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Myoclonic epilepsy with ragged red fibers 
(MERRF) is a rare mitochondrial encephalomyopathy, 
most commonly caused by pathogenic variants in 
the mitochondrial tRNALys (MT-TK) gene(1). The 
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Abstract
Background: Myoclonic epilepsy with ragged red fibers (MERRF) is a rare mitochondrial encephalomyopathy with highly variable clinical expression. Although 
the classical phenotype includes myoclonus, generalized seizures, cerebellar ataxia, and ragged red fibers on muscle biopsy, many patients present with incomplete 
or misleading features.

Case Report: This case report describes a late-onset presentation in a 43-year-old woman with a 5-year history of progressive bilateral visual decline 
initially attributed to cataracts. Persistent visual impairment after lens extraction prompted further evaluation. During ophthalmological examination, she 
developed reproducible generalized myoclonic jerks triggered by visual stimulation. Fundoscopy revealed retinitis pigmentosa, and further history identified 
progressive sensorineural hearing loss. Neurological examination showed stimulus-provoked myoclonus and mild proximal weakness with preserved cognition. 
Electroencephalography demonstrated generalized 3 Hz spike-wave discharges with a photoparoxysmal response, and brain magnetic resonance imaging showed 
symmetrical basal ganglia hyperintensities. Muscle biopsy revealed scattered cytochrome c oxidase-negative/succinate dehydrogenase-positive fibers, supporting 
mitochondrial dysfunction. Whole mitochondrial genome sequencing of peripheral blood did not detect pathogenic variants, highlighting the limitations of 
genetic testing. In the absence of molecular confirmation, these findings are consistent with a mitochondrial encephalomyopathy within the MERRF spectrum.

Conclusion: The patient was treated with levetiracetam and a mitochondrial supplement regimen, with clinical stability at 18-month follow-up and no further 
seizures. This case illustrates how late-onset, atypical presentations—particularly visual symptoms, intermittent myoclonus, and absent family history—may 
obscure underlying mitochondrial disease. It highlights the importance of integrating multimodal investigations and reinforces the continued relevance of muscle 
biopsy in the genomic era.
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What is already known about this topic?
MERRF is a rare mitochondrial encephalomyopathy classically characterized 
by myoclonus, generalized seizures, cerebellar ataxia, and ragged-red fibers on 
muscle biopsy. Although these hallmark features define the syndrome, many 
patients do not present with the full triad at onset, and the median age of symptom 
onset is approximately 26 years. Extra-neurological manifestations—including 
retinitis pigmentosa, optic atrophy, and sensorineural hearing loss—may 
precede neurological symptoms and contribute to diagnostic delay. While genetic 
confirmation is important, only a subset of patients carry the common m.8344A>G 
MT-TK mutation; mtDNA and nuclear gene sequencing are often required. However, 
access to comprehensive genetic testing may be limited by cost or availability, 
making muscle biopsy a valuable diagnostic tool when molecular confirmation 
is not feasible.

What does this study add?
This case illustrates an atypical late-onset presentation of MERRF in a 43-year-old 
woman whose initial progressive visual decline and cataract-related misdiagnosis 
obscured recognition of mitochondrial disease. The combination of retinitis 
pigmentosa, intermittent stimulus-sensitive myoclonus, mild proximal weakness, 
and preserved cognition deviated from the classical phenotype and delayed 
diagnostic consideration of MERRF. Despite financial limitations preventing 
complete mtDNA and nuclear gene testing, muscle biopsy provided essential 
pathological evidence of mitochondrial dysfunction and enabled diagnosis in 
the absence of genetic confirmation. This report highlights the importance of 
multimodal diagnostic integration and emphasizes maintaining a high index of 
suspicion for mitochondrial disease in adults with unexplained visual decline 
and episodic myoclonus, even when the onset is subtle or significantly delayed.
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classical phenotype includes myoclonic epilepsy, 
cerebellar ataxia, and ragged red fibers on muscle 
biopsy(2). However, the clinical presentation is 
highly variable, and many patients do not exhibit the 
complete syndrome at onset. MERRF most commonly 
presents in childhood or early adulthood, although 
symptom onset may occur across a wide age range(3,4). 
Diagnostic challenges arise from the overlap with other 
progressive myoclonus epilepsies, such as Unverricht-
Lundborg disease or neuronal ceroid lipofuscinosis, 
and with idiopathic myoclonic epilepsy(2). In addition, 
extra neurological manifestations—including bilateral 
optic atrophy, retinitis pigmentosa, and hearing loss—
may precede neurological features and further obscure 
the diagnosis(5). This case illustrates how mitochondrial 
encephalomyopathy within the MERRF spectrum may 
initially masquerade as an ophthalmological or late-
onset idiopathic epilepsy syndrome, with intermittent 
myoclonus, absent family history, and lack of early 
weakness delaying diagnosis. Careful integration 
of clinical, electrophysiological, radiological, and 
pathological findings is essential to establish the correct 
diagnosis.

Case Report
A 43-year-old woman presented with a 5-year 

history of progressive bilateral visual decline. She 
was initially diagnosed with cataracts and underwent 
bilateral lens extraction; however, her visual acuity 
progressively worsened two years later. This raised the 
first diagnostic challenge, as the persistence of visual 
impairment suggested an atypical course beyond a 
primary lens disorder. She was therefore referred to 
our hospital for further evaluation.

During ophthalmological examination, she 
developed sudden, generalized myoclonic jerks 
lasting about 5 seconds, reproducibly triggered 
by visual testing (https://drive.google.com/file/

d/1GxzDJRIEfaVijyYYNPkWIm_eUbBxZbQc/view). 
There was no prior history of myoclonic jerks before 
this presentation, suggesting a relatively recent onset. 
She was subsequently admitted for further evaluation. 
Fundoscopic examination at our hospital demonstrated 
retinitis pigmentosa without optic atrophy (Figure 1). 
A more detailed history revealed progressive hearing 
loss beginning at approximately 40 years of age, 
which was confirmed on audiometry as bilateral mild 
sensorineural impairment. Neurological examination 
showed stereotyped generalized myoclonic jerks 
provoked by visual stimulation and mild proximal 
weakness (grade IV) affecting neck flexion and 
shoulder abduction, while cognition was preserved 
(Montreal Cognitive Assessment [MoCA]-Thai 
version, 26/30).

Ancillary investigations provided further 
diagnostic clues but also highlighted the complexity 
of the case. Routine electroencephalography (EEG) 
demonstrated reproducible 3 Hz generalized spike-
wave discharges with a photoparoxysmal response, 
supporting photosensitive myoclonic epilepsy  
(Figure 2). Brain magnetic resonance imaging (MRI) 
showed symmetrical T1 and T2 hyperintensities in the 
basal ganglia, a supportive but non-specific feature of 
mitochondrial encephalopathies (Figure 3). Muscle 
biopsy of the left deltoid revealed scattered fibers with 
cytochrome c oxidase (COX)-negative and succinate 
dehydrogenase (SDH)-positive staining, indicative of 
mitochondrial dysfunction, which, in combination with 
the clinical findings, is compatible with mitochondrial 
encephalomyopathy within the MERRF spectrum 
(Figure 4). However, whole mitochondrial genome 
sequencing did not identify common pathogenic 
variants, underscoring the genetic heterogeneity 
of mitochondrial encephalomyopathy within the 
MERRF spectrum and the limitations of current testing 
strategies. Mitochondrial nuclear gene testing was not 

Figure 1. Fundus photographs showing retinitis pigmentosa. Bilateral pigmentary changes and attenuated retinal vessels are visible.  
The optic discs are normal.

https://drive.google.com/file/d/1GxzDJRIEfaVijyYYNPkWIm_eUbBxZbQc/view
https://drive.google.com/file/d/1GxzDJRIEfaVijyYYNPkWIm_eUbBxZbQc/view
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pursued due to financial constraints.
Despite these challenges, the convergence of 

multisystem involvement, electrophysiological 
and radiological findings, and pathological 
confirmation established a diagnosis of mitochondrial 
encephalomyopathy within the MERRF spectrum. 
She was commenced on 500 mg/day levetiracetam 
together with a mitochondrial supplement regimen 
including coenzyme Q10 200 mg/day, L-arginine 6 
g/day, B-complex vitamins, vitamin C 500 mg/day, 
and vitamin E 1,200 mg/day. Supportive measures 
included physiotherapy, hearing aids, and counselling 
regarding the avoidance of drugs or substances causing 
mitochondrial toxicity and genetic counselling. At 

18-month follow-up, her clinical condition remained 
stable, with no recurrence of seizures and no significant 
progression of visual impairment or proximal muscle 
weakness.

Discussion
This case highlights the diagnostic challenges of 

mitochondrial encephalomyopathy within the MERRF 
spectrum when clinical presentation diverges from 
the classical phenotype, which includes myoclonus, 
generalized seizures, cerebellar ataxia, and ragged-
red fibers on muscle biopsy(1,4). Our patient initially 
presented with visual decline and intermittent stimulus-
provoked myoclonus, without overt neurological 

Figure 2. Electroencephalography during photic stimulation. Generalized 3 Hz spike-wave discharges with photoparoxysmal response are 
demonstrated.

Figure 3. Brain magnetic resonance imaging. (A) Axial T1-weighted image demonstrating bilateral hyperintensity of the globus pallidi. 
(B) Axial T2- fluid-attenuated inversion recovery sequences showing symmetrical hyperintensity in the bilateral caudate nuclei, putamina, 
and some parts of the globus pallidi without contrast enhancement. These findings are supportive of mitochondrial encephalopathy.
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deficits—features that easily fit within more common 
ophthalmological or idiopathic epileptic syndromes. 
The presence of coexisting cataracts added further 
diagnostic ambiguity, masking the underlying retinal 
pathology. Such incomplete or misleading presentations 
illustrate how mitochondrial disease may atypically 
manifest as isolated organ dysfunction before evolving 
into a typically recognizable multisystem disorder(5). In 
this context, the presence of progressive multisystem 
involvement—including visual impairment, hearing 
loss, stimulus-sensitive myoclonus, and subtle 
proximal weakness—should be considered important 
clinical “red flags” that may suggest an underlying 
mitochondrial disorder and prompt earlier diagnostic 
evaluation.

In our patient, the diagnostic process was obscured 
by three main factors. First, the earliest complaint 
was late-onset progressive visual decline at age 38, 
which is older than the commonly reported age of 
onset for mitochondrial encephalomyopathy within the 
MERRF spectrum, although adult-onset presentations 
have been described(6). This pattern may therefore 
reflect delayed recognition rather than a truly atypical 
age at onset. The symptoms were initially attributed 

to cataracts—a common condition in the general 
population that can easily mask rarer underlying 
etiologies. Although cataract is not among the most 
typical ophthalmological manifestations, it has been 
reported in mitochondrial disorders and may further 
complicate diagnostic interpretation, particularly when 
coexisting retinal pathology is not initially apparent(7). 
The lack of visual improvement following bilateral 
lens extraction suggested an alternative mechanism, 
but it was only later that retinitis pigmentosa was 
recognized. Retinitis pigmentosa has been described 
in several mitochondrial syndromes, including 
MERRF, Mitochondrial Encephalomyopathy, Lactic 
Acidosis, and Stroke-like episodes (MELAS), and 
Kearns-Sayre syndrome, but is often overlooked when 
ocular pathology appears to explain the visual loss(6,8). 
The discrepancy between the two ophthalmological 
assessments likely reflected a combination of 
factors, including limited retinal visibility through 
opaque lenses, early or atypical manifestations of 
mitochondrial retinopathy, and a cognitive bias toward 
attributing symptoms to a common ocular condition.

Second, the myoclonus was not continuous or 
disabling. Instead, it appeared only during visual 

Figure 4. Muscle biopsy of the left deltoid. (A) Hematoxylin and eosin staining shows variation in fiber size with irregular internal archi-
tecture in some muscle fibers, scale bar=50 µm. (B) Modified Gomori Trichrome staining demonstrates irregularly shaped fibers, without 
evident subsarcolemmal mitochondrial accumulation, scale bar=50 µm. (C) Cytochrome c oxidase/succinate dehydrogenase (COX/SDH) 
dual staining demonstrates scattered fibers with both COX-negative/SDH-positive and COX-negative/SDH-negative patterns, scale bar=50 
µm. (D) Oil Red O staining shows muscle fibers with slightly increased intracytoplasmic lipid droplets, scale bar=50 µm.
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stimulation and could be reproducibly elicited with 
30 Hz flicker during ophthalmological assessment. 
Intermittent, stimulus-provoked myoclonus is easily 
misinterpreted as other abnormal movements, such 
as tics or tremor, or classified within idiopathic 
photosensitive epilepsies(9). In our case, however, the 
duration of the abnormal movements was sufficient to 
identify them as generalized, brief jerky movements. 
There was no prior history of progressive myoclonus, 
weakness, or ataxia. In the absence of EEG, this led to 
an initial consideration of isolated idiopathic myoclonic 
epilepsies or late-onset progressive myoclonus 
epilepsies without myopathy, such as Unverricht-
Lundborg disease or neuronal ceroid lipofuscinosis. 
Both of these conditions typically present at an earlier 
age and with more florid seizure semiology, yet in 
the absence of additional neurological abnormalities, 
they remain reasonable differential diagnoses(2,10). 
The episodic nature and relatively late onset of the 
myoclonus further delayed recognition that these 
features reflected an underlying mitochondrial disorder. 
On comprehensive neurological examination, mild 
weakness of shoulder abduction and neck flexion was 
identified, which proved to be an important clinical clue 
to the diagnosis of mitochondrial encephalomyopathy 
within the MERRF spectrum in this case.

Third, there was no apparent family history of 
seizures or neuromuscular disease. The absence of 
family history is frequently misleading in mitochondrial 
disorders. Maternal carriers may harbour low-
level or tissue-specific heteroplasmy and remain 
minimally symptomatic, leading to apparently negative 
pedigrees(11). Simplex cases may also occur due to de 
novo mitochondrial deoxyribonucleic acid (mtDNA) 
mutations or nuclear gene variants with variable 
penetrance(12). Furthermore, standard sequencing 
panels often target common mtDNA variants, and 
rarer mutations may be missed, creating the impression 
of a sporadic, non-genetic condition(13). This further 
challenged the diagnosis of mitochondrial aetiology 
in our patient.

Despite the challenges of clinical diagnosis, 
we undertook further investigations to support 
mitochondrial encephalomyopathy within the MERRF 
spectrum. Neurophysiological testing provided a 
first decisive clue. EEG during photic stimulation 
revealed generalized spike-wave discharges at 3 
Hz associated with myoclonic jerks — a pattern 
frequently observed in mitochondrial epilepsies(14). 
In MERRF, photoparoxysmal responses (PPRs) are 
well documented(15). By contrast, other photosensitive 
myoclonic epilepsies may show photic-induced 

discharges at different frequencies or with varying 
patterns of amplification. For example, neuronal 
ceroid lipofuscinosis (particularly CLN2) is typically 
associated with low-frequency sensitivity, with PPRs 
elicited at 1-3 Hz, while Unverricht-Lundborg disease 
demonstrates broader frequency sensitivity but with 
earlier onset and more florid seizure semiology(16,17). 
Such variability limits the specificity of EEG findings 
alone and highlights the importance of integrating 
them with clinical and pathological features(14). Brain 
MRI provided additional supportive evidence in our 
patient, demonstrating symmetrical T2 hyperintensities 
in the basal ganglia. This finding is consistent with 
a mitochondrial disorder, as the basal ganglia are 
particularly vulnerable structures due to their high 
metabolic demand and susceptibility to impaired 
oxidative phosphorylation(18).

The definitive diagnostic step was the muscle 
biopsy, performed after mild proximal weakness was 
noted. Histopathological analysis of the left deltoid 
revealed variation in fiber size with scattered COX-
negative/SDH-positive fibers and a few COX-negative/
SDH-negative fibers(19). Modified Gomori trichrome 
staining showed irregular fibers without evident 
subsarcolemmal mitochondrial accumulation, and 
Oil Red O staining demonstrated mildly increased 
intracytoplasmic lipid droplets. Although classic 
ragged-red fibers were absent, the presence of COX-
negative/SDH-positive fibers indicated mitochondrial 
respiratory chain dysfunction, which, together with the 
clinical findings, was compatible with mitochondrial 
encephalomyopathy within the MERRF spectrum(6,20). 
These findings support mitochondrial dysfunction 
but are not specific for MERRF, underscoring the 
importance of integrating clinical, electrophysiological, 
radiological, and pathological data. In the era of 
next-generation sequencing, muscle biopsy remains 
an indispensable tool in selected cases, providing 
direct morphological and biochemical evidence of 
mitochondrial dysfunction. In this patient, it offered 
crucial pathological confirmation that complemented 
genetic and clinical data, supporting the diagnosis of 
mitochondrial encephalomyopathy within the MERRF 
spectrum(19).

Molecular testing of peripheral blood did not reveal 
pathogenic variants in the mitochondrial genome. This 
highlights an additional complexity in mitochondrial 
encephalomyopathy within the MERRF spectrum. 
Although the commonest mutation is the A8344G 
variant in the MT-TK gene, not all patients harbour this 
change, and nuclear genes can also be implicated(12). 
The absence of genetic confirmation does not exclude 
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the diagnosis when there is a strong clinicopathological 
correlation(21). Indeed, in resource-limited settings or 
where nuclear gene testing is not feasible, the diagnosis 
may rely on the clinical phenotype plus supportive 
biopsy evidence(22). In our patient, although genetic 
confirmation was lacking, the combined features of 
myoclonic epilepsy, retinitis pigmentosa, basal ganglia 
signal change, and the results of muscle biopsy were 
sufficient to establish MERRF(22,23).

Phenotypic variation is a defining feature of 
mitochondrial DNA disorders, and our case exemplifies 
this heterogeneity(12). The “classic” presentation of 
MERRF consists of myoclonus, progressive ataxia, 
generalized seizures, and ragged red fibers on muscle 
biopsy, usually associated with the m.8344A>G 
mutation in MT-TK(3,6). However, clinical expression 
is highly variable, and many patients fail to display the 
full syndrome at onset(21).

Previous reports of late-onset mitochondrial 
encephalomyopathy within the MERRF spectrum 
have described patients presenting predominantly with 
progressive myoclonus, epilepsy, or myopathy(3). In 
contrast, our patient presented primarily with visual 
decline, with neurological features becoming apparent 
only later. This highlights that the distinguishing feature 
in this case lies in the sequence and predominance of 
symptoms, rather than age at onset alone.

In our patient, visual decline due to retinitis 
pigmentosa and cataracts preceded neurological 
manifestations, and myoclonus was intermittent and 
stimulus-provoked rather than continuous or disabling. 
The weakness was subtle, confined to proximal 
muscles, and cognitive function remained relatively 
preserved, features that diverge from the typical picture 
of progressive myoclonus and ataxia(24). Variable 
tissue distribution of mutant mtDNA, heteroplasmy 
thresholds, and nuclear or environmental modifiers 
contribute further to the unpredictability of clinical 
expression(12). Recognizing this variability is essential, 
as reliance on the “classical” phenotype may delay 
diagnosis, whereas careful attention to subtle systemic 
features can reveal the mitochondrial basis of atypical 
presentations(21).

From a management perspective, accurate 
diagnosis is important not only for prognostication 
but also for treatment selection. Certain anti-seizure 
medications—most notably valproate—are relatively 
contraindicated in primary mitochondrial disease, 
particularly when POLG variants are possible, due 
to the risk of severe hepatotoxicity and exacerbation 
of mitochondrial dysfunction(25,26). Our patient was 
commenced on levetiracetam, which has a generally 

favourable tolerability profile and is commonly used in 
mitochondrial epilepsies(26). In addition, she received a 
“mitochondrial cocktail” consisting of coenzyme Q10, 
L-carnitine, L-arginine, B-complex vitamins, vitamin 
C, vitamin E, and alpha-lipoic acid. Although these 
supplements are widely prescribed in clinical practice, 
current evidence for their efficacy remains limited 
and heterogeneous, largely based on observational 
studies and expert consensus rather than randomized 
controlled trials(26-28). Supportive measures—such as 
physiotherapy to address proximal weakness, hearing 
aids for sensorineural loss, and lifestyle counselling 
to avoid potential mitochondrial toxins—are integral 
components of care and are endorsed in consensus 
management recommendations, even though the 
interventional evidence continues to evolve(25).

Conclusion
In conclusion, this case exemplifies the early 

diagnostic pitfalls of mitochondrial encephalomyopathy 
within the MERRF spectrum. Unusual patterns of 
presentation may mimic more common disorders, 
emphasizing the need for careful clinical reassessment 
and multimodal diagnostic integration. This case 
highlights several clinical “red flags” that may 
suggest an underlying mitochondrial disorder, 
including progressive multisystem involvement with 
visual impairment, hearing loss, stimulus-sensitive 
myoclonus, and subtle proximal muscle weakness. 
Recognition of these features may facilitate earlier 
diagnosis and reduce the risk of misclassification. 
Clinicians should therefore maintain a high index 
of suspicion for mitochondrial disease in patients 
with unexplained progressive visual or auditory 
decline, especially when myoclonus emerges or 
subtle weakness is detected(13,21). Recognition of these 
clinical “red flags” may facilitate earlier diagnosis 
and help reduce diagnostic delay in similar cases. 
Multidisciplinary collaboration remains essential, and 
early recognition allows tailored therapy, avoidance 
of harmful medications, and appropriate supportive 
measures(24).
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