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Abstract
Although generalized tonic-clonic status epilepticus (SE) is frequently seen, an evidence-based
approach to management is limited by a lack of randomized clinical studies. Clinical practice, therefore,
relies on a combination of expert recommendations, local hospital guidelines and dogma based on
individual preference and past successes. This review explores selected and controversial aspects of SE
in adults and provides a critical appraisal of currently recommended management strategies.
Generalized tonic-clonic status epilepticus (SE)
is a not infrequently encountered neurologic
emergency. Failure to adhere to a predetermined
plan of action may place the patient at considerable
risk of secondary brain injury. However, even
with appropriate implementation of an accepted
treatment plan, the outcome remains suboptimal
with no evidence that current recommendations
have had a measurable impact on morbidity or
mortality.1,2 The aims of this review are to examine
selected and controversial aspects pertaining to
the diagnosis and management of SE and critically
review the strategies available for refractory SE.
The focus is on generalized tonic-clonic
convulsive SE in adults. It is not intended to
explore the complexities of the neurophysiology,
neurochemistry, neuropathology or antiepileptic
drug pharmacology, which are reviewed
elsewhere.3-6 The data sources were predominantly
obtained from a MEDLINE search for Englishlanguage articles 1966-2001, using the search
term “status epilepticus”. References with an
emphasis on the epidemiology, electroencephalogram (EEG), treatment and outcome in
generalized tonic-clonic SE in adults were
selected.
WHAT IS STATUS EPILEPTICUS?
The definition of SE is evolving and debate
persists as to what constitutes this entity. This has
led to some heterogeneity between studies in

methodology and inclusion criteria particularly
with regard to seizure duration. The 1981
International League Against Epilepsy’s definition
of SE (“whenever a seizure persists for a sufficient
length of time or is repeated frequently enough
that recovery between attacks does not occur”),
which has not been officially updated, remains
unsatisfactory from a research viewpoint because
the duration is not specified.7 However, the
definition remains clinically relevant in that it
describes a state where there is a failure of the
normal mechanisms serving to terminate a seizure.
Definitions of SE that emphasize a specific
duration appear largely to have arisen from
physiologic evidence based on animal models.
Meldrum and Brierley8,9 observed that in baboons
neuronal dropout was seen after 25 minutes, the
severity of which increased with duration of
seizures. From these and other experiments, it
has been concluded that prolonged seizures, even
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with control of associated systemic disturbances,
can directly cause cerebral damage.10,11 These
data have been supported to some extent in
observational human studies (for review see
Shorvon, 19946).
Subsequently, the Epilepsy Foundation of
America working group and several major recent
studies have defined SE as “any seizure lasting
for 30 minutes or longer or intermittent seizures
lasting for greater than 30 minutes from which
the patient did not regain consciousness”.1,12,13
In the hospital-based Veterans Administration
(VA) study, the entry criteria were two or more
generalized convulsions without full recovery
between seizures or continuous convulsive activity
for more than 10 minutes.2 The use of epilepsymonitoring units, where it has been observed that
typical tonic-clonic seizures almost invariably
spontaneously cease within three minutes, has
resulted in a call for a reduction in the “diagnostic
threshold” for SE from 30 minutes to as low as
five minutes.14 However, if a five- or 10-minute
definition of SE is adopted, several potential
practical issues arise. Firstly, early treatment may
place patients with nonepileptic seizures or
relatively prolonged but self-terminating single
events at risk of overtreatment. However, there is
no evidence that treatment in either of these
situations results in a significant increase in serious
morbidity. Secondly, this is an unrealistic duration,
in most circumstances, to transport a patient with
SE to the hospital, as demonstrated in an
unpublished series from San Bernadino,
California.15
Clearly, out-of-hospital diagnosis and
management is the only way that treatment can
be achieved within this time frame. A recently
reported out-of-hospital study from San Francisco
defined SE as “continuous or repeated seizure
activity for more than five minutes without
recovery of consciousness,” which effectively
meant that the criteria were met and treatment
started if the patient was still seizing when
paramedics arrived.16 In our view, at a practical
level, the definition of SE should not be the topic
of bedside debate and seizures should be
terminated as soon as possible. From a research
viewpoint, the duration of SE as defined in the
San Francisco out-of-hospital study combines
pragmatism and science, and we consider it
reasonable to be utilized in future clinical studies.
LUMPING AND SPLITTING?
The majority of observational studies have
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combined a potpourri of heterogeneous conditions
of diverse etiologies manifest by various forms of
SE.11,12,17,18 From epidemiological, prognostic, and
management viewpoints, it is inappropriate to
lump together widely disparate conditions such
as myoclonic status in a comatose survivor after
cardiac arrest and a brief flurry of seizures in a
neurologically-normal, noncompliant epilepsy
patient.
One study separated patients with “subtle” SE
(coma and ictal discharges on the
electroencephalogram (EEG) with or without
subtle convulsive movements) from overt SE.2
As subtle SE may be seen late in the course of SE
or with myoclonic SE, it was unsurprising that
major differences in treatment response and
prognosis were seen. Future studies should further
differentiate between the various subgroups and
etiologies of SE to allow for more realistic
prognostication and analysis of the effect of
treatment.
A classification of SE according to clinical
information including pathophysiology, epilepsy
syndrome, and seizure semiology combined with
EEG data within various age groups (neonatal,
infancy/childhood, childhood/adult, and adult)
has been proposed by Shorvon6 but as yet has not
been utilized in any study.
WHO SHOULD MANAGE STATUS
EPILEPTICUS (AND THEN MIND THE
STORE)?
The reality for neurologists is that they will rarely
have the opportunity to initiate management of
SE. In the majority of cases, the brunt initially
falls on emergency department physicians. There
are no data on outcome of SE in relation to the
treating physician. However, Cascino et al,19
identified that a significant proportion of patients
treated for SE in a tertiary care facility were
undertreated by current standards.
In most situations, the neurologist will be
invited to participate in the care of these patients
after an initial management program, with or
without success, has been embarked upon. For
each of the specialists involved, differing agendas
may be present and agreed-upon. A team-based
approach is paramount in providing
comprehensive care including airway
management, EEG interpretation, and appropriate
drug therapy. It should be emphasized, however,
the presenting problem is neurologic, and
neurologists should be intimately involved in the
patient’s day-to-day care.

Although there are no data showing any
improvement in outcome according to where the
patient is admitted, ideally, a patient with SE
should be transferred to a neurologic intensive
care unit (ICU) with video-EEG monitoring
capabilities.
IS AN EEG REQUIRED IN EVERY CASE?
Convulsive SE is a clinical diagnosis. However,
several studies have shown that misdiagnosis of
nonepileptic seizures as SE frequently occurs.2,20,21
In the VA study, where EEG was mandatory but
could be performed after initiation of treatment,
20% of those initially randomized had
nonepileptic seizures.2 In our view, the risks of
inappropriate administration of first-line agents
for SE medication are outweighed by the risks of
undertreatment and the delay incurred in obtaining
an EEG before treatment is generally
unacceptable. An urgent EEG should be obtained
in the following situations:
(i) Prolonged and severe post-ictal
unresponsiveness (e.g. difficulty arousing
the patient despite appropriate vigorous
stimulation after a period of greater than 10
to 15 minutes) taking into consideration the
effect of therapy. An EEG in this situation
will differentiate coma (with no overt clinical
signs of convulsive activity) due to ongoing
SE from post-ictal somnolence.
(ii) Patients who have received neuromuscular
blocking agents and sedative agents with a
prolonged anesthetic effect in whom it is
difficult to assess clinically for signs of
ongoing seizure activity.
(iii) Patients with atypical features suggesting
the possibility of pseudoseizures such as
alternating or out of phase limb movements,
prominent pelvic thrusting, side-to-side head
movements and forced eye closure.
(iv) Refractory status epilepticus, where seizures
persist despite treatment with appropriate
doses of benzodiazepines and phenytoin.
After initial treatment, ongoing EEG
monitoring may allow identification and treatment
of clinically-unrecognized seizures. Although
there is indirect evidence this may improve
outcome, this need not be routine and can be
tailored to patients in whom the above criteria are
met.22,23 Where possible, digital video-EEG
monitoring should be used as it allows for
improved clinical correlation and EEG analysis.

EEG INTERPRETATION IN STATUS
EPILEPTICUS: TREATABLE SPIKES OR
DAMAGED CORTEX
Electroencephalographic analysis during and after
seizures is difficult and skilled interpretation is
necessary. This includes differentiation of
movement artefact from electrographic seizure
discharges and recognition of the varying ictal
and post-ictal patterns and the evolution of EEG
abnormalities with ongoing SE.24,25 One of the
controversial patterns seen is periodic epileptiform
discharges (PEDs). Although a strict definition of
PEDs does not exist, these usually occur at a rate
of less than 3 Hz and should not show any
significant spatio-temporal evolution. They may
be lateralized (PLEDs), bilaterally independent
(BiPLEDs), bilaterally synchronous/generalized
(GPEDs), or multifocal independent.26
Unless there is a clinical correlate such as
subtle face or limb twitching or nystagmoid eye
movements, PLEDs and BiPLEDs are generally
considered an interictal phenomenon reflecting
an acute disturbance of cerebral function often
related to an underlying structural abnormality.26
Periodic lateralized epileptiform discharges are
often transiently seen following uncomplicated
tonic-clonic seizures in epilepsy patients
undergoing routine diagnostic video-EEG
monitoring, but GPEDs are rarely encountered.
However, the pattern of GPEDs, at times with
varying voltage asymmetry over either
hemisphere, has been repeatedly demonstrated in
animal studies and patients with prolonged SE.2225,27,28
In the comatose patient without any subtle
motor manifestations but with previously
recognized clinical seizures, this pattern should
be regarded as ictal. Difficulties arise when
GPEDs are seen in the same situation but without
any preceding clinical ictus. If no alternative
cause can be determined, it is reasonable to also
consider this ictal. Therefore, the interpretation
and treatment of any periodic epileptiform
discharges seen in the context of SE should be
based on the clinical situation, knowledge of the
history and examination findings, the results of
neuroimaging, and careful EEG assessment. The
presence of PEDs in SE may have some prognostic
significance. Studies have variably suggested that
the outcome is worse in patients with PEDs
although the data do not appear to have been
corrected for age and type of SE.22,23,25,27
Burst suppression may be seen as a direct
consequence of SE and its cause or related to
treatment. This is also not usually considered an
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electrographic seizure pattern unless myoclonic
jerks or some other clinical accompaniment are
seen in association with the bursts or rhythmic
epileptiform activity is seen during periods of
suppression.24
The presence of burst suppression in
association with post-anoxic-ischemic myoclonus
signifies an ominous prognosis but the prognosis
of this EEG finding in otherwise uncomplicated
SE is not known.23,30 Lastly, the attainment of
certain EEG patterns have been advocated as a
“therapeutic endpoint”.31,32 If the seizures are
controlled clinically and there is no EEG evidence
of ongoing seizure activity, any EEG pattern is
acceptable. Although frequently necessary in
refractory SE, titration of anesthetic agents to an
iso-electric or burst-suppression pattern is at
present not known to be of any benefit and may,
in fact, be harmful due to the cardio-depressant
effects.33,34 The reality is, however, that in most
institutions, neurologists or EEG-trained
personnel will not be continually observing
minute-to-minute changes during EEG
monitoring. Therefore, attainment of clinical
seizure control and an associated easilyrecognized EEG pattern compatible with this,
such as burst suppression, may simplify EEG
assessment and facilitate communication with
the neurology team if changes occur.
MORBIDITY AND MORTALITY – CAUSE
OR CONSEQUENCE?
Mortality in large series varies between 15 and
30%.12,13,17,18,35,36 Etiology has been repeatedly
demonstrated to be the major determinant of
mortality in SE.17,18,35,36 However, where attempts
have been made to identify the mortality rate
directly due to SE, this falls dramatically to 03%.17,37 Age is clearly a factor; but when corrected
for etiology, it becomes less significant.35,36
Duration of SE has generally been shown to be
predictive of mortality independent of etiology
although assessment of this in retrospective or
even prospective studies is difficult.17,18,35,36 A
recent study demonstrated that patients with
prolonged seizure episodes lasting 10 to 29
minutes had a more favorable outcome than those
with SE defined by the Epilepsy Foundation of
America criteria, i.e. greater than 30 minutes.38 In
addition, SE in adults presenting with intermittent
seizures may have a more favorable prognosis
than continuous SE.39
Morbidity due to SE has rarely been assessed;
and, while also clearly linked to etiology, detailed
analysis of this in a modern, prospective series
50
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may be enlightening.17,40 Epilepsy frequently
follows SE but, whether this is due to the seizures
themselves or related to the underlying cause, is
unclear. Hauser41 found that acute symptomatic
SE (i.e. with an identifiable cause) was associated
with a three-fold increased risk of development
of epilepsy compared to less prolonged acute
symptomatic seizures. Status epilepticus, as the
first seizure in the context of a remote symptomatic
etiology (i.e. related to a previous neurologic
insult), was also associated with a higher risk of
further unprovoked seizures.42 However, this
relationship does not appear to hold for
unprovoked SE.43 With regard to treatmentassociated morbidity, no significant differences
in hypoventilation, hypotension requiring
treatment or dysrhythmias were identified among
the four treatments utilized in the VA study.2
Similarly in the San Francisco out-of-hospital
study, the above complications and ICU admission
were more frequent in placebo-treated patients
than those who received benzodiazepine
treatment.16
A PRACTICAL GUIDE TO MANAGEMENT
General measures
Management of SE should begin in the field or
during transportation to hospital. Despite the
proven efficacy and safety, we suspect that outof-hospital treatment options remain
underutilized.16,44,45 Once in hospital, SE treatment
should be focused on management of acute
complications, termination of seizures, prevention
of recurrence, and investigation and treatment of
potential precipitating causes.
The first priority is airway control and
avoidance of hypoxia. Deciding whether and when
to intubate remains a clinical decision made in
conjunction with emergency or intensive care
physicians based on the patient’s ability to
maintain respiratory drive, protect the airway,
and preserve adequate lung function.
Assessment of the etiology of the SE should
occur coincident with the initial management.
The most frequent cause of SE in large adult
series is an acute process involving the central
nervous system (CNS), most commonly stroke,
hypoxia/ ischemic encephalopathy, infection,
metabolic, drug overdose, trauma, and alcoholrelated.12,13,17,18 Status epilepticus occurring in
patients with remote CNS insults, including
patients with symptomatic epilepsy with low
antiepileptic drug levels, comprise the majority
of the remainder.

Emergency investigations are, to a large extent,
dictated by the history and examination. However,
as a minimum, electrolytes including calcium
and magnesium, glucose, complete blood count,
liver and renal function should be urgently
performed. Antiepileptic drug levels should be
assessed as appropriate but often it is not known
what the patient is taking. It is, therefore, helpful
to take extra blood samples for analysis once the
history can be clarified. In addition, a drug screen
should be performed although this will rarely be
available on an urgent basis. Subsequent
investigations, including CT head and CSF, are
frequently necessary but these may be delayed
until seizures are controlled.
Termination of seizures
The second priority, once the airway is controlled,
oxygen delivery is secured, and adequate blood
pressure maintained, is management of the
seizures. The principal goal is to eliminate clinical
and electrical seizure activity as quickly as
possible. The earlier seizures are controlled, the
easier they are to treat.36,46 Earlier seizure control
ensures that subsequent, more hazardous,
measures that may adversely affect outcome will
not be necessary. Although no controlled trial of
in-hospital treatment of SE exists, several
randomized trials provide guidance, at least for
initial treatment, and provide the basis against
which future drug combinations could be
tested.2,47,48
(a) First-line agents – best shot at success
The first-line drug of choice is intravenous
lorazepam (LZP). Although direct comparison
with diazepam (DZP) did not show any advantage
in efficacy, other studies have suggested that
LZP may be associated with a reduced rate of
seizure recurrence.16,48,49 In the San Francisco
out-of-hospital study, the response rates (i.e.
cessation of seizures) were placebo 21%, DZP
43% and LZP 59%.16 In the VA study, the rate of
seizure recurrence with LZP alone was no different
to that of DZP and phenytoin (PHT) also
suggesting the possibility of a more extended
duration of action.2 Other potential advantages of
LZP include its rapid clinical onset and possibly
lower levels of respiratory or cardiac depression.4951
Although the VA trial involved administration
of LZP dose of 0.1mg/kg in adults, we feel it is
reasonable to use an initial dose of 4mg.2,48 If LZP
is unavailable, DZP is an established alternative.

The dose given in the VA trial was 0.15mg/kg,
and it is therefore appropriate to start with an
initial dose of 10mg as in the study by Leppik.2,48
Despite a longer half-life, DZP appears to have a
shorter duration of anti-epileptic effect related to
more extensive tissue distribution of the unbound
drug.51 With either drug, 50 to 70% of seizures
will cease.2,16,48 The decision when to repeat a
dose of benzodiazepines is arbitrary; but, in
general, if there is no response within two to three
minutes, a further dose should be given.
Intravenous clonazepam has been widely used in
Europe and elsewhere but is not available in
North America. It is said to have a longer duration
of action than DZP and lower propensity for the
development of acute tolerance than LZP. A
direct comparison with LZP in SE did not show
any clear differences.52
Accomplishment of intravenous access is often
difficult and intramuscular or alternative routes
of administration of first-line anticonvulsants may
be necessary. Rectal DZP may be given although
the practical difficulties of administering this to
seizing adults may be underestimated. Both LZP
and DZP can be given intramuscularly but peak
levels are variable, typically lower, and
delayed.53,54 Intramuscular midazolam has recently
been shown to be effective and safe and may be
preferable to either LZP or DZP.55 Of the other
first-line agents, PHT cannot be given by the
intramuscular route. Intramuscular fosphenytoin
(fosPHT) (see below) can be used safely although
its role in SE has not been studied. It is rapidly
and completely absorbed after injection into
muscle and is quickly converted to produce
therapeutic PHT plasma concentrations within
30 minutes of administration.56 Phenobarbitone
(PB) can also be safely given this way but peak
levels do not occur early enough for this to be
recommended.
Intravenous loading with PHT after initial
treatment with benzodiazepines has become
established clinical practice. This emerged
following the recognition that the delay in
achieving peak cerebral PHT levels necessitated
by its slow infusion rate meant that PHT alone
was unsatisfactory for acute management of
seizures.57 This was supported by the findings in
the VA study where it was demonstrated that
PHT alone was significantly less effective than
LZP alone.2
Phenytoin should be administered immediately
after LZP if seizures persist. The loading dose of
PHT (20mg/kg) should be infused in at least 100
ml of 0.9% normal saline at a rate no greater than
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Figure: Flow diagram showing pharmaceutical options to treat status epilepticus.

Lorazepam 4 mg IV

Phenytoin (fosphenytoin) 20 mg/kg IV

Phenytoin (fosphenytoin) 10 mg/kg IV
Midazolam
Bolus 10 mg
Infusion 0. 05-0.4 mg/kg/hr

or

Propofol
Bolus 2 mg/kg
Infusion 1-5 mg/kg/hr

Pentobarbital
Bolus 5 mg/kg
Infusion 0.5-5 mg/kg/hr
Lidocaine
Bolus 1-2 mg/kg
Infusion 3-4 mg/kg/hr

Isoflurane
1-2%

Ketamine
Bolus 2 mg/kg
Infusion 10-50 mg/kg/min

50mg/minute. An average dose will, therefore,
take approximately 30 minutes to administer. If
there are continued seizures, a further 5-10mg/kg
of PHT should be given, and preparation for
administration of a second-line agent should
commence. The recommendation for further PHT
has become a standard part of treatment algorithms
in multiple reviews of SE.1,3,4,46 The scientific
basis for this is unclear. However, the authors and
others have recognized that serum PHT levels
shortly after a loading dose of 20mg/kg are often
“subtherapeutic” or in the low-therapeutic range
and the risks of transient PHT toxicity and the
time taken to give a further dose appear to be
justified.58
Fosphenytoin, a water-soluble prodrug of PHT,
is likely to replace PHT although concerns
regarding cost have limited its widespread use.
However, fosPHT is safer and likely to be similarly
effective. Fosphenytoin may be given at 100 to
150 phenytoin-equivalent units per minute.
Although the rapid infusion of fosPHT may
achieve free PHT levels sooner than PHT, there
is no evidence that this results in faster control of
seizures. Moreover, there is some evidence from
animal models that initial brain PHT levels may
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be lower with fosPHT.59,60 The potential problems
with intravenous PHT relate to the addition of
sodium hydroxide and propylene glycol to enable
a soluble intravenous compatible form. These
additives and the very high pH of intravenous
PHT contribute to hypotension, cardiac
dysrhythmias and, if there is extravasation,
thrombophlebitis “purple glove syndrome” (PGS),
adverse effects seen more commonly in comatose
patients, the elderly and in those who are poorly
hydrated.61-63 Purple glove syndrome refers to the
development of progressive edema, discoloration,
and pain locally in a limb following the infusion
of PHT.61 While fosPHT has not been associated
with PGS, it should not be assumed to be free of
any cardiac adverse effects and ECG, and blood
pressure monitoring are necessary during infusion.
In the patient with SE who has been taking
PHT, the question arises as to whether the dose
should be modified, given that the level is unlikely
to be available in the majority of cases. In our
opinion, the initial loading dose of 20mg/kg should
be given, acknowledging the risk of transient
toxicity (if a level arrives during the infusion the
dose can be modified). In patients with known
PHT allergy or significant pre-existing cardiac

arrhythmias, such as heart block, PHT should be
avoided and the agents below, in particular PB,
should be considered. If there is a history of
carbamazepine or PB allergy and no known history
of PHT use, we feel the risk of “cross-reaction”
to PHT is low enough to warrant its use.
Conversely, if there is a known history of severe
anticonvulsant-hypersensitivity syndrome to PB
or carbamazepine, the risk of a cross-reaction is
great enough to warrant avoiding PHT, and
alternatives including continuous infusion of
benzodiazepines should be considered.64
The modern role of PB in the initial
management of SE is unclear. Despite a wealth of
clinical experience suggesting effectiveness of
PB, there are sparse evidence-based data
supporting its use. Two controlled trials have
shown that it is effective as a first-line agent.2,47
In the VA trial, a dose of 15mg/kg was given at
a rate of up to 100mg/minute and was found to be
as efficacious as LZP alone or DZP and PHT.2 In
the study of Shaner et al,47 PB was associated
with a shorter response latency and shorter
duration of SE than combination DZP and PHT.
The safety profile was comparable between both
groups. However, the results of this study are
difficult to interpret due to a complicated protocol
and drug doses that would not be considered
optimal with the present level of knowledge. The
major disadvantage of PB, particularly when
combined with benzodiazepines, is respiratory
depression resulting in intubation, although this
may be overestimated.57 When used alone, as in
the VA trial, there was no greater rate of
hypoventilation associated with PB as compared
to the other treatment options.2 Although PB
appears to be a more than viable alternative in the
initial management of SE at present, we reserve
its use for those with a contraindication to PHT.
Intravenous valproate or divalproex sodium
(“Depacon”) has recently become available.
Despite evidence of effectiveness in animal
models, there are, as yet, limited data on its
efficacy in human SE.65,66 It may also be a viable
alternative for patients to whom PHT cannot be
given. Intravenous valproate can be infused
rapidly at up to 6mg/kg/minute in stable epilepsy
patients and patients in ICU for a variety of
conditions without adverse cardiopulmonary
effects.67,68 The dose is not yet established. Animal
data suggest that hypertherapeutic levels may be
required but published data in humans, the
majority of which are based on stable non-SE
patients with epilepsy, have used doses between
20 and 40mg/kg achieving, in one study, mean

post-infusion serum levels of 133 micrograms
per milliliter.65,67 Recently, a series of pediatric
patients with refractory SE treated with
intravenous intravenous valproate was reported.69
The protocol involved a loading dose of 20-40
mg/kg over one to five minutes, repeating this if
necessary and then an infusion of 5mg/kg/hour
continuing until seizure free. Intravenous
valproate appeared to be safe and highly effective
for various sub-types of SE, including generalized
tonic-clonic SE. Whether this data can be
extrapolated to adults remains unclear.
Intravenous magnesium has a role in
eclampsia-related seizures with a randomized
controlled study showing a clear advantage
compared to PHT or DZP.70 At present, there is
no evidence for any role of magnesium in
noneclamptic seizures unless low magnesium is
identified as a potential etiology.71,72
(b) Second-line agents – trouble ahead
The clinician suddenly facing a patient not
responding to initial treatment of SE is in a
difficult situation. If seizures remain uncontrolled
or recur following at least two doses of
benzodiazepines to a total of 0.1mg/kg of LZP or
30mg DZP and intravenous PHT or fosPHT
loading to a total of 30mg/kg second line, agents
should be used. Typically, by this stage, the
patient will have been in established SE for over
20 minutes; and, although definitions in the
literature vary, we consider it is reasonable to
consider this refractory status epilepticus. At this
stage, the clinical manifestations have often
evolved from overt tonic-clonic seizures to
“subtle” or nonconvulsive SE where there may
be minimal motor activity with intermittent low
amplitude clonic movements often more limited
in distribution.6 Preparation for the use of other
agents and the possibility of intubation and
mechanical ventilation should by this time be
underway. In addition, arrangements for an EEG
and/or continuous EEG monitoring should be
initiated. At this point, a reassessment of the
patient and the reasons for failure of initial therapy
is warranted. Assuming that the dose of the above
drugs was sufficient and the patient does not have
pseudoseizures, metabolic parameters should be
re-examined and the underlying etiology
reconsidered.
Without disseminating undue pessimism, the
outlook for successful treatment of refractory SE
after failure of initial agents is dismal. No data
based on clinical trials are available to guide
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therapy and treatment is, therefore, empiric and
based on a combination of personal experience
and anecdote. The VA trial showed that when
treating overt SE first-line treatment success rates
were LZP 64.9%; phenobarbital 58.2%; DZP/
PHT 55.8%, and PHT alone 43.6%. The aggregate
response rate to second-line agents for patients
who did not respond to first-line agents was
7.0%, and it was 2.3% for third-line agents.59
However, the second and third line agents were
predetermined by the study protocol with PB
used rather than any of the newer agents in three
of the four options. 2 Intravenous PB has
traditionally been utilized as a second line agent
after failure of benzodiazepines and PHT.1,4 This
practice has never been supported by an
appropriately designed clinical trial, but a recent
survey confirmed that most epilepsy experts
continue to advocate the use of PB in this
situation.73 In our opinion, the second-line drug,
after failure of initial therapy with LZP and PHT
or fosPHT, should be midazolam. There is limited
evidence for the efficacy or safety of midazolam
in this situation. However, the rationale for this
approach is that, if the initial therapy is given in
a timely fashion and in appropriate doses, control
of SE as defined in recent trials will be achieved
in the majority of patients.2,16 Where initial agents
fail there is a low likelihood of success with PB
as shown in the VA study. In addition, PB cannot
be rapidly infused, thus incurring further delays.
Those who remain in SE should be defined as
refractory at this point rather than at an arbitrary
time after seizure onset. This redefinition of the
conceptual framework of SE justifies the earlier
use of second-line agents.
Midazolam in doses necessary to control
refractory SE, particularly after initial therapy
with benzodiazepines and, in some cases, failure
of barbiturates, is likely to result in intubation
becoming necessary. In addition, as clinical
seizures may be difficult to assess in this setting,
these patients should undergo continuous EEG
monitoring to confirm electrographic cessation
of seizures. Midazolam causes various EEG
changes, most commonly drug-induced fast
activity and generalized slowing and it is likely
that seizure control will occur before a burst
suppression pattern is seen.74,75 The recommended
loading dose of midazolam is 10mg up to 0.2mg/
kg followed by an infusion at a rate 0.05 to
0.4mg/kg/hour although higher doses may be
necessary.76-78 We have found midazolam to be
well-tolerated although we have encountered
significant hypotension at higher doses, frequently
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requiring inotropic support with dopamine.78,79 In
our experience, longer-term use of this drug is
limited by tachyphylaxis, and typically its
effectiveness declines after 24 to 48 hours. In a
recent series of 33 episodes of refractory SE
treated with midazolam, immediate seizure control
was achieved in 82%, but breakthrough seizures
(which were generally electrographic, without
any clinical accompaniment) occurred in 56%,
emphasizing the importance of aggressive
coadministration of definitive anti-epileptic drug
treatment.79
An alternative to midazolam is propofol, but
experience with this agent in SE is also relatively
limited. Propofol is a nonbarbiturate, anesthetic
agent with clear anticonvulsant properties,
although the exact mechanism of action is
unknown.80 Several small, open, uncontrolled
studies have described the outcome of propofol
use in refractory SE, often without EEG
monitoring.80-82 Most of these clinical reports
discuss the use of propofol after traditional
treatment regimens, including barbiturates, have
failed or are not tolerated. In one study of
refractory SE, there was a slightly lower rate of
seizure control with propofol (63%) compared to
pentobarbital (82%), but seizure control was
achieved more quickly in the propofol-treated
patients.81 The usual dose of propofol is a 2mg/kg
bolus followed by an infusion dose of 1-5mg/kg/
hour depending on the clinical response.
Advantages of propofol, compared with traditional
barbiturate anesthetic agents, include better
cardiovascular tolerability and a more favorable
pharmacokinetic profile, allowing for rapid
assessment of efficacy and neurologic assessment
upon drug withdrawal. Propofol has been
associated with a variety of abnormal movements,
including opisthotonos, myoclonus, and
choreoathetoid movements.83-86 However, there
is no evidence that propofol causes seizures, and
the various neuro-excitatory events reported
appear to occur at lower doses or at induction and
are not seen at the doses used for SE.87 Of greater
concern is the, as yet unexplained, “propofolinfusion syndrome” involving metabolic acidosis,
renal failure, and cardiovascular collapse
associated with prolonged use of propofol at the
type of doses likely to be necessary in SE.88
Whether this was the basis for the minor excess
in mortality in the small case series described
above is unclear but, with the information
currently available, we do not think propofol
should be the first drug employed in refractory
SE.81,82

Drug levels can be performed for both
midazolam and propofol but do not contribute to
management and dose should be titrated to clinical
and EEG response and patient tolerability. Once
seizures are controlled either agent should be
tapered and stopped over 24 to 48 hours.81
(c) Third-line agents for seizure termination last resort
If there is no response to high dose benzodiazepine
infusion, the next step should involve an anesthetic
barbiturate of which the best information and
widest experience is available for pentobarbitone
and thiopentone. Some authors have advocated
the use of very high dose PB on the basis that this
may have a more selective antiepileptic action
and is safer.89 However, this evidence was based
on a case series in children, and the adverse effect
profile at the doses suggested are probably no
less well-tolerated than with pentobarbital or
thiopentone. In addition, PB has a longer latency
to anesthetic effect, a longer duration of action,
and is eliminated more slowly.6 Barbiturate
anesthetics clearly have anticonvulsant action.
While there is theoretical evidence for a
neuroprotective effect with barbiturates, there is
no evidence that this leads to any measurable
difference in the outcome of SE. These drugs
should only be used in ICU with the assistance of
personnel experienced in their use. Invasive
hemodynamic monitoring is often necessary and
continuous EEG recording to monitor seizure
activity is mandatory.
Pentobarbital has been traditionally advocated
in North America as a third-line agent in refractory
SE and guidelines have been established for its
use.1,58,90 The loading dose used in studies ranged
between 5 and 20mg/kg.1,6,58,90-92 We suggest an
initial dose of 5mg/kg, increased as necessary to
teminate clinical and electrographic seizure
activity. This should be followed by an infusion
rate of 0.5 to 5mg/kg/hour although in one study
seizures invariably recurred following an initial
response to a bolus, at dose rates of less than
2.5mg/kg/hour.58 In the majority of case series
reported, seizures were rapidly controlled with
pentobarbital. Hypotension is to be expected but
can be usually controlled with vasopressors.
Thiopentone, a “parent drug” of pentobarbital,
has a similar profile to its metabolite although the
elimination half-life is more prolonged with the
possible advantage of reducing the rate of seizurerecurrence on drug withdrawal.6 The suggested
dose is a bolus of 100 to 250mg with further

50mg boluses until seizures are controlled,
followed by an infusion of 3-5mg/kg/hour.6,93
Cardiovascular intolerability is also frequently
seen.6,94 Both drugs are reported to predispose to
infection related to adverse effects on immune
function, which may compromise the care of a
patient already at serious risk of ventilatorassociated pneumonia and other infectious
complications. 95 During infusion, serum
barbiturate levels can be monitored although
therapeutic endpoints should be based primarily
on clinical and electrographic response. There
are little data regarding the appropriate method of
weaning the barbiturate anesthetics. Serum drug
levels have been advocated to guide the rate of
withdrawal but a practical approach with
pentobarbital is to begin weaning 12 to 24 hours
after the last clinical or electrographic seizure
and taper the dose by 0.5 to 1.0mg/kg/hour every
four to six hours.58,90,96 If there is recurrence of
SE, the infusion should be reinstated and continued
again at a level to suppress clinical and
electrographic seizures for at least 24 hours prior
to another trial of drug withdrawal. Other
antiepileptic drugs should be continued during
barbiturate coma utilizing serum drug levels to
optimize dose.
The majority of contemporary reviews of SE
do not provide any details of options available in
the not-infrequent situation where high-dose
barbiturates fail. Barbiturate failure may be due
to hemodynamic intolerance, recurrent seizures
on attempted withdrawal, or failure of the drug
itself. Inhalational anesthetics may be considered
under these circumstances. Experience with
halothane, enflurane, and isoflurane has been
reported. The administration of these volatile
agents involves significant logistical difficulties.
Full-time input from an anesthesiologist and
appropriate facilities in the ICU are required.
Although halothane has been previously
advocated, this should be avoided because of the
adverse cardiac effects and the risk of
hepatotoxicity. 97,98 Isoflurane has wellcharacterized anticonvulsant properties in animal
studies. In humans, it appears to provide
anticonvulsant action at levels low enough to be
welltolerated but experience in refractory SE is
limited to a few case reports.99-105 In a multicenter series of nine patients with 11 episodes of
refractory SE, isoflurane stopped or substantially
attenuated EEG and convulsive activity in all
cases. 104 All patients developed significant
hypotension requiring fluids and/or vasopressors.
The necessary end-tidal isoflurane concentrations
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ranged between 0.8 and 3.0%, titrated to burst
suppression (rather than electrical silence as the
latter was deemed too dangerous given the doses
necessary to achieve this), administered for
between one and 55 hours. However, nine of 11
recurred with withdrawal of isoflurane. This led
the authors to surmise that the role of this agent
and other inhalational anesthetics was to provide
temporary seizure control while other antiepileptic
agents work and the underlying neurologic
condition was treated. There are no data on the
newer inhalational agents such as sevoflurane or
desflurane, although there is some evidence that
the former of these may, in fact, be
epileptogenic.106,107
Lastly, there are multiple case reports of
successful treatment of SE with lidocaine.6,108
Although implicated as a potential cause of
seizures, low-dose lidocaine appears to have
anticonvulsant properties.109 In adults, it can be
given as a bolus of 1 to 2mg/kg occasionally
followed by an infusion at 2 to 3mg/kg/hour.6,110
The role of lidocaine in SE and refractory SE is
unclear. Some authors have advocated its early
use in situations where drugs that cause respiratory
depression cannot be used or as temporary
measure while preparations for more definitive
therapies are undertaken.110 There has also been
considerable interest in the use of ketamine.111
This short-acting NMDA receptor antagonist does
not cause respiratory depression and has outdone
antiepileptic drugs in anecdotal cases.
Prevention of recurrence
Although the priority in the acute management of
SE is rapid control of seizures, strategies to
prevent seizure recurrence should be initiated.
The selection of appropriate oral anti-epileptic
drugs and longer-term issues regarding duration
of treatment and rationalization of often
complicated polydrug regimens depends on the
clinical situation and should be individualized to
each patient and to the electroclinical syndrome.
OVERVIEW
We came away with the unsatisfactory realization
that the number of randomized studies of SE is
inversely proportional to the number of review
articles (to which we added one!). However,
recent clinical advances include the following:
1) Epidemiological data demonstrating etiology
of SE in the modern era, identifying risk
factors for a poor outcome, and promoting a
redefinition of SE focused on early
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identification and treatment.
2) Two major randomized studies have been
completed; one, out-of-hospital, indicating that
rapid, safe and effective treatment of SE can
be achieved in the community. The other also
confirms the effectiveness of early in-hospital
treatment with benzodiazepines while
importantly reminding us of the poor outlook
if initial treatment fails.
3) Information regarding the role of EEG in SE,
including the spectrum of EEG abnormalities,
their relationship to treatment and prognosis,
confirming that EEG monitoring is mandatory
for refractory SE and that a minimal EEGguided target in the therapy of SE should be
the elimination of unequivocal electrographic
seizure activity.
However, future epidemiological analysis
needs to be refined so that the inextricable links
between etiology, seizure type, and outcome can
be delineated from the relationship between
treatment and outcome, allowing treatment to be
individualized for the clinical situation. Out-ofhospital treatment strategies need to become
widespread to have any impact on mortality and
morbidity of SE. Once in hospital, a number of
major treatment issues remain unresolved: the
optimal sequence of currently available antiepileptic drugs in SE, development of a drug that
can be safely administered and achieve peak
brain levels more rapidly than PHT, the
appropriate use of the second-line agents, and the
role of N-methyl-D-aspartate receptor antagonists
and agents with neuro-protective properties.
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