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Abstract VACTERL/VATER association is typically a
sporadic disorder. We present data on inheritance in 78
probands with VACTERL association, and show that 9%
of probands have a primary relative with at least one
component feature of VACTERL association. The preva-
lence of component features in first-degree relatives is
significantly higher than expected in the general popula-
tion, which has implications for counseling of affected
families and for research into possible etiologies.

Introduction

VACTERL association is relatively common, though the
causes remain unknown (Czeizel and Ludanyi 1985). The
condition, sometimes termed VATER association depend-
ing on which features are included, is an acronym for the
major component features, not all of which may be present
in patients: vertebral defects (V), anal atresia (A), cardiac
malformations (C), tracheo-esophageal fistula (TE); renal
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abnormalities (R), and limb anomalies (L); other features
(e.g., genitourinary anomalies) are not uncommon. Diag-
nostic criteria are controversial, and the many overlapping
conditions make accurate diagnosis challenging (Rittler
et al. 1996; Kaillén et al. 2001). Though there is some
evidence for inheritance of component features, the con-
dition is usually sporadic (in this context, meaning occur-
ring in an isolated fashion), with low risk of having an
affected relative (Weaver et al. 1986; Brown et al. 1999).
We present inheritance data on 78 patients with VACTERL
association and demonstrate evidence for inheritance in at
least a subset of patients.

Methods

We collected data through our National Human Genome
Research Institute IRB-approved protocol on VACTERL
association. Patients were diagnosed with VACTERL/
VATER association prior to inclusion, were included only
if they had at least two major component features, and were
excluded if alternate diagnoses were felt to be likely. No
patient had an identified genetic etiology. We saw 10
probands and 25 total relatives at the National Institutes of
Health. For patients who did not come to the NIH, we
reviewed available medical records, with medical histories
provided directly from patients, relatives, and referring
clinicians.

Results
Seven of 78 probands (9.0%) had first-degree relatives with

at least one major component feature of VACTERL asso-
ciation (Fig. 1; see supplemental material for detailed

@ Springer


http://dx.doi.org/10.1007/s00439-010-0814-7

732

Hum Genet (2010) 127:731-733

Fig. 1 Pedigrees indicating
major component features in
probands diagnosed with
VACTERL association, as well
as findings in affected first-
degree relatives. Other, more
distant relatives are shown for
the sake of completeness,
though the presence of major
component features in these
individuals was not used for
analysis

Legend:

. Full diagnosis of
VACTERL
(component findings listed below

Key:

V: Vertebral defects

A: Anal atresia

C: Cardiac malformations

information). This is not significantly higher than the 5.8%
prevalence of affected first-degree relatives of patients with
tracheo-esophageal fistula/esophageal atresia (with or
without other anomalies) reported by Brown et al. (1999)
(p = 0.3074). For pedigrees in which detailed family
data were available, 7 of 141 first-degree relatives (5.0%)
had at least one major component finding of VACTERL
association.

The proportion (0.0496, 95% Confidence Interval [CI],
0.0224-0.1007) of first-degree relatives with features of
VACTERL association is significantly higher than in the
general population. We compared our data to: (1) the pro-
portion (0.00248, CI, 0.00241-0.00255) of approximately
2.5 million infants in a Latin American registry with major
component features of VACTERL association (Rittler et al.
1996): X(zl) = 127.9, p < 0.0001; (2) the proportion (0.0160,
CI10.01598-0.0161) of these features among approximately
11 million infants in a United States registry (Population-
based Birth Defects Surveillance 2008): ¢, = 10.08,
p = 0.0015. Comparing the prevalence of major component
features of VACTERL association in first degree relatives of
probands (not including those with insufficient evidence,
such as features in individual II.1 in pedigree 6) to the general
population (Rittler et al. 1996), we find the following odds
ratios (OR) V: OR = 216.0, CI, 79.5-587.2; C: OR = 12.9,
CI, 3.2-52.1; R: OR = 44.8, CI, 11.1-181.4. The severity,
type of findings, and presence of other anomalies did not
appear to differ between probands with affected relatives and
probands without affected relatives. The one exception
might be family 7: the proband had hydrocephalus and a
brother had ectrodactyly. While VACTERL with hydro-
cephalus has an inherited component, only one of our seven
families had a member with hydrocephalus.
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Discussion

Our results show that there is an increased risk of major
component features in probands’ first-degree relatives,
which suggests a genetic basis for the condition in at least
some families. Brown et al. (1999) showed evidence that
tracheoesophageal fistula/esophageal atresia has an inher-
ited component. Participants in that study were ascertained
because of the presence of that specific feature, not the
broader diagnosis of VACTERL association.

Just as in patients with a full diagnosis of VACTERL
association, the major component features we observed in
first-degree relatives, varied widely. It is unclear why
vertebral anomalies were the most prevalent finding in
first-degree relatives in our cohort, though the small sample
size makes it difficult to generalize. However, while sco-
liosis was common, it does appear that more severe ver-
tebral anomalies were also present in most patients with
scoliosis. Several patients (including the proband in pedi-
gree 5) appear to have urogenital anomalies and/or uro-
rectal septal malformation sequence. This is unsurprising,
as the embryology and developmental biology of the gen-
itourinary (GU) tract is closely connected to that of the
hindgut and renal systems; in addition, previous studies
have provided statistical evidence that GU anomalies may
be a “secondary” feature of VACTERL association (Rittler
et al. 1996).

Acknowledgments The authors would like to express gratitude to
the participating patients and families, and would also like to thank
Dr. Maximilian Muenke for his support and mentorship. This research
was supported by the Division of Intramural Research, National
Human Genome Research Institute, National Institutes of Health and
Human Services, USA.



Hum Genet (2010) 127:731-733

733

References

Brown AK, Roddam AW, Spitz L, Ward SJ (1999) Oesophageal
atresia, related malformations, and medical problems: a family
study. Am J Med Genet 85:31-37

Czeizel A, Luddnyi I (1985) An aetiological study of the VACTERL-
association. Eur J Pediatr 144:331-337

Killén K, Mastroiacovo P, Castilla EE, Robert E, Killén B (2001)
VATER non-random association of congenital malformations:

study based on data from four malformation registers. Am J Med
Genet 101:26-32

Population-based Birth Defects Surveillance data from selected states,
2001-2005 (2008) Birth Defects Res A Clin Mol Teratol 82:831-961

Rittler M, Paz JE, Castilla EE (1996) VACTERL association,
epidemiologic definition and delineation. Am J Med Genet
63:529-536

Weaver DD, Mapstone CL, Yu PL (1986) The VATER association.
Analysis of 46 patients. Am J Dis Child 140:225-229

@ Springer



	Evidence for inheritance in patients with VACTERL association
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 149
  /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 0.40
    /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 149
  /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 0.40
    /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 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


