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A Cerebral Ischemia Risk Assessment Method Based on Doppler
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Abstract. Objective To noninvasively assess the cerebral ischemic status using the velocity profile of the carotid
and vertebral arteries measured by Doppler ultrasound and a neural network model. Methods Imaging data were
collected from patients who underwent computed tomography perfusion ( CTP ) and Doppler ultrasound.
Hemodynamic parameters were extracted from the ultrasound images. These parameters were used to train a
fully connected neural network model. The model was validated using the CTP results. Results Sixty-two eligible
patients were included; 44 were randomly selected as the training dataset and 18 were designated for validation.
In the training set, the area under the curve ( AUC) of the receiver operating characteristic, sensitivity,
specificity, and accuracy were 0.95, 0.833, 0.923, and 0.886, respectively. In the test set, the AUC,
sensitivity, specificity, and accuracy were 0.860, 0.714, 1.000, and 0.889, respectively. Conclusions The
model based on Doppler ultrasound and neural network was clinically verified and had good accuracy for
assessing cerebral ischemia, showing its clinical potential for the early screening of cerebral ischemia.

Key words: hemodynamics; cerebral ischemia; computed tomography perfusion; neural network; Doppler
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Tab.1 Statistical results of all hemodynamic parameters

M sh 124k /ME RRfE FIIME bR
RI-RICA 0.38  0.94 0.673 0.014
RI-LICA 0.38  0.91 0.669 0.015
RI-RVA 0.45  0.97 0.718 0.013
RI-LVA 0.4l 1.00 0.704 0.015
PI-RICA 0.95 2.34 1.683 0.036
PI-LICA 0.95 2.27 1.672 0.037
PI-RVA .14 2.43  1.796 0.031
PI-LVA .02 2.50 1.762 0.039

(R, ~-RICA)/[ mmHg- (mL-s)™'] 8.91 62.47 26.053 1.507
(R, -LICA)/[ mmHg- (mL-s)™'] 6.17 80.34 26.760 1.898
(R,-RVA)/[ mmHg-(mL-s)™'] 28.69 453.68 104.851 8.645
(R,-LVA)/[ mmHg- (mL-s)™'] 32.56 488.80 93.741 10.311

Fpoy—RICA-RVA 1.08 17.94 4.640 0.412
Frv—RICA-LVA 0.83 22.79 4.047 0.450
Fyoy ~LICA-RVA 0.92 22.42 5.331 0.606
Fyoy—LICA-LVA 0.63 21.80 4.362 0.531
Fros—1CA 0.37 3.89 1.110 0.085
Fros—VA 0.18 11.60 1.177 0.194
Frop 1.20 11.71 3.896 0.295
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