities, including cerebral atrophy,
cerebral white matter T2 hyperintensities, striatal T2 hyperin-
tensities, pallidal atrophy with calcification, and cerebellar at-
rophy.>>%” Neuropathologic changes include degeneration of
the basal ganglia (globus pallidus and substantia nigra), brain
stem (pontine tegmentum, locus ceruleus, inferior olivary nu-
cleus, and gracile and cuneate nuclei), cerebellum (dentate
nucleus and cerebellar cortex), and spinal cord (posterior col-
umns and spinocerebellar tracts).>* The brain stem and cere-
bellar degeneration might be the main feature of MERRF, but
clinical and MR imaging findings focusing on brain stem and
cerebellar abnormalities have not been reported. In the
present study, our intent was to clarify the clinical and MR
imaging features of patients with MERRF, with particular at-
tention to the brain stem and cerebellum, by using conven-
tional and diffusion tensor MR imaging methods.
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Clinical and Brain MR Imaging Features Focusing
on the Brain Stem and Cerebellum in Patients
with Myoclonic Epilepsy with Ragged-Red Fibers
due to Mitochondrial A8344G Mutation

SUMMARY: We report 3 patients with myoclonic epilepsy with ragged-red fibers (MERRF) diagnosed
by mitochondrial A8344G mutation. Cerebellar ataxia was the first symptom in all patients. Conven-
tional brain MR imaging showed atrophy of the superior cerebellar peduncles and the cerebellum in all
patients and brain stem atrophy in 2 patients. In diffusion tensor analysis, fractional anisotropy of the
superior cerebellar peduncles was mildly decreased in 1 patient. There was a discrepancy between
clinical disabilities (severe) and radiologic abnormalities (mild). This discrepancy and atrophy of the
superior cerebellar peduncles and the cerebellum may be important findings suggesting a diagnosis of

Case Reports

Patient 1

A 24-year-old man, who was diagnosed with MERRF with the point
mutation of mitochondrial DNA A8344G, initially developed cere-
bellar symptoms at age 8. He also developed muscular weakness,
mental deterioration, myoclonus, and ophthalmoparesis. His brain
MR imaging at age 11 revealed slight enlargement of the cerebellar
fissures and the fourth ventricle without obvious parenchymal signal-
intensity abnormalities. His symptoms gradually worsened, and at
ages 22 and 24, he underwent 1.5T brain MR imaging including dif-
fusion tensor imaging.

Diffusion tensor imaging was performed by using the following
parameters: echo-planar imaging, 6 motion probe gradients, b fac-
tor = 1000 s/mm?, TR = 13,000 ms, TE = 96.4 ms, FOV = 260 X 208
mm, matrix = 128 X 128, section thickness = 5 mm, section gap = 0
mm, acquisition time = 160 seconds. Tensor analysis was performed
according to a previously described method'® by using dTV 11, a soft-
ware developed in the Department of Radiology, Tokyo University
(available at http://www.ut-radiology.umin.jp/people/masutani/
dTV.htm). Spheric regions of interest were manually set on each of
the superior cerebellar and middle cerebellar peduncles. Fibers run-
ning through the superior and middle cerebellar peduncles were
tracked, and regions of interest were also set on the entire tracked
fibers as “tracts of interest.” Subsequently, mean fractional anisotropy
(FA) of tracts of interest was measured according to previously de-
scribed procedures.'!

On T2-weighted axial images at age 22 (Fig 1), the mid pons and
midbrain were slightly atrophic and the middle and superior cerebel-
lar peduncles showed mild atrophy. The periaqueductal gray matter
signal intensity was abnormally hyperintense. The cerebral cortices
and basal ganglia appeared normal. On T2-weighted axial images at
age 24 (Fig 2), the previously mentioned neuroradiologic abnormal-
ities had deteriorated. There was atrophy of the mid pons, middle
cerebellar peduncles, and cerebellar hemisphere and severe atrophy of
the superior cerebellar peduncles. The fourth ventricle became
slightly larger than that in previous images. Marked abnormal hyper-
intensities were found bilaterally around the periaqueductal gray
matter, and the midbrain tegmentum showed atrophy. In diffusion
tensor analysis, the FA value of the superior cerebellar peduncles was
slightly decreased (0.469, z score = —0.7) and that of the middle
cerebellar peduncles was mildly decreased (0.473, z score = —1.3) in



Fig 1. T2-weighted axial images in patient 1 at 22 years of
age (disease duration, 14 years). A, The mid pons and
midbrain are slightly atrophic, and the middle and superior
cerebellar peduncles show mild atrophy. B, The periaqueduc-
tal gray matter signal intensity is abnormally hyperintense
(arrows).

Fig 2. T2-weighted axial images in patient 1 at 24 years of
age (disease duration, 16 years). A, There is atrophy of the
mid pons, middle cerebellar peduncles, and cerebellar hemi-
sphere and severe atrophy of the superior cerebellar pe-
duncles. B, Marked abnormal hyperintensities are found bi-
laterally around the periaqueductal gray matter (arrows), and
the midbrain tegmentum shows atrophy.

Atrophy, abnormal signals, and FA of patients with MERRF and healthy controls

Atrophy Abnormal Signals FA (z score)
Brain Brain Basal
SCP MCP Cerebellum Stem Cerebrum Stem Ganglia SCP MCP

Patient

1 ++ + + + - + - 0.469(—0.7) 0.473(—1.3)

2 + + + + + + + 0.550(0.6) 0.465(—1.7)

3 + - + - + - - 0.513(0.0) 0.494 (—0.4)
Healthy controls - - - - - - - 0.513 = 0.066 0.503 = 0.023

Note:—SCP indicates superior cerebellar peduncles; MCP, middle cerebellar peduncles; + +,

comparison with FA values in 10 healthy subjects (5 men and 5
women, 52.0 = 8.2 years of age ([range, 37-59 years]; FA of the su-
perior cerebellar peduncles, 0.513 = 0.066; FA of middle cerebellar
peduncles, 0.503 = 0.023; Table).

Patient 2
A 52-year-old woman initially developed cerebellar ataxia and hear-
ing loss at age 35. She also developed muscular weakness, mental
deterioration, cataract, and pigmented retinopathy. Her symptoms
gradually worsened, and at age 48, mitochondrial gene analysis con-
firmed the diagnosis of MERRF with the A8344G mutation. Atage 52,
she underwent brain MR imaging including diffusion tensor imaging
by using the previously mentioned parameters for patient 1.
T2-weighted axial images (Fig 3) showed moderate atrophy of the
midbrain and mild atrophy of the pons, middle cerebellar peduncles,

severely present; +, mildly present; —, absent; =, equivocal.

cerebellum, and cerebrum. The superior cerebellar peduncles were
also atrophic. There were symmetric T2 hyperintensities in the mid-
brain tegmentum around periaqueductal gray matter and T2 hypoin-
tensities in the globus pallidus. In diffusion tensor analysis, the FA
value of the superior cerebellar peduncles was not decreased (0.550, z
score = 0.6) and that of the middle cerebellar peduncles was mildly
decreased (0.465, zscore = —1.7) in comparison with mean FA values
in 10 healthy subjects (Table).

Patient 3

A 53-year-old man initially developed cerebellar ataxia, mental dete-
rioration, and recurrent seizures at 12 years of age. He also developed
myoclonus and recurrent loss of consciousness in his early 40s. He
was diagnosed with MERRF because his older sister had been previ-
ously diagnosed with MERRF with mitochondrial A8344G. At age 50,
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he had sudden-onset right hemianopia, aphasia, alexia with agraphia,

acalculia, and finger agnosia. Brain CT revealed massive edematous
lesions in the left temporal, parietal, and occipital lobes. At age 53, he
underwent brain MR imaging including diffusion tensor imaging by
using the previously mentioned parameters for patient 1.

On T2-weighted axial images, there was mild atrophy of the cere-
bellum and superior cerebellar peduncles but no obvious atrophy of
brain stem and middle cerebellar peduncles. Signals in the brain stem
and basal ganglia were normal. There was marked enlargement of the
inferior and posterior horns of the left lateral ventricle, suggesting left
temporo-occipital encephalomalacia. In diffusion tensor analysis, FA
values of the superior and middle cerebellar peduncles were not de-
creased (0.513 and 0.503, respectively) in comparison with mean FA
values in 10 healthy subjects (Table).

Discussion
Clinical and brain MR imaging features of patients with
MERRF with the mitochondrial A8344G mutation were di-
verse in the present study, but all patients had slow progressive
cerebellar symptoms as an initial manifestation and had atro-
phy of the superior cerebellar peduncles and cerebellum. All
patients were profoundly disabled in daily living activities but
did not have prominent brain atrophy. Although cerebellar,
brain stem, and cerebral atrophy were present, the degree of
atrophy was mild and could be observed on MR imaging only
after careful assessment. Atrophy of the superior cerebellar
peduncles was more visible than atrophy of the middle cere-
bellar peduncles. Abnormal signals were recognized symmet-
rically in the midbrain tegmentum.

In previous studies, cerebral atrophy, cerebral white matter
T2 hyperintensities, striatal T2 hyperintensities, pallidal atro-
phy with calcification, and cerebellar atrophy were reported in
patients with MERRF.>>®’ Atrophy of the brain stem and
superior cerebellar peduncles and signal intensity abnormali-
ties of the brain stem were not described. The present study
describes these abnormalities in patients with MERRF, and the
results are supported by previous neuropathologic studies that
showed degeneration of the brain stem and dentate nuclei as
well as the basal ganglia, cerebellar cortices, and spinal cord.®’

In diffusion tensor analysis, FA of the superior cerebellar
peduncles was mildly decreased in a patient with obvious at-
rophy of the superior cerebellar peduncles, and there were no
significant abnormalities of FA of the middle cerebellar pe-
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Fig 3. T2-weighted axial images in patient 2 at 52 years of
age (disease duration, 17 years). A, There is moderate atro-
phy of the midbrain and mild atrophy of the pons, middle
cerebellar peduncles, cerebellum, and cerebrum. The superior
' cerebellar peduncles are also atrophic. B, There are symmet-
ric T2 hyperintensities in the midbrain tegmentum around the
periaqueductal gray matter.

duncles. Diffusion changes of the cerebellar peduncles were
not prominent, despite marked cerebellar dysfunction. These
results are different from those of a previous study showing
sensitive diffusion changes of the middle cerebellar peduncles
in patients with multiple system atrophy.'? Mitochondrial
dysfunction with few structural changes might cause a dis-
crepancy between the clinical symptoms and the radiologic
changes. A previous proton MR spectroscopic study showed
that in patients with MERREF, the N-acetylaspartate/creatine
ratio was decreased in the cerebellum,'” whereas another
study showed preserved brain perfusion in patients with
MERRE."* A decreased N-acetylaspartate/creatine ratio sug-
gests neuronal loss or neuronal dysfunction, whereas hypo-
perfusion suggests neuronal loss or vascular problems. A de-
creased N-acetylaspartate/creatine ratio without hypoperfusion
suggests neuronal dysfunction with relatively maintained neu-
ronal architecture. This hypothesis is compatible with our
findings of severe clinical symptoms with mild radiologic ab-
normalities. However, this interpretation is speculative be-
cause it is based on results from 2 other studies using 2 differ-
ent techniques in 2 different small groups of patients, and
further studies are necessary to confirm our hypothesis.

The present study has some limitations regarding the dif-
fusion tensor sequences. Only 6 directions of diffusion gradi-
ents and 1 measurement for each direction were used, and the
spatial resolution was not as good as that in several other stud-
ies. These parameters may have reduced the accuracy of FA
measurements. However, a recent study confirmed that the
number of motion probe gradients does not influence FA or
apparent diffusion coefficient (ADC) values,'” and another
study showed that voxel size is not related to FA or ADC values
in areas containing noncrossing fibers such as the corpus cal-
losum and the posterior limb of the internal capsule.'® In the
present study, we performed diffusion tensor analyses by us-
ing “tracts of interests,” which probably resolve the problems
regarding inaccurate FA data in areas containing crossing fi-
bers, though we should consider the possibility of negative
influences due to tracking errors.

Conclusion

Clinical and neuroradiologic features of patients with MERRF
with a mitochondrial A8344G mutation are diverse but can
resemble spinocerebellar degeneration, especially in the early



stage of the disease. Neuroradiologically, mild atrophy of the
superior cerebellar peduncles and the cerebellum, in addition
to abnormalities of the cerebrum and basal ganglia, suggests
MERREF, especially in patients with a disparity between mild
radiologic abnormalities and severe clinical disabilities.
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