In Vivo Measurement of Oxygenation Changes after Stroke Using Susceptibility Weighted Imaging
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Introduction: Oxygenation level is a vital parameter to monitor in intensive care units for both stoke and traumatic brain injury (TBI) patients (1). Although positron
emission tomography (PET) is available for the measurement of oxygenation level, O-15 PET is invasive, has low spatial resolution, and is not as widely used anymore
because of the role that functional MRI plays today in studying the brain. SWI provides a novel and non-invasive approach to this problem with high spatial resolution.
By measuring blood vessel phase changes, we can obtain blood oxygen saturation levels in vivo and measuring changes in oxygen saturation over time is viable.

Materials and Methods: 10 ischemic stroke patients aged from 20 to 74 years were recruited in this study. There were 6 males and 4 females. All patients were not
treated with thrombolysis during this study. NIH stroke scales (NIHSS) were assessed by an experienced neurologist. Both MRI scans and NIHSS were acquired at the
three time points: 1) < 24 hours; 2) 2-3 weeks; and 3) 2 months after stroke symptoms occurred. All MR imaging was performed on a 1.5T magnet (GE Signa HD1.5T)
with an 8 channel head coil. The SWI sequence used the following parameters: TE/TR=40/50 ms, FA=20°, BW=122Hz/pixel, TH=2 mm, FOV=256mm x 256mm, and
an acquisition matrix=512x512. After the acquisition, the SWI data were post-processed by high pass filtering with a central matrix size of 64x64 (2). Figure 1 shows
how to measure the phase differences from the same vessel Ag,, Ag, for the two MRI scans. Here Agp,, Ag, are the differences between venous and surrounding brain
tissue. Equation [1] is used to calculate oxygenation change AY,, (3,4). The average oxygen saturation level Y is assumed to be 0.55 (4). For each patient, we chose 20
veins that could be clearly seen in all three MRI scans, 10 vessels were located in the stroke hemisphere around the affected region and the other 10 were in the non-
stroke hemisphere (Figure 2). The phase differences Ap;, Ap, and Agp; between venous and surrounding brain tissue were for the first, second and third sets of SWI
phase data, respectively. We obtained the oxygen saturation level changes AY,,; and AY; , for each of the vessels as follows:
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Figure 1. Phase profiles show the
susceptibility change from the tissue
and vessel. Aga is the average of
Adgpat and Adpaz, Age is the average of
Aot and Adpez.
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Figure 3c; and r = -031 (p > 0.05) for Figure 3d. Both
hemispheres demonstrated different profiles: the stroke affected
side of the brain showed moderate to strong correlation between
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with the oxygen saturation level around the stroke area. Previous Ns
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significant. The reasons why at the early stage of the stroke (3a)
the correlation was not strong in the stroke hemisphere was
because of the angiogenesis induced at the early stage of ischemia
stroke (6), especially in the penumbra, which will influence the
phase measurement Ag. Although we plotted the oxygenation results averaged over 10 vessels, we found that vessel-wise comparisons demonstrated that temporal
changes of oxygenation were vessel and region specific.
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Figure 3. Cygenation change vs. NIHSS change scatter plots of both hernispheres for ten stroke patients. a) AF,, vs
ANIHSSz2,1 for the stroke hemisphere; b) A, vE ANIHSSs 2 for the stroke hemisphere; c) %1_ va. ANIHSS21 for the non-
stroke hemisphere; d) E v, AMIHSS3.2 for the non-stroke hernisphere. Here .F“ and &, @8 the average over 10
vessels for each hemisphére. N

Conclusions: SWI provided a novel method to measure the oxygenation change of the human brain in vivo in a non-invasive manner. By measuring the phase
difference between the veins and surrounding brain tissue in SWI phase imaging, it is possible to estimate the relative changes of oxygenation over time with high
spatial resolution. The results obtained by this study indicate that the oxygen saturation change may predict clinical outcomes of the stroke patient. The venous
oxygenation changes demonstrated that SWI could reveal a dynamic panorama of venous vasculature response to the stroke in a temporal and spatial pattern.
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