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Objective: To investigate the temporal development of electroencephalogram (EEG) and prognosis. Methods: Prospective
observational substudy of the Target Temperature Management trial. Six sites performed simplified continuous EEG moni-
toring (cEEG) on comatose patients after cardiac arrest, blinded to treating physicians. VWe determined time points of recovery
of a normal-voltage continuous background activity and the appearance of an epileptiform EEG, defined as abundant epi-
leptiform discharges, periodic/rhythmic discharges, or electrographic seizure activity. Results: One hundred thirty-four
patients were included, of which 65 had a good outcome. Early recovery of continuous background activity (within 24
hours) occurred in 72 patients and predicted good outcome since 55 (76%) had good outcome, increasing the odds for a good
outcome 7 times compared to a late background recovery. Early appearance of an epileptiform EEG occurred in 38 patients
and 34 (89%) had a poor outcome, increasing the odds for a poor outcome 6 times compared to a late debut. The time to
background recovery and the time to epileptiform activity were highly associated with outcome and levels of neuron-specific
enolase. Multiple regression analysis showed that both variables were independent predictors. Conclusions: Time to epi-
leptiform activity and background recovery are independent prognostic indicators. SIGNIFICANCE: Patients with early

background recovery combined with late appearance of epileptiform activity may have a good outcome.

Commentary

Neurologists are frequently called upon to prognosticate the
outcome of a patient after cardiac arrest (CA). The need for
such prognostication cannot be overstated: families are anxious
to know whether their loved one will get better; care teams are
eager to decide how “aggressive” their treatment approach
should be; and hospitals, insurance providers, and the commu-
nity at large is concerned about escalating health-care costs in
the final days of life. Moreover, the prognosis is being
demanded earlier and earlier despite institution of many
therapeutic measures in recent years that may improve
survivability.

The American Academy of Neurology published a Practice
Parameter on predicting outcome in survivors of CA in 2006."
Absent pupillary light responses or corneal reflexes; extensor
posturing or no response to pain; myoclonus status epilepticus
(SE); absent cortical waveforms (N20) of median nerve soma-
tosensory evoked potentials; and serum neuron-specific eno-
lase levels >33 pg/L were thought to be reliable predictors of
poor outcome 3 days after CA. The Practice Parameter also
noted that an electroencephalogram (EEG) showing

generalized suppression (<20 pV), burst-suppression pattern
with generalized epileptiform activity, and generalized peri-
odic discharges were highly, but not invariably, associated with
poor outcome. However, at the time this Practice Parameter
was published, therapeutic hypothermia (TH) was not routinely
used and descriptions of EEG patterns seen in critically ill
patients were not standardized. With the increasing use of
TH, availability of continuous EEG monitoring (cEEG) and
better definition of EEG terminology, a reappraisal of the role
of EEG in prognostication is necessary.

A new study by Westhall and colleagues reports on cEEG
data in 134 patients enrolled in the Targeted Temperature Man-
agement (TTM) trial. They found that recovery of continuous
normal voltage (>20 puV) EEG activity at 24 hours after CA
was associated with a good outcome in 55 of 72 patients (pos-
itive predictive value [PPV] of 76%). If continuous normal
background appeared between 36 and 60 hours, 21 of 31
patients had a poor outcome (PPV of 68%). Appearance of
epileptiform activity (including abundant epileptiform dis-
charges, periodic or rhythmic discharges, electrographic sei-
zures or SE) within 24 hours was associated with poor
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outcome, seen in 34 of 38 patients with this pattern (PPV of
89%). If the epileptiform activity occurred after 24 hours,
patients were less likely to have a poor outcome (16 of 28
patients, PPV 57%). The background activity and presence of
epileptiform activity were independent predictors of outcome.
The degree of hypothermia did not affect these findings.This
study provides a unique perspective as it evaluated a subgroup
of patients enrolled in a larger prospective, controlled trial that
randomized unconscious patients with out of hospital CA of
presumed cardiac cause to 33°C versus 36°C control tempera-
ture and reported no differences in mortality or neurocognitive
function (Nielsen et al, 2013.]. Continuous EEG monitoring
was obtained, but its interpretation was not provided to the
clinicians caring for the patients and consequently was not used
to determine whether withdrawal of life-sustaining therapy
(WLST) should be instituted. Rather, WLST was based on
predetermined criteria that did not include EEG results. In
many previous studies, clinicians were not blinded to EEG
interpretation, leading to concerns that the EEG results were
a “self-fulfilling prophecy.” The EEGs were analyzed in pre-
determined time intervals up to 60 hours following CA and
interpretations followed standardized criteria and nomencla-
ture proposed by the American Clinical Neurophysiology Soci-
ety.? This allowed reporting of evolving findings in a reliable
and reproducible manner. This study, however, evaluated only
134 of the 939 patients enrolled in the TTM trial. Only 6 of the
sites participated in this sub study of the TTM trial, and of
these, 2 sites had no prior experience with cEEG. Most patients
were enrolled from the 4 sites that had experience. In all sites, a
limited 6-channel EEG was used for cEEG. The authors also
note that while they tried to withhold results of the EEG from
the treating clinicians, sometimes technical problems or clin-
ical convulsions made it challenging to do so. In addition, the
analyses performed in the paper were only designed to inves-
tigate the prognostic relation between development of back-
ground and epileptiform activity, rather than to establish
reliable outcome predictors. While these limitations are impor-
tant to note, this study helps update our knowledge on how to
use cEEG in prognosticating outcome in patients with CA
undergoing TH.

Previous studies have also noted similar findings. Many
EEG findings can be very helpful in accurate prognostication
even in the TH era:

e Suppressed or very low-amplitude (<20 pV) EEG 24
hours after CA has consistently been associated with
poor prognosis, with many studies demonstrating a false
positive rate of 0%.%¢

e Epileptiform activity, including spikes, periodic dis-
charges, electrographic seizures, stimulus-induced
rhythmic, periodic, or ictal-appearing discharges, and
SE, has traditionally been associated with poor out-
comes.”® The study by Westhall and colleagues also
supports this view. This is particularly the case if the
seizures arise from a burst-suppression background.’
However, some patients being treated with TH that have

electrographic seizures have had a favorable out-
come.*'? This is more likely if the seizures arise from
an EEG background that is continuous and reactive.

e Burst-suppression pattern is often associated with poor
outcome.>>'! It is most reliable as a predictor of poor
outcome when it occurs after return to normothermia.*
While undergoing TH, some patients may have a burst-
suppression pattern that improves upon rewarming. The
initial 500 ms of the bursts may provide a clue; if the
start of the bursts is similar (“identical bursts”), the pat-
tern is more likely to be associated with poor outcome
regardless of whether it occurs during or after TH.'?

e Nonreactive EEG is very often associated with poor
outcome, but for this finding to be most reliable, it
should be checked after rewarming.®>~> During TH, some
patients may have a nonreactive EEG, only to improve
with normothermia.* Studies typically do not describe
how reactivity testing was performed, however.

e Alpha and theta coma patterns are associated with poor
outcomes.'® These patterns are often associated with a
nonreactive EEG. Non classical alpha coma patterns that
do not have an anteriorly dominant, nonreactive alpha
frequency may not have the same unfavorable prognosis.'*

e Spindle coma and rhythmic delta activity when seen in
comatose patients after CA has a more favorable prog-
nosis, with poor outcomes occurring in 23% and 43% of
patients, respectively. 13

e Continuous background EEG activity (>20 uV) in the
first 24 hours after CA is associated with a favorable
outcome.' !

Prognosticating the outcome of coma after CA is aremarkable
responsibility. The consequences of an inaccurate prediction are
severe, especially if an inappropriately unfavorable prognosis is
given. Despite the use of TH, EEG, and especially cEEG remain
very useful tools to aid in prognostication. Advances in quantita-
tive EEG analysis are likely to enhance the value of this important
test. However, this is only one of several tools at the disposal of
the neurologist when looking into the crystal ball and trying to
predict the future; the neurologic exam and other ancillary tests
also remain very helpful in this important endeavor.

By Aatif M. Husain
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