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Abstract

The anterior commissure is an evolutionarily conserved nerve bundle that connects the right and left hemispheres, playing
pivotal neurological roles in visual, linguistic, and olfactory functions. The authors herein describe a |6-month-old boy with
high fever, lethargy, and recurrent seizures. Polymerase chain reaction (PCR) examination detected human herpesvirus
6 (HHV-6) in both the cerebrospinal fluid and the pharyngeal swabs, leading to the diagnosis of HHV-6 encephalitis. Brain
magnetic resonance imaging (MRI) 4 days after disease onset distinctly revealed anterior commissure involvement on
diffusion-weighted images and apparent diffusion coefficient maps, suggesting that this lesion was cytotoxic edema. After
treatment with 30 mg/kg/d methylprednisolone for 3 days, the anterior commissure involvement on MRI was completely
diminished. This is the first MRI report rarely showing anterior commissure involvement in encephalitis, suggesting that
this lesion might be caused by direct invasion of HHV-6 or transient axonal swelling associated with inferior temporal
lobe damage.
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The anterior commissure is a bundle of nerve fibers that Cgase Summary
connects the bilateral hemispheres across the midline and
is located in the anterior portion of the columns of the for-
nix.! Most nerve fibers connecting the 2 hemispheres pass
through the corpus callosum, but a small number alterna-
tively pass through the anterior commissure pathway, which
includes those essential for language, olfactory, and visual
functions.*”

A certain number of diseases involving the anterior commis-
sure have been reported. Cerebral infarction and mild head
traumatic injury can cause volume loss of the white matter,
leading to a reduced size of the anterior commissure.** Sexual
orientation affects the size of the anterior commissure, owing to
hormonal effects on both hemispheres in the human brain.® 1 Department of Pediatrics, Chiba University Graduate School of Medicine,
However, there have been no magnetic resonance imaging  Chiba, Japan
(MRI) reports of acute encephalitis involving the anterior com-
missure, although some viral infections have been reported ~Corresponding Author: o ) o
affecte there Heren, he uthors describeth fis bran ma- 25477 £4 10, P10 Doynns of Pl i Urty |
ging case of anterior commissure involvement in a patient with  g¢7q, Japan.
human herpesvirus 6 (HHV-6) encephalitis. Email: kfujii@faculty.chiba-u.jp

A previously healthy 16-month-old boy was admitted to
another hospital for high fever, lethargy, and recurrent seizures.
He was unconsciousness and had generalized seizures intermit-
tently. Since becoming unconscious and recurrent seizures had
not been resolved by medication, he was transferred to our hos-
pital 3 days after the disease onset.

On admission, he was unconscious with high fever but no sei-
zures. His muscles were flaccid and the deep tendon reflexes were
normal without any neurological deficit. Blood examinations
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Figure |. Axial diffusion-weighted images and apparent diffusion coherent values in a patient with human herpesvirus 6 encephalitis who
showed anterior commissure involvement representing cytotoxic edema. This linear lesion was clearly detected on (A) axial (white arrow), (B)
sagittal (white arrow), and (C) coronal images (white arrow) on diffusion-weighted images, and (D) axial (white arrow), (E) sagittal (white
arrow), and (F) coronal images (white arrow) for apparent diffusion coherent values.

showed elevated levels of aspartate aminotransferase at 752 U/L
(normal range: 13-33), alanine aminotransferase at 412 U/L
(8-42), lactate dehydrogenase at 877 U/L (119-229), ferritin at
1408 U/L (50-200), and soluble interleukin-2 receptor at 2085
ng/mL (127-582), suggesting that he had moderate hypercytoki-
nemia. Cerebrospinal fluid examinations were unremarkable.
Brain MRI 4 days after disease onset clearly revealed anterior
commissure lesions on diffusion-weighted images and apparent
diffusion coefficient maps (Figure 1A-F), suggesting cytotoxic
edema. Electroencephalogram showed a diffuse low voltage
while awake, with no focal spikes or sharp waves. Bacterial cul-
tures including of blood, sputum, urine, and cerebrospinal fluid
gave negative results. The polymerase chain reaction (PCR)
detected HHV-6 in both the cerebrospinal fluid and the pharyn-
geal swabs. Since the authors could not find any other evidence
of an antecedent infection or causative etiology, the authors
finally diagnosed him as having HHV-6 encephalitis associated
with anterior commissure involvement. The authors treated him
with 30 mg/kg/d methylprednisolone for 3 days, after which he
recovered from becoming unconscious. General muscle weak-
ness gradually improved. After 1 month, the follow-up brain MRI
showed complete resolution of the anterior commissure lesions,
and he was discharged from our hospital with no neurological
complications.

Discussion

The authors described a boy of 16 months of age with HHV-6
encephalitis associated with an anterior commissure lesion.
The MRI clearly demonstrated anterior commissure involve-
ment due to increased intensity on diffusion-weighted imaging
and reduced intensity on an apparent diffusion coefficient map,
suggesting cytotoxic edema. To our knowledge, this is the first
MRI report of anterior commissure involvement in encephali-
tis, which was transient and left no atrophy.

In humans, there are 5 interhemispheric nerve bundles,
namely, corpus callosum, anterior commissure, hippocampal
commissure, posterior commissure, and habenular commis-
sure." Among these, the anterior commissure is the most evolu-
tionarily conserved nerve bundle, which connects bilateral
olfactory tracts and temporal lobes.> Although this anterior
commissure is the oldest, its pathological change has not been
well reported, contrary to the case of the corpus callosum,
which widely connects the 2 hemispheres. Previous reports
have suggested that the anterior commissure is highly vulnera-
ble to direct impact of trauma, progressive axonal injury, and
myelin degeneration.>> These pathologic events would actu-
ally cause a reduced size of the anterior commissure on brain
imaging.>*
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In animals, some conditions have been reported to cause
anterior commissure abnormalities. Prenatal stress can alter the
size of the rostral anterior commissure in rats.® Perinatal
administration of testosterone induces hypertrophy of the ante-
rior commissure in adult rats.” Fetal alcohol exposure can alter
the size of the mid-sagittal commissure in rats.® These abnorm-
alities essentially correlated with changes in the size of the
anterior commissure. Thus, in both humans and animals, cere-
bral events would result in size differences in the anterior
commissure.

There are 3 significant findings in this report. First, this
is the first MRI report associated with signal abnormality of
the anterior commissure on diffusion-weighted images and
apparent diffusion coefficient maps, suggesting that these
lesions were cytotoxic edema. Since the corpus callosum,
another major interhemispheric nerve bundle, often exhibits
abnormalities in MRI signal owing to drugs,’ epileptic sei-
zures,'® and high-altitude cerebral edema,'' the signal
abnormality of the anterior commissure might have been
due to a similar mechanism. Second, this anterior commis-
sure lesion was transient and actually left no nerve bundle
atrophy, indicating that it was a reversible change. All pre-
vious reports on the anterior commissure have described
irreversible size reduction, such as postischemic and post-
traumatic changes.’* Thus, our case is interesting in terms
of its pathogenesis showing transient signal abnormality.
Third, the patient was as young as 16 months of age, indi-
cating that he had a developmentally immature brain under-
going myelin and synapse formation. Since the vulnerability
of the anterior commissure to mild head trauma has also
been reported in children, the anterior commissure involve-
ment of this patient might have resulted from the immatur-
ity of the brain by some mechanism. Apart from this
cerebral vulnerability, transient hypercytokinemia might
have been synergistically responsible for the reversible ante-
rior commissure lesion seen in this patient.

The HHV-6 is known to cause exanthema subitum in
infancy, which is usually self-limited but occasionally develops
into encephalitis in children or in immunocompromised
hosts.'*'* Brain MRI usually shows medial temporal lobe
lesions in immunocompromised hosts.'* However, in children,
various brain imaging patterns have been reported, for exam-
ple, acute necrotizing encephalopathy and diffuse brain swel-
ling, not limited to the medial temporal lobe itself.'®
Although this patient did not show any brain lesion other than
in the anterior commissure, HHV-6 infection would probably
have somehow affected the underlying pathogenesis.

Interestingly, the [11C] (R)-PK11195 positron-emission
tomography imaging study after herpes virus encephalitis has
already reported microglial activation in the anterior commis-
sure.'® Since inferior medial temporal lobes were also affected
in that study, nerve fiber connections might contribute to the
involvement of the anterior commissure. The reason as to why
our patient presented the unique involvement of anterior com-
missure still remains unclear. Thus, further investigation will
be required to elucidate it.

In summary, the authors demonstrated for the first time the
unique transient involvement of the anterior commissure in
HHV-6 encephalitis. Since the anterior commissure connects
the inferior temporal lobes and the olfactory area, HHV-6,
which usually affects the bottom of the temporal lobes, might
affect connecting nerve bundles like the anterior commissure.
Since this anterior commissure involvement disappeared after
1 month and no volume reduction remained, this involvement
was supposed to have been transient cytotoxic edema caused
by cortical damage or direct invasion.

Acknowledgments
The authors are grateful to doctors who are related to this patient for

assistance with the therapy. The authors also thank the patient and his
family with great sincerity.

Author Contributions

KF performed design and analysis and interpretation of MRI data and
was the author of the first draft of the manuscript. HI, KN, HH, and NS
performed a case conception and a critical review of the manuscript.
HU performed a critical review of the manuscript.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, authorship,
and/or publication of this article.

Ethical Approval

This study was approved by the Chiba University ethical committee
board.

References

1. Prakash KN, Nowinski WL. Morphologic relationship among the
corpus callosum, fornix, anterior commissure, and posterior com-
missure MRI-based variability study. Acad Radiol. 2006;13(1):
24-35.

2. Northam GB, Liégeois F, Tournier JD, et al. Interhemi-
spheric temporal lobe connectivity predicts language impair-
ment in adolescents born preterm. Brain. 2012;135(pt 12):
3781-3798.

3. Di Virgilio G, Clarke S, Pizzolato G, Schaffner T. Cortical
regions contributing to the anterior commissure in man. Exp Brain
Res. 1999;124(1):1-7.

4. Wilde EA, Bigler ED, Haider JM, et al. Vulnerability of the ante-
rior commissure in moderate to severe pediatric traumatic brain
injury. J Child Neurol. 2006;21(9):769-776.

5. Allen LS, Gorski RA. Sexual orientation and the size of the ante-
rior commissure in the human brain. Proc Natl Acad Sci U S A.
1992;89(15):7199-7202.

6. Jones HE, Ruscio MA, Keyser LA. Prenatal stress alters the size
of the rostral anterior commissure in rats. Brain Res Bull. 1997,
42(5):341-346.



Child Neurology Open

10.

11.

. Larriva-Sahd J, Orozco-Estévez H, Condés-Lara M. Perinatal

administration of testosterone induces hypertrophy of the anterior
commissure in adult male and female rats. Neurosci Lett. 1998;
241(2-3):119-122.

. Livy DJ, Elberger AJ. Effect of prenatal alcohol exposure on

midsagittal commissure size in rats. Teratology. 2001;63(1):
15-22.

. Kim SS, Chang KH, Kim ST, et al. Focal lesion in the splenium of

the corpus callosum in epileptic patients: antiepileptic drug toxi-
city? Am J Neuroradiol. 1999;20(1):125-129.

Oster J, Doherty C, Grant PE, Simon M, Cole AJ. Diffusion-
weighted imaging abnormalities in the splenium after seizures.
Epilepsia. 2003;44(5):852-854.

Hackett PH, Yarnell PR, Hill R, Reynard K, Heit J, McCormick J.
High-altitude cerebral edema evaluated with magnetic resonance
imaging: clinical correlation and pathophysiology. JAMA. 1998;
280(22):1920-1925.

12.

13.

14.

15.

16.

Murakami A, Morimoto M, Adachi S, Ishimaru Y, Sugimoto T.
Infantile bilateral striatal necrosis associated with human
herpesvirus-6 (HHV-6) infection. Brain Dev. 2005;27(7):527-530.
Provenzale JM, van Landingham K, White LE. Clinical and ima-
ging findings suggesting human herpesvirus 6 encephalitis.
Pediatr Neurol. 2010;42(1):32-39.

Sauter A, Ernemann U, Beck R, et al. Spectrum of imaging find-
ings in immunocompromised patients with HHV-6 infection. Am
J Roentgenol. 2009;193(5):W373-W380.

Noguchi T, Yoshiura T, Hiwatashi A, et al. CT and MRI findings
of human herpesvirus 6-associated encephalopathy: comparison
with findings of herpes simplex virus encephalitis. Am J Roent-
genol. 2010;194(3):754-760.

Cagnin A, Myers R, Gunn RN, et al. In vivo visualization of acti-
vated glia by [11C] (R)-PK11195-PET following herpes encepha-
litis reveals projected neuronal damage beyond the primary focal
lesion. Brain. 2001;124(pt 10):2014-2027.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


