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Generalised convulsive status epilepticus is one of the most
common emergencies encountered in clinical practice. This
review discusses the recent understanding of this life-
threatening condition with reference to the definition,
pathophysiology, evaluation, complications, refractory
status and prognosis. Besides epilepsy, other neurological
and medical illnesses could be associated with status
epilepticus. The goals of management and
pharmacological approach are outlined, considering the
available evidence. Prompt recognition and timely
intervention, including pre-hospital treatment, are
therapeutically beneficial. Refractory status should be
managed in intensive care units under close monitoring.
More evidence is needed for evolving the optimal
treatment. A suitable treatment protocol would guide in
avoiding the pitfalls at various points along the
management pathway.
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G
eneralised convulsive status epilepticus is
one of the most common medical emer-
gencies in clinical practice. Status epilepti-

cus occurs not only in people with epilepsy but also
in the context of other neurological disorders and
systemic illness. The annual incidence in the UK is
about 9000–14 000 new cases per year.1 Status
epilepticus accounts for 3.5% of admissions to
emergency departments in the developed nations
and for 11% in a developing country.2 Prompt
recognition and treatment are required to prevent
associated complications. However, prospective
randomised trials regarding the treatment are
few. Formulation of newer anticonvulsants is
limited to the oral route and hence could not be
widely used in the initial management of status
epilepticus. Hence, there is a substantial need to
improve measures for both prevention and effec-
tive management of this life-threatening condi-
tion. This review offers a comprehensive account of
status epilepticus in adults and is based on
literature search using different combinations of
key words: ‘‘status epilepticus’’, ‘‘treatment’’,
‘‘refractory status’’, ‘‘psychogenic status epilepti-
cus’’, ‘‘mechanisms’’, ‘‘nonconvulsive status’’,
‘‘buccal midazolam’’, ‘‘lorazepam and diazepam’’,
‘‘phenytoin and fosphenytoin’’, ‘‘levetiracetam’’,
‘‘prolactin’’, ‘‘electrocardiogram’’, ‘‘electroencepha-
lographic monitoring’’ and ‘‘complications’’ in the
PubMed.

DEFINITION
The range of seizure continuum extends from
isolated seizure to repetitive seizures to status

epilepticus. The distinguishing feature between
acute repetitive seizures and status epilepticus is
the recovery of consciousness in between the
episodes of seizures in acute repetitive seizures.3

There is lack of consensus on seizure duration
that defines status epilepticus (table 1).4–9

The problem lies in determining the temporal
evolution of isolated seizures to status epilepticus
in humans. Analysis of isolated seizures has
shown that the duration of discrete episodes
does not exceed 2 min.10 In status epilepticus,
neuronal damage is heavily dependent on the
duration.11 The duration also has a bearing on
therapeutic interventions. The longer a seizure
continues, the more refractory to simple therapy
it becomes.12 Refractory seizures carry a high risk
of therapeutic complications. In clinical practice,
I prefer to initiate first-line drugs to treat status
epilepticus when seizures last >5 min. However,
more information is required to characterise the
temporal course of seizures and its influence on
treatment.

CLINICAL SYNDROME
On the basis of the seizure type, convulsive status
epilepticus can be classified into tonic–clonic
status epilepticus, tonic status epilepticus, clonic
status epilepticus and myoclonic status epilepti-
cus. Generalised tonic–clonic status epilepticus is
the most common form. Motor events include
phase of continuous muscle contraction or the
tonic phase, followed by a phase of alternate
contraction and relaxation of muscles or the
clonic phase. At the onset, the seizures could be
either generalised, with bilaterally synchronous
limb movements, or focal, with movement of one
or more extremities becoming secondarily gen-
eralised. Autonomic disturbances in the form of
a tachycardia, cardiac arrhythmia, hypertension,
high fever, salivation, vomiting and incontinence
may be prominent.

Subtle status epilepticus
With continuing seizures, the motor manifesta-
tion may be subtle in the form of ocular
nystagmus or brief twitching of the face, eyelids,
jaw, trunk, arms, hands, legs or feet. These
movements could be unilateral, or intermittent,
simulating focal seizures. However, electroence-
phalographic (EEG) monitoring usually shows
features of generalised seizures, perhaps indicat-
ing electroclinical dissociation. The clinical fea-
tures may be influenced by the underlying
aetiologies and treatment.

Abbreviations: EEG, electroencephalographic; GABA,
c-amino butyric acid
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Refractory status epilepticus
Refractory status epilepticus is considered when patients fail
to respond to sequential treatment with adequate dosages of
benzodiazepine and phenytoin. A recent study has identified
focal motor seizures at onset and non-convulsive status
epilepticus as independent risk factors.9 Another observation
is the occurrence of hyponatraemia within the first 24 h.13

Treatment poses considerable challenges (see the section
Treatment of refractory status epilepticus). Refractory status
epilepticus carries poor prognosis compared with non-
refractory status epilepticus.13 14 A severe variant that fails
to respond to aggressive treatment has been termed
malignant status epilepticus.15 It typically occurs in young
patients (18–50 years) in the setting of encephalitis.

Myoclonic status epilepticus
Myoclonic status epilepticus presents as a bilateral massive
myoclonus along with polyspike discharges on EEG, and
usually carries a good prognosis. On the other hand, status
myoclonus after severe hypoxic–ischaemic insult, viral
encephalitis and prion disease is associated with poor
prognosis. Further discussion of this entity is beyond the
scope of this review.

Non-convulsive status epilepticus
Convulsive status epilepticus may evolve into the non-
convulsive form after treatment,16 which is characterised by
abnormal mental status with unresponsiveness, ocular motor
abnormalities, persistent electrographic seizures and possible
response to anticonvulsants.17 18 It may also arise de novo,18

and this possibility should be kept in mind while making a
diagnosis. All patients with prolonged postictal confusion or
unexplained coma should undergo EEG monitoring for
confirmation.

Psychogenic status epilepticus
Non-epileptic or psychogenic status epilepticus may pose
considerable diagnostic challenges.19 Diagnosis must be
reached quickly, as delay in recognition leads to iatrogenic
complications from aggressive treatment. Table 2 lists the
differentiating features from true status epilepticus.

To predict diagnosis of psychogenic status epilepticus, a
combination of observed findings rather than a single clinical
feature should be considered.20 The diagnosis may be difficult
in patients with subtle writhing and in-phase limb move-
ments, and unresponsive behaviour.21 The issue is further
complicated by the coexistence of non-epileptic and true
epileptic seizures in the same person.20 Video EEG monitoring
is the gold standard of differential diagnosis.20 Absence of
seizure discharges during the spell helps to confirm the
diagnosis if frontal-lobe seizures could be reliably excluded.

However, movement artefacts could obscure the electro-
graphic feature. Normal EEG background in the immediate
postictal period (as opposed to slowing of background after
true seizures) would provide an additional clue. The use of
prolactin testing in the differential diagnosis is not estab-
lished.22 In contrast with single seizures, status epilepticus
does not lead to an increase in serum prolactin.23

Management strategies for psychogenic status epilepticus
include disclosing diagnosis in a positive way, and treatment
of abnormal illness behaviour and comorbid psychiatric
problems. Anticonvulsants need to be stopped (under
observation) in patients without pre-existing epilepsy. Close
liaison between emergency physicians, neurologists and
psychiatrists is required. Box 1 lists the other mimics of
status epilepticus.

PATHOPHYSIOLOGY
The prevailing knowledge about seizure mechanisms is
derived from animal models of focal seizures and limbic
status epilepticus.24 Whether such observations remain valid
for status epilepticus in humans is not known. The
emergence of status epilepticus requires a pool of neurones
capable of initiating and sustaining abnormal firing.24 This
abnormal discharge is facilitated by loss of inhibitory
synaptic transmission mediated by c-amino butyric acid
(GABA) and sustained by excitatory transmission mediated
by glutamate. Postsynaptic GABA(A) and N-methyl-D-aspar-
tate receptors have a vital role in the inhibitory and excitatory
transmissions, respectively.12 25 Increased neuronal activity
can also lead to loss of inhibition by accelerated internalisa-
tion of the GABA(A) receptor.26 Benzodiazepine (lorazepam
and diazepam), barbiturates (phenobarbital, pentobarbital
and thiopental) and propofol act through different sites on
this receptor. Status epilepticus also alters specific properties
of this receptor.27 This observation supports the clinical
finding of barbiturate sensitivity in the setting of benzodia-
zepine refractoriness. The molecular mechanisms underlying
this plasticity of receptor function are not known.27

Pharmacoresistance to benzodiazepine could also be regu-
lated by N-methyl-D-aspartate receptor activation.12

Neuropeptide Y and galanin serve as endogenous anti-
convulsants that terminate status epilepticus.28 On the other
hand, brain injury from trauma, epilepsy, infections and
other causes leads to increased cortical excitability and
impaired seizure termination. These changes perhaps
enhance the susceptibility to develop status epilepticus.29

The abnormal neuronal discharges, together with increased
cerebral and muscle blood flow and metabolism, mediate the
acute pathophysiological changes. During the early phase,
neuronal discharges affecting the autonomic centres produce
autonomic changes mentioned earlier. With prolonged

Table 1 Variability in the definition of status epilepticus

Authors Definition

Epilepsy Foundation of America’s Working Group4 Continuous seizure for .30 min or >2 sequential seizures without full recovery of
consciousness in between seizures

Bleck5 Seizures lasting, or often repeated without clinical recovery, for >20 min

Veteran Administration Cooperative Trial on Treatment of Generalised
Convulsive Status Epilepticus6

Seizure duration of 10 min

Pre-Hospital Treatment of Status Epilepticus Study7 Seizure duration of 5 min

Lowenstein et al8 Continuous seizures lasting >5 min or >2 discrete seizures, with incomplete
recovery of consciousness in between the episodes

Mayer et al9 Continuous tonic–clonic or electrographic seizure activity for at least 10 min or
intermittent seizure activity without recovery of consciousness for at least 30 min

724 Nandhagopal

www.postgradmedj.com



seizures, compensatory mechanisms fail, leading to various
organ dysfunctions. Neurone-specific enolase is a biological
marker of neuronal injury in status epilepticus. Good
correlation exists between the level of this marker and
seizure duration, indicating the occurrence of neuronal
damage with prolonged seizure.11 The proposed mechanisms
include excitotoxicity, energy impairment, free radical gen-
eration and apoptosis.30 31

AETIOLOGY
Box 2 lists the underlying causes of status epilepticus.

The major causes of status epilepticus in adults include
epilepsy (25%), stroke (23%) and remote causes (19%).32

Status epilepticus is more common in patients with
secondary generalised epilepsy than in those with idiopathic
generalised epilepsy.33 The most important cause is poor drug
compliance. Other factors include acute and remote sympto-
matic causes and previous episodes of status epilepticus. De
novo status epilepticus in hospitalised patients is most often
related to stroke and metabolic derangements.34 Early-onset
status epilepticus in stroke is associated with high risk of
recurrence.35 Cerebral toxoplasmosis, lymphoma and anti-
convulsant withdrawal are important causes in HIV infec-
tion.36 Alcohol intoxication is a major precipitant in
alcohol-dependent patients.37 Withdrawal seizure can
occasionally also progress to status epilepticus.

EEG IN THE EVALUATION OF STATUS EPILEPTICUS
Digital video EEG monitoring aids in the differentiation of
psychogenic status epilepticus from true status epilepticus.
Recent technological advances include automated seizure-
detection software and user-friendly online quantitative
analysis.38 Five phases of EEG pattern have been described
in the temporal evolution of true status epilepticus.39 These

include intermittent discrete seizure discharges with inter-
ictal background slowing, waxing and waning of seizure
discharges, continuous discharges with or without interven-
ing flat periods (fig 1), and periodic epileptiform discharges.
However, these sequential patterns may not be observed in all
cases and in all situations.

Continuous monitoring serves as a useful guide for
titration of anticonvulsants and determining prognosis in
patients who have paralysis and are on mechanical ventila-
tors. Relapse of status epilepticus during dose tapering may
require intense seizure and EEG background suppression for
some period.40 EEG monitoring is also required to diagnose
electrographic or non-convulsive status epilepticus (see
section on Non-convulsive status epilepticus) reliably.

MANAGEMENT OF GENERALISED CONVULSIVE
STATUS EPILEPTICUS
Boxes 3A,B show an algorithm for management of general-
ised convulsive status epilepticus. The principles underlying
successful treatment are discussed.

Box 1: Mimics of generalised convulsive status
epilepticus

N Psychogenic status epilepticus

N Decerebrate spasms

N Tetanus

N Malignant hyperthermia

N Malignant neuroleptic syndrome

N Paroxysmal dyskinesia

N Acute chorea, ballismus, dystonia

Table 2 Differences between clinical features of true status epilepticus and psychogenic status epilepticus

Clinical features True status epilepticus Psychogenic status epilepticus

Sex Occurs in both male and female patients Observed in a higher proportion of female patients20

Psychiatric history History of abuse is as prevalent as in other medical
disorders

Prevalence of abuse, traumatic life events, comorbid
psychiatric disorders and treatment is higher than that
observed in patients with epilepsy20

Onset Sudden Gradual
Motor activity Tonic–clonic limb jerking Preparatory movements, body stiffening, thrashing, pelvic

thrusting, back arching and head rolling
Progression of motor
activity

Initially well-defined or continuous episode; limb
movements are usually synchronous; in prolonged
status, subtle limb movements, epileptic nystagmus
and focal twitching may be observed

Stopping and restarting of motor activity; out-of-phase,
asynchronous limb movements; non-physiological
progression of activity is more common; subtle eye movements
are rare

Vocalisation At the start of seizure In the middle of seizure; sobbing, crying and shouting are
frequent

Eye open or closed Forceful eye closure is uncommon Eyes held shut, resisting passive lid opening
Ocular deviation Upward or to one side, where present Geotrophic eye movement; patients tend to look away from

the examiner
Pupillary light reaction Poorly reactive Briskly reactive
Tongue biting On the side of the tongue On the tip of the tongue
Cyanosis Frequent Uncommon
Responsiveness during episode Usually motor activity is not modified by outside stimuli;

no withdrawal response to painful stimuli noted
When restrained by examiner, modification of activity with
more vigorous and violent movements observed; limb
withdrawal to painful stimuli more commonly observed

Consistency of seizure pattern Usually stereotyped Variable
Recovery Clinical and EEG recovery is gradual; organic amnesia

for the episode observed after recovery
Prompt clinical and EEG recovery; non-organic amnesia
observed

Episodes in sleep Can occur Uncommon; to exclude feigned sleep with EEG monitoring
Avoidance testing manoeuvres On releasing the patient’s hand over face, no attempt

observed at self-protection; (care should be taken not
to cause trauma to patient)

Active resistance of hand falling over face or termination of
activity

Induction by suggestion
and saline injection
in the follow-up
clinic after recovery

Controlled induction of seizure is
unusual; however, caution should be
exercised not to trick the patient

Creating a permissive setting to bring on a typical episode
and evaluation with EEG monitoring enables better
characterisation of the spell

EEG, electroencephalographic.
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Diagnosis
The crucial step is distinguishing status epilepticus from
psychogenic events (table 2). This avoids potentially danger-
ous and wrong therapeutic strategies. Once status epilepticus
is promptly recognised, vital signs should be monitored.
Priority should be given for immediate and continued
stabilisation of vital parameters. Optimal airway patency
must be achieved by proper head positioning. If the
assessment shows an airway compromise or a risk of
aspiration, rapid sequence intubation must be attempted.41

Supplemental oxygen must be provided to combat hypox-
aemia. Electrocardiography helps to identify ischaemic
patterns, arrhythmia and arrhythmogenic disorders such as
Brugada syndrome, which may rarely present with status
epilepticus.42 Cardiac monitoring may also provide clues to
metabolic derangements apart from being pertinent in
intravenous phenytoin (or fosphenytoin) treatment. High

incidence of cardiac dysfunction in patients with status
epilepticus also underscores the need for close monitor-
ing.43 44 After establishing vascular access, blood must be
drawn for glucose, urea, creatinine, electrolytes, bicarbonate,
magnesium, calcium, liver function tests, creatine kinase,
complete haemogram, arterial blood gases, toxicological
screening and anticonvulsants. Blood pressure should be
maintained with intravenous fluids. EEG monitoring should
be considered in the management of psychogenic status
epilepticus, prolonged postictal coma and refractory status
epilepticus. Serum anticonvulsant levels are useful for
documenting withdrawal seizures and optimising treatment
with intravenous fosphenytoin, phenytoin and pheno-
barbital. Box 3 outlines the other pertinent diagnostic and
supportive measures. The management algorithm should
include ‘‘reconsider the diagnosis’’ option at various points
along the pathway.

EARLY CONTROL OF SEIZURES
One of the major goals in the treatment of status epilepticus
is the preservation of neuronal function. This requires early
cessation of seizure. In addition, the risk of development of
refractory status epilepticus increases if status epilepticus
persists longer.

First-line drugs: lorazepam or diazepam?
Four randomised trials of anticonvulsants in patients with
status epilepticus showed that both lorazepam and diazepam
are effective as initial treatment.6 7 45 46 Intravenous loraze-
pam given by trained paramedics in prehospital settings was
also found to be therapeutically beneficial.7 Seizure cessation
on admission to emergency department outweighed the
presumed side effects of treatment. Owing to the ease of
administration, longer effective duration of action and better
side effect profile,47 I prefer lorazepam to diazepam for the
initial treatment. This choice is also favoured by others.48–50

These drugs may be repeated after 10 min if necessary.
Intravenous clonazepam (1 mg) is another alternative
benzodiazepine.

Alternative delivery options
In pre-hospital settings and remote clinical set-ups, where
intravenous access is a problem, it is important to explore
alternative routes of drug delivery in the management of
continuing or serial seizures. Recently, two randomised trials
compared buccal midazolam with rectal diazepam for the
treatment of continuing seizures in children and adoles-
cents.51 52 Buccal midazolam was found to be equally or more
effective than rectal diazepam in terminating seizures with-
out increased adverse cardiorespiratory events. Other drug
delivery options include intranasal, intramuscular and rectal
midazolam.53–55 These rescue options could prevent emer-
gence of established and refractory status from incipient
seizures. Owing to the ease of administration, large surface
area of absorption, social acceptance and predictable response
in patients who have constipation and use wheelchairs, the
buccal route of delivery is a better option.56 Table 3 outlines
the drug treatment.

PREVENTION OF SEIZURE RECURRENCE
After treatment with lorazepam, phenytoin or its prodrug,
fosphenytoin, is given as a second-line drug in patients at risk
of recurring seizures. Phenytoin (or fosphenytoin) is also
used if seizure persists despite benzodiazepine injection.

Second-line drugs: phenytoin or fosphenytoin?
Fosphenytoin offers certain pharmacokinetic advantages over
phenytoin:

Box 2: Aetiologies of status epilepticus

Acute symptomatic causes (seizure occurring within
1 week of onset of underlying aetiologies)

N Stroke, including cerebral sinovenous thrombosis

N Subtherapeutic anticonvulsant levels: abrupt drug
withdrawal

N Alcohol related: alcohol withdrawal or intoxication

N Toxicity:

– Drugs—recreational, such as cocaine; prescription,
such as aminophylline, imipramine; or acute drug
overdose, such as isoniazid

– Environmental exposure—carbon monoxide, lead,
camphor, organophosphates

N Hypoxia

N Metabolic disturbances: dyselectrolytaemia, hypog-
lycaemia, uraemia or other metabolic disorders

N Infections or infestations:

– Meningoencephalitis, granuloma
– Others: infections not primarily affecting the brain

N Pregnancy related: eclampsia

N Trauma: head injury, post-intracranial surgery

N Tumours: primary or metastatic brain tumours

N Multiple causes: seizures occurring with several con-
comitant conditions

Remote symptomatic causes (seizures occurring
more than 1 week after brain insult)

N Stroke

N Head injury

N Brain infections or infestations: seizures occurring as
sequelae

N Post-encephalopathy sequelae: toxic or metabolic
encephalopathy

N Progressive neurological diseases: slow viral diseases,
degenerative diseases, autoimmune diseases, disor-
ders due to inborn errors of metabolism

N Developmental brain malformation, severe neonatal
encephalopathy

Cryptogenic aetiology

N Seizure with no identifiable acute or remote cause
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1. It can be infused using standard intravenous solutions,
whereas phenytoin should not be given in dextrose-
containing fluids (because of drug precipitation)

2. It can be given intramuscularly

3. Rate of infusion is three times as fast with fosphenytoin

However, a randomised study showed no distinct advan-
tages over phenytoin in terms of reduction of adverse events
or length of hospital stay.57 Purple glove syndrome (triad of
oedema, discolouration and pain distal to injection site) after
phenytoin use is an uncommon and a mild adverse effect.58

Phenytoin has an equivalent onset and duration of action.
Besides being a cost-effective agent,59 60 the drug has been in
clinical usage for a long time. After administration of an
equivalent dose of fosphenytoin, the maximal plasma
(phenytoin) concentration achieved is 15% lower.61 Hence, I
continue to use phenytoin rather than opting for formulary
conversion to fosphenytoin. The maintenance dose of
phenytoin should be continued. Patients with epilepsy should
also continue the prescription drugs (anticonvulsants pre-
scribed before status epilepticus) after initial seizure cessa-
tion to prevent emergence of withdrawal seizures.

TREATMENT OF UNDERLYING AND PRECIPITATING
CAUSES
Treatable precipitants and causes, including missed anti-
convulsants, infections, fever, hypoglycaemia, electrolyte
imbalance, organ dysfunction, drug poisoning and
withdrawal, alcohol misuse and withdrawal, immunosup-
pressive responsive inflammatory disorders, stroke, trauma
and hypertensive encephalopathy, must be actively pursued
and treated. Patients with epilepsy need to be evaluated for
these causes before attributing emergence of status epilepti-
cus to missed drugs. Those taking medications irregularly
should be counselled regarding drug compliance before
discharge from hospital. Meningoencephalitis should be
treated with appropriate antimicrobials. Guidelines to pre-
vent central pontine myelinolysis should be adhered to
during correction of severe hyponatraemia. Porphyric status
epilepticus should be treated with parenteral magnesium
sulphate or intravenous benzodiazepine for immediate
control of seizures. High carbohydrate and haematin intake
reduces porphyrin production. As conventional anticonvul-
sants exacerbate the disease, newer drugs such as levetir-
acetam and gabapentin could be used for preventing seizure
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Figure 1 Continuous generalised seizure discharges viewed on a longitudinal bipolar montage in an adult with status epilepticus.
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recurrence.62 63 Intoxication with isoniazid should be treated
with pyridoxine, whereas tricyclic antidepressants and other
antimuscarinic agents require physostigmine. Pyridoxine can
also be given for suspected pyridoxine-dependent seizures.
Nerve agent-induced status epilepticus requires benzodiaze-
pine, atropine and pralidoxime. Phenytoin (fosphenytoin)
provides little benefit in this setting64 and in the secondary
prophylaxis of seizures resulting from alcohol withdrawals.37

Aggressive treatment with anticonvulsants and plasma
exchange are useful for thrombotic thrombocytopenic pur-
pura complicated by status epilepticus.65

Treatment of cerebral sinovenous thrombosis includes
antioedema measures and heparin. For eclamptic seizures,
parenteral magnesium sulphate could be used initially.66

Benzodiazepine can also be given without depressant effect
on the fetus.

Phenytoin loading may be pursued with a lower dose
(10 mg/kg intravenously) owing to reduced protein binding
in pregnancy. Subsequently, 5 mg/kg can be given as a
second dose.

TREATMENT OF REFRACTORY STATUS EPILEPTICUS
Continuing seizures after treatment with two agents—
lorazepam followed by phenytoin (fosphenytoin)—require
admission to an intensive care unit in view of necessity of
assisted ventilation and close monitoring. Assessment with
continuous EEG is also mandatory. A psychogenic seizure
must be excluded in an apparently refractory status
epilepticus.19 If refractory status epilepticus is confirmed by
electrographic monitoring, intravenous phenobarbital can be
chosen. However, if the seizure persists longer (after giving
the second drug), continuous intravenous drugs could be a
better option. There is no unanimously accepted guideline in

this setting.67–69 In the absence of randomised therapeutic
trials, a firm recommendation is difficult to evolve. My
preference is continuous treatment with intravenous mid-
azolam or propofol. These agents are more often used
nowadays and are found to be relatively safe in retrospective
studies.70–72 If these measures fail, the next step includes
induction of pharmacological coma with intravenous pento-
barbital or thiopental. Alternative lines of treatment include
continuous infusion of diazepam or lorazepam,73 and use of
inhalational anaesthetics such as isoflurane and desflurane.74

Less commonly used options are intramuscular paraldehyde;
administration of lidocaine, clomethiazole, althesin, keta-
mine, verapamil75; repetitive transcranial magnetic stimula-
tion; vagal nerve stimulation76; and surgery.77 78

The electrographic end point of treatment is not satisfac-
torily defined. Burst suppression pattern on EEG results in
less incidence of breakthrough seizures.72 However, this
benefit is achieved at the expense of side effects such as
hypotension. The alternative target is seizure suppression.
Treatment failure, breakthrough, and post-treatment seizures
and other complications need to be monitored and treated.
Parenteral anticonvulsants should be continued for at
least 24 h after seizure cessation. During attempts at
tapering of continuous intravenous drugs, oral or nasogastric

Box 3A: Diagnosis and early management of
seizures

Diagnosis

N Diagnose ongoing clinical status epilepticus and
exclude psychogenic seizures

N Ensure adequate airway, breathing and circulation

N Initiate cardiorespiratory monitoring, laboratory tests
and evaluation for underlying causes

N Give glucose with thiamine if hypoglycaemia is
suspected or detected by a bedside glucometer

N Treat hyperthermia or fever with appropriate measures

N Reconsider the diagnosis at various points along the
management pathway described below

Pre-hospital management

N Give lorazepam if venous access is available

N Consider buccal, nasal, intramuscular or rectal mid-
azolam, or rectal diazepam if no vascular access is
available

First-line drugs (for >5 min of persisting seizures)

N Prefer intravenous lorazepam (or diazepam)

Second-line drugs (for continuing or risk of recurring
seizures after giving first-line drug)

N Give intravenous phenytoin (or fosphenytoin) under
cardiac monitoring

Box 3B: Suggested treatment protocol for status
epilepticus

Treatment for refractory status epilepticus (when first-line
and second-line drugs fail)

N Transfer patient to intensive care unit

N Intubate if not intubated earlier

N Institute continuous electroencephalographic (EEG)
monitoring.

N Start intravenous phenobarbital

N Initiate continuous intravenous midazolam (or propo-
fol) when phenobarbital fails or seizures persist longer
after giving phenytoin (bypassing phenobarbital)

N Try continuous pentobarbital or thiopental if the above
measures are unsuccessful

N Titrate dose to seizure suppression or suppression burst
on EEG (if blood pressure permits)

N Maintain the patient in a seizure-free state for 24 h

N Taper infusion gradually over the next 24 h

N Resume prior infusion rate if seizure recurs

N Maintain the second-line drug, prescription drugs (may
add new oral drugs in effective doses) during infusion
tapering

N Continue clinical and EEG monitoring (throughout the
treatment course) in case of treatment failure, break-
through and withdrawal seizures

Treatment of underlying causes

N Identify the underlying causes (epilepsy related, acute
symptomatic or remote symptomatic)

N Determine the drug levels in patients with missed
anticonvulsants

N Pursue the treatable precipitants and causes

Management of complications

N Monitor and treat the complications related to seizures,
underlying cause, drugs and intensive care management

728 Nandhagopal

www.postgradmedj.com



Table 3 Pharmacotherapy of generalised convulsive and refractory status epilepticus

Drug Timing Route Loading dose
Maximal rate of
administration Maintenance dose

Parameters to
monitor

Generalised convulsive status epilepticus
Lorazepam Within the first 5–

10 min of admission
or as prehospital
treatment

IV bolus 0.1 mg/kg 2 mg/min – Respiration; blood
pressure;
consciousness level

Diazepam Within the first
5–10 min, as an
alternative to
lorazepam; or as pre-
hospital treatment

IV bolus, rectal
administration if IV
access is not available

0.2 mg/kg (IV);
10–30 mg (rectal)

5 mg/min – Same as for
lorazepam

Phenytoin 10–45 min IV infusion 20 mg/kg 50 mg/min;
maximal loading
dose 30 mg/kg

5 mg/kg/day in
three divided
doses IV

Blood pressure;
ECG; watch for
purple glove
syndrome; avoid
glucose-containing
fluids for dilution

Fosphenytoin As an alternative to
phenytoin

IV infusion 20 mg/kg PE 150 mg/min 5 mg/kg/day PE
IV or IM

Same as for
phenytoin; except
can be given with
glucose-containing
fluids

Refractory status epilepticus
Phenobarbital 45–60 min IV infusion 10–20 mg/kg 100 mg/min 1–4 mg/kg/day Cardiorespiratory

monitoring

Valproate 45–60 min IV infusion 20–25 mg/kg 3 mg/kg/min 2 mg/kg/h Liver function test,
ammonia, serum
amylase, lipase,
blood pressure,
platelet count

Midazolam .60 min
Pre-hospital treatment

IV bolus or infusion;
IM or rectal; buccal;
intranasal

Initial bolus: 0.15–
0.2 mg/kg; 5–10 mg
(IM or rectal); 10 mg
or 0.5 mg/kg
(buccal); 10 mg
(intranasal)

Repeat dose
0.2 mg/kg boluses
every 5 min until
seizures stop
(maximum loading
dose 2 mg/kg)

Continuous infusion
0.1–0.4 mg/kg/h,
dose titration to
seizure or EEG
suppression or
change in vital signs

Cardiorespiratory
monitoring,
tachyphylaxis with
long-term infusion

Propofol .60 min IV bolus or infusion Initial bolus 1 mg/kg Repeat 1–2 mg/kg
boluses every 5 min
until seizures stop
(maximum loading
dose: 10 mg/kg)

Continuous infusion
1–12 mg/kg/h, for
dose titration as for
midazolam

Arterial blood gases,
blood pressure,
(propofol infusion
syndrome) lipids,
rebound seizures
with rapid
withdrawal

Pentobarbital .60 min IV bolus or infusion Initial bolus 5 mg/kg Repeat 5 mg/kg
boluses until
seizures stop
(maximum bolus
rate: 50 mg/min),
dose titration to
change in blood
pressure

Continuous infusion:
0.5–10 mg/kg/h,
for dose titration as
for midazolam

Cardiorespiratory
monitoring

Thiopental .60 min IV bolus or infusion Initial bolus 100–
250 mg over 20 s

Repeat 50 mg
boluses every 2–
3 min until
seizures stop,
dose titration to
change in blood
pressure

Continuous infusion
3–5 mg/kg/h, for
dose titration as
for midazolam

Cardiorespiratory
monitoring,
prolonged coma,
laryngospasm,
spasm at injection
site, avoid plastic-
giving sets and
exposure to air

Isoflurane .60 min Inhalation End tidal
concentration of
0.8–2%

Dose tailored to
cardiorespiratory
monitoring

For dose titration
as for midazolam

Cardiorespiratory
monitoring,
administration
requires anaesthetic
system with a
scavenging
apparatus

ECG, electrocardiogram, EEG, electroencephalographic; IM, intramuscular; IV, intravenous; PE, phenytoin equivalent.
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administration of anticonvulsants should be started to avoid
precipitation of withdrawal seizures.

ROLE OF INTRAVENOUS VALPROATE
Intravenous valproate can be considered to be a therapeutic
option for the group of patients with cardiorespiratory impair-
ment and ‘‘do not ventilate’’ status,48 and myoclonic status
epilepticus. It seems to be safe, easy to use and non-sedating.79–82

However, more clinical experience is needed to establish its
place in the treatment protocols and to know whether it could
be substituted for phenytoin or phenobarbital.

NEWER ANTICONVULSANTS
Topiramate has been reported to be given nasogastrically
along with conventional anticonvulsants for treating refrac-
tory status epilepticus in two small case series.83 84

Preliminary observation indicated that it might be successful
in achieving seizure control. In another study, levetiracetam
was coadministered for treating status epilepticus in four
patients.85 Therapeutic response was favourable in two
patients and could not be determined in the remaining two.
These agents could also aid in the prophylaxis of break-
through and withdrawal seizures.48 Once a parenteral
formulation becomes available, therapeutic role of these
newer anticonvulsants can be better characterised.

COMPLICATIONS
Complications may arise because of status epilepticus itself,
drug treatment, underlying causes and intensive care
management. If the core temperature exceeds 40 C̊, patients
should be cooled. Presence of myoglobinuria or marked rise
in serum creatine phosphokinase level may necessitate saline
diuresis or urinary alkalinisation. Cerebral oedema may occur
as a result of seizures or underlying aetiologies. However,
cerebral oedema primarily due to seizure does not require
aggressive therapeutic measures. Pathological changes iden-
tical to those in mesial temporal sclerosis have been
documented in an autopsy series of patients dying from
status epilepticus.86 Non-neurological complications are often
encountered in patients admitted to intensive care units.87

These include nosocomial and ventilator-associated pneumo-
nia, atelectasis, adult respiratory distress syndrome, neuro-
genic pulmonary oedema, pulmonary embolism,
hypovolaemia, myocardial dysfunction, hypertension,
arrhythmias, stress ulcer, gastrointestinal bleed, constipation,
diarrhoea, paralytic ileus, renal dysfunction, urinary tract
infection and vascular catheter-related sepsis. These compli-
cations could be life threatening and should be treated and
prevented from recurring. Pain, agitation, anxiety and sleep
deprivation are other problems that need to be considered in
the intensive care set-up.

PITFALLS IN MANAGEMENT
Misdiagnosis, especially of psychogenic status epilepticus,
leads to therapeutic failure. Other common pitfalls in the
management include inadequate anticonvulsant dosage,
delay in switching to another drug, wrong route of admin-
istration (intramuscular phenytoin), delay or failure in
initiating maintenance anticonvulsants, missing and not
treating the precipitating and underlying causes and compli-
cations, and delay in providing cardiorespiratory supports
such as intubation and vasopressor administration.

PROGNOSIS
Mortality from status epilepticus ranges from 3% to 50% in
different studies.88 The risk factors for mortality include
refractory seizures, acute symptomatic aetiologies (eg,
hypoxia or central nervous system infections) and old age
(.70 years).89 Cardiovascular changes during the stress of

status epilepticus, medical complications and overtreatment
may also have a role in the overall mortality.43 44 Coma with
intercurrent electrographic status and multisystem failure
also tend to have poor clinical outcome.90 Morbidity
associated with status epilepticus includes epilepsy, cognitive
impairment, incoordination, motor weakness, dysphasia,
dysarthria and visual field defects.91

CONCLUSION
Status epilepticus is a common medical problem in the
emergency department. It requires early recognition and
prompt differentiation from psychogenic seizures. A team
approach, including emergency physicians, neurologists,
anaesthetists, psychiatrists, and nursing and other para-
medical staff, is necessary for proper evaluation and manage-
ment. Prehospital treatment is a useful strategy for
terminating incipient seizures. Treatment according to pro-
tocol may avoid management pitfalls. Well-designed studies
on management of refractory status epilepticus and neuro-
protection are needed for improving the clinical outcome.

SELF-ASSESSMENT QUESTIONS (TRUE (T)/FALSE (F));
ANSWERS AT THE END OF REFERENCES

1. Psychogenic seizure can present as refractory status
epilepticus.

2. Non-convulsive status epilepticus requires electroence-
phalographic monitoring for confirmation.

3. Serum prolactin is always increased in generalised
convulsive status epilepticus.

4. Status epilepticus due to acute symptomatic causes
usually carries good prognosis.

5. The first-line drug to treat status epilepticus is intrave-
nous lorazepam.
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