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Over the past 20 years diffusion MRI has becomestablished technique used in both research anitatli
settings. In short, diffusion weighted imaging (DVi8 a technique sensitive to the random motionvafer
molecules in tissue and is to date, the only nmasive method capable of probing tissue microstineéh vivo.

Diffusion imaging is commonly used in conventiomatliological image interpretation to aid in thegfiasis
and management of neurological disorders, suctypsracute stroke as it has proven to be a highigigee
indicator of likely irreversible tissue damage doeytotoxic oedema. Quantitative parameters ddrfuem the
diffusion tensor (DTI), principally apparent diffos coefficient (ADC) and fractional anisotropy (FAaps,
have also provided insight into conditions suclmagtiple sclerosis, schizophrenia, and vasculanetgia [1].

Diffusion-based fibre tracking (tractography), theactice of identifying the path of white mattebrg tracts
from diffusion weighted MRI signal, requires thressential steps. First the acquisition of apprépraata,
second the correct estimation of fibre orientatioasd finally the application of an appropriateckiag
algorithm. The reliability of tractography resuitsdependent on all three of these steps. Frondiagephers
perspective it is also essential to appreciate ttiede steps are interdependent, i.e. data colteogeds to be
consistent with the tractography method intenddoktosed for data analysis and vice versa.

In the clinical context there are two main appr@acto the tractography process, namely diffusiosde based
techniques and higher order models. In order twigeothe appropriate quality of data for the puspad
tractography, it is imperative that the fundameditierences between these approaches are apge:ciat

« Data acquisition: Currently the diffusion tensor model is the mostlely used approach to extract fibre
directions from diffusion data. This in large isrfpdue to its availability to clinicians via ‘pughutton’
tractography software packages supplied by the mmgmufactures of MRI equipment. Ideally, diffusion
weighted data utilised for all tractography studsésuld be obtained with high signal-to-noise raliigh
spatial resolution and a minimum b-value of 1000atthieve appropriate diffusion weighting. The
theoretical advantage of the tensor mathematieahdwork is that it only requires a minimum of six
directions to characterise the diffusion tensoipedid [2] hence such data can in theory be acquired in
relatively short scan times. More recent work ssgg¢hat a minimum of twenty directions are neagssa
for a robust measure of anisotropy.[3]

« Estimation of fibre orientations: It is well known that such tensor based methoddamdamentally flawed.
A single diffusion tensor is unable to charactensdtiple fibre orientations within a single voxg-5],
hence the technique is unable to describe theqfatinite matter fibres in regions where there amssing
fibres represented within a single voxel. This famental limitation of DTl based methods has been
addressed by the development of higher order mstleagable of describing multiple fibre orientations
within a single voxel using ‘high angular resolutidiffusion weighted imaging’ (HARDI) data. From a
clinical perspective this requires diffusion weigdhtsignal to be sampled more densely than formeudT]
sequences, typically more than 40 directions, tiegpin longer acquisition times.

e Tracking algorithms: Finally, once the diffusion data are acquired #mel fibre orientations have been
characterised, a tractography algorithm is requiredienerate the white matter tracts. Algorithmssimo
commonly used in conjunction with diffusion tensdata are generally based on the deterministic
algorithms [6-7]. The limitations of deterministalgorithms have been addressed by a multitude of
approaches, the most common alternatives beingapiiigiic methods [8-9]From a post processing
perspective it is important to note that all trggaphy algorithms require accurate fibre orientatio
estimates and that no algorithm can compensaiedorrect estimates.

Although many tractography methods have been pexpcst present validation of fibre tracking tecluss is
difficult due to the lack of an appropriate ‘goldusdard’. In this talk, the practical consideratiaf acquiring
diffusion data for the purpose of tractography Wi discussed. The implications of using a DTI Hasss.
higher order tractography methodologies [10] in dieical setting will be illustrated usini vivo data. In
particular the tractography results of patientsargding clinical-research (for example, pre-surgassessment
studies) will be used to illustrate how such methothy be used appropriately and the consequenatilisiing
inappropriate data in the clinical setting.

Proc. Intl. Soc. Mag. Reson. Med. 19 (2011)



1. Parker, G.J.MAnalysis of MR diffusion weighted images. Br J Radiol, 200477 Spec No 2p. S176-

85.

2. Basser, P.J., J. Mattiello, and D. LeBih&iR diffusion tensor spectroscopy and imaging. Biophys J,
1994.66(1): p. 259-67.

3. Jones, D.K.The effect of gradient sampling schemes on measures derived from diffusion tensor MRI: a
Monte Carlo study. Magn Reson Med, 20081(4): p. 807-15.

4. Tuch, D.S., et alDiffusion MRI of complex neural architecture. Neuron, 200340(5): p. 885-95.

5 Frank, L.R.Characterization of anisotropy in high angular resolution diffusion-weighted MRI. Magn
Reson Med, 200247(6): p. 1083-99.

6. Mori, S., et al.;Three-dimensional tracking of axonal projections in the brain by magnetic resonance
imaging. Ann Neurol, 199945(2): p. 265-9.

7. Conturo, T.E., et alTracking neuronal fiber pathways in the living human brain. Proc Natl Acad Sci
U S A, 199996(18): p. 10422-7.

8. Behrens, T.E.J., et alCharacterization and propagation of uncertainty in diffusion-weighted MR
imaging. Magn Reson Med, 20080(5): p. 1077-88.

9. Parker, G.J.M., H.A. Haroon, and C.A.M. Whedémgshott, A framework for a streamline-based

probabilistic index of connectivity (PICo) using a structural interpretation of MRI diffusion
measurements. J Magn Reson Imaging, 20Q13B(2): p. 242-54.

10. Tournier, J.D., et alDirect estimation of the fiber orientation density function from diffusion-weighted
MRI data using spherical deconvolution. Neuroimage, 200£23(3): p. 1176-1185.

Proc. Intl. Soc. Mag. Reson. Med. 19 (2011)



