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TARGET AUDIENCE: Scientists and clinicians who are interested in the use of multi-modal MRI to study traumatic brain injury (TBI)

PURPOSE: Traumatic brain injury (TBI) is a complex injury with a broad spectrum of symptoms and disabilities, and is a major cause of death and
disability in the United States. Following the primary physical impact, progressive secondary injuries occur including blood-brain barrier (BBB)
permeability leakage, alterations in the hemodynamics, cytotoxic and vasogenic edema, diffusive axonal injury, etc. Since these secondary processes
are highly interrelated, more comprehensive understanding of the spatial temporal dynamics of these post TBI alterations is beneficial for diagnosis,
staging and monitoring of injury. Recently, we have developed a high-resolution BBB K" MRI for preclinical TBI studies. In this study, we will
explore how the inclusion of K" MRI can enhance our capability of studying the tissue damages post TBI. Comparisons were made with cerebral
blood flow (CBF) by arterial spin labeling, T2, and apparent diffusion coefficient (ADC) and fractional anisotropy (FA) by diffusion tensor imaging.

METHODS: Animals: 10 male Sprague Dawley rats (250-350g) were studied. A @6mm craniotomy was created over the left forelimb
somatosensory cortex (S1: 0.25mm anterior and 3.5mm lateral to bregma), exposing the dura matter. The intact dura matter was impacted with a
@3mm tip (5.0m/s, 250us dwell time, lmm depth). The cranial opening was then sealed with bone wax following the impact.

Brain MRI: The rats were scanned using a Bruker 7T scanner lhr, 3hrs, 2, 3 and 7 days after TBI under the anesthesia with 1.5% isoflurane. Due to
the involvement of tail vein injections in the BBB permeability imaging, the MRI data were missing for some time points. As a result, the number of
animals was ranging from 5 to 8 for each time point. The blood-brain
barrier K" MRI data were acquired using a 2D multi-slice FLASH
sequence as described previously [1]. A pre-scan was used to
determine the flip angle and My, which included 3 FLASH scans with
different TRs: 64 ms (scan 1), 200 ms (scan 2) and 3000 ms (scan 3).
The rest of imaging parameters were: five 1.0-mm coronal images, TE
= 2ms, FOV = 2.2x2.2cm?, 128x128 data matrix and 30° nominal flip
angle. Dynamic scans used a TR of 64 ms, and otherwise identical
parameters. After baseline data were acquired, a bolus (0.2ml/kg) of
gadodiamide was injected through tail vein, and 90 dynamic images
were acquired. Standard CBF, T,, ADC and FA maps were also
acquired as described previously [2].
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RESULTS: Fig. 1 showed representative longitudinal changes of
K", CBF, T,, ADC and FA for a single rat.

Fig. 2 shows the quantitative changes of these contrasts in selected
ROIs. The impact region (ROI 1) and the region underneath it (ROI 2)
showed an immediate K™ increase by 29 and 14 folds, CBF decrease * \ & 2
by 78% and 75%, T, increase by 17% and 10% and ADC decrease by Fig. 1. Representatlve longltudmal changes in K‘”““ CBF T, ADC and FA post TBL
44% (ROI 1 only) at 1 hour. In contrast, the two remote regions (ROI ~Scale bar for K*: 010 0. 052mm » CBE: -1 to 2.5 mL/gram/min, T>: 30 to 100 ms,

3 and ROI 4) showed normal contrasts. Subsequently, K" of ROI 1 ADC: 0.0004 to 0.0013 mm’/s, FA: 0.1 t0 0.6;
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1, displayed hyperperfusion at day 2 and day 3, and return to nearly normal at § Zg

day 7, while CBF of ROI 3 and 4 showed maximum decrease at day 1, 5 5| /‘/‘/P\
slightly recovered at day 2, and return to normal at day 3. The ADC of ROI 1, olo—o o o o o
2 and 3 increased and peaked at day 2 and return to normal at day 7, and the 1Hr 3Hr dayl day2 day3 day7
FA of ROI 1 and 2 decreased and peaked at day 2 and return to nearly normal € ;5 _ D 6.

at day 7.

DISCUSSION AND CONCLUSION: The data shows two significant
differences between K" and other contrasts: (1) K™ peaks at day 3, while
most other contrast peak at day 2; (2) K" still shows significant residual
changes at day 7, while most other contrasts return to normal or nearly
normal. These results suggest that the K™ MRI may potentially provide
different aspects of tissue damages at microscopic levels. There is a growing
consensus that post-traumatic BBB disrupt on is one of the major factors that
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Fig. 2. Quantitative changes in different quantitative MRI contrasts in
Neurotrauma 2014.

selected ROIs. (A) ROI labels. B-F: longitudinal changes in K™, CBF, T,,
ADC and FA normalized by the contralesional regions.
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