with head trauma, CNS infections (including parasitic infections such
as cysticercosis), brain tumors, congenital CNS abnormalities, illicit
drug use, or alcohol withdrawal. Autoantibodies directed against CNS
antigens such as potassium channels or glutamate receptors are a
newly recognized cause of epilepsy that also begins to appear in this
age group (although cases of autoimmunity are being increasingly
described in the pediatric population), including patients without
an identifiable cancer. This etiology should be suspected when a
previously normal individual presents with a particularly aggressive
seizure pattern developing over weeks to months and characterized by
increasingly frequent and prolonged seizures combined with cognitive
decline (Chap. 122).
Head trauma is a common cause of epilepsy in adolescents and
adults. The head injury can be caused by a variety of mechanisms,
and the likelihood of developing epilepsy is strongly correlated with
the severity of the injury. A patient with a penetrating head wound,
depressed skull fracture, intracranial hemorrhage, or prolonged posttraumatic coma or amnesia has a 30–50% risk of developing epilepsy,
whereas a patient with a closed head injury and cerebral contusion has
a 5–25% risk. Recurrent seizures usually develop within 1 year after
head trauma, although intervals of >10 years are well known. In controlled studies, mild head injury, defined as a concussion with amnesia
or loss of consciousness of <30 min, was found to be associated with
only a slightly increased likelihood of epilepsy. Nonetheless, most epileptologists know of patients who have focal seizures within hours or
days of a mild head injury and subsequently develop chronic seizures
of the same type; such cases may represent rare examples of chronic
epilepsy resulting from mild head injury.
The causes of seizures in older adults include cerebrovascular
disease, trauma (including subdural hematoma), CNS tumors, and
degenerative diseases. Cerebrovascular disease may account for ~50%
of new cases of epilepsy in patients older than age 65. Acute seizures
(i.e., occurring at the time of the stroke) are seen more often with
embolic rather than hemorrhagic or thrombotic stroke. Chronic seizures typically appear months to years after the initial event and are
associated with all forms of stroke.
Metabolic disturbances such as electrolyte imbalance, hypo- or
hyperglycemia, renal failure, and hepatic failure may cause seizures at
any age. Similarly, endocrine disorders, hematologic disorders, vasculitides, and many other systemic diseases may cause seizures over a
broad age range. A wide variety of medications and abused substances
are known to precipitate seizures as well (Table 445-5).
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Alkylating agents (e.g., busulfan, chlorambucil)
Antimalarials (chloroquine, mefloquine)
Antimicrobials/antivirals
β-lactam and related compounds
Quinolones
Acyclovir
Isoniazid
Ganciclovir
Anesthetics and analgesics
Meperidine
Fentanyl
Tramadol
Local anesthetics
Dietary supplements
Ephedra (ma huang)
Gingko
Immunomodulatory drugs
Cyclosporine
OKT3 (monoclonal antibodies to T cells)
Tacrolimus
Interferons
Psychotropics
Antidepressants (e.g., bupropion)
Antipsychotics (e.g., clozapine)
Lithium
Radiographic contrast agents
Drug withdrawal
Alcohol
Baclofen
Barbiturates (short-acting)
Benzodiazepines (short-acting)
Zolpidem
Drugs of abuse
Amphetamine
Cocaine
Phencyclidine
Methylphenidate
Flumazenila

BASIC MECHANISMS
MECHANISMS OF SEIZURE INITIATION AND PROPAGATION
Focal seizure activity can begin in a very discrete region of cortex
and then slowly invade the surrounding regions. The hallmark of an
established seizure is typically an electrographic “spike” due to intense
near-simultaneous firing of a large number of local excitatory neurons, resulting in an apparent hypersynchronization of the excitatory
bursts across a relatively large cortical region. The bursting activity in
individual neurons (the “paroxysmal depolarization shift”) is caused
by a relatively long-lasting depolarization of the neuronal membrane
due to influx of extracellular calcium (Ca2+), which leads to the opening of voltage-dependent sodium (Na+) channels, influx of Na+, and
generation of repetitive action potentials. This is followed by a hyperpolarizing afterpotential mediated by γ-aminobutyric acid (GABA)
receptors or potassium (K+) channels, depending on the cell type. The
synchronized bursts from a sufficient number of neurons result in a
so-called spike discharge on the EEG.
The spreading seizure wavefront is slowed and ultimately halted by
intact hyperpolarization and a “surround” inhibition created by feedforward activation of inhibitory neurons. With sufficient activation,
there is a recruitment of surrounding neurons via a number of synaptic
and nonsynaptic mechanisms, including: (1) an increase in extracellular K+, which blunts hyperpolarization and depolarizes neighboring
neurons; (2) accumulation of Ca2+ in presynaptic terminals, leading
to enhanced neurotransmitter release; (3) depolarization-induced
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activation of the N-methyl-d-aspartate (NMDA) subtype of the excitatory amino acid receptor, which causes additional Ca2+ influx and
neuronal activation; and (4) ephaptic interactions related to changes
in tissue osmolarity and cell swelling. The recruitment of a sufficient
number of neurons leads to the propagation of excitatory currents into
contiguous areas via local cortical connections and to more distant
areas via long commissural pathways such as the corpus callosum.
Many factors control neuronal excitability, and thus there are many
potential mechanisms for altering a neuron’s propensity to have bursting activity. Mechanisms intrinsic to the neuron include changes in the
conductance of ion channels, response characteristics of membrane
receptors, cytoplasmic buffering, second-messenger systems, and protein expression as determined by gene transcription, translation, and
posttranslational modification. Mechanisms extrinsic to the neuron
include changes in the amount or type of neurotransmitters present at the synapse, modulation of receptors by extracellular ions and
other molecules, and temporal and spatial properties of synaptic and
nonsynaptic input. Nonneural cells, such as astrocytes and oligodendrocytes, have an important role in many of these mechanisms as well.
Certain recognized causes of seizures are explained by these mechanisms. For example, accidental ingestion of domoic acid, which is an
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