A parametrization of the dying brain: Revelations from bedside ICU EEG monitoring
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Cortical high-frequency activation immediately before death has been reported,
raising questions about an enhanced conscious state at this critical time. The lack of
clarity regarding these brain excitability during the dying process in comatose patients
without a reasonable chance of recovery, presents a significant challenge to clinicians
and family members. The aperiodic slope of the parameterization of EEG spectra has
recently been described as a reflection of the balance between excitatory and
inhibitory neurons, as well as potential marker to distinguish vigilance states. A better
understanding of the underlying neurophysiology of this cortical excitability may
provide reassurance in this challenging clinical context. The objective of this study is
to provide a comprehensive account of the documented elevations in high-frequency
(> 20 Hz) activation. We analyze how the EEG of the dying brain changes in the
aperiodic spectrum and how it differs from other stages of altered consciousness.

CASE — Report of a 73-year-old dying patient
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A 73-year-old patient with an NSTEMI constellation underwent surgery, followed by
complications. Reduced sedation did not induce arousal. An MRI on day 27 showed
no hypoxic brain damage but revealed multifocal lesions and a 10x12 mm right
pontine hemorrhage. An EEG on the same day diagnosed an alpha/theta wave-
dominant coma without sedative drugs indicating a very limited prognosis.
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Fig. 2: a) summary of monitoring parameters. Line A: Cessation of catecholamine therapy. Lines

B and C: drop of (Sp0O2). (a) Clinical monitoring parameters. (b) Density spectral array (DSA) as
seen on |ICU SedLine monitor with activation patterns in Box B: first beta/gamma surge around -
40 minutes; Box C: loss of delta power around four minutes before death and fading
gamma/beta surges three minutes before asystole in the ECG. (c) Processed EEG parameters

RESULTS — FOOOF spectrum
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-rom min -5, the aperiodic power
decreased, and the fading higher
frequency patterns appeared as periodic
components around minute -3, we
observed recurring activation patterns of
~1 min from around 25 Hz, fading to ~10-
15 Hz when SpO2 dropped at minute -3.
(FOOOF on GitHub, version 1.0.0)
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(C ) FOOOF Average Exponent vs. Offset

3.0 Category Fig.4) Full FOOOF spectrum DSA of Fp1 and
® . & A)-50 min (b) Fp2 with the exponent of the aperiodic

B)-39 min FOOOF fit as a white line, and the offset of

C)-3 min the aperiodic FOOOF fit as a red line on top.
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(c) Parametrisation of the EEG of a dying
N2 Sleep brain in comparison to other vigilant states.
REM Sleep  Shown are median values across the EEG
Anesthesia  channel for the dying patient and across five
Awake iIndividuals for the states of sleep, anesthesia,
and wakefulness (+/- SD) for the exponent in
relation to the offset of the aperiodic fit of the

0 1 2 FOOOF model of the time points of interest.
Aperiodic Offset

Conclusion

Even in patients with coma, temporal dynamics in quantitative EEG features (including the aperiodic
components) can be observed in the final hour before death. Understanding whether the much-
debated activations in the EEG during the dying process are suggestive of sensation, markers of
autonomic stress reflected by muscle artifacts, or other electrophysiological signatures is paramount in

the clinical decision-making process at the end of life.
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