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Abstract

Background: Epileptiform activity is common after cardiac arrest, although intensity of
electroencephalographic (EEG) monitoring may affect detection rates. Prior work has grouped
these patterns together as “malignant,” without considering discrete subtypes. We describe the
incidence of distinct patterns in the ictal interictal spectrum at two centers and their association
with outcomes.

Methods: We analyzed a retrospective cohort of comatose post-arrest patients admitted at two
academic centers from January 2011 to October 2014. One center uses routine continuous EEG,
the other acquires “spot” EEG at the treating physicians’ discretion. We reviewed all available
EEG data and classified epileptiform patterns. We abstracted antiepileptic drugs (AEDs)
administrations from the electronic medical record. We compared apparent incidence of each
pattern between centers, and compared outcomes (awakening from coma, survival to discharge,
discharge modified Rankin Scale (mRS) 0-2) across EEG patterns and number of AEDs
administered.

Results: We included 818 patients. Routine continuous EEG was associated with a higher
apparent incidence of polyspike burst-suppression (25% vs 13% P <0.001). Frequency of other
epileptiform findings did not differ. Among patients with any epileptiform pattern, only 2/258
(1%, 95%CI 0-3%) were discharged with mRS 0-2, although 24/258 (9%, 95%CI 6-14%)
awakened and 36/258 (14%, 95%CI 10-19%) survived. The proportions that awakened and
survived decreased in a stepwise manner with progressively worse EEG patterns (range 38% to
2% and 32% to 7%, respectively). Among patients receiving =3 AEDs, only 5/80 (6%, 95%CI 2—
14%) awakened and 1/80 (1%, 95%CI 0-7%) had a mRS 0-2.
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Conclusion: We found high rates of epileptiform EEG findings, regardless of intensity of EEG
monitoring. The association of distinct ictal-interictal EEG findings with outcome was variable.
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injury

Introduction

More than 125,000 Americans are treated in the hospital after successful resuscitation from
cardiac arrest (CA) annually.[1] Brain injury is the major determinant of outcomes in this
cohort: most non-survivors die after life-sustaining therapy is withdrawn because of
perceived poor neurological prognosis.[2, 3] Among survivors, neurological disability is
common and associated with long-term mortality and reduced quality of life.[4, 5]
Electroencephalographic (EEG) findings on the ictal-interictal spectrum develop in up to
one-third of comatose post-arrest patients and are associated with worse outcomes.[6-8]
These pathological EEG findings range from convulsive seizures to non-periodic
epilepitiform discharges, and likely vary in both the severity of the preexisting brain injury
they reflect and their potential to cause secondary brain injury.[9]

The differential association of distinct patterns on the ictal-interictal spectrum, such as
periodic or polyspike-wave discharges, with outcomes has not been rigorously explored.
Most previous literature has aggregated any epileptiform discharges together as “malignant
(or epileptiform),[10-15] “highly-malignant,”[12, 13, 16] or considered well-defined
subtypes of epilepitiform activity such as generalized periodic discharges or burst
suppression with identical bursts.[17-19] Guidelines describing the prognostic role of EEG
have focused on characteristics of the EEG background, such as suppression, reactivity and
continuity, and development of frank seizures.[20] The significance of other potentially less
ominous patterns is uncertain.

There are several common approaches to EEG monitoring, potentially limiting the
generalizability of single center reports of post-arrest EEG. EEG can be monitored
continuously (cEEG) or in brief 20-30 minute “spot” recordings. Further, EEG may be
applied routinely to all high-risk patients above some pre-specified prevalence threshold
(e.g. all those who are comatose after resuscitation) or obtained only based on clinical
suspicion for seizure. Intensity of monitoring may affect the apparent incidence of
epileptiform patterns. We describe the incidence of patterns in the ictal-interictal spectrum
identified at two centers using different, clinically reasonable EEG monitoring strategies: 1)
routine cEEG and 2) clinician-driven 30-minute spot EEG. We describe the association
between EEG patterns and survival, awakening from coma, and functional impairment at
time discharge from the hospital.

Resuscitation. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Faro et al. Page 3

Methods
Study Population and Setting

The University of Pittsburgh Institutional Review Board approved all aspects of this study
with a waiver of informed consent. We performed a retrospective cohort analysis of
comatose CA survivors admitted to intensive care units (ICU) at two academic centers from
January 2011 to October 2014.

At Center 1, the Pittsburgh Post-Cardiac Arrest Service coordinates a comprehensive bundle
of post-arrest care, as has been previously described in detail, which includes routine cEEG
monitoring and standardized AED treatment of EEG patterns on the ictal-interictal
spectrum.[4, 21] We administered AEDs sequentially to suppress these patterns, except for
rare or occasional non-periodic epileptiform discharges, which we did not treat.[21, 22]
Details of cEEG acquisition, interpretation and AED treatment at Center 1 during the study
period can be found in [21]. We continued antiepileptics being administered antecedent to
cardiac arrest (for example, home medications) after arrest regardless of EEG observations.
Typically, we wean anesthetic infusions around day 3 to facilitate multimodal neurological
prognostication without pharmacological confounders. During the study period, we treated
patients with targeted temperature management to 33°C for 24 hours, followed by slow
rewarming at 0.25°C/hr to normothermia.

Center 2 is a tertiary referral care center that also treats a high volume of post-arrest patients,
but at which cEEG monitoring was not performed during the study period. Intensivists at
Center 2 obtain spot EEG if there is clinical suspicion for seizures, but spot EEG can
typically be obtained at most once per day per patient. AEDs are administered at the
discretion of the treating clinician and are sometimes given based on clinical observations
(for example, myoclonic jerks) rather than based on EEG. The same critical care physician
group staffs both Centers’ ICUs.

Data Collection

We maintain a prospective registry for the purposes of quality improvement and clinical
research at both centers. From this, we obtained patient demographics including age, sex,
shockable initial rhythm, arrest location (out-of-hospital cardiac arrest (OHCA) or in-
hospital cardiac arrest (IHCA)), and early post-arrest illness severity (Pittsburgh Cardiac
Arrest Category, PCAC). The PCAC is a validated clinical prediction tool that stratifies post-
arrest patients into four levels based on neurological examination and cardiopulmonary
dysfunction in the first 6 hours following CA.[23, 24] PCAC | patients are by definition
awake and do not undergo EEG monitoring at either center, and were therefore excluded
from our analysis. Outcomes included (1) whether or not the patient awakened from coma,
which we defined as the ability to consistently follow verbal commands, (2) survival to
hospital discharge, hospital length of stay, and (3) modified Rankin Scale score (mRS) of 0
to 2 at hospital discharge.[25]

We reviewed each patient’s available EEG data and classified the worst observed pattern on
the ictal-interictal spectrum for each day. We based the ordering of these patterns on
previously published schema that considered the association of various epileptiform
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transients with secondary injury and mortality in brain injured patients.[9, 26] Based on
previous studies of EEG for prognostication after cardiac arrest and American Clinical
Neurophysiology Society (ACNS) consensus terminology, we categorized EEGs as: nothing
epileptiform; non-periodic epileptiform discharges; periodic discharges (both generalized
and other); polyspike-wave discharges; or seizures.[14, 19, 21, 22, 27] We abstracted from
the electronic medical record all AEDs and sedative medications that were administered,
including medication name, dosage, route, and timestamp(s) of administration. In our main
analysis, we did not consider propofol or midazolam to be AEDs, since in our setting these
are routinely administered for routine sedation. However, since they have well-documented
antiepileptic properties, in a preplanned secondary analysis, we reanalyzed our data with
these agents included.

Statistical analysis

Results

We used descriptive statistics to summarize population characteristics and outcomes. We
used Fisher’s exact tests to test the overall association of each EEG finding and total number
of AEDs administered with patient outcomes (awakening from coma, survival to discharge,
and discharge with mRS 0-2), and calculated binomial confidence intervals around each
proportion. We performed sensitivity analyses testing the association between AED
administration and outcome after adding propofol, midazolam, then both to the total AED
count. We used logistic regression models to test for an interaction between treating center
with the predictors and outcomes of interest described above. We used Stata version 14.2
(StataCorp, College Station, TX) for all analyses.

A total of 818 comatose post-arrest patients were admitted during the study period (513 at
Center 1 and 305 at Center 2). Patients at Center 1 were younger and more likely to have
arrested out-of-hospital, while Center 2 subjects had a higher initial illness severity (Table
1). At Center 1, a higher proportion of patients survived, awakened from coma, and had
mRS 0-2 at time of discharge. Overall, 229 subjects (28%) awakened from coma after a
median of 2 [interquartile range (IQR) 1 to 5] days, 120 (15% overall, 53% of survivors)
were discharged to home or acute rehabilitation, and 54 (7% overall, 24% of survivors) were
discharged with mRS 0-2. Patients treated at Center 1, where cEEG is obtained routinely,
were more intensively monitored (median [IQR] 2 [0 — 3] days of cEEG versus 0 [0 — 1]
days of spot EEGs at Center 2) (Table 2). In parallel, Center 1 detected more patterns on the
ictal-interictal spectrum (P <0.001) (Figure 1), driven primarily by increased detection of
polyspike bursts with or without associated myoclonic jerks (P <0.001). Among patients
where EEG was never checked, only 34 (21%) survived to discharge at Center 2 while 82
(55%) survived to discharge at Center 1. At Center 1, reasons why cEEG was not obtained
were non-survivable cerebral edema or herniation on initial brain imaging (65 subjects, 44%
of cases with no cEEG), rapid awakening (52 subjects (21%)), with the remaining 52 cases
(10% of overall cohort) not obtained because of delayed transfer to our facility, prior
advanced directives, or lack of cEEG equipment availability. Patients at Center 1 received
more intensive AED treatment (Figure 2, Table 2). Table 3 depicts the number of AEDs used
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for each category of ictal pattern, which is further stratified by Center in Supplemental Table
3.

Worst EEG pattern over 5 days and number of AEDs administered were associated with
awakening from coma, survival to discharge and functional outcome at discharge (Figures 1
and 2, Supplemental Tables 1 and 2). Among patients with any detected pattern on the ictal-
interictal spectrum, only 2/258 (1%, 95%CI 0 — 3%) had mRS 0-2 at discharge, although
24/258 (9%, 95%CI 6 — 14%) awakened from coma and 36/258 (14%, 95%CI 10 — 19%)
survived to hospital discharge. These proportions were lower than rates of awakening,
survival and favorable discharge mRS in the whole cohort (P <0.01). The proportion of
patients that awakened from coma and the proportion surviving to hospital discharge
decreased in a stepwise manner with progressively worse EEG patterns (Figure 1,
Supplemental Table 1). Four patients with polyspike-wave discharges awakened from coma.
In review of these recordings, these patients all exhibited polyspikes superimposed on
continuous EEG background activity. By contrast, the remaining patients had polyspike
discharges superimposed on a suppressed background (burst suppression with identical
bursts[18, 19]) and did not recover from coma. Center did not modify the relationship
between worst EEG pattern and outcome.

Total number of AEDs was negatively associated with awakening, survival and mRS 0-2 at
discharge (Figure 2). Among patients who received three or more AEDs, only 5/80 (6%,
95% confidence interval (Cl) 2 — 14%) awakened from coma and only 1/80 (1%, 95%CI 0 —
7%) was discharged with mRS 0-2. Center did not modify the relationship between number
of AEDs administered and outcome. Adding propofol and/or midazolam to the total AED
did not change the overall pattern of the relationship (Supplemental Table 2).

Discussion

Our major finding is that post-arrest patient outcomes differ substantially based on severity
of ictal-interictal patterns identified by EEG. Epileptiform patterns are detected commonly
in this population, regardless of monitoring strategy used. Refractoriness to therapy, as
approximated by the number of AEDs administered, portends worse outcomes. These
findings were consistent across two centers with very different approaches to EEG
monitoring and AED treatment, supporting the generalizability of our results to other
settings.

We do note a difference in the frequency of epileptiform EEG patterns detected depending
on the monitoring strategy that was used. Among the critically ill, most patterns on the ictal-
interictal spectrum have no clinical correlate, necessitating EEG monitoring for detection.
[28] Since these patterns may be intermittent, spot EEG monitoring is insensitive compared
to cCEEG.[29] The largest difference we observed was in detection of polyspike discharges.
Approximately half of patients who have polyspike bursts of activity on a suppressed
background have associated myoclonic jerks,[19] so it may be that at Center 2 these patients
were diagnosed based on physical exam rather than EEG. However, outcome from post-
anoxic myoclonus varies substantially by underlying EEG pattern and some patients enjoy
favorable recoveries.[19] Because awakening after Lance-Adams variant post-anoxic

Resuscitation. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Faro et al.

Page 6

myoclonus tends to be delayed for several weeks post-arrest, expectant management based
on physical examination alone many not be sufficient to guide care.[19] Thus, even in the
subgroup of patients with myoclonus, identification of specific patterns may alter treatment
or prognostication. More generally, the differential detection rates we found across the two
Centers supports that cEEG is more sensitive for detection of epileptiform transients. The
variable association of these patterns with outcome suggests that their observation may
inform prognostication, although the clinical importance of treating such patterns remains
uncertain and is not addressed by our results.

We found that rates of awakening and functionally favorable recovery are near zero in the
cohort of patients requiring treatment with three or more anticonvulsants. Although we
included over 800 subjects, the number of patients receiving multiple AEDs was insufficient
to make precise or stratified estimates of outcome (for example, association of AED
treatment intensity with outcomes within subtypes of EEG patterns). Rates of favorable
recovery in patients requiring three or more AEDs are low, potentially tempering enthusiasm
to embark on a course of aggressive suppression of these patterns. It is unknown whether
treating these patterns improves the chances of survival or quality of recovery. Post-anoxic
generalized periodic discharges (GPDs), for example, are common in comatose post-arrest
patients. But, it is unclear whether GPDs worsen secondary brain injury or if they are simply
epiphenomena of injury,[9, 30, 31] though higher frequency GPDs have been associated
with brain tissue hypoxia similar to that observed during seizures.[32] It is important to
emphasize that our work simply demonstrates the association of number of AEDs
administered with outcome. We presume that AEDs were given based on clinical need and
describe this association as an estimate of refractoriness of patients’ EEGs to treatment. Our
data do not address whether AED treatment or cCEEG monitoring improves care or patient
outcomes, a question that can only be resolved through a clinical trial. Collinearity between
center and treatment strategy raises the potential for unmeasured confounders to have
influenced care and outcomes in unmeasured ways. We and others have observed long-term
good functional recovery after cardiac arrest complicated by refractory status epilepticus
requiring multiple AEDs to control, and caution against therapeutic nihilism. Faced with
difficult-to-control patterns on the ictal-interictal spectrum our data can support a more
informed risk-benefit discussion with patients and providers and selection of a treatment
plan consistent with the individual patient’s values and preferences.[33]

A large proportion of patients receiving AEDs had no EEG monitoring or no epileptiform
activity on EEG (51% of those receiving one AED, 23% of those receiving 2 AEDs, and 6%
of those receiving 3+ AEDSs). In some cases, patients were receiving AEDs at the time of the
arrest and the agent was simply continued. However, a number of patients at Center 2
received AEDs based on clinical suspicion for seizure (e.g. clinically observed myoclonus)
despite no evidence of epileptiform activity on prior EEGs. The value of AEDs in this
situation is uncertain. Likewise, AEDs were commonly administered to patients with
polyspikes, the majority of whom had burst suppression with identical bursts. This EEG
pattern is usually refractory to AED treatment, as reflected by the fact that patients with
polyspike bursts comprised 65% of cases where 3+ AEDs were administered.[19] Data are
needed about which EEG patterns and clinical correlates may benefit and which patterns are
futile or inappropriate to treat.
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While seizure suppression may prevent or minimize some types of secondary neurological
injury, AEDs also have well characterized toxicities that may include hypotension,
bradyarrhythmias, metabolic encephalopathy and depressed mental status that could prolong
mechanical ventilation or increase ICU length of stay.[34-36] Although newer AEDs such
as levetiracetam and lacosamine are better tolerated by critically ill patients, brain-injured
patients treated with multiple AEDs may still develop a depressed level of consciousness.
[37, 38] Whether treatment of epileptiform EEG patterns after cardiac arrest improves
outcomes can only be tested in a clinical trial, and our results suggest that inclusion in such a
trial should be limited to, or stratified by, specific patterns which have distinct physiological
and prognostic significance. Nevertheless, our data may inform clinicians and families in
discussions to choose the appropriate aggressiveness of care in these patients.

Our study has several important limitations. Our primary outcomes were survival,
awakening, and functional outcome at hospital discharge. Because clinical providers
recommending withdrawal of life-sustaining therapy based on perceived poor prognosis
were not blinded to EEG results, self-fulfilling prophecies may have developed. Specifically,
because prior literature has suggested that certain EEG patterns are particularly ominous
after cardiac arrest (for example, polyspike bursts associated with myoclonus or
electroencephalographic seizures), observation of these patterns may have prompted
limitations of care that artificially increase mortality in these subgroups. In the absence of
blinded neurological prognostication or data derived from countries or cultures where these
limitations in care are rare or prohibited, all associations of clinical data with outcome must
be interpreted with caution.

Because neurological and physical recovery continues after hospital discharge, the
proportion of patients with functionally favorable recovery outcomes at discharge likely
underestimates the proportion that will ultimately enjoy favorable recovery after
rehabilitation and time.[39] Indeed, the proportion of patients discharged with poor mRS is
higher than that described in large prospective studies.[40] In our local system of care,
patients are typically discharged from their acute hospitalization when they are able to
ambulate and provide self-care with assistance, if not sooner. Because discharge is timed in
part based on the degree of observed functional recovery, this outcome must be interpreted
with caution. Although cEEG provides around-the-clock monitoring of cortical activity,
records may not be interpreted until after the EEG has been completed, resulting in the
potential for AED administration to be delayed. Consequently, the impact of cEEG on
outcomes from certain subgroups of patients with treatable abnormal EEG patterns may not
reflect the maximum benefits of real-time monitoring. Although based on previously
published literature,[9, 26] our classification system of “worse” EEG pattern by day may not
be the most appropriate way to summarize these data. In the critical care population and
after cardiac arrest specifically, EEG changes dynamically over time.[14, 21, 41] Multiple
epileptiform transients may be present on any single day, and not just EEG pattern but also
the overall burden of each pattern, treatment intervention, and underlying organic substrate
may be clinically relevant.[9, 42] Current methods to classify these complex, temporally
dynamic phenomena, including our own, are likely imperfect and this area well-suited to
ongoing research.
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In conclusion, we find high rates of epileptiform EEG findings after cardiac arrest,
regardless of intensity of EEG monitoring the association of electroencephalographically
distinct patterns on the ictal-interictal spectrum is variable. Continuous monitoring may
facilitate more aggressive AED therapy, but whether AEDs improve patients’ outcomes
cannot be determined from observational data. Refractory epileptiform activity, as indicated
by treatment with three or more AEDs is associated with poor outcome. Our results suggest
that both nuanced EEG interpretation and consideration of intensity of AED therapy are
important indicators that can be used to inform prognostication.
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The rate at which patterns on the ictal-interictal spectrum are detected differs by monitoring

strategy, however the association of these patterns with outcomes does not.
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Figure 2:

Electroencephalographic monitoring strategy is associated with the total number of

Percentage of patients

Awakened from coma

Overall survival

Discharge mRS 0-2

80+
I Routine cEEG
60+ Clinician-driven spot EEG
404
204
Al B BN F
N N a oy

Total AEDs administered

S S e
o w IS

=

o
c

0 1 2 3+

Total AEDs administered

0.4+

0.3

0.2+

0.0 T T T T
0 1 2 3+

Total AEDs administered

0.15

0.10

0.05

0.00 T T T T
0 1 2 3+

Total AEDs administered

Page 12

antiepileptic drugs (AEDs) administered. Patients receiving more AEDs experienced worse

outcomes.
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