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Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes (MELAS) syn-
drome is one of the most common maternally inherited mitochondrial disorders, with no
specific treatment available. We report a case of a 34-year-old female in whom symptoms of
MELAS were initially misdiagnosed as herpes simplex encephalitis (HSE). Her clinical course
was marked by an acute episode of consciousness disturbance with newly developed lesions
on brain MRI five years after disease onset and followed by progressive sensorineural hear-

Keywords: ing loss. Brain imaging sequences throughout the seven years of her illness are presented.

Mitochondrial Encephalomyopathy The final diagnosis of MELAS syndrome was confirmed by m.3243A>G mitochondrial muta-

MELAS
Magnetic Resonance Imaging
Herpes Simplex Encephalopathy

tion. In conclusion, understanding the overlapping imaging features between MELAS syn-
drome and other mimickers, such as HSE or ischemic stroke, is crucial to help establish early
diagnosis and initiate appropriate treatment.
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disorder with extensive phenotypic variability. Its clinical
manifestations include stroke-like episodes, focal or general-
ized seizures, recurrent migraine-like headaches, vomiting,
short stature, hearing loss, and muscle weakness. The most
common mutation associated with MELAS syndrome is the

Introduction

Mitochondrial encephalomyopathy, lactic acidosis, and
stroke-like episodes (MELAS) syndrome is a multisystem
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Fig. 1 - Brain CT scan on first admission. Arrows indicate
hyperintense signal involving bilateral basal ganglia, likely
calcification.

m.3243A>G in the MT-TL1 (mitochondrially encoded tRNA
leucine 1) gene [6].

Case report

A 34-year-old right-handed woman was hospitalized three
times due to headache, vomiting, abnormal behavior, seizures
with no fever. Her birth, child development and early adult-
hood were unremarkable. She had been a general practitioner
with short stature as compared with her siblings and no prior
medical conditions.

The patient first presented with symptoms of conscious-
ness disturbance, seizure and vomiting at the age of 27 (2013),
she was admitted to a different hospital. During this episode,
her lumbar puncture results were lost. Her brain images, in-
cluding computed tomography (CT) and magnetic resonance
imaging (MRI), are shown in Fig. 1 and 2, respectively. She was
diagnosed with herpes simplex encephalitis (HSE). After dis-
charge, while other symptoms resolved, her communication
became mildly impaired, evidenced by slower reaction speed.
She was still independent in activities of daily living and con-
tinued work as a doctor.

Five years later (2018), at the age of 32, the patient was
admitted to our hospital because of similar symptoms. Rou-
tine laboratory tests included complete blood count, liver and
kidney function tests, electrolytes, glycemia, thyroid func-
tion tests, and were all normal. MRI of the brain was ob-
tained (Fig. 2, 3) and revealed new lesions in the right tem-
poral and occipital lobes. Cerebrospinal fluid (CSF) analyses
were normal except for increased lactate levels (4 mmol/L,

normal range 1.1-2.4 mmol/L). Tests for herpes simplex, cy-
tomegalovirus, tuberculosis, bacteria and fungi in CSF were
negative, as were tests for Japanese encephalitis virus, hu-
man immunodeficiency virus (HIV) and syphilis. Antinuclear
Antibody (ANA) and anti-dsDNA were negative. To investigate
whether paraneoplastic or autoimmune encephalitis was pos-
sible, CT scan of the chest and abdomen was performed and
came back normal. Paraneoplastic antineuronal serum anti-
bodies (Anti-NMDAR antibody, Anti-Yo, Anti-Hu, Anti-Ri, Anti-
Amphiphysin, Anti-Ma2 antibody, Anti-CV2 (CRMP5) antibody,
anti-GAD antibody) also turned out negative. Serum test for
HSV IgG antibody was positive while IgM antibody was absent.
An electroencephalography (EEG) study showed slow waves in
the right temporal lobe and no epileptiform discharges. Again,
she was diagnosed with recurrent HSE and treated with acy-
clovir and corticosteroid. This hospitalization was followed by
2 years of progressive dementia, progressive hearing loss, but
no seizure.

The patient was admitted to our hospital the third time
at the age of 34, when she developed headache and vomit-
ing. Neither fever nor abnormal behavior was present. Neuro-
logic examination revealed substantial cognitive deficits, im-
paired verbal communication and severe hearing loss. Again,
routine laboratory tests, including complete blood count, liver
and kidney function tests, electrolytes, glycemia, thyroid func-
tion tests, were normal. Plasma lactate was elevated at the
level of 3 mmol/L (normal range 0.5-2.2 mmol/L). Echocardio-
graphy and electromyography were normal. Fundus photog-
raphy revealed pigmentary retinopathy. A repeated MRI brain
was performed, disclosing no new lesions (Fig. 2). This time,
the clinical and imaging features were felt to be suggestive
of mitochondrial encephalomyopathy, hence genetic studies
were ordered. This revealed an m.3243A>G mutation, a sub-
stitution of G for A at base pair 3243 in the mitochondrial
genome, which confirmed the diagnosis of MELAS (Fig. 4). The
patient was started on coenzyme Q-10, thiamine, folic acid
and acetyl L-carnitine. Her condition gradually improved after
several months and she was eventually able to communicate
well with hearing aids.

Discussion

Overall, our patient met the diagnostic criteria of MELAS,
which include i) stroke-like episodes before age 40 years, ii) en-
cephalopathy characterized by seizures and/or dementia, and
either iii) blood lactic acidosis or the presence of ragged-red
fibers on muscle biopsy. The diagnosis is further secured as
she also had a normal early development, recurrent headache
and vomiting [10], and short stature (weight 36kg, height 155
cm, and body mass index 14,9 kg/m? at her third hospitaliza-
tion).

The pathogenesis of MELAS syndrome remains poorly un-
derstood. Genetic abnormalities play a key role, with 80% of
afflicted individuals found to carry the m.3243A>G mutation
in MT-TL1 gene. This gene is located on the p-arm of mito-
chondrial DNA at position 12 and encodes tRNA leucine 1.
Its mutation interrupts mitochondrial protein translation, de-
creases energy production, eventually leading to multi-organ
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Fig. 2 - Brain MRI findings. Fluid-attenuated inversion recovery (FLAIR), diffusion weighted imaging (DWI), and apparent
diffusion coefficient (ADC) images at three presentations. FLAIR images demonstrate hyperintense edema in the left and
then right temporal and occipital lobes. These do not correspond to any vascular territory and appear as local mass effect
(arrowheads, 2018) and subsequently old lesions with partial encephalomalacia (green arrow, 2020). DWI shows
hyperintense cortical areas of restricted diffusion that are hypointense on ADC (yellow arrow), and subcortical vasogenic
edema that is hyperintense on ADC (red arrows). (Color version of figure is available online)

dysfunction, a manifestation commonly observed in MELAS
syndrome. Furthermore, microvasculature angiopathy and ni-
tric oxide (NO) deficiency have also been suggested to con-
tribute to the phenotype and complications of MELAS syn-
drome [6].

The patient was misdiagnosed with HSE twice, at disease
onset and five years later when she first came to our hospi-
tal, during which she presented with abrupt consciousness
disturbance, heachade, seizures and vomiting. Her brain MRI
showed a new lesion involving the right temporal lobe that
did not respect vascular territories, which led us to a tentative
diagnosis of recurrent HSE.

In retrospect, however, the patient’s presentation was not
entirely compatible with HSE in several key points. Firstly, her
CSF profile was normal - neither lymphocytic pleocytosis nor
herpes simplex virus DNA detection by polymerase chain re-

action, the gold standard for diagnosing HSE, were found. Sec-
ondly, the patient’s lesions on brain MRI involved bilateral
temporal and occipital lobes, findings that were found to sig-
nificantly lower the odds of HSE [4,17]. As a result, CT scan of
the chest and abdomen, together with serum anti-neuronal
antibodies were performed to rule out paraneoplastic and
autoimmune encephalitis. As these came back negative, we
accepted the original diagnosis of HSE and discharge the
patient.

Finally, we were only able to consider the possibility of a
metabolic disorder, specifically MELAS syndrome, when the
patient subsequently developed recurrent vomiting, headache
and remarkable sensorineural hearing loss that was con-
firmed by audiogram and eventually required hearing aids.
These symptoms have not been reported to be common HSE
sequelae, which are aphasia and amnesia [18].
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Table 1 - Neuroimaging findings of HSE and MELAS.

MELAS

HSE

CT scan
basal ganglia [4,17]
MRI Side Uni- or bilateral [4]

Location

territories [13,17]
Step-wise progression [17]

Restricted
diffusion

« Cortical: signal intensity is high with DWI and low
on ADC map (cytotoxic edema) [17,20,12];

Hyperintense signal and calcification involving bilateral

Primarily temporo-occipital cortex, overtime extend
to adjacent areas with no corresponding vascular

Signal intensity on ADC map is usually not reduced or
only mildly reduced compared to DWI [1,21]

No basal ganglia calcification

Unilateral more often than bilateral [4]

» Mesio-temporal cortex [17]
« Step-wise progression uncommon [17]

- Possibly the most sensitive finding on MRI in the
early stage [15,16]

» Restricted cortical diffusion and subcortical
vasogenic edema [9]

+ Subcortical: signal intensity is high with DWI and

on ADC maps (vasogenic edema) [20,21]

Hemorrhage Infrequent finding

Can present as necrotizing form [5]

HSE, herpes simplex encephalitis

MELAS, mitochondrial encephalomyopathy, lactic acidosis and stroke-like episodes

Fig. 3 — Cerebellar atrophy, a common neurological
manifestation in mitochondrial disorders. Axial and
coronal T1 and T2 images show signs of cerebellar atrophy:
reduction in cerebellar volume, enlargement of the fourth
ventricle (yellow arrow) and sulci and cisterna magna (red
arrows). (Color version of figure is available online)

Given the rarity and often complexity of its manifestation,
diagnosing MELAS syndrome timely is particularly challeng-
ing and necessitates understanding of its overlapping features
with other conditions, such as HSE, ischemic stroke and pos-
terior reversible encephalopathy syndrome (PRES). Several key
differences in imaging studies between MELAS syndrome and

HSE are provided in Table 1. Typical findings of MELAS syn-
drome include stroke-like areas, basal ganglia calcifications
and brain atrophy [17,22,23]. Our patient had basal ganglia cal-
cifications (Fig. 1), a feature previously reported by Pauli et al
[17], and hyperintense edema in the right temporal and oc-
cipital lobes on FLAIR images, which did not correspond to
a vascular territory. A retrospective case series reported that
the odd of HSE was significantly lowered if lesions outside the
temporal lobes are present [4].

DWI and ADC sequences play a crucial role in distinguish-
ing between ischemic stroke and MELAS syndrome. Ischemic
areas are predominantly caused by cytotoxic edema and com-
monly presented as restricted diffusion and low signal on ADC
maps. In contrast, in MELAS syndrome, lesions most often oc-
cur due to vasogenic edema, thus the signal intensity on ADC
maps is not reduced or only mildly reduced compared to that
seen in acute ischemic stroke, and is most likely an indication
of reduced cellular energy [7,8,19,20].

Another mimicker of MELAS syndrome is PRES, whose
brain images frequently show vasogenic edema in subcortical
areas in the occipital and temporal lobes [2,3]. PRES is often
preceded by several conditions: hypertensive encephalopathy
with acute blood pressure fluctuations, acute or chronic re-
nal diseases, hemolytic and uremic syndrome, eclampsia, or
immunosuppressive therapy [14,17,11]. Its reversibility upon
removal of precipitated factors have been reported in many
cases and often help establish the correct diagnosis.

In conclusion, while magnetic resonance spectroscopy and
muscle biopsy were not performed, a stroke-like episode, MRI
findings and elevation of lactate in CSF pointed to a diagno-
sis of MELAS syndrome in our case. The definitive diagnosis
was confirmed by molecular genetic testing of mitochondrial
DNA. Recognizing the overlapping imaging features between
MELAS syndrome and other mimickers, typically HSE, would
significantly increase its awareness and help avoid misdiag-
nosis.
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Fig. 4 - Analysis of mitochondrial genome. Direct sequencing of MT-TL1 gene from peripheral blood revealed point mutation

m.3242A>G.
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