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Abstract

Background Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes and nemaline myopathy
are two rare genetic conditions. We report the first case reported in world literature with coexistence of both these
rare disorders.

Case presentation A 11-year-old previously healthy Sri Lankan male child, product of a nonconsanguineous mar-
riage with normal development presented with acute onset short lasting recurring episodes of right-sided eye devia-
tion with impaired consciousness. In between episodes he regained consciousness. Family history revealed a similar
presentation in the mother at 36 years of age. Examination was significant for short stature and proximal upper

and lower limb weakness. His plasma and cerebrospinal fluid lactate were elevated. Magnetic resonance imaging
brain had evidence of an acute infarction in the right occipital territory. Sanger sequencing for common mitochon-
drial variants of mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes confirmed this diagnosis.
Whole exome sequencing revealed pathogenic compound heterozygous variants in NEB gene implicating in coexist-
ing nemaline myopathy. Acute presentation was managed with supportive care, antiepileptics, and mitochondrial
supplementation. Currently he is stable on daily supplementation of arginine and limb-strengthening physiotherapy.
He is being monitored closely clinically and with serum lactate level.

Conclusion Genetic diseases are rare. Coexistence of two genetic conditions is even rarer. Genetic confirmation
of diagnosis is imperative for prediction of complications, accurate management, and genetic counseling.
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Background

Mitochondrial encephalomyopathy, lactic acidosis, and
stroke-like episodes (MELAS), which is characterized
by encephalomyopathy, lactic acidosis, and stroke-like
episodes is a maternally inherited mitochondrial disor-
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The molecular basis of MELAS was first delineated
in 1990 with the discovery of the most common patho-
genic variant associated with the condition in MT-TL1
gene m.3243A > G [6, 7]. MELAS study group committee
in Japan published a set of diagnostic criteria by which
the diagnosis is considered definitive with at least two
category A criteria (headaches with vomiting, seizures,
hemiplegia, cortical blindness, and acute focal lesions in
neuroimaging) and two category B criteria [high plasma
or cerebrospinal fluid (CSF) lactate, mitochondrial
abnormalities in muscle biopsy, and a MELAS related
gene mutation] [2].

Nemaline myopathy is a rare genetic muscle disease
leading to skeletal muscle weakness with an incidence of
0.02 per 1000 live births [8].

We report a case of definitive diagnosis of MELAS
according to above criteria with positive family history
and heteroplasmy for the MT-TL1 gene mutation pre-
senting with seizures and focal lesion on MRI and com-
pound heterozygosity for nemaline myopathy genetic
variants. This is the first case in literature with co-occur-
rence of MELAS and nemaline myopathy.

Case presentation

An 11-year-old previously healthy Sri Lankan male child,
product of a non-consanguineous marriage with normal
development presented with acute onset right-sided eye
deviation with impaired consciousness.; six similar epi-
sodes had occurred, each lasting for around 3 minutes in
duration over a period of 1 hour with regaining of con-
sciousness in between episodes. He did not have fever,
abnormal movements, tongue biting, incontinence, limb
weakness, or recent history of trauma. Preceding the
event, he had strenuous physical activity for 4 hours at
school with reduced oral intake as well.

His birth history was complicated as he was born pre-
maturely (POA 29 weeks) in a twin pregnancy (dichori-
onic diamniotic), in which the other fetus had miscarried
in the first trimester. His delivery was via emergency
lower segment cesarean section due to antepartum hem-
orrhage. Birth weight was 900 g and he was ventilated
initially invasively and then non-invasively for 6 weeks
post-delivery. He developed retinopathy of prematurity
and was offered laser therapy. However, up until this
admission he was well and was following education in a
mainstream school with good performance.

This child’s family history was significant for a similar
episode that had developed in his mother at 36 years of
age, which was 6 months before his presentation. She
developed an acute episode of impaired consciousness
associated with abnormal eye deviation that lasted for
15 minutes. Magnetic resonance imaging (MRI) of her
brain revealed a right-sided occipital lobe infarction.
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However. with supportive care she recovered within 2
weeks without any residual neurological deficit. She did
not have any obvious vascular risk factors and the etiol-
ogy for her presentation was still under investigation at
the time of this child’s presentation.

Examination revealed him to be dehydrated with Glas-
gow Coma Scale (GCS) 14/15 and normally reactive
pupils. Vital parameters were stable with a blood pressure
of 110/70 mmHg and capillary blood sugar was 115 mg/
dl. Further examination after initial stabilization revealed
him to be short statured (more than two standard devia-
tions below the mean height for his age and sex according
to standardized Sri Lankan growth chart), and there was
significant muscle tenderness accompanied with proxi-
mal limb weakness [proximal limb power—3/5 according
to Medical Research Council (MRC) scale]. The rest of
the neurological examination was unremarkable, includ-
ing fundi.

Investigations revealed his plasma and CSF lactate to
be elevated with a value of 6.5 mmol/l (0.5-2.3 mmol/I)
and 4.25 mmol/l (0.5-2.3 mmol/l), respectively, with
metabolic acidosis in arterial blood gas analysis, which
was highly indicative of mitochondrial disease. There
was neutrophil leukocytosis with white cell count of
18,000 x 10°/ul, but inflammatory markers and bacterial
cultures in blood and CSF were negative. Creatine kinase
level was significantly elevated to 4213 units/l (normal
range 55—170 units/l).

Electroencephalogram (EEG) showed evidence of back-
ground slowing suggestive of encephalopathy and right
occipito-temporal periodic lateralized epileptiform dis-
charges reflecting focal cortical involvement. MRI brain
revealed evidence of acute posterior cerebral territory
infarction (Fig. 1). Nerve conduction and electromyo-
gram did not reveal evidence of myopathy. Muscle biopsy
was not performed considering the invasiveness of the
procedure and low therapeutic benefit, and 2D echocar-
diogram and hearing assessment were normal.

MELAS was considered in this clinical context sup-
ported by investigations and targeted genetic analysis
carried out using Sanger sequencing method for com-
mon mitochondrial mutations in MT-TL1 and MT-ND5
genes implicating in MELAS. He was found to be harbor-
ing a pathogenic variant in MT-TLI gene m.3243A >G,
which confirmed MELAS genetically. He was heteroplas-
mic for the mutation (Fig. 2).

Whole exome sequencing was performed for the
genomic DNA extracted from the peripheral venous
blood obtained from the affected individual by Illumi-
naR NovaSeqR 6000 Next Generation Sequencer on
exon targets isolated by capture using the SureSelectXT
R Human (Mouse) All Exon V6 5190-8864 kit. An in-
house bioinformatics pipeline was used for the genetic
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Fig. 1 Magnetic resonance imaging brain of the patient depicting acute right posterior cerebral territory infarction
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Fig. 2 Electrophorogram of the patient produced via Sanger sequencing depicting m.3243A> G variant in MT-TL1 gene with heteroplasmy

analysis. Generated paired end sequences were mapped
to the published human genome reference sequence
build UCSC hgl9/GRCh37 using BWA-MEM. Variant
calling was performed using Genome Analysis Tool Kit
(GATK) after converting generated SAM to BAM files,
removing duplicates, and indexing the BAM files using
Picard tools. The generated variants were annotated
using SNP-EFF, which included nucleotide and amino
acid annotations, Clivar, population frequencies (1000
Genomes, Exome sequencing project and internal data-
bases), amino acid conservation scores, and in silico
prediction tools. A virtual phenotype-driven gene panel
was created and filtered out genetic variants were clas-
sified according to the standard American College of
Medical Genetics and Genomics (ACMG) guidelines.

Whole exome sequencing was done, which revealed
him to be compound heterozygous for pathogenic vari-
ants implicated in nemaline myopathy in NEB gene. Two
pathogenic variants were detected in the two alleles of
NEB gene at c.20089G>A and c.11300A >G. Sanger
sequencing revealed his parents to be heterozygous
for the nemaline myopathy pathogenic variants he was
harboring.

His asymptomatic 8-year-old female sibling and symp-
tomatic mother were screened with Sanger sequencing
for MT-TLI pathogenic variant, which revealed them to
be carrying the mutation and they were homoplasmic for
the mutation as erll (Fig. 3).

In the acute setting his seizures were managed
with intravenous antiepileptic medications including
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Fig. 3 Electrophorograms produced by Sanger sequencing of the patient’s asymptomatic 8-year-old female sibling (A) and symptomatic mother
(B) depicting the same genetic variant m.3243A > G in MT-TLT gene with homoplasmy

midazolam and levetiracetam, which successfully abated
the seizures. He was kept under continuous EEG moni-
toring which did not show evidence of electrical seizures
or non-convulsive status. Considering the possibility of
mitochondrial disease, he was started on mitochondrial
supplementation coenzyme Q, creatine, carnitine, vita-
mins E and K, and arginine, which improved his acute
condition. Further supportive therapies were undertaken
such as optimizing his hydration and nutrition. His lac-
tate level and creatinine kinase levels reduced gradually
and are maintained at high normal range. Subsequently
he developed similar acute episodes that were managed
with intravenous hydration, increased calorie intake, and
high-dose arginine.

Though there was no residual neurological deficit,
there was a gradual decline in his educational (formally
assessed IQ level, 75) and physical performance with
moderate degree proximal limb muscle weakness. He
was experiencing a persistent low mood with irritability
and aggression, however, there were no psychotic symp-
toms. Currently he is on arginine supplementation daily
and being monitored closely clinically and with serum

Table 1 Initial clinical manifestations of MELAS [2, 9-11]

lactate level. His usual stroke-like episodes are heralded
by brief seizures with visual symptoms and are aborted
by increasing clobazam and arginine doses combined
with rest, hydration, and calorie supplementation.

Discussion

MELAS is a disease with multiorgan involvement. Typi-
cally, patients present in childhood (65-76%) or before
20 years of age [2, 9, 10]. Presentation before 2 years of
age (5—8%) and after 40 years (1-6%) is rare [2, 9-11].

The clinical presentation could be quite variable in
MELAS. Summary of the clinical manifestations of
MELAS are presented in Tables 1, 2.

Apart from the MT-TL1 gene, several other mitochon-
drial genes could be implicated in MELAS, but they have
a low prevalence [11]. Table 3 presents the implicated
genes and their percentage attribution to MELAS [11].

The m.3243A > G mutation results in impaired mito-
chondrial translation that leads to decreased mito-
chondrial protein synthesis, hence mitochondrial
energy production is affected, leading to multiorgan
dysfunction [12, 13]. This energy deficiency stimulates

Frequency (%) Manifestation

>25 Seizure, recurrent headaches, stroke-like episode, cortical vision loss,
muscle weakness recurrent vomiting, short stature

10-24 Altered consciousness, impaired mentation, hearing impairment, diabetes

<10 Developmental delay, fever
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Table 2 Overall manifestations of MELAS (references 8,10-12)

Frequency (%) Manifestation

>90 Stroke-like episodes, dementia, epilepsy, lactic acidemia, ragged red fibers, exercise intolerance

75-89 Hemiparesis, cortical vision loss, recurrent headaches, hearing impairment, muscle weakness

50-74 Peripheral neuropathy, learning disability, memory impairment, recurrent vomiting, short stature

25-49 Basal ganglia calcification, myoclonus ataxia, episodic altered consciousness, gait disturbance,
depression, anxiety, psychotic disorders, diabetes

<24 Optic atrophy, pigmentary retinopathy, progressive external ophthalmoplegia, motor develop-

mental delay, cardiomyopathy, cardiac conduction abnormalities, nephropathy, vitiligo

Table 3 Mitochondrial genes implicated in MELAS with their
percentage attribution to the condition [11]

Percentage of MELAS attributed to pathogenic variantsin Gene
the gene

>80% MT-TL1
<10% MT-ND5

Rare MT-TC
MT-TF
MT-TH
MT-TK
MT-TL2
MT-TQ
MT-TV
MT-TW
MT-TS1
MT-TS2
MT-ND1
MT-ND6
MT-CO2
MT-CO3
MT-CYB

mitochondrial proliferation, which causes angiopathy
due to proliferation of smooth muscles and endothe-
lial cells in blood vessels, leading to impaired perfusion
in the microvasculature. This phenomenon has a sig-
nificant contribution to stroke-like episodes in MELAS
[10, 14, 15]. Nitric oxide (NO) deficiency of multifacto-
rial origin is the other main etiology for the complica-
tions observed in MELAS [16-18].

The complications encountered by this patient were
stroke-like episodes, generalized muscle weakness, and
exercise intolerability and lactic acidemia, which are all
explainable with these mechanisms. It is believed that
these stroke-like episodes occur due to angiopathy and
NO deficiency, leading to cerebral perfusion dysfunc-
tion [10, 14-20]. Neuroimaging in these patients reveal
ischemic insults not corresponding to classic vascular
distribution and are asymmetric, involving predomi-
nantly the temporal, parietal, and occipital lobes, with
restriction to cortical areas or subcortical white matter
[10, 21]. The patient in this case also had similar neuro-
imaging findings.

Muscle weakness and exercise intolerance could be
explained by the deficient energy production due to
mitochondrial dysfunction. Lactic acidemia is a result
of dysfunctional mitochondria leading to inadequate
oxidization of glucose, hence accumulation of pyruvate
and shunting of pyruvate to lactate [10] and hypoperfu-
sion due to microangiopathy and NO deficiency.

Extremely variable phenotypes could be seen with
m.3243A > G mutation ranging from severe disease in
only 10% of individuals to another 10% being asympto-
matic carriers. In between these two ends, single-organ
to multiorgan disease could exist with variable pheno-
types, sometimes overlapping with other mitochondrial
syndromes [10, 22, 23].

Currently there is no specific treatment for MELAS
and it is being managed symptomatically in a multi-
disciplinary approach since it is a multiorgan disease.
On the basis of limited clinical trials, several supple-
mentations, including antioxidants and cofactors, are
being used in MELAS [24]. This patient’s acute presen-
tation was managed with intravenous arginine and he
was on oral arginine daily, which is being supported
by unblinded studies to be beneficial in acute manage-
ment and prevention of stroke-like episodes [20, 25].
Increased availability of nitric oxide leading to intrac-
erebral vasodilatation and blood flow is the proposed
mechanism of therapeutic effect of arginine in manag-
ing stroke-like episodes [16, 26].

Coenzyme Q provides a protective antioxidant
effect, which is beneficial in muscle weakness, fatiga-
bility, and reducing lactate level [27]. Creatine is an
essential phosphate donor for adenosine triphosphate
(ATP) regeneration in muscle and brain. Therefore, it
increases the strength of high-intensity anaerobic and
aerobic activities in individuals with mitochondrial dis-
eases [28]. Carnitine is needed for long-chain fatty acid
transportation to the mitochondria, where it undergoes
B-oxidation. Secondary carnitine deficiency has been
reported in patients with MELAS. Therefore, carnitine
supplementation can potentially enhance (B-oxidation
and replenish the intracellular pools of coenzyme A
[29].
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This patient has genetically proven nemaline myo-
pathy. It is a genetically heterogeneous condition
with nebulin (NEB) gene variants accounting for 50%
of cases [30]. However, lack of evidence on a muscle
biopsy supporting nemaline myopathy is a limitation in
this case. Creatine kinase level was highly elevated (25
times the upper limit of normal) in this patient in the
acute setting, which is not a usual finding in MELAS.
Therefore, this could have been contributed to coexist-
ing nemaline myopathy. Respiratory muscle weakness
is a well-reported complication of nemaline myopathy
[30]. Therefore, diagnosis of this genetic condition is
extremely important in anticipation and management
of future complications of this patient.

The genetic confirmation of both the conditions in
this patient ended the diagnostic odyssey not only for
him, but also for his whole family. This enabled accu-
rate management and proper genetic counseling for
them.

There were no reported cases of both these rare genetic
conditions, MELAS and nemaline myopathy, occurring
in the same patient to the best of our knowledge. This
case illustrates the importance of genetic testing and con-
sideration of rare conditions in the appropriate clinical
context.

Conclusion

MELAS is a mitochondrial disease with heterogeneous
presentation. Currently there is no specific disease-mod-
ifying therapy. However, several therapeutic modalities
have shown to be effective in improving symptoms and
preventing stroke-like episodes. Rare, unexpected dual
pathologies can coexist in the same patient, altering
the clinical presentation. Though there is no treatment
to offer for nemaline myopathy currently, its diagno-
sis is important for prediction of future complications,
accurate supportive management, and proper genetic
counseling.
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