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Clinical features

Asmall for gestational age male infant,
born at term, presented with marked

bilateral pedal oedema from birth. Both
feet were warm with purple discolouration.
The dorsum of the right foot was
significantly swollen, overlying swollen
toes. Joint movements and peripheral
pulses were normal. No venous or skeletal
abnormalities were visible. The infant had
normal male genitalia. There were no
dysmorphic facial features. He had a single
right palmar crease. An abdominal
ultrasound scan revealed no abnormality.
Investigations demonstrated normal urea,
electrolytes and liver function tests.

Cytogenetic studies
The infant’s karyotype revealed two
abnormal cell lines:
■ 21 out of 30 cells showed a 45X chromo-

some complement (ie a single sex
chromosome)

■ The remaining nine cells revealed one
normal X chromosome and an isodicen-
tric chromosome for the short arm of the
Y chromosome with two copies of the
SRY gene (the gene for maleness, found
on the Y chromosome and having a key
role in development of the testes and
determination of sex).
This karyotype is consistent with sex

chromosome mosaicism of the form:
45,X[21]/46,X,isodicentric(Y)(q12)[9]. 

Isodicentric chromosomes are rarely
inherited; they are usually post-zygotic in
origin and arise de novo. Since the father’s
karyotype is normal, the genetics team
advised of a 1% gonadal mosaic recurrence
risk for future pregnancies in this couple.
The geneticist also reported that the child
is at risk of Turner syndrome-like features
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1. A male infant with sex chromosome

mosaicism presented with unusual
clinical features: pedal oedema with
normal male genitalia. 

2. Diagnosis, counselling and
management of sex chromosome
mosaicism are challenging because the
phenotypic manifestations and clinical
course are highly variable.

3. These children require close follow-up
for potential problems and to provide
information that can guide future
management.  

including bicuspid aortic valve, coarctation
of the aorta, structural renal abnormalities
and gonadoblastoma (a benign tumour
with potential for malignant
transformation affecting a subset of
patients with a disorder of sex
development).

Follow-up
The pedal oedema resolved over several
weeks. At the time of writing, the child is
14 months’ old with normal neuro-
development, growth, echocardiography
and renal ultrasound. His risk of
gonadoblastoma is considered low because
both testes are present in the scrotum. The
geneticist advised that the child needs
paediatric follow-up to assess his growth
and testes: if the testes become abnormal,
assessment by paediatric surgery may be
necessary. 

The endocrine team is planning to
perform a prolonged human chorionic
gonadotropin (HCG) stimulation test (an
indicator of functional testicular tissue),
and measure luteinizing hormone (LH),
follicle-stimulating hormone (FSH) and
anti-Mullerian hormone (AMH) levels in
due course.

Discussion
Pedal oedema can be seen in girls with
Turner syndrome, children with vascular
malformations, congestive cardiac failure
and congenital lymphoedema. The case
presented here demonstrates a rare but
important cause of pedal oedema in boys:
sex chromosome mosaicism – the presence
of a mixture of cell populations with diff-
erent X and Y chromosome constitutions.

A literature review has revealed that
there is wide variation in the presentation
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and manifestation of 45,X/46,XY
mosaicism. Phenotypes range from females
with Turner syndrome-like features and
streak gonads (50%), individuals with
mixed gonadal dysgenesis and ambiguous
genitalia (20%), male pseudo-
hermaphroditism (individuals who have
testes but whose secondary sexual
characteristics or external genitalia
resemble those of a female) to apparently
normal males.1-3 Disorders of sex
development, Turner syndrome-like
features and short stature are most
common.2,3 Mild learning difficulties have
also been reported.2,3 The patient reported
here had an unusual combination of
phenotypes: pedal oedema, more
commonly seen in female patients, but
with normal male genitalia. 

A normal chromosome contains a
constriction point, called the centromere,
which divides the chromosome into a long
arm (denoted q) and a short arm (denoted
p). Isodicentric chromosomes have two
centromeres with a duplication of either
the short or the long arm and deletion of
part of the chromosome arm that is not
duplicated. In this patient, there is
duplication of the q arm and loss of part of
the p arm. The SRY gene is present and
duplicated.

Isodicentric Y chromosomes are
unstable during mitosis resulting in
mosaicism with an additional cell line.1,3 It
has been postulated that phenotypic
heterogeneity is due to:1,3-5

■ variable locations of the breakpoints on
the Y chromosome

■ timing of the mitotic loss of the isodi-
centric Y chromosome

■ the proportion of isodicentric Y chromo-
some-containing cells with adequate SRY
gene product in tissues, particularly the
gonads.
Other studies have found no correlation

between the proportion of the 45,X/46,XY
cell lines in the tissues and phenotype.2 A
large case review5 found that once there is a
45,X cell line, despite the presence of the Y
chromosome and SRY gene, there is an
increased chance for that individual to be a
phenotypic female with Turner syndrome
features, or to have ambiguous external
genitalia.5

Management and counselling 

Initial management includes molecular
cytogenetic investigations, genetic
counselling and ultrasound assessment

exaggerating the extent of abnormalities
found due to over-representing the
phenotypically abnormal minority.3,5,7

Counselling should therefore be
influenced by the timing of diagnosis. If
cases are diagnosed antenatally and have
an apparently normal phenotype,
counselling should refer to the outcomes
of other similar antenatally diagnosed
cases with normal phenotype. It is felt that
these children have a smaller risk of
developing the other associated problems.
A low recurrence risk can be given when
the parental karyotypes are normal since
the chromosomal abnormality is of
mosaic form, indicating partly a post-
zygotic origin.6

Conclusion 

Diagnosis, counselling and management of
sex chromosome mosaicism are
challenging because the phenotypic
manifestations, clinical course and
associated problems are highly variable. All
children with sex chromosome mosaicism
require paediatric follow-up in view of
this. Long-term follow-up data from cases
diagnosed before and after birth will
provide more accurate information about
outcome and may establish if a
relationship exists between cytogenetics,
phenotype and associated abnormalities,
thus guiding future management.
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looking for abnormal intra-abdominal
gonads.6 Long-term follow-up is essential
because these children are at risk of
learning difficulties and may have
dysgenetic testes or ovaries leading to
infertility or neoplastic transformation. 

The breakpoint on the isodicentric Y
chromosome in this patient was at Yq12.
Without further detailed chromosome
analysis it is difficult to predict if the Yq11
region and the genes for spermatogenesis
are deleted; the family were told it was
highly likely that this boy would be
infertile.

A decision to remove the gonads should
include consideration of the karyotype and
the possibility of the presence of Y
chromosome material in the gonads.4

Females with gonadal dysgenesis and Y
material are at higher risk (10-50%) of
developing gonadoblastoma and removal
of the gonads is often recommended in
female patients. In males, orchidopexy
(surgery to permanently place the testes in
the scrotum) may be necessary and in
some centres a gonadal biopsy is
considered around puberty. The more
dysgenetic gonad is normally removed.
Due to the increased risk of malignancy,
regular clinical examination and/or
ultrasound of the gonads is required.3 The
involvement of geneticists and paediatric
surgeons is necessary for advice on
management. Turner stigmata and short
stature may be improved with growth
hormone therapy.2,4,6

Antenatal diagnosis of sex chromosome
mosaicism may occur via karyotyping
from amniocentesis or chorionic villus
sampling. Children diagnosed antenatally
with an apparently normal phenotype are
still at risk of the associated problems.2 The
exact level of risk is unknown. Around the
time of expected puberty, assessment of
the patient’s hormone levels should be
considered to give an indication of
potential for puberty and fertility.6

Genetic counselling is difficult because
of the variable clinical manifestations and
because there is no clear relationship
between the number of affected cell lines
in phenotypic manifestations and clinical
outcome.3,4 Patients with postnatal
diagnosis are usually phenotypically
abnormal.5 Up to 90% of antenatally
diagnosed cases have a normal phenotype
and are usually male.2,5 Postnatally
diagnosed cases may lead to bias in
management and genetic counselling by



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] 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 true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /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
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


