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Introduction a 1

Be The Difference.

x 10’

Two-dimensional echo planar spectroscopic imaging (EPSI) may be used for T Gt
clinical evaluation of the human prostate (1,2). The results of EPSI studies are & | 10
typically represented as the set of magnetic resonance spectroscopy (MRS) 3 8 i i
absorption spectra that show frequency information of key metabolites. Several s \
nonparametric techniques in addition to Fourier transformation have been proposed ! PA | 6L
for the analysis of MRS data (3,4). In addition to frequency information, the damping ; . Ch Cr y
characteristics of each metabolite can also be determined by using two-dimensional | "
Capon analysis.  This damping information may be used in conjunction with the . | N
frequency information to more easily identify metabolites, especially those whose | WW |
peaks overlap. We propose using peak-enhanced 2D-Capon analysis for spectral e
analysis of prostate metabolites. T 0.01

Methods

Data were collected using a 3.0 T General Electric (GE) Signa scanner (GE ; Cit

Healthcare, Waukesha, WI, USA) equipped with a high bandwidth (1.0 MHz) data | e

acquisition subsystem and a TwinSpeed gradient coil capable of 40 mT/m at a | oA * - PA
maximum slew rate of 150 T/m/s. A prototype EPSI pulse sequence was used with ol f

an endo-rectal coil (MEDRAD Inc., Pittsburgh, PA, USA) to collect data from the GE 5| Ch * 0006 Cit
prostate phantom, which contains a solution of known concentrations of 4 cr Ch, éCr
metabolites commonly found in the human prostate. The GE prostate phantom : | 0041

contains the following: 50mM potassium phosphate monobasic, 33mM sodium ) | % -

citrate tribasic dihydrate, 4mM choline chloride, 10mM creatine monohydrate, 12 T I\ |

mM lithium |-lactate, 0.1% sodium azide. Conventional single voxel PRESS (PROSE) ol sz R : \ o
was also used with the same coil and phantom for comparison purposes. Raw data | ppm e
were saved and reconstructed off-line using MATLAB. C d

EPSI scan parameters were as follows: 2D, axial, 8x8, TR=1300ms, TE=85ms, field

of view = 9cm, voxel thickness = 20mm, 1 NEX, scan time 26 seconds. Scan Fig. 1: Results of single voxel PROSE analysis of prostate phantom. a) Fourier b) 2D-
parameters for single voxel PROSE sequence were: 2D, axial, 1x1, TR=1300ms, Capon c) 2D-Capon projection d) Peak-enhanced 2D-Capon.
TE=85ms, 8cm? voxel, 2 NEX, scan time 1 minute and 8 seconds. MATLAB code was

used to compute conventional MRS absorption spectra for both single voxel and 2D

EPSI scans. In addition, peak-enhanced 2D-Capon analysis(4) was performed on the

same data to estimate the relative damping characteristics of each metabolite. g .

For single voxel PROSE key metabolites such as citrate, choline, creatine and ST I I Sy b B
polyamines are easily identified from both Fourier transformation (Fig. 1a) and 2D T ’
Capon analysis (Figs. 1b,1c, & 1d) techniques. For the EPSI scan each voxel is much R I I o1 L
smaller and while water is easily identified using Fourier transformation (Fig. 2a) key | s I //// / ,, // i
metabolites are more difficult to determine. Peak-enhanced 2D-Capon analysis is B os ///////,‘/ Wi '////"ll/
used on a representative voxel (shown in red in Fig. 2a) to estimate the frequency and T N S AP ' L Y | ,/////
damping components of citrate, choline, creatine and polyamines (Figs. 2b, 2¢c & 2d). | N O y

Discussion and Conclusions N 0015 *
Using EPSI for prostate studies can significantly reduce the overall scan time vs.
conventional chemical shift imaging (CSI) techniques. Peak-enhanced 2D-Capon ppm
analysis techniques can be used to identify the frequency and damping components
of key metabolites found in the prostate such as citrate, choline, creatine and 0.18 P *
: : : : : Cit 0.018
polyamines. Projection of the peak-enhanced 2D-Capon results as shown in Fig. 2¢ 016/ A | | Cr
can provide improved spectral estimates vs. those obtained by conventional spectra 014l | | |
estimation techniques such as Fourier transformation. Furthermore, the additiona I -
information about damping characteristics (Figs. 2b & 2d) may be useful for clinica o / Cr 'y noRI Cit
diognosis. [ // . \’,‘ . 2 Ch \
0.08 - | J //\\/ ] 0.008 - DA
References T L / * 0.006
1. Cunningham CH, Vigneron DB, Chen AP, Xu D, Nelson SJ, Hurd RE, Kelley DA, Pauly JM, “Design of flyback 004 ] ] 0,004
echo-planar readout gradients for magnetic resonance spectroscopic imaging.”, MRM, 54(5):1286-9, 2005. - W/ v
2. Chen AP, Cunningham CH, Ozturk-Isik E, Xu D, Hurd RE, Kelley DA, Pauly JM, Kurhanewicz J, Nelson SJ, M M
Vigneron DB, “High-speed 3T MR spectroscopic imaging of prostate with flyback echo-planar encoding.”, 0 - » DR » » 0b | -
JMRI, 25(6):1288-92, 2007. | —— ppm
3. Stoica P, Sundin T, “Nonparametric NMR Spectroscopy”, JMR, 152:57-69, 2001.
4. Frigo FJ, Heinen JA, Hopkins JA, Niendorf T, Mock BJ, “Using Peak-Enhanced 2D-Capon Analysis with Single C d
Voxel Proton Magnetic Resonance Spectroscopy to Estimate T2* for Metabolites”, Proc. of ISMRM, 12:2437, . .
2004. Fig. 2: Results of EPSI PROSE analysis of prostate phantom. a) 2D-Fourier for 8x8
Acknowledgements region; b) 2D-Capon of voxel highlighted in red c¢) 2D-Capon projection of voxel
The authors wish to thank Dr. Peder Larson and the UCSF team for their help with EPSI implementation details. highlighted in red d) Peak-enhanced 2D-Capon of voxel highlighted in red

We would also like to thank MEDRAD, Inc. for providing the 3T endo-rectal coil used in this study.





<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [2520.000 3240.000]
>> setpagedevice


