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Characterizing Blood Brain Barrier Breakdown with Status Epilepticus Brain Injury
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Introduction
	Our objective was to use new engineering and imaging tools to quantify blood brain barrier (BBB) breakdown and better understand the effect of neuropathological changes on extravasation and interstitial transport. Pontine glioma brain injury was chosen as a model for BBB breakdown. We completed the in-vivo portion of the study at 4.7T, and are working towards mapping complex fluid pathways around blood vessels in the brain using 17.6T. 

Experimental
	The goal of the study is to map vascular and perivascular spaces in the brain which are hypothesized recently to transport wastes out of the brain. The perivascular spaces were visualized using gadolinium-DTPA tagged with albumin injected into the rat lateral ventricle. We initially chose Microfil silicone polymer (Flow Tech, Carver, MA) to visualize the vasculature but later found its susceptibility to be different from that of water ( = -1.41 ppm) which lead to arrow head artifacts in the acquired high resolution images (<35 um isotropic) which masked perivascular spaces. We then switched to another commercially available plastic (Mercox, Ladd Research, Williston, VT) with much smaller susceptibility difference ( = -0.13 ppm) to overcome the problem. The presence of gadolinium and sample quality was assessed with a low resolution quantitative 2D multi-slice T1 and T2 measurements respectively. Vascular and perivascular spaces were visualized using 35 m isotropic T1-weighted 3D spoiled and phase re-wound gradient echo sequence with TR = 100 ms, TE = 3.34 ms, 30-degree flip angle, 20 x 18 x 18 mm3 FOV, matrix size of 576 × 512 x 512, 2 averages, and readout and slice-select bandwidths of 150 KHz and 3 KHz respectively.

Results and Discussion
	We confirmed the reduction of susceptibility artifacts arising from Microfil by substituting it with Mercox by injecting the polymer on two different rats without Gd-albumin infusion (Figures 1a,1b). The images show the arrow head artifact almost disappeared with Mercox. We then performed the experiment with Gd-albumin infusion and Mercox injection to 3D reconstruct vascular and perivascular spaces. Mercox due to its short T2 appears dark in the image and Gd-albumin appears bright due to its T1 shortening effect. The maximum intensity projection (MIP) of the dark regions in the image (Figure 1c) shows the vasculature whose volume fraction was calculated to be ~ 4% consistent with that reported in literature. The perivascular spaces are also visible (Figure 1d) however with low contrast. 
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                      (a)                                            (b)                                   (c)                                       (d)
Fig. 1. T1-weighted image acquired with (a) Microfil, (b) Mercox, (c) MIP of cerebral vasculature from Mercox and (d) T1-weighted image acquired with Gd-albumin infusion in the ventricles and Mercox through the heart showing vascular and perivascular spaces.

Conclusions
	We have successfully characterized the BBB breakdown with pontine glioma and working towards mapping perivascular spaces in the rat brain. We have also successfully mapped the vascular spaces in the brain and need to improve the contrast of perivascular spaces to finish this study. This study sustains a continuum of research directed toward development of innovative pharmacologic strategies that will allow treatment in the injured brain.
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