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\/ Learning Objective: Compare the impact that seed region has on the construction of whole-brain structural networks generated from diffusion-based fiber tracking in healthy elderly individuals
Boston University Medical School and individuals with Alzheimer’s disease.

Introduction Within-Group Comparisons: DTl (N=10) Between-Group Comparisons: DTl (N=10)

DTI NBS Parameters: Threshold = 3, statistical test = t-test, p = 0.05, component size = extent, NBS Parameters: Threshold = 2, statistical test = t-test, p = 0.05, component size = extent,
Whole-brain structural networks derived from MRI data are built from fiber tracts, which are generated using measurements of the permutations = 5000 permutations = 5000
orientation of water motion embedded in diffusion tensor imaging (DTI) or high angular resolution diffusion imaging (HARDI) data.
These tracts need starting points, or seeds, and ending points, or targets. We investigated how using gray matter (GM) or white matter Control: WM seed > GM seed AD WM seed > GM seed WM seed: Control > AD GM seed: Control > AD
(WM) regions of interest (ROIs) as seeds impacts structural networks derived from DTl and HARDI data. R 1 R 1 R 1 R 1

60 nodes, 107 edges 46 nodes, 70 edges
p <0.001 p <0.001
Table 1 and 2: Node properties, WM > GM comparisons, DTI 25 "°gis(’) %:dges 10 ";ieg' ’0%;’3 g9es
Node (Controls) Number of Differential Connections Node (AD) Number of Differential

Left precentral 6 Connections

Left superior frontal 6 Left precentral 6 Table 4: Node properties, WM and GM Control > AD, DTI

Left superior parietal 9 Left superior parietal 3 _ _ _ _

Left insula 10 Left insula 9 Node Number of leferentlal Node Number of Dl_fferentlal

Right inferior parietal 6 Sight _ ol o Control > AD Connections Control > AD Connections

. . gnt superior parieta WM seed GM seed
Figure 1: (top left) One subject’s left superior parietal cortex GM ROl  Figure 2: (left) DTI: One subject’s fiber tracts generated between the E:SEI 'rf,tizﬂﬁﬂf,ﬁ;. 2 Right insula 6 Left entorhinal 4 Left precentral 2
(red) and WM ROI (blue) and the primary diffusion direction in each voxel  left superior and inferior parietal cortex using a WM seed ROI (top)  gignt precuneus 6 Left isthmus cingulate S Left rostral middle frontal 2
are shown overlaid on that subject’s apparent diffusion coefficient (ADC)  and GM seed ROI (bottom) Right superior frontal 6 Left thalamus 0 Left temporal pole 2
map. With an FA threshold of 0.1, many of the voxels within the GM ROI (right) HARDI: One subject’s fiber tracts generated between the left  Right superior parietal 10 Right precuneus 4 Left hippocampus 2
do not survive thresholding (empty red voxels). Most of the WM ROI superior and inferior parietal cortex using a WM seed ROI (top) and a Right insula 12 Right superior parietal o Left thalamus o
voxels survived thresholding and the primary diffusion direction in these =~ GM seed ROI (bottom) Note: Number of differential fions = ber of ions to that node with H
voxels is well-aligned with that of WM voxels deep to those in the WM Within-Group Combarisons: HARDI (N=5) Ote. INUMBET Of differential CoNECHons = NUMBEr of CONNBECHONS 10 that Node WIthin eac
ROI. (top right) The same subject's T1-weighted image of the left ~ Approximately double the number of fibers were generated between P P N . significant NBS subnetwork
superior parietal cortex. (bottom) Rhesus macaque precentral gyrus  these two ROls when initiating tracts from WM ROIs compared to GM NBS Par_ameters: Threshold = 2.5, statistical test = t-test, p = 0.05, component size = extent,
stained with the pan-neuronal antibody SMI-311. The primary direction of  ROls. permutations = 5000 Between-G roup Com parisonS' HARDI (N — 5)
neurites in the white matter (left) appears to be nearly orthogonal to the _ . L _ o
primary direction of neurites in the gray matter (right) in this section. Control: WM seed > GM seed AD WM seed > GM seed NBS Parameters: Threshold =1, statistical test = t-test, p = 0.05, component size = extent,
permutations = 5000
R L No significant results

Methods
Subjects: Ten healthy control subjects and ten subjects with probable AD were selected from the Alzheimer’s Disease Neuroimaging
Initiative (ADNI) database, and HARDI data were acquired from five healthy control subjects and five subjects with probable AD .
participating in Boston University’s Healthy Outreach Program for the Elderly (HOPE) study. CO"CI usions

WM-seed networks have a greater number of connections (data not shown)
and stronger connections than GM seed networks in both controls and AD,
using both DTl and HARDI datasets.

 The stronger WM-seed subnetworks found in controls and AD in the DTI
dataset involved similar regions including the bilateral insula, bilateral
superior parietal cortex, and left precentral gyrus, among others.

MRI: T1-weighted images and DTl datasets acquired on 3T GE scanners were selected from the ADNI database. DTI datasets were
acquired with 41 directions, a b, of 1000, and were resliced to isotropic voxels with dimensions 2.7 x 2.7 x 2.7 mm. T1-weighted
images and HARDI datasets were acquired on the 3T Philips scanner at the Center for Biomedical Imaging at the Boston University
School of Medicine. HARDI datasets were acquired with 64 directions, a b, of 3000, and a resolution of 2 x 2 x 2 mm.

max

Generation of WM and GM ROls: GM ROIs were defined using the Desikan-Killiany atlas in FreeSurfer. WM ROIs were defined as a

strip of voxels located one voxel below the gray/white border of each GM ROI (See Figure 1). * The significantly stronger WM-seed subnetworks found in controls and AD

_ a4 Network Conetructs in the HARDI dataset involved similar regions including the left insula,
ractograpny and Network Lonstruction bilateral superior parietal cortex, among others.

DTI: The diffusion data were reconstructed and fit to a tensor model using DSlIstudio. Deterministic tractography was performed using 70 nodes, 149 edges 71 nodes, 212 edges P P ’ J

p =0.033 p = 0.029 « Between-group comparisons using the DTl dataset revealed stronger
differences and a larger subnetwork between controls and AD when the
comparisons were performed using WM-seed networks.

DSlistudio to create a WM-seed network and a GM-seed network for each subject using the following parameters: FA Threshold = 0.1,

Angle Threshold = 45°, step size = 2 mm, smoothing = 0.5, minimum fiber length = 5 mm, maximum fiber length = 300 mm, seed ) . S
number = 10,000 per ROI, random subvoxel seeding, Gaussian radial interpolation, Runge-Kutta 4 (RK4) tractography algorithm. Table 3: Node properties, WM and GM Control > AD, HARDI

HARDI: The eddy correct function in FSL was used to correct for distortion caused by eddy currents. The orientation distribution Node (Controls) N“mge’ of Dtiffere"“a' Node (AD) Number of Differential Connections « Between-group comparisons using the HARDI dataset did not reveal any
function§ (ODFs) for. each vox_el were recon.s.tructe.d In DSIstudio_gsing GQI. The diffusion samp_ling Iepgth ratio was 1.25 and ODF Left inferior parietal onnzc ons Left isthmus Cif_\Q_U'ate 11 significant differences between controls and AD using the WM-seed or GM-
sharpening was carried out using decomp_osmon with a decompog’go-n fraction of 0.04 and a maX|mum_f|ber populgtlon of 8. An 8-fold L oft rostral middle frontal . t::: :tg;?(lac::::ps;ar;l 1? seed networks. This could be due to the small number of subjects in each
ODF tessellation was used to resolve 3 fibers per v_oxel. I?etermlnlstlc tractography was perfc_)rmed using DSIsj[udlo to create ? WM- L eft superior parietal » Loft precuneus . group (N=5), difference in b,..., difference in data reconstruction (i.e. tensor
seed r_1etwork and a GM-seed network for. each .subject using the_ same pgram_eters for D.TI W|th.a few changes. QA threshold = 0.07, L eft supramarginal 8 Left superior frontal 0 vs. ODF), and/or QA threshold
step size = 1 mm, random subvoxel seeding using the primary diffusion direction, Gaussian radial interpolation, Runge-Kutta 4 (RK4) Left insula 8 Left superior parietal 10 ' ? _ j o
tractography algorithm. For both DTI and HARDI data, WM ROls were used as seeds and GM ROls as targets in WM-seed networks. Right fusiform o Left superior temporal i * The seed regions Us_ed to build structural ngtworks significantly affect the
In GM-seed networks, GM ROIs were used as seeds and targets. The number of fibers between a seed and target ROl were used as Right inferior parietal o Left insula 12 strength and complexity of networks when using DTl and HARDI datasets —
a measure of connection strength between the two regions (see Figure 2). Right precuneus 3 Right inferior temporal 10 despite the presence of disease.

_ - . _ Right superior parietal 12 Right middle temporal 10  The seed regions used to build structural networks significantly affect the
Network Comparisons: The Network Based Stqtlstlc (NBS) tqolbox was used to perform within-group comparisons of WM-seed and Right supramarginal 3 Right precentral 11 results of between-group comparisons performed between controls and AD
GM-seed networks and between-group comparisons using either WM-seed or GM-seed networks using DTl and HARDI data to Right rostral middle frontal 10 H : DTI dat t and potentiall h : HARDI dat "
determine whether (1) weighted networks produced by WM and GM seeds differ within control or AD groups and (2) the results of Right superior parietal 15 when using a ataset and potentially when using a ataset.
between-group comparisons performed using WM-seed or GM-seed networks differ. Right superior temporal 15

Right insula 10




