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Abstract

Seizures are the third most common reason for presentation to the neurological
emergency department. The diagnosis andmanagement of (first) seizures are therefore
of great importance in every neurology department. In this article, we provide an
overview of the diagnostic tools needed to exclude causes requiring acute treatment,
the assessment of recurrence risk to provide an accurate diagnosis, and the current
recommendations for medications and fitness to drive.
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Introduction

Seizures and seizure-related problems
are the third most common reason for
neurological emergency consultation af-
ter stroke and headaches, accounting
for 10–15% of cases [15]. Epilepsy af-
fects approximately 0.7% of the general
population [11], while lifetime preva-
lence of an isolated unprovoked seizure
reaches 8–10% [17]. The diagnosis and
management of a first epileptic seizure
are therefore an important task in acute
neurology, both in hospital and private
practice settings.

Clinical assessment of the patient after
a supposed seizure must always address
three key questions:
1. Was the transitory event truly epileptic

or was it an epileptic mimic? Dif-
ferential diagnoses include syncope,
migraine, psychogenic non-epileptic
seizures (PNES), sleep-related condi-
tions such as parasomnia, movement
disorders, transient global amne-
sia, etc., each requiring a distinct
management approach. A compre-
hensive overview of epilepsy and

epilepsy mimics is available online via
the International League Against
Epilepsy (ILAE) website (https://
www.epilepsydiagnosis.org/epilepsy-
imitators.html).

2. If the event is thought to be epileptic,
was it an acute symptomatic seizure
(ASS) or an unprovoked seizure? Acute
symptomatic seizures are defined
as seizures with a close temporal
connection to an acute central nervous
system (CNS) injury or a toxic or
metabolic condition. The incidence
of ASSs is 29 per 100,000 [3]. The
incidence of unprovoked seizures
(where no such cause can be found)
ranges from 42 to 61 per 100,000
[17], depending on the study and
methodology. Differentiating an ASS
from an unprovoked seizure is critical,
as it determines treatment choice and
prognosis.

3. Finally, if the event is seen as an
unprovoked seizure, are the diagnostic
criteria for epilepsy met? According to
the ILAE, epilepsy is diagnosed under
one of the following conditions: The
occurrence of at least two unprovoked
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Table 1 Possible causes of acute symptomatic seizures
Cause Comments

Traumatic Within <7days, associatedwith traumatic hemorrhage

Vascular Ischemic stroke (<7days)
Intracerebral hemorrhage
Subarachnoid bleeding
Cerebral vein thrombosis

Metabolic Acute changes of renal or hepatic dysfunction
Hyperammonemia (35mM)
Na <115mg/dL (<5mM)
Mg <0.8mg/dL (<0.3mM)
Ca <5mg/dL (<1.2mM)
Glucose< 36mg/dL (2.0mM) or 450mg/dL (25mM) associatedwith ketoacidosis

Medication Chlorpromazine, clozapine, maprotiline, clomipramine, bupropion, meperidine,
flumazenil, cyclic antidepressants, theophylline, isoniazid, alkylating antineoplas-
tic agents, cyclosporine; overdose of medication

Infections Within <7–14days viral encephalitis, bacterialmeningitis, degenerative phase of
neurocysticercosis

Illicit drugs Amphetamine-likedrugs, cocaine, crack, angel dust (phencyclidine), heroin or
THC-rich cannabis

With-
drawal,
deficiency

Alcohol
Benzodiazepine
Barbiturate

Other Posterior reversible encephalopathy syndrome; cerebral anoxia; eclampsia;multi-
ple sclerosis within 7days of relapse

Adapted from [3] and [8]

(or reflex) seizures more than 24h
apart, or one unprovoked seizure in the
presence of a condition associatedwith
a more than 60% risk of recurrence
over the next 10 years, or if an epilepsy
syndrome can be recognized [13]. It
is thus essential to clarify whether
the initial event was in fact a first
seizure, as up to 50% of patients who
initially present with a first seizure
later report prior unrecognized events
when a detailed clinical history is
taken [32]. Given that pathological
findings on electroencephalography
(EEG) or magnetic resonance imaging
(MRI) are associated with a long-
term recurrence risk exceeding 60%,
these examinations are indispensable
for risk stratification and diagnostic
clarification [13, 22].

Work-up

To differentiate between an acute symp-
tomaticseizureandanunprovokedseizure,
laboratory testsarenecessary (electrolytes,
blood sugar, inflammation markers, but
also markers of kidney and liver func-
tion). Toxicological screening may be use-
ful in cases of prolonged postictal phase

or anamnestic indications of intoxication
(. Table 1; [4, 10]).

There is benefit in measuring creatine
kinase (CK), lactate, phosphate, and pro-
lactin after a suspected seizure. The serum
CK rises in 45% of cases about 2–3h af-
ter a bilateral or generalized tonic–clonic
seizure (GTCS) and reaches a peak after
24–48h. Both in psychogenic non-epilep-
tic seizure (PNES) and syncope, there is no
significant rise in CK [8]. Serum lactate lev-
els rise within 15min of a GTCS and are the
bestmarkeratthis timepointtodistinguish
between GTCS and any other unclear loss
of consciousness (e.g., non-motorepilepsy,
syncope or PNES; [37, 37]). However, 2–3h
later, lactate values may return to normal
and indicate false-negative values. Also, if
the tourniquet is applied for too long be-
fore venipuncture, this could lead to falsely
high lactate values in the blood sample
taken [30]. It is furthermore possible that
GTCS of very short seizure duration may
not trigger enough muscular contraction
to cause elevated lactate levels. However,
lactate isveryeasilyobtainablethroughve-
nous blood gas analysis and can therefore
be performed very quickly also in emer-
gency conditions [37]. Furthermore, data
show that hypophosphatemia is associ-

ated with GTCS compared to non-epileptic
loss of consciousness [2, 7].

Serum prolactin rises in about 60% of
GTCSs and in 46%of focal impaired aware-
ness seizures and reaches a maximum
within 10–20min and returns to baseline
within 2–6h. The specificity of a postictal
prolactin increase is about 96% for GTCS
in differentiation from PNES. Fluctuating
prolactin levels must be considered, for
example, with dopaminergic medication
or depending on the time of day. In ad-
dition, a prolactin increase occurs after
60–80% of syncope cases [34]. Knowing
these limitations, no single value can re-
place the diagnostic work-up, but their
combination is meaningful and should be
taken into account.

If the patient is neurologically normal
and fully oriented on presentation, cra-
nial computer tomography (cCT) does not
need to be performed in the acute situa-
tion, as cranialMRI (cMRI) in the short term
is superior to cCT in the search for epilep-
togenic lesions [20]. However, if there is
still a neurological deficit, at least nativeCT
and possibly also CT angiography should
be performed to avoid overlooking an ASS
in the case of ischemic stroke, intracranial
hemorrhage, or brain tumor. Whether the
cMRI performed includes only a routine
protocol (to detect tumors, strokes, or
hemorrhages) or incorporates dedicated
epilepsy sequences according to the Har-
monized Neuroimaging of Epilepsy Struc-
tural Sequences (HARNESS MRI protocol)
for more sensitive detection of subtle po-
tentially epileptogenic lesions (e.g., corti-
cal malformations, focal cortical dysplasia;
[6]) must be decided based on availability.
It should be noted that potentially epilep-
togenic lesions will not automatically lead
to a diagnosis of epilepsy. We propose
critically scrutinizing whether the semiol-
ogy of the seizure matches the location of
the detected lesion to avoid overdiagno-
sis. On the other hand, the importance of
not only a 3-T MRI and a dedicated MRI
protocol, but also of a specialized trained
reading of the MRI images in medically
refractory epilepsies is ideal, as epilepto-
genic focal lesions were correctly reported
by “non-expert” radiologists on standard
MRI images in only 39% of cases, com-
pared to expert neuroradiologists in 50%
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of cases on standard MRI vs. 91% of cases
on dedicated MRI images [36].

The presence of interictal epilepti-
form discharges (IEDs) in the EEG leads
to a higher risk of seizure recurrence
[13]. Between 22% and 53% of first-
seizure patients show IEDs in EEG after
a first epileptic seizure [1, 22]. An EEG
performed within the first 24h after the
seizure increased the detection rate of
IEDs in a study performed with adults and
children [23]. In patients with suspected
focal epilepsy, a prolonged EEG in sleep
(focal epilepsy) or after awakening (juve-
nile myoclonic epilepsy) might show IEDs
after normal routine EEG [12, 14]. In some
centers, long-term EEG is already avail-
able in routine diagnostics, where it can
provide considerable added value [41].
Also, the recording of a video in parallel
with the EEG and the use of additional
inferior temporal electrodes according to
the IFCN 2017 recommendations are now
standard and indispensable [40].

Routine cerebrospinal fluid diagnostics
do not need to be performed after the
first seizure in every case, as up to 10% of
patients with an otherwise unremarkable
clinical picture show post-ictal pleocytosis
of up to 50/μL [42]. In the case of a suit-
able clinical syndrome with cognitive and
psychiatric disorders and/or typical MRI
changes in mesiotemporal structures that
are suggestive of viral or autoimmune en-
cephalitis, however, itmust not be delayed
due to the important therapeutic conse-
quences [31].

Risk of recurrence

The risk of recurrence is directly related to
the classification as unprovoked seizure,
ASS, or definite epilepsy. The risk of seizure
recurrence after an ASS depends on the
cause. Cerebral pathologies have higher
risks than metabolic causes due to the
subsequent brain lesions. After an ASS,
30–40% of patients with ASS associated
with viral encephalitis and 10–18% of pa-
tients with ASS after hemorrhagic stroke
are diagnosed with epilepsy in the long
term [19].

Most population-based studies have
shown a recurrence risk after a first un-
provoked seizure of approximately 36%
after 1 year and 40–50% after 2 years [5].

This did not change significantly after the
recently introduced change in diagnostic
criteria of epilepsy [26]. The risk of recur-
rence increases after prolonged seizures,
status epilepticus, a previous ASS, and
also the presence of visible IEDs in the
EEG recording [16]. Although first-ever
unprovoked seizures from sleep occur in
only 23% of cases, they are more likely
to recur, independent of other risk factors
(54% vs. 44%), albeit with a lower risk
of seizure-related injury [25]. The risk of
recurrence in patients with unprovoked
seizures and without pathological find-
ings on EEG or MRI is 10–26% within
the first year and 30–35% within 5 years
[22]. But this rate increases to >60% in
the presence of potentially epileptogenic
lesions on MRI or IEDs on EEG or after
a second seizure [5, 23].

Therapy

Acute symptomatic seizures encompass
variable causes with varying risks of recur-
rence. Therefore, there is ongoing debate
on how to best give clear recommenda-
tions regarding the introduction of anti-
seizure medication (ASM) and its duration,
which should rarely exceed 3–6 months
[18, 45].

Once the diagnosis of epilepsy is estab-
lished, treatment with ASM is definitely
indicated. Although there are around
30 different ASMs approved on the mar-
ket, only two prospective, case-controlled
studies—SANAD 1 and SANAD 2—have
compared one drug with another [27,
29]. Balancing anticonvulsive effective-
ness and side effects, current guidelines
recommend lamotrigine (LTG) as first-line
therapy for focal epilepsy and valproic acid
(VPA) for primary generalized epilepsy. As
an alternative in focal epilepsy, lacosamide
(LCM) and levetiracetam (LEV) are recom-
mended (although LCM is not reimbursed
as monotherapy in Switzerland). In pa-
tients with primary generalized epilepsy
(especially in women without birth con-
trol), LTG and LEV should be considered
first [21]. Across all types of epilepsy, with
goodmedication compliance, around 50%
of patients become seizure-free with the
first ASM and a further 10–15% with the
second substance [9]. The specific drug
selection should be based on comor-

bidities and co-medication to minimize
drug interactions (e.g., with oncological
treatment or concomitant anticoagula-
tion). A non-response to the first drug
reduces the chance of seizure control in
subsequent years. However, true phar-
macoresistance, i.e., non-response to two
medications, is rare in the first few years,
and the treating physicians or neurolo-
gists should therefore be encouraged to
monitor blood levels. If seizures persist
despite all efforts, further comprehensive
inpatient assessment is indicated, as the
diagnosis should be re-evaluated.

Delay in diagnosis and treatment

An increasing number of studies have
shown that timely evaluation after a first
unprovoked seizure is critical. Several
studies found that initiating ASM after
a single seizuremay reduce recurrence risk
in the first 2 years, but it may not improve
long-term remission [28]. Nonetheless,
multiple prior unrecognized seizures are
a strong predictor of future relapses de-
spite therapy [24]. Therefore, properwork-
up and treatment should not be delayed,
particularly after a second seizure.

Delayed diagnosis is even more com-
mon, especially in focal epilepsies with
nonmotor presentations. These subtle
symptoms are often overlooked, leading
to misdiagnosis and under-recognition,
which can result in diagnostic delays
exceeding a decade in some cases [38].
Such delays are associated with increased
seizure frequency, a higher risk of injury,
drug resistance, and impaired psychoso-
cial functioning. Longer delays are also
linked to structural brain pathology and
worse seizure outcomes [44].

In this context, dedicated clinical path-
ways for first seizures (“first seizure clin-
ics”)—such as those implemented in most
tertiary centers—improve diagnostic pre-
cision, reduce inappropriate testing, and
enable early therapeutic decisions, finally
improving long-term outcome [35].

Driving

In Austria, Germany, and Switzerland driv-
ing regulations for individuals having ex-
perienced a seizure follow the European
guidelines, requiring a minimum seizure-
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Table 2 Driving ban for private drivers (Group 1)
Acute symptomatic seizure

A 6months (or shorter if the provoking factor can instantly be removed)

D 3 months

CH 3months

Unprovoked seizure

A 6 months (or shorter if the provoking factor can instantly be removed)

D 6 months

CH 6months

Epilepsy

A 12 months (ASM allowed)

D 12 months (ASM allowed)
Only sleep-related seizures under observation of >3 years: 0 months
Only non-disabling seizures w/o LOC under observation of >1 year: 0 months

CH 12months (ASM allowed)
Only sleep-related seizures under observation of >2 years: 0 months
Only non-disabling seizures w/o LOC at discretion of treating neurologist

A Austria, ASM antiseizure medication, CH Switzerland, D Germany, LOC loss of consciousness,
w/owithout

Table 3 Driving ban for professional drivers (Group 2)
Acute symptomatic seizure

A 5 years (no ASM)

D 12 months (no ASM)

CH 6months (no ASM)

Unprovoked seizure

A 5 years

D 2 years (ASM allowed)

CH Trucks: 2 years (no ASM), Bus: 5 years (no ASM)

Epilepsy

A 10 years (no ASM)
Only sleep-related seizures observed during >3 years: reduction to 5 years by
expert possible

D 5 years (no ASM)

CH Trucks: 5 years (no ASM); buses: not allowed
Only non-disabling seizures w/o LOC at discretion of treating neurologist

A Austria, ASM antiseizure medication, CH Switzerland, D Germany, LOC loss of consciousness,
w/owithout

Table 4 Driving ban for psychogenic non-epileptic seizures
Country Group 1 Group 2

A – –

D 1 year 10 years

CH At the discretion of treating neurologist At the discretion of treating neurologist

A Austria, CH Switzerland, D Germany

free period before being considered fit to
drive. On one hand, the distinction be-
tween seizure type, such as ASS, first un-
provoked seizure, or confirmed epilepsy,
is essential for classifying the required du-
ration of driving ban; on the other hand, it
is important to differentiate between driv-
ing license types, such as private driving

(motor bike or car) or professional driving
(taxis, ambulances, trucks, andbuses). Due
to the much longer daily driving times of
professional drivers, oftenoperatingheavy
vehicles and transporting passengers, all
countries are imposing much stricter rules
for this group (Group 2; [33]). An overview
is provided in . Tables 2 and 3.

While in the United States all 50 states
have highly heterogeneous rules, the
American Academy of Neurology has very
recently published a position statement
about seizures and driver licensure [43].
There is consensus that epileptic seizures
modestly increase the risk of motor ve-
hicle accidents (MVAs), especially when
seizure frequency is high. However, the
risk of fatal MVAs among individuals with
epilepsy is not elevated compared to the
general population and is markedly lower
than in those with alcohol use disorder or
in young drivers [39]. Conversely, it must
be taken into consideration that driving
is an important factor for patients’ quality
of life and their social and occupational
engagement, and many individuals with
epilepsy drive against medical advice,
suggesting that more personalized, less
burdensome regulations might improve
compliance.

The consensus paper lists several fac-
tors that could help the treating neurolo-
gist achieve a less strict ruling, suchas focal
aware seizures that do not interfere with
motor control and established seizures oc-
curring exclusively during sleep, both al-
ready implemented in the D-A-CH rulings.
Other alleviating factors are knowledge of
the unlikely recurrence risk of some ASSs
and recognition that medication changes
that were prescribed by the doctor may
have provoked a seizure. The consensus
also discerned unfavorable factors that ar-
gue for stricter decisions, such as com-
pliance problems with medical visits and
medications, substance use disorder, prior
crashesduetoseizures, andprior recordsof
MVA and violations of driving regulations.
Finally, situations with either a recently in-
creased number of seizures, patients with
recurrent seizures of which they are un-
aware, and thepresence of structural brain
lesions warrant special attention.

Evidence of MVA risk due to PNES is
scarce. Available data indicate that indi-
vidualswith functional seizures experience
MVAs linked to their episodes and may
have a higher overall accident rate com-
pared to those with epilepsy, although the
resulting injuries tend to be less severe.
In patients with the potential for altered
responsiveness or involuntary movements
during PNES, driving restrictions similar to
those for epilepsy are recommended. De-
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cisions regarding seizure-free intervals, es-
pecially for thoseseekingprofessionaldriv-
inglicenses, shouldbebasedonindividual-
ized clinical assessments ([43]; . Table 4).

Conclusion

Epileptic seizures are a frequent finding
that requires an early and accurate diagno-
sis, rapid initiation of antiseizure medica-
tion (ASM) in appropriate cases, minimiza-
tion of diagnostic delays, and adoption of
structured clinical pathways. Evaluation
aims to exclude epilepsy mimics and to
achieve an adequate assessment of re-
currence risk, beginning with a detailed
medical history and clinical examination,
followed by standardized electroencepha-
lography (EEG) and imaging. At minimum,
routineEEGandmagnetic resonance imag-
ing (MRI) following a predefined epilepsy
protocol are recommended. Correlation of
seizure semiology with EEG and MRI find-
ings is essential. These interventions col-
lectively reduce morbidity, improve long-
term outcomes, and enhance the overall
quality of care.
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Zusammenfassung

Erster epileptischer Anfall im Jugendlichen- und Erwachsenenalter

Anfälle sind der dritthäufigste Vorstellungsgrund in der neurologischen Notaufnahme.
Diagnose und Management von (ersten) Anfällen sind daher in jeder Neurologie
von großer Bedeutung. Der vorliegende Artikel verschafft einen Überblick über
die notwendige Diagnostik zum Ausschluss von akut behandlungsbedürftigen
Ursachen, über die Abschätzung der Rezidivwahrscheinlichkeit zur Ermöglichung
einer adäquaten Diagnosestellung und auch über die aktuellen Empfehlungen zur
medikamentösen Therapie und Fahreignung.
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