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SEIZURE (L a t sacired fito take possession ofhonspecificCLINICAL MANIFESTATI ON reflecting
sudden, brief* physiologic dysfunction characterizec@bgormalparoxysmakxcessive
hypersynchronous** discharge*** of cortical neurons

*i.e. usually sellimited activity except forstatus epilepticus
**normal neuronal activity occurs in nonsynchronized manner
***high -frequency bursts of action potentials

1) subjective experientimensoryphenomena

2) abnormalmotor activity - involuntaryincrease(positive) ordecreas€negative) in mude

contraction to produce movemenbnvulsionsi lay term)

3) autonomic dysfunction

4) inappropriatébehavior

5) alteredconsciousness

N.B. if given sufficient stimulus (e.g. convulsant drugs, hypoxia, hypoglycemia) reveral brain
can discharge excessively, producing seizure!

EPILEPSIES ( G r eepilkpsid - taking hold of, seizing) group ofCHRONIC DISORDERSWith tendency
for spontaneous (unprovoked, unpredictable) recurrent seizures
N.B. althoughdiagnosis of epilepsy requir@sesence of seizuresot all seizures imply epilepsy!

\ To diagnose epilepsyt least two unprovoked seizuresmust occur more than 24 hours apaﬂt.
*no underlying CNS / systemic disorder
N.B. many persons who experienfoest unprovoked seizumeever havesecond, so do not need
treatment!second unprovoked seizusereliable marker of epilepsy (risk for further recurrence
after second unprovoked seizure is > 80%).

IcTUus - sudden neurologic occurrence such as stroke or epileptic seizure

SEMIOLOGY (CLINICAL MANIFESTAT IONS) - DEFINITIONS

SEMIOLOGY - branch of linguistics concerned wiigns and symptoms

MOTOR

SYNCHRONOUS ASYNCHRONOUS - motor events occurring (not) at the same time or at the same
rate in sets of body parts.

ELEMENTARY MOTOR

- single type of contraction of mus¢s)that is usually stereotypeuhd not decomposable into phases.



\

TONIC - sustained increase in muscle contraction lastifggvaseconds to minutes

Epileptic Spasm(formerlylnfantile Spasm) - sudden flexion, extensioor mixed extensidn
flexion of predominantlyroximal and truncal muscles
9 usually more sustained than a myoclonic movement but not so sustained as a tonic seizl
(i.e.durationD1 s).
1 frequently occur in clusters.
1 limited forms mayoccur: grimacing, hehnodding.

Postural - adoption of a posturihat may be bilaterally symmetric or asymmetric
1 of enci ngi gondralaterairoatal lobe (supplementary motor cortex).
T Aafi gur e oiftemgocal Igpecentralateml to extended limb.

Versive - sustained, forced conjugate ocular, cephalic, and/or truoiedion or lateral deviation
from midline.

1 early nonforced head tuinipsilateral to seizure focus.

1 late forced head turihcontralateral to seizure focus.

Dystonic - Sustained contractions bbth agonist and antagonmtuscles producing athetoid or
twisting movements, which, when prolonged, may produce abnormal postures.

MYOCLONIC (adjective)MYOCLONUS (noun)- sudden brief (< 100 msjnvoluntary single or
multiple contraction(s) of muscles(s) or muscle groups of variable topograxhy, proximal limb,
distal).

Negative Myoclonic- interruption of tonic muscular activity fer500 ms(vs. atonic)without
evidence of preceding myoci@.

Clonic (s. Rhythmic Myoclonug - prolongedmyoclonusthat is regularly repetitive, involves the
same muscle groups, at frequencyp@i 3 c/s

Jacksonian March - spread of clonic movements through contiguous body parts unilaterally.

TONICi CLONIC - sequence consisting otanic followed by a clonic phas¥ariants such as clonic
tonic clonic may be seen.

GeneralizedTonici Clonic Seizure(s. bilateral tonici clonic seizurg (formerlyfi Gr and Ma |
seizure) - bilateral symmetric tonic contraction and thiilateral clonic contractions of somatic
muscles, usually associated with autonomic phenomena.

ATONIC - sudden loss or diminution of muscle tone without apparent preceding myoclonic or tonic
event lasting) -21s(vs. negative myoclonug)volving headtrunk, jaw, or limb musculature.

ASTATIC (s. DROP ATTACK) - loss of erect postuithat results from atonic, myoclonic, or tonic
mechanism.

AUTOMATISM

- more or lesgoordinated, repetitive, motor activiggsually occurring whenognition is impaire@nd for
which the subject is usualgmnesicafterward.
1 often resembles voluntary movement and may consist of inappropriate continuation of ongoing
preictal motor activity.
1 gestural automatisms have a relatively poor localizing significances(gagosedly highly
| ocalizing significance of o6frontal é hyper:
seizures of temporal or insular origin



Following adjectives are usuadlymp | oyed t o moodi fy fAaut omati sm
Oroalimentary - lip smacking, lipoursing, chewing, lickingtooth grinding, or swallowing temporal
lobe (typically hippocampal); spitting or drinking right temporal lobe.

Mimetic - facial expression suggesting emotional state, often fear.

Manual, Pedal- principally distal componest(ilateral or unilateral fumbling, tapping, manipulating
movementsif bilaterali frontal lobe; postictal nose wiping ipsilateraltemporal.

Gestural - movementgoften unilatera) resembling those intended to lend further emotional tone to
speeche.g. mbling or exploratory movements with the hand, directed toward self or environment.

Hyperkinetic - increase in ratef ongoing movements anappropriately rapigherformancef a
movement
1 involves predominantlgroximal limb or axial musclgsroducing irregular sequential ballistic
movements, such as pedaling, pelvic thrusting, thrastooging movements.

Hypokinetic - decrease in amplitude and/or rate or amésingoing motor activity.
Dysphasic- impaired communicatiomvolving langwage(without dysfunction of relevant primary motor
or sensory pathwaysmpaired comprehension, anomia, paraphasar&ror a combination of these

dominanttemporal lobe.

Dyspraxic - inability to perform learned movemerggontaneously or on commaadimitation(despite
intact relevant motor and sensory systems and adequate comprehension and cgoperation

Gelastic- bursts oflaughter or giggling, usually withouappropriate affective toriehypothalamic,
mesial temporal frontal cingulate.

Dacrystic - bursts ofcrying.
Vocal - single or repetitive utterances consistingsofindssuch as grunts or shrieks.
1 while vocalizations have no specific lateralizing value, nevertheless they appear to be more
commonly seen ifrontal lobe seizures
1 posictal coughi temporal lobe.

Verbal - single or repetitive utterances consistingyafrds, phrases, or brief sentences

SPONTANEOUS- stereotyped, involve only self, virtuallpdependent of environmental influences
INTERACTIVE - not stereotyped, involve more than selfivironmentally influenced

Unilateral limb / eye automatismsi ipsilateral to seizure origin

NONMOTOR

- subjectiveictal phenomenon that, in a given patient, megcedeobservable seizure; if alone,
constiutessensory seizure
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- perceptual experienc®t caused by appropriate stimuli in the external warld

ELEMENTARY
- single, unformed phenomenon involviage primary sensory modality

Somatosensory tingling, numbness, electrghock sensatiomain, sense of movement,
or desire to move.

Visual - flashing or flickering lights, spots, simple patterns, scotomata, or amaurosis.
Auditory - buzzing, drumming sounds or single tones.

Olfactory - odor, usually disagreeable.

Gustatory - taste sensationadluding acidic, bitter, salty, sweet, or metallic.

Epigastric - abdominal discomfort including nausea, emptiness, tightness, churning,
butterflies, malaise, pain, and hunger; sensation may rise to chest or throat. Some
phenomena may reflect ictal autonerdiysfunction.

Cephalic- sensation in the head such as lileadedness, tingling or headache.

Autonomic - sensation consistent with involvement of autonomic nervous system,
including cardiovascular, gastrointestinal, sudomotor, vasomotor, and thernatoegul
functions.uf@dautohomihaw)onomi c eventso
i ascending epigastri c Stanpaalobdodgn, 0
may as well translate an ictal involvement of ihgular cortex as that of the
mesial prefrontal cortex, or ke first manifestation of a discharge within a
hypothalamic hamartoma

EXPERIENTIAL
- affective, mnemonic, or composite perceptual phenomena including illuseongosite
hallucinatory events.
0 these may appear aloneiorcombination.
0 included ardeelings of depersonalization.
0 these phenomena have subjective qualities similar to those experienced in life b
are recognized by the subject as occurring outside of actual context.

Affective - components include fear, depsém, joy, and (rarely) anger.

Mnemonic - components that reflect ictal dysmnesia such as feelings of familiarity (déja
vu) and unfamiliarity (jamaisu).

Hallucinatory - creation of composite perceptionghout corresponding external stimuli
involving visual, auditory, somatosensory, oltagt and/or gustatory phenomena

lllusory - alteration of actual perceptsvolving visual, auditory, somatessory, olfactory,
or gustatory.

DYSCOGNITIVE

- events in which

(1) disturbance of cognitioils predominahor most apparent feature, and
(2a) two or more of the folloimng components are involved, or

(2b) involvement of suchoemponents remains undetermined:



oo herwise, use the more specific term (e
Ahal lowcyi eaxtper i enti al seizureo) .
Components of cognition

perception: symbolic conception of sensory information

attention: appropriate selection of a principal perception or task

emotion: appropriate affective significance of a perception

memory: ability to store and retrieve percepts or concepts

executive function anticipation, selection, monitoring of consequences, and initiation of motor

activity including praxis, speech

AUTONOMIC EVENTS

Autonomic Aura - sensatiorconsistent with involvement of the autonomic nervous system, including
cardiovascular, gastrointestinal, sudomotor, vasomotor, and thermoregulatory functions
Autonomic Seizure- objectively documentednd distinct alteration of autonomic nervous system
function involving cardiovascular, pupillary, gastrointestinal, sudomotor, vasomotor, and thermoregulat
functions.

1 piloerectioni left temporal lobe.

1 emesis, urinary urgieright temporal lobe.

1 apned anterior cingulate, basal forebrain (may cause SUDEP).

SOMATOTOPIC MODIFIER S

LATERALITY

UNILATERAL (HEMI -) - exclusive or virtually exclusive involvement of one side as a motor, sensory,
or autonomic phenomenon.
GENERALI1 ZED (s -mofelhan minimal ineolveignt of each sideaawotor, elementary
sensory, or autonomic phenomenon.
ASYMMETRIC - clear distinction in quantity and/or distribution of behavior on the two sides.
SYMMETRIC - virtual bilateral equality in these respects.

BoDY PART

Refers to area involved (i.e., arm, |&éage, trunk, and other).

CENTRICITY

Modifier descibes proximity to body axis:
AXIAL - involves trunk, including neck.
PROXIMAL LIMB - shoulders to wrist, hip to ankle.
DISTAL LIMB - fingers, hands, toes, and/or feet.

DESCRIPTORS OF SEIZURE TIMING

- listed in the form (adjective, noun, ¥@raccording to principal usage:

| NCIDENCE



- number of epileptic seizures within a time period or the number of seizure days per unit of time.

Regqular, Irregular - consistent (inconsistent) or predictallempredictable, chaotic) intervals between
such events.

Cluster - incidence of seizures within a given period (usually one or a few days) that exceeds the aver:
incidence over a longer period for the patient

Provocative Factor- transient and sporadeadogenous or exogenous element capaldegienting
seizure incidence in persons with chronic epilegrsyevoking seizures in susceptible individuals without
epilepsy
REACTIVE - occurring in association wittransient systemic perturbatiosuch as inteurrent
illness, sleep loss, or emotional stress.
REFLEX - objectively and consistently demonstrated to be evoked by a spaédfient stimulus
or byactivity of patient
Afferent stimuli can belementanyi.e., unstructured (light flashes, startle, a monotone)] or
elaborate[i.e., structured symphony)].
Activity may be elementary [e.g., motor (a movement)]; or elaborate [e.g., cognitive
function (reading, chess playing)], or both (reading aloud).

STATE DEPENDENT

- occurring exclusively or primarily in various stagedodwsiness, sleep, or arousal
1 upon awakening myoclonic or primary generalized epilepsy
1 association with sleepRolandic or frontal lobe epilepsy

CATAMENIAL

- occurring principally oexclusively in any one phasemknstruatycle.

DURATION

- time between the beginning of initial seizure manifestations, such as aura, and cessation of ekperien
or observed seizure activitypds not include nonspecific seizure premonitions orngiakstates.

STATUS EPILEPTICUS:
a) seizure that shows no clinical signs of arresting after a duration encompassing the great majorit
seizure of that type in most patients
b) recurrent seizures without interictal resumption of bas€liN& function.

SEVERITY

- multicomponent assessment of a seizure by observers and patient.

Components primarily of observer assessimmdumation, extent of motor involvement, impairment of
cognitive interaction with environment intraictally, maximal number of seizumesrpeof time.

Components primarily of patient assessmertent of injury; emotional, social, and vocational
consequences of the attack.




PRODROME

- preictal phenomenonsubjective or objective clinical alteration (e.gldtalized sensation or dgtion)
thatheralds the onset of an epileptic seizure but does not form part of it

POSTICTAL PHENOMENON

- transient clinical abnormality of central nervous systenctionthat appears or becomes accentuated
when clinical signs of the ictus have ended.

LATERALIZING [TODD'S (OR BRAVAIS')] PHENOMENON - any unilateralpostictal dysfunction
relating to motor, language, sensory, and/or integrative functions including visual, auditory, or
somatosensory neglect phenomena.

1 unilateralheadache ipsilateralseizure origin

NONLATERALIZING PHENOMENON:
IMPAIRED COGNITION - decreased cognitive performance involving one or more of
perception, attention, emotion, mery, execution, praxis, speech
AMNESIA :
ANTEROGRADE AMNESIA - impaired ability to remember nawaterial.
RETROGRADE AMNESIA -impaired ability to recall previously remembered material.
PSYCHOSIS

HISTORY

earliest descriptionsf epilepsy appear in Mesopotamian writings frdimgillenniumBC.

epileptics were believed to Ipessessed by demonsewil spirits( sacred disease) .

during middle ages, drinking of human blood, trephination, skull cauterization, sterilization were

routinely practiced.

by 18" century, epilepsy became recognized as chronic disorder of cerebral function.

even at turn ofdst centurygxcessive masturbatiavas considered cause of epilepsy; this leaded to

use of first effective anticonvulsartisomides.

 prior to late 19 century, entire cerebral cortex was thought to be homonymous, without regional
differentiation;surgicad proceduresvere based on theory of "counterirritation” and included random
trephination, brain cauterization, appendectomy, castragpiieptics became double victims,
suffering from both their epilepsy and treatments.

1 in 1875, Macewen resected froltaeningioma localized by clinical manifestatioof focal motor
seizures.

1 in 1886,first surgery for epilepsyas performed by Sir Victor Horsley (resected traumatic cortical
scar, rendering patient seiztfree).

1 in 1951, Bailey and Gibbs reported seraé 25 patients undergoing anterior temporal lobe resection

for seizures localized only by EEG data

E
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INCIDENCE 31-84 new cases / per 100,008rsonyeass.

T 4a 2/3 new cases arise in children.

1 5-10%of population will have at least one seizdiging their lifetime(incidence highest durinigyst
3 years of life second peak is ialderly).

¢ lifetime risk of epilepsy diagnosis s a 3% by age 75 yrs (1% fror
85 yrs).

1 in some countries, parasitic infections accdanincreased incidence.

PREVALENCE0.6-1.0% of populationhasactive epilepsy i . e. recurrent seizur
seizuresp0-75% arddiopathig i.e.etiology is not identifiell

1 epilepsy affectsnales1.1-1.5 times more often than females.

1 prevalence in relativesanges 0.8.5% (higher in idiopathic than symptomatic epilepsies); risk is

higher inchildren of epileptic motherthan fathers (reason is not known).
by age 25 yrs, 9% children of epileptic mothers and 2.4% of children of epilejitérs develop epilepsy.

1 CONCORDANCEIs 70% inmonozygotic twingind 10% irdizygotic pairs

MORTALITY is increased in epileptics!
1 risk is incurred mainly bgymptomatic casesn which higher death rates are related primarily to
underlying disease rathéhan to epilepsy
accidental deathgesp. drowning) are more common, however, in all patients with epilepsy.
risk of sudden unexplained deaths 20-24 times* rate in general population.
*in medically refractory epilepsy, risk approachesl® times

T
T

PATHOPHYSIOLOGY

SEIZURES RESULT FROMDYNAMIC INTERPLAY betweerENDOGENOUS FACTORS, EPILEPTOGENIC
FACTORS, andPRECIPITATING FACTOR S.

1. Normal brain is capable of having seizure under appropriate circumstbhotésere are differences
between individuals ithreshold for seizurésdepends OENDOGENOUS FACTORS:

1) genetic(check family history)

2) development- brain has different seizure thresholds at different maturational stamesy(
immature CNS is more susceptible to seizures; esp. functional immatusithsthntia nigra may
play special rolg

2. EPILEPTOGENIC FACTORS - variety of conditions that have extremely high likelihood of resulting in
chronic seizure disorder.

EPILEPTOGENESIS - transformation of normal neural network into

one that imbnormally hyprexcitable

1 some forms of epileptogenesis are relatestioctural changes in neuronal networke.g.
TEMPORAL LOBE EPILESY- highly selective loss of inhibitory neurons within dentate gyrus +
reorganization ("sprouting") of surviving excitatory neurons.

1 epileptogenesis requires tim{gometimeslelay of months + years between initial CNS injury and
first seizure).

1 one ofthebest examples severePENETRATING HEAD TRAMA, which is associated with 50% risk of
leading to epilepsy.

1 KINDLING - processes that mediate lelagting changes in brain function in response to repeated,
gradually augmented subconvulsive stimulation of braimjled animalhas permanent state of




enhanced seizure susceptibilitpnodels for screening new compoundd thay have
anticonvulsant activity.

3. Seizures are episodienany epileptics are completely normal for months or even years between
seizures there areRECIPITATING FACTOR Sthat induce seizures in patients with epilepsy:
a) intrinsic physiologic processe¢e.g.sleep deprivatioftl, physical stress, hormonal changes
electrolyte shifts, alkalosjis
b) exogenous factorge.g.alcohol!!, certain medications, systemic CNSinfection, malnutrition,
highly specific stimuli in reflex seizurgbyperventilatioi

SEIZURE INITIATION absencesave specific mechanisra@RTICORETICULAR THEORY) | see below>
1 seizure is produced Isudden, brief* excessive hypersynchronous** discharge*** of cortical neurons
*except forstatus epilepticus
**normal neuronal activity occurs in nonsynchronized manner
***high -frequency bursts of action potentials

| EPILEPTOGENICITY - excitabilityandexcessive synchronizatiofineuronal networks. |

1 biochemical / physiologic processes are sames that provide for normal cerebral function (e.g.
balance of Acch and GABA).

f neurons in epileptogenic focus show recur@ag’-dependenhigh-voltage, longduration
depolarizations (paroxysmal depolarizing shifts, IPD$ with superimposedila’™-mediatechigh-
frequency bursts of action potentials.

PDSgenesis acti vation of NMDA t exracelldasr CAgll ut amat

i nflux Y opedependgnthat haohelage¥ ! Na Y PDS
*prolonged NMDA receptor activation (in status epilepticu Y excessi v
intracellularC&'Y cel | death ("epileptic brai

T extracellular current f EEGw8pikg ersharp wavetcharatteyristid® D S
epileptiform discharge that signifies susceptibility to seizures).

1 PDS is followed g hyperpolarizing afterpotential (due ®ABA or C&*-dependentKc hannel s)
EEG slow wavethat follows spike discharge.

7 during seizureneurons arenically depolarizedandfire continuouslyin sustained, synchronized
high-frequency discharg@&orresponding tdONIC PHASEOf seizure)seizure endasphasic
repolarizationsinterrupt continuous firing pattern (correlateanfonic PHASE and gradually restore

membrane potentials to normal ortémnporary hyperpolarized sta{eOSTICTAL DEPRESSIR).

| Seizures are result of shift in normal balancesafitation andinhibition within CNS. |

Mechanisms leading to decreasedHIBITION
1. DefectiveGABAA inhibition (e.g. various mutations of GAB&eceptor coupled Cthannel
subunits); GABA receptors are main taets of current anticonvulsants.
2. DefectiveGABAGB inhibition (e.g. various mutations of GABAeceptor coupled Kchannel
subunits).
3. Defectiveactivation of GABA neurons (normally, GABA neurons are activated by means of
feedforward ad feedback projections by excitatory neurons); e.g. selective loss of inhibitory neuron:
4. Defectiveintracellular buffering ofcalcium Y pr emature | oss of inhib

Mechanismsleading to increasecEXCITATION
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1. Increased activation MDA receptors (glutamate is endogenous ligand); NMDA receptor coupled
channels allow passage of monovalent'(M&) and divalent cations (3.

2. Increased synchrony between neurons d@ephaptic interactions electrical fields created by
synchronous activatioof pyramidal neurons in laminar structures (such as hippocampus) increase
excitability of neighboring neurons by nonsynaptic (ephaptic) interactions; changes in extracéllular |
and C&"* concentrations may also play role

3. Increased synchrony / activatidoe torecurrent excitatory collaterals (as in hippocampal
sclerosis)

SEIZURE ACTIVITY SPREAD
1 normally, spread of bursting activity is prevented by intact hyperpolarization and region of
surrounding inhibition created by inhibitory neurons.
1 repetitive dschargedead torecruitment of surrounding neurons via number of mechanisms:
1) increase in extracellular'Kwhich blunts extent of hyperpolarization and depolarizes
neighboring neurons;
2) C&*accumul ation in presynaptic terminals
(posttetanic potentiatiop
3) depolarizatioAnduced activation of NMDA subtypaf glutamate receptegated channels
Y mo r %&inflxa
1 recruitment of sufficient number of neuronadse to loss of surrounding inhibition and propagation of
seizure activity.

SEIZURES ARE SELFLIMITED - at some point bursts of electrical discharges from focus terminate:
a) active reflex inhibition - normal neurons that surround seizure are hyperpolarszecb(ind
inhibition) - inability of seizure to propagate.
I normally, discharging excitatory neurons activate ne@BAergic inhibitory
interneuronsthat suppress activity of discharging cell ascheighbors.
i voltagegated and Ca-dependenK* currentsin discharging neuron suppress its
excitability.
I adenosinggenerated from ATP released during excitation) suppresses excitation by
binding to adenosine receptors on nearby neurons.
b) neuronal metatolic exhaustior?
c) loss of synchrony
d) alteration of local balance of Acch and GABA in favor of inhibition.

1 most authorities consider 30 minutes duration as upper time limit of seizure duration without any
neuronal damage; 30 minutes (status epilepticus)associated with brain damage

BEHAVIORAL MANIFESTATIONS of seizure reflectunction of cortical neuronsinvolved inGENERATION
andspPReEADOf abnormal electrical activity.
1 how seizures produce coma:
a) diffuse abnormatlectrical discharges throughout RF ahcortex
b) exhaustion of energy metabolites + locally toxic molecules produced during séfzpestictal
state ofelectrical inhibition (generalized slowing of background EEG)
N.B. unwitnessedeizures cabe cause of unexplained coma!

ANATOMICAL STRUCTURES
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epilepsy affectmieocortexandarchicortex (hippocampus, dentate gyrus) and their interconnections
with diencephalon & brain stem.
structures most susceptilitedevelopment of recurrent seizures:

1) motor cortex

2) hippocampal formation

3) amygdaloid coplex.

according tanothertheory,thalamus (esp. anteriorplays critical role in generatinGENERALIZED

seizuregand accompanying generalized spikave EEG patterns).

PATHOLOGY

no consistent, demonstrable pathologic change$rains withidiopathic generalized epilepsy
(seizures most likely result from inherited biochemical, membrane, or neurotransmitter defects).
anatomically histologically focal epileptogenic area may appeafegatly normal.

uncontrolled seizures may produce neuron lossyersible brain damages well described with
STATUS EPILEPTICUS

ETIOLOGY

aboutprecipitating factorsY

I DIOPATHIC (S.PRIMARY , EPILEPTIC ) SEIZURE - not caused by any brain lesion or underlying disease.

T
T

generally apparent by age 18.

POSSIbIEGENETIC PREDISPOSITN;
d in most casemultiple genesdetermine various neuronal funct®that alter seizure threshold;
0 some syndromes have been mappesirtgle gene locus

Syndrome Gene Location Gene Product
UnverrichtLundborg disease 21922.3 Cystatin B
Nocturnal frontal lobe epilepsy 20013.29013.3 U4 subunit, nicoti
Benign familial infantile convulsions 20913.213.3  Voltagegated K channel
Batten's disease 16 Unknown deletion (loss of function?)
Lissencephaly (MilleDieker) 17p13.3 Subunit, platelegactivating factor
Tuberous sclerosis (TSC2) 16p13 TUBERIN (tumor suppressor)
Tuberous sclerosis (TSC1) 9934 HAMARTIN (tumorsuppressor)

SYMPTOMATIC (S. SECONDARY, REACTIVE ) SEIZURE - cause is known:

1. Braininjury T causeof partial seizures:
1) hippocampal (mesial temporal) sclerosis pyramidal cell loss and gliosignost
common cause of partial epilepsy! (espY@UNG ADULTS)
2) congenital malformations(most common etiologies IHILDREN) T AVM,
hamartomaarachnoid cysts, meningomyelocele, focal cortical dysplasia, neuronal
heterotopias.



3)

4)

5)

6)

7
8)

neoplasm- any CNS tumor can be ictogenic (esp. supratentorialgi@ade and slow
growingprimary neoplasms;.@. welldifferentiated gliomas- seizures are most often
partial with secondary generalization.
| GANGLIOGLIOMASAremost common tumor cause of pediatric seizures

CNSinfection - encephalitis, postencephalitic gliosis, meninggigydural empyema,
cerebral abscess, cerebral parasitosis [esp. neurocysticercosis], HIV and complicatior
[esp. toxoplasmosis and lymphoma].

i 1540% patients with meningitis will seize at least once (esp. at both

extremes of age; partial seizures predonanat
i partial seizures may be sole manifestation of neurosyphilis.

head trauma(t r ansi ent mechanical and neuroch
immediate seizureg pi dur al or s u badyseizarescenebraha t o ma
contusiono r | a c eceraebtomeningal ¥calyY posttraumatic epilepsy

cerebrovascular diseasé stroke (most common cause of renset partial epilepsy in
OLDER ADULTS; 4.2% had seizure within ldays of CVA, hematomaSAH, migraine,
vasculitis.

cerebral palsy

hydrocephalus,ventriculoperitoneal shunt failure (seizures are more common in
children with hydrocephalus with shunts than those without shunts).

2. Systemic disorders

1)
2)
3)

4)
5)
6)
7
8)

9)

fever (febrile seizures)

hypoxia (incl. birth asphyxia)

hypo/hyperglycemia(esp. infants} rapid bedside glucose determination shdadd
integral part of evaluation in patient without known epilepsy!

hypo/hypernatremia, esp. acute (hyponatremia is leading cause of nonfebrile seizure
in children < 2 years)

hypacalcemig hypanagnesemia

hypo-/hyperosmolar states

acid-basedisorders (esp. high anion gap acidosis)

liverf ai l ure (& 33% pati enti®HENWTOINIS firdtlin@ at i C
treatmentys. benzodiazepinesinduce comal).

renal failurei uremic encephalopathy, dialysis disequilibrium syndrome (acute fluid
and electrolyte shifts during dialysis
dialysis)

10)hypertensivecrisis

11)pregnancy, eclampsia

12)pyridoxine dependencydeficiency

13)postimmunization (esp. pertussis* and measles vaccingsgy cause infantile spasms)

* now appears that association between pertussis immunization and infanti
spasms is not causative but rather unmasking in otherwise predisposed
children.

14)thyroid disease (hypbiyroidism > thyrotoxicosis)
15)acute intermittenporphyria

3. Drug withdrawal :

1)
2)
3)
4)

benzodiazepines (with flumazeniladministration
barbiturates

ethanol ("rum fits")

clonidine


http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E9.%20Epileptic%20Syndromes.pdf#POSTTRAUMATIC_SEIZURES
http://www.neurosurgeryresident.net/USMLE%202/Urogenital%20system%20(2401-2700)/2514.%20Water%20&%20NaCl%20disorders.pdf
http://www.neurosurgeryresident.net/USMLE%202/Urogenital%20system%20(2401-2700)/2646.%20Hypertension%20in%20pregnancy,%20Hyperemesis%20Gravidarum.pdf
http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E9.%20Epileptic%20Syndromes.pdf#ETHANOL_WITHDRAWAL_SEIZURES

5) baclofen.

4. Proconvulsant dug (overdosg: 15% of drugrelated seizures may presens&sus
epilepticus

1) tricyclic antidepressants!

2) antipsychoticgesp. phenothiazines)

3) someopioids: propoxyphene (Darvon®), meperidine (Demerpg®get drug
combination "T's and blues" (pentazocine (Ta@®)ir antihistamine tripelennamine)

4) sympathomimetics (incl. cocainamphetamines, phencyclidiriteeophylling

5) antihistamines

6) nicotine

7) isoniazid (antagonist of GABAN: 1 mg pyridoxindV for 1 mg of isoniazid ingested

8) salicylates

9) b-lactam antibioticgantagonist of GABA)penicillins, cephalsporins

10)lidocaine

11)cyclosporine (may affect Mg levels)

12)flumazeniladministeredo treat benzodeepine overdose

5. Genetic diseasetonly 1% of epilepsy casesjnendelian(e.g. phenylketonuria, lipid storage
diseases, tuberous sclerosis, hyperglycinemia, Lafora's disgaseynosomal(e.g. Down
syndrome)mitochondrial (e.g. MELAS, MERRF).

CRYPTOGENIC SEIZURE T seizure is thought to be secondary but cause has not been identified.

ACUTE SYMPTOMATIC SE IZURE - occurs within 1 week of causative disorder.

REMOTE SYMPTOMATIC S EIZURE - occurs more than 1 week following causative disorder.

PROVOKED SEIZURE - in response to acuteNS insult(infection, head injury) or acusg/stemic insult

(e.g. hypoglycemia, hypernatremia, alcohol, sleep deprivationjclge symptomatic seizure

UNPROVOKED SEIZURE may beidiopathic, cryptogenic or remote symptomdic seizure

REFLEX SEIZURE, S.REFLEX EPILEPSY 1 epileptic seizure precipitated Bpecific identifiable stimuli

(e.g. light*, sound, eating, reading, startle, immersion in hot water, vestibular stimulation).

*stroboscopic light patterns, complex visirabges, videogames
i it was noted in ancient Rome tlsiiring at potter's wheaould induce seizures (this test was
used to demonstrate to prospective owners that slaves were seizure free).

1 LESIONAL EPILEPSY - focal epilepsy in which lesion is identifieth meuroimaging studiesepilepsy
surgery (resection of epileptogenic lesion) is likely to be successful.

1 in any given patientelative contribution ofGENETIC and ACQUIRED factorsdetermines whether

epilepsy presents @diopathicdisorder oisymptomatione (failure to identify genetic component in

posttraumatic epilepsy or in seizures following stroke most likely reflects relatively small genetic

"load" in these situations compared with magnitude of acquired factors).

E

= =4

PEDIATRIC seizures
1 most aradiopathic (75%)* or due tdrauma, butmost common pediatric seizure causkeiger!
*except in newbornscause for seizures can be found in majority

New-onset seizures IRDULTS

1 primary generalized seizures rarely begin after age 18.

1 seizures are more often due to underlyngin lesionsor metabolic causes
Thoroughly evaluate firsime seizure in adult!!!

1 stroke is most common cause of first seizure after age 65.
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1 CNS degenerationassociated with aging increases risk of reactiveuses; incidence of primary
seizures also increases after age 60 y@dubpimer's dementia significant risk factor for nevonset
seizures.

CAUSES BY AGE OF ON&ET

ETIOLOGY OF EPILEPSY ACCORDING TO AGE

Congenital 3.3%

Congenital 20.0% Trauma 9.9%

Trauma 4.7% Vascular 15.5%

1 Idiopathic/

Vascular 1.5% — Idiopathic/
Neoplastic 1.5° ’ cryptogfmc cryptogfmc
Infection 4.0 // e N
Degenerative 0.7% Neoplastic 10.5%
Infection 2.2% 7
Degenerative 3.3%
CHILDREN ADULTS
First day Day 4 to 6 months 6 months to 3 years
Hypoxia Infection Febrile seizures
Drugs Hypocalcemia Birth injury
Trauma Hyperphosphatemia Infection
Infection Hyponatremia Toxin
Hyperglycemia Devebpmental malformation | Trauma
Hypoglycemia Drug withdrawal Metabolic disorder
Pyridoxinedeficiency Inborn error of metabolism Cerebral degenerative disease
Day 2-3 > 3 years
Infection Idiopathic
Drug withdrawal Infection
Hypoglycemia Trauma
Hypocalcemia Cerebral degenerative disease
Developmental malformation
Intracranial hemorrhage
Inborn error of metabolism
Hyponatremia or hypernatremia

see als@. E9>> (neonatal seizurgs

SEIZURE CLASSIFICATI ON & CLINICAL/EEG FEATURES

N.B. this is classification cEIZUREINOt EPILEPSY
70% patients have only one type of seizure; 30% Ravepes.

A. GENERALIZED (s.BILATERAL) seizures(40% of all seizures)initial simultaneous activation
of neurons throughotttoth hemispheregi.e. involve brain diffusely from beginning); no any focal
features can be observed; further subdivisions are based on charattmobtor manifestations

a) CONVULSIVE generalized seizureggrand mali accompanied by abrupt full loss of
consciousnesand severe postictal state. further see >>
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b) NONCONVULSIVE generalized seizure$ variable (no + full) loss of consciousness,
postictal state may be absent.
petit mal
myoclonic seizugs
clonic seizures
tonic seizures
atonic seizures

1 seizure discharge arises frateep midline structures brainstem or thalamus (ARAS
dysfunctior) Y prompt loss of consciousness

no aurais present.

usually begin ircHILDHOOD) (before age of 20) angpresent true "idiopathic epilepsy”

E

B. PARTIAL (s.FOCAL) seizures(57% of all seizures)initial activation of limited population of
neurons in part abne hemispherdi.e. localized cerebral ictal onset).
N.B. almost all seizures that beginAnuLTHooD: (after age 20) are focal (whether or not
this is apparent clinically) caused by focal brain disease!
New partial seizure represents structural lesion until proven otherwise

Up to 40%of cHILDHOOD) seizures are partial!

1. sIMPLE partial seizures- consciousness is preserved
1) with motor signs (incl. jacksonian, versive, postural)
2) with sensorysymptoms (inclsomatosensoryjsual, auditory, olfactory)
3) with psychicsymptoms (incl. dysphasia, hallucinatory, affezichanges)
4) with autonomic symptoms

2. COMPLEX partial seizures- consciousness is impaired
1) simple partial onsefollowed by impaired consciousness (i.e. complex partial seizures
evolved from simple partial seizures)

a) with automatisms
b) withoutautomatisms

2) with impairment of consciousneasonset
a) with automatisms
b) withoutautomatisms(impairment of consciousness only)

3. Partial seizurewith SECONDARY GENERALIZ ATION,, i.e. grand mal preceded by focal clinical
and/or EEG maifestations (i.e. ictal activity haspread to other hemispheye
1) simple partial evolving to generalized
2) complexpartial evolving to generalized
3) simple partial evolving tacomplexpartial evolving to generalized
1 Todd's paralysigpostictalfocal neurologic deficit) indicates seizure origin from contralateral
hemispheres

C. UNCLASSIFIED seizures(3% of all seizures

Initial seizure eventsare usually most reliable indication to determine geifype focal signature may
be lackingfor several reasons:
1) amnesiafor early events.




2) consciousness may be impairedgsickly, or seizure generalized sapidly, that early
distinguishing features are blurred.

3) seizureoriginim e havi or al linyegidnsthus, seizdredbecbmea clinically evident only
when discharge spreads beyond ictal onset zone.

SEIZURE TYPES ACCORDING TO AGE

Generalized TC 18.6% Generalized TC 24.8%

Complex partial 23.4%
Complex
partial
38.7%

Absence:12.83 Other partial 6.6%

v MISEOnIcOR % Simple partial 21.5% &,
Other gen. 11.3% ~ Myoclonic 2.2%
Unknown/muitiple 8.1% \ b
| | Other gen. 3.9%
Simple partial 11.3% Other partial 8.8%

CHILDREN ADULTS

GENERALIZED SEIZURES

ToNIc-CLONIC SEIZURES (S. GRAND M AL

- most commorand most dramatic formf seizures! (both in idiopathic and symptomatic
epilepsies)

1. Vague inconsistent nonspecif@ODROMAL (PREMONITORY ) SYMPTOMS (Ooccur minutes + days
before actual convulsion): headache, mood changggfilhed anxiety, irritability, lethargy, appetite
changes, dizziness, lightheadedness, other uncom#ofesdings.

N.B. differentiate from stereotypic aurassociated witlfiocal seizuregaura is due to seizure
activity, but prodrome is not!)

2. ToNIc PHASE T suddercompleteloss of consciousnessith fall to ground+ in timely order:
1) possible few briefbilateral symmetric muscle jerkslasting few seconds.
2) brief trunkflexion, upwardeye deviation characteristiwocalization ( épilepticcryf -
contraction of abdominal muscles produces forced expiration across spasmodic glottis).
3) generalized (trunk andnfibs)extensionlasting 1015 seconds.
9 tonic phase may be preceded by bfoefal behaviorge.g. extremity jerking, head version).
1 respirations are impairedpatient becomesyanotic, secretions pool in oropharynx, may vomit.
1 marked enhancementgfmpatheticton¥ t achycar di a hypeBgRdemigchilgrenr i a
have very little glycogen reserve and may rapidly develop hypoglycemia!).
i tonic phase lasts 120 sec.

3. CLONIC PHASE - symmetric synchronous violetdnic contractionsalternate withmuscle atoniaof
gradually increasing duration until contractions cease.

i contractions of respiratory muscles proddnghmic grunting.
1 muscular force may be sufficiently vigordtis post eri or shoul der di sl
vertebral bodiessignificant tongue and buccal injurigfrom repeated biting).

4. Seizure terminates with final generalizeaNiC SPASM.



5. POSTICTAL STATE (gradual recovery over hours): flacdidma( s ev er a | comfusiomdl e s )
stateY myalgia, headache lethargy (patients pefer to sleep), mental dulling, lack of energy, mood
changes lasting as long as 24 hours.

1 prolonged consciousness alteration after unwitnessed seizure may produce diagnostic confusior
 in secondarily generalized cases, 4igtiited focal neurologic defici (T o d d 6 sY geeabélsvy
) may occuii indicates focal epileptogenic site!

1 most TCS aréess than 90 secondsiration.
1 tonic phasas generated ibrain stem whereaglonic seizuresire generated ineocortical
structures
1 seriousautonomic alterations (dysautonomiapccur during tonielonic phases:
1) transient apnea, hypoxia, lactic acidosis
2) urinary incontinence is common (¥scal incontinencés rare).
3) transient hyperglycemia
4) mild CSF pleocytosis
5) serum[prolat i n] y
{1 complications
1) trauma
2) skeletal muscle damagap to frank rhabdomyolysis)
3) aspiration pneumonia
4) neurogenic pulmonary edemarelatively common, although often subclinical (hypoxia,
clinical evidence of pulmonary congestion); caused by centrally mediated sympathetic
generalized vasoconstriction + increased pulmonary capillary permeability; can be
clinically and radiographicatlconfused with aspiration pneumonia; managed with
ventilatory PEEP support.
5) SUDEP (sudden unexpected death in epilepskglated to acute pulmonary edema,
cardiac arrhythmia, suffocation.
1 prognosidor idiopathic TCS (esp. in childhood) is better than for focal or secondary generalized
seizures, which tend to persist if untreated.

EEG
Ictal EEG(always abnormal, but may be obscured by movement artifact):

TONIC PHASE - generalizedow-amplitude fastactivity (2004 0 Hz) Y bil aterally
symmetric 1Hz rhythm €pileptic recruiting rhythn) Y gr adual |y becomes i
increasing amounts of slow activity:
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CLONIC PHASE - generalizedpike-wave activity (high-amplitudepolyspikes intempted by slow waves).
N.B. spikewave activity characterizes clonic phase.

POSTICTAL PERIOD - generalized suppression or lamplitudeslow activity.

Interictal EEG
Secondarily generalized TCSbhackground abnormalities andfocal slowing & epileptiform ativity.

Primary generalized TCSnormal background andgeneralizedilaterally symmetrical and
synchronous (poly)spikes spike-wave complexes a8-4 Hz
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Figure 24-6. Burst of generalized 3- to 4-Hz spike-wave activity oc-
curring interictally in a patient with primary generalized epilepsy.

TONIC SEIZURES

- TONIC CONTRACTIONS (sustained, nonvibratory) of axial musculature.

1 usuallyinvolves flexion of upper extremities and flexion or extension of lower extremities
(commonly produce sudden, unexpected falls).
abruptonset
consciousness impairment and autonomic alterations are lesser than in grand mal.
characteristic gutturalry or gunt as air is forced through adducted vocal cords
seizuredastup to 1 minute (typically < 10 seconds).
rapid return to baseline.
frequently occudozens of times per ddggommonly occur in clusters during drowsiness and
NREM sleep).

9 usually associatedithh epileptic syndromes having mixed seizure phenotypes (such as kennox
Gastaut syndrome).

E ]

EEG



Ictal EEG- generalizec:lectrodecremental responsdow-voltage beta frequency (185 Hz) activity
("beta buzz"); may evolve into higgmplitude 10 Hz rhythmgeneralized theta or delta activity.

Interictal EEG- poorly organized background + generalized spieee discharges < 3 Hzl{w spike
wave complexgor (multi)focal spikes and sharp waves.

A

y
TONIC or ATONIC seizures typically indicate clinicallgnificant brain injury
Z

ATONIC SEIZURES

A DROP ATTACKS ( ) lasting 2 secondshut consciousness is usually impaired, although
recovery is rapid.

1 may be limited to headeck musculaturéhgad drop or may involve all postural musculature
(unexpectedalls and injuries).

 atonicl astatic(astatic seizure loss of erect posture resuly in fall; astatic seizurenay occur with
atonic, tonic, and myoclonic seizures).

1 loss of tone may be preceded by series of myoclonic jerks.
)l

atonic and tonic seizures are often present in same patient (usually children with symptomatic
generalized epilegy syndromes).

EEG

Ictal EEGI brief, generalizedpoly)spike-wave dischargesin prolonged seizuresgeneralized spike
wave discharges followed laffffuse generalized slowing
Postictalchanges are not prominent.

CLONIC SEIZURES

Y hypotoniaorgeneraizd t oni ¢ s pféaislynsyminetscebilatemlssynchronous
semrhythmicmuscular JERKS.

1 no significant autonomic changes, pastictal confusion.
1 rare (usually seen in children with febrile illnesses).

EEG

Ictal EEGi generalized 10 Hz rhythm intermixed with slow waves of variable frequency.
Interictal EEG- generalized (poly)spikevave discharges.

MYOCLONIC SEIZURES

- bilaterally symmetric (rhythmic saccadiekgry rapid body JERKS (single or repetitive) for fewezonds.
1 may be restricted to facial and shoulder girdle muscles, or may affect entire body.
1 consciousness is usually preserved!
1 often cluster shortly after waking or while falling asleep.
1 may occur at any age, and are oftesult of permanent neurologi@magecommonly observed in
neonates and children with idiopathic or symptomatic epilepsy.

1 MYOCLONIC SEIZURESarecaused by cortical dysfunctiofvs. NONEPILEPTIC MYOCLONUS -
subcortical or spinal dysfunction).

EEG
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Ictal EEGI generalized % Hzfast polyspike-wave complexegmay or may not be timecked to
muscular contraction).

Interictal EEGvaries depending on etiologyrom normal background rhythms with generalized
epileptiform discharges to severe background abnormalities with multifocaldspdterges.

a) idiopathic generalized epileptic myoclonugabnormal subcortical influences on diffusely
hyperexcitable neocortexspike discharges precede generalized myoclonic jerks.

b) reticular reflex myoclonus (originates in brain stem structureg)enealized, synchronous muscle
contractions precede electrographic correlate.

c) cortical reflex myoclonus(form of focal epilepsy} unilateral or asynchronous jerks restricted to
few contiguous muscles preceded by spike discharges in contralateral sens@aomtexor

ABSENCE SEIZURES (S. PETIT MAL)

TYPICAL ABSENCE - sudderattack ofiMvPAIRED CONSCIOUSNE Ss(behavioral arrest with motionless
staring and unresponsiveness).
1 no overt motor manifestations(except for possible eyelid and perioral flicker, small btughe finger
twitching) - may be mistaken for daydreaming or inattention.
duration rarely exceeds 10 seconds.
begin and end abruptiyno warning (aura), npostictal state!
amnesia for event.
commonly precipitated blgyperventilatiord!! and infrequenty by photic stimulation
Hyperventilation fo!3 minutes can induce an absence seizure and results in quick diagnos
during the clinic visit
1 typically occur inneurologically mermalchildren with idiopathic generalized epilepggignificant
inherited predisposition).
N.B. diagnosis of nevonset absence seizuresaniulthoodis incorrectin vast majory of
cases (consider temporal lobe complex partial seizures with relatively minor automatisms).

E R

Key distinctioni absence vs. complex partial seizures

1 unrecognized & untreated, absence seizoa@soccur hundreds of times each déuddenly
decreased school performance or overall attention is subtle manifestation of frequent absence
seizures).
1 pathophysiologys explained by ORTICORETICULAR THE! ORY - generation of abnormal
OSCILLATIONS within thalamocortical circuitry;
I circuitry includes pyramidal neurons of neocortex, thalamic relay neurons, and neurons in
nucleus reticularis thalami (NRT).
I thalamic neurons have ability to shift between oscillatory and tonic firing modes.
i duringnormal wakefulnesstonic firing and EEG desynchromizon take place.
i with oscillatory rhythmical firing, thalamic EPSP (excitatory postsynaptic potential) threshol
is raised Y dampeni ng o fimpaiimgm e tonstiousneggsni s
in normal sleep).
i oscillatory behavior relies amuicleus reticularis thalamiwhich is composed of GABAergic
neurons.
i thalamic relay neuronhave GABAs receptors in cell body.
i GABA&g -mediated inhibition triggers key everlbw-threshold C&* current via voltage
dependent G4 channels T-channels T =transient) in thalamic relay neurodfs s ust ai r
oscillatory burst firings between thalamic relay and cortical pyramidal neurons
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i antrabsence agents(HOSUXIMIDE, VALPROIC ACID) suppress hannel currents; GABA
agonistBACLOFEN worsens seizures; antiveulsants that increase GABA levels (e.g.
GABAPENTIN, TIAGABINE, VIGABATRIN) exacerbate absence seizures!

Differentiating staring due to absence from that of complex partial seizures

FEATURES ABSENCE COMPLEX PARTIAL
Sleep activation None Common
Hyperventilation Induces the seizures No activating effect
Seizure frequency Frequent, many per day| Less frequent
Seizure onset Abrupt Slow
Aura None If precaeded by a simple partial seizur
Automatism Rare Common
Progression Minimal Evolution offeatures
Cyanosis None Common
Motor signs Rare, or minimal Common
Seizure duration Brief (usually <30 sec) | Minutes
Postictal confusion or sleep| None Common
Postictal dysphasia None Common in seizures originating from
dominant hemisphere

ATYPICAL ABSENCE:

I beqin and end more gradually

T less marked alteration of consciousness;
i duration exceeds 10 seconds;
i
i

rarely provoked by hyperventilation or photic stimulation.
commonly accompanied by various motor features:
1) absence witltlonic movements esp.eyeld, facial clonugmyoclonic absence)
2) absence witlatonic states(atonic absence)
3) absence withonic contractions
4) absence witkautomatisms(various stereotyped movements, usually of face, handay be
mistaken for temporal lobe complex partial seizures.
i tend to occur imeurologically impaired individualswith diffuse / multifocal cerebral dysfunction
(e.g. LennoxGastaut's syndromé)treatment is less successful.

EEG
Ictal EEGi abrupt onset (and abrupt end) of symmeggoeralized® Hz doublets (spke & rounded
wave)
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