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1. Introduction

During external beam radiation therapy (XRT), significant doses of radiation are invariably delivered to healthy brain tissues. In this study, dynamic bolus
tracking perfusion images (pMRI) were analyzed to study the dose-dependence and time-course of radiation-induced changes to brain vasculature foll owing exposure to
ionizing radiation. In previous studies, radioisotope flux studies and microscopy have been used in rat model systems to demonstrate microvasculature damage
following high dose irradiation.! Using MRI, measurements of regional cerebral blood volume (rCBV) have suggested a declinein rCBV in normal-appearing tissues
in the first year following radiation therapy.>® However, the calculation of rCBV requires assumptions regarding the shape of the perfusion time course, and so more
direct analysis of vascular permeability may be better suited for studying radiation damage. In particular, leakage of contrast agent into the extravascular space results
in the failure of the signal to return to pre-perfusion values. This study investigated the hypothesis that radiation effects in normal-appearing brain tissue could be
measured by quantitative analysis of pMRI data and that pMRI derived vascular permeability would correlate with radiation dose.

2. Methods

Fourteen patients (8 female, 6 male, median age 49 + 15) with a diagnosis of grade Il (3 patients) or 1V (11 patients) gliomas who were scheduled to receive
fractionated XRT were recruited for this study. Each patient received a series of MRl exams on a 1.5 T Signa Echospeed scanner (GE Medical Systems, Milwaukee,
WI) that were performed immediately before and after XRT and two months after the completion of radiotherapy. T2-FLAIR and T1-weighted SPGR images with and
without gadopentetate dimeglumine (Gd-DTPA) contrast were acquired and used to exclude regions of T2 or T1-Gd abnormality from further analysis. Additionally,
proton magnetic resonance spectroscopic imaging data was acquired using point resolved spectroscopy (PRESS) volume selection techniques using spectral-spatial
spin-echo pulses, a TR/TE of 1000/144 ms. and a nominal voxel size of 1 cm®. Using a previously described automated abnormality quantification algorithm, voxels
exhibiting an abnormal ratio of choline to N-acetylaspartate (NAA) were identified and excluded from further analysis.* The perfusion imaging consisted of the
injection of a bolus of 0.1 mmol/kg body weight of Gd-DTPA contrast agent at arate of 5 mL/s. A series of 60 T2 -weighted echo-planar gradient-echo images were
acquired before, during, and after the injection of the contrast agent, with a TR/TE of 1000/54 ms, 35° flip angle, a FOV of 26 x 26 cm? with a 128 x 128 acquisition
matrix, and a 3-6 mm nominal dice thickness. Prior to analysis, the perfusion series was resampled to a 32 x 32 grid in each plane. A mean of 1039 + 392
voxels/exam/patient were then analyzed. The perfusion data series for each voxel was converted into relative AR2” viathe relationship AR2'(t) ~ -In[(t) / ], where S
was defined as the pre-injection baseline. The value of AR2" was taken to be proportional to the concentration of contrast agent. The percent recovery for each voxel
was defined as the difference between the peak value and the mean of the last five time points, expressed as a percent of the peak value. Dose distributions and CT
volumes were aligned to the MRI images using normalized mutual information criteria, and the aligned doses were then resampled to the perfusion resol ution.

3.  Resultsand Discussion
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