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Seizure

Primary Disciplinary Field(s): Neurology, Clinical Medicine

1. Core Definition and Etiology

A seizure constitutes an abnormal, transient occurrence resulting from overtly strong and

uncontrolled synchronous electrical activity within the brain. This condition of neuronal

hyperexcitation interrupts normal cerebral function, leading to a wide variety of symptoms that

can range from subtle alterations in consciousness to severe, generalized convulsions. Crucially, a

seizure represents a symptomatic manifestation of an underlying disruption in the normal balance

between inhibitory and excitatory neural signaling. While a seizure can be an isolated event

triggered by acute external factors, recurrent and unprovoked seizures--typically defined as two or

more occurring more than 24 hours apart--warrant the diagnosis of epilepsy. Understanding the

etiology of seizures requires distinguishing between acute symptomatic seizures, which are

provoked by temporary systemic insults (such as metabolic imbalance or withdrawal), and

unprovoked seizures, which are characteristic of epilepsy and often stem from fixed structural or

genetic predispositions.

The distinction between a single seizure event and epilepsy is of paramount importance in

prognosis and therapeutic planning. An individual may experience a single seizure due to transient

causes such as severe sleep deprivation, acute withdrawal from substances like alcohol or

benzodiazepines, or profound electrolyte imbalance. In these cases, treatment is primarily aimed at

correcting the underlying systemic perturbation. Conversely, when seizures recur without

identifiable proximate causes, the brain is presumed to have a chronic, intrinsic predisposition to

generate abnormal electrical discharges. This predisposition may be rooted in genetic mutations

affecting ion channels, structural lesions such as brain tumors or scars resulting from trauma, or

developmental abnormalities present from birth. Identifying the precise etiology, whether acute or

chronic, is the foundational step in managing the condition and mitigating future risks.

The underlying pathological mechanism universally involves a sudden, overwhelming shift in the

electrochemical equilibrium of neuronal networks. Normally, the brain maintains a delicate

equilibrium, where the inhibitory effects mediated largely by the neurotransmitter GABA (gamma-

aminobutyric acid) counterbalance the excitatory effects of neurotransmitters like glutamate. In a

seizure state, this balance shifts dramatically toward excitation. This can occur either through

excessive glutamate release, deficient GABAergic inhibition, or fundamental alterations in the

voltage-gated ion channels (sodium, potassium, calcium) responsible for regulating neuronal

membrane potential. The resulting rapid, synchronous firing of large populations of neurons

creates the high-voltage spike-and-wave patterns observable on electroencephalography (EEG)

and manifests clinically as the seizure episode.
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2. Clinical Presentation and Semiology

The clinical manifestations, or semiology, of a seizure are highly diverse and depend critically on

the location within the brain where the abnormal electrical activity originates and the extent to

which it spreads. Seizures are often characterized by their sudden onset and termination,

frequently occurring without any discernible warning, although some patients report prodromal

symptoms or an aura preceding the event. The most dramatic presentation involves convulsions

and muscle spasms, which include rhythmic jerking movements (clonic activity) or sustained

rigidity (tonic activity). However, seizures are not exclusively motor events; they frequently involve

significant alterations in sensory perception, autonomic function, emotion, or cognition.

Alterations in consciousness are a central feature of many seizure types. In some instances, such

as tonic-clonic seizures, there is a complete loss of consciousness, often resulting in collapse and

subsequent lack of memory (amnesia) for the event. In other forms, particularly focal aware

seizures (previously known as simple partial seizures), consciousness may be fully retained while

the patient experiences isolated symptoms, such as involuntary twitching of a limb or sensory

phenomena like flashing lights or strange smells. Conversely, focal impaired awareness seizures

(previously complex partial seizures) involve a state where consciousness is compromised, leading

to confused or automatic behaviors (automatisms) such as lip-smacking, fiddling with clothes, or

repetitive vocalizations, often making the patient appear dazed or unresponsive.

The immediate post-seizure period, known as the postictal phase, is an integral component of the

clinical presentation and often helps clinicians localize the seizure focus. This phase reflects the

temporary exhaustion or dysfunction of the brain regions involved in the seizure discharge.

Symptoms during the postictal period commonly include profound fatigue, confusion, headache,

nausea, and sometimes temporary focal neurological deficits, such as Todd's paralysis (transient

weakness in a limb), which can mimic a stroke. The duration of this recovery phase can range from

a few minutes following a brief absence seizure to several hours after a severe generalized tonic-

clonic event, underscoring the severity of the neurological disruption experienced.

3. Classification of Seizures

The International League Against Epilepsy (ILAE) classification system, updated in 2017, divides

seizures primarily based on their onset characteristics: Generalized Onset, Focal Onset (or

Partial), and Unknown Onset. This categorization is crucial for diagnosis and treatment selection,

as medication efficacy often varies significantly across different seizure types. Generalized onset

seizures originate simultaneously in both cerebral hemispheres and typically involve immediate

alteration or loss of consciousness, reflecting widespread electrical involvement from the beginning

of the event.

Generalized seizures encompass several clinically distinct types, each defined by its motor or non-
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motor presentation. The most widely recognized type is the Tonic-Clonic Seizure (formerly grand

mal), which involves an initial tonic phase (stiffening and rigidity) followed by a clonic phase

(rhythmic jerking). The patient typically loses consciousness and may sustain injury during the fall.

Another major subtype is the Absence Seizure (formerly petit mal), which is characterized by brief

(seconds-long) lapses of awareness, often mistaken for daydreaming, without convulsions. These

are non-motor generalized seizures, commonly seen in childhood epilepsy syndromes.

Furthermore, generalized seizures include myoclonic seizures (brief shock-like jerks), atonic

seizures (sudden loss of muscle tone leading to 'drop attacks'), and the severe, often refractory,

Infantile Spasms (West syndrome), which represent brief, sudden contractions of the body.

Focal onset seizures, by contrast, begin in a localized, specific area of one hemisphere of the

brain. They are further categorized based on the patient's level of awareness during the event:

Focal Aware (consciousness maintained) and Focal Impaired Awareness (consciousness

compromised). The symptoms of a focal seizure directly correlate with the brain region involved;

for example, if the seizure begins in the motor cortex, it might produce clonic movements in the

contralateral limb. If it originates in the temporal lobe, it might produce olfactory hallucinations or

emotional disturbances. Crucially, a focal seizure sometimes undergoes secondary

generalization, meaning the localized electrical activity rapidly spreads across the corpus

callosum to involve the entire brain, culminating in a generalized tonic-clonic event, thereby

blurring the clinical distinction between focal and generalized presentations over time.

4. Pathophysiology: Mechanisms of Hyperexcitability

The core pathophysiological mechanism underlying all seizures is the uncontrolled synchronous

firing of a group of neurons, creating a focus of hyperexcitability. This phenomenon is often rooted

in structural changes that create an "epileptic focus" or in functional disturbances that lower the

seizure threshold across diffuse brain regions. Structurally, injuries such as trauma, stroke, or

tumors can result in gliosis--scar tissue formation--which disrupts the surrounding neural circuitry,

leading to aberrant wiring and enhanced excitability in adjacent, otherwise normal, neurons. This

scar tissue often involves alterations in the extracellular matrix, influencing potassium buffering and

increasing the susceptibility to synchronized depolarization.

At the cellular level, the immediate cause of the paroxysmal electrical discharge involves

dysfunction in ion channel function and neurotransmitter regulation. Genetic epilepsy syndromes

often involve inherited defects in voltage-gated ion channels (channelopathies), particularly sodium

channels (Na+) and calcium channels (Ca2+), which regulate the rapid influx and efflux of ions

necessary for action potential generation. A malfunctioning sodium channel, for instance, might

remain open too long or recover too slowly, facilitating repetitive and sustained firing.

Simultaneously, defects in potassium channels (K+) can impair neuronal repolarization, making the

cell intrinsically more excitable and prone to repetitive discharge.
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Furthermore, a crucial element is the failure of inhibitory mechanisms. The primary inhibitory

neurotransmitter, GABA, acts by opening chloride channels (Cl-), hyperpolarizing the neuron and

making it less likely to fire. In epileptogenic tissue, there may be reduced numbers of GABA

receptors, functional abnormalities of these receptors, or a disruption in GABA synthesis or

release. This deficiency in inhibition, coupled with either an increase in excitatory

neurotransmission (glutamate via NMDA and AMPA receptors) or intrinsic channel

hyperexcitability, culminates in the sustained, high-frequency, synchronous discharge that defines

a seizure. The breakdown of astrocytic function in clearing excess extracellular potassium and

glutamate further contributes to the microenvironment conducive to seizure activity.

5. Risk Factors and Common Triggers

Identifying risk factors is vital for both prevention and acute management, as seizures can be

provoked by a myriad of internal and external stressors. Acute symptomatic risk factors are those

that transiently lower the brain's seizure threshold in a typically non-epileptic brain. Key examples

include sudden cessation of sedative medications or recreational drugs, leading to drug and

alcohol withdrawal seizures, particularly severe in the case of benzodiazepines and chronic

heavy alcohol use. Similarly, acute cerebral insults such as stroke (ischemic or hemorrhagic),

severe brain injury (traumatic brain injury), and severe brain infection (meningitis or encephalitis)

are potent risk factors, particularly in the immediate post-injury period.

Metabolic disturbances represent a major category of reversible triggers. Significant deviations in

electrolyte imbalance (e.g., severe hyponatremia or hypocalcemia) can alter neuronal membrane

potentials and induce seizures. Likewise, profound fluctuations in blood sugar levels, specifically

severe hypoglycemia or extreme hyperglycemia (as seen in nonketotic hyperosmolar states),

disrupt neuronal metabolism sufficiently to trigger abnormal electrical discharges. Other systemic

illnesses, including advanced liver or kidney failure, may lead to the accumulation of neurotoxins,

further lowering the seizure threshold.

In individuals already diagnosed with epilepsy, seizures are often precipitated by specific triggers

that exacerbate the underlying chronic condition. Common environmental and physiological

triggers include severe sleep deprivation, high levels of emotional stress, acute illness (especially

fever), and hormonal fluctuations related to the menstrual cycle (catamenial epilepsy).

Furthermore, a phenomenon known as photosensitivity causes seizures to be induced by

repeated flashing lights, such as those found in strobe lighting, certain patterns in video games, or

rapid changes in visual fields. Certain prescription medications--including some antidepressants,

antipsychotics, and high doses of specific antibiotics--can also lower the seizure threshold,

necessitating careful risk assessment when prescribing to susceptible patients.
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6. Diagnosis and Differential Diagnosis

The diagnosis of a seizure disorder is primarily clinical, relying heavily on a detailed, often

eyewitness, account of the event. Because patients frequently experience amnesia for the event,

input from observers is indispensable for characterizing the semiology, determining the onset (focal

vs. generalized), and ruling out non-epileptic causes. Once a seizure is suspected, diagnostic

testing is employed to support the diagnosis, classify the seizure type, and investigate the

underlying etiology, particularly ruling out immediately life-threatening causes such as acute

hemorrhage or infection.

The cornerstone of diagnostic testing is the electroencephalogram (EEG). The EEG measures

electrical activity in the brain and can detect interictal (between seizures) epileptiform discharges,

which appear as characteristic spikes, sharp waves, or spike-and-wave complexes. While a normal

interictal EEG does not rule out epilepsy, the presence of these characteristic discharges strongly

supports the diagnosis and helps classify the syndrome (e.g., 3 Hz spike-and-wave pattern for

typical absence epilepsy). In complex cases, prolonged EEG monitoring, often video-synchronized,

is required to capture a seizure event itself and precisely map its origin and propagation.

Neuroimaging, typically Magnetic Resonance Imaging (MRI) of the brain, is mandatory in most

cases to investigate potential structural etiologies. The MRI is highly sensitive in detecting

structural lesions that can cause seizures, including focal cortical dysplasia, cavernous

malformations, hippocampal sclerosis (a common finding in temporal lobe epilepsy), brain tumors,

or evidence of prior stroke or trauma. Further investigations may include blood tests to evaluate

metabolic parameters (electrolytes, glucose, liver/renal function), toxicology screens, and, in cases

of suspected infection or inflammation, a lumbar puncture to analyze cerebrospinal fluid.

7. Treatment and Management Strategies

The management of seizures is generally divided into acute intervention for ongoing or prolonged

events and chronic prophylactic treatment aimed at preventing recurrence. Acute management

focuses on terminating status epilepticus--a prolonged seizure lasting more than five minutes, or

recurrent seizures without full recovery of consciousness between them--which is a neurological

emergency requiring rapid pharmacological intervention, typically involving intravenous

benzodiazepines (such as lorazepam or diazepam) to rapidly enhance GABAergic inhibition.

Chronic treatment relies primarily on Anti-Epileptic Drugs (AEDs), also known as

Anticonvulsants. The selection of the appropriate AED is tailored to the specific seizure type and

epilepsy syndrome, as well as the patient's age, gender (considering reproductive potential), and

comorbidities. AEDs work by diverse mechanisms, including blocking voltage-gated ion channels

(e.g., sodium channel blockers like lamotrigine or carbamazepine), enhancing GABAergic

transmission (e.g., valproate or gabapentin), or modulating synaptic release. The goal of
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pharmacotherapy is achieving seizure freedom without unacceptable side effects.

For the approximately one-third of patients whose seizures remain refractory to multiple AED trials,

non-pharmacological interventions become necessary. These include surgical options, such as

resection of the epileptogenic focus (e.g., temporal lobectomy for hippocampal sclerosis), or

palliative procedures like corpus callosotomy. Neuromodulation techniques, such as Vagus Nerve

Stimulation (VNS), Responsive Neurostimulation (RNS), and Deep Brain Stimulation (DBS), offer

alternative therapeutic pathways by delivering electrical stimulation to disrupt the seizure network.

Furthermore, strict adherence to lifestyle modifications--optimizing sleep, avoiding known triggers,

and sometimes utilizing the high-fat, low-carbohydrate ketogenic diet--plays an important

supportive role in comprehensive seizure management.

8. Prognosis and Long-Term Impact

The prognosis following a seizure event varies widely depending on the underlying etiology. A

single, provoked seizure generally carries an excellent prognosis once the underlying cause is

corrected, with a low risk of recurrence. Conversely, the prognosis for epilepsy depends heavily on

the syndrome type; many childhood epilepsy syndromes remit spontaneously, while others,

particularly those related to structural lesions or severe genetic causes, can be lifelong and

resistant to treatment. Overall, about 70% of individuals with newly diagnosed epilepsy achieve

long-term seizure freedom with medication.

The long-term impact of seizures extends beyond the direct neurological insult. Individuals with

chronic epilepsy often face significant psychosocial challenges, including impaired quality of life,

limitations in driving or employment, and increased incidence of anxiety, depression, and attention

deficit disorders, which may be related either to the underlying neurological disease or the impact

of chronic medication. Furthermore, chronic, uncontrolled seizures, particularly frequent

generalized tonic-clonic events, can lead to cognitive decline over time due to repeated brain

injury.

The most severe complication associated with epilepsy is Sudden Unexpected Death in

Epilepsy (SUDEP). SUDEP is defined as the sudden, unexpected, non-traumatic, and non-

drowning death in patients with epilepsy, usually occurring during or immediately after a seizure,

particularly generalized tonic-clonic seizures. While the exact mechanism is complex, respiratory

depression, cardiac arrhythmia, and postictal cerebral shutdown are hypothesized factors.

Awareness and mitigation of SUDEP risk, primarily through achieving optimal seizure control,

remain critical aspects of long-term care for all individuals with epilepsy.
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