Non-invasive Optical Detection of Intracranial Hypertension with Machine Learning
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Introduction Signal processing & Feature extraction

Intracranial Pressure (ICP): Fluid pressure on the brain tissue 1. Average 1-min window data: Paired cerebral blood flow waveform & ICP level 2. Extract morphology Features 3. Extract Wavelet Features
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Study objective: Detect elevated intracranial pressure with Morphology vs. wavelet features

noninvasive diffuse optical sensor with machine learning Model Evaluation: S-fold cross-validation ROC curve for the prediction of elevated ICP
_ _ . . : 1 Area under the curve: mean [95% Cl]
Train Train Train Train Train . o
Ex eriment Desi " .... ... . .. .. . ... .... E : Independent validation
p g iteration 1 iteration 2 iteration 3 iteration 4 iteration 5 g 0.6 — Features AUC (mean [95%])
@ Morphology
4 y R — o 4 DWT 0.72[0.68,0.75]
Infuse artificial CSF . d \C - Within-subject cross-validation: waveforms from each animal are randomly distributed in = -
through ventricular > Ventricular Invasive ICP the training and testing datasets . Morphology |0.63[0.60,0.67
catheter to TICP Catheter - Subject-independent cross-validation: Each animal’s data is exclusively used either for 00“"" e ;
N~ ~ Optical training or testing (test on unseen animals) " False Positive Rate

Wavelet features significantly outperform morphology features on unseen subjects
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Optical & Invasive Neuromonitoring Conclusions: Sum mary

) : : _ - Subjects 17 piglets * Prediction performance using the within-subject cross-validation approach is not generalizable to unseen subjects
Baseline ‘ ICP increases from baseline (mmHg) ‘ (weight: 10.3+ 0.8 kg) * Using normalized CBF waveforms improves the generalizability of the ICP prediction compared to absolute waveforms
\ o= e .. . B | Physiological | Arterial Blood Pressure (ABP),  Wavelet features improve prediction performance compared to morphology features
2 signals Intracranial Pressure (ICP) Future directions:
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 More advanced machine learning methods This research is funded by the DoW (W81XWH2210888)
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