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Abstract

Reversal of apparent diffusion coefficient(ADC) and cerebral perfusion
in magnetic resonance imaging(MRI)
following transient focal cerebral ischemia in cats

Hyun-Sook Kim

Brain Korea 21 Project for Medical Sciences
The Graduate School, Yo nsal University

(Directed by professor Dong Ik Kim)

Hyperacute ischemic stroke needs early diagnosis and active treatment for the recovery of the
ischemic penumbra. The Ischemic penumbra is the ischemic tissue of decreased perfusion which,
athough still structuraly intact, is functionally impaired. Early reperfusion can minimize the area of
tissue injury. Although permanent and temporary animal models of middle cerebral artery
occlusion(M CAO) have shown the pathophysiology of theischemic penumbra, reportson thereversal
o the apparent diffusion coefficient(ADC) and on cerebral perfusion following transient focal
cerebrdischemia have not provided sufficient information.

The temporary model of MCAO was used in this study to evaluate the pathop hysiology of
reperfused hyperacute ischemic stroke and to ascertain the time independent criteria for early
recanalization and other active treatment modalities for hyperacute stroke. The MR images of the
reversible ischemic tissue, possibly representing the ischemic penumbra, were obtained. The
distribution of ADC ratios was evaluated in the periphery of the infarct and reversible ischemic tissue.
The threshold ADC ratio suggesting reversible ischemia was obtained. Nineteen adult Korean cats
weighing 3-3.5kg were used. Temporary occlusion groups of 30 min(4 cats), 1 hour(7 cats), 3 hour(4
cats) duration and a permanent occlusion group(4 cats) were made. Diffusion -weighted imaging
(DWI), ADC, time to peak(TTP) and regional cerebral blood volume(rCBV) maps we re obtained at 1,
3 6 and 24 hours after reperfusion. Cats with high signal intensity on DWI or decreased ADC were
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killed after 24 hour imaging. Brain slices were obtained and triphenyl tetrazolium chloride(TTC)
staining of brain dices was done. DWI and TTC stained brain slices were compared with the naked
eye. Reversible ischemia was defined as occurring in the area of normalized high signal intensity on
follow-up DWI and normal staining on TTC stain. The changes of ADC, TTP and rCBV after
reperfusion were evaluated in the reversible ischemia and infarct. For the threshold ADC ratio
suggesting the existence of the reversible ischemia, 60 ADC ratios were obtained in the periphery of
the infarct and reversible ischemia Tissue survival showing normal TTC stain was used as final
determination. Thesensitivity and specificity of each ROl wasobtained and an ROC curvewasmade.

The 1 hour temporary occlusion group showed the reversible ischemia with ailmost normal TTC
stain in the periphery of theinfarct core. The ADC ratio of the reversible ischemiawas 0.8 + 0.03 a
1 hour after reperfusion and this was higher than that of the infarctto a statistically significant degree.
The ADC ratio of the reversible ischemia gradually improved over time and increased to 0.8 +0.04
at 24 hours after reperfusion. This suggests that improvement of cytotoxic edema occurs in the
reversible ischemia after reperfusion. The ADC ratio of 0.80 obtained in the 1hour after reperfusion
predicted the survival of the ischemic tissue with 93% sensitivity and 90% specificity. In the
presumed infarct, although reperfused, the ADC ratio progressively deteriorated to 0.64 + 0.04 at 24
hours after reperfusion. The TTP ratio improved and became almost normalized in both the reversible
ischemia and infarct. The TTP ratio was relatively stable without fluctuation during the first 24 hours
after reperfusion. The CBV ratio increased in both the reversible ischemia and infarct during the first
24 hours after reperfusion. Although the magnitude and the period of increased rCBV varied, probably
dueto diverse collateral circulation, the post-ischemic hyperemia seen in the region of the reversible
ischemiaof dl catsmight suggest agood prognosisfor ischemictissueinsomecases.

In conclusion, the 1 hour temporary occlusion group showed the reversible ischemia with reversal
of ADC and cerebral perfusion. The ADC ratio 0.80 may be considered a time independent criterion
for assessing the effectiveness of candidates for active treatment such as early recanalization or

neuroprotectivedrugsor hypothermiain thecaseof hyperacuteischemic stroke.

wel ghtedi maging, apparentdiffus oncoefficient, perfuson-weightedimaging,reperfuson
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