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Editorial

Quantitative EEG after cardiac arrest: New insights

from an old technology

Check for
updates

Since the 1950’s electroencephalography (EEG) has been used in the
settings of hypothermia and anoxia. It is a rich source of clinical and
prognostic information. Structural damage to hypoxia-sensitive
corticothalamic white matter tracts or other brain regions, sedative
or other medications, body temperature, adequacy of cerebral blood
flow, and other determinants of cortical neuronal energetics may all
alter EEG features."™ Qualitative expert interpretation of complex
EEG signals is standard of care, and the prognostic value of post-
arrest EEG when viewed through the filter of expert eyes is well-
established.>” However, qualitative EEG interpretation is laborious,
requires special training, and is difficult to broadly implement without a
delay of at least minutes to hours (sometimes more) from signal
acquisition to usable clinical information. Subtle changes may also be
inapparent to the unassisted eye. Quantitative EEG (QEEG) analysis
can be used to summarize an infinite variety of signal features,
although measures of frequency and amplitude are among the most
commonly explored. As computational power, machine learning and
complex statistical techniques, and enthusiasm for data-driven
knowledge discovery grow, qEEG research is expected to be an
increasingly important area of exploration. Whether or not qEEG-
based analyses add prognostic information when added to standard
tools (e.g. qualitative EEG or other modalities); be used to interrogate
underlying pathophysiological mechanisms or determine dominant
drivers of abnormal EEG signals (e.g. differentiate medication-
induced changes from those that result from structural damage); or be
used to titrate patient care in the intensive care unit (ICU) setting
remain active areas of research.

In this issue of Resuscitation, Kustermann et al., report the results
of their analysis leveraging gEEG measures of band-pass filtered
spectral power to predict outcome after resuscitation from cardiac
arrest.® Using statistical methods common in laboratory-based
neurophysiology research but infrequently applied to ICU-derived
data, they identified and validated that lower power in the theta and
alpha frequency ranges (specifically, 5.2-13.2Hz with spectral power
dichotomized at the optimal threshold value) was a highly specific
predictor of persistently unfavorable Cerebral Performance Category
(CPC) during the first three months after cardiac arrest. Using spectral
power in this frequency range as a binary predictor performed better
than qualitative assessment of the continuity or reactivity of EEG
background. The authors are to be commended for the rigor of their
analytical approach, and these findings add substantively to a growing
body of literature exploring EEG-based analyses as early (<72h)
prognostic tools after anoxic brain injury.®'° Since most patients who

die after resuscitation from cardiac arrest do so after withdrawal of life-
sustaining therapy for perceived poor neurological prognosis'' and
current prognostic tools leave much to be desired,'? this work helps
meet an important need faced by clinicians daily.

Frequency decomposition is an established method of qEEG
analysis that has been computationally feasible for some time using
fast Fourier transformations.® The authors rightly conclude that
preservation of alpha oscillations suggests integrity of both cortical
and subcortical networks. As expected, preserved alpha power
strongly predicted favorable outcome. Multiple other reversible factors
including oligemic cerebral blood flow, sedative medications and
temperature may also alter frequency spectrograms,™ perhaps
explaining the fact that many patient who ultimately enjoyed favorable
outcomes had power spectra below threshold, although few
measurable factors appeared to differ between outcome groups
among patients below threshold in this cohort. We look forward to
future work by this group and others that may quantify the incremental
information added by adding qEEG-based measures to a multimodal
prognostic algorithm. As a resuscitation science community, we may
also wish to explore the myriad of other gEEG features available using
standard or novel signal processing algorithms, or multivariable time
series analyses that account for other contemporaneous physiologi-
cal or medication data available, may reveal information that can
further differentiate the mechanistic cause of loss of spectral power in
this range.

Understanding the mechanistic underpinning of observed
changes in qEEG is nontrivial. Beyond improving prognostic
performance, such research could allow gEEG to grow from
prognostic to a tool to identify early signs of reversible or ongoing
secondary brain injury, thereby allowing individualization of patient
care. Such qEEG-derived data may reveal phenotypic signatures of
patients amenable to specific clinical interventions, for example
deeper or longer targeted temperature management or a higher
mean arterial pressure. Future clinical trials might also use such a
tool to identify those likely to respond to the intervention being
tested, while avoiding enrolling patients likely to recover or die
irrespective of treatment. As a community of physicians and
scientists, we sit poised to leverage previously unavailable methods
to analyze complex physiological data, improving both clinical care
and patient outcomes. Continued exploration of quantitative
approaches to patient phenotyping and prognostication are certain
to build upon Kustermann’s work and advance the field of
resuscitation science.
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