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the brain), causes profound seizures via direct activation of excitatory
amino acid receptors throughout the CNS. Penicillin, which can
lower the seizure threshold in humans and is a potent convulsant in
experimental models, reduces inhibition by antagonizing the effects
of GABA at its receptor. The basic mechanisms of other precipitating
factors of seizures such as sleep deprivation, fever, alcohol withdrawal,
hypoxia, and infection, are not as well understood but presumably
involve analogous perturbations in neuronal excitability. Similarly, the
endogenous factors that determine an individual’s seizure threshold
may relate to these properties as well.
Knowledge of the mechanisms responsible for initiation and propagation of most generalized seizures (including tonic-clonic, myoclonic,
and atonic types) remains rudimentary and reflects the limited understanding of the connectivity of the brain at a systems level. Much
more is understood about the origin of generalized spike-and-wave
discharges in absence seizures. These appear to be related to oscillatory
rhythms normally generated during sleep by circuits connecting the
thalamus and cortex. This oscillatory behavior involves an interaction
between GABAB receptors, T-type Ca2+ channels, and K+ channels
located within the thalamus. Pharmacologic studies indicate that modulation of these receptors and channels can induce absence seizures,
and there is good evidence that the genetic forms of absence epilepsy
may be associated with mutations of components of this system.

MECHANISMS OF EPILEPTOGENESIS
Epileptogenesis refers to the transformation of a normal neuronal
network into one that is chronically hyperexcitable. There is often a
delay of months to years between an initial CNS injury such as trauma,
stroke, or infection and the first seizure. The injury appears to initiate
a process that gradually lowers the seizure threshold in the affected
region until a spontaneous seizure occurs. In many genetic and idiopathic forms of epilepsy, epileptogenesis is presumably determined by
developmentally regulated events.
Pathologic studies of the hippocampus from patients with temporal
lobe epilepsy have led to the suggestion that some forms of epileptogenesis are related to structural changes in neuronal networks. For example,
many patients with MTLE have a highly selective loss of neurons that
may contribute to inhibition of the main excitatory neurons within the
dentate gyrus. There is also evidence that, in response to the loss of
neurons, there is reorganization or “sprouting” of surviving neurons in
a way that affects the excitability of the network. Some of these changes
can be seen in experimental models of prolonged electrical seizures or
traumatic brain injury. Thus, an initial injury such as head injury may
lead to a very focal, confined region of structural change that causes
local hyperexcitability. The local hyperexcitability leads to further
structural changes that evolve over time until the focal lesion produces
clinically evident seizures. Similar models have provided strong evidence for long-term alterations in intrinsic, biochemical properties of
cells within the network such as chronic changes in glutamate or GABA
receptor function. Recent work has suggested that induction of inflammatory cascades may be a critical factor in these processes as well.
GENETIC CAUSES OF EPILEPSY
The most important recent progress in epilepsy research has
been the identification of genetic mutations associated with a
variety of epilepsy syndromes (Table 445-2). Although most of
the mutations identified to date cause rare forms of epilepsy, their
discovery has led to extremely important conceptual advances. For
example, it appears that many of the inherited, idiopathic epilepsies
(i.e., the relatively “pure” forms of epilepsy in which seizures are the
phenotypic abnormality and brain structure and function are otherwise normal) are due to mutations affecting ion channel function.
These syndromes are therefore part of the larger group of channelopathies causing paroxysmal disorders such as cardiac arrhythmias, episodic ataxia, periodic weakness, and familial hemiplegic migraine. In
contrast, gene mutations observed in symptomatic epilepsies (i.e.,
disorders in which other neurologic abnormalities such as cognitive
impairment coexist with seizures) are proving to be associated with
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pathways influencing CNS development or neuronal homeostasis. De
novo mutations may explain a significant proportion of these syndromes, especially those with onset in early childhood. A current challenge is to identify the multiple susceptibility genes that underlie the
more common forms of idiopathic epilepsies. Recent studies suggest
that ion channel mutations and copy number variants may contribute
to causation in a subset of these patients.
MECHANISMS OF ACTION OF ANTIEPILEPTIC DRUGS
Antiepileptic drugs appear to act primarily by blocking the initiation
or spread of seizures. This occurs through a variety of mechanisms that
modify the activity of ion channels or neurotransmitters, and in most
cases, the drugs have pleiotropic effects. The mechanisms include inhibition of Na+-dependent action potentials in a frequency-dependent
manner (e.g., phenytoin, carbamazepine, lamotrigine, topiramate,
zonisamide, lacosamide, rufinamide), inhibition of voltage-gated Ca2+
channels (phenytoin, gabapentin, pregabalin), facilitating the opening
of potassium channels (ezogabine), attenuation of glutamate activity
(lamotrigine, topiramate, felbamate), potentiation of GABA receptor
function (benzodiazepines and barbiturates), increase in the availability of GABA (valproic acid, gabapentin, tiagabine), and modulation
of release of synaptic vesicles (levetiracetam). The two most effective
drugs for absence seizures, ethosuximide and valproic acid, probably
act by inhibiting T-type Ca2+ channels in thalamic neurons.
In contrast to the relatively large number of antiepileptic drugs that
can attenuate seizure activity, there are currently no drugs known to
prevent the formation of a seizure focus following CNS injury. The
eventual development of such “antiepileptogenic” drugs will provide
an important means of preventing the emergence of epilepsy following
injuries such as head trauma, stroke, and CNS infection.

APPROACH TO THE PATIENT:
Seizure
When a patient presents shortly after a seizure, the first priorities
are attention to vital signs, respiratory and cardiovascular support,
and treatment of seizures if they resume (see “Treatment: Seizures
and Epilepsy”). Life-threatening conditions such as CNS infection,
metabolic derangement, or drug toxicity must be recognized and
managed appropriately.
When the patient is not acutely ill, the evaluation will initially
focus on whether there is a history of earlier seizures (Fig. 445-2).
If this is the first seizure, then the emphasis will be to: (1) establish
whether the reported episode was a seizure rather than another
paroxysmal event, (2) determine the cause of the seizure by identifying risk factors and precipitating events, and (3) decide whether
anticonvulsant therapy is required in addition to treatment for any
underlying illness.
In the patient with prior seizures or a known history of epilepsy,
the evaluation is directed toward: (1) identification of the underlying cause and precipitating factors, and (2) determination of the
adequacy of the patient’s current therapy.
HISTORY AND EXAMINATION
The first goal is to determine whether the event was truly a seizure. An
in-depth history is essential, because in many cases the diagnosis of a
seizure is based solely on clinical grounds—the examination and laboratory studies are often normal. Questions should focus on the symptoms
before, during, and after the episode in order to differentiate a seizure
from other paroxysmal events (see “Differential Diagnosis of Seizures”
below). Seizures frequently occur out-of-hospital, and the patient may
be unaware of the ictal and immediate postictal phases; thus, witnesses
to the event should be interviewed carefully.
The history should also focus on risk factors and predisposing
events. Clues for a predisposition to seizures include a history of
febrile seizures, earlier auras or brief seizures not recognized as such,
and a family history of seizures. Epileptogenic factors such as prior
head trauma, stroke, tumor, or CNS infection should be identified.
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