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ABSTRACT

Leigh syndrome is a progressive neurodegenerative disorder of childhood. The symmetrical necrotic lesions in the
basal ganglia and/or brainstem which appear as hyperintense lesions on T2-weighted MRI is characteristic and one of
the essential diagnostic criteria. Recognising this MR imaging pattern in a child with neurological problems should
prompt the clinician to investigate for Leigh syndrome. We present here two cases of Leigh syndrome due to different
biochemical/genetic defects, and discuss the subtle differences in their MR neuroimaging features. © 2010 Biomedical

Imaging and Intervention Journal. All rights reserved.
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INTRODUCTION

Leigh syndrome (also termed subacute, necrotising
encephalopathy) is a progressive neurodegenerative
disorder of childhood with an estimated incidence of
1:40,000 births [1]. Clinically, Leigh syndrome is
characterised by psychomotor delay or regression,
muscular  hypotonia, brainstem signs (especially
strabismus, nystagmus and swallowing difficulties),
ataxia, pyramidal signs, respiratory insufficiency, lactate
acidemia and acute deterioration after common
infections. In most cases, dysfunction of the respiratory
chain enzymes is responsible for the disease, which
could be due to defects in either mitochondrial or nuclear
DNA. Despite its considerable clinical, genetic and
biochemistry heterogeneity, the basic neuropathological
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features in children affected by Leigh syndrome are
almost identical; which are focal, bilateral, and
symmetric ~ necrotic  lesions  associated  with
demyelination, vascular proliferation and gliosis in the
brainstem, diencephalon, basal ganglia, and cerebellum
[2]. MR imaging can demonstrate these brain pathologies
and therefore plays an essential role in the diagnosis of
Leigh syndrome [3-5].

CASE REPORTS

Case 1

This boy, the first child of nonconsanguineous
parents, had an uneventful perinatal history and normal
development until 21 months when he presented with
regression. He slowly lost the ability to walk and
eventually could no longer walk at 3 years old. At 3 %
years old, he presented with intractable vomiting and
breathing difficulties which required mechanical
ventilation. He had persistent metabolic acidosis with
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markedly raised blood lactate. His clinical findings
included truncal ataxia, nystagmus, muscular hypotonia,
increased deep tendon reflexes and bilateral Babinski
sign. MRI of the brain showed foci of discrete, bilaterally
symmetric lesions in the basal ganglia, brain stem and
dentate nuclei (Figure 1). Respiratory chain enzymes
study in cultured fibroblasts showed severe reduction in
Complex 1V activity (Table 1). Genetic study found two
mutations in SURF1 gene (a heterozygous splice site
mutation c¢.751+1A>G and a heterozygous deletion
€.756_757delCA). He was treated with coenzyme Qi
and vitamins without much success. He continued to
deteriorate and died of respiratory failure at 4 % years
old during an episode of chest infection. No autopsy was
performed.

Case 2

This boy, the 3" child of nonconsanguineous parents,
presented with developmental delay. At 18 months he
had yet to be able to walk independently and had no
meaningful verbal expressions. Following a febrile
illness at 19 months old, he showed regression. There
was nystagmus, left eye divergent squint, mild muscular
hypotonia and increased deep tendon reflexes on clinical
examination. MRI of the brain showed bilaterally
symmetric lesions in the basal ganglia and brain stem
(Figure 2). The blood lactate was persistently elevated.
Respiratory chain enzymes study in cultured fibroblasts
showed severe reduction in Complex | activity (Table 1).
Mitochondrial DNA analysis did not find any pathogenic
mutation. The underlying genetic defect remained to be
elucidated. When he was last reviewed at 2% years, his
condition was stable and he was able to walk with broad-
based gait.

DISCUSSION

Leigh syndrome is the most common clinical
phenotype of mitochondrial disorders in childhood. The
diagnostic criteria are (1) progressive neurological
disease with motor and intellectual developmental delay;
(2) signs and symptoms of brainstem and/or basal
ganglia disease; (3) raised lactate levels in blood and/or
cerebrospinal fluid (CSF); and (4) characteristic
symmetric necrotic lesions in the basal ganglia and/or
brainstem [1].

The most characteristic neuroradiological findings
in Leigh syndrome are bilateral, symmetric focal
hyperintensities in the basal ganglia, thalamus, substantia
nigra, and brainstem nuclei at various levels on T2-
weighted MRI. These high T2 signals on MRI reflect the
spongiform changes and vacuolation in the affected brain
structures [3-5]. Often, the basal ganglia are affected
before the brainstem. The upper brainstem followed by
lower brainstem would be affected with the progression
of the disease. Involvement of lower brainstem indicates
advanced stage of the disease and the occurrence of
respiratory failure and sudden death. In most patients the
cerebral white matter is generally only involved in late
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Figurel (A): Axial T2-weighted image through the basal
ganglia shows symmetrical hyperintense lesions
involved thalamic posteromedial ventral nuclei (thin
arrow), globus pallidi (thick arrow) and putamina
(arrowhead). (B-D): Axial T2-weighted images
through the brainstem show symmetrical involvement
of reticular formation of midbrain (thin arrow in B),
subthalamic nuclei (thick arrow in B), substantia nigra
(thick arrow in C), dorsal midbrain (thin arrow in C)
central tegmental tracts (thin arrow in D) and
cerebellar nuclei region (thick arrow in D). (E-F):
Coronal FLAIR images show  symmetrical
involvement of head of caudate nuclei (thick arrow in
E), putamina (thin arrow in E) and dentate nuclei (thin
arrow in F).

stages of the disease. Occasionally, patients may have
atypical neuroimaging features such as diffuse
supratentorial leukodystrophy, unifocal or multifocal
infarctions, diffuse or focal cortical atrophy, or
predominant cerebellar atrophy [2,6].

Considering that Leigh syndrome is the consequence
of a number of different biochemical and genetic defects
that affect many aspects of mitochondrial function, we
could expect to find some variability of the MR imaging
findings among these patients. In Case 1, the underlying
biochemical abnormality was due to a severely decreased
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Complex 1V enzyme activity with the residual enzyme
activity only 14% of the lower normal limit. This was
due to loss-of-function mutations of SURF1, which is a
nuclear gene that encodes a protein with putative that is
probably involved in Complex IV assembly or
stabilisation [7]. In Case 2, the Leigh syndrome was
caused by an isolated Complex | deficiency due to a yet
to be elucidated genetic defect, most probably a nuclear
gene defect. In both cases, there were symmetrical brain
lesions involving the brainstem. Case 1 had additional
lesions in the basal ganglia, subthalamic nuclei and
cerebellum. Our observation on Case 1 is in harmony
with a few recent studies that have suggested that
symmetric T2 prolongation involving the subthalamic
nuclei corresponds with Complex 1V deficiency caused
by SURF1 mutation [3-5]. It was interesting to note that
Case 2 had brainstem involvement prior to basal ganglia.

Our experience suggested that bilateral symmetric
T2 prolongation involving  multiple  brainstem
nuclei/structures  associated with  basal ganglia
abnormalities in a child with neurological problems
should prompt the clinician to consider Leigh syndrome
and conduct further investigations such as measurement
of blood and/or CSF lactate, and respiratory chain
enzymes activities. Neuroradiological discriminative
observation is very useful in guiding the clinicians for
the most appropriate enzymatic and genetic study in their
patients.
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Figure2 (A-C): Axial T2-weighted images through the
brainstem show symmetrical hyperintense lesions
involving central tegmental tracts (thin arrow in A),
substantia nigra (thin arrow in B and C). (D): Axial
T2-weighted image through basal ganglia shows
putamen, globus pallidus and thalamus were not
involved.
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Table1 Clinical, biochemical and MR imaging findings

Case 1 Case 2

Clinical findings

Age of onset (month) 21 19
Psychomotor delay/regression + +
Muscular hypotonia + +
Pyramidal signs + +
Extrapyrimidal signs + -
Ataxia + -
Respiratory insufficiency + -
Nystagmus/opthalmoplegia + +
Episodic intractable vomiting + -
Swallowing dysfunction + -
Deterioration during acute febrile illness + +
Biochemical findings
Blood lactate (normal <2.4mmol/L) 48-5.9 5.9
Respiratory chain enzyme activities in cultured fibroblast*
Complex | (normal 261-1,051 mU/UCOX) 589 212
Complex I (normal 536-1,027 mU/UCOX) 605 681
Complex Il (normal 1,270-2,620 mU/UCOX) 2,040 1,744
Complex IV (normal 680-1,190 mU/UCOX) 96 846
Complex V (normal 217-1,736 mU/UCOX) 913 980
Citrate synthase (normal 144-257mU/mg) 227 207
Genetic defects SURF1 unknown
gene
Neuroimaging findings
Caudate nuclei + -
Putamina + -
Globus pallidi + -
Thalami + -
Subthalamic nuclei + -
Substantia nigra + +
Reticular formation + -
Central tegmental tracts + +
Medulla - -
Cerebellum + -

+, present; -, absent; * Respiratory chain enzyme activity is measured in mU/unit citrate synthase.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


