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Abstract

We propose a new scoring algorithm for detecting delirium from one-channel EEG,
based on Topological Data Analysis. Numerical experiments demonstrated that our
method achieved higher predictive performance than the other existing methods.

1 Introduction

Delirium is a mental state where somebody becomes excited and not able to think or speak clearly [3]].
Delirium is dangerous and common among elderly inpatients but is difficult to be diagnosed man-
vally [3]. Therefore, there is a demand for an automated method of delirium detection using
electroencephalogram (EEG). Recently, detecting delirium from one-channel EEG has attracted much
attention because one-channel EEG can be measured with ease. Several delirium detection algorithms
based on frequency analysis have been proposed in [6} [10].

In this paper, we propose a novel scoring algorithm based on Topological Data Analysis (TDA) for
detecting delirium. TDA is an approach to analyze datasets with topology [} 2, [13]] and it has been
successfully applied to time-series analysis [[7, 9} (L1} [12]. With time-delay embedding and persistent
homology, we define a new score called TDA-EEG that evaluates signs of delirium from EEG. Our
numerical experiments demonstrated that our method could detect delirium from one-channel EEG,
which achieved high prediction performance.

2 Methodology

Given a set of EEG signals, we first preprocess them and remove signals shorter than 60 seconds.
Then we split the remaining signals into 30 ones whose length are two seconds. For each patient, we
define the TDA-EEG score by the following procedure:
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1. Construct the time-delay embedding of the preprocessed EEG signal to convert it into a
point cloud in the three-dimensional Euclidean space.

2. Calculate the persistence diagram of the Vietoris-Rips complex associated with the point
cloud.

3. For the persistence diagram, keep the points whose distances to the diagonal are larger than
a given threshold.

4. Compute the sum of the distances to the diagonal of the remaining points.

5. Define the TDA-EEG score of the target patient as the average of the sums for 30 signals of
length two seconds.

If the TDA-EEG exceeds a given threshold, the state of the patient is regarded as delirium.

3 Numerical Experiments

We report the results of our numerical experiments and discuss the performance of our TDA-EEG.
In this experiment, we used the EEG dataset measured from 137 resident participants in University
of Iowa Hospitals and Clinics. This dataset consists of 58 positive (cased) and 79 negative (control)
patients. When we construct the time-delay embedding in our method, we set the delay and skip
parameter to be 60 ms and 6 ms, respectively. For comparison, we used the two existing algorithms
in [6, 18] and Adaboost [4]. The two existing algorithms in [6} 8] calculate scores based on frequency
analysis. For Adaboost, we calculate each patient’s score with a model trained by the other patients.
See Appendix [B]for details of these existing methods.

Table [T] shows the results of AUC and specificity in the case where the sensitivity = 0.75. From
Table[I] we can observe that our TDA-EEG achieved the highest AUC scores among the four methods.
In addition, the specificity of TDA-EEG is 0.71, which is also the highest score. We show the ROC
curves of the four methods in Figure[T] Figure[I|suggests that TDA-EEG generally attained higher
true positive rates than the other methods.

Table 1: AUC and specificity of each method

TDA-EEG Shinozaki et al. [10] Numan et al. [6]] Adaboost

AUC 0.80 0.72 0.66 0.69
Specificity (Sensitivity = 0.75) 0.71 0.52 0.42 0.50
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Figure 1: ROC curve of each method
According to the previous study [[11]], time-series analysis via TDA are robust to noises because

it extracts topological features of a time-series signal from the time-delay embedding. In our
experimental results, such robustness would lead to achieving high AUC.



We show some examples of EEG signals in Figures[2]and 3] Both Figures[2]and 3]are EEG signals
of positive cases. For Figure [2] both Shinozaki ez al. [10] and TDA-EEG showed positive scores
when we set sensitivity = 0.75. For Figure 3] while Shinozaki ez al. [10] showed negative score, our
TDA-EEG showed positive score correctly. Comparing with Figure[2] we find that the signal shown
in Figure[3]is highly volatile. Since Shinozaki er al. [10] calculates a score only depending on the
spectrum 3 Hz by that of 10 Hz, there is a risk to overlook delirium correctly from such a signal.
In contrast, since our method depends not only on frequency but also on topological features from
signals, it can detect delirium even when signals are highly volatile.

Figure 2: Example of EEG signal of positive case

Figure 3: Example of EEG signal of positive case

4 Conclusion

In this paper, we proposed a novel scoring algorithm to detect delirium based on TDA from one-
channel EEG. The numerical experiments demonstrated that our method achieved higher predictive
performance than the existing methods. Since detecting delirium only with one-channel EEG signals
is strongly required in practice, our method broadens the feasibility of delirium detection.

For future work, we plan to validate the effectiveness of our proposed method in more realistic
situations. In addition, we believe that the potential applications of the method are not limited to the
use in medical fields. For example, it would be interesting to apply our method to other time-series
signals such as gyro sensor data or vibration data.

References

[1] Jean-Daniel Boissonnat, Frédéric Chazal, and Mariette Yvinec. Geometric and topological
inference, volume 57. Cambridge University Press, 2018.

[2] Herbert Edelsbrunner and John Harer. Computational topology: an introduction. American
Mathematical Soc., 2010.

[3] E. Wesley Ely, Rasheeda K. Stephens, James C. Jackson, Jason W. W. Thomason, Brenda
Truman, Sharon Gordon, Robert S. Dittus, and Gordon R. Bernard. Current opinions regarding
the importance, diagnosis, and management of delirium in the intensive care unit: A survey of
912 healthcare professionals. Critical Care Medicine, 32(1):106—112, January 2004.



[4] Yoav Freund and Robert E. Schapire. Experiments with a new boosting algorithm. In Pro-
ceedings of the Thirteenth International Conference on International Conference on Machine
Learning, ICML 96, page 148—156, San Francisco, CA, USA, 1996. Morgan Kaufmann Pub-
lishers Inc.

[5] Sharon K. Inouye. Delirium in older persons. New England Journal of Medicine, 354(11):1157-
1165, 2006. PMID: 16540616.

[6] T Numan, Mark van den Boogaard, AM Kamper, PJT Rood, LM Peelen, Arjen JC Slooter,
Masieh Abawi, Mark van den Boogaard, Jurgen AHR Claassen, Michael Coesmans, et al. Delir-
ium detection using relative delta power based on 1-minute single-channel eeg: a multicentre
study. British Journal of Anaesthesia, 122(1):60-68, 2019.

[7] Jose A Perea and John Harer. Sliding windows and persistence: An application of topological
methods to signal analysis. Foundations of Computational Mathematics, 15(3):799-838, 2015.

[8] Malihe Sabeti, Serajeddin Katebi, and Reza Boostani. Entropy and complexity measures for
eeg signal classification of schizophrenic and control participants. Artificial Intelligence in
Medicine, 47(3):263 — 274, 2009.

[9] Lee M Seversky, Shelby Davis, and Matthew Berger. On time-series topological data analysis:
New data and opportunities. In Proceedings of the IEEE Conference on Computer Vision and
Pattern Recognition Workshops, pages 59-67, 2016.

[10] Gen Shinozaki, Aubrey C Chan, Nicholas A Sparr, Kasra Zarei, Lindsey N Gaul, Jonathan T
Heinzman, Julian Robles, Kumi Yuki, Theodosis J Chronis, Timothy Ando, et al. Delirium
detection by a novel bispectral electroencephalography device in general hospital. Psychiatry
and clinical neurosciences, 72(12):856-863, 2018.

[11] Yuhei Umeda. Time series classification via topological data analysis. Information and Media
Technologies, 12:228-239, 2017.

[12] Vinay Venkataraman, Karthikeyan Natesan Ramamurthy, and Pavan Turaga. Persistent ho-
mology of attractors for action recognition. In 2016 IEEE international conference on image
processing (ICIP), pages 4150-4154. IEEE, 2016.

[13] Afra Zomorodian and Gunnar Carlsson. Computing persistent homology. Discrete & Computa-
tional Geometry, 33(2):249-274, 2005.



A Details of Existing Methods

Figured]is an example of EEG signal of negative cases that both Shinozaki ez al. [10] and TDA-EEG
returned scores correctly.

Figure 4: Example of EEG signal of negative case

B Details of Existing Methods
In this section, we describe the details of existing methods for detecting delirium [6].
Shinozaki et al. [10] proposed a score calculated as follows:

1. Compute the power spectra of 3 Hz and 10 Hz of the input EEG signal.
2. Define the BSEEG score as the ratio of the spectrum 3 Hz by that of 10 Hz.

Numan et al. [6] proposed a score calculated as:

1. Compute the power spectra of 1 Hz and 6 Hz of the input EEG signal.
2. Define a score as the ratio of the spectrum 1 Hz by that of 6 Hz.

For Adaboost, we calculate a score for each patient as follows:

1. Train a model with the other patients’s data.
2. Apply the model to 30 signals of the patient and predict their labels.

3. Calculate a score of the patient as the ratio of the number of positive labels the model output.
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