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Non-convulsive status epilepticus in adults: clinical forms 
and treatment
Hartmut Meierkord, Martin Holtkamp

Non-convulsive status epilepticus (NCSE) is one of the great diagnostic and therapeutic challenges of modern 
neurology. Because the clinical features of this disorder may be very discrete and sometimes hard to diff erentiate 
from normal behaviour, NCSE is usually overlooked and consequently not treated properly. It is important to be 
familiar with the clinical subtypes such as absence, simple and complex partial, and subtle status epilepticus because 
each requires tailored management. In order to improve overall care of patients with NCSE, strict diagnostic criteria 
are needed that should be based on clinical alterations and ictal electroencephalographic changes. NCSE should be 
terminated rapidly to prevent patients from serious injuries, particularly if consciousness is impaired.

Introduction
Non-convulsive status epilepticus (NCSE) can take several 
forms and broadly refers to prolonged seizure activity in 
the absence of major motor signs. In neurological clinics 
and emergency settings, this disorder is often considered 
and neurologists seem to be familiar with this problem. 
This is in contrast to the fact that agreement on diagnostic 
criteria, clinical forms, consequences, and treatment is 
scarce. NCSE is not an entirely satisfactory term because 
it denotes a heterogeneous clinical disorder consisting of 
various subtypes.

In this Review, we summarise the most important 
aspects of this elusive disorder in adults. Neurologists or 
emergency physicians need robust criteria to make a 
correct diagnosis of NCSE. This implies sophisticated 
knowledge of the diff erent subtypes because, from a 
prognostic point of view, these are quite heterogeneous 
and require individually tailored treatment strategies.

The focus of this Review is on defi nitions, epidemiology, 
clinical features, and causes of the subtypes of NCSE. 
The four major types of NCSE are absence status 
epilepticus, simple partial status epilepticus (SPSE) 
without motor features, complex partial status epilepticus 
(CPSE), and status epilepticus in coma including subtle 
status epilepticus.

We also summarise experimental animal and human 
studies on neuronal and clinical consequences to gain a 
better insight into the outcome of the various clinical 
forms of NCSE compared with generalised convulsive 
status epilepticus (GCSE). Finally, we merge currently 
available outcome data with results from retrospective 
treatment trials to guide decisions on methods of 
pharmacological management and their degree of 
aggressiveness. 

The advent of electroencephalography in the 1930s has 
allowed reliable diagnoses and further diff erentiation of 
NCSE. The fi rst descriptions of absence status epilepticus 
date back to Lennox1 and CPSE was fi rst reported by 
Gastaut and colleagues.2 Cases of “spike-wave stupor” 
were identifi ed by Niedermeyer and Khalifeh3 as status 
epilepticus and this contributed substantially to the 
emerging concept of NCSE, and the idea of “subtle” 
GCSE as opposed to “overt” status epilepticus was 

suggested by Treiman and colleagues.4 Convulsive status 
epilepticus, the counterpart of NCSE, was recently 
reviewed in this journal.5

Defi nition
We defi ne NCSE as a change in behaviour and/or mental 
processes from baseline associated with continuous 
epileptiform discharges in the electroencephalogram. 
However, there is as yet no universially accepted 
defi nition of NCSE. Some suggested defi nitions have 
included diff erent components such as clinical changes 
that usually incorporate impaired consciousness, ictal 
electroencephalographic abnormalities, and response to 
treatment.6–9 It is important to decide which components 
are essential for a widely acceptable defi nition. Most 
authors agree that alterations in the clinical state and 
associated plausible electroencephalographic changes 
should be the basis of the defi nition.10 Clinical changes 
alone are not suffi  cient because these may be very subtle 
and sometimes hard to diff erentiate from normal 
behaviour or non-epileptic medical disorders.11 Important 
diff erential diagnoses of NCSE are summarised in the 
panel. However, the defi nition must not exclusively rely 
on electroencephalographic changes because no single 
pattern can be regarded as pathognomonic. A positive 
electroclinical response to acute anticonvulsant treatment 
may be helpful in the diagnostic process, but no response 
does not exclude the diagnosis. There is an ongoing 
debate regarding the duration of an episode before a 
diagnosis of NCSE can be made. In agreement with 
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Panel: Diff erential diagnoses

Disorders mimicking non-convulsive status epilepticus
Metabolic encephalopathy
Migraine aura
Posttraumatic amnesia
Prolonged postictal confusion
Psychiatric disorders
Substance de- or intoxication
Transient global amnesia
Transient ischaemic attack
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others,12,13 we suggest a defi nition of NCSE as 30 min of 
ongoing epileptic activity.12,13 It should be noted that in 
clinical practice, continuing non-convulsive epileptic 
activity, if instantly diagnosed, should be treated with 
anticonvulsants earlier than 30 min after onset, 
regardless of whether the disorder is termed as a 
prolonged seizure or status epilepticus.

Epidemiology
Incidence fi gures of NCSE and the relative frequencies 
of its subtypes vary across studies. This is probably due 
to the heterogenous defi nitions and diagnostic criteria 
used, and the result of possible referral bias, because 
some reports originate from tertiary epilepsy centres 
whereas others are population-based.

For all types of status epilepticus, incidence fi gures of 
ten to 41 per 100 000 per year have been reported.12–16 The 
fraction of absence status epilepticus, SPSE and CPSE 
and, if included, status epilepticus in coma is reported 
with a wide range from 5%14 to 49%.12 From these data, 
incidence rates of NCSE of between two and eight per 
100 000 can be derived. NCSE may be even more common 
because the epileptic nature of the clinical features is not 
usually readily recognised, and electroencephalography 
may not be available out of hours. Other estimations 
include a range from ten to 20 cases of NCSE per 
100 000.17

In adults, absence status makes up only 1–6% of all 
clinical forms of status epilepticus.12,14,18,19 However, in 
patients with idiopathic generalised epilepsies, single or 
recurrent typical absence status epilepticus are common 
and occur in 2·6–9·4% of cases.20,21 Late-onset de novo 
absence status epilepticus has been reported in every 
tenth elderly patient with protracted ictal confusion,22 and 
the mean age in one study was about 60 years.23 SPSE has 
been reported in 9–23% of all patients with status 
epilepticus;12,14–16 however, most patients present with 
somatomotor features.24 

For many years, CPSE was considered to be a rare 
disorder as indicated by an epidemiological study from 
the USA that showed that only 3% of all status epilepticus 
episodes were complex partial.14 However, subsequent 
European studies have shown that CPSE amounts to 
16–43% of all cases of status epilepticus.12,15,16 The low 
fraction of CPSE in earlier studies may be explained by 
the use of the International Classifi cation of Disease-9, 
which did not include this subtype of status epilepticus.

Published data on the frequency of status epilepticus in 
coma are rare and one study assessed electro-
encephalographic recordings in a population of 236 
comatose patients in intensive care, which showed the 
presence of NCSE in 8% of patients.25

In general, the incidence of status epilepticus shows a 
strong age-dependency. In elderly people (over age 
60 years), incidence rates of 55–86 per 100 000 have been 
reported.12,14 In elderly people, the relative frequency of 
simple and complex partial forms of status epilepticus 

also increases.13 This is in accordance with the well-known 
experimental and clinical observation that focal epileptic 
activity tends to generalise less often in old age.26,27

Economic burden 
It has become increasingly important to look at a medical 
disorder from an economic perspective. Although a few 
studies have analysed the costs of epilepsy, in general 
there are as yet no studies assessing the direct and 
indirect costs of status epilepticus. A recent study from 
the USA estimated costs via reimbursements received 
per admission.28 Compared with acute myocardial 
infarction, congestive heart failure, and intracranial 
haemorrhage, status epilepticus resulted in the highest 
direct inpatient costs amounting to 4 billion US dollars 
per year. Among patients with status epilepticus, a higher 
age group and an acute CNS cause were factors that 
caused profound rises in costs. Subanalysis of clinical 
forms of status epilepticus was not done, and therefore 
exact fi gures on the costs of the diff erent clinical forms of 
NCSE are pending. Clearly, the rapid expansion of the 
elderly population will substantially increase the economic 
impact of this disorder and studies are required to better 
refi ne the costs of status epilepticus and its subtypes. 

Aetiology and clinical forms
Information on the causes and clinical forms of NCSE is 
very important for the management of this disorder. 
There is general agreement that cause is the most 
relevant prognostic factor in individual patients, but 
unfortunately there is a paucity of reliable published 
causal data on the diff erent subtypes. The diff erent forms 
of NCSE may best be diff erentiated on the basis of clinical 
features, electroencephalographic patterns, and context 
of the syndrome.

Pre-existing epilepsy and NCSE
The development of a number of potent antiepileptic 
drugs and general improvements in pharmacological 
approaches in the second half of the last century have 
completely changed the incidence of status epilepticus 
in patients with pre-existing epilepsy. By contrast with a 
report by Hunter in 1959,29 status epilepticus today is 
generally more common in patients without a history of 
seizures.13,15 With regards to NCSE, there are no 
published robust fi gures, but clinical experience 
suggests that this observation is not true for patients 
with typical absence status epilepticus and for those 
with SPSE. Typical absence status epilepticus probably 
occurs more often in the context of pre-existing epilepsy, 
most commonly due to insuffi  cient medication. SPSE is 
encountered after epilepsy surgery and usually takes the 
form of aura continua.30 There is some evidence that the 
number of patients without pre-existing epilepsy is 
increasing with age, making up more than 70% of 
patients that are over age 60 years.14 This accounts 
especially for patients with localisation-related NCSE. 
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In daily clinical practise, it is important to note that 
acute systemic infection is an important risk factor for 
the development of NCSE in both patients with and 
without a history of seizures.31,32

Approaches to classifi cation
The clinical forms of status epilepticus may be subdivided 
into convulsive and non-convulsive variants. NCSE 
includes all forms of continuing epileptic activity and on 
observation the patient will not typically have any major 
motor signs. In such cases absence status epilepticus, 
SPSE, CPSE, and status epilepticus in coma including 
subtle status epilepticus are considered to be forms of 
NCSE. On the basis of the diagnostic criteria described 
above, isolated electrographic status epilepticus and 
disorders with subclinical epileptiform discharges33 were 
not considered in this Review. Electrographic status 
epilepticus in sleep is restricted to children and is 
therefore beyond the scope of this Review. The 
classifi cation based on seizure type by the International 
League Against Epilepsy34 and its dichotomy of focal and 
generalised onset is also used to categorise status 
epilepticus on the basis of the assumption that there is a 
status equivalent for every seizure type.35 Confusion may 
arise if both ways of grouping are intermingled without 
clear defi nitions. Both approaches for classifi cation have 
their merits and drawbacks and do not exclude each 
other. It is straightforward to diagnose a given event as 
convulsive or non-convulsive because this merely 
requires observation of the patient. A classifi cation into 
focal or generalised forms will usually require additional 
information derived from neurological examination and 
from further investigations, such as electro-
encephalography and neuroimaging. Figure 1 shows the 
two main classifi cation systems of status epilepticus. A 
further approach based on a semiological seizure 
classifi cation has also recently been suggested.36 
Reservations regarding this classifi cation mainly result 
from the fear that it may be too complicated and not 
clinically useful.37 

With either grouping—convulsive/non-convulsive and 
focal/generalised—it is important to note that status 
epilepticus is an evolving disorder with highly dynamic 
changes aff ecting both clinical and electroencephalographic 
features. Indeed, most forms of GCSE will develop into 
subtle status epilepticus if not terminated early in the 
course.38 Status epilepticus with focal onset tends to 
generalise electrophysiologically and clinically within a 
short period after onset.39 The physician therefore must 
consider the time that has elapsed from onset and 
possible changes in the clinical picture, and we suggest 
using both classifi cations in a stepwise fashion. 
Examination of the patient will allow subdivision into 
convulsive or non-convulsive forms, and additional 
clinical or electrophysiological information may in a 
second step allow the diagnosis of focal or generalised 
status epilepticus.

Absence status epilepticus 
Typical absence status epilepticus
The main clinical feature of absence status epilepticus is 
an altered state of consciousness but changes in 
behaviour may also be reported (table)40–50. Patients with 
typical absence status epilepticus may be able to eat and 
drink, withdraw from pain, walk about, and respond to 
simple commands.40,51 The duration of typical absence 
status epilepticus may range from minutes to days, or 
weeks.40,52 The disorder can start or end with, or is 
interrupted by, a generalised convulsive seizure.40,50

An electroencephalogram during typical absence status 
epilepticus shows generalised spike-wave discharges that 
occur at a frequency of around 3 Hz (fi gure 2).53 In the 
later stages of status epilepticus, electro encephalographic 
features may become more irregular and slow.8,54,55

Typical absence status epilepticus occurs in patients 
with idiopathic generalised epilepsies, particularly in 
patients with absence epilepsy8 or juvenile myoclonic 
epilepsy.53,56 The disorder is commonly triggered by 
inappropriate antiepileptic drugs such as carbamazepine,57 
fever, hyperventilation, grief, excitement, fatigue, or can 
be associated with the menstrual or sleep–wake cycles.40,53

Atypical absence status epilepticus
On clinical grounds alone, the distinction between typical 
and atypical absence status epilepticus may be diffi  cult, 
particularly if there is no other information available about 
the history and characteristic cluster of symptoms and 
signs. Alteration of consciousness is said to be more severe 
in atypical than in typical absence status epilepticus (table).

Status epilepticus

Convulsive

Focal

Simple
partial

Complex
partial

Subtle Late onset
absence

Atypical
absence

Typical
absence

Non-convulsive

Generalised

Figure 1: Stepwise approach to classifi cation of status epilepticus 
Careful examination of the patient can be used to determine between convulsive 
or non-convulsive forms. The seizure type classifi cation of the International 
League Against Epilepsy34 requires additional information from the neurological 
examination and investigations such as electroencephalogram and 
neuroimaging. Status epilepticus is a highly dynamic disorder with rapidly 
changing clinical and electroencephalographic features as a result of 
mechanisms that spread seizures. Therefore, time from onset needs to be 
considered to interpret the clinical picture. For example, subtle status epilepticus 
usually presents with bilateral clinical and electroencephalographic features but 
results from focal brain lesions and is not known to occur in idiopathic 
generalised epilepsy. This also shows that in time, there can be a transition from 
convulsive to non-convulsive forms of status epilepticus.
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The electroencephalogram that is recorded during 
atypical absence status epilepticus is not very helpful in 
separating typical from atypical absence status epilepticus. 
Unfortunately, neither the morphology of spike-wave 
discharges nor their frequency are specifi c for either 
form.58 However, interictal background activity in patients 
developing atypical absence status epilepticus is 
commonly slow but this information is usually not 
available during status epilepticus.

In a series of 148 patients with atypical absence status 
epilepticus, 11 patients had Lennox-Gastaut syndrome.59 
Absence status epilepticus with atypical features may 
also be seen in patients with idiopathic generalised 
epilepsy and the disorder can be triggered by initiation or 
dosage increase of antiepileptic drugs, such as 
carbamazepine, gabapentin, phenytoin, or vigabatrin.57

Late-onset de novo absence status epilepticus
This variant presents an important cause underlying 
prolonged states of confusion or assumed psychiatric 
disorders in elderly patients.23,60–62 Most prominent are 
variable degrees of altered contact with the environment 
so that a patient may be in stupor or present with only 
mild amnesia.23

The electroencephalographic features seen in typical 
absence status epilepticus with 3 Hz spike-wave 
discharges are present only in a few cases with late-onset 
de novo absence status epilepticus. Commonly, irregular 
spike-wave discharges with a frequency of 0·5–4 Hz are 
reported.23

Late-onset de novo absence status may occur in patients 
with remitted idiopathic generalised epilepsy or in 
patients without any seizure history. In a series published 
by Dunne and colleagues,32 ten of 18 patients with de novo 
absence status epilepticus had pre-existing idiopathic 
generalised epilepsy and fi ve of these were older than age 
50 years. In many cases, a long remission period of 2–40 
years precedes the onset of status epilepticus.32 However, 
in a couple of cases, there was no history of pre-existing 
epilepsy.23,63 Late-onset absence status epilepticus is 

usually triggered by psychotropic substance intoxication 
or detoxication such as benzodiazepine withdrawal as 
reported in eight of 11 patients.23

SPSE
In terms of pathophysiology, seizure spread in SPSE is 
restricted in space and discharges remain circumscribed. 
SPSE without motor features is diffi  cult to recognise 
because the prevailing features are exclusively subjective 
and typically non-spectacular.64 By defi nition, the clinical 
changes in non-convulsive SPSE do not include an altered 
contact with the environment and consciousness is 
preserved as opposed to CPSE. As already pointed out by 
Gloor,65 consciousness is an unsatisfactory term, 
particularly if used to subdivide partial seizures and status 
epilepticus, but it is still in use. Depending on the area that 
is activated by the epileptic discharges, the main clinical 
features during status epilepticus indicate the region of 
onset (reported clinical symptoms are given in the table).

Epilepsia partialis continua is a distinctive syndrome 
involving SPSE and is refractory in most cases. In view of 
the presence of continuous clonic focal motor 
symptoms—although these may be quite discrete—the 
disorder should not be considered as a form of NCSE.

Electroencphalographic alterations, if recorded with 
surface electrodes, may be variable with focal spikes and 
spike-wave complexes. Both SPSE and CPSE may occur 
in patients with pre-existing lesional or non-lesional 
localisation-associated epilepsy, or de novo due to acute, 
progressive, or remote CNS injuries. The frequency of 
both causal types is diffi  cult to determine because the 
large epidemiological studies do not report on causes of 
the clinical status epilepticus subtypes.

CPSE
CPSE may be the result of a more widespread, and usually 
bilateral, seizure discharge, in some cases also explaining 
the higher complexity of clinical features compared with 
SPSE (table). Various clinical features may make it diffi  cult 
to distinguish CPSE from absence status epilepticus.11,66 

Phenomenology EEG

Absence status epilepticus Impaired consciousness of variable degree; behavioural changes: disorientation, decreased 
spontaneity, slow speech, hallucinations; rhythmic blinking; slight myoclonic jerking40

2–3 Hz spike-wave discharges

Typical Shorter/less severe episodes than in atypical ASE; abrupt onset Interictal background activity normal

Atypical Additional features such as eye-lid blinking and grimacing Interictal background activity slow

Late onset Similar to typical absence status epilepticus; spectrum: mild amnesia to stupor 0·5–4 Hz spike-wave discharges

Simple partial status epilepticus Preserved consiousness; acoustic,39 aphasic,24,41,42 dysaesthetic,43 gustatory,44 olfactory,45 
psychic,44 vegetative,44 or visual46,47 symptoms or altered behaviour48

Variable with focal spike and spike-waves; surface EEG usually 
negative44

Complex partial status epilepticus Impaired consciousness; “epileptic twilight state” with confusion and strange behaviour; 
oral or manual automatisms; gradual development of symptoms7,49,50

Similar features as in simple partial status epilepticus but less 
restricted in space; surface EEG with better sensitivity

Subtle status epilepticus Lost consciousness; no or subtle movements such as rhythmic twitching of the arms, legs, 
trunk, or facial muscles, tonic-eye deviation, or nystagmoid eye jerking4

Generalised or lateralised spike or spike-wave discharges; fl at 
periods38

ASE= absence status epilepticus. EEG=electroencephalogram

Table: Clinical features and electroencephalographic abnormalities in subtypes of NCSE
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Early reports of CPSE that included electroencephalo-
graphic documentation resulted in the assumption that 
there are two variants: continuous and cyclic forms.6,46,67 
However, further well-documented cases have shown that 
continuous and discontinuous clinical and electrographic 
seizure activity may occur within one episode, suggesting 
that continuous and cyclic types do not represent separate 
entities.8,18,52,68,69 CPSE has been identifi ed to be a recurrent 
problem usually occurring at regular intervals, as seen in 
17 of 20 patients in one study.9

It is widely accepted that CPSE may present a very 
broad range of clinical features. By defi nition, impairment 
of consciousness must be present, typically manifesting 
itself as altered contact with the environment. In most 
cases, evolution is gradual, occasionally starting with 
prolonged or serial auras of any kind. Several reports 
indicate that many cases originate from the temporal 
lobes.9,39,44 However, CPSE certainly cannot be equated 
with temporal lobe status epilepticus. A depth-electrode 
study has indicated that CPSE may originate from extra-
temporal regions with special preference for frontal 
structures.69 As yet, there are no reliable data on the 
relative frequencies of regions of onset. Thomas and 
colleagues70 described two types of NCSE of frontal origin. 
Patients either showed mood disturbances with aff ective 
disinhibition that were associated with subtle impairment 
of cognitive functions without overt confusion, or patients 
had impaired consciousness.70 Although the latter clearly 
represents CPSE, the authors suggest that the former 
may better be described as SPSE.

Given the various possible clinical presentations, 
confi rmation and documentation with electro encephal-
ography is needed for a diagnosis to be made.11 Common 
electroencephalographic changes are given in the table 
and an example of the bilateral nature of the changes is 
shown in fi gure 2.

NCSE in coma
The diagnosis of NCSE in coma is a notorious problem. 
This is because the clinical features of status epilepticus 
in comatose patients are always contaminated and usually 
blurred by the underlying cause and by the patient’s drug 
regimens, such as anaesthetics, muscle relaxants, and 
anticonvulsant drugs. Pure electrographic status 
epilepticus without clinical evidence of seizures, even 
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Figure 2: Electroencephalograms during status epilepticus
Top; this is recorded during an episode of typical absence status epilepticus in a 
patient age 18 years with juvenile absence epilepsy. Status epilepticus developed 
in the context of non-compliance. The electroencephalogram was recorded 
about 1 h after the patient was reported to react slower than normal. A pattern 
of not-quite regular 3 Hz spike-wave discharges is shown. Absence status 
epilepticus was stopped with low doses of benzodiazepines and reinstalling the 
patient’s regular medication. Middle; this is recorded during an episode of 
complex partial status epilepticus. The patient, age 63 years, had a history of left 
mesial temporal lobe epilepsy with hippocampal sclerosis as shown by MRI. Note 
that the changes are bilateral and widespread with high-amplitude rhythmic 
discharges and alpha-beta activities of lower amplitude.Bottom; this is recorded 
during subtle status epilepticus. The patient, age 39 years, had a history of acute 
viral encephalitis and developed secondary generalised convulsive status 
epilepticus (“overt” status epilepticus). The patient was partially treated with 
benzodiazepines and phenytoin but this did not terminate status epilepticus. 
The comatose patient presented with mild bilateral facial twitches and 
electroencephalography showed generalised epileptiform discharges 
interrupted by short generalised fl at periods. Diagnosis of subtle status 
epilepticus was indicated on the basis of history, clinical fi ndings, and 
electroencephalographic features. The patient was put under generalised 
anaesthesia with thiopental until there was an electroencephalographic burst 
suppression pattern. In the following weeks, several attempts to taper the 
anaesthetic resulted in recurrence of seizure activity. After various infectious 
complications, the patient died from electromechanical dissociation.
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before electroencephalographic examination, has been 
described in 38% of patients.71 Additional diagnostic 
problems arise from the fact that there are no 
pathognomonic electroencephalograhic changes proving 
status epilepticus beyond doubt. In fact, even prominent 
generalised spike activity can indicate the expression of a 
severe encephalopathy, usually caused by anoxia rather 
than NCSE.10 Thus, NCSE in patients in a coma is 
probably overdiagnosed if the diagnosis is based on 
electroencephalographic alterations alone.

Subtle GCSE
The concept of “subtle” status epilepticus is very useful 
and has the potential to guide the clinician in cases where 
the correct diagnosis is immediately relevant for 
treatment decisions. The idea of subtle status epilepticus 
loses much of its diagnostic power if not used in the strict 
sense as representing the endpoint of overt status 
epilepticus, the latter denoting GCSE.38,72 Subtle status 
epilepticus is a form of NCSE that develops from GCSE 
if the latter has been treated insuffi  ciently or not treated 
at all. We are aware that in an initial report, patients were 
included in whom the disorder was believed to be caused 
by severe encephalopathy, and subtle status epilepticus 
may be an unrecognised cause of coma.4 As GCSE 
occurring in idiopathic generalised epilepsy is almost 
never refractory,73 it is likely that in most patients stubtle 
status epilepticus is due to focal brain pathology. Figure 2 
shows an electroencephalogram of a patient who was 
referred to our intensive care unit. In order not to lose 
the force of the concept, we suggest that the diagnosis of 
subtle status epilepticus should be made only in the 
presence of electroencephalographic changes and if there 
is evidence for previous overt epileptic seizures or status 
epilepticus. For the same reason we do not include 
postanoxic myoclonus (also called myoclonic status 
epilepticus) as done by Treiman74 because there is no 
agreement regarding its epileptic nature.

Coma induced by CNS disorders associated with status 
epilepticus
All other diagnoses of NCSE in coma should be made 
with caution, because the diagnosis of NCSE has to rely 
on changes in the clinical picture and on associated 
plausible alterations in the electroencephalogram. In a 
patient in a coma, it is very diffi  cult to identify changes in 
the clinical state as ictal symptomatology, and to 
diff erentiate this from non-ictal symptoms, that refl ect 
the underlying pathology. Electroencephalographic 
changes in coma are usually not pathognomonic and a 
diagnosis of NCSE should not be based on these 
electroencpehalographic changes alone. In a retrospective 
study by Towne and colleagues,25 236 patients in coma 
were reviewed regarding the possible diff erent causes. 
Coma was most commonly induced by hypoxia (42% of 
cases) and by stroke (22%). The authors diagnosed NCSE 
in 8% of cases on the basis of electroencephalographic 

fi ndings; however, this may mean overdiagnosing of the 
disorder. In such situations, we suggest making a 
diagnosis of NCSE only if, in addition to the 
electroencephalographic changes, there is clinical 
evidence from the patient’s history or if there have been 
recent episodes of seizures or status epilepticus.

Electroencephalographic patterns 
During a coma, the brain produces various periodic and 
rhythmic electroencephalographic changes that are 
currently being standardised by a subcommittee of the 
American Clinical Neurophysiology Society.75 These 
electroencephalographic changes include, most 
importantly, periodic lateralised epileptiform discharges, 
bilateral independent periodic lateralised epileptiform 
discharges, periodic epileptiform discharges, generalised 
periodic epileptiform discharges, stimulus-induced 
rhythmic periodic ictal-like discharges, and triphasic 
waves. A major goal of the subcommittee is to eliminate 
terms with clinical connotations, such as triphasic waves, 
which implies a metabolic encephalopathy. Once 
standardised, the new terminology will ease the task of 
multicentre research projects in looking for the diagnostic 
signifi cance of each pattern.

There seems to be agreement that the overall picture of 
the electroencephalographic discharge and its evolution 
in time and space is helpful in diff erentiating the 
electroencephalography of encephalopathies from that of 
NCSE. A clear development with a build-up of rhythmic 
activity or generalised spike-wave discharges at 3 Hz or 
faster and decremental features with fl at periods 
associated with clinical seizure activity strongly indicate 
NCSE.76 It should be noted that a simple 
electroencephalographic response to benzodiazepines is 
reported with most patterns and is therefore of minor 
value in the diff erential diagnosis, whereas a positive 
electroclinical response may be of diagnostic value. The 
current work on these issues carried out by the American 
Clinical Neurophysiology Society subcommittee75 is an 
important step in the right direction. 

Suspect clinical features of NCSE
It is not possible to do an electroencephalogram on each 
and every patient presenting with an unexplained change 
in behaviour or mental state. Husain and colleagues’ 
study77 is of great practical use in view of those clinical 
features highly suggestive of NCSE and therefore helpful 
in deciding when to do an emergency electro-
encephalogram.77 Ocular movement abnormalities and 
remote risk factors for seizures such as stroke, neoplasia, 
dementia, and previous neurosurgery have a very high 
combined sensitivity for NCSE.

Pathophysiology
A recent review by Chen and Wasterlain5 summarises the 
current concepts of basic mechanisms underlying the 
development and maintenance of status epilepticus. 
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Therefore, we focus on diff erences in pathophysiological 
processes underlying absence status epilepticus and 
localisation-associated NCSE. Current considerations are 
based on the assumption that the mechanisms resulting 
in absence or localisation-associated NCSE are 
comparable, although certainly not identical, to those 
mechanisms underlying absence or partial seizures.

The neuronal networks that generate absence seizures 
are completely diff erent from those underlying partial 
seizures. Thalamocortical neuronal populations are 
crucial in absence status epilepticus,78 and neuronal 
networks within the hippocampal formation and adjacent 
limbic and neocortical structures, including parietal and 
occipital regions, are relevant in simple and CPSE.79 
There are also notable diff erences in neurotransmitter 
changes. The synchronisation of thalamocortical 
discharges that occurs during absence status epilepticus 
depends on GABAergic processes located in the nucleus 
reticularis thalami.80 By contrast, the generation and 
maintenance of limbic status epilepticus involve 
activation of NMDA and other glutamate receptors.81 
Such diff erences may also explain possible consequences 
of either form of status epilepticus. The development of 
excitotoxicity has been reported during limbic status 
epilepticus but not in absence status epilepticus.79

Neuronal and clinical consequences
Outcome assessment after NCSE is hampered by the 
diffi  culty in separating the eff ects of continuing seizure 
activity from those of an underlying cause and from 
complications occurring in the clinical course, including 
eff ects of treatment. Not surprisingly, NCSE in pre-existing 
epilepsy has a substantially better prognosis than NCSE 
caused by acute neurological or systemic disorders.82

Does NCSE have deleterious neuronal and clinical 
consequences at all? Experimental animal studies may 
give some insight into pathophysiological mechanisms. 
Meldrum and colleagues83 induced GCSE with bicuculline 
in baboons for 1·5–5 h and this caused neuronal damage 
in cerebellar, hippocampal, and neocortical structures. If 
convulsions were avoided by complete muscle relaxation, 
neuronal cell loss was less severe but not completely 
prevented, which indicates the deleterious eff ects of 
continuing epileptic activity itself.84 Self-sustaining status 
epilepticus induced by electrical stimulation of limbic 
structures in rats results in a phenomenological spectrum 
ranging from continuous partial to continuous GCSE.85 
In animals with partial motor status epilepticus, neuronal 
damage and development of chronic epilepsy was 
substantially less severe, but still present. In experimental 
animals with NCSE, induced with pilocarpine, neuronal 
loss in the motor cortex and in the dentate gyrus was 
reported, and 2 months later, behavioural analysis 
showed motor defi cits and disturbances in social 
behaviour.86 Such consequences may be explained by the 
excitotoxicity as reported in experimental animal models 
of limbic status epilepticus.87

In summary, animal data on status epilepticus indicate 
that the severity of functional and structural consequences 
on the brain depends on the extent of convulsive activity. 
However, non-convulsive epileptic activity has the 
potential to damage neurons as well. 

Translation of these experimental fi ndings to human 
NCSE should be made with caution. Status epilepticus in 
animal models is typically associated with extensive 
continuous excitatory seizure activity, whereas NCSE in 
human beings is generally interrupted by periods of less 
severe activity. Duration and frequency of epileptic 
activity correlates with the extent of neuronal damage88 
and therefore experimental status epilepticus cannot 
indiscriminately be compared with the human disorder.

Neuronal consequences of NCSE in human beings can 
be assessed methodologically in post-mortem autopsies 
or in vivo with neuroimaging. Commonly, NCSE is a 
disorder that does not result in death, unless the 
underlying causative medical disorder is lethal. Because 
in such cases allocation of the origin of neuronal cell loss 
is not always certain, there are currently no reliable 
reports on structural consequences of NCSE as shown by 
histology.

Structural neuroimaging has also been used to look for 
cerebral consequences of status epilepticus. One patient 
with temporal lobe epilepsy was reported to have 
developed hippocampal atrophy after CPSE.89 This report 
diff ers from another MRI volumetry study that assessed 
nine patients up to 12 months after GCSE and there was 
no atrophy in limbic structures.90

Neuron-specifi c enolase, which probably indicates 
some form of neuronal damage, was increased in one 
study after CPSE.91 This, however, does not necessarily 
indicate any clinical defi cits.

NCSE in patients with pre-existing epilepsy allows 
assessment of isolated clinical eff ects of continuing 
epileptic activity. Outcome is reported to be good to 
excellent for both CPSE9,19,69 and absence status epilepticus, 
either in patients with idiopathic generalised epilepsies19 
or in patients with de novo late-onset absence status.23 
Advanced analysis of neuropsychological functions in 
patients with pre-existing epilepsy, and at least one 
episode of CPSE, showed an excellent intellectual 
prognosis in adults.92 Shneker and Fountain82 compared 
mortality in 100 patients with NCSE on the basis of cause 
regardless of subtype. Patients with NCSE due to pre-
existing epilepsy had a low mortality (3%), whereas 
patients with NCSE due to acute medical disorders had a 
mortality of 27% indicating the overall importance of 
cause on outcome. Complications due to the causative 
medical disorder, due to treatment, and perhaps due to 
persistence of seizure activity seem to be the basis for the 
high mortality of more than 50% in elderly critically ill 
patients with NCSE.93 An accumulation of these 
complications is usually encountered in patients in a 
coma with status epilepticus. These patients have a very 
poor prognosis and mortality ranges between 47%25 and 
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60%.94 This range, however, is similar to that of patients 
in a coma without epileptiform electroencephalographic 
features ranging between 54%25 and 66%.94 In the 
Veterans Aff airs Cooperation Study on the treatment of 
status epilepticus,72 outcome of subtle status epilepticus 
was signifi cantly worse than that of overt GCSE, and 
mortality rates were 65% and 27%, respectively. 

In summary, available human data so far indicate that 
most clinical forms of NCSE, with the exception of subtle 
status epilepticus, are benign in terms of morbidity and 
mortality. Poor outcome may be attributed to cause and 
associated complications. However, this does not mean 
that treatment decisions should only be based on the 
expected outcome. Clearly, the risk of severe physical 
injuries and other complications that patients may have 
during NCSE, particularly if consciousness is impaired, 
have to be considered.

Pharmacological management
Treatment of NCSE depends on the type and the cause. 
As most clinical forms of NCSE, with the exception of 
subtle status epilepticus and in contrast to GCSE, are not 
associated with acute systemic and chronic neurological 
complications, we suggest a less aggressive 
pharmacological management. Regarding subtle status 
epilepticus, recommendations for initial treatment are 
based on one randomised controlled trial.72 The 
therapeutic approach for the other subtypes relies only 
on retrospective and empirical data.

Typical absence status epilepticus and late-onset de 
novo absence status epilepticus are commonly treated 
successfully by intravenous administration of 10 mg 
diazepam or 4 mg lorazepam.8,23,95 If seizures continue for 
more than 10 min after this treatment, these doses can be 
repeated. Eventually, bolus administration of intravenous 
valproic acid at 25–45 mg/kg (6 mg/kg per min) or 
phenobarbital at 20 mg/kg (50 mg/kg per min) is 
recommended. In patients with recurrent episodes of 
absence status epilepticus who are institutionalised or 
home cared, buccal, nasal, oral, or rectal administration 
of benzodiazepines might be a reasonable alternative.96–98 
Absence status epilepticus caused by paradoxical eff ects 
of antiepileptic drugs, such as phenytoin or carbamazepine, 
may be refractory to initial benzodiazepines, and seizure 
control was attained in all eight reported cases 24–48 h 
after discontinuation of the proconvulsant antiepileptics.95 
However, in this disorder response to benzodiazepines, 
and even spontaneous cessation of absence status 
epilepticus, has been reported.57 Although in typical 
absence status epilepticus, recurrence of epileptic activity 
is not uncommon,8 late-onset absence status epilepticus 
rarely reccurs, even in patients not taking antiepileptic 
drugs.23 Atypical absence status epilepticus may not 
respond to benzodiazepines, and additional phenobarbital 
or valproic acid may be required.

The response to initial drugs in SPSE and CPSE depends 
on whether the disorder occurs in patients with pre-

existing epilepsy or in patients with de novo status 
epilepticus presumably due to acute or progressive 
systemic or CNS disorders. In patients with a history of 
frontal or temporal lobe epilepsy, partial forms of status 
epilepticus may spontaneously terminate or rapidly 
respond to intravenous administration of 10 mg diazepam 
or 4 mg lorazepam. These doses are repeated in the case 
of persistence or recurrence of epileptic activity. If 
necessary, additional phenytoin (15–18 mg/kg) or 
equivalent dosage of fosphenytoin is recommended.18 
Though recurrence of CPSE is not unusual,9  
benzodizapines and fosphenytoin usually illicit a response. 
By contrast, de novo SPSE and CPSE are commonly 
refractory towards fi rst-line treatment, and therefore 
subsequent intravenous phenobarbital at 20 mg/kg or 
valproic acid at 25–45 mg/kg should be administered. 

Owing to favourable clinical outcome in patients with 
NCSE, caution should be taken with further treatment 
with intravenous anaesthetics.50,99 Aggressive 
pharmacological treatment seems to have a greater risk 
on morbidity and mortality100 than continuing non-
convulsive seizure activity.101 A European survey indicated 
that neurologists are more reluctant to administer 
anaesthetics in CPSE than in GCSE.102 Alternatively, 
phenobarbital or valproic acid, if not already given as 
fi rst-line or second-line treatment, should be tried fi rst.103 
Furthermore, enteral topiramate and levetiracetam may 
be successful in this disorder,104–106 and the latter is now 
available for intravenous administration. If CPSE cannot 
be terminated, generalised anaesthesia should be 
considered in the rare patients who are young and do not 
have additional medical problems, but treatment should 
be tailored for each patient. In these younger patients, 
anaesthetics such as midazolam (0·2 mg/kg bolus, 
0·1–0·4 mg/kg per h infusion), propofol (2 mg/kg bolus, 
5–10 mg/kg per h infusion), thiopental (2–3 mg/kg mg 
bolus, 3–5 mg/kg per h infusion), or pentobarbital 
(10–20 mg/kg bolus, 1–3 mg/kg per h infusion) can be 
given.107 In these patients, there has been recurrence of 
seizure activity in more than 50% of cases,108 and for this 
diffi  cult-to-treat and prognostically poor variant we have 
coined the term “malignant” status epilepticus.109

Treatment of NCSE in coma is also tailored to its 
subtype. Subtle status epilepticus that developed from 
overt GCSE was studied in a randomised controlled trial 
with 134 patients.72 Intravenous administration of 
lorazepam (0·1 mg/kg), diazepam (0.15 mg/kg) followed 
by phenytoin (18 mg/kg), phenobarbital (18 mg/kg) or 
phenytoin (18 mg/kg) stopped status epilepticus in only 
8–24% of patients, and success rates were not signifi cantly 
diff erent in the study groups. The response rate in early 
overt GCSE was 44–65%, and the dramatic loss in effi  cacy 
of the predominantly GABAergic substances can be 
explained by modifi cation of the GABAA receptor due to 
continued seizure activity.110 Refractory subtle status 
epilepticus should be treated with intravenous 
anaesthetics, as described above, without further delay.107
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If epileptiform electroencephalographic discharges 
occur in patients in a coma, due to an underlying medical 
disorder such as global hypoxia, anticonvulsant treatment 
may be less aggressive because clinical outcome in these 
patients is similarly poor to those without such electro-
encephalographic features.25,94

Conclusion
NCSE is a disorder comprising a broad clinical spectrum 
that requires charactersitic electroencephalographic 
changes to confi rm the correct diagnosis. The diagnosis 
of epilepsy in general is a clinical one, which is why a 
diagnosis of status epilepticus should not be based on 
electroencephalographic features alone.

Morbidity and mortality depend on the underlying 
cause, and in general, most clinical forms of NCSE seem 
to be less harmful than status epilepticus with generalised 
convulsive phenomenology. Treatment approaches should 
aim to rapidly terminate NCSE to prevent patients from 
having serious injuries, particularly if consciousness is 
impaired. However, outcome data suggest that in refractory 
cases, with the exception of subtle status epilepticus, a less 
aggressive management is recommended. Future clinical 
research should focus on randomised controlled treatment 
trials that rely on strict defi nitions and diagnostic criteria 
for NCSE and its subtypes.
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