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Purpose:

Radiosurgery can be considered as a well established option for treatment of
arteriovenous malformations (AVMs). The exact application of the therapeutic dose is
based on the availability of imaging data sets with superior image quality that can be
superimposed by an image fusion algorithm. For follow-up studies the quantitative
comparison of the respective image data sets plays an important role, too. Up to now the
digital subtraction angiography (DSA) is a mandatory tool for treatment planning and
follow-up procedures as well. The aim of this study was to investigate if and in which cases
a suitable CT and/or MR angiography procedure can replace the conventional
angiography (DSA).

Methods:

For 34 AVM patients various MR data sets have been used together with the
stereotactically localized CT and DSA data sets for treatment planning. In order to define
the AVM nidus precisely all available MR data sets have been fused onto the CT data set
using an automatic image fusion algorithm. The nidus was outlined in both localized DSA
projections resulting in the DSA target volume. Subsequently the DSA target volume has
been adapted by inclusion of the available CT/MR data sets (localized and/or fused, slice
by slice) resulting in the final target volume. Both volumes were finally compared and
analyzed. Also all digitally available follow-up studies have been fused for exact
comparison purposes.

Results:

In all cases the thin-slice MR data sets (1 mm slice distance) that included T1-weighted
series and TOF (time of flight) angiographies have been precisely fused onto the
stereotactically localized treatment planning CT. The final target volume was compared
with the DSA target volume as follows: In 19 cases the final target volume was larger than
the DSA target volume, 6 x smaller and 5 x approximately equal. The difference was
significant (Wilcoxon test: Difference<0.0001; t-test: t=3.01, p>0.005). In 4 cases outlining
the AVM was not possible without DSA. In 5 patients a two- or three-vessel DSA was
needed, since there were different AVM compartiments. In cases where previously a
partial embolization has been undergone the use of superimposed CT sets with and
without contrast medium was important in order to define the completely embolized partial
volumes that were not subject to treatment. The inclusion of the DSA images enabled a
better identification of those arterialized venes that did not belong to the nidus. In 6 cases



the MR follow-up studies showed contrast enhancements overlapping the AVM nidus as a
result of brain-blood-barrier disturbances (T1 series with contrast). In 7 cases perifocal
reactions have been primarily observed (T2 series) 12 months after treatment with rather
low clinical relevance.

Conclusion:

By integrating all available imaging modalities the exact 3-dimensional definition of the
AVM nidus has been realized safely for all patients. The stereotactic DSA data acquisition
remains a crucial tool for safe nidus definition in radiosurgery treatment planning and
therefore cannot be renounced presently. It is recommended to establish a quantitative
comparison of all MR follow-up studies.

Bild 1/JPG

A-P projection




Bild 2/JPG

Bild 3/JPG





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -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
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /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
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [72 72]
  /PageSize [615.118 824.882]
>> setpagedevice


