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Introduction 
 Cardiac arrest results in a high rate of 

mortality and neurologic morbidity
 post-cardiac arrest syndrome (PCAS) 

patients 
 mortality - 30% to 69% 
 significant neurologic deficits

 Therapeutic hypothermia (TH) 
 significantly improve neurologic morbidity 

and mortality in comatose ventricular 
fibrillation (VF) patients

 standard of care

seizure
 Seizures are common after cardiac arrest

 15% and 44% of post-arrest patients.
 poor neurologic outcomes?
 an irreversibly damaged brain?
 often occur as status epilepticus 

• nonconvulsive 
• difficult to control 
• associated with higher rates of morbidity and mortality

Pre-TH
 An American Academy of Neurology practice parameter 

 Myoclonus status epilepticus (MSE)
- predictor of poor outcome (with a very low 
false positive rate)



 Continuous- EEG (cEEG) monitoring 
 recommended for comatose PCAS patients 

treated with TH
 Resource demanding

objectives 
 Determine the incidence and timing of 

epileptiform activity and electrographic 
seizures
help optimize cEEG use

 association with poor short-term neurologic 
outcomes

Methods
 Patients 

 comatose, adult (>18-yearsold), PCAS 
treated with TH 

 monitored by cEEG or frequent routine EEGs
 Date: 5/1/2005 and 1/1/2009 
 At: Hospital of the University of Pennsylvania 

(HUP) in Philadelphia, PA

Therapeutic hypothermia
 After ROSC

• infusion of 2 L. of 4 ◦C N/S by IV
• ice bags
• water-filled surface cooling wraps

 Target temperature: 33 ◦C
 Maintain: 24 h
 Given during TH: neuromuscular blocking 

agents and sedation

cEEG
 within 12h post arrest 
 Until: return to normothermia

once abnormal additional days
 interpretations by 2 

electroencephalographers (blinded)

 status epilepticus 
 seizure activity occurring for >30 min

 electrographic seizures
 epileptiform activity demonstrating frequency, 

amplitude, and/or spatial evolution occurring 
in periods of >10 s 



Results 
 41 consecutive comatose PCAS patients were 

treated with TH between 5/1/2005 and 1/1/2009
 36 pt - cEEG monitoring 

2 pt - frequent routine EEGs
 Excluded: 3 pt- only one routine EEG 

a cohort of 38 patients was included!

 Electrographic seizures : 9/38 patients (23%)
 epileptiform discharges (interictal, ictal or 

both) :17/38 (45%)

 arrest to onset of electrographic seizures :19.0 h
 arrest to onset of any epileptiform discharge : 16.9 

 5 pt of seizure patients (5/9; 56%) onset in the 
maintenance phase of TH. 

 9 Pt with electrographic seizures 
(increased EEG recording duration)
have more
 interictal epileptiform discharges
 conventional AEDs
 greater number of anesthetic and 

conventional AEDs



electrographic seizures 
 Epileptiform activity in the first hour of 

EEG 
 89% (8/9) of patients with interictal [5/9; 56%]; 

ictal [3/9; 33%]). 
 None of the patients with electrographic 

seizures had good neurologic outcome. 

 Patients with electrographic seizures were more 
likely to have withdrawal of ventilator support 

 the time from cardiac arrest to this change in 
care did not differ 

 Electrographic seizures and either inhospital 
mortality (p = 0.13) or remaining comatose (p = 
0.16) were not statistically significant

Discussion 
 Interictal and ictal epileptiform activity are fairly 

common
 within 24 h post-arrest.
 electrographic seizuresgeneralized status 
epilepticus.

 Many of the patients with electrographic 
seizures initially do not have a clinical correlate 
noted 
 most patients manifest clinical correlates with MSE 

being the most common.

incidence
 similar to the few systematic studies : 26–38% 
 Differences between seizure incidences in 

these studies are due to 
 injury severity differences
 definitions of electrographic seizure 
 EEG-monitoring timing
 EEG montages
 random error



indicator of poor neurologic 
outcome?
 Early epileptiform activity can assist in 

prognostication in the first 24–36 h post-arrest in 
comatose PCAS patients treated with TH. 

 neither highly sensitive nor sufficiently specific! 
(sensitivity 61%; specificity 92%)

 it is one of many data points that should be 
examined when considering a PCAS patient’s 
prognosis.

maintenance phase of TH!
 a common belief

 seizures occur at the rewarming phase of 
TH

 Our study 
 the majority of the pts had their first 

electrographic seizure detected while in the 
maintenance phase of TH (target 
temperature, 33 ◦C).

limitations
 seizures may began before TH initiation or 

during the induction phase of TH
 seizures may began after TH but without cEEG 

monitoring
 The median time from ROSC to cEEG initiation 

(15 h) and duration of cEEG monitoring (48 h) 
may be different

 conservative definition of electrographic seizures 
and may have underestimated their true 
incidence

 PEA and asystole as initial arrest rhythms may limit 
generalizability

 Lower the true incidence: anti-epileptic drug mask 
seizure

Conclusion
 electrographic seizures & epileptiform activity -

common cEEG findings in PCAS patients treated 
with TH

 Onset : first 24–48 h post-arrest 
 Most seizures had onset prior to rewarming

 prior interictal epileptiform activity, manifest as 
status epilepticus, 

 poor neurologic outcome
 the timing and incidence of seizures and 

epileptiform activity and their ability to predict 
neurologic outcomes are needed but not the only 
indicator

 A multimodal assessment combining NE, cEEG
findings, and somatosensory evoked potentials 
 predictive of who may awake and recover from post-

anoxic status epilepticus
 prevent premature withdrawal of care based upon a 

single predictive modality.
 more focused triaging of two categories of patients:

(1) higher probability for recovery
(2) extremely low probability for recovery
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