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Machine learning prediction of hematoma growth in acute intracerebral hemorrhage

Tanioka, Satoru
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Hematoma expansion occasionally occurs in patients with acute
intracerebral hemorrhage (ICH), associating with poor outcome. Machine learning (ML) approaches
perform well in outcome prediction. Patients with acute ICH from three hospitals (n=351) and those
from another hospital (n=71) were retrospectively assigned to the development and validation
cohorts, respectively. Machine learning (ML) models were evaluated for their performance on the
patient data in the validation cohort, which was compared with previous scoring methods, the BAT,
BRAIN, and 9-point scores.

The k-NN algorithm achieved the highest area under the receiver operating characteristic curve
(AUC) of 0.790 among all ML models, and the sensitivity, specificity, and accuracy were 0.846, 0.
733, and 0.775, respectively. The BRAIN score achieved the highest AUC of 0.676 among all previous
scoring methods, which was lower than the best ML model by k-NN algorithm (p=0.016).
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1. https://github.com/taniokas-neuro/predict-hematoma-expansion
2. https://osf.i0/kvbwg/



Table 1 Test characteristics of previously reported scoring methods and machine learning

models in the validation cohort

Accuracy Sensitivity Specificity AUC
Previous scoring methods
BAT score 0.606 0.654 0.578 0.616
(0.483-0.720) (0.443-0.828) (0.422-0.723) (0.497-0.734)
BRAIN score 0.620 0.885 0.467 0.676

9-point score

Machine learning models

k-nearest neighbors algorithm

Logistic regression

Support vector machines

Random forests

XGBoost

(0.497-0.732)
0.690

(0.569-0.795)

0.775
(0.660-0.865)
0.648
(0.525-0.758)
0.732
(0.614-0.831)
0.775
(0.660-0.865)
0.732

(0.614-0.831)

(0.698-0.976)
0.538

(0.334-0.734)

0.846
(0.651-0.956)
0.769
(0.564-0.910)
0.769
(0.564-0.910)
0.615
(0.406-0.798)
0.731

(0.522-0.884)

(0.317-0.621)
0.778

(0.629-0.888)

0.733
(0.581-0.854)
0.578
(0.422-0.723)
0.711
(0.557-0.836)
0.867
(0.732-0.949)
0.733

(0.581-0.854)

(0.579-0.772)
0.658

(0.543-0.774)

0.790
(0.693-0.886)
0.674
(0.563-0.784)
0.740
(0.634-0.846)
0.741
(0.633-0.849)
0.732

(0.623-0.841)

Data are presented as value (95% confidence interval).

AUC = area under the receiver operating characteristic curve.
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