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Focal seizures Overview

Summary
Focal seizures are the transient occurrence of signs and/or symptoms due to abnormal excessive or
synchronous neuronal activity in the brain originating within networks limited to one hemisphere.

Focal seizures can be caused by overt brain lesions (e.g., stroke, tumor), but neuroimaging studies often do
not identify any underlying pathology.

History-taking is the most important aspect of diagnosis. Supportive tests, although helpful, need not be
abnormal for a diagnosis of focal seizures.

Monotherapy with anticonvulsant medication is the initial and preferred treatment. Choice of medication
should be tailored to the needs of the individual patient, taking into account factors such as age, sex, and
comorbidities.

When at least two monotherapy trials fail to achieve seizure remission, dual therapy may be tried; use of
drugs with different mechanisms of action should be considered to maximize efficacy and minimize toxicity.

Patients in whom seizure remission is not achieved with two monotherapy trials followed by dual therapy
are considered to have refractory focal seizures. They should be evaluated to confirm the diagnosis and for
consideration of resective epilepsy surgery and/or neuromodulation therapies.

Definition
Focal seizures (formerly known as partial seizures) refer to the electrical and clinical manifestations of
seizures that arise from one portion of the brain. An electroencephalogram typically indicates a localized
discharge over the area of onset, or regions beyond the initial onset as the abnormal electrical activity
propagates. Focal seizures can originate from any lobe in the brain. Focal epilepsy of temporal lobe origin is
the most frequently recognized focal epilepsy.

Focal aware seizures (formerly known as simple focal seizures) are those in which consciousness is
preserved. Focal impaired awareness seizures (formerly known as complex focal seizures) are characterized
by loss of awareness, memory loss for the clinical event, and impaired responsiveness at the time of the
event.

Focal seizures may evolve into bilateral tonic-clonic seizures (formerly known as secondarily generalized
tonic-clonic seizures). The clinical manifestations of a particular seizure depend on the clinically eloquent
structures of the brain that are activated.[1]

The clinical definition of epilepsy includes any of the following conditions: 1) at least two unprovoked seizures
occurring >24 hours apart; 2) one unprovoked seizure and a probability of further seizures similar to the
general recurrence risk (at least 60%) after two unprovoked seizures, occurring over the next 10 years; 3)
diagnosis of an epilepsy syndrome.[1] [2]
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Epidemiology
Focal seizures are the most common seizure type in adults. Overall, more than half of seizures in the
epilepsy population are focal; this applies across all age groups.

In 2016, the estimated number of people globally with active epilepsy was 45.9 million.[4] A 2017 systematic
review and meta-analysis of international studies reported an incidence rate of epilepsy of 61.4 in 100,000
person-years.[5] In high-income countries, age-specific incidence of epilepsy is highest in people under age
20 years (especially those in the first few months of life), and in adults >60 years, with the lowest incidence in
the intervening years.[6] The incidence of epilepsy is somewhat higher for men.

The 2016 Global Burden of Disease study reported an age-standardized prevalence of epilepsy of 622 in
100,000 population.[4] A similar estimate of 638 in 100,000 was reported in a 2017 review, with a pooled
point prevalence of 299 in 100,000 for focal seizures.[5] Prevalence is reported to increase with age, with
peaks at 5-9 years and >80 years.[4]

The reported incidence and prevalence of epilepsy is higher in low/middle-income countries than in high-
income countries.[4] [5] Prevalence in the Global Burden of Disease study varied from a low of 311 in
100,000 population in Japan to a high of 1288 in 100,000 population in Cape Verde. These differences may
be due in part to differences in factors such as mortality, etiology (e.g., number of central nervous system
infections), treatment, and study methodology.[4] [5]

Etiology
Despite improvements in diagnostic technologies, the etiology of focal seizures is identified in only about one
third of cases.

Any insult to the brain may result in the development of focal epilepsy. Examples include:

• Traumatic brain injury.[7] Penetrating head injuries have the highest risk for the development of
epilepsy.[8] Closed head injury (skull fracture or >30 minutes of unconsciousness or amnesia) leads to
a significantly increased risk for the development of seizures.[9] Risk may be slightly elevated even if
amnesia lasts less than 30 minutes.[10]

• Central nervous system (CNS) infection.[11] The presumed mechanism is an inflammatory process
involving the CNS. The more severe the CNS infection, the more likely it is to contribute to seizure
development.

• Brain tumors. Epilepsy is common in patients with glioneuronal tumors and glioma, and is also
associated with meningioma and brain metastases.[12] Low-grade tumors seem more epileptogenic
than high-grade tumors.[12] [13] One case series suggested that 28% of patients undergoing surgery
for brain tumors experience seizures.[14]

• Malformations of cortical development (MCDs). These are characterized by abnormal cortical
structures or heterotopic gray matter resulting from disrupted cerebral cortex formation. The cause
is mostly genetic, but infectious, vascular, and metabolic etiologies have also been reported. It is
estimated that 25% to 40% of treatment-resistant childhood epilepsy is attributable to MCDs, and that
at least 75% of patients with MCDs have epilepsy.[15] [16]

• Intracranial vascular malformations. Seizures are a common presentation in patients with intracranial
vascular malformations such as arteriovenous malformations and cavernous angiomas. Seizures may
occur de novo or be secondary to intracerebral hemorrhage.[17]
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• Stroke. Risk of seizure activity is at least 3 times higher after stroke, but prophylactic anticonvulsant
drug therapy is typically not recommended.[18] [19]

• Alzheimer disease and non-Alzheimer dementia. Both have been associated with seizure
development.[20]

• Perinatal injury. This seems to be particularly the case when there is coexistent neurologic handicap
with concomitant intellectual disabilities (e.g., cerebral palsy).[21]

• Family history. Related to the development of focal epilepsy, although this is not a simple relationship.
Some syndromes are thought to be due to inheritance of a single gene (familial temporal lobe
epilepsy), while others have a complex inheritance (idiopathic focal epilepsies and cryptogenic/
symptomatic focal epilepsies).[22] [23]

Benign focal epilepsies of childhood are a group of idiopathic syndromes known to cause focal seizures
in developmentally and neurologically normal children. They include benign childhood epilepsy with
centrotemporal spikes and childhood epilepsy with occipital paroxysms.[24] These syndromes follow a
benign course and usually remit prior to adulthood.

Neurocutaneous syndromes such as neurofibromatosis, Sturge-Weber syndrome, and tuberous sclerosis
may result in focal or generalized seizures.

Pathophysiology
The pathophysiology of human epilepsy is complex and not completely understood. Experimental studies in
animal models of epilepsy have elucidated potential pathophysiologic mechanisms; e.g., kindling, a process
by which repeated subthreshold electrical stimulation of specific neuroanatomic structures (e.g., amygdala,
hippocampus) leads to the development of electrographic and then focal clinical seizures, which worsen
in severity over time. The kindling model has been used to study the process of epileptogenesis related to
certain types of focal epilepsy.[25]

After a causative event (e.g., significant head trauma) there may be a latent period (and sometimes a second
"hit") before clinical development of seizures.

Neurochemical and neurophysiologic features thought to be relevant to the development of focal seizures
include:

• Neurotransmitter disturbances (e.g., an imbalance between inhibitory gamma-aminobutyric acid
[GABA]-ergic and excitatory glutaminergic neurotransmitters)

• Alterations in neuronal and glial cell structures, such as voltage-gated sodium channels, voltage-
gated calcium channels, gap junctions (connexins), SV2A synaptic protein vesicles, G-protein-coupled
receptors, A or M voltage-gated potassium channels, and ionotropic glutamate receptors.[26] [27] [28]

Several anticonvulsant medications target these mechanisms. Identifying other targets presents an
opportunity for new drug development.

Classification
International League Against Epilepsy (ILAE) report of the
Commission on Classification and Terminology, 2017[1] [3]

1. Focal-onset seizures
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• Aware/impaired awareness (optional)

• Motor-onset

• Automatisms
• Atonic
• Clonic
• Epileptic spasms
• Hyperkinetic
• Myoclonic
• Tonic

• Nonmotor-onset

• Autonomic
• Behavior arrest
• Cognitive
• Emotional
• Sensory

• Focal to bilateral tonic-clonic
2. Generalized-onset seizures
3. Unknown-onset seizures.

In 2017, ILAE guidelines for seizure classification were revised to include the following:

• "Partial" becomes "focal"
• Awareness is used as a classifier of focal seizures
• The terms dyscognitive, simple partial, complex partial, psychic, and secondarily generalized are

eliminated
• New focal seizure types include automatisms, behavior arrest, hyperkinetic, autonomic, cognitive, and

emotional
• Atonic, clonic, epileptic spasms, myoclonic, and tonic seizures can be of either focal or generalized

onset
• Focal to bilateral tonic-clonic seizure replaces secondarily generalized seizure
• New generalized seizure types are: absence with eyelid myoclonia, myoclonic absence, myoclonic-

atonic, myoclonic-tonic-clonic
• Seizures of unknown onset may have features that can still be classified.

Case history
Case history #1
An 18-year-old girl presents with several episodes of confusion over the past several months. Typically,
she experiences a warning signal, which she describes as a rising sensation within her abdomen that
travels upward through her chest. She is usually unaware for a few minutes, but others have told her that
during these episodes she smacks her lips, picks at her clothing, and is unable to speak. After the event,
she feels tired, has a headache, and prefers to lie down. She notes that her memory has not been as
good as it was in the past, and her school grades have declined. Her medical history is notable for several
febrile seizures as a young child, although she was not treated for seizures at that time. An aunt was
diagnosed with seizures many years ago.
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Case history #2
A 70-year-old man presents with a tonic-clonic seizure. His wife states that during the past month there
have been times when he does not respond when spoken to, mumbles words that do not make sense,
and stares in a motionless way. After several minutes, he is usually responsive. His past medical history
includes hypertension and hypercholesterolemia. He had a stroke during the preceding year, which
resulted in weakness of the right extremities and loss of expressive language. Although he recovered
most motor and language deficits, he still walks with a limp on the right side and sometimes uses the
wrong word.

Other presentations
Patients may present complaining of features consistent with auras, such as memory-related phenomena
(déjà vu, jamais vu), emotional changes (fear, panic, anxiety), autonomic changes (flushing, pallor,
sweating, piloerection, warmth, coolness), visual distortions (changes in depth perception, shapes, or
colors) or hallucinations (seeing formed and unformed shapes, objects, or people), auditory hallucinations
(ringing sensations, tunes), or gustatory or olfactory changes. These symptoms may or may not be
followed by alteration of awareness.

An alternative presentation is repeated focal impaired awareness seizures without recovery between
them. These may or may not evolve to bilateral tonic-clonic seizures, and can present as behavioral
changes only, which can be interpreted as a confused state. This constitutes status epilepticus (please
refer to our topic "Status epilepticus").
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Approach
History is the mainstay of the diagnosis of focal epilepsy. Clinical examination often reveals no obvious
abnormality.

Electroencephalogram (EEG) and various imaging techniques may be helpful, although results are frequently
normal and these tests mainly serve as supportive investigations.

History
History-taking is the most important aspect of focal seizure diagnosis, yet probably the most difficult to do.
As the person experiencing the focal seizure is often unaware of what happens during the seizure, it is
important to ask a witness, such as a partner, parent, sibling, or friend, to describe the events. This can
be assisted by the witness videoing the events with a smartphone.

Warning symptoms and limb movements

When questioning the patient it is important to ask about warning symptoms, such as abnormal
sensations of taste, smell, touch, psychic phenomena (including déjà vu [the sensation of having
previously experienced something new] and jamais vu [temporarily not recognizing a familiar object or
person]), abdominal sensations, and the inability to speak. It should be established whether the episodes
involve movements of one or both limbs on one side of the body or all four limbs, in order to distinguish a
focal seizure from a generalized event.

Focal impaired awareness seizure

To investigate the possibility of a focal impaired awareness seizure (seizure with impaired
consciousness), the physician should ask about purposeless actions known as automatisms (picking at
clothes, smacking of the lips), inability to follow commands, and whether the patient stares and becomes
unaware of their surroundings. Whether memory loss occurred should also be established. The duration
of the spells should be clarified, as most focal impaired awareness seizures last 30-90 seconds.

Medical history

A detailed medical history should be sought. History of head injury, recent central nervous system (CNS)
infection, and previous stroke or brain tumor should be established.

Family history of a seizure disorder or any neurocutaneous syndromes (e.g., tuberous sclerosis,
neurofibromatosis, Sturge-Weber syndrome) should also be discussed.

Physical exam
The physical exam is often normal; however, the possibility of focal seizures increases if abnormalities are
detected on neurologic exam. For example, the patient may have a postictal hemiparesis (Todd paralysis),
suggestive of a focus in the opposite hemisphere. For patients who are not postictal, a fixed neurologic
deficit (hemiparesis, unilateral facial weakness) often suggests an underlying structural CNS lesion, which
may be associated with focal seizures.

Skin exam should be performed to look for evidence of neurocutaneous syndromes. For instance, the
presence of ash-leaf spots, shagreen patches, facial angiofibromas, and/or periungual fibromas is often
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indicative of tuberous sclerosis. Café au lait spots, axillary freckling, and/or fibromas are suggestive of
neurofibromatosis. Port-wine stain is associated with Sturge-Weber syndrome.

Laboratory studies
After a first-time seizure, possible provoking stimuli should be investigated.[36] Laboratory tests include:

• Electrolyte panel (including sodium, magnesium, and calcium levels): can identify electrolyte
disturbances, uremia, and other metabolic abnormalities that may precipitate a seizure episode

• Blood glucose: to detect glucose derangements
• Complete blood count: may reveal signs of systemic or CNS infection
• Toxicology screen: useful if use of illicit substances is suspected
• Lumbar puncture: helpful if patient has fever, and CNS infection is suspected; contraindicated

without prior neuroimaging if the patient has a depressed level of consciousness.

EEG
All patients with a suspected seizure should have an EEG. Although not necessarily diagnostic, it helps
support a diagnosis of focal epilepsy.[37] Other indications include worsening seizure control, new seizure
type, patients who have recently switched medication and continue to have seizures, and unknown
epilepsy type.

All EEG studies for evaluating suspected epileptic seizures should include awake and sleep recordings,
because epileptiform activity is more likely to be recorded during sleep.

Interictal epileptiform discharges (IEDs)

IEDs, represented by spikes or sharp waves, are the most frequent electrographic abnormality identified
in routine EEG studies for people with a history of epilepsy.

The sensitivity of the first routine EEG to identify IEDs is approximately 50%, with sensitivity approaching
90% by the fourth EEG or following a 24- to 48-hour continuous EEG study.[38] Therefore, approximately
10% of patients with epilepsy do not demonstrate IEDs on EEG.

Of note, IEDs are seen in 3% of children and 0.5% of adults who do not have a history of epilepsy.[38]
The yield of the EEG may be increased by sleep, sleep deprivation, hyperventilation, or photic stimulation,
or by placement of additional electrodes to the standard international 10-20 system.

Neuroimaging
CT head

In the emergency department, on an urgent basis, a computed tomography (CT) scan of the head is
performed.[39] This is of value in determining acute causes of seizures, such as traumatic brain injury,
intracerebral hemorrhage, subarachnoid hemorrhage, or large structural brain lesions. However, CT
results may provide limited information, as a bony streak artifact obscures the temporal lobe, which is the
most epileptogenic region of the brain. In patients with a known diagnosis of epilepsy, it is not necessary
to repeat CT head if they experienced a seizure and were taken to the emergency department.

MRI brain

In the nonacute setting, magnetic resonance imaging (MRI) of the brain is performed with and without
gadolinium contrast.[40] [41] [42] 3-Tesla MRI may lead to increased diagnostic yield. MRI (especially
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with thin sections through the temporal lobe) identifies small but physiologically important anatomical
abnormalities, including mesial temporal sclerosis, neoplastic lesions, vascular malformations (e.g.,
cavernous malformations), and developmental lesions (e.g., focal cortical dysplasia, nodular heterotopia,
schizencephaly and polymicrogyria, as well as hemimegalencephaly).[43] The identification of these
pathologies in patients with treatment-resistant focal epilepsy is essential in the planning of surgery.

Other imaging studies

Positive emission tomography (PET) scan, single photon emission computed tomography (SPECT)
scan, functional MRI scan, and magnetoencephalography (MEG) scan are mainly used in the detailed
planning for epilepsy surgery. While not required in the initial workup of epilepsy, these techniques provide
important complementary information toward the identification of the epileptogenic zone and valuable
functional localization of language and motor cortex.

Functional MRI may be used for language lateralization prior to epilepsy surgery.[44] [45] [46] It may also
be used to predict memory decline.[47] [48]

Video/EEG long-term monitoring
May be useful for those who have had workup as outpatients and for whom the diagnosis of focal
seizures remains uncertain.

The patient is admitted to the epilepsy monitoring unit for continuous video and simultaneous EEG
monitoring. The goal is to record the patient's typical clinical events. In addition, the increased EEG
sampling may reveal evidence of interictal abnormalities (spikes and sharp waves), which may make the
diagnosis of focal seizures more likely.

Alternatively, video/EEG long-term monitoring (LTM) may be used as part of the workup for localization
of seizure onset in patients with treatment-resistant focal epilepsy who are being considered for epilepsy
surgery. The yield of video/EEG LTM in patients with a normal routine EEG is 25% to 40%.[39] If video/
EEG LTM is required for presurgical evaluation, it is important to record all of the patient's seizure types,
and to record multiple seizures in an attempt to localize the seizure focus.

Supportive tests
Neuropsychologic testing is a comprehensive evaluation of cognitive function (including the various
modalities of memory, language, and attention) and visual spatial processing. Deficits in any of these
spheres may be observed in patients with treatment-resistant focal epilepsy. For example, memory
disturbances may be identified in patients with temporal lobe epilepsy, while attention problems are more
common in patients with frontal lobe epilepsy. Patterns of deficits may emerge, which may support the
results of the other tests, and help localize the epileptogenic focus prior to surgery.

The Wada test (intracarotid amobarbital test), which is used to confirm the lateralization of language and
to discern memory dominance prior to epilepsy surgery, has increasingly been replaced by functional
MRI.[46] [47] The Wada test may, however, be indicated when there is a high risk of postsurgical global
amnesia (despite its reliability for this purpose being questioned) or when functional MRI fails to show
clear left-lateralization.[44] [45] [48]
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History and exam
Key diagnostic factors
movement of one side of the body or one specific body part (common)
• A focal seizure is characterized by localized brain activity, which is represented by motor activity of the

head (presenting as forced head and gaze deviation to one side) or dystonic posturing of a hand. The
epileptogenic area is in the hemisphere contralateral to the side of the head/gaze deviation and/or the
dystonic hand.

premonitory sensation or experience (fear, epigastric sensation, déjà vu,
jamais vu) (common)
• A premonitory sensation or sequence of sensations more likely indicates a focal seizure most often

associated with temporal lobe origin.

automatisms (picking at clothes, smacking of the lips) (common)
• Suggests a focal impaired awareness seizure.

temporary aphasia (common)
• A postictal aphasia can be seen after focal seizures that involve the language centers. This does not

necessarily imply that the seizure originated in the dominant hemisphere, as a seizure can originate in
the nondominant hemisphere and propagate to the dominant hemisphere, causing a postictal aphasia.

• If the first symptom is expressive and/or receptive aphasia, the epileptogenic area most likely
originated in the dominant hemisphere. If the patient speaks during the seizure, the epileptogenic area
is likely to be in the nondominant hemisphere.

staring and being unaware of surroundings (common)
• Suggests a focal impaired awareness seizure.

Other diagnostic factors
postictal focal neurological deficit (Todd paralysis, aphasia) (common)
• A postictal paralysis or weakness on one side of the body suggests a focal seizure, and generally

indicates that the seizure focus is contralateral to the side of the deficit.

persistent focal neurological deficit (common)
• Associated with central nervous system dysfunction, and suggests the presence of focal seizures.
• May also indicate a recent or previous stroke. On examination, there may be visual loss, language

dysfunction, and sensory neglect, associated with weakness or numbness of one side of the body.

poor memory (uncommon)
• Although there are many causes of poor memory, one possibility is the presence of undiagnosed or

uncontrolled focal impaired awareness seizures.

stigmata of neurocutaneous syndromes (uncommon)
• Some physical signs (neurocutaneous findings) may suggest an underlying neurologic disease

associated with seizures. For instance, the presence of ash-leaf spots, shagreen patches, facial
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angiofibromas, and/or periungual fibromas is often indicative of tuberous sclerosis. Café au lait spots,
axillary freckling, and/or fibromas are suggestive of neurofibromatosis. Port wine stain is associated
with Sturge-Weber syndrome.

Risk factors
Strong
febrile seizure
• The risk of developing epilepsy is greater if there is a history of febrile seizures.[29] [30]
• A distinction is often made between simple febrile seizures (generalized, <15 minutes, in a

neurologically normal child aged between 6 months and 6 years, not due to meningoencephalitis) and
complex febrile seizures (multiple or focal, and lasting >15 minutes). Unprovoked focal-onset seizures
are more likely to be associated with complex febrile seizures.[31]

• Febrile seizures may contribute to the development of mesial temporal sclerosis (loss of neurons and
scarring of the temporal lobe associated with certain brain injuries, closely related to temporal lobe
epilepsy), but it has not yet been determined if this is causative or a result of the seizures.[32]

traumatic brain injury
• The more severe the head injury, the greater the risk of developing seizures. Penetrating head injuries

carry the greatest risk.[8] Closed head injury (skull fracture or >30 minutes of unconsciousness or
amnesia) leads to a significantly increased risk for the development of seizures.[9] Risk may be slightly
elevated even if amnesia lasts less than 30 minutes.[10]

• The presumed mechanism is trauma-induced injury or scar that sets up an epileptogenic focus.

central nervous system (CNS) infection
• The more complicated the CNS infection, the more likely it is to contribute to seizure development.

Meningoencephalitis has been associated with a 16-fold increased risk for focal seizure, bacterial
meningitis a fourfold increased risk, and aseptic meningitis a twofold increased risk.[33] The presumed
mechanism is an inflammatory process involving the CNS.

• Focal epilepsy can result from infections with parasites such as neurocysticercosis, toxoplasmosis,
and malaria. Neurocysticercosis is a common cause of epilepsy worldwide; it should be considered
in any patient who grew up or has spent time in an area of the world known to have high rates of
neurocysticercosis, notably Latin America, Africa, and India.[11] [34]

stroke
• Risk of developing focal epilepsy is at least 3 times higher after a stroke.[18]
• The presumed mechanism is central nervous system cortical injury. The risk is higher with

hemorrhagic than with ischemic stroke.[19] Clinically undetectable cerebrovascular disease can
present with seizures, and these may be a warning sign for a future stroke.[35]

brain tumor
• The tumor (especially if infiltrative) may result in the development of an epileptogenic focus.
• Epilepsy is common in patients with glioneuronal tumors and glioma, and is also associated with

meningioma and brain metastases.[12] Low-grade tumors seem more epileptogenic than high-grade
tumors.[12] [13] One case series suggested that 28% of patients undergoing surgery for brain tumors
experience seizures.[14]
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intellectual disability and/or cerebral palsy
• One study found that in children with intellectual disability alone, the cumulative risk of developing

seizures by age 22 years was 5%. In children with intellectual disability and cerebral palsy, the
cumulative risk rose to 38%.[21] Children with a postnatal injury in addition to intellectual disability had
a cumulative risk for seizure development (postinjury) of 66%.[21] The more severe the brain insult,
the more likely the development of an epileptogenic focus.

dementia
• Both Alzheimer disease and non-Alzheimer dementia have been associated with seizure

development.[20]

family history of seizures
• Family history is related to the development of focal epilepsy, although this is not a simple relationship.

Some syndromes are thought to be due to inheritance of a single gene (familial temporal lobe
epilepsy), while others have a complex inheritance (idiopathic focal epilepsies and cryptogenic/
symptomatic focal epilepsies).[22] [23]

intracranial vascular malformations
• Seizures are a common presentation in patients with intracranial vascular malformations such as

arteriovenous malformations and cavernous angiomas. Seizures may occur de novo or be secondary
to intracerebral hemorrhage.[17]

malformations of cortical development (MCDs)
• MCDs are characterized by abnormal cortical structures or heterotopic gray matter resulting from

disrupted cerebral cortex formation. The cause is mostly genetic, but infectious, vascular, and
metabolic etiologies have also been reported. It is estimated that 25% to 40% of treatment-resistant
childhood epilepsy is attributable to MCDs, and that at least 75% of patients with MCDs have
epilepsy.[15] [16]

Weak
male sex
• Slightly more common in males.
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Tests
1st test to order

Test Result
blood glucose

• An important initial test. Hypoglycemia and hyperglycemia should be
excluded in patients presenting with a first seizure episode.[36]

extreme hypoglycemia or
hyperglycemia can cause
provoked focal seizures

CBC
• Helpful in establishing an underlying systemic or central nervous

system infection.[36]

elevated WBC can
indicate a central nervous
system infection

electrolyte panel
• Electrolyte disturbances (including uremia, decreased/elevated

sodium, and magnesium or calcium abnormalities) should be
excluded in patients presenting with a first seizure episode.[36]

possible electrolyte
disturbances

toxicology screen
• Indicated if use of illicit substances is suspected.[36]

variable

lumbar puncture and cerebrospinal fluid analysis
• Indicated when a central nervous system infection is suspected (fever

present) as the underlying cause of the seizure episode.[36]
• Contraindicated without prior neuroimaging if the patient has a

depressed level of consciousness.

evidence of excessive
WBCs; elevated protein
and/or low glucose may be
present if central nervous
system infection

CT head
• Usually ordered when a patient presents in the emergency

department with a first seizure episode.[39] It is useful for
identifying acute causes of seizures, but is less sensitive for smaller
abnormalities often seen on MRI.

intracranial hemorrhage;
skull fracture; presence of
structural lesion

MRI brain
• Regarded as the test of choice in the workup of focal seizures.[40]

[41] It can be ordered initially (usually first test ordered when patient
presents in the office), or obtained after head CT (usually first test
ordered when patient presents in the emergency room).

• Sensitivity of the MRI may be increased by using gadolinium
enhancement or thin coronal sections without skips through the
temporal lobes, with fluid-attenuated inversion recovery (FLAIR)
sequences.

• Developmental lesions include focal cortical dysplasia,
nodular heterotopia, schizencephaly, polymicrogyria, and
hemimegalencephaly.

anatomic temporal lobe
abnormalities (mesial
temporal sclerosis,
neoplastic lesions,
vascular malformations,
and developmental
lesions)

electroencephalogram (EEG)
• Useful in the initial workup of focal seizures. Overall, the sensitivity

of the first routine EEG is about 50%; this increases to 90% after
4 EEGs or following a 24- to 48-hour continuous EEG study.[38]
However, a normal EEG does not exclude a diagnosis of epilepsy.

focal spikes or sharp
waves with associated
slowing of the electrical
activity in the area of the
spikes
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Other tests to consider

Test Result
video/electroencephalogram (EEG) long-term monitoring (LTM)

• Not required in the initial investigation, but may be useful in a number
of clinical situations; for example, to confirm the diagnosis when there
is uncertainty (and when there is no response to usual therapy), as
well as in the surgical workup for treatment-resistant focal epilepsy.

capturing seizure activity
simultaneously on
video recording and
EEG; increased EEG
sampling may reveal
evidence of interictal
abnormalities (spikes and
sharp waves), which may
make the diagnosis of
focal seizures more likely

PET scan
• Performed as part of the surgical evaluation of treatment-resistant

focal epilepsy.[49]

ictal: hypermetabolic;
interictal: hypometabolic

single photon emission computed tomography (SPECT) scan
• Performed as part of the surgical evaluation of treatment-resistant

epilepsy. For an ictal SPECT scan, a radioactive tracer such as 99m-
Tc-HMPAO is injected at the onset of the seizure, and the patient
is scanned. This is compared with a scan taken when the patient is
seizure-free (interictal scan).

ictal SPECT shows
increased vascular
perfusion in the region of
seizure onset compared
with interictal SPECT

functional MRI scan
• Not required in the initial workup of seizures.
• Functional MRI may be used for language lateralization prior to

epilepsy surgery.[44] [45] [46] It may also be used to predict memory
decline.[47] [48]

area of seizure activity
and brain functions
localized

magnetoencephalography (MEG) scan
• Not required in the initial workup of seizures.
• May provide important complementary information toward the

identification of the epileptogenic zone and possible functional
localization of language and motor cortex, so used mainly in detailed
planning for epilepsy surgery.

epileptic focus localized

neuropsychological testing
• A comprehensive evaluation of memory, language, and intellectual

function. Deficits in all these spheres are common in patients with
treatment-resistant epilepsy. Patterns of deficits may emerge, which
may support the results of the other tests, and help to localize the
epileptogenic focus.

deficits in language or
memory, localized to an
area of the brain

Wada test
• The Wada test (intracarotid amobarbital test), which is used to

confirm the lateralization of language and to discern memory
dominance prior to epilepsy surgery, has increasingly been replaced
by functional MRI.[46] [47]

• The Wada test may, however, be indicated when there is a high risk
of postsurgical global amnesia (despite its reliability for this purpose
being questioned) or when functional MRI fails to show clear left-
lateralization.[44] [45] [48]

• The test involves inactivating one hemisphere of the brain at a
time for a 3- to 5-minute period with an intracarotid administered
barbiturate agent (e.g., methohexital), and testing the "awake" side

language localized to the
left hemisphere; memory
intact on the right, but
reduced on the left, in a
patient with presumed left
mesial temporal sclerosis
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Test Result
using cards with images and words. It is important to demonstrate
that memory is supported by the side of the brain opposite the
suspected seizure focus. The presence of a poor memory function
on the side presumed to be the epileptogenic focus suggests that
additional memory deficit post surgery is less likely.

Emerging tests

Test Result
7T MRI scan

• Studies have demonstrated the added value of 7T MRI (compared
with 1.5 and/or 3T MRI) in patients with and without known
epileptogenic lesions.[50]

• Currently used mostly as a research tool; not commonly available in
clinical practice.

identifies structural brain
lesions
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Differentials

Condition Differentiating signs /
symptoms

Differentiating tests

Syncope • Refers to the sudden loss of
muscle tone, posture, and
consciousness associated
with reduced systemic BP.

• There is often a prodrome
with a feeling of nonspecific
sickness, which may be
associated with nausea,
vertigo, and skin pallor.

• Typical attacks last about 10
seconds, without a postictal
period.

• Tussive syncope is brought
about by a coughing spell.

• Convulsive syncope is
similar to syncope, but is
followed by spasm of the
torso and limbs, clenching
of the fists, brief shaking,
and, rarely, tongue biting and
incontinence.

• Family history may be
positive for syncope.
Documentation of low BP
during an attack is often
helpful.

• Electroencephalogram often
shows nonspecific diffuse
slowing or attenuation.

• ECG may show an
arrhythmia, premature
ventricular contractions, or
even asystole.

• A tilt table test may
reproduce the patient's
symptoms, and therefore
be diagnostic. However,
occasionally patients with
seizures may also have
abnormal tilt table tests.

Transient ischemic attack
(TIA)

• May involve sensory, motor,
speech, vestibular, or
memory symptoms, and
lasts <20 minutes.

• There may rarely be brief
limb shaking.

• TIAs last longer than focal
seizures and may be
associated with an increase
in BP; the symptoms can
follow a particular arterial
distribution (e.g., middle
cerebral artery or vertebral
artery).

• MRI brain may reveal
presence of small vessel
ischemic disease or past
stroke.

• The electroencephalogram
(EEG) is often normal but
not infrequently may reveal
intermittent focal slowing.

• Abnormalities in other
aspects of the stroke
evaluation including
carotid artery patency,
echocardiogram, and lipid
profile.

Sleep disorders • Sleepwalking or
somnambulism starts 1 to
2 hours after sleep. The
person walks about in a
trance and may carry out
purposeful activity.

• Sleep terrors present with
manifestations of fear during
an arousal from slow-wave

• Simultaneous
electroencephalogram is
normal without evidence of
epileptiform discharges or
seizure activity.
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Condition Differentiating signs /
symptoms

Differentiating tests

sleep. Often heralded by a
loud vocalization.

Tic disorders • Tics usually involve the
head, neck, and shoulders,
and may be complex
movements. They may be
temporarily suppressed.

• Physical exam is typically
normal, except for observed
tics.

• Diagnostic studies in tic
disorders are often normal.

• Electroencephalogram
features associated with
epileptic seizures are absent.

Chorea • Continuous, involuntary,
rapid, random movements
that tend not to be repeated
stereotyped movements.

• Chorea is commonly due to
Sydenham chorea (one of
the clinical manifestations of
acute rheumatic fever).[51]
[52]

• Diagnosis is usually based
on history and physical
exam.

Tremor • Involuntary, oscillatory
movement of a body part
that is rhythmic compared
with the movements due to
focal seizures.

• Diagnosis is usually based
on history and physical
exam.

Migraine • Suggestive features include
a more severe, unilateral
pulsatile headache, photo-
and phonophobia, nausea,
vomiting, and family history
of migraine.

• The aura of migraine is often
longer (>5 minutes) and has
a more gradual onset and
offset.

• Brain MRI is either normal
or reveals small, scattered
white matter signal changes
that do not enhance with
gadolinium.

• An electroencephalogram
may reveal focal slowing
(theta and delta) and is
usually normal between
headaches.

Transient global amnesia
(TGA)

• Usually occurs in people
older than 50 years.

• Sudden onset of amnesia
that lasts for several hours.

• Patients maintain alertness,
but are confused and ask
questions repeatedly.

• MRI of the brain may
be normal, or may show
evidence of past pathology
(e.g., old ischemic disease).
Occasionally, unilateral or
bilateral punctate restricted
diffusion is seen in the
hippocampus, but this is not
necessary for diagnosis.[53]
[54] [55]

• The electroencephalogram
is usually normal; slowing is
also possible.

• No test can definitively make
the diagnosis of TGA.
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Condition Differentiating signs /
symptoms

Differentiating tests

Meniere disease • Episodic vertigo, tinnitus,
nausea, and vomiting may
occur.

• A key differentiating factor is
the presence of hearing loss,
which exists even between
attacks.

• Audiogram should be
abnormal.

• Electronystagmography is
often abnormal.

Functional seizures
(nonepileptic seizures)

• Episodes of altered
movement, sensation,
emotion, or experience that
have the appearance of
epileptic seizures, but are
not caused by paroxysmal,
hypersynchronous electrical
activity of the brain.[56]

• Functional seizures similar
to focal impaired awareness
seizures are common, but
the clinical appearance of
functional seizures may
mimic virtually any seizure
type.

• Some features more likely to
suggest functional seizures
include: eyes being tightly
closed, tearfulness, duration
more than 2 minutes,
hyperventilation during a
seizure, and side-to-side
head shaking.[57]

• Functional seizures are
usually considered a
functional neurologic
symptom disorder. Some
patients will have had
adverse life events, but,
importantly, these are neither
necessary nor sufficient
for the diagnosis.[57]
Psychological comorbidities -
especially anxiety, panic, and
depression - are common,
affecting over 50% of
patients.[58]

• A significant minority of
people with functional
seizures will have coexistent
epilepsy, so it is important to
determine if the patient has a
number of different types of
spells.

• The only reliable diagnostic
test to differentiate functional
from epileptic seizures is
video/electroencephalogram
(EEG) (long-term
monitoring). The EEG during
functional seizures is either
normal or obscured by
movement or muscle artifact.
The video during functional
seizures allows the observer
to view the details of the
behaviors present.

• Correct diagnosis is usually
based on the semiology of
the event and the absence of
epileptiform EEG correlate.

Dissociative disorders • Partial or complete loss
of normal integration

• The electroencephalogram
(EEG) is often normal
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Condition Differentiating signs /
symptoms

Differentiating tests

between past memories,
immediate sensations,
identity, and movements.
Often senses derealization,
depersonalization, and out of
body experiences.

but may have nonspecific
(nondiagnostic) findings,
such as focal or diffuse
slowing.

• Video EEG may be helpful
in characterizing the notion
that the abnormal experience
does not represent focal
seizures.

Panic attacks • Subjective sense of
dread, with acute onset of
autonomic symptoms such
as palpitations, sweating,
nausea, paresthesias,
feeling faint, and abdominal
or chest discomfort; often
lasting 10 to 30 minutes.

• Consciousness is rarely lost,
and derealization, as well as
depersonalization, is more
common with panic attacks
than with focal seizures.

• Panic attacks are more
common in younger age
groups but may occur at any
age.

• Clinical diagnosis.
• Neuroimaging and

electroencephalogram
(EEG) are usually normal
with panic attacks.

• There should be no ictal
EEG changes during video/
EEG monitoring.
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Approach
The main goal of treatment is to achieve maximum seizure control as efficiently as possible (preferably with
monotherapy) with no or minimal adverse effects. A structured approach to treatment is helpful.

Acute management of status epilepticus (defined as either 5 minutes or more of continuous seizure activity,
or two or more discrete seizures between which there is incomplete recovery of consciousness), is beyond
the scope of this topic. See Status epilepticus .

Treatment of acute repetitive seizures
Acute repetitive seizures (also known as seizure clusters) affect up to half of patients with epilepsy, and
can significantly disrupt patients' lives, but their prevalence is underappreciated and seizure action plans
are often lacking.[62] [63]

There is no well-established definition of acute repetitive seizures, which adds to the challenge of
recognizing them.[64] One frequently used clinical definition is three or more seizures within 24 hours
for patients whose habitual seizure frequency is fewer than three seizures per day, with return to full
alertness between seizures. Other definitions include two or more seizures in 6 hours, two or more
seizures in 24 hours, or two to four seizures in less than 48 hours.[64]

Caregivers should be trained to administer treatments as soon as possible in the community when
the seizure clusters are identified, without the need for the patient to attend the hospital. Treatment
options include diazepam rectal gel, intranasal formulations of midazolam and diazepam, and a buccal
formulation of midazolam (available only in Europe). These benzodiazepine formulations have shown
reasonable efficacy, equal to or better than that of intravenous formulations, in most patients. Oral
benzodiazepines (e.g., lorazepam) can be used if the above formulations are not available or in patients
in whom the rectal route is less favored (adults), provided that the patient is awake and cooperative, and
the risk of aspiration is low or not a concern.[62] [63]

In a hospital setting, intravenous benzodiazepines and intravenous formulations of anticonvulsant
medications such as phenytoin/fosphenytoin, valproic acid, levetiracetam, lacosamide, and brivaracetam
can be used to treat acute repetitive seizures.

The patient should be continued on a suitable oral formulation of an anticonvulsant once stabilized.

Long-term treatment with anticonvulsants: principles
The decision to start anticonvulsant drug treatment following a first unprovoked seizure should be
individualized and based on the patient's preference and circumstances.[65] Treatment of the first
unprovoked seizure reduces the risk of a subsequent seizure, but does not improve the likelihood of
sustained, long-term seizure remission.[65] [66]

Treatment should always be tailored to the needs of the patient, taking into account factors such as age
and sex, any comorbidities and other medications, and drug properties. Any anticonvulsant may be used
as first-line monotherapy if it is the most suitable choice for a particular patient.

When changing from one anticonvulsant to another, current and new medications should be cross-titrated
slowly; agents should not be started or stopped abruptly (the concomitant anticonvulsant is gradually
reduced as the new agent is introduced). The pharmacokinetic profile of each drug should be researched
before instructing the patient on how to switch. A written schedule helps patient adherence. Dose should

M
A

NAG
EM

EN
T

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Apr 08, 2025.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

21

https://bestpractice.bmj.com


Focal seizures Management
M

A
NA

G
EM

EN
T

be adjusted according to response and serum drug level. Patients should be advised that there is an
increased risk of seizures during the transition period.

Long-term treatment: choice of anticonvulsant
The efficacy of anticonvulsants has been established in multicenter, randomized, double-blind, placebo-
controlled trials. However, the number of head-to-head trials is limited.[67] The available data suggest
that anticonvulsants used to treat focal seizures have comparable efficacy. Therefore, the choice of
anticonvulsant should focus on tolerability and be individualized. In particular, the following should be
taken into account:[68]

• The age and sex of the patient (including, for women, whether they are of childbearing potential)
• The underlying etiology of the focal seizures
• The pharmacokinetic properties, mechanism of action, and available formulations of the drug (e.g.,

extended-release formulations)
• Comorbidities and any other medication the patient is taking.

Typically, newer anticonvulsants are associated with fewer, less severe adverse effects, as well as fewer
drug-drug interactions.[68] [69]

Considerations in relation to comorbidities and drug properties include the following:

• For patients with psychiatric comorbidities: levetiracetam, brivaracetam, topiramate, zonisamide,
and perampanel should only be used with great caution and with close monitoring for recurrence or
exacerbation of psychiatric symptoms.

• For patients with cognitive problems: topiramate and zonisamide should only be used with great
caution.

• For patients with renal impairment: levetiracetam should be used with caution and on the advice of
a specialist neurologist, since this drug is cleared exclusively by the kidney.

• For patients who may have underlying liver disease or other comorbidities requiring multiple drug
therapy, including P450 enzyme-inducing medication: levetiracetam, gabapentin, and pregabalin
may help minimize effects on the liver and reduce the potential for drug-drug interactions. Valproic
acid, phenobarbital, phenytoin, and felbamate should not be offered.

• For patients with migraine as well as focal seizures: topiramate and valproic acid are both effective
as migraine prophylaxis.

• For patients with neuropathic pain: anticonvulsants with efficacy for certain neuropathic pain
conditions (the most common of which is painful diabetic neuropathy) include gabapentin,
pregabalin, oxcarbazepine, and carbamazepine.[70] [71] [72]

• Anticonvulsants associated with weight gain include valproic acid, gabapentin, and pregabalin, and
these should be used with great caution in patients with obesity. Those associated with weight loss
include topiramate and zonisamide. For the most part, other anticonvulsants are considered not to
affect body weight.

• Anticonvulsant dose adjustment and/or slower titration may be needed (e.g., for people with renal
or hepatic impairment).

Dual therapy

Considerations for choosing two anticonvulsants to use in combination include:

• Maximizing therapeutic efficacy by using drugs with different mechanisms of action
• Minimizing pharmacokinetic and pharmacodynamic drug interactions.

Few clinical trials provide data on which combinations may be more effective or preferable.
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Adults <60 years old (long-term treatment)
Additional considerations for women of childbearing potential and pregnant women are discussed in a
separate section below.

Anticonvulsant monotherapy (adults <60 years old)

A trial of anticonvulsant monotherapy is indicated if the patient has had at least two spontaneous
seizures, or one seizure with one of the following: epileptiform activity on electroencephalogram (EEG);
structural pathology on brain magnetic resonance imaging (MRI) or computed tomography (CT); seizure
out of sleep; focal onset indicated by semiology (i.e., head turning or gaze deviation).[73]

Lamotrigine, levetiracetam, and oxcarbazepine are suitable first-line anticonvulsants for monotherapy.[74]
[75] [76] [77] [78] [79] Results from a pragmatic randomized controlled trial suggest that the adverse
reaction profile of lamotrigine may be superior to that of levetiracetam in patients (>5 years of age) with
two or more unprovoked seizures.[80]

Other treatment options include lacosamide, eslicarbazepine, brivaracetam, zonisamide, carbamazepine,
valproic acid, topiramate, perampanel, and cenobamate.[77] [81] [82] Brivaracetam is a derivative of
levetiracetam with higher binding affinity for the presynaptic SV2 protein. Behavioral adverse events are
likely to be less frequent and less severe with brivaracetam than with levetiracetam, except in patients with
a history of psychiatric comorbidities.[83] [84] [85] [86]

Gabapentin and pregabalin are appropriate options for patients with particular comorbidities (e.g.,
psychiatric comorbidities, hepatic impairment, migraine, neuropathic pain).

Alternative anticonvulsant monotherapy (adults <60 years old)

If the initial anticonvulsant is not effective or not tolerated, a second monotherapy trial is indicated,
choosing a different anticonvulsant that is suitable for this population. A drug with a different mechanism
of action should be considered. If the first monotherapy agent is unsuitable due to intolerable adverse
effects, the alternative agent should be chosen with special consideration for the patient's health profile
and tolerance.

Anticonvulsant dual therapy (adults <60 years old)

If two separate monotherapy trials at optimal doses do not result in adequate seizure control, a dual
therapy trial may be initiated using:

• A combination of two monotherapy options, or
• An anticonvulsant that is used primarily for adjunctive treatment (e.g., clobazam) in combination

with one of the monotherapy options.
A combination of two anticonvulsants with different mechanisms of action (with the aim of maximizing
efficacy and minimizing toxicity), or a combination of two drugs that have been shown to have
anticonvulsant agonistic effects, should be used.[72] [87] [88] [89] [90] [91] [92] [93] [94] [95] [96] [97] [98]
[99] [100] [101] [102] [103] 

Other adjunctive therapies are available, including rufinamide, vigabatrin, tiagabine, and felbamate.[104]
[105] [106] [107] [108] However, rufinamide, vigabatrin, tiagabine, and felbamate are associated with
severe adverse effects, and should only be considered when multiple other medications have been
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attempted and surgery is deemed not to be an option. An epilepsy specialist should be involved if these
agents are being considered.

Adults ≥60 years old (long-term treatment)
The incidence of new-onset seizures in older people is significant.[6] The decision to treat focal seizures
in older people is often made after the first unprovoked seizure, because the likelihood of recurrence is
higher, and the consequences for the patient of even a single seizure (e.g., falls/hip fracture) may be life-
changing.

Anticonvulsant monotherapy (adults ≥60 years old)

Monotherapy administered at the lowest possible dose is preferred. Older patients are particularly
susceptible to adverse effects and often have tolerability issues, especially at higher doses or with
polytherapy. Age-related physiologic changes may contribute to lower rates of drug metabolism and
erratic drug absorption, possibly leading to either toxicity or breakthrough seizures. In addition, many
people over the age of 60 years have important medical comorbidities, and take a number of different
medications.

Anticonvulsants with more favorable pharmacokinetics and adverse-effect profiles, such as lamotrigine,
gabapentin, and levetiracetam, are usually the most appropriate choice for patients ≥60 years old. Other
options include oxcarbazepine, lacosamide, eslicarbazepine, brivaracetam, pregabalin, carbamazepine,
zonisamide, valproic acid, perampanel, and cenobamate.[77] [81] [82] Doses should be increased
gradually according to patient response, and the patient should be closely monitored for signs of toxicity.
Treatment should always be tailored to the individual patient.[109] [110] [111]

The pharmacokinetic properties of some anticonvulsants make them less desirable choices for treating
focal seizures in older people. These anticonvulsants include drugs that are P450 enzyme inducers or
inhibitors; have high protein binding; or are associated with cognitive adverse events.

Alternative anticonvulsant monotherapy (adults ≥60 years old)

If the initial anticonvulsant is not effective or not tolerated, a second monotherapy trial is indicated,
choosing a different anticonvulsant that has proven efficacy for focal epilepsy in the older population.
A drug with a different mechanism of action should be considered. If the first monotherapy agent
is unsuitable due to intolerable adverse effects (which can be a particular issue in older patients),
the alternative agent should be chosen with special consideration for the patient's health profile and
tolerance.

Anticonvulsant dual therapy (adults ≥60 years old)

If two separate monotherapy trials at optimal doses do not result in adequate seizure control, a dual
therapy trial may be initiated after consultation with a specialist neurologist. Two anticonvulsants with
different mechanisms of action (with the aim of maximizing efficacy and minimizing toxicity), or a
combination of two drugs that have been shown to have anticonvulsant agonistic effects, can be used.[72]
[81] [82] [89] [90] [91] [93] [95] [96] [97] [98] [99] [102] [103] [105]
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Women of childbearing potential and pregnant women (long-term
treatment)
Care should be taken with anticonvulsant treatment for any woman of childbearing potential. A specialist
should be consulted for guidance about choice of anticonvulsant for pregnant women. Women with
epilepsy should receive preconception counseling.[112] [113] [114]

In particular:

• Avoid anticonvulsants with documented risks of major and minor fetal malformations or a
negative impact on cognitive development, such as valproic acid, and its derivatives, topiramate,
phenobarbital, and phenytoin.[114][115] [116] [117] The latest data on teratogenicity should be
consulted.[114] Data on the teratogenic potential of newer anticonvulsants may not be available or
may be limited.[118]

• For women taking birth control pills, avoid anticonvulsants with enzyme-inducing properties (e.g.,
carbamazepine, phenytoin, phenobarbital, primidone), as these can lower contraceptive efficacy
and lead to an increased failure rate.[119]

Valproic acid and its derivatives

Valproic acid and its derivatives may cause major congenital malformations, including
neurodevelopmental disorders and neural tube defects, after in utero exposure. These drugs are
contraindicated in pregnancy; however, if it is not possible to stop them, treatment may be continued with
appropriate specialist care.

• These agents must not be used in female patients of childbearing potential unless other options are
unsuitable, there is a pregnancy prevention program in place, and certain conditions are met.

• Precautionary measures may also be required in male patients owing to a potential risk that use
in the three months leading up to conception may increase the likelihood of neurodevelopmental
disorders in their children.

• Regulations and precautionary measures for female and male patients may vary between
countries, with some countries taking a more heightened precautionary stance, and you should
consult your local guidance for more information.

If the patient is taking these drugs to prevent major seizures and is planning to become pregnant,
the decision of continuing valproic acid versus changing to an alternate agent should be made on an
individual basis.

Topiramate

One large cohort study reported an association between prenatal exposure to topiramate and increased
risk of child neurodevelopmental disorders.[120] Topiramate exposure in pregnancy is associated with
cleft lip and being small for gestational age.[114]

• In some countries, topiramate is contraindicated in pregnancy and in women of childbearing age
unless the conditions of a pregnancy prevention program are fulfilled to ensure that women of
childbearing potential: are using highly effective contraception; have a pregnancy test to exclude
pregnancy before starting topiramate; and are aware of the risks associated with use of the
drug.[121] [122]

Safety of other anticonvulsants in pregnancy
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In 2021 the UK Medicines and Healthcare products Regulatory Agency (MHRA) published a review
of the safety of the following anticonvulsants in pregnancy: carbamazepine, gabapentin, lamotrigine,
levetiracetam, oxcarbazepine, phenobarbital, phenytoin, pregabalin, topiramate, and zonisamide.

The review concluded that lamotrigine and levetiracetam, at maintenance doses, are not associated with
an increased risk of major congenital malformations. Available studies do not suggest an increased risk of
neurodevelopmental disorders or delay associated with in-utero exposure to lamotrigine or levetiracetam,
but data are more limited.[114][118] A later study suggested an association between prenatal exposure to
levetiracetam and attention-deficit hyperactivity disorder.[123]

Data for other drugs showed: an increased risk of major congenital malformations associated with
carbamazepine, phenobarbital, and phenytoin; possible adverse effects on neurodevelopment of
children exposed in utero to phenobarbital and phenytoin; and an increased risk of fetal growth restriction
associated with phenobarbital and zonisamide. Risks associated with other anticonvulsants are uncertain
due to lack of or limitations in the data.[118] [124] One subsequent MHRA study suggested that
pregabalin might slightly increase the risk of major congenital malformations.[125]  One systematic review
reported adverse fetal and neonatal outcomes following in utero exposure to oxcarbazepine.[126]

For lamotrigine, levetiracetam, and any anticonvulsant that can be used during pregnancy, the MHRA
recommends using monotherapy at the lowest effective dose, and provides monitoring advice.[118]

Anticonvulsant monotherapy (women of childbearing potential or pregnant)

Suitable anticonvulsants for women of childbearing potential and in pregnancy include lamotrigine and
levetiracetam.[114][118] Other options include oxcarbazepine, lacosamide, and zonisamide.[114]

Alternative anticonvulsant monotherapy (women of childbearing potential or pregnant)

If monotherapy does not give adequate seizure control in a pregnant woman, referral to a specialist
neurologist is recommended.

If the initial anticonvulsant is not effective or not tolerated, a second monotherapy trial is indicated,
choosing a different anticonvulsant that is suitable for a woman of childbearing potential or a pregnant
woman. A drug with a different mechanism of action should be considered. If the first monotherapy agent
is unsuitable due to intolerable adverse effects, the alternative agent should be chosen with special
consideration for the patient's health profile and tolerance.

Anticonvulsant dual therapy (women of childbearing potential or pregnant)

If two separate monotherapy trials at optimal doses do not result in adequate seizure control, a
dual therapy trial may be initiated. For pregnant women, consultation with a specialist neurologist is
required.[114][127]

Two anticonvulsants with different mechanisms of action (with the aim of maximizing efficacy and
minimizing toxicity), or a combination of two drugs that have been shown to have anticonvulsant agonistic
effects, can be used for dual therapy.[89] [90] [93] [97] [98] [99] [128]

Folic acid supplementation

Women with epilepsy should be advised to take high-dose folic acid before conception and during
pregnancy.[113][127]
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Folic acid supplementation (to help prevent neural tube defects in the developing fetus) is a
routine recommendation for all women planning pregnancy, and any risk associated with folic acid
supplementation is low. Evidence about the benefits of high-dose folic acid supplementation before and
during pregnancy for women with epilepsy is inconclusive.[112] [114][129] [130]

Care of pregnant women

Pregnant women with epilepsy should be under the care of a multidisciplinary team that includes a high-
risk obstetric specialist, and care should be coordinated through joint obstetric and neurology clinics.[113]
However, risk of cesarean delivery, late pregnancy bleeding, premature contractions, or premature labor
and delivery are probably not substantially increased in women taking anticonvulsant drugs who do not
smoke.[131]

Monitoring of blood anticonvulsant levels is recommended, as pharmacokinetics are affected during
pregnancy, and significant declines in levels may occur. Increased drug doses may be required.[132] [133]

An anatomic ultrasound should be performed between 14 and 18 weeks of pregnancy, and serum alpha-
fetoprotein level measured, to check for possible fetal abnormalities. The need for amniocentesis is on a
case-by-case basis.

Children (long-term treatment)
Treatment should be managed initially by a specialist pediatric neurologist. Guidelines for the acute
treatment of seizures in children are largely independent of etiology, though hypoglycemia should never
be overlooked.[134]

Once focal seizures are diagnosed in a child, determination of etiology is important for long-term
treatment decisions. For example, certain syndromes, such as the subtype of localization-related/
idiopathic epilepsy known as benign childhood epilepsy with centrotemporal spikes, are often
accompanied by few seizures, are age dependent, and are usually self-limited. For this reason, some
have advocated that no anticonvulsant treatment is necessary.[135]

In some cases (e.g., if seizure episodes are infrequent), it may be appropriate for the parent or caregiver
to treat only the prolonged seizure with an acute therapy for aborting the seizure, such as rectal
diazepam.

For the localization-related/symptomatic epilepsies (where etiologies such as malformations and other
lesions are identified), focal seizures are often difficult to control. Early anticonvulsant treatment, often
with polytherapy, is the norm in these situations.

Anticonvulsant monotherapy (children)

When selecting an appropriate anticonvulsant for a child, potential effects on cognition, learning, and
behavior should be taken into account. For this reason, long-term treatment with anticonvulsants such as
phenobarbital and phenytoin should be avoided.

Levetiracetam and oxcarbazepine are suggested as first-line options; they are effective, and a network
meta‐analysis of individual patients' data indicates that they have favorable profiles with regard to
cognitive adverse effects.[136] Data on the cognitive effects of newer anticonvulsants may not be
available or may be limited.
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Other options for monotherapy in children include lamotrigine, lacosamide, eslicarbazepine, brivaracetam,
carbamazepine, zonisamide, topiramate, perampanel, clobazam, and (other than for girls of childbearing
potential) valproic acid.[81] [136] [137] [138]

Younger children often have more rapid clearance and variability in elimination kinetics of anticonvulsants;
this must be factored into dosing regimens. Younger children may require liquid and/or chewable
anticonvulsant formulations.

Alternative anticonvulsant monotherapy (children)

If the initial anticonvulsant is not effective or not tolerated, a second monotherapy trial is indicated,
choosing a different anticonvulsant that is suitable for children. A drug with a different mechanism of
action should be considered. If the first monotherapy agent is unsuitable due to intolerable adverse
effects, the alternative agent should be chosen with special consideration for the patient's health profile
and tolerance.

Anticonvulsant dual therapy (children)

If two separate monotherapy trials at optimal doses do not result in adequate seizure control, a dual
therapy trial may be initiated after consultation with a specialist pediatric neurologist. Two anticonvulsants
with different mechanisms of action (with the aim of maximizing efficacy and minimizing toxicity), or a
combination of two drugs that have been shown to have anticonvulsant agonistic effects, can be used.[97]
[98] [99] [105] [139] [140]

Treatment effectiveness and adherence
Only a relatively small percentage (less than 5%) of patients with persistent focal seizures become
completely seizure-free after two separate monotherapy trials and/or a dual therapy trial with appropriate
anticonvulsant medications at optimal doses. The likelihood of achieving freedom from seizures is not
increased by further trials.[141] [142]

Determining treatment failure depends largely on baseline seizure frequency: it is easier to judge a lack
of response in a patient who has six seizures a month than in someone who has six seizures a year.
Medication adherence, the time frame for reaching therapeutic dosing, and drug tolerability also have to
be taken into account.

Adherence with therapy is a challenge for many patients. Patients with relatively few seizures may have
no ill effects if a single dose is missed but, with time, occasional missed doses may result in recurrent
seizures. Some patients are nonadherent because of adverse effects, especially drowsiness and nausea.
Others may have memory problems and cannot follow the medication regimen. Some patients cannot
afford the cost of their medication and may, therefore, under-dose so that it lasts longer. Others may not
like to take medication or may fear medication in general.

Ancillary treatment options
Avoiding sleep deprivation, alcohol, and excessive stress may be helpful at any stage of treatment, but
cannot substitute for anticonvulsant drug therapy.

Evidence about nonpharmacologic interventions is limited. One 2020 Cochrane review found that
adjunctive psychologic and self‐management interventions improved quality of life and emotional
wellbeing and reduced fatigue in adults and adolescents with epilepsy.[143]  One 2019 systematic review
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reported limited evidence that self-management strategies modestly improved some patient outcomes
that are important to people with epilepsy.[144]

The International League Against Epilepsy Psychology Task Force recommends that psychologic
interventions targeting improvements in quality of life and medication adherence, and a decrease in
comorbidity symptoms (anxiety, depression), should be incorporated into comprehensive epilepsy
care.[145]

Treatment-resistant epilepsy
For adults and children, failure of at least two anticonvulsants in combination (treatment-resistant or
intractable epilepsy) should result in reassessment of the diagnosis. If the diagnosis is not secure, then
reinvestigation, possibly with video/EEG monitoring, may be helpful.

If the focal seizure diagnosis is correct, and the patient is truly refractory to anticonvulsants, consideration
and workup for epilepsy surgery or neurostimulation should be performed.[146] [147]

Consideration of these advanced options should be pursued at an epilepsy specialty center only.

Surgery

Candidates for epilepsy surgery include patients with lesions on brain MRI, or in whom the epileptogenic
area can be localized to one region by a variety of techniques, including EEG. One Cochrane review
reported that 64% of people who had surgery for epilepsy achieved a good outcome; however, the quality
of evidence was low and the estimate across studies varied from 13.5% to 92.5%.[148]

Minimally invasive alternatives to traditional resective surgery include laser interstitial thermal therapy
(LITT), radiofrequency ablation, and stereotactic radiosurgery.[149] [150]

Neurostimulation

If the patient has more than one epileptogenic focus, neurostimulation may be considered an alternative
to surgery.[151] Options include vagus nerve stimulation and deep brain stimulation.[152] [153] [154]
[155] [156]

Responsive neurostimulation (RNS) therapy, neuromodulation via a cranially implanted device, may be
appropriate for some medically refractory patients for whom resective surgery is not a viable option.[157]
[158] [159] [160]

Ketogenic diet

An option predominantly, but not exclusively, for children (not to be used in adults ≥60 years old).
The ketogenic diet is high in fat and low in carbohydrates, and has been shown to reduce seizure
frequency.[161] [162] [163]  The diet must be initiated in the hospital, under close medical supervision,
with monitoring for metabolic acidosis and renal calculi.

Drug discontinuation
Seizure freedom for long periods of time can occur with anticonvulsant therapy or after surgical treatment.
Patients taking anticonvulsants who achieve seizure freedom may eventually wish to discontinue their
medication to avoid the adverse effects, psychological implications, and cost of ongoing treatment.
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There is no statistically significant evidence to guide the timing of anticonvulsant discontinuation in adults.
For adults who have been seizure-free for at least 2 years, clinicians should discuss the risks and benefits
of medication discontinuation with the patient, including the risks of seizure recurrence and treatment
resistance. Individual patient characteristics and preferences should be taken into account. Patients who
are seizure-free after epilepsy surgery and are considering medication discontinuation should be informed
that the risk of seizure occurrence is uncertain due to lack of evidence.[164] [165] Abrupt medication
discontinuation is inadvisable, but, beyond this, there is little evidence to guide the speed of medication
taper in adults.[166]

For children who have been seizure-free for at least 18-24 months, and who do not have an electroclinical
syndrome suggesting otherwise, discontinuation of anticonvulsant medication may be considered, as
this does not clearly increase risk of seizure recurrence. The risks and benefits of discontinuation should
be discussed with the patient and family. Provided that an EEG does not show epileptiform activity,
discontinuation should be offered at a rate no faster than 25% every 10-14 days.[164]

Treatment algorithm overview
Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer

Acute ( summary )
acute repetitive seizures: in the
community

1st benzodiazepine

acute repetitive seizures: in the
hospital

1st intravenous benzodiazepine or
anticonvulsant
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Ongoing ( summary )
adults <60 years old: nonpregnant or
no risk of pregnancy

1st anticonvulsant monotherapy

2nd alternative anticonvulsant monotherapy

3rd anticonvulsant dual therapy

4th resective epilepsy surgery or
neurostimulation or ketogenic diet

adults ≥60 years old

1st anticonvulsant monotherapy

2nd alternative anticonvulsant monotherapy

3rd anticonvulsant dual therapy

4th resective epilepsy surgery or
neurostimulation

women of childbearing potential

1st anticonvulsant monotherapy

2nd alternative anticonvulsant monotherapy

3rd anticonvulsant dual therapy

4th resective epilepsy surgery or
neurostimulation or ketogenic diet

pregnant

1st anticonvulsant monotherapy

plus folic acid

2nd alternative anticonvulsant monotherapy

plus folic acid

3rd anticonvulsant dual therapy

plus folic acid

children

1st anticonvulsant monotherapy

2nd alternative anticonvulsant monotherapy

3rd anticonvulsant dual therapy

4th resective epilepsy surgery or
neurostimulation or ketogenic diet
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Treatment algorithm
Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer

Acute
acute repetitive seizures: in the
community

1st benzodiazepine

Primary options

» diazepam rectal: children 2-5 years of age:
0.5 mg/kg rectally as a single dose; children
6-11 years of age: 0.3 mg/kg rectally as a
single dose; children ≥12 years of age and
adults: 0.2 mg/kg rectally as a single dose
May repeat dose in 4-12 hours. Maximum 1
treatment every 5 days or up to 5 treatments
per month.

OR

» diazepam nasal: children ≥6 years of
age: consult specialist for guidance on
dose; adults body weight 51-75 kg: 15 mg
intranasally (one 7.5 mg spray into each
nostril); adults body weight ≥75 kg: 20 mg
intranasally (one 10 mg spray into each
nostril)
May repeat dose after at least 4 hours.
Maximum 2 doses per single episode and 1
episode every 5 days or up to 5 episodes per
month.

OR

» midazolam nasal: children ≥12 years of age
and adults: 5 mg intranasally (as one spray
into one nostril)
May repeat dose once in opposite nostril after
10 minutes. Maximum 2 doses per single
episode and 1 episode every 3 days or up to
5 episodes per month.

Secondary options

» lorazepam: children: consult specialist for
guidance on dose; adults: 4 mg orally as a
single dose, may repeat once after 10-15
minutes
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Acute
» There is no well-established definition of
acute repetitive seizures. One frequently used
definition is three or more seizures within 24
hours for patients whose habitual seizure
frequency is fewer than three seizures per day,
with return to full alertness between seizures.
Other definitions include two or more seizures in
6 hours, two or more seizures in 24 hours, or two
to four seizures in less than 48 hours.[64]

» Caregivers should be trained to administer
treatments as soon as possible when the
seizure clusters are identified, without the
need for the patient to attend the hospital.
Treatment options include diazepam rectal
gel, intranasal formulations of midazolam
and diazepam, and a buccal formulation of
midazolam (available only in Europe). These
benzodiazepine formulations have shown
reasonable efficacy, equal to or better than that
of intravenous formulations, in most patients.
Oral benzodiazepines (e.g., lorazepam) can be
used if the above formulations are not available
or in patients in whom the rectal route is less
favored (adults), provided that the patient is
awake and cooperative, and the risk of aspiration
is low or not a concern.[62] [63]

acute repetitive seizures: in the
hospital

1st intravenous benzodiazepine or
anticonvulsant

Primary options

» diazepam: children: consult specialist
for guidance on dose; adults: 5-10 mg
intravenously every 5-10 minutes according
to response, maximum 30 mg/total dose

OR

» lorazepam: children: consult specialist for
guidance on dose; adults: 4 mg intravenously
as a single dose, may repeat once after
10-15 minutes

OR

» phenytoin: children: consult specialist
for guidance on dose; adults: 15-20 mg/kg
intravenously as a loading dose, followed by
an additional dose of 5-10 mg/kg according
to response, maximum 30 mg/kg/total loading
dose

OR
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Acute

» fosphenytoin: children: consult specialist
for guidance on dose; adults: 15-20 mg
(phenytoin equivalents)/kg intravenously as
a loading dose, followed by an additional
dose of 5-10 mg (phenytoin equivalents)/
kg according to response, maximum 30
(phenytoin equivalents)/kg/total loading dose
Fosphenytoin dose expressed as phenytoin
equivalents.

OR

» valproic acid: children: consult specialist
for guidance on dose; adults: 20-40 mg/kg
intravenously as a single dose, may give an
additional dose of 20 mg/kg according to
response, maximum 3000 mg/dose

OR

» lacosamide: children and adults: consult
specialist for guidance on dose

OR

» levetiracetam: children and adults: consult
specialist for guidance on dose

OR

» brivaracetam: children and adults: consult
specialist for guidance on dose

» There is no well-established definition of
acute repetitive seizures. One frequently used
definition is three or more seizures within 24
hours for patients whose habitual seizure
frequency is fewer than three seizures per day,
with return to full alertness between seizures.
Other definitions include two or more seizures in
6 hours, two or more seizures in 24 hours, or two
to four seizures in less than 48 hours.[64]

» In a hospital setting, intravenous
benzodiazepines and intravenous formulations of
anticonvulsants such as phenytoin/fosphenytoin,
valproic acid, levetiracetam, lacosamide, and
brivaracetam can be used. Choice of medication
should take into account the age and sex
of the patient, and any comorbidities. The
patient should be continued on a suitable oral
formulation of an anticonvulsant once stabilized.
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Acute
» Pregnant women with epilepsy should be
under the care of a multidisciplinary team that
includes a high-risk obstetric specialist.[112]
[113] [114] Choice of anticonvulsant needs to
balance the risks of seizures to the health of the
woman and fetus against potential teratogenic
effects of the drug treatment, and should
be guided by specialist advice.[114] Some
anticonvulsants are contraindicated in pregnancy
due to an increased risk of major congenital
malformations and/or child neurodevelopmental
disorders (e.g., valproic acid and its derivatives,
topiramate, phenobarbital, phenytoin).[115] [116]
[117] [118] [120][123] [124][126] The latest data
on teratogenicity should be consulted.[114]
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Ongoing
adults <60 years old: nonpregnant or
no risk of pregnancy

1st anticonvulsant monotherapy

Primary options

» lamotrigine: consult specialist for guidance
on dose

OR

» levetiracetam: 500 mg orally twice daily
initially, increase gradually according to
response, maximum 3000 mg/day

OR

» oxcarbazepine: 300 mg orally twice daily
initially, increase gradually according to
response, maximum 2400 mg/day

Secondary options

» lacosamide: 100 mg orally twice daily
initially, increase gradually according to
response, maximum 400 mg/day

OR

» eslicarbazepine acetate: 400 mg orally
once daily initially, increase gradually
according to response, maximum 1600 mg/
day

OR

» brivaracetam: 50 mg orally twice daily
initially, increase gradually according to
response, maximum 200 mg/day

Tertiary options

» zonisamide: 100 mg orally once daily
initially, increase gradually according to
response, maximum 400 mg/day

OR

» carbamazepine: 200 mg orally (immediate-
release) twice daily initially, increase
gradually according to response, maximum
1600 mg/day

OR
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Ongoing
» valproic acid: 10-15 mg/kg/day orally
given in 1-3 divided doses initially, increase
gradually according to response, maximum
60 mg/kg/day

OR

» topiramate: 25 mg orally (immediate-
release) twice daily initially, increase
gradually according to response, maximum
400 mg/day

OR

» perampanel: 2 mg orally once daily at
bedtime initially, increase gradually according
to response, maximum 12 mg/day

OR

» gabapentin: 300 mg orally three times
daily initially, increase gradually according to
response, maximum 3600 mg/day

OR

» pregabalin: 75 mg orally twice daily or 50
mg orally three times daily initially, increase
gradually according to response, maximum
600 mg/day

OR

» cenobamate: 12.5 mg orally once daily
initially, increase gradually according to
response, maximum 400 mg/day

» A trial of anticonvulsant monotherapy is
indicated after two spontaneous seizures, or one
seizure with one of the following: epileptiform
activity on electroencephalogram; structural
pathology on brain magnetic resonance imaging
or computed tomography; seizure out of sleep;
focal onset indicated by semiology (i.e., head
turning or gaze deviation).

» Anticonvulsant options are listed based on
established efficacy and optimal tolerability.
However, treatment should always be tailored to
the needs of the patient, taking into account age
and sex; the underlying etiology of the seizures;
the pharmacokinetic properties, mechanism of
action, and available formulations of the drugs;
and comorbidities and any other medications.
Any anticonvulsant, including those not listed
here, may be used as first-line monotherapy
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if it is the most suitable choice for a particular
patient.

» Lamotrigine, levetiracetam, and oxcarbazepine
are suitable first-line anticonvulsants for
monotherapy.[74] [75] [76] [77] [78] [79] Results
from a pragmatic randomized controlled trial
suggest that the adverse reaction profile
of lamotrigine may be superior to that of
levetiracetam in patients (>5 years of age) with
two or more unprovoked seizures.[80]

» Other treatment options include lacosamide,
eslicarbazepine, brivaracetam, zonisamide,
carbamazepine, valproic acid, topiramate,
perampanel, and cenobamate.[77] [81] [82]
Behavioral adverse events are likely to be less
frequent and less severe with brivaracetam than
with levetiracetam, except in patients with a
history of psychiatric comorbidities.[83] [84] [85]
[86] Gabapentin and pregabalin are appropriate
options for patients with particular comorbidities.

» For patients with psychiatric comorbidities:
levetiracetam, brivaracetam, topiramate,
zonisamide, and perampanel should only
be used with great caution and with close
monitoring for recurrence or exacerbation of
psychiatric symptoms.

» For patients with cognitive problems:
topiramate and zonisamide should only be used
with great caution.

» For patients with renal impairment:
levetiracetam should be used with caution and
on the advice of a specialist neurologist.

» For patients who may have underlying liver
disease or other comorbidities requiring multiple
drug therapy, including P450 enzyme-inducing
medication: levetiracetam, gabapentin, and
pregabalin may help minimize effects on the
liver and reduce the potential for drug-drug
interactions. Valproic acid should not be offered
(neither should phenobarbital or phenytoin).

» For patients with migraine as well as focal
seizures: topiramate and valproic acid are both
effective as migraine prophylaxis.

» For patients with neuropathic pain:
anticonvulsants with efficacy for certain
neuropathic pain conditions include
gabapentin, pregabalin, oxcarbazepine, and
carbamazepine.[70] [71] [72]
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» Anticonvulsants associated with weight
gain include valproic acid, gabapentin, and
pregabalin, and these should be used with
great caution in patients with obesity. Those
associated with weight loss include topiramate
and zonisamide. For the most part, other
anticonvulsants are considered not to affect body
weight.

» Anticonvulsant dose adjustment and/or slower
titration may be needed (e.g., for people with
renal or hepatic impairment).

» Avoiding sleep deprivation, alcohol, and
excessive stress may be helpful at any
stage of treatment, but cannot substitute
for anticonvulsant therapy. There is some
evidence that adjunctive psychologic and self‐
management interventions can improve quality
of life and patient outcomes that are important to
people with epilepsy.[143] [144] [145]

2nd alternative anticonvulsant monotherapy

» If the initial anticonvulsant is not effective or
not tolerated, a second monotherapy trial is
indicated, choosing a different anticonvulsant
from among the options available. A drug with
a different mechanism of action should be
considered. Any anticonvulsant, including those
not listed for first-line monotherapy above, may
be used as second-line monotherapy if it is the
most suitable choice for a particular patient.

» If the first monotherapy agent is unsuitable
due to intolerable adverse effects, the
alternative agent should be chosen with special
consideration for the patient's health profile and
tolerance. Any new information that helps to
define the epilepsy syndrome should be used to
select the best-suited medication.

» When changing from one anticonvulsant to
another, current and new medications should
be cross-titrated slowly; agents should not be
started or stopped abruptly (the concomitant
anticonvulsant is gradually reduced as the new
agent is introduced). Research the specific
pharmacokinetic profiles for each of the drugs
before instructing the patient on how to switch. A
written schedule helps patient adherence. Dose
should be adjusted according to response and
serum drug level.

» Advise patients that there is an increased risk
of seizures during this transition period.

3rd anticonvulsant dual therapy
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Primary options

» lamotrigine: consult specialist for guidance
on dose

OR

» oxcarbazepine: 300 mg orally twice daily
initially, increase gradually according to
response, maximum 2400 mg/day

OR

» levetiracetam: 500 mg orally twice daily
initially, increase gradually according to
response, maximum 3000 mg/day

OR

» brivaracetam: 50 mg orally twice daily
initially, increase gradually according to
response, maximum 200 mg/day

OR

» valproic acid: 10-15 mg/kg/day orally
given in 1-3 divided doses initially, increase
gradually according to response, maximum
60 mg/kg/day

OR

» perampanel: 2 mg orally once daily at
bedtime initially, increase gradually according
to response, maximum 12 mg/day

OR

» clobazam: consult specialist for guidance
on dose

OR

» gabapentin: 300 mg orally three times
daily initially, increase gradually according to
response, maximum 3600 mg/day

OR

» topiramate: 25 mg orally (immediate-
release) twice daily initially, increase
gradually according to response, maximum
400 mg/day
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OR

» zonisamide: 100 mg orally once daily
initially, increase gradually according to
response, maximum 400 mg/day

OR

» pregabalin: 75 mg orally twice daily or 50
mg orally three times daily initially, increase
gradually according to response, maximum
600 mg/day

OR

» lacosamide: 100 mg orally twice daily
initially, increase gradually according to
response, maximum 400 mg/day

OR

» eslicarbazepine acetate: 400 mg orally
once daily initially, increase gradually
according to response, maximum 1600 mg/
day

OR

» carbamazepine: 200 mg orally (immediate-
release) twice daily initially, increase
gradually according to response, maximum
1600 mg/day

OR

» cenobamate: 12.5 mg orally once daily
initially, increase gradually according to
response, maximum 400 mg/day

OR

» phenytoin: 15-20 mg/kg orally as a loading
dose given in 3 divided doses every 2-4
hours, followed by 4-7 mg/kg/day (or 300-400
mg/day) given in 2-3 divided doses

OR

» phenobarbital: 60 mg orally two to three
times daily

OR
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» primidone: 100-125 mg orally once daily
at bedtime for 3 days, increase gradually
according to response, maximum 2000 mg/
day

» If two separate monotherapy trials at optimal
doses do not result in seizure control, a dual
therapy trial may be initiated using a combination
of two anticonvulsants with different mechanisms
of action (with the aim of maximizing efficacy
and minimizing toxicity), or a combination
of two drugs that have been shown to have
anticonvulsant agonistic effects (such as
valproic acid plus lamotrigine). These may be
a combination of two monotherapy options,
or an anticonvulsant that is used primarily
as an adjunctive treatment (e.g., clobazam)
in combination with one of the monotherapy
options.[72] [89] [90] [91] [92] [93] [94] [95] [96]
[97] [98] [99] [100] [101] [102] [103] 

» Other adjunctive therapies are available,
including rufinamide, vigabatrin, tiagabine, and
felbamate.[104] [105] [106] [107] [108] However,
rufinamide, vigabatrin, tiagabine, and felbamate
are associated with severe adverse effects, and
should only be considered when multiple other
medications have been attempted and surgery
is deemed not to be an option. An epilepsy
specialist should be involved if these agents are
being considered. These drugs are not detailed
above.

» A dose adjustment may be required when
using two anticonvulsants together; consult a
specialist for guidance on dose.

» A list of suitable anticonvulsants for this patient
group is detailed here; however, this list is not
exhaustive. Two anticonvulsants may be chosen
from this list.

4th resective epilepsy surgery or
neurostimulation or ketogenic diet

» Failure of at least two anticonvulsant drugs in
combination (treatment-resistant or intractable
epilepsy) should result in reassessment of
the diagnosis. If the diagnosis is not secure,
then reinvestigation, possibly with video/
electroencephalogram (EEG) monitoring, may be
helpful.

» If the focal seizure diagnosis is correct, and
the patient is truly refractory to anticonvulsants,
consider and perform workup for epilepsy
surgery or neurostimulation.
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» Consideration of these advanced options
should be pursued at an epilepsy specialty
center only.

» Candidates for epilepsy surgery include
patients with lesions on brain magnetic
resonance imaging or in whom the epileptogenic
area can be localized to one region by a variety
of techniques, including EEG. Minimally invasive
alternatives to traditional resective surgery
include laser interstitial thermal therapy (LITT),
radiofrequency ablation, and stereotactic
radiosurgery.[149] [150]

» If the patient has more than one epileptogenic
focus, neurostimulation may be considered
an alternative to surgery.[151] Options include
vagus nerve stimulation and deep brain
stimulation.[152] [153] [154] [155] Responsive
neurostimulation (RNS) therapy may be
appropriate for some medically refractory
patients for whom resective surgery is not a
viable option.[157] [158] [159] [160]

» The ketogenic diet is high in fat and low
in carbohydrates, and has been shown to
reduce seizure frequency.[161] [162] [163] 
 The diet must be initiated in the hospital, under
close medical supervision, with monitoring for
metabolic acidosis and renal calculi.

adults ≥60 years old

1st anticonvulsant monotherapy

Primary options

» lamotrigine: consult specialist for guidance
on dose

OR

» gabapentin: 300 mg orally three times
daily initially, increase gradually according to
response, maximum 3600 mg/day

OR

» levetiracetam: 500 mg orally twice daily
initially, increase gradually according to
response, maximum 3000 mg/day

Secondary options

» oxcarbazepine: 300 mg orally twice daily
initially, increase gradually according to
response, maximum 2400 mg/day
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OR

» lacosamide: 100 mg orally twice daily
initially, increase gradually according to
response, maximum 400 mg/day

OR

» eslicarbazepine acetate: 400 mg orally
once daily initially, increase gradually
according to response, maximum 1600 mg/
day

OR

» brivaracetam: 50 mg orally twice daily
initially, increase gradually according to
response, maximum 200 mg/day

Tertiary options

» pregabalin: 75 mg orally twice daily or 50
mg orally three times daily initially, increase
gradually according to response, maximum
600 mg/day

OR

» carbamazepine: 200 mg orally (immediate-
release) twice daily initially, increase
gradually according to response, maximum
1600 mg/day

OR

» zonisamide: 100 mg orally once daily
initially, increase gradually according to
response, maximum 400 mg/day

OR

» valproic acid: 10-15 mg/kg/day orally
given in 1-3 divided doses initially, increase
gradually according to response, maximum
60 mg/kg/day

OR

» perampanel: 2 mg orally once daily at
bedtime initially, increase gradually according
to response, maximum 12 mg/day

OR
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» cenobamate: 12.5 mg orally once daily
initially, increase gradually according to
response, maximum 400 mg/day

» The decision to treat focal seizures in older
people is often made after the first unprovoked
seizure, because the likelihood of recurrence is
higher, and the consequences of even a single
seizure (falls/hip fracture) may be life changing.

» Anticonvulsant options are listed based on
established efficacy and optimal tolerability.
However, treatment should always be tailored to
the needs of the patient, taking into account age
and sex; the underlying etiology of the seizures;
the pharmacokinetic properties, mechanism of
action, and available formulations of drug; and
comorbidities and any other medications. Any
anticonvulsant, including those not listed here,
may be used as first-line monotherapy if it is the
most suitable choice for a particular patient.

» Older patients are particularly susceptible
to adverse effects and often have tolerability
issues, especially at higher doses or with
polytherapy.

» Monotherapy at the lowest possible dose is
preferred. Doses should be increased gradually
according to patient response, and the patient
should be closely monitored for signs of toxicity.

» The properties of some anticonvulsants make
them less desirable choices for treating focal
seizures in older people. These anticonvulsants
include drugs that are P450 enzyme inducers
or inhibitors; have high protein binding; or are
associated with cognitive adverse events.

» Anticonvulsants with favorable
pharmacokinetics and adverse-effect profiles,
such as lamotrigine, gabapentin, and
levetiracetam, are usually the most appropriate
choice for patients ages 60 years or over. Other
options include oxcarbazepine, lacosamide,
eslicarbazepine, brivaracetam, pregabalin,
carbamazepine, zonisamide, valproic acid,
perampanel, and cenobamate. Treatment should
always be tailored to the individual patient.[109]
[110] [111]

» For patients with psychiatric comorbidities:
levetiracetam, brivaracetam, zonisamide, and
perampanel (as well as topiramate) should
only be used with great caution and with close
monitoring for recurrence or exacerbation of
psychiatric symptoms.
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» For patients with cognitive problems:
zonisamide (and topiramate) should only be
used with great caution.

» For patients with renal impairment:
levetiracetam should be used with caution and
on the advice of a specialist neurologist.

» For patients who may have underlying liver
disease or other comorbidities requiring multiple
drug therapy, including P450 enzyme-inducing
medication: levetiracetam, gabapentin, and
pregabalin may help minimize effects on the
liver and reduce the potential for drug-drug
interactions. Valproic acid (and phenobarbital,
phenytoin, and felbamate) should not be offered.

» For patients with migraine as well as focal
seizures: valproic acid is effective as migraine
prophylaxis (as is topiramate).

» For patients with neuropathic pain:
anticonvulsants with efficacy for certain
neuropathic pain conditions include
gabapentin, pregabalin, oxcarbazepine, and
carbamazepine.[70] [71] [72]

» Anticonvulsants associated with weight
gain include valproic acid, gabapentin, and
pregabalin, and these should be used with great
caution in patients with obesity. Zonisamide is
associated with weight loss (as is topiramate).
For the most part, other anticonvulsants are
considered not to affect body weight.

» Avoiding sleep deprivation, alcohol, and
excessive stress may be helpful at any
stage of treatment, but cannot substitute for
anticonvulsant drug therapy. There is some
evidence that adjunctive psychologic and self‐
management interventions can improve quality
of life and patient outcomes that are important to
people with epilepsy.[143] [144] [145]

2nd alternative anticonvulsant monotherapy

» If the initial anticonvulsant is not effective or
not tolerated, a second monotherapy trial is
indicated, choosing a different drug that has
proven efficacy for focal epilepsy in the older
population. A drug with a different mechanism of
action should be considered.

» Any anticonvulsant, including those not listed
for first-line monotherapy above, may be used as
second-line monotherapy if it is the most suitable
choice for a particular patient.
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» If the first monotherapy agent is unsuitable
due to intolerable adverse effects (which can
be a particular issue in older patients), an
alternative agent should be chosen with special
consideration for the patient's health profile and
tolerance. Any new information that helps to
define the epilepsy syndrome should be used to
select the best-suited medication.

» Start treatment at the lowest possible dose,
and increase dose gradually according to patient
response. Monitor the patient closely for signs of
toxicity.

» When changing from one anticonvulsant to
another, the current and new medications should
be cross-titrated slowly; agents should not be
started or stopped abruptly (the concomitant
anticonvulsant is gradually reduced as the new
agent is introduced). Research the specific
pharmacokinetic profiles for each of the drugs
before instructing the patient on how to switch. A
written schedule helps patient adherence. Dose
should be adjusted according to response and
serum drug level. Advise patients that there is an
increased risk of seizures during this transition
period.

3rd anticonvulsant dual therapy

» If two separate monotherapy trials at optimal
doses do not result in adequate seizure control,
a dual therapy trial may be initiated after
consultation with a specialist neurologist.

» Use a combination of two anticonvulsants with
different mechanisms of action (with the aim of
maximizing efficacy and minimizing toxicity), or a
combination of two drugs that have been shown
to have anticonvulsant agonistic effects.[72] [89]
[90] [91] [93] [95] [96] [97] [98] [99] [102] [103]
[105]

» Anticonvulsants listed for monotherapy
above are also the most suitable options for
dual therapy in this population; however, any
anticonvulsants may be used in combination if
that is the most suitable choice for a particular
patient.

» A dose adjustment may be required when
using two anticonvulsants together; consult a
specialist for guidance on dose.

4th resective epilepsy surgery or
neurostimulation

» Failure of at least two anticonvulsant drugs
in combination should result in reassessment
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of the diagnosis. If the diagnosis is not secure,
then reinvestigation, possibly with video/
electroencephalogram (EEG) monitoring, may be
helpful.

» If the focal seizure diagnosis is correct, and
the patient is truly refractory to anticonvulsants,
consider and perform workup for epilepsy
surgery or neurostimulation.

» Consideration of these advanced options
should be pursued at an epilepsy specialty
center only.

» Candidates for epilepsy surgery include
patients with lesions on brain magnetic
resonance imaging or patients in whom the
epileptogenic area can be localized to one
region by a variety of techniques, including EEG.
Minimally invasive alternatives to traditional
resective surgery include laser interstitial thermal
therapy (LITT), radiofrequency ablation, and
stereotactic radiosurgery.[149] [150]

» If the patient has more than one epileptogenic
focus, neurostimulation may be considered
as an alternative to surgery. Options include
vagus nerve stimulation and deep brain
stimulation.[152] [153] [154] [155] Responsive
neurostimulation (RNS) therapy may be
appropriate for some medically refractory
patients for whom resective surgery is not a
viable option.[157] [158] [159] [160]

women of childbearing potential

1st anticonvulsant monotherapy

Primary options

» lamotrigine: consult specialist for guidance
on dose

OR

» levetiracetam: 500 mg orally twice daily
initially, increase gradually according to
response, maximum 3000 mg/day

Secondary options

» oxcarbazepine: 300 mg orally twice daily
initially, increase gradually according to
response, maximum 2400 mg/day

Tertiary options
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» lacosamide: 100 mg orally twice daily
initially, increase gradually according to
response, maximum 400 mg/day

OR

» zonisamide: 100 mg orally once daily
initially, increase gradually according to
response, maximum 400 mg/day

» Care should be taken with anticonvulsant
treatment for any woman of childbearing
potential. Women with epilepsy should receive
preconception counseling.[112] [113] [114]

» The choice of anticonvulsant should be
based upon the likelihood of pregnancy in
the near future. The latest data available
on teratogenicity should be consulted.[114]
 Data on the teratogenic potential of newer
anticonvulsants may not be available or may be
limited.[118]

» Some anticonvulsants are contraindicated
in pregnancy due to an increased risk of
major congenital malformations and/or
child neurodevelopmental disorders (e.g.,
valproic acid and its derivatives, topiramate,
phenobarbital,phenytoin).[115] [116] [117] [118]
[120][123] [124] 

» Inform women of childbearing potential
that they must follow a pregnancy prevention
program while on treatment with valproic acid
and its derivatives. Some countries may also
require that a pregnancy prevention program
is in place for other anticonvulsants (e.g.,
topiramate).

» Suitable anticonvulsants for women of
childbearing potential include lamotrigine
and levetiracetam.[114] [118] Other options
include oxcarbazepine, lacosamide, and
zonisamide.[114] However, treatment should
always be tailored to the needs of the patient,
also taking into account the underlying etiology
of the seizures; the pharmacokinetic properties,
mechanism of action, and available formulations
of the drugs; and comorbidities and any other
medications. Any anticonvulsant, including
those not listed here, may be used as first-line
monotherapy if it is the most suitable choice for a
particular patient.

» For women taking birth control pills, avoid
anticonvulsants with enzyme-inducing properties
(e.g., carbamazepine, phenytoin, phenobarbital,
primidone), as these can lower contraceptive
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efficacy and lead to an increased failure
rate.[119]

» For patients with psychiatric comorbidities:
levetiracetam and zonisamide (as well as
brivaracetam and perampanel) should only
be used with great caution and with close
monitoring for recurrence or exacerbation of
psychiatric symptoms.

» For patients with cognitive problems:
zonisamide should only be used with great
caution.

» For patients with renal impairment:
levetiracetam should be used with caution and
on the advice of a specialist neurologist.

» For patients who may have underlying liver
disease or other comorbidities requiring multiple
drug therapy, including P450 enzyme-inducing
medication: levetiracetam (as well as gabapentin
and pregabalin) may help minimize effects on
the liver and reduce the potential for drug-drug
interactions.

» For patients with neuropathic pain:
anticonvulsants with efficacy for certain
neuropathic pain conditions include
oxcarbazepine and carbamazepine (as well as
gabapentin and pregabalin).[70] [71] [72]

» Anticonvulsants associated with weight
gain include gabapentin and pregabalin, and
these should be used with great caution in
patients with obesity. Zonisamide is associated
with weight loss. For the most part, other
anticonvulsants are considered not to affect body
weight.

» Avoiding sleep deprivation, alcohol, and
excessive stress may be helpful at any
stage of treatment, but cannot substitute
for anticonvulsant therapy. There is some
evidence that adjunctive psychologic and self‐
management interventions can improve quality
of life and patient outcomes that are important to
people with epilepsy.[143] [144] [145]

2nd alternative anticonvulsant monotherapy

» If the initial anticonvulsant is not effective or
not tolerated, a second monotherapy trial is
indicated, choosing a different anticonvulsant
that is suitable for a woman of childbearing
potential. A drug with a different mechanism of
action should be considered.
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» Any anticonvulsant, including those not listed
for first-line monotherapy above, may be used as
second-line monotherapy if it is the most suitable
choice for a particular patient.

» If the first monotherapy agent is unsuitable
due to intolerable adverse effects, the
alternative agent should be chosen with special
consideration for the patient's health profile and
tolerance. Any new information that helps to
define the epilepsy syndrome should be used to
select the best-suited medication.

» When changing from one anticonvulsant to
another, current and new medications should
be cross-titrated slowly; agents should not be
started or stopped abruptly (the concomitant
anticonvulsant is gradually reduced as the new
agent is introduced). Research the specific
pharmacokinetic profiles for each of the drugs
before instructing the patient on how to switch. A
written schedule helps patient adherence. Dose
should be adjusted according to response and
serum drug level.

» Advise patients that there is an increased risk
of seizures during this transition period.

3rd anticonvulsant dual therapy

» If two separate monotherapy trials at optimal
doses do not result in adequate seizure control,
a dual therapy trial may be initiated.

» Use a combination of two anticonvulsants with
different mechanisms of action (with the aim of
maximizing efficacy and minimizing toxicity), or a
combination of two drugs that have been shown
to have anticonvulsant agonistic effects.[89] [90]
[93] [97] [98] [99] [128]

» Anticonvulsants listed for monotherapy
above are also the most suitable options for
dual therapy in this population; however, any
anticonvulsants may be used in combination if
that is the most suitable choice for a particular
patient.

» A dose adjustment may be required when
using two anticonvulsants together; consult a
specialist for guidance on dose.

4th resective epilepsy surgery or
neurostimulation or ketogenic diet

» Failure of at least two anticonvulsants in
combination (treatment-resistant or intractable
epilepsy) should result in reassessment of
the diagnosis. If the diagnosis is not secure,
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then reinvestigation, possibly with video/
electroencephalogram (EEG) monitoring, may be
helpful.

» If the focal seizure diagnosis is correct, and
the patient is truly refractory to anticonvulsants,
consider and perform workup for epilepsy
surgery or neurostimulation.

» Consideration of these advanced options
should be pursued at an epilepsy specialty
center only.

» Candidates for epilepsy surgery include
patients with lesions on brain magnetic
resonance imaging or in whom the epileptogenic
area can be localized to one region by a variety
of techniques, including EEG. Minimally invasive
alternatives to traditional resective surgery
include laser interstitial thermal therapy (LITT),
radiofrequency ablation, and stereotactic
radiosurgery.[149] [150]

» If the patient has more than one epileptogenic
focus, neurostimulation may be considered
an alternative to surgery.[151] Options include
vagus nerve stimulation and deep brain
stimulation.[152] [153] [154] [155] Responsive
neurostimulation (RNS) therapy may be
appropriate for some medically refractory
patients for whom resective surgery is not a
viable option.[157] [158] [159] [160]

» The ketogenic diet is high in fat and low
in carbohydrates, and has been shown to
reduce seizure frequency.[161] [162] [163] 
 The diet must be initiated in the hospital, under
close medical supervision, with monitoring for
metabolic acidosis and renal calculi.

pregnant

1st anticonvulsant monotherapy

Primary options

» lamotrigine: consult specialist for guidance
on dose

OR

» levetiracetam: 500 mg orally twice daily
initially, increase gradually according to
response, maximum 3000 mg/day

Secondary options
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» oxcarbazepine: 300 mg orally twice daily
initially, increase gradually according to
response, maximum 2400 mg/day

Tertiary options

» lacosamide: 100 mg orally twice daily
initially, increase gradually according to
response, maximum 400 mg/day

OR

» zonisamide: 100 mg orally once daily
initially, increase gradually according to
response, maximum 400 mg/day

» Pregnant women with epilepsy should be
under the care of a multidisciplinary team that
includes a high-risk obstetric specialist, and care
should be coordinated through joint obstetric and
neurology clinics.[112] [113] [114] However, risk
of cesarean delivery, late pregnancy bleeding,
premature contractions, or premature labor and
delivery are probably not substantially increased
in women taking anticonvulsant drugs who do
not smoke.[131]

» Particular care should be taken with
anticonvulsant treatment for pregnant women.
The latest data available on teratogenicity should
be consulted.[114]

» Suitable anticonvulsants for pregnant women
include lamotrigine and levetiracetam.[114]
[118] Other options include oxcarbazepine,
lacosamide, and zonisamide.[114]

» Some anticonvulsants are contraindicated
in pregnancy due to an increased risk of
major congenital malformations and/or
child neurodevelopmental disorders (e.g.,
valproic acid and its derivatives, topiramate,
phenobarbital, phenytoin).[115] [116] [117] [118]
[120][123] [124][126]

» Monotherapy is preferable to polytherapy,
but this is not always achievable. The lowest
effective dose should be used.[118]

» Serum levels of anticonvulsants may decline
during pregnancy, with a potential loss of seizure
control.[129] Therefore, close monitoring of
serum drug levels and clinical response is
advised.[118]

» An anatomic ultrasound should be performed
between 14 and 18 weeks of pregnancy, and
serum alpha-fetoprotein level measured, to
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check for possible fetal abnormalities. The need
for amniocentesis is on a case-by-case basis.

plus folic acid

Treatment recommended for ALL patients in
selected patient group

Primary options

» folic acid (vitamin B9): 4-5 mg orally once
daily
Dose varies according to local guidelines.
Lower doses may be recommended in some
countries.

» Women with epilepsy should be advised to
take high-dose folic acid before conception
and during pregnancy.[113][127] Folic acid
supplementation (to help prevent neural tube
defects in the developing fetus) is a routine
recommendation for all women planning
pregnancy, and any risk associated with folic
acid supplementation is low. Evidence about the
benefits of high-dose folic acid supplementation
before and during pregnancy for women with
epilepsy is inconclusive.[112] [114][129] [130]

2nd alternative anticonvulsant monotherapy

» Pregnant women with epilepsy should be
under the care of a multidisciplinary team that
includes a high-risk obstetric specialist, and care
should be coordinated through joint obstetric and
neurology clinics.[112] [113] [114]

» If the initial anticonvulsant is not effective or
not tolerated, a second monotherapy trial is
indicated, choosing a different anticonvulsant
from among suitable options for pregnant
women. A drug with a different mechanism of
action should be considered.

» Any anticonvulsant, including those not listed
for first-line monotherapy above, may be used
as second-line monotherapy if it is the most
suitable choice for a particular patient (taking
into account the latest data on teratogenicity).

» If the first monotherapy agent is unsuitable
due to intolerable adverse effects, the
alternative agent should be chosen with special
consideration for the patient's health profile and
tolerance. Any new information that helps to
define the epilepsy syndrome should be used to
select the best-suited medication.

» When changing from one anticonvulsant to
another, the current and new medications should
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be cross-titrated slowly; agents should not be
started or stopped abruptly (the concomitant
anticonvulsant is gradually reduced as the new
agent is introduced). Research the specific
pharmacokinetic profiles for each of the drugs
before instructing the patient on how to switch. A
written schedule helps patient adherence. Dose
should be adjusted according to response and
serum drug level. Advise patients that there is an
increased risk of seizures during this transition
period.

plus folic acid

Treatment recommended for ALL patients in
selected patient group

Primary options

» folic acid (vitamin B9): 4-5 mg orally once
daily
Dose varies according to local guidelines.
Lower doses may be recommended in some
countries.

» Women with epilepsy should be advised to
take high-dose folic acid before conception
and during pregnancy.[113][127] Folic acid
supplementation (to help prevent neural tube
defects in the developing fetus) is a routine
recommendation for all women planning
pregnancy, and any risk associated with folic
acid supplementation is low. Evidence about the
benefits of high-dose folic acid supplementation
before and during pregnancy for women with
epilepsy is inconclusive.[112] [114][129] [130]

3rd anticonvulsant dual therapy

» Pregnant women with epilepsy should be
under the care of a multidisciplinary team that
includes a high-risk obstetric specialist, and care
should be coordinated through joint obstetric and
neurology clinics.[112] [113] [114]

» If two separate monotherapy trials at optimal
doses do not result in adequate seizure control,
a dual therapy trial may be initiated after
consultation with a specialist neurologist.

» Use a combination of two anticonvulsants with
different mechanisms of action (with the aim of
maximizing efficacy and minimizing toxicity), or a
combination of two drugs that have been shown
to have anticonvulsant agonistic effects.[89] [90]
[93] [97] [98] [99] [128]

» Anticonvulsants listed for monotherapy
above are also the most suitable options for
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dual therapy in this population; however, any
anticonvulsants may be used in combination if
that is the most suitable choice for a particular
patient (taking into account the latest data on
teratogenicity).

» A dose adjustment may be required when
using two anticonvulsants together; consult a
specialist for guidance on dose.

plus folic acid

Treatment recommended for ALL patients in
selected patient group

Primary options

» folic acid (vitamin B9): 4-5 mg orally once
daily
Dose varies according to local guidelines.
Lower doses may be recommended in some
countries.

» Women with epilepsy should be advised to
take high-dose folic acid before conception
and during pregnancy.[113][127] Folic acid
supplementation (to help prevent neural tube
defects in the developing fetus) is a routine
recommendation for all women planning
pregnancy, and any risk associated with folic
acid supplementation is low. Evidence about the
benefits of high-dose folic acid supplementation
before and during pregnancy for women with
epilepsy is inconclusive.[112] [114][129] [130]

children

1st anticonvulsant monotherapy

Primary options

» levetiracetam: consult specialist for
guidance on dose

OR

» oxcarbazepine: consult specialist for
guidance on dose

Secondary options

» lamotrigine: consult specialist for guidance
on dose

OR

» lacosamide: consult specialist for guidance
on dose
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OR

» eslicarbazepine acetate: consult specialist
for guidance on dose

OR

» brivaracetam: consult specialist for
guidance on dose

Tertiary options

» valproic acid: consult specialist for guidance
on dose

OR

» carbamazepine: consult specialist for
guidance on dose

OR

» zonisamide: consult specialist for guidance
on dose

OR

» topiramate: consult specialist for guidance
on dose

OR

» perampanel: consult specialist for guidance
on dose

OR

» clobazam: consult specialist for guidance
on dose

» Treatment should be managed initially by a
specialist pediatric neurologist.

» Once focal seizures are diagnosed,
determination of etiology is important for
treatment decisions. For example, certain
syndromes, such as the subtype of localization-
related/idiopathic epilepsy called benign
childhood epilepsy with centrotemporal
spikes, often require no anticonvulsant drug
treatment.[135]

» In some cases (e.g., if seizure episodes are
infrequent), it may be appropriate for the parent
or caregiver to treat only the prolonged seizure
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with an acute therapy for aborting the seizure,
such as rectal diazepam.

» Treatment should always be tailored to the
needs of the individual patient, taking into
account age and sex; the underlying etiology of
the seizures; the pharmacokinetic properties,
mechanism of action, and available formulations
of drug; and comorbidities and any other
medications. Any anticonvulsant, including
those not listed here, may be used as first-line
monotherapy if it is the most suitable choice for a
particular patient.

» When selecting an appropriate anticonvulsant
for a child, potential effects on cognition,
learning, and behavior should be taken into
account. For this reason, long-term treatment
with anticonvulsants such as phenobarbital
and phenytoin should be avoided. Data on the
cognitive effects of newer anticonvulsants may
not be available or may be limited.

» Levetiracetam and oxcarbazepine are
suggested as first-line options; they are effective
and appear to have favorable profiles with regard
to cognitive adverse effects.[136]

» Other options for monotherapy in
children include lamotrigine, lacosamide,
eslicarbazepine, brivaracetam, carbamazepine,
zonisamide, topiramate, perampanel, clobazam,
and (other than for girls of childbearing potential)
valproic acid.[136] [137] [138]

» Care should be taken with anticonvulsant
treatment for any girl of childbearing potential.
The choice of anticonvulsant should be
based upon the likelihood of pregnancy in
the near future. The latest data available
on teratogenicity should be consulted.[114]
 Inform girls of childbearing potential that they
must follow a pregnancy prevention program
while on treatment with valproic acid and its
derivatives. Some countries may also require
that a pregnancy prevention program is in place
for other anticonvulsants (e.g., topiramate).

» For patients with psychiatric comorbidities:
levetiracetam, brivaracetam, topiramate,
zonisamide, and perampanel should only
be used with great caution and with close
monitoring for recurrence or exacerbation of
psychiatric symptoms.

» For patients with migraine as well as focal
seizures: topiramate is effective as migraine
prophylaxis (as is valproic acid).
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» Anticonvulsants associated with weight
gain include valproic acid, gabapentin, and
pregabalin, and these should be used with great
caution in patients with obesity (they are not
generally recommended for children anyway).
Those associated with weight loss include
topiramate and zonisamide. For the most part,
other anticonvulsants are considered not to
affect body weight.

» Younger children often have more rapid
clearance and variability in elimination kinetics
of anticonvulsants; this must be factored
into dosing regimens. Younger children may
require liquid and/or chewable anticonvulsant
formulations.

» Avoiding sleep deprivation, alcohol, and
excessive stress may be helpful at any
stage of treatment, but cannot substitute
for anticonvulsant therapy. There is some
evidence that adjunctive psychologic and self‐
management interventions can improve quality
of life and patient outcomes that are important to
people with epilepsy.[143] [144] [145]

2nd alternative anticonvulsant monotherapy

» If the initial anticonvulsant is not effective or
not tolerated, a second monotherapy trial is
indicated, choosing a different anticonvulsant
that is suitable for children. A drug with a
different mechanism of action should be
considered.

» Any anticonvulsant, including those not listed
for first-line monotherapy above, may be used as
second-line monotherapy if it is the most suitable
choice for a particular patient.

» If the first monotherapy agent is unsuitable
due to intolerable adverse effects, the
alternative agent should be chosen with special
consideration for the patient's health profile and
tolerance. Any new information that helps to
define the epilepsy syndrome should be used to
select the best-suited medication.

» When changing from one anticonvulsant to
another, current and new medications should
be cross-titrated slowly; agents should not be
started or stopped abruptly (the concomitant
anticonvulsant is gradually reduced as the new
agent is introduced). Research the specific
pharmacokinetic profiles for each of the drugs
before instructing the patient, and their parents
or caregivers if appropriate, on how to switch.
A written schedule helps patient adherence.
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Dose should be adjusted according to response
and serum drug level. Advise patients and their
parents or caregivers that there is an increased
risk of seizures during this transition period.

3rd anticonvulsant dual therapy

» If two separate monotherapy trials at optimal
doses do not result in adequate seizure
control, a dual therapy trial may be initiated
after consultation with a specialist pediatric
neurologist.

» Use a combination of two anticonvulsants with
different mechanisms of action (with the aim of
maximizing efficacy and minimizing toxicity), or a
combination of two drugs that have been shown
to have anticonvulsant agonistic effects.[97] [98]
[99] [105] [139] [140]

» Anticonvulsants listed for monotherapy
above are also the most suitable options for
dual therapy in this population; however, any
anticonvulsants may be used in combination if
that is the most suitable choice for a particular
patient.

» A dose adjustment may be required when
using two anticonvulsants together; consult a
specialist for guidance on dose.

4th resective epilepsy surgery or
neurostimulation or ketogenic diet

» Failure of at least two anticonvulsants in
combination (treatment-resistant or intractable
epilepsy) should result in a reassessment of
the diagnosis. If the diagnosis is not secure,
then reinvestigation, possibly with video/
electroencephalogram (EEG) monitoring, may be
helpful.

» If the focal seizure diagnosis is correct, and
the patient is truly refractory to anticonvulsants,
consider and perform workup for epilepsy
surgery or vagus nerve stimulation.

» Consideration of these advanced options
should be pursued at an epilepsy specialty
center only.

» Candidates for epilepsy surgery include
patients with lesions on brain magnetic
resonance imaging or in whom the epileptogenic
area can be localized to one region by a variety
of techniques, including EEG. Minimally invasive
alternatives to traditional resective surgery
include laser interstitial thermal therapy (LITT),
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radiofrequency ablation, and stereotactic
radiosurgery.[149] [150]

» If the patient has more than one epileptogenic
focus, vagus nerve stimulation may be
considered an alternative to surgery.[151] [156]

» The ketogenic diet is high in fat and low
in carbohydrates, and has been shown to
reduce seizure frequency.[161] [162] [163] 
 The diet must be initiated in the hospital, under
close medical supervision, with monitoring for
metabolic acidosis and renal calculi.

M
A

NAG
EM

EN
T

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Apr 08, 2025.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

61

https://bestpractice.bmj.com


Focal seizures Management
M

A
NA

G
EM

EN
T

Emerging
Losigamone
A b-methoxy-butenolide with an unknown mechanism of action. One Cochrane review of two randomized
placebo-controlled trials (467 participants) found that losigamone can reduce seizure frequency when used
as an add-on therapy for people with focal epilepsy.[167] Treatment withdrawals were significantly more
common among participants receiving add-on therapy with losigamone.

Ganaxolone
A neurosteroid that acts through positive allosteric modulation of gamma-aminobutyric acid A receptor sites.
Adjunctive ganaxolone reduced seizure frequency in a phase 2 trial of patients with uncontrolled focal-onset
seizures despite taking up to three concomitant anticonvulsants.[168]

Topiramate (intravenous)
The Food and Drug Administration (FDA) has granted orphan-drug designation to intravenous topiramate for
the treatment of focal-onset or primary generalized tonic-clonic seizures in hospitalized epilepsy patients who
are unable to take oral topiramate.

Cannabidiol
Cannabidiol oral solution has been approved by the FDA and the European Medicines Agency for the
treatment of seizures associated with Lennox-Gastaut syndrome or Dravet syndrome. Multicenter,
randomized, placebo-controlled trials are required to investigate efficacy in patients with severe, treatment-
resistant focal seizures.[169]

Primary prevention
The prevention of focal seizure development involves avoiding insults or injury to the brain; for example,
wearing protective headgear in sports (helmets) and other physical activities (bicycle riding) will reduce the
incidence and severity of traumatic brain injury.

Taking appropriate precautions to avoid central nervous system (CNS) infections (e.g., meningoencephalitis)
by vaccination may be considered preventive. In addition, avoiding or limiting alcohol intake and abstaining
from recreational drug use should reduce the risk of CNS injury.

Patient discussions
Provide patients with clear written instructions about medications and dosing. Patients often need to be
reminded that they should take their medications at the same times every day.

If a generic bioequivalent anticonvulsant drug replaces a brand product, patients (and parents/caregivers
if appropriate) should be reassured about equivalent effectiveness, and informed if there are any changes
in color or shape.[177]

Encourage sufficient sleep and regular sleeping patterns, as sleep deprivation may trigger seizures in
some patients.

Advise patients to check with their epilepsy doctor before starting over-the-counter, alternative, or
prescribed medications, as some may interact with their anticonvulsant medication and lead to either
breakthrough seizures or toxicity.
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Patients with active seizures are not allowed to drive. The state driving regulations regarding duration
of seizure freedom should be accessed.  [Epilepsy Foundation: driver information by state] (https://
www.epilepsy.com/driving-laws)

Explain to patients that they should not work from heights, operate heavy machinery, or engage in
activities that might put them at risk from injury resulting from a seizure.

Advise patients with active epilepsy to exhibit caution with regard to swimming and bathing. Drowning
is the most common accidental death in people with epilepsy. Therefore, they should not swim alone; a
lifeguard or qualified buddy should be present. Extreme-contact sports should probably also be avoided.

A medical alert bracelet providing information about the patient's medical condition may be helpful.
Alternately, a card with the patient's medical condition, the name and doses of medication, and the
patient's medical doctor may be kept in the wallet.

If discontinuation of anticonvulsant medication is being considered for patients who have been seizure-
free for 2 years or more, discuss the risks and benefits of discontinuation with the patient (and their family
if appropriate), including the risks of seizure recurrence and treatment resistance. Individual patient
characteristics and preferences, including quality of life considerations, should be taken into account.[164]

Contraception and pregnancy

Education about effective contraceptive options and potential adverse pregnancy outcomes should
start in early adolescence and continue throughout a patient's reproductive life, because anticonvulsant
medication, contraceptive needs, and desire for pregnancy are likely to change over time.[119]

Inform women of childbearing potential that they must follow a pregnancy prevention program while
on treatment with valproic acid and its derivatives. Some countries may also require that a pregnancy
prevention program is in place for other anticonvulsants (e.g., topiramate).

In the US and Canada, pregnant women with epilepsy can enroll in the North American AED
(Antiepileptic Drug) Pregnancy Registry, which aims to obtain and publish information on the frequency of
major malformations, such as heart defects, spina bifida, and cleft lip, among infants whose mothers had
taken one or more anticonvulsants to prevent seizures or to treat any other medical condition.  [The North
American AED (Antiepileptic Drug) Pregnancy Registry] (https://www.aedpregnancyregistry.org)

Inform women that:

• Being seizure-free for at least 9 months before pregnancy is probably associated with a high rate of
remaining seizure-free during pregnancy

• If they smoke they may have a substantially increased risk of premature contractions and
premature labor and birth.[131]
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Monitoring
Patients taking anticonvulsant drugs for focal seizures should be followed up on a regular basis. The
frequency of follow-up depends on several factors. Patients whose seizures are well controlled and who
are not having adverse effects with medication may be seen every 6 months to 1 year. Patients having
their medications adjusted or titrated should be seen every 1 to 2 months until they are stable. Intervening
telephone or video follow-up may substitute for interval visits.

Patients should be encouraged to keep written seizure diaries. During a follow-up visit, patient seizure
counts should be assessed, medication lists should be reviewed (and preferably the actual medication
bottles), and an assessment for adverse events (continuous, peak dose) should be made. Patients
should also be screened for mood disorders, which are common comorbidities. In addition, a quality-
of-life assessment is often helpful: for example, the QOLIE10.  [PROQOLID: Quality of Life in Epilepsy
Inventory-10 (QOLIE-10)] (https://eprovide.mapi-trust.org/instruments/quality-of-life-in-epilepsy-
inventory-10)

For patients on first-generation anticonvulsants, drug levels, complete blood count, and SMA-20
(total cholesterol, total protein, and various electrolytes) are often useful. These drugs have a narrow
therapeutic index, and monitoring can assess adherence as well as provide surveillance of certain
hematopoietic and hepatic toxicities. Laboratory testing for patients on second- and third-generation
anticonvulsants may provide information about adherence, but a role in guiding dosing is less certain.

Patients with focal seizures who require chronic anticonvulsant therapy should be closely monitored for
possible long-term adverse effects. These may include bone loss, weight changes, behavioral changes,
renal calculi, and cerebellar dysfunction.

Patients who achieve seizure freedom may eventually wish to discontinue anticonvulsant medications.
See Management approach .
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Focal seizures Follow up

Complications

Complications Timeframe Likelihood
head trauma variable medium

Head trauma may be a cause of seizures; people with seizures may experience head trauma as a result of
a seizure episode.

bone fracture variable medium

May be due to a fall precipitated by a seizure, a fall due to poor balance caused by anticonvulsant drug
toxicity, or osteopenia/osteoporosis as a consequence of long-term anticonvulsant use (thought to be
more common from the use of P450 enzyme-inducing anticonvulsants such as carbamazepine, phenytoin,
phenobarbital, and primidone).

memory loss variable medium

A common complaint in patients with epilepsy. It may be due to recurrent seizures, or adverse effects from
a number of anticonvulsant agents. In patients with hippocampal pathology it may, in part, be related to
cell/volume loss in the hippocampus.

mood disorders variable medium

Mood disorders (e.g., depression, anxiety) are common among people with epilepsy, and can negatively
impact on seizure outcome and quality of life.[174] [175]

Patients should be monitored for mood disorders at each review, and referred for treatment as appropriate.
Evidence to inform choice of antidepressant and anticonvulsant drugs in people with epilepsy and
depression is very limited.[176]

sudden unexpected death in epilepsy (SUDEP) variable low

This refers to the phenomenon of sudden, unexpected, unexplained death in people with epilepsy with no
obvious cause on postmortem examination. Incidence in adults has been reported as 1.2 per 1000 patient-
years, but may be underestimated.[170] [173]

The major risk factor for SUDEP is the occurrence of generalized tonic-clonic seizures (GTCS); the risk of
SUDEP increases in association with increasing frequency of GTCS.[170]

Prognosis

Nearly two-thirds of patients with focal seizures achieve adequate seizure control with anticonvulsant drugs,
either monotherapy or polytherapy. There is little evidence to guide the timing of medication withdrawal in
seizure-free adults, but most patients are treated with anticonvulsants for at least 2 years.[165]

Up to 50% of patients have been reported to be drug-free at 5 years after surgery for focal seizures, with
the likelihood higher among children. Factors that influence the outcomes of surgery include histopathologic
diagnosis, age at surgery, and duration of epilepsy.[172]
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Diagnostic guidelines

International

Reassessment: neuroimaging in the emergency patient presenting with
seizure (https://www.aan.com/Guidelines/Home/ByTopic?topicId=23)   [40]
Published by: American Academy of Neurology Last published: 2007

(reaffirmed 2019)

Evaluating a first nonfebrile seizure in children (https://www.aan.com/
Guidelines/Home/ByTopic?topicId=23)   [59]
Published by: American Academy of Neurology Last published: 2000

(reaffirmed 2023)

Guidelines for imaging infants and children with recent-onset epilepsy
(https://www.ilae.org/guidelines/guidelines-and-reports)   [41]
Published by: International League Against Epilepsy Last published: 2009

Epilepsies in children, young people and adults (https://www.nice.org.uk/
guidance/NG217)   [60]
Published by: National Institute for Health and Care Excellence (UK) Last published: 2022

Diagnosis and management of epilepsy in adults (https://www.sign.ac.uk/our-
guidelines)   [61]
Published by: Scottish Intercollegiate Guidelines Network Last published: 2015

(reaffirmed 2019)
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Focal seizures Guidelines

Treatment guidelines

International

Teratogenesis, perinatal, and neurodevelopmental outcomes after in
utero exposure to antiseizure medication (https://www.aan.com/practice/
guidelines)   [114]
Published by: American Academy of Neurology, American Epilepsy
Society, and Society for Maternal-Fetal Medicine

Last published: 2024

Antiseizure medication withdrawal in seizure-free patients: practice advisory
update summary (https://www.aan.com/practice/guidelines)   [164]
Published by: American Academy of Neurology Last published: 2021

Gynecologic management of adolescents and young women with seizure
disorders (https://www.acog.org/clinical/clinical-guidance/committee-
opinion/articles/2020/05/gynecologic-management-of-adolescents-and-
young-women-with-seizure-disorders)   [119]
Published by: American College of Obstetricians and Gynecologists Last published: 2020

(reaffirmed 2024)

Practice guideline update summary: efficacy and tolerability of the new
antiepileptic drugs I: treatment of new-onset epilepsy (https://www.aan.com/
practice/guidelines)   [76]
Published by: American Academy of Neurology Last published: 2018

(reaffirmed 2024)

Practice guideline update summary: efficacy and tolerability of the new
antiepileptic drugs II: treatment-resistant epilepsy (https://www.aan.com/
practice/guidelines)   [103]
Published by: American Academy of Neurology Last published: 2018

(reaffirmed 2024)

Practice guideline summary: sudden unexpected death in epilepsy incidence
rates and risk factors (https://www.aan.com/practice/guidelines)   [170]
Published by: American Academy of Neurology; American Epilepsy
Society

Last published: 2017
(reaffirmed 2023)

Evidence-based guideline: management of an unprovoked first seizure in
adults (https://www.aan.com/practice/guidelines)   [66]
Published by: American Academy of Neurology; American Epilepsy
Society

Last published: 2015
(reaffirmed 2024)

Update: vagus nerve stimulation for the treatment of epilepsy (https://
www.aan.com/practice/guidelines)   [156]
Published by: American Academy of Neurology Last published: 2013

(reaffirmed 2019)
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International

Update: management issues for women with epilepsy - focus on pregnancy:
obstetrical complications and change in seizure frequency (https://
www.aan.com/practice/guidelines)   [131]
Published by: American Academy of Neurology Last published: 2009

(reaffirmed 2022)

Update: management issues for women with epilepsy - focus on pregnancy:
vitamin K, folic acid, blood levels, and breastfeeding (https://www.aan.com/
practice/guidelines)   [129]
Published by: American Academy of Neurology Last published: 2009

(reaffirmed 2022)

Treatment of the child with a first unprovoked seizure (https://www.aan.com/
practice/guidelines)   [171]
Published by: American Academy of Neurology Last published: 2003

(reaffirmed 2024)

Temporal lobe and localized neocortical resections for epilepsy (https://
www.aan.com/practice/guidelines)   [147]
Published by: American Academy of Neurology Last published: 2003

(reaffirmed 2022)

Management of post-stroke seizures and epilepsy (https://eso-stroke.org/
guidelines/eso-guideline-directory/#rehabilitation)   [19]
Published by: European Stroke Organisation Last published: 2017

Epilepsies in children, young people and adults (https://www.nice.org.uk/
guidance/NG217)   [60]
Published by: National Institute for Health and Care Excellence (UK) Last published: 2022

Diagnosis and management of epilepsy in adults (https://www.sign.ac.uk/our-
guidelines)   [61]
Published by: Scottish Intercollegiate Guidelines Network Last published: 2015

(revalidated 2019)
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Focal seizures Online resources

Online resources

1. PROQOLID: Quality of Life in Epilepsy Inventory-10 (QOLIE-10) (https://eprovide.mapi-trust.org/
instruments/quality-of-life-in-epilepsy-inventory-10)  (external link)

2. Epilepsy Foundation: driver information by state (https://www.epilepsy.com/driving-laws)  (external link)

3. The North American AED (Antiepileptic Drug) Pregnancy Registry (https://
www.aedpregnancyregistry.org)  (external link)
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Disclaimer
BMJ Best Practice is intended for licensed medical professionals. BMJ Publishing Group Ltd (BMJ) does not
advocate or endorse the use of any drug or therapy contained within this publication nor does it diagnose
patients. As a medical professional you retain full responsibility for the care and treatment of your patients
and you should use your own clinical judgement and expertise when using this product.

This content is not intended to cover all possible diagnosis methods, treatments, follow up, drugs and any
contraindications or side effects. In addition, since such standards and practices in medicine change as
new data become available, you should consult a variety of sources. We strongly recommend that you
independently verify specified diagnosis, treatments and follow-up and ensure it is appropriate for your
patient within your region. In addition, with respect to prescription medication, you are advised to check the
product information sheet accompanying each drug to verify conditions of use and identify any changes in
dosage schedule or contraindications, particularly if the drug to be administered is new, infrequently used, or
has a narrow therapeutic range. You must always check that drugs referenced are licensed for the specified
use and at the specified doses in your region.

Information included in BMJ Best Practice is provided on an “as is” basis without any representations,
conditions or warranties that it is accurate and up to date. BMJ and its licensors and licensees assume no
responsibility for any aspect of treatment administered to any patients with the aid of this information. To
the fullest extent permitted by law, BMJ and its licensors and licensees shall not incur any liability, including
without limitation, liability for damages, arising from the content. All conditions, warranties and other terms
which might otherwise be implied by the law including, without limitation, the warranties of satisfactory
quality, fitness for a particular purpose, use of reasonable care and skill and non-infringement of proprietary
rights are excluded.

Where BMJ Best Practice has been translated into a language other than English, BMJ does not warrant the
accuracy and reliability of the translations or the content provided by third parties (including but not limited to
local regulations, clinical guidelines, terminology, drug names and drug dosages). BMJ is not responsible for
any errors and omissions arising from translation and adaptation or otherwise.Where BMJ Best Practice lists
drug names, it does so by recommended International Nonproprietary Names (rINNs) only. It is possible that
certain drug formularies might refer to the same drugs using different names.

Please note that recommended formulations and doses may differ between drug databases drug names and
brands, drug formularies, or locations. A local drug formulary should always be consulted for full prescribing
information.

Treatment recommendations in BMJ Best Practice are specific to patient groups. Care is advised when
selecting the integrated drug formulary as some treatment recommendations are for adults only, and external
links to a paediatric formulary do not necessarily advocate use in children (and vice-versa). Always check
that you have selected the correct drug formulary for your patient.

Where your version of BMJ Best Practice does not integrate with a local drug formulary, you should consult
a local pharmaceutical database for comprehensive drug information including contraindications, drug
interactions, and alternative dosing before prescribing.

Interpretation of numbers

Regardless of the language in which the content is displayed, numerals are displayed according to the
original English-language numerical separator standard. For example 4 digit numbers shall not include a
comma nor a decimal point; numbers of 5 or more digits shall include commas; and numbers stated to be
less than 1 shall be depicted using decimal points. See Figure 1 below for an explanatory table.

BMJ accepts no responsibility for misinterpretation of numbers which comply with this stated numerical
separator standard.

This approach is in line with the guidance of the International Bureau of Weights and Measures Service.

Figure 1 – BMJ Best Practice Numeral Style
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5-digit numerals: 10,000

4-digit numerals: 1000

numerals < 1: 0.25
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