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IntroductionIntroductionIntroductionIntroduction

S b ti l b i i h th b l li d th lSubcortical brain regions such as the basal ganglia and thalamusSubcortical brain regions such as the basal ganglia and thalamus
have important roles in brain function that may be compromised byhave important roles in brain function that may be compromised byp y p y
a number of diseases Their accurate localization is oftena number of diseases. Their accurate localization is often
h ll i ith li i l MRI t t h T d T th tchallenging with clinical MRI contrast such as T1 and T2 that arechallenging with clinical MRI contrast such as T1 and T2 that are

optimized to distinguish the main tissue compartments of CSFoptimized to distinguish the main tissue compartments of CSF,
cortical grey matter and white matter Previous work has showncortical grey matter and white matter. Previous work has showng y
th t ti tibilit i (T * i ht d it d R *that magnetic susceptibility images (T2

* weighted magnitude, R2
*,that magnetic susceptibility images (T2 weighted magnitude, R2 ,

and phase maps) may provide additional contrast in sub-corticaland phase maps) may provide additional contrast in sub-cortical
regions1 Here we generate a brain atlas with the aim toregions1. Here, we generate a brain atlas with the aim tog , g
di ti i h th b i i th b ti l th t tdistinguish the sub-regions in the subcortical areas that are notdistinguish the sub regions in the subcortical areas that are not
l l i ibl i T i ht d d t 2clearly visible in T1-weighted data2clearly visible in T1 weighted data .

M th dM th dMethodsMethodsMethodsMethods

MR acquisitionMR acquisitionq

• 10 subjects (male / female = 5 / 5 age = 46 ± 12 22 66 yrs)• 10 subjects (male / female = 5 / 5, age = 46 ± 12, 22 - 66 yrs)j ( g y )

• GE 7 T whole body scanner 32-channel phased array head coil• GE 7 T whole body scanner, 32-channel phased array head coil

2D M lti E h GRE• 2D Multi-Echo GRE2D Multi Echo GRE

0 3×0 3 mm2 thk/space 0 8/0 2 mm TE 15 5/30 0/44 5 ms0.3×0.3 mm2, thk/space = 0.8/0.2 mm, TE = 15.5/30.0/44.5 ms,, p , ,
fli l 75° b d idth 62 5 kH SENSE t 2flip angle = 75° bandwidth = 62 5 kHz SENSE rate = 2flip angle 75 , bandwidth 62.5 kHz, SENSE rate 2

3D MPRAGE ith 1 i t i l ti• 3D MPRAGE with 1 mm isotropic resolution3D MPRAGE with 1 mm isotropic resolution

Data processingData processing

R * l l t d f ti l fit t th TE• R2
* was calculated from a mono-exponential fit to the TE-R2 was calculated from a mono exponential fit to the TE

dependent signal intensitydependent signal intensity

Th h (TE 15 5 ) d i FSL d th• The phase (TE = 15 5 ms) was unwrapped using FSL and theThe phase (TE 15.5 ms) was unwrapped using FSL and the
background phase was derived by convolving a Gaussian kernelbackground phase was derived by convolving a Gaussian kernel
(FWHM = 5 mm) Continuous phase maps were then generated(FWHM = 5 mm). Continuous phase maps were then generated( ) p p g
b bt ti th b k d h f th d d tby subtracting the background phase from the unwrapped databy subtracting the background phase from the unwrapped data

Image registrationImage registration

Th T W i bt i d f MPRAGE i t d t MNI• The T1-W image obtained from MPRAGE was registered to MNIThe T1 W image obtained from MPRAGE was registered to MNI
brain template using nonlinear registration (FNIRT) and thebrain template using nonlinear registration (FNIRT), and theg g ( )
registration matrix was reservedregistration matrix was reservedg

• The GRE magnitude image was first registered to the T W• The GRE magnitude image was first registered to the T1-Wg g g 1

image using linear registration (FLIRT) then aligned to MNIimage using linear registration (FLIRT) , then aligned to MNIage us g ea eg s a o ( ) , e a g ed o
b i t l t i th i t ti t i bt i d bbrain template using the registration matrix obtained abovebrain template using the registration matrix obtained above

Th li d li i t ti d• The same linear and non-linear registration procedures wereThe same linear and non linear registration procedures were
li d h h d R * b i i h i dapplied to the phase and R2

* maps obtaining the registeredapplied to the phase and R2 maps, obtaining the registered
phase and R * maps respectivelyphase and R2 maps, respectivelyp 2 p p y

C i t th l i tlComparison to thalamic atlasComparison to thalamic atlas
Th M l h th l tl 3 hi h i b d• The Morel human thalamus atlas3 which is based on aThe Morel human thalamus atlas , which is based on a
comprehensive histological study was used for comparisoncomprehensive histological study, was used for comparisonp g y p

• 59 subgroups of nuclei on 26 slices in Morel atlas were• 59 subgroups of nuclei on 26 slices in Morel atlas were
identified and registered to MNI brain template by aligningidentified and registered to MNI brain template by aligningg p y g g
th i i t i l l d di l ti ftheir intercommissural planes and corresponding locations fortheir intercommissural planes and corresponding locations for
the anterior and posterior commissurethe anterior and posterior commissurep

• Registered color coded subgroups were overlaid on phase• Registered color-coded subgroups were overlaid on phaseg g p p
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ResultsResultsResultsResults

11 Fi 111 Fig 1 A) Axial slice showing11 Fig 1. A) Axial slice showing11
subcortical contrast from groupsubcortical contrast from group
averaged T1-W GRE-magnitudeaveraged T1-W, GRE-magnitude,
R * and phase maps inR2 and phase maps, in
comparison with myelin stain atcomparison with myelin stain at
similar location (slice directionssimilar location (slice directions
are slightly different between MRIare slightly different between MRI
and stain image as shown in A4)and stain image, as shown in A4).
A: anterior; DM: dorsomedial; Pul:A: anterior; DM: dorsomedial; Pul:
pulvinar; VA: ventral anterior; VL:pulvinar; VA: ventral anterior; VL:
ventral lateral; VPL: ventralventral lateral; VPL: ventral

l l B) Li fil iposterolateral; B) Line profiles inposterolateral; B) Line profiles in
th k d A3the areas marked on A3.the areas marked on A3.
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Fig 2 A B) T li f M l tl 59 b i i di t d iFig 2. A,B) Two slices from Morel atlas. 59 sub-regions are indicated ing , ) o s ces o o e a as 59 sub eg o s a e d ca ed
l C D) Ph t di li l id ith M l tlcolors; C,D) Phase maps at corresponding slices overlaid with Morel atlascolors; C,D) Phase maps at corresponding slices overlaid with Morel atlas
h i b ti l i Th b i t h th t t i hshowing subcortical regions. These sub-regions match the contrast in phaseshowing subcortical regions. These sub regions match the contrast in phase

E F) C l d itt l i f d t h i C) d D)maps; E,F) Coronal and sagittal views of data shown in C) and D).aps; , ) Co o a a d sag a e s o da a s o C) a d )

CCDiscussion and ConclusionsDiscussion and ConclusionsDiscussion and ConclusionsDiscussion and Conclusions

I b ti l b i i b i tl t d fIn subcortical brain regions brain atlases generated fromIn subcortical brain regions, brain atlases generated from
susceptibility weighted images and phase images in particularsusceptibility weighted images, and phase images in particular,y g g g
show a much stronger contrast than T W data This contrast isshow a much stronger contrast than T1-W data. This contrast isg 1

tt ib t d t tibilit i d d ti fi ld hift t dattributed to susceptibility induced magnetic field shifts generatedattributed to susceptibility induced magnetic field shifts generated
by the increased iron content in the GM of this area4 Regions inby the increased iron content in the GM of this area . Regions in
WM such as the internal capsule and optical radiation haveWM such as the internal capsule and optical radiation havep p
b d t li hi h lt i ll di ti fi ld hiftabundant myelin, which results in an overall diamagnetic field shift,abundant myelin, which results in an overall diamagnetic field shift,

accentuating the paramagnetic shift in the iron rich basal gangliaaccentuating the paramagnetic shift in the iron rich basal ganglia
and thalamus5 Since all sensory pathways relay through distinctand thalamus5. Since all sensory pathways relay through distincty p y y g
region specific thalamic n clei this ork in parcellation of thalamicregion-specific thalamic nuclei, this work in parcellation of thalamicregion specific thalamic nuclei, this work in parcellation of thalamic

b i b d tibilit t t i idsub-regions based on susceptibility contrast images may providesub regions based on susceptibility contrast images may provide
anatomic guidelines to neuroimaging studies investigating thalamicanatomic guidelines to neuroimaging studies investigating thalamicg g g g g
function and thalamo cortical pathwaysfunction and thalamo-cortical pathways.p y
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