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Abstract
Ankyrin repeat domain 17 (ANKRD17) is postulated to play a role in the integrity of blood vessels and has been reported to be
associated with developmental delays, epilepsy, and growth restriction. Whereas ANKRD17-deficient mice have been demon-
strated to experience catastrophic hemorrhages, vascular malformations have not been reported in human patients with path-
ogenic variants to ANKRD17. We report a term male neonate with a heterozygous de novo variant to ANKRD17 (ANKRD17;
c6988 C>G, P.[P2330a]) who experienced subarachnoid hemorrhage from a ruptured aneurysm involving the left middle cere-
bral artery. He experienced acute symptomatic seizures and required clipping of his aneurysm at 35 days of life, later progressing
to developing multifocal drug-resistant epilepsy. To our knowledge, this case represents the first report of a cerebrovascular
malformation from a patient with ANKRD17. Further work is needed to investigate whether pathogenic variants to
ANKRD17 can lead to cerebral aneurysms or other cerebrovascular malformations in children.
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Background
Ankyrin repeat domain 17 (ANKRD17) is an ankyrin repeat-
containing protein which is theorized to be important for the
formation and/or maintenance of blood vessels.1 Mutations of
this protein are known to cause a spectrum of neurodevelop-
mental disorders including developmental delay, dysmorphic
facial features, epilepsy, growth restriction, recurrent infections,
skeletal anomalies, and ophthalmological abnormalities.2 In
ANKRD17-deficient mice studies, severe embryonic develop-
mental impairments and serious hemorrhages were detected
which cause lethality in most cases. However, no studies to
date report vascular malformations in human patients with path-
ogenic variants to ANKRD17. Here, we report a case of neona-
tal aneurysm rupture and resultant subarachnoid hemorrhagic in
a patient with an ANKRD17 de novo variant.

Case
A term male neonate was born without postnatal complications.
At 29 days of life, he experienced progressive encephalopathy
secondary to subarachnoid hemorrhage from a ruptured

aneurysm located between the inferior branch of the M2 divi-
sion of the left middle cerebral artery as well as the M3 division
coursing along the frontal operculum along the sylvian fissure,
as demonstrated on brain magnetic resonance imaging
(Figure 1). His hospital course was complicated by acute symp-
tomatic seizures and a 5 mm midline shift requiring a decom-
pressive craniotomy. He had evidence of commotio retinae
observed during his initial ophthalmologic evaluation,
however no evidence of trauma was observed. At 35 days of
life, he underwent clipping of his left inferior middle cerebral
artery aneurysm. He was discharged on levetiracetam mono-
therapy and remained seizure free for one year, after which
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levetiracetam was discontinued. At 2 years of life, he developed
unprovoked focal asymmetric tonic seizures and underwent
subsequent electroencephalographic recordings demonstrating
multifocal independent epileptiform discharges and generalized
slowing worsened over the left hemisphere. Serological whole
exome sequencing (GeneDx®) demonstrated a heterozygous

de novo variant to the ankyrin repeat-containing protein
(ANKRD17; c6988 C>G, P.[P2330a]). Repeat cerebral angi-
ography at 2 years of age demonstrated no further intracerebral
aneurysms, and brain magnetic resonance imaging at that time
demonstrated extensive left cerebral cystic encephalomalacia,
in addition to less pronounced areas of encephalomalacia in
the right frontal, parietal and temporal lobes. At 4 years of
age, the patient has clinical characteristics of nonverbal intellec-
tual disability, coarse facial features, ride sided hemiplegia, dys-
phagia, right sided hemianopsia, and drug-resistant multifocal
epilepsy (Figure 2). His epilepsy is managed with levetirace-
tam, clobazam, zonisamide and vagal nerve stimulation. His
pediatric performance category score3 is 3 and functional
status scale score3 is 11 with deficits observed in sensory and
motor function and communication.

Discussion/Conclusions
In this report, we provide clinical, radiographic, and genetic
characterization of a previously unreported heterozygous
ANKRD17 de novo variant in a child with a ruptured cerebro-
vascular aneurysm occurring during the neonatal period. To our
knowledge, this is the first report of a vascular malformation
associated with an AKRD17 variant in a human patient.

Clinical studies of ANKRD17 have demonstrated that path-
ogenic variants cause a neurodevelopmental disorder that man-
ifests with a constellation of intellectual disability, multifocal
epilepsy, growth restriction, recurrent infections, skeletal anom-
alies, dysmorphic facial features and ophthalmological abnor-
malities.2 Our patient demonstrated clinical characteristics
consistent with that reported in ANKRD17-affected patients,
including dysmorphic facial features, speech delays, and multi-
focal epilepsy. Whereas vascular malformations have not been
reported to date in human studies, homozygous
ANKRD17-deficient mice have been demonstrated to die

Figure 1. In the neonatal period, three-dimensional reconstruction of time-of-flight magnetic resonance angiography of the head demonstrates
a large, ruptured aneurysm involving the inferior division of the M2 and M3 segments of the left middle cerebral artery (a) and
contrast-enhanced T1 axial brain magnetic resonance imaging (b) demonstrates the aneurysm with surrounding subarachnoid hemorrhage.

Figure 2. Coarse facial features demonstrated in our case of a male
patient with a variant to ANKRD-17.
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from severe hemorrhages in the head, pericardial cavities, and
ventral trunk, arising because of defects in vascular smooth
muscle development.1 These hemorrhages emerged as the
primary factor for embryonic lethality in homozygous
ANKRD17 embryos. ANKRD17 is inherited in an autosomal
dominant pattern, and may participate in the regulation, forma-
tion, and maintenance of blood vessels. The vascular system is
the first functional organ system developed in vertebrae
embryogenesis, and disruptions in the genes involved in
smooth muscle cell development result in abnormal vessel mor-
phology, leakage of the vasculature, and lethality in early
embryos.4,5 ANKRD17 has been postulated to play an impor-
tant role in regulatory pathways of the differentiation of vascu-
lar smooth muscle precursor cells.1,6,7 This report demonstrates
a novel finding and raises questions as to whether ANKRD17
pathogenic variants in humans can lead to cerebrovascular mal-
formations and hemorrhages only previously seen in mouse
studies. It remains unclear why this patient developed commo-
tio retinae. Intraocular hemorrhage has been demonstrated after
aneurysmal subarachnoid hemorrhage as part of a condition
known as Terson’s syndrome.8 We speculate as to whether con-
tributions of birth trauma, aneurysmal subarachnoid hemor-
rhage, and underlying vascular instability from ANKRD17
pathogenicity may play a role in the development of commotio
retinae. This patient demonstrated encephalomalacia in the
cerebral hemisphere contralateral to the site of aneurysm
rupture, and we speculate this may have been the result of
delayed cerebral ischemia arising from cerebrovascular vaso-
spasms after aneurysmal subarachnoid hemorrhage.9 Further
contributions of genotype-phenotype descriptions from addi-
tional patients are needed to complete the spectrum of findings
that may be associated with pathogenic variants to ANKRD17.

Authors Contribution
All authors have participated in a meaningful way to this manuscript in
its conception and drafting of the manuscript.

Declaration of Conflicting Interests
The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: The materials described in this paper are the work of the
authors listed, and this work is not simultaneously under consider-
ation by any other journal. All authors have agreed to the content
of the manuscript and have seen and approved the submitted
version of this paper. No undisclosed group or persons have had a
primary role in manuscript preparation. This study was not funded.
Dr. Silverstein and Dr. Kuwabara have no relevant conflicts of inter-
est to disclose. The Institutional Review Board (IRB #22-064) at
Phoenix Children’s Hospital reviewed this work and deemed it to
represent a case report study. The mother of the child presented in
this case report has agreed to have their child’s photograph taken

for medical publication purposes, and her written informed consent
is provided with this submission.

Ethical Approval
The work described is consistent with the Journal’s guidelines for
ethical publication.

Funding
The authors disclosed receipt of the following financial support for the
research, authorship, and/or publication of this article: Dr Appavu
reports research funding from the American Heart Association
(19CDA34760291) and United States Department of Defense
Congressionally Directed Medical Research Programs (W81XWH-
19-1-0514), outside of the scope of this work.

ORCID iD
Brian Appavu https://orcid.org/0000-0002-5396-2559

References
1. Hou SC, Chan LW, Chou YC, et al. Ankdr17, an ubiquitously

expressed ankyrin facto, is essential for vascular integrity during
embryogenesis. FEBS Lett. 2009;583(17):2765–2771. doi: 10.1016/
j.febslet.2009.07.025.

2. Chopra M, McEntagart M, Clayton-Smith J, et al. Heterozygous
ANKRD17 loss-of-function variants cause a syndrome with intel-
lectual disability, speech delays, and dysmorphism. Am J Hum
Genet. 2021;108(6):1138–1150. doi: 10.1016/j.ajhg.2021.04.007.

3. Pollack MM, Holubkov R, Funai T, et al. Relationship between the
functional status scale and the pediatric overall performance cate-
gory and pediatric cerebral performance category scales. JAMA
Pediatr. 2014;168(7):671–676. doi: 10.1001/jamapediatrics.2013.
5316.

4. Coultas L, Chawengsakophak K, Rossant J. Endothelial cells and
VEGF in vascular development. Nature. 2005;438(7070):937–
945. doi: 10.1038/nature04479.

5. Risau W, Flamme I. Vasculogenesis. Annu Rev Cell Dev Biol.
1995;11:73–91. doi: 10.1146/annurev.cb.11.110195.000445.

6. Darland DC, Massignham LJ, Smith SR, Piek E, Saint-Geniez M,
D’Amore PA. Pericyte production of cell-associated VEGF is
differentiation-dependent and is associated with endothelial sur-
vival. Dev Biol. 2003;264(1):275–288. doi: 10.1016/j.ydbio.2003.
08.015.

7. Owens GK. Regulation of differentiation of vascular smooth
muscle cells. Physiol Rev. 1995 Jul;75(3):487–517. doi: 10.1152/
physrev.1995.75.3.487.

8. Aboulhosn R, Raju B, Jumah F, et al. Terson’s syndrome, the
current concepts and management strategies: A review of the liter-
ature. Clin Neurol Neurosurg. 2021;210:107008. doi: 10.1016/j.
clineuro.2021.107008.

9. Claassen J, Park S. Spontaneous subarachnoid haemorrhage.
Lancet. 2022;400(10355):846–862. doi: 10.1016/S0140-6736(22)
00938-2.

Silverstein et al. 3

https://orcid.org/0000-0002-5396-2559
https://orcid.org/0000-0002-5396-2559
https://doi.org/10.1016/j.febslet.2009.07.025
https://doi.org/10.1016/j.febslet.2009.07.025
https://doi.org/10.1016/j.ajhg.2021.04.007
https://doi.org/10.1001/jamapediatrics.2013.5316
https://doi.org/10.1001/jamapediatrics.2013.5316
https://doi.org/10.1038/nature04479
https://doi.org/10.1146/annurev.cb.11.110195.000445
https://doi.org/10.1016/j.ydbio.2003.08.015
https://doi.org/10.1016/j.ydbio.2003.08.015
https://doi.org/10.1152/physrev.1995.75.3.487
https://doi.org/10.1152/physrev.1995.75.3.487
https://doi.org/10.1016/j.clineuro.2021.107008
https://doi.org/10.1016/j.clineuro.2021.107008
https://doi.org/10.1016/S0140-6736(22)00938-2
https://doi.org/10.1016/S0140-6736(22)00938-2
https://doi.org/10.1016/S0140-6736(22)00938-2
https://doi.org/10.1016/S0140-6736(22)00938-2

	 Background
	 Case
	 Discussion/Conclusions
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /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 5
  /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 /Average
  /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 /Average
  /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 /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /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


