Superposition of activations of SWI and fMRI acquisitions of the motor cortex
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Abstract — Functional Magnetic Resonance Imaging (fMRI) has
been an important tool for the understanding of the neural basis of
cognition and behavior in the past years. Most studies rely on changes
in the blood oxygenation level dependent (BOLD) contrast, to get an
insight of the metabolic activity of specific areas in the brain, yet the
particular physiological phenomena being measured is not fully
understood.

The present work aims to identify the correlation between fMRI
signals and the venous structures being activated during the same
tasks. By co-registering fMRI, Susceptibility Weighted Imaging (SWI)
and T1 weighted images we can highlight the specific areas being
activated during a behavioral task and correlate the fMRI signal to the
spatial location of the active vein closest to the activated cluster.

The SWI sequence activation is derived from the subtraction of
images, obtained during rest and behavioral tasks, being able to
provide images of the venous structures activated during a task.

Although most of the used SWI subtraction data was too noisy, the
results were quite promising. For a particular case, we managed to
apply registration techniques to the fMRI, SWI and T1 weighted
image sets, showing coherence between fMRI activation of the motor
cortex and the vein identified in the SWI. Further development of the
technique under better controlled conditions is required, in order to
reduce the noise and deal with the difficulties we encountered. We
hope to add extra information to the problem of the physiology
mechanisms that underlie behavioral brain activation.
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I INTRODUCTION

Over the past years, functional Magnetic Resonance
Imaging (fMRI) has been used as a tool in the study of the
neural basis of cognition and behavior [1], with most studies
relying on qualitative changes in the blood oxygenation
level dependent (BOLD) contrast, in which hemoglobin is
used as an endogenous contrast agent. fMRI measures the
correlation of neural activity to the hemodynamic response,
that is characterized by a chain of physiologic events [2-5].
The interpretation of BOLD fMRI signals relies on the
complex interplay of changes in cerebral blood flow,
cerebral blood volume and blood oxygenation [6-7], making
the particular physiological phenomenon being measured
unclear [8].

Susceptibility Weighted Imaging (SWI) [9] allows us to see
unique magnetic susceptibility differences between a certain
structure and its background or the surrounding tissue.

The deoxygenated venous blood, with its paramagnetic
deoxyhemoglobin in red blood cells [10], is of particular
interest to this study. The difference between oxygenated
and deoxygenated hemoglobin [11], allows us to image the
susceptibility of blood in small venous vessels in the brain.
This technique opens the possibility of observing the
changes in small vessels that occur during the activation of
particular brain area. By acquiring a set of images at rest
and another as the paradigm task is being performed, it
should be possible to see changes in oxygenation at the
vessel level, by performing the subtraction of the two image
sets.

The present work aims to identifying the correlation
between fMRI signals and the venous structures active
during a particular behavioral task (Fig.1). By co-registering
fMRI, SWI and T1 weighted images it is possible to
highlight specific areas being activated during a behavioural
task and correlate the fMRI signal to the spatial location of
the active vein closest to the activated cluster. Ultimately,
we intend to add new information to the mechanisms
underlying fMRI.

II MATERIALS AND RESULTS

All MRI images were obtained on a 3.0T Signa GE
Healthcare system. For the fMRI we acquired a 28 slice
BOLD EPI sequence with an 8 channel phased array head
coil using a Flip Angle = 90°, TE=35ms, TR=3s, S1.Th.=5.0
mm, FOV=24 x24 c¢cm2 and a 64x64 matrix, with a total
acquisition time of 282s. During this, a motor activation
paradigm, consisting of a simple closing and opening of the
hand in 30 second blocks of activation and rest, was
performed.
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The fMRI post-processing was performed with FSL,
FMRIB’s Software Library (Oxford, UK). Analysis was
carried out using FEAT (fMRI expert analysis tool) V. The
following pre-statistic processing was applied: motion
correction using McFLIRT[12]; non-brain removal using
BET[13]; spatial smoothing using a Gaussian Kernel of
FWHM S5mm; mean-based intensity normalization of all
volumes by the same factor; high pass temporal filtering
(Gaussian-weight LSF  straight line fitting, with
sigma=50.0s). Time series statistical analysis was carried
out using FILM with local autocorrelation correction[14]. Z
(Gaussianised T/F) statistic images were thresholded using
clusters determined by Z>3,5 with a cluster significance
threshold of p=0,05[15]. Registration to high resolution was
carried out using FLIRT[12, 16]. For visualize 3D
functional MRI and display the regions of activation on a
3D cortex surface we used BrainVoyager QX software
Version 2.0.7 (Maastricht, Netherlands). To better
differentiate between sulcus and gyrus and to see the
specific localization of BOLD activation, we applied
flattening techniques.

Two high resolution 3D SWI sets were acquired with full
velocity compensation gradient echo sequences. The SWI
post-processing (phase filtering) was performed on a GE
Advantage Windows workstation. The first set was obtained
with the subjects at rest and the other while performing the
previously defined motor task. The movement was
performed for the whole length of the acquisition sequence.
In order to see SWI activation of the veins, a series of
processing steps were performed on the FSL software to
obtain the subtracted sets of the two SWI images. The
subtraction was performed with basic commands, already in
high resolution space. In order to reduce noise from the
subtraction, we applied the tool SUSANJ[17].

With this, we managed to highlight the changes in the blood
vessel signal and in the oxyhemoglobin content between
rest and activation tasks[11].

III ResuLts

Although most SWI subtraction data was too noisy to give a
proper subtraction, for one particular case, the SWI
subtraction was very evident and a 3D representation of the
activated vein was obtained (Fig.1). By applying
registration techniques, we managed to superimpose both
the fMRI activation and the SWI activated vein on the 3D
FSPGR (Fig.2), exactly located on the area specific for the
motor task performed[18].
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3D Vein Activation

Fig. 3: Superposition of SWI and fMRI BOLD, on a 3D FSPGR
anatomical sequence.

The activated vein actually lies in the sulcus, which can be
located on the flattened brain, by increasing the threshold of
the activation until a certain threshold (Fig.3).

TP 2B

Threshold Threshold

Fig. 4: BOLD activations on 3D cortex surface (a) and on flatted space (b).

This allows us to get a good spatial correlation of the
various processes involved in brain activation.
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V CoNCLUSIONS

We were able to use post-processing to reveal coherence
between fMRI activation of the motor cortex and the vein
identified in the SWI in only one of our 5 study subjects due
to the noise involved in the SWI subtraction images.
However, in this case, the images were quite promising. We
need to further develop the technique, under better
controlled conditions, in order to reduce the noise and deal
with the difficulties we encountered, and hope to add some
extra information on the problem of the physiology of brain
activation.

V REFERENCES

1. Nair, D., About being BOLD. Brain Research Reviews, 2005. 50: p.
229-243.

2. Glover, G., Deconvolution of impulse response in event-related
BOLD fMRI. Neurolmage, 1999. 9: p. 416-29.

3. J. Martindale, J.M., J. Berwick, M. Martin, et al, The hemodynamic
impulse to a single neural event. Journal of Cerebral Blood
Flow and Metabolism, 2003. 23: p. 546-55.

4. Y. Yang, W.E,, H. Pan, S. Xu, D. Silbersweing, E. Stern, 4 CBF-
based event-related brain activation paradigm:
characterization of impulse-response function and comparison
to BOLD. Neurolmage, 2000. 12: p. 287-97.

5. Y. Pu, HL., J. Spinks, S. Mahankali, J. Xiong, et al, Cerabral
hemodynamic response in Chinese (first) and English (second)
language processing revealed by event-related functional MRI.
Magn Reson Med, 2001. 19: p. 643-47.

6. P. Fox, M.R., Focal physiological uncoupling of cerebral blood flow
and oxidative metabolism during somatosensory stimulation in
human subjects Proc. Natl. Acad. Sci., 1986. 83: p. 1140-44.

7. P. Fox, M.R., M. Mintun, Nonoxidative glucose consumption during
focal physiologic neural activity. Science, 1988. 241: p. 462-64.

IFMBE Proceedings Vol. 29

M. Matos, M.F. Secca, and M. Noseworthy

Logothesis, N., The ins and outs of fMRI. Nature Neuroscience, 2007.
10: p. 1230-1232.

E. Haacke, Y.X., Y. Cheng, J. Reichenbach, Susceptibility weighted
imaging (SWI). Magn Reson Med, 2004. 52: p. 612-618.

S. Ogawa, T.L., A. Nayak, Oxygenation-sesitive contrast in magnetic
ressonace image of rodent brain at high magnetic fields. Magn.
Reson. Med., 1990. 14: p. 68-78.

M. Secca, M.N., H. Fernandes, and A. Koziak, SWI brain vessel
change coincident with fMRI activation, IFMBE Proceedings,
2008. 22: p. 1680-0737

M. Jenkinson, P.B., M. Brady and S. Smith, Improved Methods for
the Registration and Motion Correction of Brain Images.
Neurolmage, 2002. 17(2): p. 825-841.

Smith, S., Fast Robust Automated Brain Extraction Human Brain
Mapping, 2002. 17(3): p. 143-155.

M. Woolrith, B.R., J. Brady, Temporal Autocorrelation in
Univariante Linear Modelling of fMRI data. Neurolmage, 2001.
14(6): p. 1370-1386.

K. Worsley, A.E., S. Marrett et al., A three-dimensional statistical
analysis for CBF activation studies in human brain. Journal of
Cerebral Blood Flow and Metabolism, 1992. 12: p. 900-918.

Smith, M.J.a.S.M., 4 Global Optimisation Method for Robust Affine
Registration of Brain Images. Medical Image Analysis, 2001.
5(2): p. 143-156.

Brady., SM.S.a.J. M., SUSAN - a new approach to low level image
processing. . International Journal of Computer Vision, 1997.
23(1): p. 45-78.

T. Yousry, U.S., H. Alkadhi, D. Schmidt, A. Peraud, A. Buettner, and
P. Winkler, Localization of the motor hand area to a knob on
the precentral gyrus. Brain, 1997. 120: p. 141-157.

Contact: Mario Forjaz Secca

Institute: Physics Department, Cefitec, Univ.Nova de Lisboa
Street: Quinta da Torre, 2829 -516

City: Monte da Caparica

Country: Portugal

Email: mfs@fct.unl.pt




	Superposition of activations of SWI and fMRI acquisitions of the motor cortex
	INTRODUCTION
	MATERIALS AND RESULTS
	RESULTS
	CONCLUSIONS
	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




