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Abstract-Text:  
Purpose 
One of the most common problems in glioma surgery is the extension of the resection in 
eloquent areas. While functional navigation of cortical areas has widely been introduced 
into such operations, intraoperative display of fiber tracts is still a challenging enterprise. In 
this study, functional surgical outcome depending on the distance between tumour 
resection  and the pyramidal tract visualized by implementation of fiber tract navigation 
supported by intraoperative MR imaging was examined. 
Methods 
Glioma surgery in  57 patients (32m, 25f) with low ( WHO I: 3; WHO II: 11) and high grade 
(WHO III: 22; WHO IV: 21) gliomas was performed. In all patients anatomical 
neuronavigation was combined with visualization of a 3D object representing the pyramidal 
tract in the surgical field. Fiber tract seeding was based on a multiple volume of interest 
approach. The fMRI data identified the motor gyrus as the major start region. A tensor 
deflection algorithm was used for tracking. The distance between glioma and the 
pyramidal tract was measured in 3D and classified into four subgroups: >10 mm, 10-5 mm, 
5-0 mm, <0 mm (in the latter the tumour virtually reaches the pyramidal tract). Hulls 
wrapping the fiber tract bundle marked safety margins. To compensate for the effects of 
brain shift, intraoperative high field magnetic resonance imaging was used to update the 
navigational setup including the fiber tract data. 
Results 
In all cases visualization of the pyramidal tract in the surgical field by diffusion tensor 
imaging and measurement of the minimum distance to the segmented tumour could be 
performed. In 31 patients the glioma reached the pyramidal tract (54.4%). The distribution 
in the other subgruops was 4 (0-5 mm), 7 (5-10 mm) and 15 (>10mm), respectively. With 
the intraoperative update of the fiber tract information by application of intraoperative 
diffusion tensor imaging, a shifting of the pyramidal tract up to 13 mm could be proved. A 
new or increased postoperative neurological deficit could be observed in 6 (10.5%) 
patients, which was permanent in only 1 (1.7%) case. In 5 of them it was transient. All of 
these 6 patients were assigned to the subgroup in which the tumour reached the pyramidal 
tract, so that in this group was a risk for a permanent deficit of 3.2% (transient 16.1%). In 
the other subgroups no new or aggravated deficits coudl be observed postoperatively. 
Conclusion 
The course of the pyramidal tract can be reliably visualized by implementation of fiber 
tracked data in neuronavigational setups based on diffusion tensor imaging. The effect of 
brain shift during the operation can be largely compensated by updating the 
neuronavigational data set with intraoperative high field MR imaging. Hulls wrapping the 



visualized fiber tract bundle representing the pyramidal tract can be used for marking 
safety margins. This knowledge about the course of the pyramidal tract allows the surgeon 
the performance of glioma resection with low postoperative morbidity. 
  
 
  
 

 
 



<<
  /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


