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Abstract

Mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes (MELAS) is a rare mitochondrial
neurodegenerative disorder characterized by stroke-like episodes, seizure, and lactic acidosis. The
diagnosis of MELAS is often challenging due to its variable phenotypic manifestations and rarity of
this disease. In this article, we report the case of a 38-year-old woman who presented with repeated
seizures and clinical stroke-like symptoms. She had no positive family history, and lactic acidosis was
only present in her initial episode. Magnetic resonance imaging (MRI) of the brain was also normal
in her first presentation. However, subsequent scans due to new clinical events showed migratory
stroke-like lesions that were hyperintense on T2/fluid attenuated inversion recovery (FLAIR) sequence
and had restricted diffusion. They did not conform to vascular territories but had a predilection for
posterior temporal, occipital and parietal regions. The radiological findings prompted the suspicion
of MELAS, which diagnosis was confirmed with genetic testing. Here, we also reviewed the MRI
features of MELAS from literature, in particular the diffusion-weighted sequence findings, as debate
still exists on whether the apparent diffusion coefficient (ADC) signal should be high or low in these
lesions. Our case highlights the importance of recognizing key imaging features of this rare and highly
heterogenous disease. In addition to helping with earlier diagnosis, these imaging findings also provide
more insight into the underlying pathophysiology of MELAS.
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INTRODUCTION or undiagnosed due to mild disease.*# Only around
15% of m.3243 A>G carriers present with MELAS,
with the remainder associated with diabetes
mellitus, hearing impairment, myopathy, ataxia,
and others.’ Therefore, the diagnosis of MELAS
can be challenging in clinical practice.

We hereby present a case of MELAS in which
typical neuroimaging findings were critical in
helping with the diagnosis.

Mitochondrial encephalopathy, lactic acidosis, and
stroke-like episodes (MELAS) is a rare genetic
disorder that leads to progressive neurological
impairment. Around 80% of cases are caused by
an m.3243A>G mitochondrial mutation.! Despite
being well known for its classic triad of stroke-
like episodes, seizure, and lactic acidosis, its
phenotypic presentation is in fact highly variable.?
The carrier frequency of m.3243A>G is 40-70
times higher than the disease prevalence, which CASE REPORT

implies that many of the carriers are asymptomatic A 38-year-old woman was admitted for her first

Address correspondence to: Dr Pui-Hung Ho MRCP, Division of Neurology, Department of Medicine, Pamela Youde Nethersole Eastern Hospital, Hong
Kong, China. Email: hopuihungmed @ gmail.com

Date of Submission: 12 August 2023; Date of Acceptance: 16 January 2024
https://doi.org/10.54029/2024dru

465



Neurology Asia

episode of generalized tonic-clonic seizure,
following a prodrome of low mood, hand
numbness and dizziness. She claimed to have
unremarkable past health, except for contracting
COVID-19 infection two months prior. Her
condition deteriorated after admission, and she
developed status epilepticus, requiring intensive
care unit support for intubation and vasopressor
for cardiovascular instability.

Blood tests revealed hyperammonemia (142
umol/L, reference 18-72 umol/L) and severe
lactic acidosis (lactate 14.6 mmol/L, pH 6.92,
bicarbonate 6.1 mmol/L, base excess -25.8
mmol/L), which rapidly normalized upon repeat
blood sampling after resuscitation. Cerebrospinal
fluid (CSF) analyses and autoimmune encephalitis
panels were all normal. Electroencephalography
(EEG) showed frequent background slowing
down to 2-3Hz in bifrontal regions, but there
were no sharp waves, spike-and-waves, or other
epileptiform discharges. Magnetic resonance
imaging (MRI) of the brain was normal. Metabolic
screening revealed elevated serum pyruvate
(0.23 mmol/L, reference 0.03-0.1mmol/L), and
a lactate-to-pyruvate (L:P) ratio of 63, which
suggested impairment of oxidative metabolism.
Carnitine and urine organic acids were normal.
Liver function tests, ceruloplasmin, toxicology
and ultrasound of liver were also normal.

The patient was stabilized and discharged
with phenytoin. However, four months later, she
had a second seizure, and was re-admitted for
left hand and facial twitching with preserved
consciousness, which was preceded by left side
weakness. She reported good drug compliance,
which was confirmed by a phenytoin level within
therapeutic range. Neurological examination
showed mild left upper limb weakness only.

On further questioning, she claimed to have
experienced hearing impairment for several years
but did not seek medical advice. Audiogram
performed later confirmed bilateral sensorineural
hearing loss. She was noted to have a short
stature of 151 cm (3rd-10th percentile)®, and also
exhibited psychiatric features including abnormal
affect and labile mood.

Blood lactate and ammonia levels were
normal in this admission. Transaminase level
was mildly elevated. Computed tomography
(CT) of the brain revealed a new right parietal
hypodensity (Figure 1). MRI of the brain done on
day 6 confirmed a T2/fluid attenuated inversion
recovery (FLAIR) hyperintensity at the right
peri-sylvian fissure, associated with restricted
diffusion, leptomeningeal enhancement, and mild
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gyriform cortical swelling. FLAIR hyperintensity
was also present at the right thalamus, extending
to the right cerebral peduncle with mild contrast
enhancement (Figure 2).

EEG this time showed right temporal sharp
waves with evolution into spike-and-wave
morphology that spread to the right parietal
region. Levetiracetam was added in view of
the breakthrough seizure and ictal discharges
on EEG. Lumbar puncture and autoimmune
encephalitis panels were repeated, but results were
again normal. Young stroke workup including
thrombophilia screen, autoimmune markers,
homocysteine, 24-hour electrocardiography and
echocardiogram were all normal, except for a
mildly elevated glycated hemoglobin (HbAlc)
of 6.6. Her family history was reviewed, which
was negative for seizure, stroke, diabetes mellitus,
hearing impairment, and other neurological
diseases.

Cerebral CT angiogram performed on day 13
showed no cerebral venous sinus thrombosis or
other vascular pathologies. However, worsening of
the right peri-sylvian cerebral white matter edema
was observed. Repeat MRI brain on day 24 showed
improvement of the right peri-sylvian and right
thalamic lesions. However, new T2/FLAIR signals
were seen at the right temporo-occipital lobe,
which were associated with restricted diffusion,
mild edema and gyriform contrast enhancement
(Figure 3).

Overall, imaging findings showed multifocal
relapsing-remitting lesions that were of non-
vascular distribution but had a predilection
for posterior temporal, occipital and parietal
involvement. Despite a normal lactate level in
this episode and a negative family history, the
typical radiological appearance prompted the

Figure 1. Brain CT scan showing new right parietal
hypodensity
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Figure 2. First set of brain MRI scan in second admission, showing right peri-sylvian and right thalamic lesions
(FLAIR, fluid-attenuated inversion recovery; DWI, diffusion-weighted image; ADC, apparent diffusion

coefficient; T1(C), T1 contrast).
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suspicion of MELAS. Genetic test was performed,
and confirmed a heteroplasmic m.3243A>G
mitochondrial mutation (estimated heteroplasmy
level 30% and 80-90% on blood and urine sample
respectively), consistent with the diagnosis of
MELAS.

The patient was prescribed coenzyme Q10,
arginine, multi-vitamins, and L-carnitine.
Levetiracetam was continued while phenytoin was
tapered off due to its possible mitochondrion-toxic
effect and liver derangement.” Genetic counselling

DwI ADC T1(C)
Figure 3. Second set of brain MRI scan in second admission, showing migratory lesions to posterior part of right
temporo-occipital lobe with regression of previous right peri-sylvian lesion (FLAIR, fluid-attenuated

inversion recovery; DWI, diffusion-weighted image; ADC, apparent diffusion coefficient; T1(C), T1
contrast).

was also provided to the patient and her family
members. However, patient continued to develop
stroke-like episodes with stepwise deterioration
in cognition. Her latest brain MRI scan, which
was done 4 months after the diagnosis (i.e. 8
months after the first presentation), showed new
left parieto-occipito-temporal lobe involvement
with regression of the previous right peri-sylvian
and right parieto-occipito-temporal lobe lesions
(Figure 4).
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Figure 4. Brain MRI scan 4 months after diagnosis, showing new lesion over left parieto-occipito-temporal lobe
with regression of previous right brain lesions (FLAIR, fluid-attenuated inversion recovery; DWI,
diffusion-weighted image; ADC, apparent diffusion coefficient; T1(C), T1 contrast).
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DISCUSSION

Mitochondrial stroke-like episode refers to
a subacute, evolving brain syndrome driven
by seizure activity in genetically determined
mitochondrial disease.® Both clinical and
radiological features can mimic acute ischemic
stroke and other pathologies, leading to diagnostic
difficulty. Several MRI features are characteristic
of MELAS which can help with the diagnosis in
atypical cases.

Multifocal stroke-like lesions (SLL) are
typically present in MELAS and do not conform
to vascular territories. A predilection for posterior
temporal, occipital and parietal involvement can
be observed.’ Occasionally, the thalamus may also
be involved as in our patient.'” Although MELAS
is a metabolic disease, brain lesions are usually
asymmetrical. The non-vascular distribution
may be explained by the hypothesis of neuronal
hyperexcitability, which suggests that the disease
is mediated by ictal activity instead of being a
purely vascular event.!" According to literature,
basal ganglia calcification may also be present.'?

SLL show T2/FLAIR hyperintensity associated
with restricted diffusion on MRI. The restricted
diffusion is usually in a gyriform pattern and
appears several days after symptom onset.!* Signal
intensity is high in diffusion-weighted imaging
(DWI) whereas apparent diffusion coefficient
(ADC) signal is variable. Early studies have
described high ADC signal in most cases and this
feature was conventionally used to differentiate
SLL from genuine ischemic stroke lesion.'* The
high ADC signal reflects the presence of vasogenic
edema, which was purported as the underlying
mechanism of SLL.'> However, recent reports
have identified more cases with low or normal
ADC signal, which was due to the presence of
cytotoxic edema.!'® Moreover, ADC signal has
been shown to evolve from low to high with
time.''®2° This may account for the discrepancy
in ADC findings due to variable timing of the
MRI scan acquisition, given the often subacute
nature of these stroke-like episodes. The acute
SLL in our patient showed gyriform cortical
ADC hypointensity with adjacent subcortical
ADC hyperintensity, a pattern similar to what
was described by Xu et al.”

Another distinguishing feature in MELAS
is the migratory spreading pattern of SLL.
These lesions tend to appear in various stages of
evolution. SLL will either resolve, progress, or
result in residual tissue loss on serial imaging.'®
The end result of SLL evolution is independent
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of the ADC profile according to a large series
study.'® This mixture of lesions in different stages
may also explain the variable ADC findings
due to coexistence of cytotoxic and vasogenic
edema.'® In our patient, the latest MRI showed
regression of the previous right peri-sylvian and
right parieto-occipito-temporal lobe lesions. DWI
signal was normalized with some residual T2/
FLAIR and ADC hyperintensity. There was also
mild widening of the right peri-sylvian fissure
which signified possible tissue loss.

Magnetic resonance spectroscopy (MRS) is
another useful imaging modality which analyzes
metabolites in brain tissue non-invasively. MRS
typically shows an elevated lactate peak and
reduced N-acetylaspartate (NAA) in MELAS 2!
These metabolite alterations may also be present
in MELAS patients with normal brain MRI scan.”
Similar to MRI findings, MRS abnormalities
are also time-dependent in the disease course
of MELAS. Studies have found that lactate
elevation in MRS is highly sensitive in MELAS
patients with acute neurological symptoms®, and
it correlates with CSF lactate level.** MRS was
not performed in our patient as the diagnosis was
confirmed by genetic testing soon after her second
presentation.

The clinical manifestation of MELAS is
remarkably heterogenous.> Various diagnostic
criteria for MELAS have been proposed.
For example, a Japanese group suggested a
definitive diagnosis to be made by fulfilling
two clinical findings of stroke-like episodes in
category A (e.g. presence of acute focal brain
lesion on neuroimaging); plus two evidences of
mitochondrial dysfunction in category B (e.g.
high plasma or CSF lactate).” In our patient,
even though she had normal MRI brain in the first
presentation and normal plasma lactate level in
the second presentation, these did not invariably
exclude the diagnosis of MELAS as the clinical
suspicion was high. The reason for the absence of
lactic acidosis in our patient’s second presentation
may be accountable by delayed presentation, as
the blood test was performed around 17 hours
after symptom onset and the blood abnormalities
can be transient. Lactic acidosis was also reported
to be present in 94% of MELAS patients only?,
which means some patients may not have this
feature. Retrospectively, if our patient’s first CSF
sample had been tested for lactate and showed
an elevated level, the diagnosis of MELAS may
have been considered earlier.

Our patient’s blood L:P ratio was noted to be
markedly raised in the first episode. This ratio



is an indicator of the equilibrium status between
product and substrate of the reaction catalyzed by
lactate dehydrogenase, reflecting the cytoplasmic
oxido-reduction state. When cellular respiration
is impaired, as in the case of MELAS, pyruvate
and reduced forms of oxido-reduction coenzymes
(NADH, FADH2) predominate, shifting the
equilibrium to increase lactate production and
result in a raised L:P ratio.”” Mitochondrial
diseases which decrease acetyl-CoA, which
is required in ammonia detoxification, lead to
secondary hyperammonemia.”® This explains
why our patient’s hyperammonemia in her first
episode normalized once lactatemia improved.
Our patient also had deranged liver function
in the second episode, which may be due to
hepatopathy that has been reported in MELAS and
other mitochondrial disorders.” Their liver biopsy
findings were usually of fatty degeneration.

DISCLOSURE

Financial support: None

Conflicts of interest: None

REFERENCES

1. Goto Y, Horai S, Matsuoka T, et al. Mitochondrial
myopathy, encephalopathy, lactic acidosis, and
stroke-like episodes (MELAS): a correlative study
of the clinical features and mitochondrial DNA
mutation. Neurology 1992; 42: 545-50. doi: 10.1212/
wnl.42.3.545.

2. Boggan RM, Lim A, Taylor RW, McFarland R, Pickett
SJ. Resolving complexity in mitochondrial disease:
Towards precision medicine. Mol Genet Metab 2019;
128: 19-29. doi: 10.1016/j.ymgme.2019.09.003.

3. Manwaring N, Jones MM, Wang JJ, et al. Population
prevalence of the MELAS A3243G mutation.
Mitochondrion 2007; 7: 230-3. doi: 10.1016/j.
mito.2006.12.004.

4. Elliott HR, Samuels DC, Eden JA, Relton CL,
Chinnery PF. Pathogenic mitochondrial DNA
mutations are common in the general population.
Am J Hum Genet 2008; 83: 254-60. doi: 10.1016/j.
ajhg.2008.07.004.

5. Nesbitt V, Pitceathly RD, Turnbull DM, ef al. The
UK MRC Mitochondrial Disease Patient Cohort
Study: clinical phenotypes associated with the
m.3243A>G mutation--implications for diagnosis
and management. J Neurol Neurosurg Psychiatry
2013; 84: 936-8. doi: 10.1136/jnnp-2012-303528.

6. Leung SSF, Tse LY, Wong GWK, et al. Standards for
the anthropometric assessment of nutritional status of
Hong Kong children. Hong Kong J Paediatr 1995,
12: 5-15.

7. Finsterer J. Toxicity of antiepileptic drugs to
mitochondria. Handb Exp Pharmacol 2017; 240:
473-88. doi: 10.1007/164_2016_2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Ng YS, Bindoff LA, Gorman GS, et al. Consensus-
based statements for the management of mitochondrial
stroke-like episodes. Wellcome Open Res 2019; 13:
201. doi: 10.12688/wellcomeopenres.15599.1.
Rosen L, Phillips S, Enzmann D. Magnetic resonance
imaging in MELAS syndrome. Neuroradiology 1990;
32: 168-71. doi: 10.1007/BF00588572.
Goodfellow JA, Dani K, Stewart W, et al.
Mitochondrial myopathy, encephalopathy, lactic
acidosis and stroke-like episodes: an important cause
of stroke in young people. Postgrad Med J2012; 88:
326-34. doi: 10.1136/postgradmedj-2011-130326.
Tetsuka S, Ogawa T, Hashimoto R, Kato H. Clinical
features, pathogenesis, and management of stroke-like
episodes due to MELAS. Metab Brain Dis 2021; 36:
2181-93. doi: 10.1007/s11011-021-00772-x.

Pauli W, Zarzycki A, Krzysztatlowski A, Walecka
A. CT and MRI imaging of the brain in MELAS
syndrome. PolJ Radiol 2013;78: 61-5. doi: 10.12659/
PJR.884010.

Abe K, Yoshimura H, Tanaka H, Fujita N, Hikita
T, Sakoda S. Comparison of conventional and
diffusion-weighted MRI and proton MR spectroscopy
in patients with mitochondrial encephalomyopathy,
lactic acidosis, and stroke-like events. Neuroradiology
2004; 46: 113-7. doi: 10.1007/s00234-003-1138-2.
Ohshita T, Oka M, Imon Y, et al. Serial diffusion-
weighted imaging in MELAS. Neuroradiology 2000,
42: 651-6. doi: 10.1007/s002340000335.

Yoneda M, Maeda M, Kimura H, Fujii A, Katayama
K, Kuriyama M. Vasogenic edema on MELAS: a
serial study with diffusion-weighted MR imaging.
Neurology 1999; 53: 2182-4. doi: 10.1212/
wnl.53.9.2182.

Tzoulis C, Bindoff LA. Serial diffusion imaging in
a case of mitochondrial encephalomyopathy, lactic
acidosis, and stroke-like episodes. Stroke 2009; 40:
e15-7. doi: 10.1161/STROKEAHA.108.523118.
XuW, WenlJ, SunC, CaoJ, LiY, Geng D. Conventional
and diffusional magnetic resonance imaging features
of mitochondrial encephalomyopathy, lactic acidosis,
and stroke-like episodes in Chinese patients: A study
of40 cases. J Comput Assist Tomogr2018;42: 510-6.
doi: 10.1097/RCT.0000000000000712.

Kim JH, Lim MK, Jeon TY, et al. Diffusion and
perfusion characteristics of MELAS (mitochondrial
myopathy, encephalopathy, lactic acidosis, and stroke-
like episode) in thirteen patients. Korean J Radiol
2011; 12: 15-24. doi: 10.3348/kjr.2011.12.1.15.

Bi WL, Baehring JM, Lesser RL. Evolution of
brain imaging abnormalities in mitochondrial
encephalomyopathy with lactic acidosis and stroke-
like episodes. J Neuroophthalmol 2006; 26: 251-6.
doi: 10.1097/01.wno.0000249317.81367.3d.

Wang XY, Noguchi K, Takashima S, Hayashi N,
Ogawa S, Seto H. Serial diffusion-weighted imaging
in a patient with MELAS and presumed cytotoxic
oedema. Neuroradiology 2003; 45: 640-3. doi:
10.1007/500234-003-1029-6.

Castillo M, Kwock L, Green C. MELAS syndrome:
imaging and proton MR spectroscopic findings. Am
J Neuroradiol 1995; 16(2): 233-9.

Moller HE, Kurlemann G, Piitzler M, Wiedermann

469



Neurology Asia June 2024

D, Hilbich T, Fiedler B. Magnetic resonance
spectroscopy in patients with MELAS. J Neurol Sci
2005;229-30: 131-9. doi: 10.1016/j.jns.2004.11.014.

23. Lee H, Shin JH, Na JH, Lee YM. Clinical value
of magnetic resonance spectroscopy in the
initial evaluation of patients with mitochondrial
encephalomyopathy, lactic acidosis, and stroke-like
episodes. Ann Child Neurol 2021;29(3): 140-4. doi:
10.26815/acn.2021.00381.

24. Tsujikawa T, Yoneda M, Shimizu Y, et al.
Pathophysiologic evaluation of MELAS strokes
by serially quantified MRS and CASL perfusion
images. Brain Dev 2010; 32: 143-9. doi: 10.1016/j.
braindev.2008.12.003.

25. Yatsuga S, Povalko N, Nishioka J, ef al. MELAS: a
nationwide prospective cohort study of 96 patients in
Japan. Biochim Biophys Acta 2012; 1820(5): 619-24.
doi: 10.1016/j.bbagen.2011.03.015.

26. El-Hattab AW, Adesina AM, Jones J, Scaglia
F. MELAS syndrome: Clinical manifestations,
pathogenesis, and treatment options. Mol Genet Metab
2015;116:4-12.doi: 10.1016/j.ymgme.2015.06.004.

27. Debray FG, Mitchell GA, Allard P, Robinson
BH, Hanley JA, Lambert M. Diagnostic accuracy
of blood lactate-to-pyruvate molar ratio in the
differential diagnosis of congenital lactic acidosis.
Clin Chem 2007; 53(5): 916-21. doi: 10.1373/
clinchem.2006.081166.

28. Maines E, Piccoli G, Pascarella A, Colucci F,
Burlina AB. Inherited hyperammonemias: a
Contemporary view on pathogenesis and diagnosis.
Expert Opin Orphan Drugs 2018; 6(2): 105-16. Doi:
10.1080/21678707.2018.1409108

29. Finsterer J, Frank M. Gastrointestinal manifestations
of mitochondrial disorders: a systematic review.
Therap Adv Gastroenterol 2017; 10(1): 142-54. doi:
10.1177/1756283X16666806.

30. Ishikawa Y, Asuwa N, Ishii T, et al. Severe
mitochondrial cardiomyopathy and extra-
neuromuscular abnormalities in mitochondrial
encephalomyopathy, lactic acidosis, and stroke-like
episode (MELAS). Pathol Res Pract 1995; 191(1):
64-75. doi: 10.1016/S0344-0338(11)80927-1.

470



