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Abstract
Case report We report an infant who presented with clinical
manifestations of incontinentia pigmenti (IP). Despite expe-
riencing seizures in the early neonatal period, the patient had
normal growth and development until recently. However,
follow-up magnetic resonance imaging revealed sequential
changes in white matter lesions.
Discussion The pathogenesis of neurological involvement in
IP has not been clearly elucidated and appears to be
associated with various mechanisms, including developmen-
tal, destructive, and vascular processes. We have attempted
to explain the pathogenesis of IP through these changes.
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Introduction

Incontinentia pigmenti (IP) is a neurocutaneous disorder
characterized by skin manifestations and associated malfor-
mations of the retina, teeth, and central nervous system (CNS)
[1]. The neurological symptoms of IP include seizures,
microcephaly, and developmental delay; the prognosis for
normal cognitive development is poor, particularly if seizures

occur early in life [1, 2]. The exact pathogenesis and timing
of neurological involvement are not well known. However,
findings consistent with the diagnosis of cerebral infarction
and a correlation between retinal and cerebral vascular
involvement support the hypothesis that vascular disease
plays a major role in the pathogenesis of cerebral lesions and
thus neurological involvement in patients with IP [3].

The magnetic resonance imaging (MRI) findings associ-
ated with IP include periventricular leukomalacia, hypoplasia
of the corpus callosum, gray matter heterotopia, cerebellar
lesions, encephalomalacia, multiple cerebral infarctions, and
vessel abnormalities [4–7]. Despite a number of reports on
the various MRI findings in IP, there is limited information
on the imaging findings of cerebral lesions in infants [2, 4].
In this paper, we present the sequential changes in white
matter lesions revealed by MRI in a case of IP. In addition,
we have attempted to explain the pathogenesis of IP through
these changes that were detected by brain imaging.

Case report

A female term infant was admitted at birth due to skin
vesicles mainly on the lower limbs. The physical and routine
laboratory examinations were normal. Three days after birth,
these skin lesions increased in size and number, and a skin
biopsy was performed. Six days after birth, the skin lesions
spread to the trunk and became crusted pustules or
hyperkeratotic lesions over time (Fig. 1a and b) . Pathology
revealed exocytosis of eosinophils, spongiosis in the
epidermis, and intraepidermal vesicle formation. The infant
was diagnosed with IP because of these findings of
characteristic skin lesions.

On the ninth day of life, the patient developed frequent
clonic seizures associated with cyanosis and bradycardia.
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The follow-up laboratory results were normal. Intravenous
lorazepam and phenobarbital were administrated. In the MRI
examination of the brain, multiple dot-like lesions in the
corona radiata of both cerebral hemispheres appeared hypo-
intense on T2-weighted images. Some of the lesions appeared
hyperintense on T1-weighted images (Fig. 2a and b). No
further spreading of the skin lesions was observed. Ophthal-
mologic examination demonstrated left retinal vascular
changes, characterized by ectatic tortuous veins, arteriove-

nous anastomoses, and peripheral retinal ischemia. Laser
photocoagulation was performed on the 11th day of life, and
the lesions regressed.

At the age of 1 month, the dry and hyperkeratotic lesions
forming involuted verrucous plaques, which were mainly
present on the lower limbs. At the age of 3 months,
hyperpigmented lesions were distributed in a macular whirl
on the limbs and trunk, the vesicles recurred, and verrucous
lesions developed occasionally (Fig. 1c). The patient could

Fig. 1 Skin lesions a and b at
birth, c at 3 months of age, and
d and e at 6 months of age

Fig. 2 On day 9 of life, the
axial T2-weighted MR image
(TR/TE, 4,000/99) showed mul-
tiple dot-like lesions with low
signal intensity in the corona
radiata of both cerebral hemi-
spheres (a). The axial T1-
weighted MR image (TR/TE,
540/12) revealed multiple dot-
like high signal intensity in the
same regions (b)
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lift her head and chest in the prone position and had no
head lag when pulled to the sitting position. Administration
of phenobarbital was discontinued.

At the age of 6 months, the pigmented lesions persisted
(Fig. 1d and e). The infant had normal growth and
development at this time. Follow-up brain MRI showed
resolution of the previously noted lesions with mild diffuse
thinning of the body portion of the corpus callosum
corresponding to her age (Fig. 3a, b, and c).

The patient is now 17 months old; the developmental
milestones are within normal limits and the head circumference
is normal. However, the initial periventricular white matter
lesions that had appeared to resolve have recurred. In addition,
there was a marked hypoplasia of the corpus callosum (Fig. 4).

Discussion

The clinical manifestations of IP are variable and range from
skin lesions to severe neurological involvement. The neuro-

logical symptoms and signs of IP include seizure, mental
retardation, delayed psychomotor development, microcephaly,
cerebellar ataxia, hemiparesis, and coma [8]. The MRI
findings in IP include cerebral atrophy [1], hypoplasia of
the corpus callosum [1], white matter lesions [4, 9], and
hemorrhagic necrosis [9]. In a case of acute hemorrhagic
encephalopathy with IP, it was speculated that an expressed
mutant protein could cause either developmental brain
malformations or a destructive process in the CNS [10]. It
was described as periventricular hemorrhagic infarcts and
cerebral microangiopathy [11]. A girl and her mother with IP
had similar ischemic stroke events resulting from an
occlusion of the left middle cerebral artery, which was
detected by MRI [12]. The importance of vasculopathy as the
major mechanism underlying CNS pathology in IP was
reported; this is supported by the common features of retinal
vascular abnormalities and the documented correlation
between the severity of CNS involvement and retinal
vascular occlusive disease [2]. In contrast, it was reported
that an infant with neonatal seizures and a vesicular rash had

Fig. 3 At 6 months of life, axial T2- and T1-weighted MR images
demonstrated resolution of previously noted, multiple, dot-like lesions
in the corona radiata of both cerebral hemispheres (a and b). The

midline sagittal T1-weighted image showed mild thinning in the body
portion of the corpus callosum corresponding to the patient’s age (c)

Fig. 4 At 15 months of life, axial T2-weighted (TR/TE, 9,000/110) and
flare MR images (TR/TE, 4,000/99) showed high-signal areas in the
periventricular white matter of the cerebral hemispheres, suggesting

periventricular leukomalacia (a and b). These changes are more marked
on the right side. The midline sagittal T1-weighted image (TR/TE, 440/
12) revealed marked hypoplasia of the corpus callosum (c)
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no overt vascular abnormalities but a diffuse inflammatory
process [13]. Another report described a few cases with
unilateral micropolygyria and multiple focal neuronal loss,
porencephaly, or severe cortical atrophy that could have
resulted from ischemic injuries during fetal life [14].
Therefore, the pathogenesis underlying CNS involvement in
IP appears to be associated with various mechanisms,
including developmental, destructive, vascular, and infectious
processes.

It is known that the neurological lesions in patients with
IP, once identified, change little over time. However, in least
one patient, a white matter lesion has unusually resolved
over time [15]. In this case, after the disappearance of the
initial lesions in the corona radiata, hypoplasia of the corpus
callosum and periventricular white matter lesions appeared
again after all. These sequential changes suggest that CNS
involvement in IP is similar to ischemic lesions occurring at
a time of particular vulnerability of the premature brain.

Some authors have reported that the MRI findings in IP
may predict the clinical course of the disease [1]. Brain lesions
were most prominent in patients with neonatal cutaneous
lesions and either seizures or ocular abnormalities. These
patients showed a gradual decrease of the head circumference
percentile during the first year of life and neurologic
sequelae; patients with mild cutaneous lesions and without
neurological symptoms had no MRI abnormalities. At first,
because of improvement of the initial white matter lesions,
we believed that the neuroradiological findings in the patient
were favorable despite the early symptoms, including severe
cutaneous lesions, neonatal seizures, and ocular abnormali-
ties. However, the periventricular white matter lesions
recurred and hypoplasia of the corpus callosum appeared
markedly despite the achievement of normal developmental
milestones and normal head circumference.

In summary, although the pathogenesis and progression
of neurological involvement in IP have not been clearly
elucidated, we suspect that ischemic insults that originate in
the intrauterine environment are important in the develop-
ment of IP. Furthermore, we demonstrated that follow-up
neuroimaging should be performed once severe neonatal
symptoms, including neurological and ocular impairment
are detected, even if progression through the developmental

milestones is normal, head circumference is unremarkable,
and the symptoms associated with IP improve.

References

1. Pascual-Castroviejo I, Roche MC, Martinez Fernandez V, Perez-
Romero M, Escudero RM, Garcia-Penas JJ, Sanchez M (1994)
Incontinentia pigmenti: MR demonstration of brain changes. Am J
Neuroradiol 15:1521–1527

2. Wolf NI, Kramer N, Harting I, Seitz A, Ebinger F, Poschl J,
Rating D (2005) Diffuse cortical necrosis in a neonate with
incontinentia pigmenti and an encephalitis-like presentation. Am J
Neuroradiol 26:1580–1582

3. Holmström G, Thorén K (2000) Ocular manifestations of
incontinentia pigmenti. Acta Ophthalmol Scand 78:348–353

4. Fiorillo L, Sinclair DB, O’ByrneML, Krol AL (2003) Bilateral cerebro-
vascular accidents in incontinentia pigmenti. Pediatr Neurol 29:66–68

5. Kasai T, Kato Z, Matsui E, Sakai A, Nishida T, Kondo N, Taga T
(1997) Cerebral infarction in incontinentia pigmenti: the first
report of a case evaluated by single photon emission computed
tomography. Acta Paediatr 86:665–667

6. Mangano S, Barbagallo A (1993) Incontinentia pigmenti: clinical
and neuroradiologic features. Brain Develop 15:362–366

7. Shah SN, Gibbs S, Upton CJ, Pickworth FE, Garioch JJ (2003)
Incontinentia pigmenti associated with cerebral palsy and cerebral
leukomalacia: a case report and literature review. Pediatr Dermatol
20:491–494

8. Carney RG (1976) Incontinentia pigmenti: a world statistical
analysis. Arch Dermatol 112:535–542

9. Lee AG, Goldberg MF, Gillard JH, Barker PB, Bryan RN (1995)
Intracranial assessment of incontinentia pigmenti using magnetic
resonance imaging, angiography and spectroscopic imaging. Arch
Pediatr Adolesc Med 149:573–580

10. Shuper A, Bryan RN, Singer HS (1990) Destructive encephalop-
athy incontinentia pigmenti: a primary disorder? Pediatr Neurol
2:137–140

11. Hennel SJ, Ekert PG, Volpe JJ, Inder TE (2003) Insights into the
pathogenesis of cerebral lesions in incontinentia pigmenti. Pediatr
Neurol 29:148–150

12. Pellegrino RJ, Shah AJ (1994) Vascular occlusion associated with
incontinentia pigmenti. Pediatr Neurol 10:73–74

13. Hauw JJ, Perie G, Bonnette J, Escourolle R (1977) Neuropatho-
logical study of incontinentia pigmenti: anatomical case report
(author’s translation). Acta Neuropathol 38:159–162

14. O’Doherty NJ, Norman RM (1968) Incontinentia pigmenti
(Bloch–Sulzberger syndrome) with cerebral malformation. Dev
Med Child Neurol 10:168–174

15. YoshikawaH,Uehara Y, Abe T, OdaY (2000) Disappearance of a white
matter lesion in incontinentia pigmenti. Pediatr Neurol 23:364–367

528 Childs Nerv Syst (2008) 24:525–528


	Serial changes in white matter lesions in a neonate with incontinentia pigmenti
	Abstract
	Abstract
	Abstract
	Introduction
	Case report
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


