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Abstract
Leigh syndrome is a rare genetic neurometabolic disorder characterized by the degeneration of the central nervous system. The
patient may present with progressive neurological deterioration and include loss of previously acquired motor skills, loss of
appetite, vomiting, and irritability. As Leigh syndrome progresses, symptoms may also include a lack of muscle tone, brainstem
dysfunction, and episodes of lactic acidosis. Imaging findings of Leigh syndrome consist of bilateral symmetrical hyperintense
lesions in the brainstem and basal ganglia.
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Clinical Summary

A preteen with Leigh syndrome (LS)
(due to homozygous mutation in the
NDUFS2 gene) presented with worsening
balance, diminished hand control, and
dysphagia. An MRI of the brain demonstra-
ted multiple new parenchymal lesions. Of
note, MR spectroscopy of the brain 5 years
prior did not demonstrate an inverted
doublet at 1.33 ppm, which indicates an
elevated lactate.

Imaging Findings

MRI of the brain demonstrates
multifocal areas of abnormal signal
intensity and diffusion (Figures 1–3).

Diagnosis

Leigh syndrome

Differential Diagnosis

Perinatal asphyxia, kernicterus, carbon
monoxide or methanol intoxication,
thiamine deficiency, Wilson’s disease, and
biotin-responsive basal ganglia disease.

Discussion

LS, also referred to as subacute
necrotizing encephalopathy, was first
described by the British psychiatrist and
neuropathologist Denis Archibald Leigh
in 1951.1

It is a rare genetic neurometabolic
disorder and childhood’s most common
mitochondrial disease. LS is characterized
by the degeneration of the central nervous
system due to mitochondrial DNA (mtDNA)
MT-ATP6 gene or nuclear DNA (nDNA)
mutations that affect infants, children, and
sometimes adults.2 LS has an estimated
prevalence of 1 per 40,000 live births. Much
higher incidences of the condition have
been observed in specific populations, for

example, Lebanese population, owing to a
founder mutation.3

Most individuals with LS have defects
in mitochondrial energy production, such
as defects of the pyruvate dehydrogenase
complex (PDHC), and deficiency of an
enzyme of the mitochondrial respiratory
chain complexes I, II, IV, and V.4,5 In most
cases, LS is inherited as an autoso-
mal-recessive trait. However, X-linked
recessive and maternal inheritance, due to
an mtDNA mutation, are additional modes
of transmission.

Although most patients with LS have
a mutation in nDNA, about 25% have a
mutation in mtDNA. Whether a result
of nuclear- or mtDNA-encoded mutation,
ultimately it is an impaired oxidative
phosphorylation pathway that leads to
a critical nadir of cellular energy and
subsequent cell death.

The most common causes of
nuclear-encoded syndrome are defects
in the PDHC or cytochrome c oxidase.
The most frequently mutated gene
in COX-deficient LS is nuclear-enco-
ded SURF1  gene, which is associated
with cognitive sparing and abnormal
respiratory chain enzyme activity that
was found in most patients with complex
1 (C1) deficiency. NDUFS1 or NDUFS4
is the most common cause of C1
deficiency, and both variants are poor
prognostic signs. Other genes have been
shown to cause LS such as the mutation
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of the LRPPRC gene that manifests
with mild facial dysmorphism, liver
pathology, and a course punctuated by
episodes of acute metabolic decompen-
sation. The SCO2 gene mutation can
cause hypertrophic cardiomyopathy and
spinal muscular atrophy pattern of
histopathology in skeletal muscle.6

mtDNA  point  mutations  have  been
identified  in  mtDNA  from  patients
with  a  variety  of  disorders;  among
them,  2  syndromes  are  more  common.
The  first  is  MELAS  (mitochondrial
encephalomyopathy,  lactic  acidosis,  and

stroke-like  episodes),  which  usually
presents  in  children  or  young  adults
after  normal  early  development.  The
second  syndrome  is  MERRF  (myo-
clonus  epilepsy  with  ragged  red
fibers),  characterized  by  myoclonus,
seizures,  mitochondrial  myopathy,  and
cerebellar  ataxia.2

The symptoms of LS usually begin
between the ages of 3 months and 2 years,7

but some patients do not exhibit signs
and symptoms until several years later.
Symptoms are associated with progressive
neurological deterioration and include
loss of previously acquired motor skills,
loss of appetite, vomiting, irritability,
seizure activity, hypertrophic cardiomy-
opathy, chorea, and atrophy of the
optic nerve. As LS progresses, symptoms
may also include generalized weakness,
hypotonia, brainstem dysfunction, and
episodes of lactic acidosis, which may
lead to impairment of respiratory and
kidney function.8 The prognosis is poor,
and death usually occurs in childhood due
to respiratory failure.

Diagnosis requires clinical evidence of
brainstem and/or basal ganglia dysfunc-
tion,2 intellectual and motor develop-
mental delay, and3 abnormal energy
metabolism indicated by a severe
defect in oxidative phosphorylation or
PDHC activity.

MRI  is  the  preferred  imaging
modality.  On  brain  MRI,  bilaterally,
symmetric  findings  are  seen  in  the
deep  gray  matter,  especially  in  the  basal
ganglia  and  brainstem.  The  putamen,
caudate  nucleus,  and  globus  pallidus
are  the  most  often  involved  compo-
nents  of  the  basal  ganglia  while
the  midbrain  and  medulla  are  the
most  frequently  involved  areas  of  the
brainstem.9  Hong  and  colleagues  found
the  basal  ganglia  and  atrophy  were  the
most  common  findings  in  94.5%  and
58  %  of  patients,  respectively,  followed
by  brainstem  involvement  and  white
matter  signal  abnormalities  in  41%  and
38%  of  patients10;  other  areas  involved
include  the  cerebral  peduncles,  pons,
and  medulla.

The prognosis for children with LS is
poor. Up to 50% of patients die by age
3 years and about 90% by age 6. The
cause of death is usually the result of
sepsis, heart failure, neurologic causes, or
respiratory failure.

Conclusion

LS  is  a  rare  genetic  neurometa-
bolic  disorder  characterized  by  the
degeneration  of  the  central  nervous
system.  The  patient  may  present  with
progressive  neurological  deterioration

Figure 1. MRI of brain axial T2 mDIXON
sequence demonstrating T2 hyperintensity at
the pontomesencephalic junction (*).

Figure 2. (A) Axial T2 mDIXON sequence with T2 hyperintensity in the left red nucleus (*) associated
with abnormal diffusion signal on the B1000 diffusion-weighted sequence (B).
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Figure 3. Cystic change (*) and T2
hyperintensity in the medial right cerebellum/
dentate nucleus on axial T2 mDIXON
sequence.
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and  include  loss  of  previously  acquired
motor  skills,  loss  of  appetite,  vomiting,
and  irritability.  As  LS  progresses,
symptoms  may  also  include  a  lack
of  muscle  tone,  brainstem  dysfunction,
and  episodes  of  lactic  acidosis.  Imaging
findings  of  LS  consist  of  bilateral
symmetrical  hyperintense  lesions  in  the
brainstem  and  basal  ganglia.
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