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Abstract: Status epilepticus (SE) is a neurological and medical emergency, defined as
a condition resulting either from the failure of the mechanisms responsible of seizure self-
limitation or from the initiation of mechanisms which lead to atypically prolonged seizures.
Further than death, SE can have long-term consequences, including neuronal injury, depend-
ing on the type, cause and duration of seizures with severe associated disabilities. In Europe,
SE shows an incidence rate ranging about 9 to 40/100,000/y. In adults, mortality of patients
with SE is ~30%, and even higher (up to 40%) in refractory status epilepticus. To date,
etiology, duration, presence of comorbidity, level of consciousness, semiology and age are
the main clinical predictors of SE outcome.
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Introduction

Status epilepticus (SE) is a life-threatening neurological and medical emergency.
The International League Against Epilepsy (ILAE) defines SE as a condition
resulting either from the failure of the mechanisms responsible of seizure self-
limitation or from the initiation of mechanisms which lead to atypically prolonged
seizures. SE is a condition that can have long-term consequences, including neu-
ronal injury or death, and alteration of neuronal networks depending on the type and
duration of seizures.'

This is a conceptual definition with two operational time dimensions. The first
time-dimension (t1) is the time point at which the seizure should be regarded as an
“abnormally prolonged seizure” Indeed, the second time dimension (t2) is the time
of ongoing seizure activity beyond which there is a risk of long-term consequences.
To date the two time points have been defined only for the convulsive (tonic-clonic)
SE and focal motor SE based on clinical research and animal experimentation. Data
are not available for other forms of SE. Time point values may change considerably
among different SE semiology.'

SE characterization, according to ILAE,' should be categorized according to an
axed-based approach. Four axes have been defined: semiology, etiology, EEG
correlates, age. Age of the patient and the semiology will be immediately asses-
sable. On the contrary, etiology may take time to be identified and EEG recordings
may not be available in many settings, particularly at presentation. However, EEG
patterns influence clinical approach, aggressiveness of treatment and prognosis, so
it should be performed as early as possible. Some authors suggest that the identi-
fication of the “clinical context” (eg, SE in subjects with no history of epilepsy and
SE in patients with epilepsy) may be more important than etiology in leading to

a faster diagnostic assessment and management.”
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This subdivision division into two time points is crucial
for clinical approach and management: t1 determines the
time at which treatment should be considered or started,
whereas t2 determines when aggressive treatments should
be implemented to prevent long-term consequences. To
date, in various regions of the world, a wide range of
incidences of SE in adults was found. Although the inci-
dence of SE appears to be higher in the elderly, data on
census-based population are scarce. Regarding prognosis,
many predictive factors of outcome have been considered
in literature. In this review, we discuss the current knowl-
edge about epidemiology and outcome of SE in adults.

Search Strategy

References were identified by PubMed and Google
Scholar searches between January 1990 and March 2021
with the following search terms: “status epilepticus” in
combination with “epidemiology”, “prevalence”, “inci-

LEINT3

dence”, “prognosis” and “outcome”. Search results were
reviewed and systematic reviews and meta-analyses
related to SE were selected. Articles were also identified
through searches of the authors’ own files. We only
included original, English-written studies. The final refer-
ence list was generated based on novelty, importance,
originality, quality, and relevance to the scope of this

review.

Epidemiology
In Europe, SE shows an incidence rate between 8.52 and
36.1/100.000/y. In different studies, the reported incidence
is 9.9/100.000/y in the French canton, Switzerland,® 10.7/
100.000/y on the island of Funen, Denmark,4 13.1/
100.000/y in Bologna, Italy,” 15.0/100.000/y in Emilia
Romagna,® 27.2/100.000 in Ferrara,” 15.0/100.000/y in
Germany,® 8.52/100.000 in La Reunion Island, France’
and 16.3/100.000/y in Geneva, Switzerland.'"® A first
study carried out in USA showed an incidence rate of
41/100.000/y."" A second retrospective study conducted
in Rochester showed an incidence of 18.3/100.000/y."
Regarding the Asian continent, the incidence of SE was
5.20 patients/100,000/y in Thailand; a Taiwan study
showed an incidence of 4.61 per 100,000/y from 2000 to
2011."*'* In Auckland, New Zealand, SE (defined as
seizures lasting >30 minutes) has an age-adjusted inci-
dence of 15.95 patients/100,000/y."

SE appears to be more frequent in developing countries
although literature data are scares.'® One study in con-
sub-Saharan  Africa, recorded

ducted in Kenya

a minimum incidence of convulsive SE (CSE) as 35/
100,000/year in children (0-13 years), based on hospital
admissions.'” This rate represented a minimum incidence,
since a proportion of children usually dies before reaching
hospital, and most of them are treated in private clinics.'”
studies
explained by several factors such as study design (pro-

Discrepancy between different may be
spective or retrospective), hospital setting (tertiary hospital
or community/rural hospitals) and differences between
study populations. Race, socioeconomic, cultural, and
environmental differences may contribute to the different
incidence of SE in different studied populations. Another
bias is the use of different definitions of SE in the different
studies and the diverse timing used to define SE, which
varies between 5 and 20 minutes."

A recent population-based study conducted in the city
of Salzburg (Austria) with the new ILAE 2015 definition
and classification of SE,'® showed a higher incidence of
first SE of 36.1 per 100,000 adults per year. Annual
incidence of non-convulsive SE (NCSE) resulted to be
12.1/100,000 (24.0/100,000 for SE with prominent motor
phenomena). The detected increased incidence of SE is
probably due to different factors, including the availability
of emergency EEGs, new and more precise diagnostic
criteria with the reduction of the diagnostic time from 30
to 5 minutes in convulsive SE, and lastly to increasing
population age. Indeed, patients older than 60 years have
a considerably increased incidence of SE compared with
adults younger than 60 years.'®""

Regarding sex differences, although previous studies
have found a greater incidence of SE in males than in
females, recent estimates suggest that incidence of SE is
higher in females than males.>®'®

Interestingly, etiologies seem to vary among different
populations. Acute symptomatic causes appear to be more
common than remote symptomatic causes. In one prospec-
tive population-based study conducted in Germany,® the
most common etiologies were a prior stroke (36.0%) or
other remote symptomatic causes (26.7%). In a study con-
ducted in Richmond,"" the most common etiologies in adults
result to be: low ASM levels (34%), remote etiology (24%),
and stroke (22%). A Swiss study® found that acute etiology
was more common (62%) than remote (28%) or unknown
etiology (10%). Overall, among acute symptomatic causes,
stroke seems to be the most frequent. Instead, previous
structural brain damage (such as tumors, prior stroke and
prior traumatic brain injury) are common chronic causes,
which can lead to SE after a latent period of weeks to
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years.”® Other important causes include anoxic or hypoxic
injury, infection, alcohol intoxication/withdrawal, metabolic
derangements (eg, hyponatremia, hypo/hyperglycemia) and
autoimmune or presumed autoimmune encephalitis.”’

The majority of cases of SE occur in the absence of
a known diagnosis of epilepsy. SE in the context of
a known epilepsy occurs generally in susceptible patients
with breakthrough seizures or low ASM levels. It is an
early manifestation in the course of the disease. Generally
representing the first or second epileptic manifestation in
the majority of the time. It also confers an approximately
threefold increased risk of future seizures compared with
the risk following a single, self-limited, seizure.*

Of all patients with SE, 12% to 43% progress to refrac-
tory SE and 10% to 15% progress to super-refractory SE. Of
note, the studies evaluating this frequency are limited due to
the retrospective nature, different inclusion criteria and dif-
ferent SE definitions.?! Overall, SE incidence was found to
have a high variability spanning from 9.1 to 41/100,000/y
depending on several factors (Table 1).

Prognostic Factors

In patients with SE, mortality reaches up to 30% in adults.
Outcomes in refractory SE is worse, with mortality reach-
ing up to 39%.%* Multiple factors have been reported as
important determinants of poor outcome and mortality
including: etiology, comorbidities, older age, ethnicity,
semeiology, duration, EEG pattern and time to treatment.

Table 1 Worldwide Incidence of Status Epilepticus

Etiology and Comorbidities
Etiology is the most powerful factor defining outcome in SE
patients. Moreover, it cannot always be easily defined in emer-
gency conditions. The underlying cause of SE is categorized in
classified as “known” or “unknown” at diagnosis. The term
“known” is used for SE caused by structural, metabolic,
inflammatory, infectious, toxic, or genetic causes. We distin-
guish: 1) SE due to symptomatic acute causes (that occur
within seven days from: stroke, intoxication, infectious or
autoimmune encephalitis, metabolic disturbances, abrupt
drug or alcohol withdrawal, etc.); 2) SE due to symptomatic
remote causes (occurring more than one week following brain
injuries, encephalitis, stroke, etc ...); 3) SE due to symptomatic
progressive causes (ie, brain neoplasms, dementias, etc.). In
a proportion of patients, the etiology is unknown (“cryptogenic
SE”).! Regarding etiology, some authors suggest a distinction
between SE in patients with known epilepsy and SE in subjects
without history of epilepsy. Indeed, patients with previous
epilepsies diagnosis can present SE related to triggering fac-
tors, for example, sleep deprivation, inappropriate antiseizures
medication (ASM) prescription, reduced ASM plasmatic
levels (due to vomiting, diarrhea, drug—drug interactions,
etc.) toxic-metabolic disorders and lack of adherence to ther-
apy. SE can also represent a typical manifestation of definite
electroclinical syndromes, such as Ohtahara syndrome, West
syndrome, Angelman syndrome, etc.'**> >

SE in the context of a previously diagnosed epilepsies is
associated with a more favorable prognosis.®~° About 40%

Incidence of Status Epilepticus in Various Studies and Countries
Authors Nation Study Design Incidence Population
Delorenzo et al 1996" USA. Prospective 41/100.000 Any age
Hesdorffer et al 1998'2 USA. Retrospective 18.3/100.000 Any age
Jallon et al 1999'° Switzerland Prospective 16.3/100.000 Any age
Coeytaux et al 2000° Switzerland Prospective 9.9/100.000 Any age
Knake et al 20018 Germany Prospective 15/100.000 Any age
Vignatelli et al 2003° Italy Prospective 13.1/100.000 Adults
Vignatelli et al 2005° Italy Prospective 15/100.000 Adults
Govoni et al 20087 Italy Retrospective 27.2/100.000 Any age
Sadarangani et al 2008'® Kenya Prospective 35/100.000 Children
Bhalla et al 2014° France Prospective 8.52/100.000 Any age
Ong et al 2015'* Taiwan Retrospective 4.6/100.000 Any age
Tiamkao et al 2015'3 Thailand Retrospective 5.2/100.000 Any age
Bergin et al 2019'7 Auckland Retrospective 29.3/100.000 Any age
Leitinger et al 2019'® Austria Retrospective 36.1/100.000 Adults
Rodin et al 2021* Denmark Prospective 10.7/100.000 Adults
Vijiala et al 202172 Switzerland Prospective 8.6/100.000 Adults
International Journal of General Medicine 2021:14 htps: 2967
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of patients with SE have a history of epilepsy, and up to 60%
of cases are related to acute symptomatic causes.’!>?
Cerebrovascular diseases and low ASM levels seem to be
the most common etiologies. Low ASM levels (in epilepsy
patients) and alcohol abuse have a relatively good prognosis
(with reported mortality of less than 10%) as compared to SE

2834 and cer-

associated with stroke,® meningo-encephalitis,
ebral anoxia.’*?> Acute symptomatic SE after stroke has
a higher mortality and morbidity compared with other SE
etiologies.”” Encephalitis is strongly associated with refrac-
tory SE with a considerable risk of developing subsequent
epilepsy.”®*° Brain injury is an unusual cause of SE, asso-
ciated with favorable outcomes.>”* Cryptogenic SE is asso-
ciated with variable outcomes, with generally low mortality
but high risk of epilepsy.*”*

Studies looking at the role of prior comorbidities found
them to be important in survival and in a return to baseline
functional outcome. Higher comorbidity index was asso-
ciated with higher mortality. Diabetes mellitus, extracra-
nial malignancy, sodium imbalance, anoxic brain injury,
pneumonia, sepsis, valvular heart disease, renal failure,
and liver disease, are often associated with worse out-

comes and higher mortality.*'**

Ethnicity and Age

Among people of Afro-American heritage, incidence of
SE is higher and mortality generally lower.*’ This may be
probably due to underlying illness, access to medical care,
compliance, or to other intrinsic biologic factors.

Regarding age, five age groups are distinguished in SE
classification: neonatal (0 to 30 days), infancy (1 month to
2 years), childhood (>2 to 12 years), adolescence and
adulthood (>12 to 59 years), elderly (=60 years).
Different age of presentation may require different diag-
nostic approach and treatment.'**

Older age is an independent factor of death in SE.
Leitinger et al observed that SE fatality in elderly was
22.5% and 4.1% in patients younger than 60 years.'®'?
Age is part of different scoring systems for outcome pre-
diction such as the STESS and EMSE.***” Age over 65
was a significant predictor of death as evidenced by sev-
eral studies.*® Older patients are somewhat more likely to
suffer from SE associated with stroke and CNS tumors,
conditions that “per se” have an overall high mortality.*?
Other explanations should be that patients of more
advanced age are more prone to SE complications and
ASM severe adverse effects.

Semeiology

The presence of prominent motor signs or symptoms may
be summarized as convulsive SE as opposed to NCSE.
The second determinant of semiology classification is the
degree (qualitative or quantitative) of awareness: SE can
be classified as with or without coma. Classification by
semiology is complicated by the fact that clinical forms of
seizures in SE evolve and because, especially in non-
convulsive SE, the definition relies fundamentally on
EEG findings (focal vs generalized).'” Notably, proposed
clinical terms for SE differ from recent new seizures
classification and a term revision is urgently needed.
Different studies have examined the relation between SE
semeiology and prognosis. Prominent motor phenomena
seem to predispose to a better outcome as compared to
NCSE.'®!" Studies showed that patients with focal or
absence seizures at SE onset, as compared to patients
with bilateral tonic clonic seizures or NCSE, had signifi-
cant higher relative risks of death.** ! Myoclonic SE has
been associated with poor outcomes and higher mortality,
probably due to underlying etiology.’® The presence/
absence of impaired awareness has been considered in
different studies as a possible prognostic factor in patients
with SE. Impaired awareness at SE onset has been asso-
ciated with higher mortality. In a recent retrospective
population-based study of adult patients with SE, impaired
awareness was associated with higher mortality, 33% vs
8.2% in awake patients.'® Of interest, in the same study,
patients with prominent motor semiology had a lower
mortality as compared with somnolent, stuporous or coma-
tose patients.'®

EEG Pattern
To date, no evidence-based EEG criteria for SE exist.
None of the ictal EEG patterns of SE is specific. ILAE
proposed that an EEG pattern classification may take into
account location (generalized, including bilateral synchro-
nous patterns; lateralized; bilateral independent; multifo-
cal), type of the pattern (periodic discharges, rhythmic
delta activity or spike-and-wave subtypes), morphology
(sharpness, number of phases, absolute and relative ampli-
tude, polarity), time-related features (prevalence, fre-
quency, duration, daily pattern duration and index, onset
and dynamics), modulation (stimulus-induced vs sponta-
neous), effect of intervention (medication) on EEG."

In literature, non-reactive background EEGs activities

53

were associated with poor outcome. Concerning
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morphology, multiple status patterns in EEGs have been
independently associated with mortality. Ictal lateralized
periodic discharges in the EEGs had higher mortality,
although patients with lateralized rhythmic activity had

a better functional outcome.>*>>

Duration and Time to Treatment
In relation to the response to drug treatment, SE can be
defined as drug-responsive, refractory or super-refractory.
Refractory SE (RSE) occurs when seizures persist despite
the administration of a benzodiazepine and another ade-
quately dosed ASM, often requiring treatment with anes-
thetic drugs. Super-refractory status epilepticus (SRSE) is
defined as SE that persists despite 24-hour treatment with
intravenous anesthetic or recurs when weaning the patient
off the anesthetic. New-onset refractory status epilepticus
(NORSE) is defined as new-onset RSE where no detect-
able cause is identifiable in otherwise healthy subjects.
Most of the time, it is difficult to know the exact SE
duration considering that exact time of onset is frequently
not detected.

Aggressive treatment has been recommended for SE,
indeed the risk of death appears to be higher if treatment is
delayed. This is best documented for generalized convul-
sive SE but there is no consensus about the best therapeu-
tic approach to NCSE or focal SE.

Several studies evaluated the possible role of SE dura-
tion as an unfavorable prognostic factor. Longer duration
appears to be associated with higher mortality. Evidence
suggests that SE lasting more than 30 min is less likely to
terminate spontaneously and is associated with a higher
mortality than SE lasting less than 30 min.'® However,
NORSE can be associated with significant recovery even
after prolonged duration of SE.

To date, no randomized clinical trial has compared
aggressive prompt treatment with intravenous ASM to
non-aggressive or delayed approach to SE. The prognostic
role of time to treatment initiation in SE is still debated.
Some studies found a positive association with poor out-
come others found no correlation; some authors have
shown that untreated SE carries a high risk of deleterious
neurological and systemic complications, but others did
not confirm this association.***’**"** One possible expla-
nation is that time to treatment is critical for extremely
severe SE cases, but not for all types of SE. Definitely,
patient comorbidities play a significant role in outcomes
and can affect determination of the baseline risk for
treatment.'>°" % This view has

aggressive some

limitations because it is not possible to ecasily separate
complications caused by SE from those caused by ASM
and the weight of each type of complication in the final
outcome.

Continuous intravenous anesthetic drugs administration
benefits for treatment of refractory status epilepticus
(RSE) are debated. Prescribing them early may have
a positively impact outcome. Furthermore, patients who
do not have a severe RSE etiology and who experienced
a shorter seizure duration seem to have a better outcome.**

Prognostic Scores

In patients presenting with SE baseline symptoms and
comorbidities may be useful to predict outcomes and
shape treatment decisions. Two previously published scor-
ing systems exist to predict outcomes: STESS and ESME
scores*®*” (Table 2).

The STESS was published in 2006. It includes four
weighted clinical variables available to the neurologist at
SE presentation: consciousness before treatment, worst
type of seizure, age, and history of previous seizures
(because ctiology is often not instantly available in emer-
gency setting), giving a total ranging from 0 to 6. STESS
score has been validated on 171 patients with SE treated in
an intensive care environment. This study confirms the
good discrimination of this score between survivors and
nonsurvivors.*> Modified STESS was developed with
inclusion of the modified Rankin Scale (mRS) to STESS
to improve the prediction of mortality. Modified STESS
(mSTESS) relies on the assessment of age, history of
previous seizure, consciousness, and worst seizure type

the same as STESS except age cut-off at 70 years and

Table 2 Prognostic Scores

Predictors of Outcome in Scales
STESS Score EMSE Score
Level of consciousness Etiology
Worst seizure type Duration
Age Comorbidity
History of previous seizure Age
EEG
Level of consciousness

Note: Data from these studies.***’

Abbreviations: STESS, status epilepticus severity score; EMSE, Epidemiology base
Mortality score in status epilepticus.
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the addition of mRS (0 point if mRS is 0, 1 point if mRS is
1-3, 2 points if mRS is >4).

The EMSE, described in 2015, combines several vari-
ables, including etiology, age, comorbidity, and EEG char-
acteristics. Each item has a weighted score between 0 and
60. EMSE has been on 46 patients validated and has
showed high sensitivity for mortality.*®

Literature data showed that EMSE, STESS and
mSTESS may be useful to predict outcomes of SE in
populations with few comorbidities. Prospective trials
should be carried out to evaluate their utility in patients
with higher number of comorbidities.

Prognostic Biomarkers

Neuronal damage and inflammation biomarkers have been
evaluated as potentials determinants of poor outcome in
SE. Elevated neuron-specific enolase levels can be indica-
tive of neuronal injury.®’ The increase of neuron-specific
enolase in SE was reported in a few patients with a serum
peak from 24 to 48 hours after SE. There was a possible
association of higher levels with worse outcome and
longer duration of SE, but findings were inconclusive in
this small cohort.®®

Tau protein is considered an indicator of both axonal
and neuronal damage and can be a diagnostic and prog-
nostic marker in traumatic brain injury.®® Tau CSF levels
were studied in SE and were associated with higher SE
duration and use of general anesthesia (propofol). The role
of tau as a biomarker in SE is still debated and needs
further evaluation. Serum albumin of,35 g/L at SE onset
was also found to be an independent predictor for refrac-
toriness in SE patients.

Seizure activity may cause systemic inflammatory
reactions represented by changes in cytokine, increased
circulating immune cells and blood-brain barrier
dysfunction.>' Conversely, systemic inflammation can trig-
ger or sustain seizures and influence the course of SE, so is
very difficult demonstrate the causal link between the
increase of these molecules and SE prognosis.
Procalcitonin was found to be independently associated

with unfavorable outcomes.>!

Conclusions

SE represents a clinical emergency in which undoubtedly
time is brain. Prompt identification and adequate treatment
is essential in the management of SE. The ILAE classifi-
cation clearly represents the best tool while an update is
currently needed according to the new seizure/epilepsy

classification."”®! The incidence of SE is highly variable
according to studies ranging about 10 to 40/100,000/y; this
depends on several factors including the period in which
studies were performed but also on the area and the level
of clinical services available. On the other hand, it could
also depend on specifically influencing factor in some
geographic areas including environmental and genetic
factors.

Moreover, studies on the epidemiology of SE are char-
acterized by a large heterogeneity in design and popula-
tion, definitions of SE, and case ascertainment, as well as
age and gender adjustment.

SE represents a rare not so rare event; being the etiol-
ogy, so variable it can outbreak during the course of other
pathologies such as brain tumors and therefore in some
cases this higher risk should influence clinical practice and
management. This latter point also remains a major pro-
blem in some areas in which it is not always easy to reach
an early diagnosis and then have an early appropriate
treatment. This is strictly linked to our current knowledge
on SE outcome; in fact, this is also variable and difficult to
be evaluated. Mortality can reach up 40% in some cases
with several factors influencing this specific outcome but
also permanent or temporary disabilities as a consequence
of SE are not exactly established or may not be definitively
established.

Regarding SE prognosis, at first evaluation, older age,
awareness impairment, prominent motor signs and dura-
tion more than 30 minutes seem to be strongly predictive
of poor outcome. Specific etiologies such as stroke, anoxic
encephalopathy, brain tumors, CNS infections, and alco-
hol/drug toxicity also appear to be related to high mortality
in SE. Though SE etiology and duration are often
unknown at presentation, age, level of consciousness, SE
semeiology are immediately available to the treating neu-
rologist, and knowledge of these predictive variables may
help to design prospective studies to investigate how to
improve treatment approach. Indeed, despite an evident
negative predictive value, STESS and EMSE, are still
not enough to guide treatment decisions.

In conclusion, we believe that despite our ability and
the need to have exact measures for incidence and out-
comes, specific protocols should be capillary implemented
in every health system to prevent at the most the dreadful
outcomes of SE. Finally, biomarkers for prognostic eva-
luation of SE development risk would also be extremely
useful to apply strategies for prevention although a quote
of SE unfortunately arise in subjects without any previous
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history of epilepsy or other know and predictable risk

factors.
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