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SUMMARY
Status epilepticus (SE) is the state of continuous seizures, whether they are 
convulsive or non-convulsive, lasting longer than 5 minutes without return to 
the neurologic baseline between seizures. This neurologic emergency accounts 
for 20% of emergency department (ED) admissions and requires the clinician’s 
expeditious recognition and prompt management in order to prevent irreversible 
neurological damage and further complications related to the prolonged hospital 
stay. This paper reviews the most recent and up-to-date information aimed at 
caring for these critically ill patients.
Key words: Status epilepticus, epilepsy, therapeutic hypothermia, ketamine, 
refractory status epilepticus.

RESUMEN
El estado epiléptico, es una enfermedad convulsiva continua, que puede ser 
convulsiva o no, de más de cinco minutos de duración sin retorno al estado 
neurológico basal entre las crisis convulsivas. Esta emergencia neurológica re-
presenta el 20% de las admisiones del departamento de emergencias y requie-
re del inmediato reconocimiento del médico y de un pronto manejo para evitar 
daño neurológico irreversible y mayores complicaciones relacionadas con una 
estancia hospitalaria prolongada. Este trabajo revisa la información más recien-
te y actualizada sobre el cuidado de estos pacientes críticos.
Palabras clave: Estado epiléptico, epilepsia, hipotermia terapéutica, ketamina, 
estado epiléptico refractario.

RESUMO
O estado epiléptico é uma desordem de apreensão contínua, que pode ser 
convulsiva ou não, de mais de 5 minutos de duração, sem retorno ao estado 
neurológico basal entre as crises. Esta emergência neurológica é responsável 
por 20% das internações do departamento de emergência e requer o reconhe-
cimento imediato do médico e de um rápido tratamento para evitar danos neuro-
lógicos irreversíveis e complicações maiores associadas com a hospitalização 
prolongada. Este estudo analisa as informações mais recentes e actualizadas 
sobre os cuidados a estes pacientes em estado crítico.
Palavras-chave: Estado de mal epiléptico, epilepsia, a hipotermia terapêutica, 
cetamina, estado de mal epiléptico refratário.

INTRODUCTION

Status epilepticus (SE) has been defi ned as continuous 
seizures lasting equal or longer than 5 minutes, or ≥ 2 
seizures without recovery to neurologic baseline in be-
tween seizures, as described by Lowenstein in 1999.1-7 
It is clear that irreversible neurological damage occurs 
after 30 minutes of ongoing seizure activity, and several 
authors have acquired this timeframe to defi ne SE.3,8-13 
The incidence of SE in adults ranges from 17.1-60 pa-
tients per 100,000 annually in the United States, and ac-
counts for 20% of all emergency room (ER) admissions 
for neurologic issues.1,3,4,14,15 It is more frequent in chil-
dren, the elderly, and African-American individuals.1,12

When seizures cannot be controlled with first-
line and second-line antiepileptic drugs (AED), de-
spite the time elapsed from onset, it is defined as 
refractory SE (RSE).1,2,4,14,16 Some authors, such as 
Shorvon and coworkers, have taken into account the 
time, and consider SE refractory when there’s con-
tinuous seizure activity despite first and second-line 
anticonvulsant agents for ≥ 30-90 minutes, which has 
also been classified as «Stage 3» SE.3,17-19 During 
the third London-Innsbruck colloquium on SE in Ox-
ford, the term «super refractory status epilepticus» 
(SRSE) was introduced, and it refers to the recur-
rence of seizure activity for ≥ 24 hrs despite treat-
ment with general anesthesia, or, relapse of seizures 
when attempting to wean the patient off the anes-
thetic.17

STAGES, CLASSIFICATION AND
CLINICAL FEATURES

SE has been divided into stages based upon its re-
sponse to AED, and four stages have been pro-
posed:2,3,17

• Stage 1: Early SE-emergent/fi rst line therapy
 Treat with fi rst-line AED (benzodiazepines)
• Stage 2: Established SE-urgent control/second line 

therapy
 Treat with second-line IV AED (fosphenytoin, phe-

nytoin, valproate sodium, phenobarbital, midazolam, 
levetiracetam)

• Stage 3: RSE
 Treat with general anesthesia (propofol, midazolam, 

pentobarbital)
• Stage 4: SRSE
 Continue to treat with general anesthetics and con-

sider alternative therapies (therapeutic hypothermia, 
ketamine, lacosamide)

SE can present as «generalized convulsive status 
epilepticus» (GCSE), focal motor SE (epilepsia par-
tialis continua) or non-convulsive status epilepticus 
(NCSE).3,4,16 There is no universally accepted defi nition 
for NCSE yet, but it can be described as the SE that will 
not present with overt signs of convulsions but will dis-
play seizure activity in the electroencephalogram (EEG) 
and most commonly behavioral changes; it also fre-
quently presents in the critically ill patient who remains 
comatose without a known cause.2,3,20 To date, there 
are 2 types of NCSE:
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1. The «wandering confused» type, which consists of 
behavioral changes, inattentiveness, automatisms, 
facial twitching, nystagmus, delirium, among other 
signs; and 

2. The critically ill patient with altered mental status 
(AMS), ranging from mild AMS to coma, with or with-
out clinically subtle epileptic signs.2,3,16

Most GCSE will usually evolve into NCSE once it has 
«burn out» and it will be of great importance to differen-
tiate it from de novo NCSE.16,20 This type of NCSE is 
better known as «end-stage SE» or «subtle SE» and it 
is characterized by coma with minimal or no overt con-
vulsive activity anymore, and epileptic activity seen on 
the EEG, which is why it is advised to perform a continu-
ous EEG in all patients presenting NCSE to monitor and 
prevent further complications.1,16,21,22

ETIOLOGY

One of the pillars of SE management and prevention of 
further complications is identifying and treating the un-
derlying cause. Not all SE occur in patients with estab-
lished chronic epilepsy, therefore, a thorough assess-
ment should be done once SE is identifi ed. The most 
common causes of SE are low levels of AED (in pa-
tients with known chronic epilepsy), accounting for 34% 
of the cases, abrupt discontinuation of AEDs, cerebro-
vascular accidents (CVA), metabolic imbalances (i.e. 
hypoglycemia, drug intoxications), systemic or central 
nervous system (CNS) infections or CNS tumors.2,3,16 
Acute causes should be investigated and treated imme-
diately, due to the greater danger this type of SE poses 
to the patient, and the higher risk of refractoriness it 
ensues.23

In comatose critically ill patients, the causes of sei-
zures and SE may be different than those in outpa-
tients.3 Hypoxemia and hypoxia account for 42% of the 
causes of SE in the ICU; stroke, drug substance toxic-
ity, encephalitis, traumatic brain injury (TBI), vasculitis, 
CNS infection, and N-methyl-D-aspartate (NMDA) re-
ceptor antibodies are other causes to consider in this 
type of patients and should be treated promptly.3,16 The 
correct management of these entities will prevent the 
recurrence of seizures as well as a worse outcome sec-
ondary to complications and SE itself.12,16

PATHOPHYSIOLOGY AND DIAGNOSIS

The transition from self-limited seizures to SE is derived 
from the inability of the brain to control the exaggerated 
electrical activity by maintaining the balance between 
excitatory and inhibitory neurotransmitters, thus, fail-
ing to cease seizure activity and posing a danger to the 
patient.3,6,12 Gamma-aminobutyric acid (GABA) is the 

most common inhibitory neurotransmitter in the brain, 
which prevents excess neuronal excitation, and gluta-
mate, which acts via NMDA receptor, the most common 
inhibitory one.6 The neuronal excitation resulting from 
the NMDA receptor stimulation occurs secondary to the 
entrance of calcium into the neuron and the subsequent 
depolarization; on the other hand, GABA inhibitory ef-
fects ensue thanks to chloride entrance into the post-
synaptic cell, leading to hyperpolarization and excitatory 
antagonization.12 When a seizure ensues, there is an 
increase in excitatory activity and a decrease or failure 
of inhibitory mechanisms, however, this is usually self-
resolving and the imbalance is rapidly corrected. A pro-
longed inability to restore the normal cerebral electrical 
activity with a sustained cell depolarization leads to the 
development of SE. The exact mechanism of how this 
is achieved remains unknown, but several theories have 
been proposed. One of the causative mechanisms of 
the development of SE is a shift in GABA and NMDA 
receptor function, called receptor trafficking.1 During 
prolonged seizures GABA receptors begin to decrease 
in number in the post-synaptic membrane, and eventu-
ally, receptor internalization takes place and receptors 
are degraded. This explains the consequent pharma-
coresistance that presents in seizures lasting > 30 min, 
as seen in previous clinical studies, as well as the im-
portance of controlling SE promptly.6,12,24-26 In contrast, 
NMDA receptors migrate to the synaptic membrane, 
enhancing neuronal excitotoxicity and resulting in irre-
versible neuronal damage.1,3,6

According to the pathophysiological changes occur-
ring at the time of presentation and the time elapsed 
from its onset SE can be divided into 2 stages: in stage 
1, increased autonomic activity appears, and it presents 
with generalized tonic-clonic seizures, hyperpyrexia, 
hypertension and hyperglycemia.27 During the second 
stage, cerebral autoregulation is lost, and an increase 
in intracranial pressure (ICP) is seen; hypotension and 
decreased cerebral perfusion also appear.27 Patients 
enter stage 2 usually within 30 minutes after the onset 
of SE, and by then, most GCSE will have transitioned 
to subtle SE, stretching the importance of performing an 
EEG in comatose patients after overt convulsive activity 
has seemed to cease.21,27

TREATMENT

Prompt management of SE is the key to preventing 
pharmacoresistance and its consequent evolution into 
RSE or SRSE, as well as further complications; com-
plete control of SE should be achieved in a timeframe 
of 60 minutes.28 Table I and fi gure 1 depict the medica-
tions that can be used as well as a clinical algorithm 
that clinicians can use when confronted with a patient 
with SE.
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The approach and treatment of SE is three-pronged 
and the main goals are:

1) Termination of SE and prevention of recurrence,
2) Detection and correction of the underlying cause(s), 

and
3) Prevention or treatment of complications.2,3,6

There’s no available data on how many SE present in 
the out-of-hospital setting and how many in-hospital, so 
this review will discuss both pre-hospital and in-hospital 
initial management of SE.

Pre-hospital management

The management of SE in the pre-hospital setting is usu-
ally carried out by paramedics while transferring the pa-
tient to the nearest medical facility. Paramedics should 
assess and manage ABC’s (Airway, Breathing and Circu-
lation) fi rst and foremost. The airway should be protect-
ed, supplementary O2 given, and, if possible, IV access 
obtained.2 Finger-stick blood glucose should immediately 
be checked, vital signs obtained and a quick and target-
ed assessment made in the fi rst 5 minutes. Benzodiaz-
epines are the fi rst-line agents to treat SE, whether it is 
in the pre-hospital or in-hospital setting. The PHTSE trial 
was a double-blinded, randomized study that evaluated 
the effi cacy and safety of IV benzodiazepines as fi rst-line 
treatment of SE compared to placebo in 205 patients.29,30 
Of the 205 patients, 66 received lorazepam 2 mg IV, 68 

diazepam 5 mg IV and the remaining 71 received pla-
cebo; a second dose was given if seizures reoccurred or 
did not respond to the fi rst dose. On arrival at the ER, SE 
had terminated in 59.1% of patients treated with loraze-
pam and in 42.6% of the ones treated with diazepam; SE 
terminated in only 21.1% of those treated with placebo.30 
The veterans administration (VA) cooperative study was 
a randomized, double-blinded, multicenter trial, of four 
IV AED regimens to treat SE in 518 patients.31 This trial 
found that lorazepam IV at a dose of 0.1 mg/kg terminat-
ed GCSE in 64.9% of patients, phenobarbital in 58.2%, 
diazepam followed by phenytoin in 55.8% and phenytoin 
alone in 43.6%.31 Although it was as equally effective as 
phenobarbital and diazepam followed by phenytoin, it is 
considered the drug of choice due to its rapid infusion, 
as opposed to the 20-minute infusion time needed with 
phenytoin.31 However, when there is overt GCSE it might 
be diffi cult to obtain IV access rapidly, therefore making 
IV administration of benzodiazepines less feasible. Also, 
the half-life of IV lorazepam is reduced when this is not 
refrigerated, diminishing its superiority and opening up 
the possibility of using an equally effective AED that can 
be administered through a more accessible route.24 In 
the RAMPART study, a double-blind, randomized clini-
cal trial, the effi cacy of IM midazolam vs. IV lorazepam 
in the pre-hospital management of SE was evaluated. 
Patients either received 10 mg of IM midazolam or 4 mg 
of IV lorazepam; IM midazolam was found to be equal-
ly as effective as IV lorazepam, terminating seizures in 
73.4% of patients on arrival to the emergency department 

Table I. First-line, second-line and third-line AED.

Drug Loading dose and administration rate Adverse effects

Lorazepam 0.1 mg/kg IV up to 4 mg, 2 mg/min. Repeat PRN in 5-10 min Hypotension, respiratory depression
Midazolam 0.2 mg/kg IM up to 10 mg OR 0.2 mg/kg IV bolus; may give additional 

doses every 5 minutes, up to 2 mg/kg. followed by continuous infusion 
at a rate of 0.05-0.4 mg/kg/h IV when general anesthesia needs to be 
achieved

Hypotension, respiratory depression

Diazepam 0.2 mg/kg REC or 0.15 mg/kg IV, up to 5 mg/min, followed by phenytoin 
IV 18 mg/kg

May repeat in 5 min, up to 10 mg IV Hypotension, respiratory depression
Phenytoin 20 mg/kg IV, if needed give additional 5-10 mg/kg IV QT prolongation, arrhythmias, purple glove 

syndrome
Fosphenytoin 20 mg/kg PE IV at a rate of 150 mg PE/min. May give additional 5-10 mg/

kg PE
QT prolongation, arrhythmias

Valproate sodium 20-40 mg/kg IV at a rate of 1.5-3 mg/kg/min. Can give additional 20 mg/kg 
IV if needed 10 min after fi rst dose

Thrombocytopenia, pancreatitis, hyperam-
monemia

Phenobarbital 20 mg/kg IV at a rate of 100 mg/min. May give additional 5-10 mg/kg if 
needed 10 min after fi rst dose

Respiratory depression

Propofol 1-2 mg/kg IV bolus followed by additional boluses at 1.2 mg/kg as needed 
until seizures cease. Continuous infusion at 4-10 mg/kg/h

Hypotension, respiratory depression, PRIS

Pentobarbital 10 mg/kg IV at up to 50 mg/min. May give additional doses until burst-
suppression pattern is achieved. Infusion at 0.5-1 mg/kg/h IV

Respiratory depression, hypotension, 
bradycardia

Levetiracetam 1,000-3,000 mg IV at a rate of 1-5 mg/kg/min IV Somnolence, dizziness
Ketamine 1-2 mg/kg bolus every 3-5 min followed by 1.2-2.1 mg/kg/h until seizure 

control seen in EEG
Neurotoxicity; use with benzodiazepines

Lacosamide Loading dose of 200-600 mg IV at an infusion rate of 25-40 mg/min Ataxia, somnolence, blurry vision, PR 
prolongation
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Seizure lasting > 5 min
w/o return to neurological baseline

Emergency control/fi rst line therapy
1. ABC’s

2. Give benzodiazepines LZP 0.1 mg/kg
IV OR MDZ 0.2 mg/kg IM

3. Blood glucose, vital signs,
ABG’s, Chem7, AED levels,

toxicology screen, CBC

If blood sugar < 
60 mg/dL give
50 mL D50W 
w/100 mg IV 

thiamine

Clinical seizures 
continue?Yes No

Patient unresponsive?

Yes No

EEG to R/O 
subtle SE

Keep in
observation

unit

Urgent control/second line therapy
• PHT IV 20 mg/kg

• fPHT IV 20 mg/kg PE
• cEEG

• Further dx testing if cause
remains unknown (CT, MRI, LP)

If seizures cease

Keep in
observation unit

If seizures don’t cease

VPA 20-40 mg/kg IV or
additional dose of PHT

20 mg/kg IV 10 min after fi rst dose
*May give PB or LEV

Seizures continue of EEG
epileptic activityYes No

RSE
• Transfer to ICU

• Use of additional AED
not previously used

• Intubate OR induce coma w/PRO
1-2 mg/kg IV bolus, OR MDZ

0.2 mg/kg IV bolus until seizures stop
• Burst-supression pattern in EEG

• Keep in
observation unit

• cEEG

Seizures continue
or EEG

epileptic activity?

Yes No

SRSE
Alternative
therapies

+
Anesthetic agents

EEG seizure 
control for at 

least 24 h

Figure 1. Status epilepticus management.

Abbreviations
LZP = lorazepam, MDZ = midazolam, PHT = phenytoin, fPHT = fosphenytoin, PB = 
phenobarbital, PRO = propofol, VPA = valproic acid, LEV = levetiracetam, ABC = air, 
breathing, circulation, cEEG = continuous electroencephalogram, ABG = arterial blood 
gases, AED = antiepileptic drugs, CBC = complete blood count, CT = computarized 
tomography, MRI = magnetic resonance imaging, LP = lumbar puncture.
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cacy in terminating seizures and decreased frequency of 
ICU admissions.34 The option of using an IM route in the 
pre-hospital management of SE decreases the length of 
time of AED administration, risk of pharmacoresistance 
due to the long time it takes to administer an IV AED and 
development of further complications.

In-hospital initial management and
emergent/fi rst line therapy

The emergent therapy begins with general measures, 
such as protection and preservation of the airway (in-
tubation shall be done, if needed), assessment of vital 
signs and establishment of IV access; fi ngerstick blood 
glucose and arterial blood gases (ABG) should be im-
mediately obtained since hypoglycemia, metabolic aci-
dosis or hypoxia can be rapidly reversed and therefore, 
SE terminated.1,3 If the underlying cause of the SE is 
hypoglycemia, 50 mL of D50W together with 100 mg IV 
of thiamine should be given immediately.4 AED blood 
levels should be obtained as well as a complete blood 
count, liver function tests, urine toxicology screen, basic 
metabolic panel and magnesium, with the aim of fi nding 
the underlying cause of the seizures.1-3 Abortive treat-
ment with first-line agents (benzodiazepines) should 
also be started promptly. Evidence supports IV loraz-
epam as the fi rst drug of choice at a dose of 0.1 mg/kg; 
up to 4 mg of IV lorazepam can be administered and the 
clinician may repeat the dose within 10 minutes if epi-
leptic activity isn’t aborted during this timeframe.1,2 If IV 
lorazepam isn’t available or cannot be given, IM admin-
istration of 0.2 mg/kg (up to 10 mg) of midazolam can 
also be considered, or rectal diazepam (20 mg).2,3 Re-
spiratory depression and hypotension should be evalu-
ated by the healthcare team, since these are common 
adverse effects of benzodiazepines.2,12

If seizure activity ceases, an anticonvulsant drug at 
a maintenance dose should be started to prevent the 
recurrence of seizures in all patients, however, if the 
underlying cause has been identifi ed and treated, this 
measure may not be necessary.12,28

Urgent control/second line therapy

Urgent control therapy is needed when patients fail to 
respond to benzodiazepines (established SE) and sei-
zure activity does not cease, and in those that have 
responded to fi rst-line agents but require prevention of 
new onset of seizures.2 There is no suffi cient data and 
evidence to determine which AED is superior for urgent 
control therapy, but current guidelines recommend the 
use of IV fosphenytoin/phenytoin, phenobarbital, val-
proate sodium, continuous infusion of midazolam and 
levetiracetam.2 By now, a continuous EEG should have 
been started in order to evaluate for possible subtle SE 

(ED), compared to 63.4% of those treated with IV loraze-
pam.32,33 Prasad and colleagues found, in a review of 18 
studies with 2,755 participants, that midazolam IM might 
even be superior to lorazepam IV in the pre-hospital set-
ting due to its lower hospitalization rate, increased effi -
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in patients that remain comatose after overt GCSE ap-
pears to have ceased.2 If the underlying cause remains 
unknown at this time, further diagnostic work-up should 
be initiated promptly. Brain imaging should be per-
formed in order to evaluate for brain masses or lesions, 
and a lumbar puncture done to rule out CNS infection or 
an autoimmune cause.2 Uncommon etiologies, such as 
NMDA antibody or anti-voltage gated potassium chan-
nel antibodies should also be considered.16

Phenytoin and Fosphenytoin are FDA approved 
for the treatment of SE, and are the preferred agents 
for urgent control therapy.24 Phenytoin IV, is given as 
a loading dose of 20 mg/kg not exceeding 50 mg/min 
to avoid adverse effects and fosphenytoin IV 20 mg/kg 
given at a dosing rate of no more than 150 mg/min.12,24 
For patients previously on phenytoin therapy, the load-
ing dose should be modifi ed in order not to reach se-
rum toxic levels.12 Phenobarbital, is another FDA ap-
proved agent for the treatment of SE, however, it is 
not the most recommended AED since it acts in GABA 
receptors, making it a less feasible option for benzodi-
azepine-refractory SE.24 A meta-analysis by Yasiry and 
Shorvon demonstrated that the agent with the highest 
mean effi cacy was valproic acid (75.7%), followed by 
phenobarbital (73.6%) and levetiracetam (68.5%); and 
contrary to what would be expected, phenytoin had an 
effi cacy mean of roughly 50.8%.35 The established sta-
tus epilepticus trial (ESETT), a multicenter, randomized, 
phase III trial, is currently the only randomized clinical 
trial aiming to determine which second-line AED is the 
most effective one in the setting of established SE.36 It 
will compare the effectiveness of fosphenytoin, leveti-
racetam and valproic acid in benzodiazepine-refractory 
SE in patients older than 2 years of age.36

Management of RSE

When clinical examination or EEG show persistence of 
epileptic activity despite the use of fi rst-line and second-
line AED, SE will be considered refractory and the use of 
additional agents or anesthetics will be necessary.16,37 
Twelve to 43% of SE cases become refractory, and up 
to 60% of them occur in people with a previous history 
of epilepsy.4 In those patients without a previous history 
of seizures, acute brain injury or drug withdrawal will be 
the most common causes of RSE.16 Most cases of SE 
that respond to second-line agents will not be needing 
further intensive care, but those that remain comatose 
after GCSE and have failed to respond to urgent con-
trol treatment, will need to be transferred to an intensive 
care unit (ICU) for proper management.38

The pharmacological management of RSE involves 
either the use of additional second-line AED, or anes-
thetics at high enough doses to induce general anesthe-
sia, with current guidelines recommending a continuous 

infusion of propofol, midazolam or pentobarbital.2 The 
decision of whether to use anesthetizing or non-anes-
thetizing agents for treatment of RSE remains subjec-
tive, and the clinician will have to consider etiology, type 
of SE, age and comorbidities to decide which agent to 
use.1,39

When coma needs to be induced, the patient has 
to be intubated, if not previously done, and continuous 
monitoring of vital signs will be mandatory.16 Midazolam 
IV can be given as a loading dose of 0.2 mg/kg over 2-5 
minutes; boluses may be repeated every 5 minutes until 
seizures stop or a maximum loading dose of 2 mg/kg is 
reached.4 The loading dose will be followed by a con-
tinuous drip of 0.05-0.2 mg/kg/h.4,12 If breakthrough sei-
zures present, a loading dose of midazolam will usually 
terminate the epileptic activity.12 One of the major ad-
vantages of midazolam is the lower incidence of hypo-
tension, since this anesthetic doesn’t contain propylene 
glycol, as opposed to propofol.2 This last agent (propo-
fol), may also be used to treat RSE as a loading dose 
of 1-2 mg/kg IV given over 3-5 minutes; repeat boluses, 
if needed, can be administered every 3-5 minutes and 
a maximum dose of 10 mg/kg should not be exceed-
ed.4 Some of the advantages of propofol are its rapid 
onset and short half-life, which make it a convenient 
drug for tapering, and less tachyphylaxis than seen with 
midazolam, however, the development of hypotension 
requiring vasopressors in 50-70% of the cases, or the 
often fatal propofol infusion syndrome (PRIS) are major 
disadvantages of this drug.4,16,40,41 PRIS is a rare, but 
frequently fatal complication, of the use of prolonged in-
fusion of the drug at high doses, and is characterized 
by arrhythmias, heart failure, hyperkalemia, hyperlipid-
emia, metabolic acidosis and rhabdomyolisis.4,17,40,41

Anesthetics should be titrated to induce a burst sup-
pression pattern in the EEG when using propofol or 
barbiturates, and seizure suppression when using mid-
azolam, for at least 24 hours.1,42

Another agent that has shown promise in the treat-
ment of RSE is the noncompetitive NMDA receptor an-
tagonist, ketamine.8 Synowiec and colleagues found, in 
a retrospective review, cessation of epileptic activity in 
all patients treated with ketamine (11 cases) in addition 
to other second-line AED, making it a plausible alterna-
tive option for treatment of RSE.8 NMDA receptor antag-
onists have also shown successful effects in terminating 
RSE in animal models, but human data is lacking, and 
further studies are needed in order to assess its effi cacy 
in adults, and reach a consensus for the optimal dose to 
be used in this setting.8,43

Alternative therapies for SRSE

The term super-refractory SE (SRSE) is defi ned as an 
episode of SE that continues for 24 hours or more af-
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ter the onset of administration of anesthetic agents or 
recurrence after the reduction of the same.44 An esti-
mated 12-36% of patients with RSE develop SRSE, 
and the induction of a burst-suppression pattern be-
comes more diffi cult to achieve.15 When SE becomes 
super-refractory, experts recommend that AEDs be 
used synchronously with general anesthesia, and al-
ternative therapies can then be implemented.35 Some 
of the new therapies that can be implemented during 
this stage of SE are ketamine, lacosamide, topiramate, 
mild therapeutic hypothermia, trigeminal nerve stimu-
lation and transcranial magnetic stimulation.5,17,45-51 
Hocker and colleagues suggest pentobarbital as the 
preferred barbiturate for treatment of SRSE. Pentobar-
bital is believed to be neuroprotective due to its effects 
on GABAA receptors and to lower core body tempera-
ture, which may also aid in the termination of epileptic 
activity.6

Therapeutic hypothermia (TH), widely used in the 
standard care of post-cardiac arrest patients, has re-
cently started being used in the treatment of SRSE 
when all other measures fail.46 TH has been used by 
neurosurgeons during open surgery since the 1960’s 
due to its neuroprotective effects; it not only decreases 
the brain metabolism and intracranial pressure, but has 
effects on the sodium channels and reduces the activa-
tion of NMDA receptors, giving it a powerful anticonvul-
sive property.15,52,53

Varelas and colleagues recommend the use of mild 
TH (32-35 oC) for less than 48 hours in patients with 
SRSE, although Atkins and colleagues suggest that a 
more prolonged duration of cooling, as well as the use 
of an AED is necessary to achieve cessation of epileptic 
activity.3,54 Zeiler and associates performed a systematic 
review which included a total of 13 articles and 2 ongo-
ing clinical trials, to investigate the effectiveness of TH 
as a therapy for RSE or SRSE.55 They retrospectively 
studied the cases of 40 patients (14 pediatrics, 18 adults 
and 8 of unknown age) with RSE and found that the ad-
dition of TH to AED’s achieved seizure control, defi ned 
as a burst-suppression pattern or seizure cessation in 
EEG, in 62.5% of the patients.55 Cooling blankets and 
endovascular devices were used for cooling, target tem-
peratures ranged from 30-36 oC, the mean number of 
AEDs used previous to the start of TH ranged from 2-8 
and the re-warming time varied in all studies.55 This sys-
tematic review has a grade 4 level of evidence and it was 
unknown whether TH alone or TH along with the AED’s 
was what fi nally controlled the epileptic activity, however, 
this systematic review gives scientists foundations to per-
form prospective multicenter trials to better study TH as 
a therapy for RSE and SRSE. In the authors’ own ex-
perience, the use of this therapeutic intervention is war-
ranted. Presently, we use TH for 72 hours in patients with 
RSE and SRSE at a temperature of 32 oC.

As previously noted, ketamine, lacosamide and topi-
ramate are also an option if not used before, to treat 
SRSE, along with other anesthetics or AED.56 A pro-
spective observational study by Jaques and Rossetti 
evaluated the use of older vs. newer AED in the treat-
ment of SE and their relationship with prognosis.57 Their 
results showed that the use of newer AED was related 
to poor prognosis, higher incidence of disability at hos-
pital discharge, and had no correlation with mortality.57 
Other therapies, such as magnesium infusion, ketogen-
ic diet, and neurosurgical procedures are also currently 
studied, with no guidelines actually recommending 
them, and will not be further addressed in this review.56

Management of NCSE

An estimate of up to 25% of all cases of SE are the 
nonconvulsive type, and about 8% of comatose pa-
tients with no visible signs of seizures are experiencing 
NCSE.27 

Intravenous benzodiazepines are the fi rst line agents 
followed by phenytoin or fosphenytoin, but no AED has 
been chosen as a gold standard for NCSE yet. The 
treatment of recurrent electrgraphic nonconvulsive sei-
zures (TRENdS) study was a prospective, multicenter, 
open-label, randomized study that aimed to compare the 
effi cacy of Lacosamide versus fosphenytoin in NCSE 
presented in critically ill patients.58 The study was termi-
nated in April 2014 and effi cacy data is still being ana-
lyzed. Other studies suggest the early use of valproate 
if benzodiazepines fail to terminate the seizure.20 Yama-
muro and associates reported a case of a 47 year old 
man that presented with NCSE with disinhibitory behav-
ior, who was successfully treated with 1,000 mg/day of 
levetiracetam with few side-effects.59 Although the fi rst 
clinical manifestation is altered state of consciousness 
accompanied by subtle motor twitches or behavioral 
changes, NCSE is commonly misdiagnosed leading to 
delays in treatment that affect the outcome and lead to 
the development of complications.20,60 A cEEG should 
be performed in any patient in whom NCSE is suspect-
ed, the cause promptly identifi ed and addressed, and 
measurements to prevent further complications taken.

PROGNOSIS

SE, if not properly managed, is associated with higher 
mortality ranging from 30-50%; an aggressive and ac-
curate management of the underlying etiology and pre-
vention of further complications are key to a favorable 
outcome.14,34,61 Cardiopulmonary complications and 
prolonged coma are factors associated with poor func-
tional outcome.61 Prolonged ICU stay and complications 
related to prolonged mechanical ventilation were factors 
associated with higher mortality.61
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CONCLUSIONS

SE is a true neurological emergency and clinicians 
should be able to recognize it with little to no delay in or-
der to prevent irreversible neurological damage as well 
as complications that might emerge due to prolonged 
ICU stay, prolonged use of anesthetics in the setting of 
RSE, or adverse effects caused by AED.
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