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Abstract. Giant congenital cervical teratomas and cerebral arteriovenous malformations (AVMs) are both rare and life threaten-
ing. The co-occurrence of these conditions has not previously been described, however new theories regarding the etiology of
cerebral AVMs include a “response to injury”. We describe a patient with a vascular giant cystic cervical teratoma diagnosed in
fetal life and a cerebral hemorrhage from an ipsilateral AVM later in childhood. We postulate that the development of the AVM
may have been related to vascular steal from the tumor in utero. We raise awareness of the potential association of vascular neck

masses with intracranial AVMs.
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1. Introduction

Giant cervical teratomas are rare and increasingly
diagnosed antenatally. Their incidence is consistently
reported as between one in 20,000 and one in 40,000
live births [1]. They often cause antenatal esophageal
and airway obstruction, which can lead to polyhydram-
nios. In this article, we report a child with an antena-
tally diagnosed tumor successfully resected in the
neonatal period, who presented at the age of 10 yr with
an intracranial hemorrhage secondary to an underlying
ipsilateral arteriovenous malformation (AVM).
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2. Case report

The patient, whose perinatal course we had pre-
viously reported [2], was first found to have a solid
and cystic vascular right sided neck mass on antenatal
ultrasound at 20 wk gestation. There was borderline
polyhydramnios at that time. The diagnosis of a giant
cervical teratoma was confirmed on fetal magnetic reso-
nance imaging (MRI) at 30 wk (Fig. 1). As there was
evidence of airway obstruction, the infant was delivered
by ex-utero intrapartum treatment (EXIT) procedure at
35 wk with successful intra-procedural intubation.

Postnatal MRI with magnetic resonance angiogra-
phy further delineated the anatomy prior to surgical
resection (Fig. 2). The solid and cystic tumor centered
on the infratemporal fossa extended into the oro, naso
and hypopharynx. It was supplied by a large branch of
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Fig. 1. Coronal and sagittal T2-weighted images of the fetal head and
neck at 30 wk. The large solid and cystic right sided neck mass (black
arrow) extending into the pharynx (white star) is demonstrated.

Fig. 2. Coronal T2-weighted magnetic resonance imaging and time
of flight magnetic resonance angiography maximum intensity projec-
tion of the neonatal neck. The right sided neck tumor and its supply
off the right carotid artery (arrow) are demonstrated.

the external carotid artery. Initial subtotal resection at
1 wk of age was followed by two further resections in
the first year of life to remove the residuum at the
skull base. The histopathology confirmed a mature
teratoma. The right external carotid artery, right half
of the pharynx and of the soft palate were sacrificed
at surgery.

Over the subsequent year, the patient had variable
problems related to his velopalatal insufficiency, but
there was no evidence of tumor recurrence. At the
age of 9 yr he represented acutely with a right sided
intracerebral hemorrhage secondary to a right frontal
AVM delineated on computed tomography angiography
(Fig. 3). The malformation was fed by the right middle
cerebral artery and drained into the internal cerebral

Fig. 3. Coronal computed tomography angiography image demon-
strating the high density right frontal hematoma, and the large under-
lying arteriovenous malformation (arrow).

veins. The hematoma was evacuated and the AVM
resected, with no residuum seen on formal follow-up
angiography. Retrospective review of the neonatal pre-
operative magnetic resonance angiography showed rela-
tive enlargement of the right common carotid artery, and
of the right external carotid artery feeding the tumor
(Fig. 2).

3. Discussion

The co-occurrence of a giant cervical teratoma and
an ipsilateral cerebral AVM has not previously been
documented.

Although they have potential for delayed malignant
transformation, mature teratomas are benign tumors
and are typically cystic. They can be very vascular and
contain tissue elements of one to three germ layers. They
are the most common germ cell tumor in the fetus and
neonate, and most often occur in the sacrococcygeal
region [3]. Cervical teratomas are much more rare with
an incidence consistently reported as between one in
20,000 and one in 40,000 live births [1]. The majority
are now diagnosed antenatally. They often cause esopha-
geal and airway obstruction, which can lead to poly-
hydramnios. Fetal MRI allows accurate delineation of
the anatomy, and planning of delivery. Delivery by EXIT
procedure, which allows access of the airway while the
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fetus remains on placental support has significantly
improved postnatal outcome [1]. Associated intracra-
nial anomalies are extremely unusual with the only
reported cases being one of agenesis of the corpus cal-
losum [4] and one of direct extension into the middle
cranial fossa [5].

Cerebral AVMs are also relatively rare. The preva-
lence has been reported as lying between 0.02-0.2%,
with a new detection rate between 0.89 and 1.34 cases
per 100,000 [6]. They usually present as an acute cer-
ebral hemorrhage and account for the majority of
childhood hemorrhagic strokes [7]. Despite this, their
etiology remains unclear. Although they can be
associated with certain genetic syndromes, such as
hereditary hemorrhagic telangectasia, the majority
are sporadic. There is little evidence for them being
a congenital lesion arising during embryonic deve-
lopment. Recently Kim et al. [8] have proposed a
“response-to-injury” paradigm to explain the patho-
genesis of these sporadic brain AVMs based on find-
ings from clinical research studies of AVM patients
and animal models investigating AVM formation.
They propose that inciting events may include seque-
lae of even modest injury (e.g. traumatic, mechanical,
and inflammatory). Whereas the normal response
would involve angiogenesis, endothelial mitogenesis
and vascular stabilization, if superimposed on an
underlying microscopic vascular structural defect or
an underlying genetic predisposition such as a muta-
tion in angiogenic genes, the normal injury response
shifts towards an abnormal dysplastic response.

In the case we report, the patient had two separate
and rare pathologies which presented metachronously.
The fact that they were linked by occurring in a com-
mon vascular territory leads us to suggest that they
may be associated rather than a random coincidence.
Although this has not previously been documented,
we suggest that the presence of the hypervascular
cervical teratoma fed by the right external carotid
artery during fetal development may have provided a

sufficient insult to the cerebral vascular territory distal
to this to have led to the formation of the AVM as
proposed by Kim et al. [8] in their “response to injury
paradigm for brain AVM pathogenesis.

In conclusion, we describe the co-occurrence of an
antenatally diagnosed giant cervical teratoma with a
large arterial supply from the external carotid artery
with a late presenting cerebral AVM fed by the ipsi-
lateral middle cerebral artery. We postulate that there
may be an etiological association between the two,
with the AVM having arisen as a “response to injury”
[8] and suggest that screening of the brain at birth
with MRI by extending the diagnostic imaging of
the neck to include the brain may be worth consider-
ing in patients with giant neck lesions with high vas-
cularity in order to document any possible associated
intracranial vascular malformation.

References

[1]  Laje P, Johnson MP, Howell LJ, Bebbington MW, Hedrick HL.,
Flake AW, et al. Ex utero intrapartum treatment in the manage-
ment of giant cervical teratomas. J Pediatr Surg 2012:47(6):
1208-16.

[2]  Macpherson LK, Fink AM. Giant cervical teratoma with air-
way obstruction: the role of fetal and neonatal MRI in peri-
natal management. Clinical Radiology Extra 2002;57:21-3.

[3]  Frazier AL, Weldon C, Amatruda J. Fetal and neonatal germ
cell tumors. Semin Fetal Neonatal Med 2012;17(4):222-30.

[4]  Goldstein I, Drugan A. Congenital cervical teratoma, asso-
ciated with agenesis of corpus callosum and a subarachnoid
cyst. Prenat Diagn 2005;25(6):439-41.

[5]  Andronikou S, Kumbla S, Fink AM. Neonatal nasopharyn-
geal teratomas: cross sectional imaging features. Pediatr Radiol
2003;33(4):241-6.

[6] Laakso A, Hernesniemi J. Arteriovenous malformations: epi-
demiology and clinical presentation. Neurosurg Clin N Am
2012;23(1):1-6.

[71  Beslow LA, Jordan LC. Pediatric stroke: the importance of
cerebral arteriopathy and vascular malformations. Child’s
Nerv Syst 2010;26(10):1263-73.

[8] Kim H, Su H, Weinsheimer S, Pawlikowska L, Young WL.
Brain arteriovenous malformation pathogenesis: a response-
to-injury paradigm. Acta Neurochir Suppl 2011;111:83-92.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


