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ABSTRACT

Acute symptomatic seizures occurring in close temporal relationship with an
acute CNS insult are distinct from epilepsy and occur frequently in clinical
practice. The aim of this educational review is to provide information on the most
important aspects related to acute symptomatic seizures that will allow clinicians
to accurately distinguish acute symptomatic seizures from epilepsy in their
patients. We explain the definition of acute symptomatic seizures and we
illustrate how acute symptomatic seizures differ from epilepsy. We describe acute
symptomatic seizures in the context of their various underlying aetiologies and
we discuss the approach to the management of patients with acute symptomatic

seizures.

Key words: acute symptomatic seizure, epilepsy, provoked seizures, brain insult,

traumatic brain injury, stroke

Epileptic seizures occur in all persons
with epilepsy but not everyone who
experiences an epileptic seizure suffers
from epilepsy. Indeed, up to 40% of all
epileptic seizures occur in people with an
acute brain insult but without epilepsy [1].
These seizures are defined as acute
symptomatic seizures. There are many
causes for acute symptomatic seizures,
which all alter the excitability of the
central nervous system (CNS), leading
to a transient lowering of the seizure
threshold (figure 7). In contrast to epilep-
sy, based on the general concept of acute
symptomatic seizures, seizures are not
expected to recur once the precipitating
factor or condition has been removed or
reversed. However, in practice, as we will
later see, an increased risk for the
development of epilepsy exists after
acute symptomatic seizures caused by
structural brain pathologies. Awareness
of the potential of certain CNS patholo-
gies to cause acute symptomatic seizures

is important to provide prompt treatment.
Moreover, the accurate distinction be-
tween an acute symptomatic seizure and
an unprovoked seizure provides a differ-
ent prognosis and alters treatment. This
review aims to provide an educational
overview about the definition, epidemi-
ology, causes, management and progno-
sis of acute symptomatic seizures. Special
emphasis is given to the learning objec-
tive listed in the educational curriculum
for epileptologists which was recently
published by the International League
against Epilepsy [2]: Accurately distin-
guish acute symptomatic seizures from
epilepsy.

Definitions of an epileptic seizure
and epilepsy

Before we can discuss about what is an
acute symptomatic seizure, a quick
review of the definitions of an epileptic
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CAUSES OF ACUTE SYMPTOMATIC SEIZURES
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W Figure 1. Causes of acute symptomatic seizures in
the population of Rochester, Minnesota, United
States, from 1935-1984. Reproduced from Annegers
et al. [12].

seizure and epilepsy in general is necessary.

An epileptic seizure has been defined as the “transient
occurrence of signs and/or symptoms due to an
abnormal excessive or synchronous activity in the
brain” [3].

Epilepsy is a brain disorder with various and hetero-
geneous causes of which the main manifestation is
epileptic seizures which in turn effect people’s
behaviour, personality and life. The hallmark of
epilepsy is the recurrence of epileptic seizures.

The International League against Epilepsy (ILAE) has
proposed a conceptual definition of epilepsy as a brain
disorder “that is characterised by an enduring
predisposition of the brain to generate epileptic
seizures and by the neurobiological, cognitive, psy-
chological and social consequences of this condition”
[31.

Any definition of epilepsy usually requires that the
epileptic seizures which are taken into account occur
in the absence of any apparent precipitating factors or
conditions, i.e. that they are “unprovoked” [4].

The cause of unprovoked seizures may be a CNS insult
in the remote past. The length of the time between the
brain insult and seizures in the absence of ongoing
active disruption of CNS integrity determines that the
seizure is unprovoked or “remote symptomatic”.

On that basis, the clinical or operational definition of
epilepsy from the ILAE states that epilepsy exists in a
person who had “at least two unprovoked seizures
more than 24 hours apart or who had one unprovoked
seizure and has a probability for the recurrence of

Acute symptomatic seizures

further seizures that is similar to the recurrence risk
after two unprovoked seizures (that is at least 60%)
over the next 10 years” [4].

The conceptual definition of epilepsy supported by
the ILAE differs from this clinical or operational
definition [3]. The conceptual definition of epilepsy
does not necessarily require a seizure to be unpro-
voked but requires an enduring predisposition of the
brain to potentially generate further seizures. As an
example, reflex epilepsies fulfil the conceptual defini-
tion of epilepsy even though all seizures are provoked,
because there is an enduring alteration in the brain to
generate seizures in response to the stimulus.

Definition of an acute symptomatic seizure

An acute symptomatic seizure “occurs in close
temporal relationship with an acute CNS insult, which
may be metabolic, toxic, structural, infectious, or due
to inflammation” [5].

Acute symptomatic seizures are different from unpro-
voked seizures in several aspects and are therefore not
included in the definition of epilepsy.

First, unlike in unprovoked seizures, there should
always be a clearly identifiable, concomitant acute,
causal condition that has occurred close to the time
of the seizure. The cause may be an acute distur-
bance of structural brain integrity such as a cortical
haemorrhage, or a disturbance of brain function due
to, e.g. alcohol withdrawal, present at the time of the
seizure.

Secondly, acute symptomatic seizures usually do not
recur once the precipitating factor or condition has
been removed or reversed and the functional integrity
of the CNS has been restored. This is in contrast to
epilepsy where seizures are expected to recur. The
lack of an “enduring predisposition” after an acute
symptomatic seizure means epilepsy does not exist.
For example, if a patient has two epileptic seizures due
to severe hyponatraemia, there is no “enduring
predisposition” once the hyponatraemia has resolved.
However, the distinction between acute symptomatic
seizures and epilepsy is more complicated in persons
with acute symptomatic seizures due to destructive
brain pathologies, such as stroke or head trauma,
because they have an increased risk for the later
development of epilepsy (discussed below).

What is thought to be a “close temporal relation-
ship” between a CNS insult and a seizure varies
according to the underlying pathology. For example,
a seizure is considered acute symptomatic if it
occurs within the first seven days of a stroke or a
traumatic brain injury [5]. In other conditions, an
acute symptomatic seizure may occur longer than a
week after the onset of the brain insult provided that
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there is evidence of a continued active brain disease.
An example is acute inflammatory CNS disease (e.g.
infectious or autoimmune encephalitis). For other
conditions, a closer temporal relationship is re-
quired to prove a plausible causality, e.g. disorders
such as hyponatraemia, where there must be
evidence of low serum sodium level within 24 hours
of the seizure.

Seizures that are the manifestation of a neurode-
generative disease such as Alzheimer’s dementia
may be referred to as progressive symptomatic
seizures. They are not acute symptomatic seizures as
the cause of the seizure is neither transient nor
reversible but a persistent and progressive condi-
tion. In such cases, a diagnosis of epilepsy can
definitively be made after a second seizure but might
be made even after the first seizure, if there is
evidence of a recurrence risk greater than 60%.
Similarly, seizures that arise from most brain
tumours are progressive symptomatic seizures,
unless the brain tumour can be fully resected and
seizures disappear. For example, in a patient who
presents with a first seizure as the first manifestation
of ameningioma, the seizure could be rated as acute
symptomatic if the tumour is completely removed
and there are no further seizures. Here, the
definition of acute symptomatic can only be made
in retrospect. In multiple sclerosis, a seizure should
be considered acute symptomatic if it occurs on
presentation or within seven days of a relapse [5].
Febrile seizures are defined as any seizure that
occurs in association with fever >38°C in a child aged
about six months to five years of age without
evidence of CNS infection. They are a classic form
of acute symptomatic seizure and are the most
common type of epileptic seizures with a lifetime
prevalence of 2-6% in the overall population.
Because they represent a rather distinct entity and
are specific to the paediatric population, they will
not be discussed further in this text. For a compre-
hensive review on febrile seizures, please see [6].
In clinical practice, several terms, which are similar to
the term “acute symptomatic seizure”, such as
“provoked seizure”, “situation-related seizure” and
“reactive seizure”, are frequently used. The ILAE has
proposed that these terms are synonymous with and
should be replaced by acute symptomatic seizure [5].

Critical issues and potential pitfalls in
defining acute symptomatic seizures

The main problem in the definition of acute symptom-
atic seizures arises from the difficulty in combining, in
a single concept, both seizures that are caused by
acute structural brain pathologies and seizures that are

caused by provocative factors. It has been argued that
seizures caused by an acute structural brain lesion,
such as a stroke, should not be equalled under one
term to seizures provoked by a truly reversible factor
such as hyponatraemia [7]. The 10-year risk for the
recurrence of an unprovoked seizure after an acute
symptomatic seizure due to a stroke was found to be
33% [8]. This is substantial, but still means that an acute
symptomatic seizure alone does not qualify as
epilepsy. However, if one specifies for stroke subtype,
then the risk is even higher, e.g. as predicted by the
SeLECT score [9]. On the other hand, acute symptom-
atic seizures caused by a reversible factor or condition,
such as an intoxication or hyponatraemia, are assumed
to be linked to a very low risk for further unprovoked
seizures, although precise data for recurrence risk is
lacking.

The distinction between “provoked” or “unprovoked”
can be challenging. Itis difficult to absolutely exclude a
provocative factor even if a seizure appears to be
unprovoked. On the other hand, the presence of a
potentially provocative factor does not exclude the
existence of an underlying predisposition for the
generation of epileptic seizures [4].

In some situations, such as the occurrence of a seizure
in the immediate context of alcohol withdrawal or
hyponatraemia, the seizure event will be confidently
judged as provoked and will not result in a diagnosis of
epilepsy. The situation is less clear in the context of
sleep deprivation. Extensive sleep deprivation could
potentially provoke a seizure in an individual without
any underlying predisposition for the development of
seizures, however, sleep deprivation is also well
established as a typical provocative factor in idiopathic
generalised epilepsies.

Furthermore, the exclusive presence of provoked
seizures does not mean that epilepsy does not exist; as
noted above, provoking factors may be present with
every seizure in people with reflex epilepsies — here
there is an enduring abnormal alteration of brain
function meeting at least the conceptual definition of
epilepsy [3].

The definition of a “close temporal relationship” as
well as the proposed cut-off levels of laboratory values
for acute symptomatic seizures due to metabolic
derangements have attracted criticism due to the fact
that they are relatively arbitrary and not backed by
clear data [7]. For example, in electrolyte disturbances,
the acuteness in change seems to be more important
for seizure risk than the change in absolute levels [10].
If a seizure is suspected to be caused by a metabolic
derangement but ILAE cut-off levels of laboratory
values are not met, it has been recommended not to
label the seizure as acute symptomatic [5]. However,
this does not mean that the seizure can be conversely
called an unprovoked seizure. In such a case, the
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relationship with a metabolic derangement should be
treated as “unknown” and the seizure should not be
rated as epilepsy.

Incidence of acute symptomatic seizures

It has been estimated that acute symptomatic seizures
account for up to 40% of all epileptic seizures [1]. In
Rochester, Minnesota, over a 50-year period, acute
symptomatic seizures accounted for 34% of all
epileptic seizures [11].

These estimates are largely based on data from
higher-income countries and it is possible that
in other geographical regions, where CNS infec-
tions are endemic and head trauma more common,
acute symptomatic seizures will be even more
common.

It has been pointed out that not many epidemiological
studies have been conducted on acute symptomatic
seizures because of various difficulties:

e often, only the underlying aetiology but not the
seizure will be indexed as a diagnosis, complicating
any retrospective review;

e some patients with acute symptomatic seizures will
not be further evaluated or lost to follow-up (e.g.
alcohol withdrawal seizures);

e in addition, studies on seizure epidemiology have
often failed to distinguish between acute symptomatic
and unprovoked seizures in the past [1].

In a retrospective study that specifically investigated
the frequency of acute symptomatic seizures in a large
population in the United States over a 50-year period,
the annual incidence was 39/100,000 [12]. Smaller
studies have reported similar incidence rates for acute
symptomatic seizures [13-15].

The incidence of acute symptomatic seizures is
significantly lower compared to the incidence of
unprovoked seizures for which incidence rates vary
between 42-61/100,000/year [1].

Overall, acute symptomatic seizures are more com-
mon in male than in female individuals. An age-
adjusted incidence rate of 42/100,000/year was
reported in male individuals compared to an incidence
rate of 27/100,000/year in females [12]. The lifetime risk
for the occurrence of an acute symptomatic seizure
was calculated as 5% for males compared to 2.7% for
females [12].

Comparable to epilepsy, the age-specific incidence
rate for acute symptomatic seizures is highest in the
first year of life, decreases in childhood and early
adulthood and thereafter starts increasing with age,
culminating in a second peak in individuals aged 80
years and older [12].

Age and sex patterns regarding the incidence of acute
symptomatic seizures correlate with the age and sex

Acute symptomatic seizures

distributions of the causative pathologies. The high
incidence of acute symptomatic seizures in the first
year of life is associated with the relatively frequent
occurrence of encephalopathies (e.g. hypoxic-ischae-
mic encephalopathy), CNS infections, vascular aetiol-
ogies and metabolic disorders in the neonatal period.
Traumatic brain injuries, which occur predominantly
in younger men, are the most common cause of acute
symptomatic seizures in early adulthood. Alcohol and
drug withdrawal is another common cause of acute
symptomatic seizures that is more frequently seen in
younger and middle-aged men. Cerebrovascular
disease is the most common cause of acute symptom-
atic seizures in elderly patients. The rising incidence of
cerebrovascular disease with age is largely responsible
for the increase in incidence of acute symptomatic
seizures in older individuals [12].

Mortality and acute symptomatic seizures

Patients who suffer from acute symptomatic seizures
have a high risk for mortality in the weeks after the
event. A study of two independent cohorts of patients
with acute symptomatic seizures determined a case
fatality rate of 20% in the first 30 days after the seizure
[16]. The risk of death was significantly higher in older
individuals (aged 65 years or older) than in younger
individuals. Cerebrovascular disease and hypoxic
encephalopathy were determined as the predominate
causes of acute symptomatic seizures in those patients
who had a fatal outcome in the first 30 days after the
seizure.

In a study of hospitalised patients, those who had a
seizure for the first time in their life, most of them due
to an acute symptomatic cause, had a significantly
higher chance of a negative outcome (death or
discharge to a hospice) than patients who already
had a history of seizures prior to hospitalisation [17].
Cerebrovascular disease was found to be the most
frequent aetiology of seizures in these patients,
followed by metabolic disturbances and brain
tumours.

Another study compared the mortality of patients who
had an acute symptomatic seizure with patients who
had a first unprovoked seizure. Those with acute
symptomatic seizures had an 8.9-fold higher mortality
rate in the first 30 days after the seizure event [8]. No
difference in mortality was evident after 10 years of
follow-up between these two groups.

Mortality is particularly high in patients with acute
symptomatic status epilepticus (SE). In a study of 184
patients with both acute symptomatic and unprovoked
SE, 89% of deaths (n=38) in the first 30 days after the
event occurred in patients with acute symptomatic SE
[18]. This accounted for a case fatality rate of 34% for
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patients with acute symptomatic SE compared with
5% with unprovoked SE. Age older than 65 years and
male gender were significantly associated with a
higher risk of death, and the majority of those
patients who died after acute symptomatic SE
suffered either from cerebrovascular disease or
hypoxic encephalopathy. Acute symptomatic SE is
also associated with an increased risk of long-term
mortality [19].

The high mortality in patients with acute symptomatic
seizures is largely attributed to the underlying causa-
tive brain pathologies [16]. Common aetiologies of
acute symptomatic seizures such as cerebrovascular
disease, brain tumours or hypoxic encephalopathy are
well known to entail a high risk of mortality, whether or
not they occur in conjunction with a seizure. The
influence of acute symptomatic seizures on the clinical
outcome of patients with acute brain diseases is
unclear. The occurrence of an acute symptomatic
seizure may simply reflect the severity of the
underlying acute brain insult.

Whether acute symptomatic seizures themselves
contribute negatively to a patient’s clinical outcome
has been debated. This issue has been particularly
studied in patients with stroke and some studies have
demonstrated that acute symptomatic seizures are
independently associated with higher mortality [20]
while others have failed to show such an effect [21].
However, a recent, large, retrospective analysis of
1,787 patients with acute symptomatic seizures in the
setting of acute ischaemic stroke controlled
for stroke severity using the National Institutes of
Health Stroke Scale (NIHSS). Those with acute
symptomatic seizures had almost twice the risk of
in-hospital death compared to those without sei-
zures, suggesting that at least for ischaemic stroke,
acute symptomatic seizures might indeed negatively
influence a patient's outcome independent of
disease severity [22].

Risk of seizure recurrence after acute
symptomatic and unprovoked seizures

The recurrence of unprovoked epileptic seizures is a
defining characteristic of epilepsy. Yet five years after
a single unprovoked seizure, the risk of seizure
recurrence lies only between 40%-50% [23]. Howev-
er, the recurrence risk is much higher after a second
unprovoked seizure. In one study of adults, an
individual with a second unprovoked seizure had a
73% risk for a third unprovoked seizure and
an individual with a third unprovoked seizure had
a 78% risk for a fourth [24]. The risk of recurrence
after a first unprovoked seizure is increased by a
remote symptomatic cause, epileptiform EEG abnor-

malities, abnormal brain imaging and nocturnal
seizures [25].

The theoretical concept and definition of an acute
symptomatic seizure suggests that the seizure recur-
rence risk should be relatively low. Evidence to
support this hypothesis is provided by the landmark
study of Hesdorffer et al., which retrospectively
compared the risk of seizure recurrence between
262 patients with acute symptomatic seizures and 148
patients with a first unprovoked seizure [8]. For better
comparison, seizure aetiologies in both groups, either
acute or remote symptomatic, respectively, were
confined to the following three brain pathologies:
stroke, traumatic brain injury and CNS infection. For
each of the three aetiologies, patients with acute
symptomatic seizures had a significantly lower risk
(80% relative risk reduction) of developing a subse-
quent seizure compared to patients with a first
unprovoked seizure (overall 18.7% vs. 64.8%) during
a 10-year follow-up (figure 2). The clear differences in
seizure recurrence between acute symptomatic sei-
zures and first unprovoked seizures revealed by this
study strongly support the theoretical assumption that
most acute symptomatic seizures are not epilepsy as
they are “not associated with an enduring predisposi-
tion to generate seizures” [8]. However, the risk of
subsequent seizures after an acute symptomatic
seizure is substantial (33% for stroke, 13.4% for
traumatic brain injury and 16.6% for CNS infection)
(see figure 2) and almost approaches the recurrence
risk for another unprovoked seizure after a first
unprovoked seizure without underlying structural
CNS disease [25]. In certain situations, e.g. if one
specifies for stroke subtype and includes more risk
factors, then the risk of further seizures after a stroke
that occurred with an acute symptomatic seizure is
even greater, e.g. as predicted in the SelLect score [9].
These substantial seizure recurrence risks are proba-
bly related to the destructive nature of the three brain
pathologies and similar recurrence risks would not be
expected following acute symptomatic seizures from
causes such as hyponatraemia. However, data on
seizure recurrence risk after acute symptomatic
seizures due to reversible factors is lacking. It has
been pointed out that it would be difficult to carry out
similar studies to compare the recurrence risk of acute
symptomatic seizures caused by metabolic derange-
ments relative to first unprovoked seizures [8].

Specific causes of acute symptomatic
seizures

In adults, the most common aetiologies of acute
symptomatic seizures are cerebrovascular disease,
traumatic brain injury, drug and alcohol withdrawal,
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B Figure 2. The seizure recurrence risk after an acute symptomatic seizure is significantly lower than after a
first unprovoked seizure, independent of aetiology. Based on data from Hesdorffer et al. [8].

and CNS infections, with each aetiology accounting for
about the same proportion of cases (figure 1). Less
common causes of acute symptomatic seizures
include metabolic disorders, encephalopathy, intoxi-
cations and eclampsia [12]. Table 1 presents the risks
and risk factors for acute symptomatic seizures
regarding the most important aetiologies (table 7).

Cerebrovascular causes

The estimated frequency of acute symptomatic
seizures after stroke is 3-6%. The rate of seizures is
significantly higher in patients with haemorrhagic (10-
18%) rather than ischaemic stroke (2-4%) [26]. Lobar
intracerebral haemorrhage, subarachnoid haemor-
rhage, and ischaemic stroke with secondary haemor-
rhagic transformation show a stronger association with
acute symptomatic seizures than ischaemic stroke [26].
Although ischaemic stroke is associated with a lower
risk in comparison to intracerebral haemorrhage, it
accounts for a larger overall burden of post-stroke
seizures because of its higher incidence, and repre-
sents the leading aetiology of acute symptomatic
seizures in the elderly.

Acute symptomatic seizures generally occur during the
first one or two days after cerebral ischaemia, with about
two thirds within the first 24 hours. Most seizures
associated with haemorrhagic stroke occur at the onset
or within the first 24 hours. The majority of seizures are
focal, regardless of stroke type or time of seizure
occurrence. This is not surprising given the accepted
hypothesis that the focal damage following stroke can act
as the focus of epileptic activity and a fast, bilateral spread
from a focal seizure generator cannot be ruled out in the
case of generalized seizures [27].

Acute symptomatic seizures after stroke are thought to
be the result of acute biochemical dysfunction and
excitatory neurotransmitter release leading to tran-
sient changes in neuronal excitability and electrically
irritable tissue [28]. Pro-excitatory cellular changes
follow acute ischaemic neuronal injury and include
accumulation of intracellular calcium and sodium and
increased extracellular concentrations of glutamate,
which may lead to depolarization of the transmem-
brane potential and lower the seizure threshold [28].
Recurrent epileptiform-type neuronal discharges have
been observed in neural networks of surviving
neurons, and transient depolarizations occur in the
ischaemic penumbra after experimental occlusion of
the middle cerebral artery [29].

The mechanism of seizure initiation by haemorrhage is
less clearly clarified. Blood products in the parenchy-
ma and derivatives of heme and iron metabolism have
been hypothesized to favour a focal cerebral irritation.
Remarkably, the haemorrhagic transformation of an
ischaemic brain infarct is associated with a meaningful
higher risk of acute symptomatic seizures than
ischemic stroke alone, providing further support to
the role of blood extravasation in the development of
abnormal epileptiform activity [26].

Cortical involvement is a well-characterized risk
factor for early seizures in both ischaemic [20] and
haemorrhagic stroke [30, 31]. Accordingly, the strati-
fication by stroke subtype and location is essential in
assessing an individual’s risk of acute symptomatic
seizures [29].

Severity of neurological deficit, lesion size, and
younger age (<65 years) have also been associated
with early seizures in some studies. Metabolic
disturbances, such as high blood glucose or low
sodium levels, can precipitate seizures. Alcohol use,
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V¥ Table 1. Overview of the risk and risk factors for acute symptomatic seizures with specific aetiologies.

Etiology Risk for acute symptomatic Risk factors

seizures

Ischemic stroke Relatively low (3-6%) Cortical lesion, lesion size, secondary haemorrhagic
transformation, clinical severity, infections, premorbid status,

large-artery atherosclerosis

Haemorrhagic stroke High (10-18%) Cortical lesion, bleeding volume, midline shift, clinical

severity, MCA aneurysm in SAH

Cerebral venous
thrombosis

Very high (up to 40%) Haemorrhagic lesions, thrombosis of superior sagittal sinus

and cortical veins, motor deficits

Viral encephalitis Very high (40-60%) Depressed level of consciousness, cortical lesions, younger

age, herpes-simplex virus 1

Bacterial meningitis High (17-27%) Depressed level of consciousness, streptococcus

pneumoniae, focal abnormalities on brain imaging

Autoimmune
encephalitis

Very high (33%-100%) Antibodies against NMDA, GABA A, GABA B, LGI1 receptor

Brain trauma Moderate (2-15%) Skull fracture, penetrating injury, intracranial haemorrhage,

younger age, need for neurosurgical intervention

Hyponatremia Relatively low (5%) Lower levels of serum sodium, acuteness of development

PRES Very high (60-75%)

Anoxie encephalopathy Very high (up to one third) Hypothermia, rewarming

previous stroke, low Alberta Stroke Program Early CT
Score (ASPECTS) and low admission blood pressure
levels have been suggested to increase the risk of
acute symptomatic seizures after stroke [32].
Recently, a large retrospective analysis has identified
non-neurological infections and a low premorbid
functional level as shared risk factors for acute
symptomatic seizures in haemorrhagic and ischaemic
stroke [22, 33].

The concept that cardiogenic emboli are more likely to
cause acute seizures is still controversial. The defini-
tion of cardioembolic stroke and the diagnostic work-
up to assess cardiac embolic sources has differed
widely across studies and the frequent association of
cardiac embolism with cortical involvement repre-
sents a potential confounder [29].

Acute stroke therapies including intravenous throm-
bolysis and mechanical thrombectomy may potentially

¥V Table 2. Cut-off values for acute symptomatic seizures in metabolic disorders.

Cut-off values for acute symptomatic seizures in metabolic disorders

proposed by the International League against Epilepsy

Serum glucose

Serum sodium
Serum calcium
Serum magnesium
Urea nitrogen

Creatinine

<36 mg/dL (2.0 mmol/L) or >450 mg/dL
(25 mmol/L) with ketoacidosis

<115 mmol/L

<5.0 mg/dL (<1.2 mmol/L)
<0.8 mg/dL (<0.3 mmol/L)
>100 mg/dL (>35.7 mmol/L)
>10.0 mg/dL (>884 umol/L)

Reproduced from Beghi E, Carpio A, Forsgren L, Hesdorffer DC, Malmgren K, Sander JW, et al. Recommendation for a
definition of acute symptomatic seizure. Epilepsia 2010; 51, 671-5.
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affect the risk of seizures, either increasing or
decreasing the risk. In experimental models, recombi-
nant tissue plasminogen activator has either been
shown to have both neurotoxic and proconvulsant
effects, such as loss of GABAergic inhibitory inter-
neurons, upregulation of matrix metalloproteinases,
enhancement of blood-brain barrier damage, and
excessive production of nitric oxide, or neuroprotec-
tive and anticonvulsant properties, such as stimulation
of brain-derived neurotrophic factor, inhibition of
apoptosis and stabilization of cellular energy supply
[34]. Sudden changes in cerebral perfusion and re-
establishment of brain circulation may trigger an
inflammatory cascade contributing to the develop-
ment of the reperfusion syndrome and subsequent
seizures. On the other hand, successful recanalization
may limit the extent of the primary brain lesion [35]. A
prospective study of 516 patients with ischaemic stroke
did not find a significant difference in the incidence of
acute symptomatic seizures in those patients who
received reperfusion therapy (intravenous recombi-
nant tissue plasminogen activator and endovascular
thrombectomy) compared to those who did not [36].
Conversely, in a case-control study undertaken at a
single stroke centre, intravenous thrombolysis was
independently associated with the occurrence of
acute symptomatic post-stroke seizures [37]. So far,
there are not enough data to draw definitive conclu-
sions, and the actual impact of acute stroke treatments
on the risk of seizures remains unclear [34].

Few studies have explored EEG abnormalities as
predictors of early post-stroke seizures. Lateralized
periodic discharges (LPDs) and frontal intermittent
rhythmic delta activities (FIRDAs) were found in 25%
and diffuse slowing in about 30% of patients with acute
symptomatic seizures. These EEG abnormalities were
significantly more frequent in stroke patients with
acute symptomatic seizures than in those without
acute or subsequent late-onset seizures [38]. LPDs are
considered as an unstable neurobiological process
with an ictal-interictal continuum leading to overt
seizures when acute metabolic derangements coexist
[39]. In experimental models, LPDs appear over
penumbral regions following middle cerebral artery
occlusion, compared with intermittent rhythmic delta
activity that occurs in the contralateral hemisphere
with frontoparietal dominance [40].

Recently, the correlation between blood biomarkers
and acute symptomatic seizures after stroke has been
explored. Among a panel of 14 biomarkers collected
within six hours of admission and before administra-
tion of any treatments, higher neural cell adhesion
molecule (NCAM) and lower tumour necrosis factor
receptor 1 (TNF-R1) levels were found to be indepen-
dent predictors of early-onset seizures. NCAM plays a
role in cellular adhesion and synaptic plasticity. TNF-R1
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is widely involved in inflammatory pathways, and
lower levels may be related to binding to TNF-o, a pro-
inflammatory cytokine with proconvulsive effects [41].
Despite the explorative nature of this research, the
combined use of clinical and electroencephalographic
variables with serum biomarkers could be an interest-
ing strategy for identifying patients at higher risk of
early seizures.

In both ischaemic and haemorrhagic stroke, acute
symptomatic seizures are predictive factors for the
development of subsequent epilepsy [9, 42]. However,
antiseizure medication (ASM) started at the time of
acute symptomatic seizures has not been shown to
reduce the risk of later epilepsy and is not recom-
mended [43].

Cerebral venous thrombosis (CVT) is associated with a
particularly high risk of acute symptomatic seizures
which are the presenting symptom in 40% and may
also occur after the diagnosis of CVT during the acute
phase [44]. Risk factors for seizures associated with
CVT include supratentorial, particularly haemorrhagic,
brain lesions, neurological motor and sensory deficits
and thrombosis of the superior sagittal sinus and
cortical veins [45]. Seizures have not been reported to
be an independent predictor of outcome. In one study
including 153 patients with CVT, no differences were
found in the mortality rate and functional status at six
months after presentation between patients with acute
symptomatic seizures and patients with no seizures
[46]. Acute symptomatic seizures were found to be a
predictor for the development of late seizures and
epilepsy in patients with CVT in a recent, large
retrospective study [47].

Infectious causes

Infectious diseases of the CNS represent a significant
aetiology of acute symptomatic seizures. Acute
symptomatic seizures occur in around 20% of patients
with CNS infections [48, 49].

CNS infections cause acute symptomatic seizures in
both adults and children, but the spectrum of CNS
infections is different in both groups (e.g. bacterial
meningitis is more common in children). Most studies
have examined acute symptomatic seizures in associ-
ation with CNS infections either in the adult or in the
paediatric population. A review of the literature of
acute symptomatic seizures in CNS infections needs
also to consider that the prevalence and spectrum of
CNS infections in both children and adults differ
between geographical regions.

The risk of acute symptomatic seizures seems to be
highest for viral encephalitis. Among a group of 147
adult patients with different CNS infections, patients
with viral encephalitis were 14 times more likely to
develop seizures than patients with other CNS
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infections such as bacterial meningitis [49]. In a
prospective study of 148 patients with viral encephali-
tis, acute symptomatic seizures occurred in 42.6% [50].
Seizures in this study were both focal and generalised,
and SE occurred in a quarter of patients. Of note, SE in
encephalitis seems to be more refractory than with
other aetiologies [51]. The reported seizure rates in
encephalitis are probably underestimated as more
subtle seizures and non-convulsive status epilepticus
(NCSE) might be easily overlooked in a patient with
symptoms of altered mental status if continuous EEG
monitoring is not deployed [52]. A depressed level of
consciousness, cortical lesions on brain MRI and
younger age have all been reported as predictors of
seizures in viral encephalitis [50]. Seizures in enceph-
alitis are associated with a poor outcome [50] and
increased mortality [53]. Encephalitis caused by herpes
simplex virus (HSV) type 1 is the most common cause
of sporadic encephalitis and the most strongly
associated with acute symptomatic seizures in up to
60% in the acute stage [54]. The high seizure frequency
seen in HSV encephalitis might be explained by the
predilection of HSV to infect the epileptogenic mesial
temporal brain structures including the hippocampus
[55]. In vitro HSV infection of rat hippocampal cells has
been shown to alter the excitability of hippocampal
cells and to directly induce epileptiform activity [56].
High rates of acute symptomatic seizures are also
reported for Japanese encephalitis, the most common
form of an epidemic viral encephalitis. In a prospective
study of 144 patients with Japanese encephalitis, acute
symptomatic seizures occurred in 41% [53]. The
presence of seizures in these patients was associated
with raised intracranial pressure and clinical signs of
herniation, with death four times more common than
in those without seizures. Acute seizures in viral
encephalitis may develop due to virus-induced
neuronal cell death per se, however, the inflammatory
response to the viral infection is probably more
crucial. Cytokines, such as TNF-o, IL-18 and IL-6, have
been shown to alter synaptic transmission, thereby
leading to enhanced neuronal excitability [54]. The
pathophysiology of acute symptomatic seizures in viral
encephalitis is believed to be distinct from that causing
late seizures and epilepsy, but both remain poorly
understood. However, early seizures in encephalitis
are associated with a higher risk of late seizures and
epilepsy. In a study of 714 patients with encephalitis,
the 20-year risk of developing unprovoked seizures
was 22% for patients with viral encephalitis plus acute
symptomatic seizures and 10% for those without
seizures [48].

Bacterial meningitis is another frequent infectious
cause of acute symptomatic seizures in both
children and adults. A combination of the purulent
inflammatory response and the direct effect of

bacterial toxins is thought to trigger cortical
inflammation that results in acute seizures [57]. In
a prospective study of 185 children with bacterial
meningitis, 31% developed acute symptomatic
seizures [58]. Age below two years, infection with
streptococcus pneumoniae, altered mental status,
and a CSF leukocyte count below 1,000 cells have
been determined as independent predictors of
acute symptomatic seizures in children with bacte-
rial meningitis [59]. Children with bacterial menin-
gitis and acute symptomatic seizures appear to have
a higher mortality rate than those without seizures
[59]. In adults with bacterial meningitis, acute
symptomatic seizures have been reported in 17-
27% of cases [60, 61]. The majority of seizures occurs
within the first 24 hours of presentation and seizures
are more often generalised than focal [62]. Risk
factors for acute symptomatic seizures in adults with
bacterial meningitis are a decreased level of
consciousness on admission, a positive CSF culture
for streptococcus pneumoniae, a CSF cell count
lower than 1,000 cells, elevated CSF protein and
focal abnormalities on brain imaging [60]. Several
studies have reported higher mortality rates for
patients with acute seizures from bacterial menin-
gitis [60, 61]. For both viral encephalitis and bacterial
meningitis, the worse outcome reported in patients
with acute symptomatic seizures than in those
without seizures probably indicates a greater
severity of the underlying disease in those patients
with acute symptomatic seizures.

Acute symptomatic seizures are frequently encoun-
tered in other infectious CNS conditions. Up to 25%
of patients with a brain abscess present with
seizures [63]. Acute symptomatic seizures occur in
more than 60% of children with cerebral malaria
[64]. Seizures are the most frequent symptom in
neurocysticercosis, occurring in 60-90% of patients
[65]. In particular, seizures that occur in the
presence of a degenerative cyst from neurocysti-
cercosis with oedema on brain imaging should be
considered as acute symptomatic seizures [5]. After
resolution of the acute inflammatory lesion, recur-
rence of seizures is not the case for the majority of
patients [66]. Seizures that occur after the resolution
of the inflammatory lesion and in the presence of a
calcified cyst should be considered as unprovoked
seizures and warrant sustained antiepileptic treat-
ment [67]. Acute symptomatic seizures have been
reported in up to 20% of HIV patients and in about
4% at the time of presentation [68]. Opportunistic
infections, such as cerebral toxoplasmosis, crypto-
coccal meningitis or progressive multifocal leu-
koencephalopathy, are the most frequent causes of
seizures in HIV patients and the majority of patients
develop epilepsy [69, 70].
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Autoimmune and inflammatory causes

A very heterogeneous group of primarily immune-
mediated disorders are variably associated with acute
symptomatic seizures and include those that affect
solely the CNS such as autoimmune encephalitis or
multiple sclerosis and those that typically cause
systemic symptoms with occasional CNS involvement
such as systemic lupus erythematosus.

There is a very strong association with acute symp-
tomatic seizures and non-infectious, immune-mediat-
ed forms of encephalitis [71]. Two groups of these
disorders are distinguished by their different patho-
physiological and clinical characteristics: cancer-trig-
gered inflammatory responses against the nervous
system, the so-called paraneoplastic syndromes [72]
and antibody-mediated autoimmune encephalitis syn-
dromes. In paraneoplastic syndromes, the immuno-
logical mechanism is mediated by cytotoxic T-cells,
accompanied by the presence of non-pathogenic
antibodies against intracellular antigens. The risk of
acute symptomatic seizures depends on the brain
regions involved and is particularly high if the limbic
system is involved [72]. The more chronic and
treatment-refractory inflammatory disease process in
these disorders favours an enduring predisposition for
the generation of seizures so that many patients (up to
60%) develop epilepsy [72]. In the antibody-mediated
autoimmune encephalitis syndromes, an immune
response, which is usually of an unknown cause
although may be triggered by a tumour or a preceding
viral encephalitis, generates antibodies directed
against neuronal surface antigens [73]. The disease is
the direct result of the pathogenic interaction of
antibodies with their neuronal surface antigens, and
the clinical manifestations vary according to the
specific antigen. Seizures are often the leading
symptom of antibody-mediated autoimmune enceph-
alitis and develop in 33% to 100% of all patients,
depending on the target antigen [72]. Autoimmune
encephalitis is the most commonly identified cause of
new-onset refractory status epilepticus (NORSE) [74].
The antigens most strongly associated with seizures
are N-methyl-D-aspartate receptor (NMDA) receptor,
gamma-aminobutyric acid (GABA) B receptor, GABA A
receptor and leucine-rich, glioma inactivated 1 (LGI1,
part of the voltage-gated potassium channel complex).
The majority of patients with antibody-mediated
autoimmune encephalitis have a favourable outcome
when treated appropriately with immunotherapy [73].
Seizures usually vanish when the encephalitis
resolves. Thus, seizures in antibody-mediated autoim-
mune encephalitis, even if they occur over a pro-
longed period of time, are acute symptomatic
seizures in a true sense, as elimination of the
precipitating antibody typically stops the seizures.

Acute symptomatic seizures

With the exception of LGI1T and GABA A receptor
encephalitis, the risk for recurrent seizures after the
acute inflammatory phase of antibody-mediated auto-
immune encephalitis is low (e.g. < 5% in NMDA
receptor encephalitis) [72].

Seizures are an infrequent but long and well
recognised feature of multiple sclerosis [75]. Around
2-5% of all patients with multiple sclerosis develop one
or more epileptic seizures during their lives [76]. A
seizure that occurs as the first presenting symptom of
multiple sclerosis as well as seizures that occur only
during a relapse should be considered as acute
symptomatic seizures [5]. A seizure will be determined
as part of a relapse if it is accompanied by the
occurrence or worsening of other neurological
symptoms or signs of multiple sclerosis or if there is
a typical active demyelinating lesion adjacent to the
cerebral cortex detected on brain imaging. If seizures
recur and are not related to a relapse, epilepsy should
be diagnosed. The relative frequencies of acute
symptomatic seizures and unprovoked seizures in
multiple sclerosis are unclear. In a cohort of 268
multiple sclerosis patients, 20 patients with epileptic
seizures were identified of whom four had seizures as
the presenting manifestation, eight had seizures solely
during a relapse and 12 had unprovoked seizures [77].
Seizures that occur only during a relapse will not
require long-term antiseizure treatment.

Epileptic seizures occur in approximately 15% of
patients with systemic lupus erythematosus (SLE)
[78]. A study of 60 SLE patients with epileptic seizures
reported that 88% of patients had acute symptomatic
seizures and only 12% had recurrent seizures [79].
Seizures occur mainly at the disease onset or during
disease flares or may be caused by a stroke in the
setting of a prothrombotic state or vasculitis, CNS
infection, hypertension/PRES, renal insufficiency or
probably by direct CNS effects of antiphospholipid
antibodies [78].

Other systemic autoimmune disorders associated with
seizures include Sjogren’s syndrome, granulomatosis
with polyangiitis, sarcoidosis, celiac disease, Crohn'’s
disease and Behcet’s disease. [78]. There are many
causes of seizures in these disorders including direct
immunological effects on the brain via cytokines,
immune complexes and autoantibodies as well as
vascular disease, infections, metabolic disorders and
adverse effects of immunosuppressive therapies.
Steroid-responsive encephalopathy associated with
autoimmune thyroiditis (SREAT), also known as
Hashimoto encephalopathy (HE), refers to a vaguely
defined syndrome of an acute/subacute encephalopa-
thy that is associated with the presence of elevated
autoantibodies against thyroid peroxidase (TPO) and/
or thyroglobulin (TG) in the absence of other causes
[80]. An autoimmune aetiology is assumed because
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some patients respond well to corticosteroid therapy
within days to weeks and because of the presence of
thyroid autoantibodies. There is no clear evidence that
thyroid autoantibodies are pathogenic in SREAT. As
these antibodies have a high prevalence in the general
population, they might just represent an completely
unrelated finding [81] or non-specific evidence of a
predisposition to autoimmunity [81]. Acute symptom-
atic seizures of varying types have been reported in 70-
80% of SREAT patients and SE in 10-20% [76]. In a recent
study of 24 patients with suspected SREAT, who had no
evidence for other neurological disorders including
negative CSF/serum antineuronal antibodies, four
distinct clinical subtypes were recognised: patients
with solely psychiatric symptoms (29%) and patients
with signs of encephalopathy (29%) who had no
seizures in contrast to patients with limbic encephalitis
and seizures (17%) and patients presenting with
NORSE (25%) [82]. Steroid-responsiveness was seen
in 32% of all patients but there were no features that
allowed predicting steroid-responsiveness among
patients. It seems likely that SREAT is a group of
heterogeneous disorders with different underlying
causes that are not yet clear [82]. The presence of
thyroid autoantibodies in a patient with new-onset
seizures and no other obvious cause should not lead
to an immediate diagnosis of SREAT and does not
predict a response to immunotherapy for such a
patient.

Brain trauma

Acute symptomatic seizures (within one week) that are
clinically evident after moderate-severe traumatic
brain injury (TBI) occur in 2-15% of patients, with
most studies showing an incidence of around 3-5%;
about half occur in the first 24 hours [83-85]. Higher
rates of seizures are seen when continuous EEG
monitoring is performed (see next section). Antisei-
zure medications (ASMs) given prophylactically after a
head injury can decrease the rate of early seizures (first
week), but have no effect on later epilepsy [83, 85]. The
most carefully studied ASM have been phenytoin and
levetiracetam. Patients with apparent seizures at the
moment of impact, so-called “impact fits” or “concus-
sive convulsions”, are at low risk of further seizures,
probably lower than those with other early seizures
during the first week of injury [86].

Risk factors for acute seizures after TBI include more
severe injury, need for neurosurgical intervention,
depressed skull fracture, younger age (much higher in
young children than adults), penetrating injury, and
any type of intracranial haemorrhage. As with other
conditions discussed above, acute symptomatic sei-
zures after TBI are a major risk factor for development

of epilepsy, with an odds ratio of 5 in a meta-analysis of
risk factors for the development of post-traumatic
epilepsy [87]. One study found that acute epileptiform
abnormalities on EEG were an independent risk factor
for later epilepsy with on odds ratio of 3.2 after
controlling for severity of TBI [88]. In animal models,
acute high-frequency oscillations appear to be a
biomarker of early post-traumatic epileptogenesis
[89]; human studies including invasive EEG are
underway to help address this and other potential
biomarkers [90].

Acute seizures in the critically ill/ICU

In the past decade, continuous EEG monitoring
(cEEG) in the critically ill has become standard of
care in many centres [91]. This is due to the
recognition that the majority of electrographic
seizures detected via cEEG (about 75% overall) have
no detectable clinical signs at the bedside and would
be missed without recording EEG [92-94]. Of all
critically ill patients undergoing cEEG, about 15-20%
have seizures, and many more have highly epilepti-
form patterns such as periodic discharges [93-95].
The rate of seizures is higher for many subgroups
such as postanoxic coma, brain tumours, severe TBI
with intracranial haemorrhage, non-traumatic lobar
intracerebral haemorrhage, central nervous system
infections, and after convulsive SE [93, 95, 96]. Other
risk factors for developing acute electrographic
seizures include prior clinical seizures (recent or
remote), coma, acute supratentorial brain injury, and
sepsis. A one-hour EEG will detect seizures in about
half of these patients, and a 24-hour study will detect
the first seizure in about 90% [92, 93, 95].
Prospective outcome studies have found that
non-convulsive seizures, especially if prolonged or
frequent (occupying >20% of the recording), are
independently associated with worse outcomes,
including hippocampal atrophy, overall function,
cognition, and development of later epilepsy [97-99].
Studies in both children and adults and with
different types of acute brain injuries have found
a “dose-response” relationship to these adverse
outcomes (higher seizure prevalence = worse
outcome) [99, 100].

Although many have referred to a “silent period”
between acute injury (with or without acute symptom-
atic seizures) and later epilepsy, EEG recordings in
both animals and humans have cast doubt on this
period being truly silent; perhaps a better term would
be “clinically silent period” followed by “overt
seizures” [101]. The acute EEG findings may be a
biomarker of ongoing epileptogenesis. As mentioned
above, epileptiform activity in the first five days after
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TBI are an independent predictor of later epilepsy [88].
In one study of patients with acute brain injury, 31% of
patients with lateralized periodic discharges or elec-
trographic seizures went on to develop epilepsy,
compared to 4% in a matched control group without
epileptiform EEG findings [102]. Similarly, a study of
LPDs alone found that more than one third of patients
with LPDs developed new-onset epilepsy, which was
seven times as likely to occur than in matched controls
without highly epileptiform EEG patterns [103].

It is yet to be determined whether acute intervention
to decrease non-convulsive seizures or periodic
discharges can lower the rate of subsequent epilepsy
or other adverse effects.

Metabolic causes

Acute or severe electrolyte disturbances frequently
cause seizures. Imbalances of electrolyte levels can
alter the ion gradients between extra- and intracellular
space and thereby cause changes in neuronal
discharge that can result in altered neuronal excitabil-
ity and synchronisation [104]. Seizures are most often
associated with hyponatraemia and less frequently
with hypernatraemia, hypocalcaemia and hypomag-
nesia. Seizure semiology is usually generalised tonic-
clonic. The risk of seizures increases with the severity
of the electrolyte imbalance and minor changes in
electrolyte levels are not regarded as a sufficient cause
for a seizure. Cut-off levels of electrolytes that support
a probable causal relationship for a seizure have been
proposed by the ILAE (table 2) [5]. Possibly the
acuteness of change is more important than the
absolute electrolyte level [10]. When electrolyte levels
are chronically low, it is often difficult to convincingly
establish a causal relationship with a seizure except
when the derangement is extreme, for example if the
serum sodium is <110 mmol/L.

Seizures can rarely occur in severe hypogylcaemia
though the predominant neurological symptom is
usually coma. In a retrospective study of 388 patients
who had been admitted to hospital for evaluation of
hypoglycaemia (blood glucose <60 mg/dL) only one
generalised tonic-clonic seizure (blood glucose level
<36 mg/dL) and two focal seizures (blood glucose
level: 36 mg/dL and 59 mg/dL) were reported [105].
Hyperglycaemia, particularly non-ketotic hyperglycae-
mia, is known to cause acute symptomatic seizures as
well, especially focal motor seizures [106].

Renal failure may cause seizures by electrolyte
disturbance, on its own (serum creatinine > 10 mg/
dL), or in the context of dialysis disequilibrium
syndrome. Liver failure is an infrequent cause of
seizures [107] except as a complication of liver
transplantation. In a retrospective study of 146 patients
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who underwent liver transplantation, 15.7% of the
patients had a seizure within one week after the
procedure [108].

As metabolic derangements such as electrolyte dis-
turbances usually do not affect the structural integrity
of the brain, seizure recurrence is not expected once
the causative abnormality has been corrected and
metabolic homeostasis has been restored. Treatment
is focused on the correction of the underlying
pathology but ASMs are often used concomitantly in
the acute phase.

Medications, intoxications and alcohol-
related seizures

Medication-related seizures can result both from the
ingestion or withdrawal of certain medications. In a
retrospective study of 276 patients with new-onset
seizures, 6.1% of seizures were found to be drug-
related [109]. Cocaine intoxication, benzodiazepine
withdrawal and bupropion were the three leading
causes of drug-related seizures in this study. The most
common medications associated with seizures are
antidepressants (bupropion, citalopram, venlafaxine,
trimipramine, amitriptyline, maprotiline), antipsycho-
tics (clozapine, chlorpromazine, quetiapine), antihis-
tamines (diphenhydramine) and analgesics (tramadol
and mefenamic acid) [110-113]. However, the overall
risk of seizures with these medications, especially
when compared to their widespread use, seems low
and should not prevent their use when needed. It has
been suggested that some intravenous antibiotics
carry an increased risk of acute symptomatic seizures
including fourth-generation cephalosporins (especial-
ly cefepime [114]), carbapenems (especially imipenem
[115]) and ciprofloxacin, predominantly when given at
high doses and in patients with renal insufficiency,
brain lesions or pre-existing epilepsy [116].

Seizures related to medication withdrawal occur most
commonly with benzodiazepines and barbiturates.
The use of propofol has been associated with seizure-
like phenomena (SLP) in several case reports [117].
The cause of SLP with propofol has been debated and
several authors have argued for their non-epileptic
nature [118]. Cocaine and amphetamines are the
recreational drugs that are by far most strongly
associated with seizures [119]. Seizures can be
potentially caused by certain hallucinogens while
seizures are unlikely to be related to heroin or
marijuana abuse [5].

Alcohol-related seizures are a very frequent cause of
acute symptomatic seizures with some studies sug-
gesting that up to one third of all seizure-related
hospital admissions are alcohol-related [120]. Alcohol
withdrawal is most often the cause of seizures,
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however, seizures can occur during severe alcohol
intoxication as well. An alcohol withdrawal seizure is
suspected in a patient with a history of chronic alcohol
abuse and recently reduced alcohol consumption who
presents 7-48 hours after the last alcoholic drink with a
generalised tonic-clonic seizure along with typical
symptoms of withdrawal such as tremor, sweating and
tachycardia. Alcohol withdrawal seizures are thought
to arise from a hyperexcitable brain state from changes
in NMDA receptor and GABA A receptor signalling that
develop during chronic alcohol abuse [121]. Caution
is warranted when assigning a seizure as alcohol-
related; in a retrospective study of 140 patients who
presented with what was initially thought to be an
alcohol-related seizure, alternative causes other than
alcohol were identified in 53.6% of patients and
included head trauma, epilepsy, stroke and metabolic
abnormalities [122]. European guidelines recommend
brain imaging and EEG even in obvious cases of a first
alcohol-related seizure [120]. However, in many
countries, EEG will not be part of the evaluation of a
first alcohol-related seizure. In clinical practice, EEG is
often not feasible, for instance when patients are lost
to follow-up.

Other causes

Posterior reversible encephalopathy syndrome

In posterior reversible encephalopathy syndrome
(PRES), reversible vasogenic brain oedema develops
in the context of either severe hypertension/blood
pressure fluctuations, renal failure, drug toxicity or
autoimmune disorders that leads to acute neurological
manifestations such as seizures, encephalopathy,
headache and visual disturbances [123]. Endothelial
injury due to either severe hypertension with loss of
cerebral autoregulation or due to direct effects of
cytokines results in the breakdown of the blood brain
barrier, cerebral oedema and subsequently seizures.
Brain imaging shows subcortical vasogenic oedema
with a predilection for the parietooccipital regions in
most patients. Acute symptomatic seizures (usually
focal to bilateral tonic-clonic) occur in 60-75% of
patients, often as the presenting symptom [124, 125].
These seizures appear to originate in the parietoocci-
pital regions, correlating with the location of the typical
abnormalities observed on cerebral MRI [126]. SE,
especially NCSE has been reported in 5-15% of patients
with PRES [123] with a posterior seizure focus on EEG
[127]. In a study of 37 critically ill patients with PRES
undergoing cEEG monitoring, non-convulsive seizures
or periodic discharges were found in 62% of patients on
cEEG monitoring and 16% of patients fulfilled EEG
criteria for NCSE [128]. Non-convulsive seizures and

periodic discharges were mainly found over the
posterior region, especially in patients who had cortical
diffusion-restricted lesions on cerebral MRI and were
associated with a worse outcome. The clinical and
imaging manifestations of PRES are usually reversible
and around 75-90% of patients make a full recovery
within one or two weeks [123]. The generally favourable
prognosis goes along with a low risk of recurrent
unprovoked seizures. In a cohort of 127 PRES patients
with a median follow-up of 3.2 years, only two had a
single unprovoked seizure and one developed epilepsy
[129].

Eclampsia

Eclampsia is defined by the new onset of acute
symptomatic epileptic seizures in a woman during
pregnancy or after delivery who has signs and
symptoms of preeclampsia such as hypertension,
proteinuria and oedema [130]. Eclampsia is a rare
complication of pregnancy with 1.5-10 cases per 10,000
deliveries and carries a significant risk for severe
maternal morbidity and mortality [131]. Approximately
a half of the seizures occur antepartum but seizures
also occur relatively frequently during delivery and
within the first days postpartum [132]. Seizures are
focal to bilateral tonic-clonic, are often preceded by
headache and visual disturbances and will usually
develop in patients who have already exhibited signs
of preeclampsia. However, seizures may develop in
patients before the hypertension and proteinuria [133].
The pathophysiological process of eclampsia shares
common pathways with PRES. Cerebral MRI demon-
strates T2 hyperintense white matter lesions with a
parietooccipital predilection similar to those seen in
PRES [134]. Management includes the administration
of magnesium sulphate, which reduces the risk of
recurrent seizures significantly more effectively than
diazepam [135] and phenytoin [136]. Magnesium
sulphate is also effective for primary seizure preven-
tion in patients with preeclampsia [137]. Women
with eclampsia have a higher relative risk of develop-
ing epilepsy than women with uncomplicated preg-
nancies, even though the absolute risk of developing
epilepsy after eclampsia is very small [138].

Cerebral anoxia

Anoxia due to cardiopulmonary arrest often causes
cerebral damage that involves the thalamus, hippo-
campus and cortical pyramidal cells, and thus can lead
to seizures [139]. Clinically overt seizures occur in
one third of comatose patients with anoxic encepha-
lopathy [140]. The majority develop myoclonus, either
cortical and/or subcortical, whereas generalised tonic-
clonic seizures only occur in 7% of all patients with
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anoxic encephalopathy. Myoclonus will progress to
myoclonic SE in a minority of patients. NCSE has been
reported in up to one third of comatose patients with
anoxic encephalopathy [141]. Myoclonus/myoclonic
SE and NCSE have been long viewed as predictors of
poor neurological outcome, however more recent
literature suggests that good neurological outcome is
still possible [139]. Convulsive seizures in patients with
anoxic encephalopathy should be treated with ASM, as
for any other acute disorder. Benzodiazepines, val-
proic acid and levetiracetam may be most effective for
myoclonic seizures [142]. There is no consensus on
how aggressively NCSE should be treated in patients
with anoxic encephalopathy due to a lack of evidence
[143]. However, increasing reports of patients with
post-anoxic refractory NCSE and good neurological
outcome seem to justify more aggressive and pro-
longed treatment with ASMs and sedatives [144].

Management

Successful treatment of acute symptomatic seizures
first requires that a seizure is recognised as acute
symptomatic and that immediate diagnostic measures
are undertaken to identify the underlying pathology.
Information from the patient’s history and the findings
on the physical and neurological examination will lead
to the hypothesis that a seizure might have an acute
symptomatic cause. This should then be further
evaluated with a routine laboratory investigation and
brain imaging, as well as further investigations such as
EEG ora lumbar puncture if indicated. Once a diagnosis
is made, causal treatment of the underlying disease
should be established as soon as possible (e.g. i.v.
thrombolysis and mechanical thrombectomy for
ischaemic stroke, acyclovir for herpes encephalitis,
anticoagulation for cerebral venous thrombosis, etc.).
Patients with acute symptomatic seizures should be
treated with ASMs during the acute phase of the
underlying disease or as long as the precipitating
factor or cause is present. Patients with acute
symptomatic seizures can develop further acute
symptomatic seizures soon after the first event [145].
The aim of treatment with ASMs is to prevent further
acute symptomatic seizures. However, data on how
long to treat patients with acute symptomatic seizures
with ASMs is largely lacking. The duration of treatment
with ASMs needs probably to be individualised for
every patient and will depend on factors such as the
underlying aetiology (e.g. fully resolved hyponatrae-
mia versus an ongoing autoimmune encephalitis), the
risk of further seizures, the severity of the acute
symptomatic seizure (e.g. SE, seizure-related injuries),
the overall clinical situation (e.g. Is the patient awake
and doing well or is the patient still critically ill/
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comatose in intensive care? Are there severe comor-
bidities?), and patient preference. For patients with an
acute structural brain insult, one can extrapolate from
the TBI literature and conclude that one to two weeks
of treatment with ASMs will lower the rate of early
seizures, but longer treatment is unlikely to be
effective and will unnecessarily expose patients to
potential adverse effects. This is logical and likely the
most evidence-based approach currently feasible.
However, in many clinical situations, treatment with
ASMs for longer than two weeks might be necessary
and clinical judgement that considers individual
patient factors is required in the decision-making
process. Long-term antiepileptic treatment is generally
not indicated, based on the significantly lower
recurrence risk of acute symptomatic seizures than
unprovoked seizures, as already discussed above [8].
However, in our experience, many patients are left on
ASM treatment for relatively long periods, often
indefinitely. It seems reasonable to perform an EEG
two to three months after hospital discharge for
anyone remaining on ASMs due to acute symptomatic
seizures or highly epileptiform EEGs. If the EEG does
not show epileptiform discharges, ASMs are tapered
off. Slowly tapering the ASM might reduce the risk of a
seizure occurring from the discontinuation of the ASM
itself. The EEG is sometimes repeated once ASMs have
been discontinued, especially if the patient had been
treated with benzodiazepines or levetiracetam which
might “hide” spike discharges. This approach is
pragmatic but not evidence-based. If possible, the
patient should be involved in the decision-making
process regarding the duration of ASM treatment. This
includes explaining to the patient that his or her risk of
seizure recurrence after an acute symptomatic seizure
is generally low, but that there might be a substantial
risk of further seizures in some situations.

Case 1

An 84-year-old woman was found unconscious on the
floor of her flat and was brought to hospital. The
patient’s past medical history included hypertension
treated with ramipril and hydrochlorothiazide,
chronic kidney disease and an episode of hypona-
traemia which had previously required admission to
the internal medicine department. There was no
history of seizures or other neurological diseases.
She was living independently without any signs of
cognitive decline. In the neurology emergency room,
she developed a generalized tonic-clonic seizure and
remained unresponsive thereafter. Brain MRI
revealed moderate subcortical vascular changes
and moderate generalised atrophy, but did not show
an ischaemic stroke, bleeding or intracranial vessel
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occlusion (figure 3A). EEG showed diffuse slowing,
compatible with encephalopathy without any epilep-
tiform changes (figure 3B). Serum sodium was
108 mmol/L. The patient was admitted to the inten-
sive care unit and made a full recovery after careful
electrolyte correction. Treatment with levetiracetam,
which had been started on admission, was stopped
half a year later at a follow-up visit when an EEG
examination was normal (figure 3C). At a follow-up
visit four years later, the patient did not report any
further seizures.

Case 2

A 48-year-old woman was transferred to the neurology
emergency department for urgent evaluation after an
episode of unresponsiveness. The patient had been
treated for hypertension and hyperlipidaemia in the
past and had been smoking 15 cigarettes per day for
the last 20 years. She reported that she had felt
numbness in her left arm for two minutes but could
not remember what had happened thereafter. The
patient’s daughter had noticed her suddenly staring
motionless without any response for one minute.
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W Figure 3. A 84-year-old woman with a generalized tonic-clonic seizure and severe hyponatraemia (A) MRI
of the brain, axial FLAIR images, showing mild to moderate diffuse brain atrophy and few subcortical
vascular changes, but no acute pathology and no potentially epileptogenic chronic cortical lesions. (B) EEG
on admission, bipolar longitudinal montage, showing diffuse background slowing and generalized theta
activity without clear epileptiform abnormalities. (C) Normal EEG after six months of follow-up, bipolar

longitudinal montage.
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W Figure 4. A 48-year-old woman with an episode of loss of consciousness and mild left faciobrachial paresis.
(A) MRI of the brain, diffusion-weighted images, showing several DWI-positive cortical lesions in the
posterior third of the right middle cerebral artery territory. (B) MRI of the brain, FLAIR images, showing
ischaemic lesions already visible on T2-weighted images. (C) Contrast-enhanced MR angiography of extra-
and intracranial cerebral arteries reveals a high-grade stenosis of the right internal carotid artery at the level
of the carotid bifurcation (red arrow). (D) EEG on admission, bipolar longitudinal montage, showing focal
slowing in the form of intermittent theta activity over the right posterior hemisphere, and no epileptiform
abnormalities. (E) Normal EEG after four months of follow-up.

Afterwards, the patient did respond again to her
daughter but appeared confused. Neurological exam-
ination was remarkable for a subtle paresis of the left
arm and a mild facial palsy. Brain MRI showed multiple
acute cortical ischaemic lesions on diffusion-weighted
imaging (DWI) in the territory of the right middle
cerebral artery, particularly in the posterior third
(figure 4A), and a high-grade stenosis of the right
internal carotid artery at the level of the carotid
bifurcation was detected on MR-angiography
(figure 4C). Because most ischaemic lesions seen on
DWI were also already visible on T2-weighted
sequences, intravenous thrombolysis was not admin-
istered (figure 4B). EEG showed focal slowing over the
right posterior hemisphere, but no epileptiform

discharges were visible (figure 4D). The patient was
treated with carotid artery stenting. Levetiracetam was
administered for two weeks and subsequently tapered
before she was discharged home. On follow-up, only a
mild paresis of the left arm was noted and no further
episodes, suspicious for seizures, have occurred. B

Key points

e Seizures that occur in a close temporal relation-
ship to a brain insult and which do not recur once
the precipitating condition or factor has been
reversed or removed should be regarded as acute
symptomatic seizures.
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e Acute symptomatic seizures differ from unpro-
voked seizures and epilepsy as the risk of seizure
recurrence is much lower and there is a lack of
continuous predisposition to generate further
seizures.

* The most important causes of acute symptomatic
seizures in adults include both diseases that
cause structural lesions of the brain such as
ischaemic stroke, cerebral haemorrhage, brain
trauma or encephalitis and factors that do not
affect the brain's structural integrity, such as
metabolic disturbances and intoxications.

e Seizures are considered acute symptomatic if
they occur within 24 hours in the presence of a
severe metabolic disorder, within seven days after
an acute structural insult to the brain such as a
cerebrovascular event or a traumatic brain injury,
or longer if there is evidence for an ongoing
process that disturbs CNS integrity (e.g. inflam-
matory lesions on brain imaging or NMDA
receptor antibodies in the cerebrospinal fluid).

e For acute symptomatic seizures in metabolic
disorders, cut-off values, according to which a
causal relationship between seizure and meta-
bolic derangement is plausible, have been
proposed (e.g. serum sodium < 115 mg/dL). In
cases of acute symptomatic seizures caused by
destructive brain lesions, patients carry a signifi-
cant risk of developing epilepsy, but the majority
of these patients will never have an unprovoked
seizure.

* Acute symptomatic seizures occur less frequently
than unprovoked seizures. The incidence of acute
symptomatic seizures depends on the frequency
of the occurrence of their underlying pathologies.

e Certain conditions such as viral or autoimmune
encephalitis, cerebral venous thrombosis or PRES
are associated with a particular high risk of acute
symptomatic seizures.

e Patients with acute symptomatic seizures have a
high risk of mortality in the first weeks after the
event. The risk for mortality is predominantly
mediated by the severity of the underlying
disease but acute symptomatic seizures might
have an independent negative effect on a
patient's outcome as well.

e Patients with acute symptomatic seizures should
be treated with ASMs during the acute phase of
the underlying disease as this might prevent
subsequent acute symptomatic seizures. Man-
agement should focus on the treatment of the
respective underlying disease and the correction
or removal of the seizure precipitating conditions
or factors.

e Long-term ASM treatment is generally not neces-
sary and ASMs should be tapered in the weeks
and months after an acute symptomatic seizure.

Supplementary material.
Summary slides accompanying the manuscript are available at
www.epilepticdisorders.com.
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TEST YOURSELF

(1) You are in the epilepsy outpatient clinic of your hospital where you are visited by a 77-year-old patient who had
presented six months previously with a focal motor seizure in the setting of an acute ischaemic stroke with secondary
haemorrhagic transformation in the territory of the right middle cerebral artery. Since then, the patient has been
receiving levetiracetam, 1,000mg daily, without any more seizures. Earlier in the day, the patient had an EEG
examination that showed focal slowing over the right temporal regions without epileptiform potentials. The patient
reports that his family doctor has advised him to continue taking “these tablets for my epilepsy” and asks whether you

can confirm that this approach is correct.
You tell the patient. ..

A. that because he suffered a seizure after a stroke, he meets the criteria for the clinical or operational
definition of epilepsy by the ILAE and thus should continue the ASM.

B. that his risk of further seizures is around 70%.

C. that he had an acute symptomatic seizure, that he can taper his ASM and that his risk of further seizures is

now zero.

D. that he had an acute symptomatic seizure, that he can taper his ASM and that his risk of further seizures at

the moment is comparably low but not zero.

(2) An 18-year-old girl, whose mother had absence epilepsy as a child, is referred to your epilepsy centre after two
generalised tonic-clonic seizures during the last year that both occurred in the morning after a night out clubbing

with friends.You tell the patient ...

A. that she definitely had two acute symptomatic seizures due to extreme sleep deprivation.
B. that this is most likely epilepsy, that ASMs should be strongly considered and that this should be further

examined, including an EEG investigation.

C. that this is surely not epilepsy because there is no evidence of an enduring predisposition to generate

further seizures.

D. that if she has taken cocaine during these nights out, this would explain her having had seizures, because
cocaine is frequently associated with the occurrence of acute symptomatic epileptic seizures.
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)

You are called as the consultant neurologist to the maternity ward of your hospital where you are asked to see a

31-year-old woman who has delivered a healthy child five days ago but now had an unknown onset tonic-clonic
epileptic seizure one hour ago and reportedly had complained of headache and nausea since yesterday.
You think. ..

@)

)

(6)

@)

A. that this could have been an acute symptomatic seizure and further investigations to detect the
underlying pathology should be done immediately so that potential causal treatment can be established as
soon as possible.

B. that this is a first epileptic seizure and an EEG should be performed for further evaluation in the next few
days.

C. that ASM should be started to prevent the patient from having another seizure so soon after delivery.
D. that this could have been an acute symptomatic seizure, that further investigations to detect the
underlying pathology should be done tomorrow and that in the meantime the patient should be treated
with ASMs.

Which of the following statements about acute symptomatic seizures is correct?

A. Acute symptomatic seizures occur in persons with an acute CNS insult who have a genetic predisposition
to generate seizures.

B. Acute symptomatic seizures occur most often in persons with a history of epilepsy who suffer from an
acute CNS insult.

C. Acute symptomatic seizures are seizures that occur in persons who have an old brain lesion after a CNS
insult.

D. Acute symptomatic seizures occur with a close temporal relationship to an acute CNS insult.

Which of the following is not an acute symptomatic seizure?

A. An unknown onset tonic-clonic seizure in a young woman with cerebrospinal fluid antibodies against the
NMDA receptor.

B. A focal motor seizure in an elderly man, one day after an ischaemic stroke, in the region of the left middle
cerebral artery.

C. A focal impaired awareness seizure in a woman with advanced-stage Alzheimer’s dementia.

D. A generalised tonic-clonic seizure in a tremulous and tachycardic middle-aged man who has a history of
alcohol addiction but did not have a drink for the last two days.

Which of the following statements is correct?

A. Acute symptomatic seizures occur more frequently in the population than unprovoked seizures.

B. The risk of acute symptomatic seizures is highest in the first year of life and then steadily declines with
age.

C. Acute symptomatic seizures occur with similar frequency in both men and women.

D. The risk of acute symptomatic seizures increases in older individuals due to the rising incidence of
cerebrovascular disease with age.

Which of the following statements is correct?

A. The seizure recurrence risk after an acute symptomatic seizure is higher than after a first unprovoked
seizure.

B. The seizure recurrence risk after an acute symptomatic seizure and after a first unprovoked seizure are
approximately the same.

C. The seizure recurrence risk after an acute symptomatic seizure is lower than after a first unprovoked
seizure.

D. The seizure recurrence risk after an acute symptomatic seizure has not been compared in studies to the
seizure recurrence risk after a first unprovoked seizure.
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(8) Which of the following is not an established risk factor for an acute symptomatic seizure after a stroke?
A. Cortical stroke lesion
B. Treatment with i.v. alteplase
C. Haemorrhagic stroke
D. Clinical stroke severity

(9) Which of the following statements is correct?

A. All patients who had an acute symptomatic seizure require long-term treatment with ASMs.

B. Patients with an acute symptomatic seizure never require ASMs, as long as the precipitating condition is
treated correctly.

C. Patients with an acute symptomatic seizure should be treated with an ASM at least during the acute phase
of the respective precipitating condition (e.g. in the case of a stroke) or condition has been removed or
reversed (e.g. in the case of hyponatraemia) to prevent further seizures.

D. Whether patients with acute symptomatic seizures should be treated with ASMs depends on the results
of the EEG investigation.

(10) Which of the following conditions is not strongly associated with acute symptomatic seizures?
A. Cerebral venous thrombosis
B. Benzodiazepine withdrawal
C. Opioid overdose
D. Herpes simplex virus encephalitis

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com.
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