Regional Increasesin Diffusion Anisotropy after Traumatic Brain Injury: A Quantitative Diffusion Tensor Imaging Study
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Abstract

We use diffusion tensor imaging to quantitatively characterize fiber degradation and reorganization of white matter in the brain of a patient who emerged after 19 years
in a minimally conscious state. To summarize the information obtained in these images, white matter changes are characterized by histograms of average diffusion
constants and anisotropy values and compared with values obtained from 20 normal subjects. Furthermore, FA-directionality diagrams are introduced. We identified
severe atrophy accompanied by altered diffusivity and decreased anisotropy, as expected, but there are also regions with increased anisotropy.

Introduction

Diffusion tensor imaging® (DTI) has proven to be a powerful and white matter tract specific? imaging modality which is capable of characterizing specific tissue
pathol ogies such as atrophy and patterns of diffuse axonal injuries. Unlike conventional MRI, DTI can provide quantitative, reproducible results, when obtained on the
same scanner®. We examined DTI measurements from a 40 year-old man who had remained 19 years in a minimally conscious state (MCS) following a severe
traumatic brain injury prior to unexplained emergence from the condition. The patient had a motor vehicle accident initially producing one to two months of a comatose
state followed by further recovery to a vegetative state and subsequently MCS within the first year of injury. Although gradual improvements in responsiveness were
noted during MCS, the patient was unable to communicate using gesture or verbal output. Limited head nodding and grunting were only inconsistently present. Eight
months prior to evaluation with DTI he spoke afirst word, followed by arecovery over a several day period of fluent but dysarthric speech and reliable communication.

Methods

All normal subjects were scanned on the same GE 3T whole body scanner, within 9 weeks before and after the patient. A DTI sequence with 26 diffusion gradient
directions was used. Histograms of average diffusion constant (D) and fractional anisotropy (FA), and FA color maps® were obtained. In FA color maps, color is
composed of red, blue and green, depending on whether anisotropy is most pronounced from left-to-right, superior-to-inferior, or anterior-posteriorly, respectively.
Additionally, FA-directionality diagrams, graphs of FA vs. the absolute value of the x-component of the largest eigenvector of the diffusion ellipsoid, |vy|, were
computed. Like FA, |vy| is normalized between 0 and 1 and was chosen to characterize the right-left diffusivity in the brain. It is assumed that the preferential diffusion
axis coincides with fiber orientation®. FA diagrams were computed over a region of interest corresponding to the marked region in Fig. 1b, through the same sagittal
slicein each subject. Reproducibility of this method was tested by random repeated application of this procedure.
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Figure 1: Midsagittal T2 weighted images and FA color maps of the patient (a,b) and the — =
normal subject that has the strongest occipital FA values among all the normals (c,d). In o 00T 0002 L5 oen

(b), the medial-parietal occipital (MPO) ROI is outlined in white. The green linein (d) is ) o o e ‘ .
awhite pixel artifact confined to asindle slice. Figure 2: Histograms of average diffusion constant (left) and fractiona

anisotropy values (right) of the patient (bold line) and 20 normas (thin lines).

0 Results
0ss A The T2 weighted images exhibit severe white matter atrophy over significant parts of the brain (Figs. 1a,c).
54 Color anisotropy maps demonstrate a marked reduction of volume and diffusion anisotropy of the patient’s
corpus callosum compared with normal subjects (n=20) (Figs. 1b,d). Histograms of D,, and FA indicate that
0.25 the patient has suffered a global injury consistent with a shift toward lower D, values in white matter® and an
0.2 increased cerebrospinal fluid (CSF) compartment’ (Fig. 2); overall, diffusion is increased, as expected®,
whereas anisotropy is decreased. Quantitative comparison of the corpus callosum indicates the anisotropy loss
0.15 across sub-structures; whereas the genu c.c. has normal FA values, the splenium c.C. (FApxien=0.65,
0.1 FAnoma>0.69) and medial c.c. (FA pien=0.38, FAnoma>0.63) are lower than in all control subjects. These values
are consistent with severe diffuse axonal injury (Grade 3 DAI) and serve as a proxy for the aggregate injuries
0:05 incurred to the cerebral hemispheres of this patient. For CSF, both anisotropy and diffusion values are normal.
% 55 5 55 55 i The occipital right-left connections in the medial-parietal occipital (MPO) area in the midsaggital plane are

significantly increased (Fig. 3).
Figure 3: FA-directionality diagram for the MPO Discussion
region. Shown are mean val ues over the specified Although the FA mapping and directionality analysis demonstrate the unexpected result that a large region of
ROI (dots) with error ellipses over the ROI, for increased anisotropy is present bilaterally in the medial-parietal occipital region, the relationship to the
the 20 normals (open ellipses) and the patient patient’s clinical course is unknown. Since earlier studies are not available we cannot rule out that this novel
(filled ellipse). feature may not have pre-existed prior to injury. Late remyelination in posterior occipital cortices has been
suggested in studies of aging in non-human primates®. The observation raises the possibility that a slow
recovery of intra-regional connectivity may play some rolein very late recoveries of function in patients with severe brain injuries'. It is not clear how such changes, if
present, might relate to the late recovery of language without further studies.

! Basser PJ, Mattiello J, and Le Bihan D. JMR Ser. B 103: 247 (1994); Watts R, Liston C, Niogi S, and Ulug AM. Ment. Retard. Dev. Disabil. Res. Rev. 9: 68 (2003)
2 Jellison BJ et al. AJNR 25: 356 (2004)

% Prefferbaum A, Adalsteinsson E, and Sullivan EV. Proc. Intl. Soc. Mag. Reson. Med. 11: 248 (2003)

4 Pgjevic Sand Pierpaoli C. MRM 42: 526 (1999)

5 See list of referencesin Wakana S et al. Radiology 230: 77 (2004)

®LiuAY eta. AINR 20: 1636 (1999)

"Ulug AM. Developmental Science 5: 286 (2002)

8 Hanstock C, Faden A, Bendall M, and Vink R. Stroke 5: 843 (1994)

9 Peters A and Sethares C. J. Comp. Neurol. 460: 238 (2003)

' McMillan TM and Herbert CM. Brain Inj. 18: 935 (2004)

Proc. Intl. Soc. Mag. Reson. Med. 13 (2005) 1368



