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Computational techniques in ICU

Neural synchrony predicts outcome after coma

A research team at Inselspital, University of Bern and CHUV Lausanne investigated the
processing of sound in brains of patients during the first day of coma. In a recent publication
in the Neurolmage journal, they identified neural synchrony to predict favorable outcome
after coma.

Coma patients in ICU, e.g. after cardiac arrest, have been targeted in research projects for many
years. One of the key questions is how to predict the outcome after coma. Current approaches are
often based on qualitative assessment of electroencephalogram (EEG) patterns. They are relatively
slow, time consuming and depend on advanced clinical expertise. Furthermore, they are subject to
individual variability among the experts involved. Given the importance and frequency of the
problem, new approaches involving computer science and Al are being investigated worldwide.

In this study, the research team focused on how sound was processed in the brain on the first day
after coma onset. They examined measures of neural synchrony and neural complexity with
guantitative methods using computational tools.

Neural synchrony in sound processing is key

The study included two groups: 67 patients in coma after cardiac arrest and 13 healthy controls. A
series of pure sounds was played and brain responses were recorded in EEG signals. The study
found neural synchrony to be predictive for favorable outcome after coma. Sigurd Lerkergd Alnes,
first author explains: «We found in two different patient cohorts that patients who later survive the
coma had higher neural synchrony in response to sounds during the first day than those who did not.
In fact, the neural synchrony of survivors is at indistinguishable levels from that of healthy and
conscious controls.»

A new approach

In case the initial findings presented in this publication are confirmed in future larger studies, the new
approach will provide a series of advantages in clinical implementation: (a) it relies on a 20-minute
EEG recording, performed at the bedside in the ICU; (b) it works with very early data (first day) of
coma and provides prognosis for outcome at three months; (c) it relies on computational tools that
guantify the neural synchrony of EEG responses to these sounds and provides rapid and unbiased
prognostic information.
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Surprising neural complexity

According to literature, the complexity of neural activity is expected to be reduced in the absence of
consciousness. With the loss of consciousness, the brain’s neural processing loses information
content, thus decreasing the complexity of its activity. This effect was found in the study only for the
sunivor group. In the group of non-sunivors, complexity was at a vast range, partly below and partly
above the complexity values of healthy and conscious controls. Prof. Dr. Athina Tzovara explains:
«In our study, we focused on a specific case of loss of consciousness - the first day after the onset of
coma. This is just a fewhours after patients have suffered a global ischemia, and while their
electrophysiology and metabolism are undergoing drastic changes. Their brain responses lack
structure, resulting in more spontaneous, or ‘noisy’ neuronal firing, which can lead to greater
complexity, or neural noise in their EEG signals.»

Next steps and future clinical implementation

The results of this study are encouraging and call for further investigations in larger groups involving
additional medical centers. To move forward, the research team wishes to work with larger patient
groups. Prof. Dr. Athina Tzovara outlines the next steps: «Our group is situated between NeuroTec,
the interdisciplinary platform of the Department of Neurology that focuses on translational research,
and the Institute of Computer Science at the University of Bern. Our work strengthens the viewthat
computational methods can be introduced in the clinical routine to assist clinical decision making. We
need to validate these findings in larger patient cohorts and multiple hospitals before envisioning
their use in the ICU. »

Furthermore, this study is part of the University of Bern’s Interfaculty Research Cooperation -
Decoding Sleep (https:/Aww.sleep.unibe.ch/). The researchers hope to use the findings from this
study to expand investigations in other states of reduced consciousness, such as sleep.
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- Sigurd Lerkergd Alnes, Institute of Computer Science, University of Bern, Switzerland
- Prof. Dr. Athina Tzovara, Institute of Computer Science, University of Bern, Switzerland,
Sleep Wake Epilepsy Center - NeuroTec, Department of Neurology, Inselspital, Bern
University Hospital, University of Bern, Switzerland

Original publication: Sigurd L. Alnes et al.: Complementary roles of neural synchrony and
complexity for indexing consciousness and chances of suniving in acute coma; Neurolmage,
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Links, Institutions:

- NeuroTec, Inselspital, University Hospital Bern

- Institute of Computer Science, University of Bern, Bern, Switzerland

- Experimental Neurology Center, Department of Neurology, Inselspital University Hospital
Bern, Bern, Switzerland

- Laboratory for Research in Neuroimaging (LREN), Department of Clinical Neurosciences,
Centre Hospitalier Universitaire Vaudois (CHUV), Lausanne, Switzerland

- Neurology Senvice, Department of Clinical Neurosciences, Lausanne University Hospital and
University of Lausanne, Lausanne, Switzerland
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- Sleep Wake Epilepsy Center - NeuroTec, Department of Neuroloqgy, Inselspital, Bern
University Hospital, University of Bern, Bern, Switzerland
- Helen Wills Neuroscience Institute, University of California Berkeley, CA, USA
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Insel Gruppe is Switzerland’s leading group of hospitals for university and integrated medicine. It
offers comprehensive health care based on groundbreaking quality, research, innovation and
education: in all stages of life, around the clock and in the right place. The six hospitals comprising
Insel Gruppe (Inselspital, Aarberg, Belp, Minsingen, Riggisberg and Tiefenau) carry out over 800
000 outpatient consultations and treat about 60 000 in-patients using the latest therapy methods. It
provides training for a large number of professions and is an important institution for the further
training of young physicians. Insel Gruppe employs a staff of over 11 000 (including students).
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