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Abstract 

 

Introduction 

Postanoxic status epilepticus (PSE) occurs in 9-35% of comatose patients after 

cardiopulmonary resuscitation (CPR). About 90-100% of these patients have a poor 

neurologic outcome. However, some patients recover, often after prolonged intensive 

treatment. The aim of this study was to investigate the clinical features and outcome of 

patients with a PSE, treated according to a prolonged intensive protocol.   

 

Methods 

This two-center study included adult patients after CPR with an electroencephalographic 

or a clinical PSE. Treatment consisted of the stepwise administration of benzodiazepines 

and anti-epileptic drugs (AEDs), and the induction of burst-suppression 

electroencephalogram (BS-EEG) with propofol (and midazolam) and barbiturates. Primary 

outcome measure was poor neurologic outcome, defined as death or vegetative state 

after 6 months.  

 

Results 

Between May 2007 and January 2012, 36 patients were treated according to the protocol. 

In 89% (32/36) PSE was diagnosed or confirmed on the EEG. The majority (25/36, 69%) 

received more than 1 AED. In 16/36 patients (44%) a BS-EEG was induced. After six 

months, two patients (6%) had a good neurologic outcome. 

 

Conclusions 

Good neurologic outcome in patients with PSE is possible, but extensive treatment might 

be needed to be successful. Until today only about 6% of patients recover. No specific 

clinical characteristics which predict a good outcome were found. Future studies should 

investigate which patient characteristics and additional diagnostics can help to identify the 

patients which will benefit most from such an extensive therapy.   
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Introduction 

 

Many patients remain unconscious after successful cardiopulmonary resuscitation (CPR) 

due to brain damage caused by hypoxemia. Postanoxic status epilepticus (PSE) occurs in 9-

35% of these patients and may contribute to the comatose state
1-3

. This condition is often 

a sign of extensive brain damage and 90-100% of the patients with a PSE have a poor 

neurologic outcome. However, some patients show a good recovery, often after 

prolonged intensive treatment
2,4,5

. In the Netherlands, a recent survey showed that almost 

all (95%) physicians at the intensive care unit (ICU) would start anti-epileptic drugs (AEDs) 

when PSE was diagnosed on either clinical grounds or on the electroencephalogram 

(EEG)
6
. About one third of the respondents would also treat more aggressively and induce 

a pattern of burst-suppression on the EEG if needed. Some respondents mentioned they 

would withdraw supportive treatment if PSE was diagnosed.  

 

Evidence based guidelines for treatment of PSE are lacking and uncertainty exists among 

clinicians on what to do with this condition
7
. We developed a local protocol with an 

intensive treatment regimen. The aim of this study was to investigate the clinical features 

and outcome of patients with a PSE, treated according to this prolonged intensive 

protocol.   

 

Methods 

 

This study was performed in two Dutch mixed medical-surgical ICUs of one university-

affiliated and one large teaching hospital. The cohort included adult patients, admitted to 

the ICU after CPR, who had a clinically and/or electroencephalographically diagnosed 

status epilepticus and no exclusion criteria. Indication for performance of an EEG and 

diagnosis of clinically PSE was on discretion of the treating physicians. Exclusion criteria 

were status myoclonus (defined as extensive myoclonus in the face and limbs), presence 

of a non-neurologic reason to withdraw treatment, known allergy for one of the AEDs in 

the protocol, pre-existing diseases with a life expectancy of less than 6 months or severe 

disability before CPR. The research protocol was approved by the ethics committee of the 

Academic Medical Center. No informed consent from the patient or legal representatives 

was needed to participate in this study, as a standard treatment protocol for status 

epilepticus was used.  

  

Neurologic examination around the time of diagnosed PSE consisted of the Glasgow Coma 

Scale and brainstem reflexes. Determination of a status epilepticus could be either clinical 
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and/or on EEG. Time of diagnosis was defined as time of administration of the first dose of 

AEDs. 

 

A flow chart of the treatment protocol is shown in Figure 1. First, patients identified to 

have PSE were treated with phenytoin and a benzodiazepine. If this treatment was 

unsuccessful, a second AED (valproic acid or levetiracetam) was added and a burst-

suppression EEG (BS-EEG) was induced for 24 hours with intravenous administration of 

propofol. The maximum dose of propofol was 8 mg/kg/hour, as higher doses increase the 

risk of propofol infusion syndrome
8
. If necessary, intravenous midazolam was added to 

reach the BS-EEG. When the PSE returned after 24 hours of burst-suppression and 

subsequent discontinuation of propofol (and midazolam), BS-EEG was induced for 72 

hours with a barbiturate (pentobarbital or thiopental). EEGs were performed at different 

time points during the entire treatment protocol. Often, continuous EEG monitoring was 

applied during induction of BS-EEG. Serum levels of AEDs and barbiturates were 

monitored. The study protocol contained no guidelines for limitations or withdrawing of 

treatment. These decisions were at the discretion of the treating physician and data on 

these decisions were collected. Reasons for treatment restrictions were divided into 

neurologic and non-neurologic. 

 

EEG results were collected from the description and conclusion as described by the local 

neurophysiologist. EEGs were not reassessed for this study. EEG-data documented were: 

presence/absence of status epilepticus on the initial and last performed EEG; 

disappearance of status epilepticus on at least one follow-up EEG; presence/absence of 

background reactivity on the initial EEG and presence of background reactivity on any 

follow-up EEG. Stimulus induced rhythmic periodic or ictal discharges (SIRPIDs) were not 

considered as background reactivity.  

 

Additional data collected were gender, age, in- or out-of-hospital cardiac arrest, 

presenting rhythm (ventricular fibrillation or ventricular tachycardia versus asystole or 

pulseless electrical activity), performed basic life support, time from collapse to return of 

spontaneous circulation, previous medical history as described in the patient’s chart, 

duration of hypothermia, neurologic examination, and results of median nerve 

somatosensory evoked potentials (SEP).  

 

Neurologic outcome was assessed with the Glasgow Outcome Scale (GOS) 1 month and 6 

months after admission
9
. The primary outcome of the study was poor outcome, defined as 

death or vegetative state (GOS 1–2) after 6 months.  
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Statistical analysis 

Patient characteristics were described according to their distribution. Variables were 

expressed as mean and standard deviation (normally distributed) or as medians and 

interquartile ranges (IQR, not normally distributed). Categorical variables were expressed 

as percentages (n). Statistical significance was considered to be at p < 0.05.  

 

Figure 1 Treatment protocol of postanoxic status epilepticus 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PSE = postanoxic status epilepticus; CPR = cardiopulmonary resuscitation; EEG = 

electroencephalogram; BS-EEG = burst-suppression electroencephalogram; AED = anti-epileptic drug  

STEP 1 

Benzodiazepine AND phenytoin 

 

Benzodiazepine 

- Lorazepam 4 mg IV, up to 12 mg/24 h 

- Midazolam 10 mg IV, repeated doses or continuous administration up to maximum 60 mg/24 h 

Phenytoin, loading dose 10-15 mg/kg IV, further administration based on serum levels (including free 

fraction level) 

STEP 2 

Induction of 24 h BS-EEG with propofol (add midazolam if necessary) AND second AED 

 

Propofol, maximum 8 mg/kg/h 

Midazolam, 0.3-0.5 mg/kg/h  

Second AED 

- Levetiracetam, maintenance dose 500 mg IV 2dd, increase if necessary 

- Valproic acid, loading dose 10-20 mg/kg, total maintenance dose 15 mg/kg/24h IV/oral (and 

check serum levels of phenytoin, including free fraction level) 

Persistent PSE, clinically or on repeated EEG (after a maximum of 24 h) 

Persistent PSE, clinically or on repeated EEG after discontinuation of propofol (and midazolam) 

PSE after non-traumatic CPR 

STEP 3 

Induction of 72 h BS-EEG with barbiturates with continuation of AEDs 

STEP 2 

Induction of 24 h BS-EEG with propofol (add midazolam if necessary) AND second AED 

 

Propofol, maximum 8 mg/kg/h 

Midazolam, 0.3-0.5 mg/kg/h  

Second AED 

- Levetiracetam, maintenance dose 500 mg IV 2dd, increase if necessary 

- Valproic acid, loading dose 10-20 mg/kg, total maintenance dose 15 mg/kg/24h IV/oral (and 

check serum levels of phenytoin, including free fraction level) 

Persistent PSE, clinically or on repeated EEG after discontinuation of propofol (and midazolam) 
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Results  

 

Between May 2007 and January 2012, 39 patients with PSE were included. In three 

patients, the physicians decided not to treat the status epilepticus, due to concomitant 

comorbidity and/or advanced age. These patients were excluded from further analyses. 

Baseline characteristics of included patients are presented in Table 1. In 89% (32/36) 

patients, treatment with hypothermia (32°C–34°C) during 24 hours was induced according 

to the local hospital’s protocol. One patient had a previous medical history of epilepsy 

with a tonic-clonic seizure, seven years prior to admission. In 32 patients (89%), SEP was 

performed at a median duration of 3.0 days after CPR (IQR 2.0-3.8). N20 responses were 

bilaterally absent in 2 patients after which treatment was withdrawn. After six months, 

only three patients were alive, two patients (6%) with a good outcome and one patient in 

a vegetative state.  

 

PSE was diagnosed after a median duration of 2 days (range 0-5 days) after CPR. Clinical 

signs of PSE were present in 89% (32/36) and are summarized in Table 2. Rhythmic jerks or 

myoclonus were present in 78%. In 89% (32/36) PSE was diagnosed or confirmed on the 

EEG. One patient underwent EEG recording after start of treatment for clinically suspected 

PSE. In one patient the EEG showed a generalized epileptic seizure during an episode of 

chewing, but not a status epilepticus. In two patients, clinically PSE was suspected, but no 

EEG was performed, both patients died.   

 

Figure 2 summarizes the treatment regimens in all patients. All but one patient received 

benzodiazepines at least once, with a maintenance dose of benzodiazepines in 66% 

(23/35). All patients received at least one AED. A combination of two or three AEDs was 

administered in 69% (25/36), most commonly phenytoin with levetiracetam (Table 3). No 

patient received more than three different AEDs. At least one serum level of phenytoin 

was determined in 61% (20/33). In a minority of the patients serum levels of valproic acid 

(1 of 7) or levetiracetam (6 of 24) were measured.  

 

In 16/36 patients (44%) a BS-EEG was induced. Fifteen patients received propofol (if 

needed in combination with midazolam). In six patients subsequently a BS-EEG was 

induced with barbiturates. One patient did not receive propofol for induction of a BS-EEG, 

but was immediately treated with barbiturate for induction of a BS-EEG. An additional 

patient, in whom the treating physicians considered induction of a BS-EEG, propofol was 

contraindicated because of hemodynamic instability.    
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A follow-up EEG was performed in 31 of the 32 patients with a PSE on the initial EEG. In 

20/31 patients (65%) resolution of the PSE on EEG was achieved at least once during 

follow-up EEG recordings and in 13/31 patients (42%) on the last performed EEG during 

admission. Background reactivity in the initial EEG was evaluated in 26/36 patients. In 20 

patients background reactivity was absent. Six patients (25%) had background reactivity 

on the initial EEG, all died. In another 6 patients, background reactivity was initially 

absent, but recurred on at least one follow-up EEG. Two of these patients had a good 

outcome after 6 months.   

 

 

Table 1 Baseline characteristics 

 

n = 36   

Age, y, mean (SD)  64  (14) 

Male, % (n) 78 (28) 

OHCA, % (n) 94 (34) 

Initial rhythm, % (n)    

- VF/VT 69 (25) 

- Asystole/PEA 31 (11) 

Time from collapse to ROSC, median (IQR) 20 min (15-24) 

Treatment with hypothermia, % (n) 89 (32) 

Duration of hypothermia, median (IQR) 24 hrs (24-25) 

Median nerve SEP, % (n)   

- N20 present  81 (29) 

- Bilaterally absent N20s 6 (2) 

- Undeterminable 3 (1) 

- Not performed 11 (4) 

Glasgow Outcome Scale after 6 months, % (n)   

- Death 92 (33) 

- Vegetative state 3 (1) 

- Severe disability 0 (0) 

- Moderate disability 6 (2) 

- Good recovery 0 (0) 

- Missing values 0 (0) 

 

SD = standard deviation; OHCA = out-of-hospital cardiac arrest; VF = ventricular fibrillation; VT = 

ventricular tachycardia; PEA = pulseless electrical activity; ROSC = return of spontaneous circulation; 

IQR = interquartile range; SEP = somatosensory evoked potentials 
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Table 2 Clinical signs of postanoxic status epilepticus 

 

Clinical signs, n = 36    

   Yes, % (n) 89 (32) 

- forced eye deviation 19 (7) 

- nystagmoid eye movements/ 

         opsoclonus/ocular bobbing 

19 (7) 

- rhythmic jerks/myoclonus 78 (28) 

   face 58 (21) 

   eyelids 28 (10) 

   trunk 14 (5) 

   upper limb(s) 47 (17) 

   lower limb(s) 42 (15) 

   chewing/yawning 6 (2) 

   No, % (n) 11 (4) 

 

 

Table 3 Treatment with anti-epileptic drugs 

  

First anti-epileptic drug, % (n) 100 (36) 

- Phenytoin, % (n) 86 (31) 

- Valproic acid, % (n) 11 (4) 

- Levetiracetam, % (n) 3 (1) 

Second anti-epileptic drug, % (n) 69 (25) 

- Phenytoin, % (n) 6 (2) 

- Valproic acid, % (n) 8 (3) 

- Levetiracetam, % (n) 56 (20) 

Third anti-epileptic drug, % (n) 17 (6) 

- Levetiracetam, % (n) 8 (3) 

- Propofol, % (n) 8 (3) 

 

 

Any treatment limitation was agreed upon in 92% (34/36) of the patients at a median 

duration of 4 days (IQR 2-6) after CPR. Eventually, treatment was withdrawn in 28 patients 

at a median of 6 days (IQR 4-8) after CPR. The main reason for treatment limitation or 

withdrawal was the poor neurologic prognosis. 
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Figure 2 Outcome at 6 months after CPR for patients with postanoxic status epilepticus at different 

treatment stages 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

CPR = cardiopulmonary resuscitation; AED = anti-epileptic drug; BS-EEG = burst-suppression 

electroencephalogram 

 

 

 

 

3 patients received no treatment and were excluded from further analysis 

11 patients received no further treatment steps� all died 

25 patients received further treatment 

 

25 patients were treated with at least a second AED  

36 patients were treated 

 

35 patients received at least once a benzodiazepine and at least one AED  

- of whom 23 patients received a maintenance dose of benzodiazepine 

1 patient received at least one AED, but no benzodiazepine 

9 patients received no further treatment steps � 8 died, 1 patient had a good outcome  

16 patients received further treatment 

 

16 patients received at least a second AED and induction of BS-EEG 

- 5 propofol  

- 4 propofol and midazolam 

- 1 barbiturates 

- 6 propofol (and midazolam) followed by barbiturates  

39 postanoxic status epilepticus after non-traumatic CPR 

15 patients died, 1 patient was in a vegetative state, and 1 patient had a good outcome 
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Table 4 Characteristics of the two patients with postanoxic status epilepticus and good outcome 

after 6 months 

 Patient 1 Patient 2 

Age, y 31 38 

Gender Male Male 

Rhythm VF Asystole 

Previous medical history of epilepsy No No 

Time from collapse to ROSC, min. 20 40  

Hypothermia treatment Yes Yes 

Pupillary light responses Unknown  Present 

Corneal reflexes Present Present 

Motor response at PSE None (sedative drugs) None 

SEP Present Present 

Days from CPR to PSE 2 2 

Clinical signs Forced eye deviation, rhythmic 

jerks face, upper/lower limbs 

Chewing on tube 

SE on EEG Yes No 

Background reactivity on first EEG No No 

AED clonazepam, phenytoin, LEV, 

propofol, propofol BS-EEG  

(≥1 day), thiopental BS-EEG 

VPA, phenytoin, LEV; 

Recurrent PSE at day 

8: FEN, LEV, 

continuous  

clonazepam IV  

Awake, days after CPR 23  13 

GOS after 6 months Moderate disability Moderate disability 

 

VF = ventricular fibrillation; ROSC = return of spontaneous circulation; PSE = postanoxic status 

epilepticus; SEP = somatosensory evoked potentials; CPR = cardiopulmonary resuscitation; EEG = 

electroencephalogram; AED = anti-epileptic drugs; LEV = levetiracetam; VPA = valproic acid; BS-EEG 

= burst-suppression electroencephalogram; GOS = Glasgow Outcome Scale 

 

 

Discussion 

 

The results of this study show that a good outcome after PSE is possible in a small 

percentage (6%) of the patients. Extensive treatment with multiple AEDs and induction of 

BS-EEG might be needed to be successful. The success rate of 6% is low. Patient 

characteristics which implicate a higher chance for good outcome could not be identified. 

No increase of severely disabled patients or patients within a permanent vegetative state 

was found.   
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The baseline characteristics of the patients with PSE in this study are comparable with the 

general patient population after CPR
10,11

. Rossetti et al. described a post-CPR patient 

cohort from the period 1999-2008
2
. PSE was diagnosed in 35% (63/181) of the patients 

who underwent neurologic evaluation including EEG. Six patients survived beyond 

vegetative state, one of them died 18 days after CPR due to sepsis. Four patients (6%) 

were moderately disabled or made a full recovery after 6 months, which is a percentage of 

good recovery similar to the results of our study. The two patients with a good outcome 

after 6 months were relatively young compared to the average age of the population.  

 

Our treatment protocol is consistent with recently published guidelines for the treatment 

of SE
12,13

. The maximal dose of propofol in our study protocol was 8 mg/kg/h. This is 

higher than the recommended maximum of 5 mg/kg/h, but we considered this safe as the 

period of administration was shorter than 48 hours
8,14

. Our protocol recommended to stay 

alert on development of metabolic acidosis and check serum levels of creatinine 

phosphate kinase. Well-designed clinical trials investigating effectiveness of treatment in 

patients with PSE are lacking. This study reflects the need for extensive treatment of 

patients with PSE to obtain neurologic recovery. Administration of only one AED will not 

be sufficient. However, the full clinical condition of the patient (e.g. age, comorbidity, 

functional status before cardiac arrest) should be reviewed before considering such an 

intensive treatment with possible side effects, a prolonged ICU stay, and a small chance of 

recovery.  

 

A well-known problem in diagnosing PSE is the interpretation of the EEG on the ICU. There 

is an ongoing discussion about which EEG patterns correspond to an 

electroencephalographically status epilepticus
15-17

. In addition, a substantial interobserver 

variability exists in determining EEG patterns in intensive care patients
18

. A recent study 

showed only a moderate agreement for the presence of rhythmic or periodic patterns and 

a slight to fair agreement for other patterns
19

. When a clinical correlation with EEG 

abnormalities is lacking, the EEG criteria (ACNS) for a non-convulsive status epilepticus can 

be helpful. However, these criteria are specific, but not sensitive possibly leading to an 

under diagnosis of PSE in these complex patients
15

. Uncertainty remains about which EEG 

patterns warrant treatment
16

. There are insufficient data of EEG characteristics implicating 

a high chance of recovery of consciousness and survival with moderate or no disabilities. 

Rossetti et al. showed that all patients with a good outcome after PSE had background 

reactivity on the EEG
2
. In contrast with these findings, in our study no background 

reactivity was found on the initial EEG of both patients with a good outcome. 
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Studies evaluating continuous EEG monitoring showed that electrographic seizures or 

epileptiform activity are common during hypothermia and/or rewarming after CPR
20,21

. 

Early intervention for treatment of seizures increases successful control rate
22

. In addition, 

increased seizure duration of status epilepticus, with other etiologies, is associated with 

higher mortality
23

. There are currently no studies available comparing results of routine 

EEG (at specific times) with continuous EEG and subsequently, the influence on outcome 

in patients with PSE. Future research should focus on which EEG patterns during 

hypothermia and rewarming warrant treatment and investigate its effectiveness.    

 

An important limitation of this study is the small number of patients who received 

prolonged intensive treatment, including induction of a burst-suppression EEG. The 

presumed poor outcome of the severe postanoxic encephalopathy and presence of 

comorbidity led to treatment limitations in many of the patients. Patients were diagnosed 

with PSE at a median duration of 2 days after CPR and withdrawal of further treatment 

was agreed upon after a median duration of 6 days, so treatment was not withdrawn 

immediately. In the ideal study, PSE treatment should not be limited or withdrawn in any 

patient, but for ethical and financial reasons such a study is impossible to conduct in daily 

clinical practice. There is the risk of an inclusion bias, as patients who were diagnosed with 

a PSE but did not receive any treatment for this condition were not included in this study. 

It is plausible that in this population outcome is even worse. Patients with a nonconvulsive 

status epilepticus were included in this study, but this condition was not registered as a 

separate entity in the dataset. There is, however, discussion about this diagnosis and often 

subtle signs of epilepsy can be found on thorough examination. 

 

In conclusion, good neurologic outcome in patients with PSE is possible, but extensive 

treatment might be needed to be successful. Until today only about 6% of patients 

recover. No specific clinical characteristics which predict a good outcome were found. 

Future studies should investigate which patient characteristics and additional diagnostics 

can help to identify the patients which will benefit most from such an extensive therapy.  
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