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Status epilepticus in adults
John P Betjemann, Daniel H Lowenstein

Status epilepticus is a common neurological emergency with considerable associated health-care costs, morbidity, 
and mortality. The defi nition of status epilepticus as a prolonged seizure or a series of seizures with incomplete 
return to baseline is under reconsideration in an eff ort to establish a more practical defi nition to guide management. 
Clinical research has focused on early seizure termination in the prehospital setting. The approach of early escalation 
to anaesthetic agents for refractory generalised convulsive status epilepticus, rather than additional trials of second-
line anti-epileptic drugs, to avoid neuronal injury and pharmaco-resistance associated with prolonged seizures is 
gaining momentum. Status epilepticus is also increasingly identifi ed in the inpatient setting as the use of extended 
electroencephalography monitoring becomes more commonplace. Substantial further research to enable early 
identifi cation of status epilepticus and effi  cacy of anti-epileptic drugs will be important to improve outcomes.

Introduction
Most seizures are brief and self-limited. Status epilepticus 
is broadly defi ned as a prolonged seizure or multiple 
seizures with incomplete return to baseline and remains 
a common neurological emergency with an annual 
incidence of 10–41 per 100 000 population.1–5 The overall 
mortality associated with status epilepticus approaches 
20%,6,7 with generalised convulsive status epilepticus 
representing about 45–74% of all cases.1,2 In view of the 
incidence of status epilepticus and its substantial 
morbidity and mortality, annual direct inpatient costs are 
estimated at more than €83 million in Germany8 and 
US$4 billion in the USA.9

Several advances in the study of status epilepticus have 
been made, and the increased use of extended 
electroencephalography (EEG) monitoring has shown a 
high prevalence of seizures and status epilepticus in the 
hospital setting. An improved understanding of the 
pathophysiological mechanisms underlying status 
epilepticus highlights the need for a more practical 
defi nition of the disorder and underscores the importance 
of early seizure cessation to avoid pharmaco-resistance 
as seizure duration increases. These concepts have 
contributed to the design of treatment trials in status 
epilepticus during the past decade.

In this Review, we discuss the current knowledge about 
status epilepticus and refractory status epilepticus in adults 
and focus mainly on the defi nitions, pathophysiology, 
epidemiology, outcomes, and treatment of generalised 
convulsive status epilepticus. We then summarise the data 
on the utility of extended EEG monitoring and emphasise 
the importance of early termination of status epilepticus, 
examine the use of new anti-epileptic rescue drugs, and 
review the major pre-hospital treatment trials for status 
epilepticus. We also propose an updated, practical 
treatment algorithm for generalised convulsive status 
epilepticus, describe plans for upcoming treatment trials, 
and highlight areas in need of further research.

Defi nitions
The 1981 International League Against Epilepsy (ILAE) 
defi nition of status epilepticus describes a seizure that 
“persists for a suffi  cient length of time or is repeated 

frequently enough that recovery between attacks does not 
occur”.10 The absence of a defi nitive timeframe of seizure 
duration creates ambiguity, which makes it diffi  cult to 
accurately defi ne and treat status epilepticus. Accordingly, 
status epilepticus was redefi ned as a seizure lasting 
60 min, then further refi ned by the Epilepsy Foundation 
to a seizure lasting 30 min on the basis of estimates of the 
time needed to sustain neuronal injury from a prolonged 
seizure.11

As understanding of seizures and status epilepticus 
matures, so too should the defi nitions thereof. Most 
seizures are brief and unlikely to last more than 1–2 min 
before spontaneously resolving.12 Moreover, evidence 
indicates that pharmaco-resistance, especially to 
benzodiazepines, increases as seizure duration 
increases.13,14 On the basis of evidence of typical seizure 
duration, animal data of neuronal injury, and data of 
pharmaco-resistance, an operational (as opposed to 
mechanistic) defi nition of status epilepticus stipulates 
the treatment of convulsive status epilepticus within 
5 min of seizure onset.15 This defi nition can also be 
extended to other forms of status epilepticus, including 
focal status epilepticus with dyscognitive features and 
absence status epilepticus. At present, the ILAE is 
considering a proposal of a more practical operational 
defi nition of status epilepticus that emphasises early 
identifi cation and treatment. This new defi nition 
emphasises two critical timepoints; the duration of the 
seizure and the time at which a prolonged seizure could 
lead to long-term consequences, including neuronal 
injury and cell death.

Epidemiology, aetiology, and outcomes
Status epilepticus is relatively common, with estimates 
of 50 000–60 000 new cases annually in the USA.2,16 The 
incidence of status epilepticus in Europe is somewhat 
lower (10–16 per 100 000 population)4,5,17 compared with 
the USA (18–41 per 100 000 population). Notably, 
American ethnic minorities have a substantially higher 
incidence (57 per 100 000) than whites (20 per 100 000).1 
Results of trend studies3,18 show an increase in incidence 
of status epilepticus in the past few decades in the USA. 
Findings from a study2 of fi rst episodes of status 
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epilepticus showed that the majority (54%) of cases occur 
in the absence of a known diagnosis of epilepsy. When 
associated with epilepsy, status epilepticus tends to occur 
early in the course of epilepsy, representing the fi rst or 
second unprovoked seizure 65% of the time. Status 
epilepticus also confers an increased risk of future 
seizures, with a 3·3-times higher risk of a subsequent 
unprovoked seizure after symptomatic status epilepticus, 
compared with the risk following a single, self-limited, 
symptomatic seizure.19

The overall mortality for status epilepticus in adults of 
about 20%20 does not appear to be changing with time.18 
Outcomes are usually worse when seizures are 
prolonged. Evidence suggests that seizures lasting more 
than 30 min are less likely to terminate spontaneously 
and are associated with a higher mortality than seizures 
lasting less than 30 min.21 With respect to status 
epilepticus-related mortality, the most important 
determinant remains the underlying cause of status 
epilepticus. The aetiologies of status epilepticus in adults 
are often divided into acute and chronic underlying 
causes to further examine their frequency and outcomes 
(table 1). Additional studies4,22,23 have examined 
aetiologies and status epilepticus-related mortality, but 
methodological variability among studies is high and 
limits direct comparisons. Although the aetiology of 
status epilepticus varies between study populations, 
acute symptomatic causes of convulsive status 
epilepticus are generally more common and tend to be 
associated with higher rates of morbidity and mortality 
than chronic aetiologies.2,5 Of the acute symptomatic 
aetiologies, stroke tends to be the most common.4,20

Chronic epilepsy and low anti-epileptic drug levels are 
the most common causes of status epilepticus among 
chronic or acute causes and are associated with a 
relatively low mortality. Other common chronic 
aetiologies include the delayed eff ects of prior lesions or 
injuries, such as tumours, stroke, and traumatic brain 
injury, which often present after a latent period of weeks 
to years. In some instances, the ranges for the aetiological 
frequencies and associated mortalities are wide, which 
might stem from methodological diff erences between 
studies and the inherent challenges in accurately 
identifying the underlying cause of status epilepticus.

In an eff ort to predict mortality from status epilepticus, 
investigators developed the Status Epilepticus Severity 
Score (STESS)24 from four variables measured at the time 
of presentation: level of consciousness, seizure type, 
patient age, and seizure history. This score, which has 
subsequently undergone external validation,25 has been 
shown to reliably predict which patients have a favourable 
chance of surviving an episode of status epilepticus (ie, 
reliable negative predictive value).26 However, further 
study of the STESS is needed before it can be widely used 
to guide management of status epilepticus and aid in 
prognostication.

Pathophysiology and neuronal injury
Much of the pathophysiology of status epilepticus is still 
poorly understood, but studies using animal models 
have led to substantial advances in the understanding of 
the basic mechanisms underlying status epilepticus. 
Although numerous molecular and cellular processes 
are almost certainly involved in the development of 
status epilepticus, the fundamental principle involves a 
failure of endogenous mechanisms to terminate a 
seizure. This failure can occur because of excessive 
abnormal excitation during a seizure or from a loss of 
endogenous inhibitory mechanisms. These maladaptive 
changes allow a single seizure to transform into status 
epilepticus and contribute to the self-perpetuating 
nature and pharmaco-resistance of the disorder. 
Evidence in support of these principles was seen in a 
classic example of status epilepticus in people after the 
accidental ingestion of mussels contaminated with 
domoic acid,27,28 an analogue of the major excitatory 
neurotransmitter glutamate. This observation supported 
the notion that excess excitation can contribute to the 
development of seizures and status epilepticus.

Over the past two decades, research has elucidated a 
continuum of maladaptive changes that contribute to the 
transition from a single seizure to status epilepticus and 
to the self-sustaining nature of status epilepticus 
(fi gure 1). In the initial milliseconds to seconds after 
onset of a seizure, neurotransmitter release, ion channel 
opening and closing, and protein phosphorylation set the 
stage for a potentially prolonged seizure.29 These 
molecular events are followed by alterations in receptor 
traffi  cking, including an endocytosis-mediated decrease 

Frequency (%) Mortality (%)

Acute

Stroke 22% 33%

Metabolic abnormalities 15% 30%

Hypoxia 13% 53%

Systemic infection 7% 10%

Anoxia 5% 71%

Trauma 3% 25%

Drug overdose 3% 25%

CNS infection 3% 0%

CNS haemorrhage 1% 0%

Chronic

Low concentration of anti-epileptic 
drugs

34% 4%

Remote symptomatic (eg, tumour, 
stroke, trauma)

25% 14%

Alcohol misuse 13% 20%

Tumour 7% 30%

Idiopathic 3% 25%

Some patients had more than one aetiology. 

Table 1: The frequency and mortality associated with acute and chronic 
causes of status epilepticus in adults20
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in inhibitory GABAA β2/β3 and γ2 receptor subunits30,31 
and an increase in excitatory NMDA receptors.32 GABAA 
receptor modulation is thought to also contribute to the 
pharmaco-resistance to benzodiazepines, which becomes 
more prominent as the duration of status epilepticus 
increases.13,14 Further maladaptive changes that occur 
within the next minutes to hours include alternations in 
excitatory and inhibitory neuropeptide expression, which 
maintains the hyperexcitable state.33,34 Analysis of the 
genetic and epigenetic changes that occur in the days and 
weeks after status epilepticus has revealed both increased 
and decreased expression of numerous genes after status 
epilepticus,35,36 which may contribute to the process of 
epileptogenesis. Epigenetic changes, including genome-
wide alterations in hippocampal cell DNA methylation, 
have also been shown in a mouse model of status 
epilepticus.37 Altered regulation of microRNA, which 
regulates post-transcriptional gene expression, is also 
believed to play a part in epileptogenesis and status 
epilepticus-induced neuronal damage.38

Convulsive status epilepticus has long been known to 
cause neuronal damage. In a seminal series of experi-
ments, convulsive seizures induced in baboons led to 
hyperthermia, hypotension, and hypoxia, which resulted 
in neuronal injury in the thalami, hippocampi, and 
neocortex.39 Paralysis of the baboons to prevent convulsive 
activity yielded only partial protection against neuronal 
injury from induced status epilepticus, which implies 
that even non-convulsive electrographic seizures can 
result in neuronal damage and cell death.40 Results of 
further studies41–44 using various animal models of status 
epilepticus identifi ed a myriad of potential mechanisms 
that could contribute to neuronal cell death and injury, 
including excitotoxicity, necrosis, apoptosis, and 
mitochondrial dysfunction. Evidence of neuronal injury 
and cell death is also increasingly recognised in human 
beings after status epilepticus. Serum neuron-specifi c 
enolase, a marker of neuronal injury, is elevated after 
both convulsive and non-convulsive status epilepticus.45–47

Clinical presentation, diagnostic yield of 
extended EEG, and radiographic fi ndings
Diagnostic yield of extended EEG monitoring 
Status epilepticus can present in several forms: 
convulsive, non-convulsive, and electrographic. The 
initial presentation of convulsive status epilepticus is 
typically not subtle, and is characterised by un-
responsiveness and tonic, clonic, or tonic-clonic 
movements of the extremities. Non-convulsive status 
epilepticus has not been precisely defi ned, but is 
characterised by prolonged seizure activity evidenced 
by epileptiform discharges on EEG. There are various  
subtypes of non-convulsive status epilepticus, and 
some patients present with a change in behaviour or 
cognition in the absence of obvious motor mani-
festations. Both focal and generalised forms of 
non-convulsive status epilepticus exist and are reviewed 

in detail by Meierkord and Holtkamp.48 Subtle status 
epilepticus is a subtype of non-convulsive status 
epilepticus that is commonly used for comatose 
patients who show electrographic evidence of prolonged 
seizure activity. The diagnosis of subtle status 
epilepticus is challenging, often complicated drugs  
used in comatose patients (anaesthetics and paralytics), 
and is limited by EEG interpretation, which might vary 
between experts and cannot be used to diagnose status 
epilepticus with absolute certainty.

With time, it is common for these initially obvious 
clinical manifestations of convulsive status epilepticus to 
evolve into more subtle twitching of the extremities or 
face, or saccadic eye movements.49,50 The clinical picture 
can be further complicated by the administration of 
drugs, particularly anaesthetics and analgesics, which 
can cause myoclonic jerks that can appear similar to a 
convulsion, but can often be diff erentiated from a 
convulsion because they do not last long. In a study of 
patients treated for generalised convulsive status 
epilepticus,51 79 (48%) of 164 patients continued to have 
persistent electrographic seizures on EEG and 24 (15%) 
of 164 patients were diagnosed as being in non-convulsive 
status epilepticus. Thus, a high index of suspicion for 
non-convulsive seizures and a low threshold to obtain 
extended EEG should be maintained in the setting of 
unexplained, persistent encephalopathy.

Diagnostic yield of extended EEG monitoring
Numerous studies have shown high rates of seizures in 
patients with specifi c neurological injuries. Seizures 
occur in up to 15% of patients with subarachnoid 
haemorrhage,52 in up to 30% of patients with intra-
cerebral haemorrhage,53–55 in up to 10% of patients with 
ischaemic stroke,56,57 and in a wide range of patients with 
traumatic brain injury, depending largely on the severity 
of injury.58,59 Non-convulsive electrographic seizures and 

Protein phosphorylation
Ion channel opening and closing
Neurotransmitter release

Receptor trafficking
• Decrease in inhibitory GABAA β2/β3 and γ2 subunits
• Increase in excitatory NMDA receptors
• Increase in excitatory AMPA receptors 

Neuropeptide expression
• Increase in excitatory substance P
• Insufficient replacement of inhibitory neuropeptide Y

Genetic and epigenetic changes
• Gene expression
• DNA methylation
• Regulation of microRNA

Seconds–minutes

Stage 3
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Figure 1: Cascade of selected mechanisms involved in the transition of a single seizure to status epilepticus
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status epilepticus are increasingly recognised as 
relatively common and as potentially reversible 
aetiologies of encephalopathy in both critically and non-
critically ill patients admitted to hospitals. Non-
convulsive seizures and status epilepticus are also 
associated with neuronal injury and require prompt 
treatment. Table 2 summarises the prevalence of 
seizures and status epilepticus in various inpatient 
populations and the clinical features associated with a 
higher risk of seizures. Interpretation of these data 
warrants caution because the studies are retrospective 
and defi nitions and interpretations of electrographic 
seizures and interictal patterns can vary. A major 
conclusion drawn from these studies is that seizures 
and status epilepticus are relatively common in a variety 
of in-patient settings, and that a high index of suspicion 
and a low threshold for extended EEG is essential for 
patients with persistently unexplained or fl uctuating 
encephalopathy. In studies where the timing of seizures 
was analysed,61,64 96 (87%) of 110 patients61 and 69 (97%) 
of 71 patients,64 in whom a seizure was documented, 
experienced their fi rst seizure within the fi rst 24 h of 
recording, although comatose patients were more likely 
to experience their fi rst seizure more than 24 h after the 
initiation of continuous EEG.61 Although studies have 
linked seizures and status epilepticus to poor 
outcomes,62,66,67 the eff ect of EEG monitoring and the 
detection of electrographic seizures on patient outcomes 
remains unknown. Does treatment of these seizures 
improve outcomes in critically ill patients, or do the 
seizures serve as a marker for more severe brain injury, 
the outcome of which is more diffi  cult to alter?

Radiographic fi ndings
A variety of radiographic fi ndings during and following 
status epilepticus have been described. Early reports 
described hemispheric swelling and subsequent atrophy 
apparent from pneumoencephalograms of children who 
had status epilepticus and resultant post-ictal paralysis.68 
CT scans after status epilepticus have shown decreased 
attenuation, swelling, loss of grey–white matter 
diff erentiation, sulcal eff acement, and a gyriform pattern 
of enhancement.69,70 Findings on MRI after status 
epilepticus often resemble a stroke (fi gure 2): T2 hyper-
intensity and restricted diff usion, with corresponding low 
signal on apparent diff usion coeffi  cient.70–74 These ab nor-
malities are often seen in the cortex and hippocampi; 
however, other structures can be aff ected, including the 
lepto meninges (abnormal enhancement), basal ganglia, 
corpus callosum, and thalami, particularly the pulvinar 
nuclei.71,73,74 Similar to reports in the stroke literature, 
crossed cerebellar diaschisis after status epilepticus has 
been reported frequently.75,76 In some instances, the 
fi ndings are reversible and resolve on subsequent imaging; 
however, persistent imaging abnormalities, such as focal 
atrophy and the development of hippocampal sclerosis, are 
common, which implies that permanent neuronal damage 
has occurred.74,77,78

Pre-hospital management of status epilepticus
In a retrospective review of adults presenting with status 
epilepticus,79 fi rst-line therapy (typically diazepam followed 
by phenytoin) eff ectively aborted status epilepticus in 
92 (60%) of 154 patients treated within 30 min of seizure 
onset. However, the effi  cacy of fi rst-line treatment 
decreased as seizure duration increased. Owing to our 
knowledge of pharmaco-resistance and neuronal injury as 
status epilepticus duration increases, clinical research has 
focused on early treatment of status epilepticus in the pre-
hospital setting. As a result of several pre-hospital drug 
trials,80–87 status epilepticus treatment now often begins 
before the emergency department.

Although rectal diazepam has long been known to be 
eff ective in aborting seizures in the paediatric 
population,80,81 the fi rst rigorous pre-hospital study to 
examine the effi  cacy and safety of benzodiazepine use by 
fi rst-responders for the treatment of status epilepticus 
was published in 2001.82 Results of this study showed that 
intravenous benzodiazepines (lorazepam and diazepam) 
were superior to placebo in terminating status 
epilepticus. The patients treated with benzodiazepines 
also had lower rates of respiratory compromise 
necessitating intubation, probably due to the shorter 
duration of seizures in the treatment groups.

After this initial pre-hospital study,82 the emphasis 
shifted towards an eff ort to improve the ease of 
administration of abortive anti-epileptic drugs through 
the study of buccal and intranasal preparations. Findings 
from a study of children in the pre-hospital setting 
showed that buccal midazolam was as safe and eff ective 

Study population N Prevalence of 
seizures or status 
epilepticus

Associated 
conditions

Towne et al (2000)60 Mixed intensive care 
units, all patients 
comatose

236 8% non-convulsive 
status epilepticus

None

Claassen et al (2004)61 Mixed intensive care 
units

570 19% had seizures (of 
which 92% had 
exclusively non-
convulsive seizures)

Coma, age <18 years, 
history of epilepsy, 
clinical seizure before 
EEG

Oddo et al (2009)62 Medical intensive care 
unit

201 10% had seizures 
(67% were exclusively 
non-convulsive)

Sepsis at time of 
admission

Kamel et al (2012)63 Medical intensive care 
unit and surgical 
intensive care unit

105 11% None

Betjemann et al (2013)64 General inpatient 
population

1048 7% Intracranial mass, 
spells (eg, shaking, 
staring, reduced 
responsiveness) as 
indication for EEG

Kurtz et al (2014)65 Surgical intensive care 
unit

154 16% Coma, clinical seizure 
before EEG

EEG=electroencephalography.

Table 2: Prevalence of seizures and status epilepticus in various inpatient populations
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as rectal diazepam in terminating seizures.83 A sub-
sequent randomised controlled trial84 showed buccal 
midazolam to be superior to rectal diazepam for children 
actively seizing at the time of presentation to the 
emergency room, without increasing the incidence of 
respiratory compromise. Results of a prospective 
randomised study85 showed that intranasal midazolam 
was as eff ective as intravenous diazepam for the 
termination of paediatric febrile seizures. In a study of 
adults living in a residential institution,86 buccal 
midazolam was as safe and eff ective as rectal diazepam 
in terminating status epilepticus.

The study of these alternative routes of administering   
abortive therapies laid the groundwork for the Rapid 
Anticonvulsant Medications Prior to Arrival Trial 
(RAMPART),87 a randomised, double-blind comparison 
of the pre-hospital administration of intravenous 
lorazepam with intramuscular midazolam. The fi ndings 
of this study indicated that midazolam was as eff ective as 
lorazepam in the timely termination of status epilepticus 
and was not associated with an increase in respiratory 
compromise or seizure recurrence. These trials have 
paved the way for the safe use of anti-epileptic rescue 
drugs, both in the home by family members and under 
the supervision of fi rst responders.

Hospital management of status epilepticus
Generalised convulsive status epilepticus is managed as 
a true medical emergency, in which the patient is 
stabilised, airway and vital signs are assessed and 
controlled, and intravenous access is obtained. Tonic-
clonic seizures can be associated with periods of apnoea, 
cyanosis, and metabolic acidosis. The metabolic acidosis 
almost always self-corrects once seizures are adequately 
controlled. Most patients are able to breathe adequately 
during a seizure as long as their airway remains patent. 
Nonetheless, supplemental oxygen should be provided 
via nasal cannula or facemask, with a low threshold for 
endotracheal intubation if clinical signs of impending 
respiratory failure are observed. If intubation is necessary, 
use of a shortacting paralytic is preferable from a 
neurological standpoint to allow for assessment of 
ongoing clinical seizure activity. Initial management 
should also include a rapid assessment of blood glucose 
level. Patients should receive parenteral thiamine (up to 
500 mg intravenous) before or concurrent with glucose 
to avoid depleting available thiamine stores and causing 
an acute Wernicke encephalopathy.88

Once the patient is stabilised, the focus should shift to 
the rapid termination of seizure activity to minimise 
systemic dysfunction, neurological injury, pharmaco-
resistance and, ultimately, morbidity and mortality. 
Figure 3 provides an updated treatment algorithm for 
generalised convulsive status epilepticus that emphasises 
a more rapid progression to anaesthetic drugs to achieve 
early seizure termination. Intravenous lorazepam, with its 
rapid onset of action, has been the initial drug of choice, 

although intramuscular midazolam has emerged from 
RAMPART87as an alternative to intravenous lorazepam. 
The effi  cacy of intravenous lorazepam was shown in a 
randomised double-blind comparison of intravenous 
lorazepam with phenobarbital alone, phenytoin alone, or 
diazepam followed by phenytoin.89 Lorazepam successfully 
terminated overt status epilepticus in 65% of 97 cases, 
similar to the results seen with phenobarbital and 
diazepam plus phenytoin, and superior to phenytoin 
alone. Although not specifi cally studied in this trial, 
convention has been to treat status epilepticus with 
lorazepam, which can be repeated, followed by intravenous 
phenytoin or fosphenytoin. Despite being more costly, 
preference is ideally given to fosphenytoin because it can 
be administered at a faster rate but with the same risk of 
arrhythmia and hypotension as with phenytoin and with a 
lower risk for local adverse reactions in case of intravenous 

Figure 2: MRI of a single patient with focal left hemispheric status 
epilepticus during a single admission to hospital
Diff usion-weighted imaging showing (A) cortically predominant restricted 
diff usion of the left parietal and occipital lobes with (B) low signal intensity on 
the corresponding apparent diff usion coeffi  cient sequence. (C) Axial and (D) 
coronal T2 fl uid-attenuated inversion recovery (FLAIR) sequences showing left 
hemispheric cortical hyperintense signal and an area of hyperintense signal in 
the right cerebellar hemisphere, consistent with crossed cerebellar diaschisis. 
(E) Axial and (F) coronal T2 FLAIR images at day 19 showing improvement from 
day 8 in the left hemispheric cortical hyperintense signal and resolution of the 
right cerebellar hyperintensity.
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extravasation.90 Of note, phenytoin and fosphenytoin 
dosing is weight-based (20 mg/kg), and a convenient dose 
of 1000 mg intravenously is often insuffi  cient.91 If a patient 
continues to seize after the initial dose, a second smaller 
dose of 5–10 mg/kg can be administered. Total serum 
phenytoin concentrations can rise to a supratherapeutic 
goal range (20–30 μg/mL) after correction for albumin, 
although treatment should not be delayed while awaiting 
measurements of drug concentrations.

Intravenous valproic acid, phenobarbital, and 
levetiracetam have emerged as alternative second-line 
anti-epileptic drugs for the treatment of status epilepticus. 
Current practice patterns surrounding the use of second-
line anti-epileptic drugs are quite variable. Many clinicians, 
particularly outside the USA, choose these alternative 
drugs as a preferred second-line agent instead of 
phenytoin for patients with status epilepticus refractory to 
lorazepam. In other instances, these alternative drugs are 
employed as adjunct anti-epileptic drugs for status 
epilepticus refractory to lorazepam and phenytoin before 
proceeding to anaesthetics. Table 3 summarises studies 
comparing these anti-epileptic drugs in the treatment of 
status epilepticus.92–97 Lacosamide has also received 
attention as a potential second-line anti-epileptic drug for 
status epilepticus. Data are limited at present, but results 
of recent retrospective studies98–100 suggest that intravenous 
lacosamide at a dose of 200–400 mg is safe and can be 
eff ective in treating status epilepticus. Restrictions exist 
when interpreting these studies of second-line anti-
epileptic drugs, most notably the small sample sizes and 
signifi cant methodological variability. Importantly, there 
are no class 1, head-to-head, blinded comparisons of these 

other anti-epileptic drugs in the treatment of status 
epilepticus. The Established Status Epilepticus Treatment 
Trial (ESETT; NCT01960075), funded by the National 
Institute of Neurological Disorders and Stroke and set to 
initiate enrolment in 2015, will address this issue by 
comparing fosphenytoin, valproic acid, and levetiracetam 
for the treatment of benzodiazepine-refectory status 
epilepticus in a randomised, blinded fashion.101

Previous convention for the treatment of generalised 
convulsive status epilepticus refractory to initial treatment 
with lorazepam and a second-line anti-epileptic drug 
typically included additional trials of second-line anti-
epileptic drugs before an anaesthetic agent. The updated 
algorithm in fi gure 3 highlights an important shift in the 
treatment of generalised convulsive status epilepticus in 
adults, emphasising early escalation to anaesthetics to 
achieve seizure termination.102 If seizures continue despite 
initial treatment with lorazepam and a second-line anti-
epileptic drug, some investigators now advocate a more 
rapid progression to intravenous anaesthetics (within 
30–60 min of seizure onset) rather than give another 
second-line anti-epileptic drug. Anaesthetic use can be 
associated with potentially serious complications; however, 
their early use for refractory generalised convulsive status 
epilepticus is becoming more common as the clinical 
emphasis shifts towards early seizure cessation to 
minimise neuronal injury and pharmaco-resistance, 
which increase with prolonged seizure duration.

The optimum treatment of non-convulsive status 
epilepticus is less well defi ned owing to a paucity of data, 
but some important considerations are worth highlighting. 
Contrary to generalised convulsive status epilepticus, 
most forms of non-convulsive status epilepticus are not 
associated with life-threatening systemic dysfunction and 
are therefore perceived as less of a medical emergency. 
The initial treatment of non-convulsive status epilepticus, 
including focal status epilepticus with dyscognitive 
features (previously known as complex partial status 
epilepticus), focal status epilepticus without dyscognitive 
features (previously known as simple partial status 
epilepticus), and absence status epilepticus, is similar to 
generalised convulsive status epilepticus and begins with 
benzodiazepines. If seizure activity persists, a repeat dose 
of benzodiazepines should be considered, followed by an 
anti-epileptic drug. For most forms of non-convulsive 
status epilepticus that persist after treatment with 
benzodiazepines and an anti-epileptic drug, additional 
trials of anti-epileptic drugs are often preferred rather 
than early escalation to anaesthetics.48,103 This strategy is 
especially relevant in cases of non-convulsive status 
epilepticus in which consciousness is somewhat preserved 
and the risks of anaesthetics might outweigh the risks of 
continued seizure activity.104

Refractory status epilepticus
A comprehensive review of refractory status epilepticus 
is beyond the scope of this Review but can be found in 
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Figure 3: Updated treatment algorithm for generalised convulsive status epilepticus in adults and older children
PE=phenytoin equivalents.
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reviews by Rossetti and Lowenstein105 and Ferlisi and 
Shorvon.106 Refractory status epilepticus is commonly 
defi ned as status epilepticus that does not terminate with 
a fi rst-line agent (benzodiazepines) or a second-line anti-
epileptic drug (phenytoin, valproic acid, levetiracetam, or 
phenobarbital).107 The diagnosis of refractory status 
epilepticus is clinical and often involves the use of EEG 
to show electrographic evidence of continued seizure 
activity because patients are often intubated, paralysed, 
and sedated after benzodiazepines and an anti-epileptic 
drug fail to stop their seizures. Between 23% and 43% of 
patients in status epilepticus will progress to refractory 
status epilepticus.107–109 Mortality rates for refractory status 
epilepticus range from 17% to 39%, approximately three 
times higher than rates for non-refractory status 
epilepticus.107–110

Rapid seizure control in refractory status epilepticus is 
crucial to avoid the development of pharmaco-resistance 
and ongoing neurological injury, which justifi es early 
escalation to anaesthetic agents rather than the use of 
additional anti-epileptic drugs used for generalised 
convulsive status epilepticus. The three commonly used 
anaesthetics in the USA, midazolam, propofol, and 
pentobarbital, are given as an intravenous bolus before 
maintenance infusion, whereas thiopental is a 
particularly common anaesthetic in Europe. Choice of 
anaesthetic depends largely on individual circumstances, 
such as medication interactions, comorbidities, and vital-
sign instability.

Midazolam and propofol tend to be fi rst-line 
anaesthetics, whereas pentobarbital is often reserved for 
status epilepticus refractory to these drugs. The half-life of 
midazolam is initially short; however, the half-life 
increases as the duration of treatment increases.111 
Prolonged administration of midazolam is often 
complicated by an acute decrease in drug response 
(tachyphylaxis), which might necessitate dose adjustments 
to maintain seizure suppression. Propofol also has a short 
half-life, which is advantageous when frequent 

neurological exams are required. Propofol infusion for 
more than 48 h should be done with caution because of 
the increased risk of a life-threatening propofol infusion 
syndrome characterised by rhab domyolysis, hyper-
triglyceridaemia, cardiac and renal failure, and metabolic 
acidosis.112 Pentobarbital has a considerably longer half-life 
owing to its propensity to accumulate in adipose tissue. A 
review of anaesthetic use for refractory status epilepticus113 
reported no signifi cant diff erence in short-term mortality 
between patients treated with these drugs; however, 
pentobarbital was associated with a lower frequency of 
breakthrough seizures but also a higher frequency of 
hypotension, compared with propofol and midazolam. An 
attempt to study the eff ects of anaesthetics in a prospective 
randomised trial was undersampled, but showed that 
barbiturates, such as thiopental and pentobarbital, were 
associated with a longer duration of mechanical ventilation 
compared with propofol.114 Findings from other 
retrospective studies115,116 suggested that use of an 
anaesthetic for treatment of status epilepticus might be 
associated with worse outcomes, including increased risk 
of infection and death; however, when weighing the 
adverse eff ects of ongoing seizure activity against the 
inherent risks of intravenous anaesthetics, the 
investigators ultimately concluded that further 
randomised, prospective studies were needed to inform 
decision making. These studies of anaesthetics should be 
interpreted with caution as their retrospective nature 
introduces bias and makes it diffi  cult to determine 
causality between poor outcomes, anaesthetics, and 
severity of status epilepticus.

For treatment of refractory status epilepticus with 
anaesthetics, extended EEG monitoring should be used 
to guide drug titration towards a goal of electrographic 
seizure suppression. At present, there is no evidence to 
help guide the degree of electrographic suppression or 
optimal duration of treatment. Common practice is to 
achieve electrographic burst suppression, characterised 
by 1–2 s bursts of cerebral activity interspersed by 10 s 

Treatment N Design Results

Shaner et al (1998)92 Diazepam (2 mg/min up to 20 mg) plus 
phenytoin (up to 18 mg/kg) vs 
phenobarbital (10 mg/kg)

36 Prospective, randomised, non-blinded Phenobarbital as eff ective as 
diazepam plus phenytoin

Misra et al (2006)93 Phenytoin (18 mg/kg) vs valproic acid 
(30 mg/kg)

68 Prospective, randomised pilot study, 
used as fi rst-line and second-line anti-
epileptic drugs

Valproic acid more eff ective than 
phenytoin

Agarwal et al (2007)94 Phenytoin (20 mg/kg) vs valproic acid 
(20 mg/kg)

100 Prospective, randomised, non-blinded, 
refractory to intravenous diazepam

Valproic acid equivalent to phenytoin

Gilad et al (2008)95 Phenytoin (18 mg/kg) vs valproic acid 
(30 mg/kg)

74 Prospective, randomised, without prior 
benzodiazepine administration

Valproic acid equivalent to phenytoin

Alvarez et al (2011)96 Phenytoin (20 mg/kg) vs valproic acid 
(20 mg/kg) vs levetiracetam (20 mg/kg)

187 Retrospective, non-randomised, 
refractory to benzodiazepines

Levetiracetam less eff ective than 
valproic acid; no signifi cant diff erence 
between valproic acid and phenytoin

Misra et al (2012)97 Levetiracetam (20 mg/kg) vs lorazepam 
(0·1 mg/kg)

79 Prospective, randomised, open label 
pilot study

Levetiracetam equivalent to 
lorazepam

 Table 3: Selected studies of second-line anti-epileptic drugs for the treatment of status epilepticus
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intervals of background suppression. Generally, this 
pattern is continued for 24–48 h before sedation 
is lightened.117 During this time of electrographic 
suppression, maintenance anti-epileptic drugs should 
be increased to therapeutic or even supratherapeutic 
doses to further prevent seizures while anaesthetics are 
tapered.

Conclusion and future directions
Substantial progress has been made in the identifi cation 
and treatment of status epilepticus, yet the disorder 
remains a common neurological emergency with 
substantial morbidity and mortality. Knowledge 
regarding the process of epileptogenesis and the 
transition from a single seizure to self-sustaining status 
epilepticus has improved through basic research largely 
with animal models. This research has also led to 
increased recognition that persistent seizures cause 
further neurological injury, pharmaco-resistance, and 
worse outcomes as seizure duration increases. These 
concepts have led to clinical studies of the pre-hospital 
management of status epilepticus to achieve early seizure 
termination and serve as the basis for an updated 
treatment algorithm emphasising a more rapid escalation 
to anaesthetics for refractory status epilepticus, an 
important change in the approach to treating status 
epilepticus in hospital settings.

Still, many questions remain and further research is 
needed, including more rigorous studies of the anti-
convulsants used at present. ESETT will address the 
effi  cacy of the second-line anticonvulsants fosphenytoin, 
levetiracetam, and valproic acid for the treatment of status 
epilepticus refractory to benzodiazepines. Treatment 
trials for status epilepticus also need improved outcome 
measures, such as electrographic evidence of seizure 
termination on EEG, to more accurately assess treatment 
effi  cacy. The development and validation of dry electrode 
EEG devices that can be easily applied without a trained 
EEG technologist are essential. This technology enables 
early and accurate identifi cation of status epilepticus in 
hospitals where 24 h EEG services are not available, and 
could potentially improve both clinical and research 
outcomes.

Within the hospital setting, prospective studies are 
needed to establish a cost-eff ective approach for the early 
identifi cation and treatment of seizures and status 
epilepticus. The eff ect of extended EEG monitoring on 

outcomes should be investigated further. Studies are 
needed to better defi ne the eff ect of early use of 
anaesthetics, associated complications, and optimal 
duration of treatment to burst suppression for refractory 
status epilepticus.
Contributors
JPB performed the literature search and wrote the manuscript. DHL 
reviewed and revised the manuscript. Both authors contributed to the 
creation of the fi gures and tables.

Declaration of interests
We declare no competing interests.

Acknowledgments
DHL is supported by NIH grant NS056975.

References
1 DeLorenzo RJ, Hauser WA, Towne AR, et al. A prospective, 

population-based epidemiologic study of status epilepticus in 
Richmond, Virginia. Neurology 1996; 46: 1029–35.

2 Hesdorff er DC, Logroscino G, Cascino G, Annegers JF, 
Hauser WA. Incidence of status epilepticus in Rochester, 
Minnesota, 1965–1984. Neurology 1998; 50: 735–41.

3 Logroscino G, Hesdorff er DC, Cascino G, Annegers JF, 
Hauser WA. Time trends in incidence, mortality, and case-fatality 
after fi rst episode of status epilepticus. Epilepsia 2001; 42: 1031–35.

4 Knake S, Rosenow F, Vescovi M, et al. Incidence of status 
epilepticus in adults in Germany: a prospective, population-based 
study. Epilepsia 2001; 42: 714–18.

5 Coeytaux A, Jallon P, Galobardes B, Morabia A. Incidence of status 
epilepticus in French-speaking Switzerland: (EPISTAR). Neurology 
2000; 55: 693–97.

6 Logroscino G, Hesdorff er DC, Cascino G, Annegers JF, 
Hauser WA. Short-term mortality after a fi rst episode of status 
epilepticus. Epilepsia 1997; 38: 1344–49.

7 Logroscino G, Hesdorff er DC, Cascino G, et al. Mortality after a fi rst 
episode of status epilepticus in the United States and Europe. 
Epilepsia 2005; 46 (suppl 11): 46–48.

8 Strzelczyk A, Knake S, Oertel WH, Rosenow F, Hamer HM. 
Inpatient treatment costs of status epilepticus in adults in Germany. 
Seizure 2013; 22: 882–85.

9 Penberthy LT, Towne A, Garnett LK, Perlin JB, DeLorenzo RJ. 
Estimating the economic burden of status epilepticus to the health 
care system. Seizure 2005; 14: 46–51.

10 Proposal for revised clinical and electroencephalographic 
classifi cation of epileptic seizures. From the Commission on 
Classifi cation and Terminology of the International League Against 
Epilepsy. Epilepsia 1981; 22: 489–501.

11 Recommendations of the Epilepsy Foundation of America’s 
Working Group on Status Epilepticus. Treatment of convulsive 
status epilepticus. JAMA 1993; 270: 854–59.

12 Jenssen S, Gracely EJ, Sperling MR. How long do most seizures 
last? A systematic comparison of seizures recorded in the epilepsy 
monitoring unit. Epilepsia 2006; 47: 1499–503.

13 Kapur J, Macdonald RL. Rapid seizure-induced reduction of 
benzodiazepine and Zn2+ sensitivity of hippocampal dentate granule 
cell GABAA receptors. J Neurosci 1997; 17: 7532–40.

14 Jones DM, Esmaeil N, Maren S, Macdonald RL. Characterization of 
pharmacoresistance to benzodiazepines in the rat Li-pilocarpine 
model of status epilepticus. Epilepsy Res 2002; 50: 301–12.

15 Lowenstein DH, Bleck T, Macdonald RL. It’s time to revise the 
defi nition of status epilepticus. Epilepsia 1999; 40: 120–22.

16 Hauser WA. Status epilepticus: epidemiologic considerations. 
Neurology 1990; 40 (suppl 2): 9–13.

17 Vignatelli L, Tonon C, D’Alessandro R, and the Bologna Group for 
the Study of Status Epilepticus. Incidence and short-term prognosis 
of status epilepticus in adults in Bologna, Italy. Epilepsia 2003; 
44: 964–68.

18 Dham BS, Hunter K, Rincon F. The epidemiology of status 
epilepticus in the United States. Neurocrit Care 2014; 20: 476–83.

19 Hesdorff er DC, Logroscino G, Cascino G, Annegers JF, 
Hauser WA. Risk of unprovoked seizure after acute symptomatic 
seizure: eff ect of status epilepticus. Ann Neurol 1998; 44: 908–12.

Search strategy and selection criteria

We searched PubMed and article references for papers in English published between Jan 1, 
1969, and Jan 31, 2015, with the terms “status epilepticus”, “status epilepticus mortality”, 
“refractory status epilepticus”, “status epilepticus and EEG monitoring”, “status 
epilepticus radiographic fi ndings”, “status epilepticus and MRI”, and “status epilepticus 
treatment”. The fi nal set of publications was selected based on the quality of each study 
and its relevance to this Review. 

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




www.thelancet.com/neurology   Vol 14  June 2015 623

Review

20 DeLorenzo RJ, Pellock JM, Towne AR, Boggs JG. Epidemiology of 
status epilepticus. J Clin Neurophysiol 1995; 12: 316–25.

21 DeLorenzo RJ, Garnett LK, Towne AR, et al. Comparison of status 
epilepticus with prolonged seizure episodes lasting from 10 to 
29 minutes. Epilepsia 1999; 40: 164–69.

22 Towne AR, Pellock JM, Ko D, DeLorenzo RJ. Determinants of 
mortality in status epilepticus. Epilepsia 1994; 35: 27–34.

23 Wu YW, Shek DW, Garcia PA, Zhao S, Johnston SC. Incidence and 
mortality of generalized convulsive status epilepticus in California. 
Neurology 2002; 58: 1070–76.

24 Rossetti AO, Logroscino G, Bromfi eld EB. A clinical score for 
prognosis of status epilepticus in adults. Neurology 2006; 66: 1736–38.

25 Sutter R, Kaplan PW, Rüegg S. Independent external validation of 
the status epilepticus severity score. Crit Care Med 2013; 
41: e475–79.

26 Rossetti AO, Logroscino G, Milligan TA, Michaelides C, Ruffi  eux C, 
Bromfi eld EB. Status Epilepticus Severity Score (STESS): a tool to 
orient early treatment strategy. J Neurol 2008; 255: 1561–66.

27 Perl TM, Bédard L, Kosatsky T, Hockin JC, Todd EC, Remis RS. 
An outbreak of toxic encephalopathy caused by eating mussels 
contaminated with domoic acid. N Engl J Med 1990; 322: 1775–80.

28 Teitelbaum JS, Zatorre RJ, Carpenter S, et al. Neurologic sequelae 
of domoic acid intoxication due to the ingestion of contaminated 
mussels. N Engl J Med 1990; 322: 1781–87.

29 Chen JW, Naylor DE, Wasterlain CG. Advances in the pathophysiology 
of status epilepticus. Acta Neurol Scand Suppl 2007; 186: 7–15.

30 Naylor DE, Liu H, Wasterlain CG. Traffi  cking of GABA(A) receptors, 
loss of inhibition, and a mechanism for pharmacoresistance in 
status epilepticus. J Neurosci 2005; 25: 7724–33.

31 Goodkin HP, Sun C, Yeh JL, Mangan PS, Kapur J. GABA(A) 
receptor internalization during seizures. Epilepsia 2007; 
48 (suppl 5): 109–13.

32 Naylor DE, Liu H, Niquet J, Wasterlain CG. Rapid surface 
accumulation of NMDA receptors increases glutamatergic 
excitation during status epilepticus. Neurobiol Dis 2013; 54: 225–38.

33 Liu H, Mazarati AM, Katsumori H, Sankar R, Wasterlain CG. 
Substance P is expressed in hippocampal principal neurons during 
status epilepticus and plays a critical role in the maintenance of 
status epilepticus. Proc Natl Acad Sci USA 1999; 96: 5286–91.

34 Lado FA, Moshé SL. How do seizures stop? Epilepsia 2008; 
49: 1651–64.

35 Elliott RC, Miles MF, Lowenstein DH. Overlapping microarray 
profi les of dentate gyrus gene expression during development- and 
epilepsy-associated neurogenesis and axon outgrowth. J Neurosci 
2003; 23: 2218–27.

36 Roopra A, Dingledine R, Hsieh J. Epigenetics and epilepsy. Epilepsia 
2012; 53 (suppl 9): 2–10.

37 Miller-Delaney SFC, Das S, Sano T, et al. Diff erential DNA 
methylation patterns defi ne status epilepticus and epileptic 
tolerance. J Neurosci 2012; 32: 1577–88.

38 Jimenez-Mateos EM, Henshall DC. Epilepsy and microRNA. 
Neuroscience 2013; 238: 218–29.

39 Meldrum BS, Horton RW. Physiology of status epilepticus in 
primates. Arch Neurol 1973; 28: 1–9.

40 Meldrum BS, Vigouroux RA, Brierley JB. Systemic factors and 
epileptic brain damage. Prolonged seizures in paralyzed, artifi cially 
ventilated baboons. Arch Neurol 1973; 29: 82–87.

41 Sloviter RS. Decreased hippocampal inhibition and a selective loss 
of interneurons in experimental epilepsy. Science 1987; 235: 73–76.

42 Sankar R, Shin DH, Liu H, Mazarati A, Pereira de Vasconcelos A, 
Wasterlain CG. Patterns of status epilepticus-induced neuronal injury 
during development and long-term consequences. J Neurosci 1998; 
18: 8382–93.

43 Chuang YC, Chang AYW, Lin J-W, Hsu S-P, Chan SHH. 
Mitochondrial dysfunction and ultrastructural damage in the 
hippocampus during kainic acid-induced status epilepticus in the 
rat. Epilepsia 2004; 45: 1202–09.

44 Lopez-Meraz M-L, Niquet J, Wasterlain CG. Distinct caspase pathways 
mediate necrosis and apoptosis in subpopulations of hippocampal 
neurons after status epilepticus. Epilepsia 2010; 51 (suppl 3): 56–60.

45 Rabinowicz AL, Correale JD, Bracht KA, Smith TD, DeGiorgio CM. 
Neuron-specifi c enolase is increased after nonconvulsive status 
epilepticus. Epilepsia 1995; 36: 475–79.

46 DeGiorgio CM, Correale JD, Gott PS, et al. Serum neuron-specifi c 
enolase in human status epilepticus. Neurology 1995; 45: 1134–37.

47 DeGiorgio CM, Gott PS, Rabinowicz AL, Heck CN, Smith TD, 
Correale JD. Neuron-specifi c enolase, a marker of acute neuronal 
injury, is increased in complex partial status epilepticus. Epilepsia 
1996; 37: 606–09.

48 Meierkord H, Holtkamp M. Non-convulsive status epilepticus in 
adults: clinical forms and treatment. Lancet Neurol 2007; 
6: 329–39.

49 Lowenstein DH, Aminoff  MJ. Clinical and EEG features of status 
epilepticus in comatose patients. Neurology 1992; 42: 100–04.

50 Simon RP, Aminoff  MJ. Electrographic status epilepticus in fatal 
anoxic coma. Ann Neurol 1986; 20: 351–55.

51 DeLorenzo RJ, Waterhouse EJ, Towne AR, et al. Persistent 
nonconvulsive status epilepticus after the control of convulsive 
status epilepticus. Epilepsia 1998; 39: 833–40.

52 Claassen J, Hirsch LJ, Frontera JA, et al. Prognostic signifi cance of 
continuous EEG monitoring in patients with poor-grade 
subarachnoid hemorrhage. Neurocrit Care 2006; 4: 103–12.

53 Sung C-Y, Chu N-S. Epileptic seizures in intracerebral 
haemorrhage. J Neurol Neurosurg Psychiatry 1989; 52: 1273–76.

54 Bateman BT, Claassen J, Willey JZ, et al. Convulsive status 
epilepticus after ischemic stroke and intracerebral hemorrhage: 
frequency, predictors, and impact on outcome in a large 
administrative dataset. Neurocrit Care 2007; 7: 187–93.

55 De Reuck J, Hemelsoet D, Van Maele G. Seizures and epilepsy in 
patients with a spontaneous intracerebral haematoma. 
Clin Neurol Neurosurg 2007; 109: 501–04.

56 Labovitz DL, Hauser WA, Sacco RL. Prevalence and predictors of 
early seizure and status epilepticus after fi rst stroke. Neurology 2001; 
57: 200–06.

57 Velioğlu SK, Ozmenoğlu M, Boz C, Alioğlu Z. Status epilepticus 
after stroke. Stroke 2001; 32: 1169–72.

58 Temkin NR, Dikmen SS, Wilensky AJ, Keihm J, Chabal S, Winn HR. 
A randomized, double-blind study of phenytoin for the prevention of 
post-traumatic seizures. N Engl J Med 1990; 323: 497–502.

59 Vespa PM, Miller C, McArthur D, et al. Nonconvulsive 
electrographic seizures after traumatic brain injury result in a 
delayed, prolonged increase in intracranial pressure and metabolic 
crisis. Crit Care Med 2007; 35: 2830–36.

60 Towne AR, Waterhouse EJ, Boggs JG, et al. Prevalence of 
nonconvulsive status epilepticus in comatose patients. Neurology 
2000; 54: 340–45.

61 Claassen J, Mayer SA, Kowalski RG, Emerson RG, Hirsch LJ. 
Detection of electrographic seizures with continuous EEG 
monitoring in critically ill patients. Neurology 2004; 62: 1743–48.

62 Oddo M, Carrera E, Claassen J, Mayer SA, Hirsch LJ. Continuous 
electroencephalography in the medical intensive care unit. 
Crit Care Med 2009; 37: 2051–56.

63 Kamel H, Betjemann JP, Navi BB, et al. Diagnostic yield of 
electroencephalography in the medical and surgical intensive care 
unit. Neurocrit Care 2012; 19: 336–41.

64 Betjemann JP, Nguyen I, Santos-Sanchez C, Douglas VC, 
Josephson SA. Diagnostic yield of electroencephalography in a 
general inpatient population. Mayo Clin Proc 2013; 88: 326–31.

65 Kurtz P, Gaspard N, Wahl AS, et al. Continuous 
electroencephalography in a surgical intensive care unit. 
Intensive Care Med 2014; 40: 228–34.

66 Young GB, Jordan KG, Doig GS. An assessment of nonconvulsive 
seizures in the intensive care unit using continuous EEG monitoring: 
an investigation of variables associated with mortality. Neurology 1996; 
47: 83–89.

67 Dennis LJ, Claassen J, Hirsch LJ, Emerson RG, Connolly ES, 
Mayer SA. Nonconvulsive status epilepticus after subarachnoid 
hemorrhage. Neurosurgery 2002; 51: 1136–43.

68 Aicardi J, Amsili J, Chevrie JJ. Acute hemiplegia in infancy and 
childhood. Dev Med Child Neurol 1969; 11: 162–73.

69 Kramer RE, Lüders H, Lesser RP, et al. Transient focal 
abnormalities of neuroimaging studies during focal status 
epilepticus. Epilepsia 1987; 28: 528–32.

70 Lansberg MG, O’Brien MW, Norbash AM, Moseley ME, Morrell M, 
Albers GW. MRI abnormalities associated with partial status 
epilepticus. Neurology 1999; 52: 1021–27.



624 www.thelancet.com/neurology   Vol 14  June 2015

Review

71 Boyd JG, Taylor S, Rossiter JP, Islam O, Spiller A, Brunet DG. 
New-onset refractory status epilepticus with restricted DWI and 
neuronophagia in the pulvinar. Neurology 2010; 74: 1003–05.

72 Shinnar S, Bello JA, Chan S, et al. MRI abnormalities following 
febrile status epilepticus in children: the FEBSTAT study. Neurology 
2012; 79: 871–77.

73 Cianfoni A, Caulo M, Cerase A, et al. Seizure-induced brain lesions: 
a wide spectrum of variably reversible MRI abnormalities. 
Eur J Radiol 2013; 82: 1964–72.

74 Cartagena AM, Young GB, Lee DH, Mirsattari SM. Reversible and 
irreversible cranial MRI fi ndings associated with status epilepticus. 
Epilepsy Behav 2014; 33: 24–30.

75 Massaro AM. Teaching neuroimages:crossed cerebellar diaschisis 
in hemispheric status epilepticus. Neurology 2012; 79: e182.

76 Samaniego EA, Stuckert E, Fischbein N, Wijman CA. Crossed 
cerebellar diaschisis in status epilepticus. Neurocrit Care 2010; 
12: 88–90.

77 Bauer G, Gotwald T, Dobesberger J, et al. Transient and permanent 
magnetic resonance imaging abnormalities after complex partial 
status epilepticus. Epilepsy Behav 2006; 8: 666–71.

78 Lewis DV, Shinnar S, Hesdorff er DC, et al, and the FEBSTAT Study 
Team. Hippocampal sclerosis after febrile status epilepticus: the 
FEBSTAT study. Ann Neurol 2014; 75: 178–85.

79 Lowenstein DH, Alldredge BK. Status epilepticus at an urban 
public hospital in the 1980s. Neurology 1993; 43: 483–88.

80 Knudsen FU. Rectal administration of diazepam in solution in the 
acute treatment of convulsions in infants and children. 
Arch Dis Child 1979; 54: 855–57.

81 Hoppu K, Santavuori P. Diazepam rectal solution for home treatment 
of acute seizures in children. Acta Paediatr Scand 1981; 70: 369–72.

82 Alldredge BK, Gelb AM, Isaacs SM, et al. A comparison of 
lorazepam, diazepam, and placebo for the treatment of out-of-
hospital status epilepticus. N Engl J Med 2001; 345: 631–37.

83 Scott RC, Besag FM, Neville BG. Buccal midazolam and rectal 
diazepam for treatment of prolonged seizures in childhood and 
adolescence: a randomised trial. Lancet 1999; 353: 623–26.

84 McIntyre J, Robertson S, Norris E, et al. Safety and effi  cacy of 
buccal midazolam versus rectal diazepam for emergency treatment 
of seizures in children: a randomised controlled trial. Lancet 2005; 
366: 205–10.

85 Lahat E, Goldman M, Barr J, Bistritzer T, Berkovitch M. 
Comparison of intranasal midazolam with intravenous diazepam 
for treating febrile seizures in children: prospective randomised 
study. BMJ 2000; 321: 83–86.

86 Nakken KO, Lossius MI. Buccal midazolam or rectal diazepam for 
treatment of residential adult patients with serial seizures or status 
epilepticus. Acta Neurol Scand 2011; 124: 99–103.

87 Silbergleit R, Durkalski V, Lowenstein D, et al. Intramuscular 
versus intravenous therapy for prehospital status epilepticus. 
N Engl J Med 2012; 366: 591–600.

88 Sechi G, Serra A. Wernicke’s encephalopathy: new clinical settings 
and recent advances in diagnosis and management. Lancet Neurol 
2007; 6: 442–55.

89 Treiman DM, Meyers PD, Walton NY, et al. A comparison of four 
treatments for generalized convulsive status epilepticus. 
N Engl J Med 1998; 339: 792–98.

90 Browne TR, Kugler AR, Eldon MA. Pharmacology and 
pharmacokinetics of fosphenytoin. Neurology 1996; 46 (suppl 1): S3–7.

91 Osorio I, Reed RC. Treatment of refractory generalized tonic-clonic 
status epilepticus with pentobarbital anesthesia after high-dose 
phenytoin. Epilepsia 1989; 30: 464–71.

92 Shaner DM, McCurdy SA, Herring MO, Gabor AJ. Treatment of 
status epilepticus: a prospective comparison of diazepam and 
phenytoin versus phenobarbital and optional phenytoin. Neurology 
1988; 38: 202–07.

93 Misra UK, Kalita J, Patel R. Sodium valproate vs phenytoin in status 
epilepticus: a pilot study. Neurology 2006; 67: 340–42.

94 Agarwal P, Kumar N, Chandra R, Gupta G, Antony AR, Garg N. 
Randomized study of intravenous valproate and phenytoin in status 
epilepticus. Seizure 2007; 16: 527–32.

95 Gilad R, Izkovitz N, Dabby R, et al. Treatment of status epilepticus 
and acute repetitive seizures with i.v. valproic acid vs phenytoin. 
Acta Neurol Scand 2008; 118: 296–300.

96 Alvarez V, Januel J-M, Burnand B, Rossetti AO. Second-line status 
epilepticus treatment: comparison of phenytoin, valproate, and 
levetiracetam. Epilepsia 2011; 52: 1292–96.

97 Misra UK, Kalita J, Maurya PK. Levetiracetam versus lorazepam in 
status epilepticus: a randomized, open labeled pilot study. J Neurol 
2012; 259: 645–48.

98 Kellinghaus C, Berning S, Immisch I, et al. Intravenous lacosamide 
for treatment of status epilepticus. Acta Neurol Scand 2011; 123: 137–41.

99 Höfl er J, Unterberger I, Dobesberger J, Kuchukhidze G, Walser G, 
Trinka E. Intravenous lacosamide in status epilepticus and seizure 
clusters. Epilepsia 2011; 52: e148–52.

100 Yasiry Z, Shorvon SD. The relative eff ectiveness of fi ve antiepileptic 
drugs in treatment of benzodiazepine-resistant convulsive status 
epilepticus: a meta-analysis of published studies. Seizure 2014; 
23: 167–74.

101 Cock HR, and the ESETT Group. Established status epilepticus 
treatment trial (ESETT). Epilepsia 2011; 52 (suppl 8): 50–52.

102 Riviello JJ Jr, Claassen J, LaRoche SM, et al. Treatment of status 
epilepticus: an international survey of experts. Neurocrit Care 2013; 
18: 193–200.

103 Meierkord H, Boon P, Engelsen B, et al. EFNS guideline on the 
management of status epilepticus in adults. Eur J Neurol 2010; 
17: 348–55.

104 Ferguson M, Bianchi MT, Sutter R, et al. Calculating the risk benefi t 
equation for aggressive treatment of non-convulsive status 
epilepticus. Neurocrit Care 2013; 18: 216–27.

105 Rossetti AO, Lowenstein DH. Management of refractory status 
epilepticus in adults: still more questions than answers. 
Lancet Neurol 2011; 10: 922–30.

106 Ferlisi M, Shorvon S. The outcome of therapies in refractory and 
super-refractory convulsive status epilepticus and recommendations 
for therapy. Brain 2012; 135: 2314–28.

107 Mayer SA, Claassen J, Lokin J, Mendelsohn F, Dennis LJ, 
Fitzsimmons B-F. Refractory status epilepticus: frequency, risk 
factors, and impact on outcome. Arch Neurol 2002; 59: 205–10.

108 Holtkamp M, Othman J, Buchheim K, Meierkord H. Predictors 
and prognosis of refractory status epilepticus treated in a 
neurological intensive care unit. J Neurol Neurosurg Psychiatry 
2005; 76: 534–39.

109 Novy J, Logroscino G, Rossetti AO. Refractory status epilepticus: 
a prospective observational study. Epilepsia 2010; 51: 251–56.

110 Rossetti AO, Logroscino G, Bromfi eld EB. Refractory status 
epilepticus: eff ect of treatment aggressiveness on prognosis. 
Arch Neurol 2005; 62: 1698–702.

111 Claassen J, Hirsch LJ, Emerson RG, Bates JE, Thompson TB, 
Mayer SA. Continuous EEG monitoring and midazolam infusion 
for refractory nonconvulsive status epilepticus. Neurology 2001; 
57: 1036–42.

112 Vasile B, Rasulo F, Candiani A, Latronico N. The pathophysiology of 
propofol infusion syndrome: a simple name for a complex 
syndrome. Intensive Care Med 2003; 29: 1417–25.

113 Claassen J, Hirsch LJ, Emerson RG, Mayer SA. Treatment of 
refractory status epilepticus with pentobarbital, propofol, or 
midazolam: a systematic review. Epilepsia 2002; 43: 146–53.

114 Rossetti AO, Milligan TA, Vulliémoz S, Michaelides C, Bertschi M, 
Lee JW. A randomized trial for the treatment of refractory status 
epilepticus. Neurocrit Care 2011; 14: 4–10.

115 Sutter R, Marsch S, Fuhr P, Kaplan PW, Rüegg S. Anesthetic drugs 
in status epilepticus: risk or rescue? A 6-year cohort study. Neurology 
2014; 82: 656–64.

116 Kowalski RG, Ziai WC, Rees RN, et al. Third-line antiepileptic 
therapy and outcome in status epilepticus: the impact of 
vasopressor use and prolonged mechanical ventilation. 
Crit Care Med 2012; 40: 2677–84.

117 Brophy GM, Bell R, Claassen J, et al. Guidelines for the evaluation 
and management of status epilepticus. Neurocrit Care 2012; 17: 3–23.


	Status epilepticus in adults
	Introduction
	Definitions
	Epidemiology, aetiology, and outcomes
	Pathophysiology and neuronal injury
	Clinical presentation, diagnostic yield of extended EEG, and radiographic findings
	Diagnostic yield of extended EEG monitoring
	Diagnostic yield of extended EEG monitoring
	Radiographic findings

	Pre-hospital management of status epilepticus
	Hospital management of status epilepticus
	Refractory status epilepticus
	Conclusion and future directions
	Acknowledgments
	References


