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Summary
Study objective—Non-convulsive seizures/status epilepticus occur in approximately 20% of
comatose, non-cardiac arrest intensive care unit (ICU) patients, and are associated with increased
mortality. The prevalence and clinical significance of seizures in comatose survivors of cardiac
arrest undergoing therapeutic hypothermia is not well described.

Methods—At this urban level I trauma center, every patient undergoing therapeutic hypothermia
is monitored with continuous video encephalography (cvEEG). We abstracted medical records for
all cardiac arrest patients treated with therapeutic hypothermia during 2010. Clinical data were
extracted in duplicate. cvEEGs were independently reviewed for seizures by two board-certified
epileptologists.
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Results—There were 33 patients treated with therapeutic hypothermia after cardiac arrest in
2010 who met inclusion criteria for this study. Median age was 58 (range 28–86 years), 63% were
white, 55% were male, and 9% had a history of seizures or epilepsy. During cooling, seizures
occurred in 5/33 patients (15%, 95%CI 6%–33%). 11/33 patients (33%, 95% CI 19%–52%) had
seizures at some time during hospitalization. 13/33 (39%) survived to discharge and of these, 7/13
(54%) survived to 30 days. 9/11 patients with seizures died during hospitalization, compared with
11/22 patients without seizures (82% vs. 50%; difference 32%, CI951%–63%). No patient with
seizures was alive at 30 days.

Conclusions—Seizures are common in comatose patients treated with therapeutic hypothermia
after cardiac arrest. All patients with seizures were deceased within 30 days of discharge. Routine
use of EEG monitoring could assist in early detection of seizures in this patient population,
providing an opportunity for intervention to potentially improve outcomes.

Keywords
Non-convulsive seizures; Seizures; Therapeutic hypothermia; Continuous EEG; Cardiac arrest

Introduction
The chance of neurologically intact survival from cardiac arrest remains low despite
significant advances in clinical care, including improved CPR and treatment with
therapeutic hypothermia. Less than half of those with return of spontaneous circulation
survive to hospital discharge, and 20–30% of survivors are neurologically devastated
(Neumar et al., 2008). With up to 300,000 cardiac arrests per year in the United States
(Neumar et al., 2008), even small improvements in post-resuscitation care would translate
into thousands of lives improved or saved each year. Patients who are successfully
resuscitated from cardiac arrest are often comatose and critically ill. A variable number of
critically ill patients with altered mental status or coma experience non-convulsive seizures
or status epilepticus (NCS), depending on the etiology. The reported incidence of NCS in
critically ill patients ranges from 8 to 60% (Towne et al., 2000; Claassen et al., 2004), and
the incidence in post-cardiac arrest patients is suggested to be between 15 and 44% (Neumar
et al., 2008; Rittenberger et al., 2012; Mani et al., 2012; Rossetti et al., 2010).

The diagnosis of NCS is challenging. It is both under-recognized and undertreated. Many
cardiac arrest patients undergoing therapeutic hypothermia are heavily sedated and
paralyzed throughout the duration of the cooling and rewarming periods. In comatose
patients, over 48 h of continuous electroencephalography (cEEG) monitoring is necessary to
achieve 90% sensitivity for detecting electrographic seizures; the sensitivity is less than 50%
for a routine 20 min EEG in the comatose ICU patient (Claassen et al., 2004). However,
widespread utilization of cEEG is limited by cost and resource availability, the need for
specialized equipment, technical support, and trained physicians to interpret the data (Kull
and Emerson, 2005).

We contend that a better characterization of the incidence of seizures and associated
outcomes in cardiac arrest patients treated with therapeutic hypothermia will lead to
increased use of cEEG monitoring, enabling early detection and treatment of seizures or
status epilepticus. Our objective was to estimate the incidence of seizures in cardiac arrest
patients undergoing therapeutic hypothermia, and to explore the association between
seizures and death.
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Methodology
Study design, setting and selection of participants

This study was conducted at an urban, academic Level 1 trauma center with greater than
90,000 annual adult visits to the emergency department. The emergency department is the
initial point of contact for the majority of patients admitted for resuscitation after cardiac
arrest. Patients were identified by primary teams in the ED or ICU, and application of
therapeutic hypothermia was performed at the discretion of the Neurocritical Care (NCC)
team. NCC specialists consulted on every patient treated with therapeutic hypothermia after
cardiac arrest, and these patients were monitored with continuous video
electroencephalography (cvEEG) from the time of initiation of therapeutic hypothermia until
the patient achieved euthermia after rewarming as a standard component of clinical care.
cvEEG monitoring could continue beyond the therapeutic hypothermia period at the
discretion of the treating team. After approval from the Institutional Review Board, we
conducted a retrospective chart review of every cardiac arrest patient 18 years old or greater
who was treated with therapeutic hypothermia between January 1, 2010 and December 31,
2010. Patients for the study were identified from the consultation logs maintained by the
Neurocritical care service.

Data collection
Participants’ charts were initially screened to ensure therapeutic hypothermia was conducted
and the patient was greater than 18 years of age. Subsequently, each chart underwent dual,
independent data review and abstraction. Chart abstractors were clinical study assistants
(CSAs) experienced in data collection and chart abstraction. The CSAs were trained by
study personnel on the format and terminology of the ED and ICU hospital records and the
abstraction methods to be used for this study. They were blinded to the purpose of this
study, and they were not involved in the care of cardiac arrest patients treated with
therapeutic hypothermia.

Each CSA initially abstracted three test charts for clinical data. The primary investigator
reviewed each abstraction and provided feedback. The CSAs then completed two further
charts and agreement was checked. Throughout the data abstraction process, the abstractors
met routinely with the investigators to review the collected data. Questions regarding
variable definitions and charting shortfalls were addressed throughout the data collection
period. After the completion of abstraction, data were compared and the principal
investigator adjudicated any discrepancies.

Abstracted data included demographic information, laboratory information, written cvEEG
reports and final patient disposition, including in-hospital mortality. Thirty-day mortality
was assessed via review of the Social Security Death Index, which occurred at least seven
months after patient discharge. Standardized abstraction forms were used with pre-specified
definitions for all fields and explicitly stated abstraction and coding rules. Missing or
unknown data points were recorded as such, and every data form had all entries completed.

The cvEEGs were independently reviewed by two epileptologists board certified in Clinical
Neurophysiology for the period of cooling, from the first recorded 34 °C temperature to the
initiation of rewarming. Epileptologists were blinded to both the initial cvEEG interpretation
and all clinical data. They were instructed to determine whether or not each participant
experienced seizures. There was good inter-rater reliability between the two blinded
epileptologists (kappa = 0.784). Two cases were discrepant for the diagnosis of seizures and
required adjudication by a third blinded epileptologist. An additional five charts were
discrepant on other EEG characteristics, and were adjudicated by the same blinded
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epileptologist. Electrographic seizures were defined as any pattern lasting at least 10 s with
one of the following criteria: (Jirsch and Hirsch, 2007).

• Repetitive generalized or focal spikes, sharp-waves, spike and wave complexes at
≥3 per second.

• Repetitive generalized or focal spikes, sharp-waves, spike and wave complexes at
≤3 per second AND significant improvement in clinical state or appearance of
previously absent normal EEG patterns temporally coupled to acute administration
of a rapidly acting anti-epileptic drug.

• Sequential, rhythmic, periodic, or quasi-periodic waves at ≥1 per second and
unequivocal evolution in frequency (increase by at least 1 per second), morphology
or location.

The primary aim of this study was to estimate the proportion of patients suffering seizures
during the cooling period, and therefore the epileptologist review of the cvEEG recordings
was limited to the cooling period. Clinical study assistants reviewed the medical record for
the entire hospital stay and documented any additional cvEEG interpretations noted in the
record. This allowed the study team to capture all documented seizures occurring during
hospitalization, and to have maximal sensitivity to seizures that occurred during the
hypothermia period. The hospital’s treatment protocol calls for all patients to be monitored
with cvEEG from initiation of therapeutic hypothermia until return to euthermia after
rewarming. Monitoring past rewarming was determined by the treating team based on
clinical indications.

Primary outcomes
The primary outcome was the presence or absence of seizures in patients undergoing
therapeutic hypothermia after cardiac arrest. Secondary outcomes included inhospital and
30-day mortality.

Data management and analysis
Study data were collected on paper case report forms and subsequently managed using
REDCap (Research Electronic Data Capture). All analyses were conducted using SPSS 21.0
for Windows (IBM Corporation, Armonk, NY). Continuous data are described using
medians and ranges. Categorical data are described using frequencies and percentages.
Fisher’s Exact Test was used to compare categorical variables. Differences in proportions
were calculated and 95% confidence intervals are used to indicate precision of the estimates.

Results
In 2010, there were 34 patients eligible for therapeutic hypothermia for whom a
neurocritical care physician completed a post-cardiac arrest consultation. One patient began
to follow verbal commands and subsequently was ineligible for the protocol. The remaining
33 patients were monitored with cvEEG and included in the study.

Median age was 58 years (range 28–86 years, interquartile range 24), 55% were male, and
64% were Caucasian (Table 1). A past history of seizure disorder or epilepsy was reported
in 3/33 (9%).

Seizures were confirmed by the blinded epileptologists in 5/33 patients (15%, CI95 6–33%).
Myoclonic status epilepticus was diagnosed in 4/5 (80%) patients with electrographic
seizures during the cooling period. cEEG monitoring was continued past the initiation of
rewarming in 21/33 patients (64%), and 13/33 (39%) had cEEG monitoring past the return
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to normothermia. During the entire hospital stay, seizures were reported in the cvEEG
medical records for an additional six patients for a total of 11/33 patients (33%, CI95 19–
52%). Seizures were treated according to local protocol.

Cooling methods to achieve therapeutic hypothermia and the sedative and paralytic
medications administered during hypothermia and rewarming are shown in Table 2. Thirty
of 33 participants (90.9%) received sedation with midazolam, lorazepam or propofol. One
patient did not have any medications documented. The median interval from cardiac arrest
to initiation of cvEEG monitoring was 7 h (range 3–26 h IQR 3).

Outcomes are shown in Table 3. Thirteen of 33 participants (40%) survived to discharge. Of
these, 7/13 (54%) survived to 30 days. Patients with a seizure during the cooling period were
not more likely to die than those without a seizure during hospitalization (60% vs. 61%;
difference – 1%, CI9547% – 46%). Similarly, patients with any seizure were not more likely
to die than those without a seizure during hospitalization (82% vs. 50%; difference 32%,
CI951% – 63%). However, no patient with seizures was alive at 30 days, and patients with
any seizure were more likely to die within 30 days than those without a seizure (100% vs.
68%; difference 32%, CI9512% – 51%).

Discussion
These data suggest that seizures occur in up to 1 in 3 patients during the cooling period and
the subsequent hospitalization after treatment with therapeutic hypothermia. This study was
conducted in a single, urban, academic hospital. Whether the results are generalizable
beyond this setting is unknown, although the incidence of seizures observed here is similar
to that previously reported in the literature (8–60%) (Rittenberger et al., 2012; Towne et al.,
2000; Claassen et al., 2004; Mani et al., 2012; Rossetti et al., 2010; Crepeau et al., 2013).

The incidence of seizures we detected was despite the antiepileptic effect of intravenous
benzodiazepine or propofol, which were used for sedation in 91% of the patients; the
incidence of seizures might be higher in an unmedicated population. There are several
hypotheses regarding the mechanisms of seizures despite continuous intravenous sedation,
ranging from failure of the blood–brain barrier to medication resistance of the seizures
(Marchi et al., 2011). We have additionally shown the propensity for seizures during the
cooling period itself, which refutes prior suggestions that seizures are limited to the
rewarming period after therapeutic hypothermia. We do note that while cvEEG was initiated
very quickly, with a median time from return of spontaneous circulation to cvEEG initiation
of 7 h, it is possible that earlier seizures might have occurred. Further work should consider
the importance of earlier initiation of hypothermia (and overall cooling duration) and time to
cvEEG monitoring to improve outcomes.

Increased duration of seizures is associated with increased mortality (Towne et al., 1994).
Amongst all types of seizures, if a patient seizes for less than 10 h, mortality is reported to
be less than 10%; if seizures continue for greater than 20 h, the mortality rises to over 85%
(Towne et al., 1994). Earlier diagnosis also portends improved outcomes. If the diagnosis is
made in less than ½ an-hour from ictus, mortality is as low as 36%. For a diagnosis made
over 24 h from ictus, mortality can be over 75% (Young et al., 1996). Our results suggest
early cvEEG monitoring, including during the cooling period, might be beneficial.

In the patients with seizures, the documented down time was longer, and the rate of
pulseless electrical activity (PEA) was higher. This could additionally explain differences in
mortality, suggesting seizures were a result of a higher rate of brain injury in this group of
patients, and not the cause.
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As more studies demonstrate the frequent occurrence and poor outcome of seizures in post-
cardiac arrest patients (Rittenberger et al., 2012; Mani et al., 2012; Crepeau et al., 2013),
developing effective treatments becomes critical. cvEEG allows for the detection of
electrographic seizures, and thus prompting treatment of what would be otherwise go
unrecognized. In one study, cEEG monitoring led to a change in antiepileptic use in 52% of
patients, with initiation of therapy in 14% (Kilbride et al., 2009). As yet, there is little
evidence to suggest preferred treatment options. In this study, 30-day mortality for patients
who experienced seizures was 100%. Management of seizures and implementation of end-
of-life care was not controlled and it is certainly the case that seizures post cardiac arrest,
particularly myoclonic status epilepticus, has traditionally been viewed as a herald of poor
outcome. Rather than incorporating such findings as a self-fulfilling prophecy, we
recommend early diagnosis of seizures post cardiac arrest as the first step toward treatment
to ameliorate the devastating consequences. It might even be conjectured that making a
diagnosis of seizures could inform end of life decision-making. Families faced with the
decision to withdraw care might be inclined to opt for ongoing life-support and treatment if
the patient’s neurologic devastation is a result of potentially treatable seizures rather than a
cardiac arrest related anoxic brain injury.

The results should be tempered by the limitations inherent in the study design. Although
rigorous chart review methods were used, the study is nonetheless limited by the nature of
clinical documentation, including missing data, error and inconsistency. The absence of a
standardized EEG protocol after the rewarming period is an additional limitation,
particularly given the number of seizures noted after the hypothermia period. The small
sample size also suggests the need to replicate these findings, particularly in order to support
the remarkably high 30-day mortality in patients who experienced seizures. This is higher
than previously published reports (Rittenberger et al., 2012; Mani et al., 2012; Rossetti et al.,
2010), and supported in a recent study (Crepeau et al., 2013), which suggests that
identification and treatment of seizures may be more important than realized.

Conclusions
In this study, seizures occurred in one of every three cardiac arrest patients treated with
hypothermia and were associated with increased mortality. Seizures were observed during
cooling as well as after rewarming. Applying cvEEG early in the course of care for these
patients is recommended to enable earlier diagnosis. Optimized treatment options for
seizures might then decrease the high morbidity and mortality associated with cardiac arrest.
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Figure A1.
EEG example showing 2–4 Hz continuous generalized spike and wave.
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Figure A2.
EEG showing 6 Hz bifrontal maximal electrographic seizure lasting for 12 s.
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