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LOBs

Describe the pathophysiology of seizure disorders, and define epilepsy.

Outline the classification of seizures including generalized (tonic-clonic,
absence, tonic, clonic, atonic), partial (simple and complex) and febrile
seizures.

Describe the epidemiology and etiologies of seizures.

Describe the basic drugs used for different seizure types as well as other
therapeutic options (diet, surgery, neurostimulation),

Describe the approach to a patient with epilepsy for clinical diagnosis and
further testing (EEG, imaging etc).

Outline how to approach and treat status epilepticus and give first aid in a
seizure.

Discuss selected epilepsy syndromes (Lennox-Gastaut, Rolandic, Juvenile
myoclonic)

Differentiate seizures from other paroxysmal events.

Outline special issues such as driving and epilepsy, pregnancy in women
with epilepsy and psychogenic seizures.



Definitions, Epidemiology

* Epilepsy is defined as a condition in which there
is a tendency toward recurrent unprovoked

seizures

* The diagnosis of epilepsy is often applied after
two unprovoked seizures

* Seizures are among the most common problems

in Neurology
— Up to 10% of the population will have a seizure at
some point in their lives

— One third of these will develop epilepsy, and between
0.5% and 1% of the world's population has epilepsy



Definitions

A seizure is a transient occurrence of signs and/or
symptoms due to abnormal excessive or
synchronous neuronal activity

A seizure does not necessarily mean that a
person has epilepsy

Epilepsy is defined as that condition characterized
by recurrent, unprovoked seizures

The final common pathway for seizure generation
is an imbalance between excitatory mechanisms
(NMDA) and inhibitory (GABA) ones



Classification

Focal (old term=partial)

— Seizures arise from a specific focus within the brain
* Simple: Awareness is maintained
 Complex: Awareness is impaired
 Complex focal seizures evolving to secondarily generalized

Generalized
— Involves both cerebral hemispheres at onset
— GTC, Clonic, Tonic, Atonic, Myoclonic, Absence

Secondarily Generalized

— Arise from one portion of the brain and subsequently
evolve and spread to involve the whole brain

Unclassified
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Simple focal seizures

Begin in a focal brain area and do not impair awareness

Positive rather than negative neurologic symptoms
— Tingling rather than numbness
— Hallucinations rather than blindness

The manifestations of simple partial seizures depend on their site of origin
in the brain

— Focal motor seizures
* Jacksonian march occurs when the electrical discharge spreads along the motor strip
* Spreads along body parts following the organization of the motor homunculus

— Simple focal seizures from other regions include
* Sensory phenomena from parietal lobe
* Visual phenomena from occipital area
* Gustatory phenomena
* Olfactory phenomena

* Psychic phenomena from temporal lobe
— Déja vu, jamais vu, depersonalization (“out of body”) or derealization



Focal seizures with impaired awareness
(old term=complex partial seizures)

Focal onset with impairment of awareness
Commonly arise from the temporal lobe > frontal lobe

May include automatisms (stereo-typed motor actions without
clear purpose)

— Lip-smacking, chewing movements, or picking at clothing

The patient may have speech arrest or may speak in a nonsensical
manner

The patient does not respond normally to the environment or to
commands

Patients may continue the activities they were involved in at the
onset of the seizure

Seizures of frontal lobe origin may involve bizarre bilateral
movements i.e. bicycling or kicking, or running in circles



Auras

* Symptoms preceding the onset of partial seizures are called auras

* They include abnormal sensations such as a sense of fear, a rising
feeling in the abdomen, or an odor

 The aurais due to electrical activity originating from the seizure
focus and thus represents the earliest manifestations of a partial

Se 1ZU re * Generally, partial seizures don’t last long, they end naturally on their
own. Protect the patient from any harm until they are alert.

* Epileptic discharges begin and remain unilateral, usually consisting of
repetitive, rhythmic, sharp/slow waves.

* An “aura” may occur. —warning before a seizure.

EEG
PARTIALSEIZURES = '

 The time after a partial seizure before the patient returns to normal
neurological function is called the postictal period



Automatisms

Alterec
consclousness
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or frental lobe and inveive limbic and
paralimoic structures

Patient mey uncensciously
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=and
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Repetitive, seemingly purpeseful activity
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‘with buttons
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with subsequent seizures
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Temporal Lobe Epilepsy

Simple partial seizure Complex partial selzure

Consciousness
preserved. Fear
and déja vu
sensation

Mesial temperal
locus

Gastroinzstinal

Ips lateral arm waves
in circular fashion
Secondary generalized '
tonic-clonic seizure Seccndary generslizaton
of temporal lobe se zure

Contralateral hanc
in dystonic positon

Spread 10 enlire cortex,
thalamus, and midbrain
structures resulls in

seceadary generalized
ton c-clenic seizure

Simple partial seizure Complox partial seizure Secondary generalized
{fear, epigastr e fullnoss) (altered consciousness, tonic-clon 2 seizure
nand posturing)
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Generalized onset seizures-Motor: Tonic-clonic

Formerly called grand mal seizures

Begin with a tonic phase, lasting several seconds, in which
the entire body becomes stiff (including the pharyngeal
muscles =2 ictal cry)

This is followed by the clonic phase, in which the
extremities jerk rhythmically for 1 to 2 minutes

— Toward the end of the clonic phase, the frequency of the jerking
may peter out until the body finally becomes flaccid

The patient may bite the tongue and become incontinent of
urine

A postictal state lasts minutes to hours and the patient may
be tired or confused and returns slowly to normal



Generalized Tonic-Clonic Seizures

Tonic phase

Cyanosis

Incontinence

Simultaneous bilateral
cortical seizure activity

Loss of consciousness, fall,
cry, and generalized tonic
stiffening, often with bladder
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Postictal phase

Postictal period
may last minutes
to hours

Patient lethargic and confused after seizure.
Often sleeps

Stages of generalized tonic-clonic seizure

Tonic phase Clonic phase Postictal phase
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Generalized onset seizures-non-motor:
Absence

Generalized seizure that most commonly occurs in children

Characterized by an unresponsive period of staring that
lasts for several seconds, with immediate recovery
afterward

May occur tens or hundreds of times per day

Usually diagnosed by schoolteachers as daydreaming or
difficulty concentrating

A three-per-second generalized spike-and-wave EEG
pattern accompanies the seizures

Hyperventilation is a common trigger
Absence status may occur in older individuals
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Absence Seizures

Absence seizures
probably represent
abnormal interactions
between cortical

and thalamic
transmissions

Simultaneous generalized bilateral seizure activity

Loss of attention
Vacant stare
Eyes may

blink or
roll up

Sudden onset

Child alert and attentive

before and after seizure Sudden cessation
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EEG. Atypical absence pattern. Atypical absence
seizures may be associated with mental retardation
and tonic or atonic seizures

Typical absence seizure. Impaired
awareness and responsiveness for
about 2-15 seconds
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Other generalized seizure types

e Atonic

— Usually in the setting of a neurological syndrome, e.g.
Lennox Gastaut

— Differentiate from cataplexy
* Tonic
— Diffuse muscular stiffening
* Myoclonic
— Jerking of limbs
— Early myoclonic seizures with poor prognosis

— Juvenile myoclonic seizures — benign
— Neurodegenerative syndromes and CJD



Epidemiology and etiologies 1

Seizures often have their onset in the very young and the very old
Etiologies vary depending on age of onset

In infants, a variety of neonatal infections, hypoxic-ischemic insults,

genetic syndromes, and congenital brain malformations are common
causes

In old individuals, 250
stroke, tumor, etc.

wmenene USA «==a jcoland —— Finland

Incidence of
new-onset
seizures

by age
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Epidemiology and etiologies 2

Febrile seizures
— They are the most common cause of seizures in children, affecting up
to 3- 9%
— They occur between 6 months and 5 years

— May re-emerge as afebrile FOSs with 10C in adolescence with mesial
temporal sclerosis

Older children develop seizures related to head injury or meningitis
Brain tumors are common etiologies by middle age

Stroke is the most common etiology in elderly followed by
metabolic disturbances such as hepatic or renal failure
Syndromic seizures

— Affect children (and adults) and include specific seizure types, EEG
patterns, and associated neurologic abnormalities

— The diagnosis of a specific syndrome may lead to genetic testing and
to proper choice of AED



TABLE 15-1 Selected Epilepsy Syndromes

Age of Seizure Types Associated EEG Findings Treatment
Onset Findings
Lennox-  Childhood Tonic, atonic, Intellectual Slow (1- to Valproic acid,
Gastaut myoclonic, generalized  disability 2-per-second) lamotrigine,
syndrome tonic-clonic, absence spike-and-wave felbamate,
discharges rufinamide
Benign Childhood Simple partial involving  Nocturnal Centrotemporal Carbamazepine;
rolandic mouth and face, preponderance  spikes sometimes no
epilepsy generalized tonic-clonic ~ of seizures treatment
Absence  Childhood and ~ Absence, generalized ~ Hyperventilation ~ 3-per-second Ethosuximide,
epilepsy  adolescence tonic-clonic as trigger generalized valproic acid
spike-and-wave
Juvenile  Adolescence Myoclonic, absence, Early morning 4- to 6-per-second  Valproic acid,
myoclonic and young generalized tonic-clonic ~ preponderance  polyspike-and-wave lamotrigine,
epilepsy  adulthood of seizures levetiracetam




Clinical manifestations

* History
— The diagnosis of seizures is a clinical one

— Patient and observers provide description of the
event
* Ask about premonitory symptoms / aura
* Assess the character of the recovery period

* Assess whether the event was a seizure and what type
it was

e Differentiate between seizures and other paroxysmal
neurologic events



TABLE 15-2 Characteristics of Partial Seizures and Other Paroxysmal Neurologic Events

Partial Seizures Transient Ischemic Attacks Migraines
Onset Progression of symptoms ~ Sudden onset of symptoms Progression of symptoms
over seconds over 15 to 20 minutes
Neurologic Positive motor or sensory Negative motor, sensory, Positive sensory or especially
symptoms symptoms, “psychic” or visual symptoms visual symptoms, such as
symptoms such as déja vu scintillating scotomata
Duration Usually less than a few Usually less than 30 minutes, ~ Symptoms for 15 to 20 minutes,
minutes always less than 24 hours followed by headache for up
to hours
Consciousness  Impaired (if complex) Preserved Preserved
Headache Occasionally postictal None Throbbing pain following
progression of symptoms
Recovery Postictal confusion, [mmediate Fatigue common
sleepiness
Risk factors Structural brain lesion, Hypertension, hyperlipidemia, ~ Family history of migraines
family history of seizures ~ smoking, diabetes




Broad Differential Diagnosis 1

* Loss of awareness
Syncope
Cardiogenic/hypotensive
Panic attacks/hyperventilation
Hypoglycaemia
Sleep

 Generalized convulsive movements
Syncope
Anoxic Seizures
Movement disorders

e Attacks in sleep
Hypnic jerks
Sleep apnoea
Restless legs
Parasomnias




Broad Differential Diagnosis 2

 Drop Attacks
Cardiovascular
Acute brainstem disturbance
Cataplexy
Metabolic (periodic paralysis)
 Transient focal symptoms
TIA
Tics
Demyelinating disease
Movement disorders
Vestibular disturbance
Migraine
Psychiatric disease




Approach of the patient

Examination is diagnostic when the patient is observed
during the event or shortly thereafter

Postictal hemiparesis, or Todd’s paralysis, may be
detected after a secondarily generalized seizure
— Indicates a focal-onset seizure even if a GTS was witnessed

Neurologic signs suggest the presence of a focal brain
lesion

General physical exam may vield findings suggestive of
infection or other systemic disease

Signs of meningitis should be sought in any patient
who has had a seizure



Diagnostic evaluation

* Laboratory testing

— To assess for underlying metabolic abnormality, e.g. hyponatremia or hypocalcemia
— Lactic acidosis commonly results from decreased serum bicarbonate after a GTC seizure
— Prolactin
— Lumbar puncture if infection is suspected

* Brainimaging
— Obtained in patients with new-onset seizures
— MRl is used to identify structural abnormalities
— CTin the urgent setting
— Functional imaging: fMRI, PET, SPECT

— To identify a potential focus of seizure onset
— To reveal characteristic findings of a specific epilepsy syndrome

— To establish whether a patient not waking up has nonconvulsive status

— Up to 50% of EEGs performed on known epilepsy patients may be normal
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Treatment-Drugs

The mainstay of epilepsy treatment is medical therapy

An AED is typically not started after a single seizure

— Especially if symptomatic d/t a treatable or reversible condition
* Meningitis, alcohol withdrawal, or hyponatremia

AED treatment is usually begun after two seizures that are not
symptomatic or provoked

AED usage aims to eliminate seizures and avoid side effects ideally with
monotherapy

— Dosage is increased until either seizure control is achieved or adverse effects
become intolerable

— A second AED may augment therapy if necessary
— If seizure control is achieved, an attempt is made to taper the first drug

70% of epilepsy patients respond to monotherapy

In 30% two or more AEDs may be required '\‘

Seizures may remain refractory to all medical therapy \, 0
" 7/ )
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TABLE 15-3 Selected Antiepileptic Drugs

receptor

Site of Action Seizure Types  Characteristic Side Effects
Treated”
Phenytoin (Dilantin) Na* channel Partial Gingival hyperplasia, coarsening
of facial features, ataxia
Carbamazepine (Tegretol) Na® channel Partial Hyponatremia, agranulocytosis,
diplopia
Valproic acid (Depakote) ~ Na™ channel, GABA Partial, generalized ~ Gastrointestinal (GI) symptoms,
receptor tremor, weight gain, hair loss,
hepatotoxicity, thrombocytopenia
Phenobarbital GABA receptor Partial, generalized ~ Sedation
Ethosuximide (Zarontin) ~ T-type Ca’* channel Absence GI symptoms
Gabapentin (Neurontin) ~ Unknown, possibly voltage-  Partial Sedation, ataxia
gated Ca’* channel
Lamotrigine (Lamictal) ~ Na™ channel, glutamate Partial, generalized ~ Rash, Stevens-Johnson syndrome

Topiramate (Topamax) ~ Na® channel, GABA Partial, generalized ~ Word-finding difficulty, renal
activity stones, weight loss

Tiagabine (Gabitril) GABA reuptake Partial Sedation

Levetiracetam (Keppra) ~ Unknown, possibly Partial, generalized  Insomnia, anxiety, irritability
synaptic vesicles

Oxcarbazepine (Trileptal) Na® channel Partial Sedation, hyponatremia

Zonisamide (Zonegran) ~ Unknown Partial, generalized ~ Sedation, renal stones, weight loss

*Drugs effective for partial seizures can also be used for seizures tht are secondarily generalized.




Latest AEDs

e Esclicarbazepine (Zebinix)
— Stabilizes inactive state of sodium channels
— Focal onset seizures
e Lacosamide (Vimpat)
— Enhances slow inactivation of sodium channels
— Focal, generalized seizures, SE
 Perampanel (Fycompa)
— Non-competitive AMPA receptor antagonist
— Partial, generalized seizures
* Rufinamide (Banzel, Inovelon)
— Modulation of voltage-gated sodium channels
— Lennox-Gastaut syndrome



Treatment-Neurostimulation

Vagus nerve stimulation is effective in the treatment of
partial and generalized seizures

— Implanted subcutaneously in the chest

— stimulates the left vagus nerve through programmed electrical
impulses delivered through leads placed in the neck

Trigeminal nerve stimulation

— External or internal

Responsive Neurostimulation

— Intracranially implanted.

— Responds to seizure by delivering a stimulus

Deep brain stimulations of various areas such as thalamus
seizure focus etc.




Treatment-surgery

e Patients refractory to medical management
may be treated with surgery
— Failure of two appropriately chosen AEDs

— Other factors include seizure type and frequency, intolerance of AED
therapy, number of AEDs tried, and effect on patient’s quality of life

* The most common surgical procedure is resection of the
epileptogenic area

— A presurgical evaluation includes continuous video-EEG monitoring

combined with neuroimaging, neuropsychology and other tests to
identify the focus of seizure onset

— For seizures of medial temporal lobe origin, the rate of complete
seizure freedom following resective surgery is about 60% to 80%

e Other procedures include corpus callosotomy, hemispherectomy, or
multiple subpial transection




Status epilepticus

Seizure activity is continuous for a prolonged period or seizures are so
frequent that there is no recovery of consciousness between them
Types of SE o
— Generalized convulsive
— Subtle forms in which the patient may appear comatose or
have eyelid twitching or nystagmus
Etiologies of SE
— Acute metabolic disturbances

— Toxic or infectious insults el A A

— Hypoxic-ischemic damage
— Epilepsy (AED treatment non-compliance or Withdrawal)
— Space occupying lesions

Morbidity from SE can be high and outcome depends on etiology and
duration

SE is a medical emergency
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Assess the ABCs: airway, breathing,

Neurologic emergency: status
Check fingerstick glucose e pi | e p t i C u S

|

Send blood laboratory studies

Establish |V access

Give 100 mg IV thiamine, followed by 50%

| Other 2" [ine AEDs
L1t ] Valproic Acid

j Levetiracetam
[,ﬂ —— J Lacosamide

equivalent)

If status epilepticus
continues

Intubate if not already done
Phenobarbital 20 mg/kg IV

J If status epilepticus

continues

Induce coma with barbiturates,
midazolam, or propofol

Institute continuous bedside EEG
monitoring




Ketogenic diet

High-fat, adequate-protein, low-carbohydrate diet for
children (and adults)

Uses fats rather than carbohydrates for energy
The liver converts fat into fatty acids and ketone bodies

Ketone bodies pass into the brain and replace glucose as an
energy source

Ketosis, leads to a reduction in the frequency of epileptic
seizures

The classic ketogenic diet contains a 4:1 ratio by weight of
fat to combined protein and carbohydrate

Ready made foodstuffs/oils p
o % KETOGENIC DIET
@ PROTEIN

@ FAT
@ (ARBS




Treatment-Lifestyle

 Avoidance of Provocative Factors
— Sleep

— Alcohol |
— Meals {32
— Compliance
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First Aid during a seizure

All physicians should be familiar with first aid measures during a
seizure

Prevent injury

In FO/IOC seizures patients may wander or make semipurposeful
movements

— They should be gently guided out of harm’s way
— Attempts at restraining may provoke a violent reactions

The patient with GTC seizures should be laid on the side to avoid
aspiration

Tight clothing should be loosened

Nothing should be placed in the mouth
— Most GTC seizures stop within 1 to 2 minutes

Immediate medical attention should be sought if a seizure persists



Acute Management of Tonic-Clonic Seizure

Altempt 10 time
duration of seizure

Help persen lie down and roll ento
side to help avoid asoiration

Leosen clothing and
remove glasses
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Do not attemgt 10
place gaythng

in gatient’s mouth
{including madication
or water)

Do nol restrain patient aller sélzure;
may provexe aggressive behavior

Do net eave patient lying on back




Driving

Each country has its own licensing requirements for those
with epilepsy

Doctors should be aware of these legal aspects

Most countries require a specific seizure-free interval
before a patient may drive

— Exceptions can sometimes be made:
* Purely nocturnal seizures

* Those with a prolonged simple partial onset that provides the patient
with a warning without impaired awareness

Reporting and the law

— Some states require physicians to report patients with seizures
to the department of motor vehicles

— Usually not required by law



Pregnancy

AED therapy carries a somewhat higher risk of fetal
malformations than the general population

— 2% =2 4%
Valproic acid has been associated with a higher rate of
neural tube defects and lower 1Q

Women with epilepsy considering pregnancy should
take folic acid (1 mg or more per day)

May modify AED regimen prior to conception
depending on the severity of her epilepsy

— Safer AEDs: Lamotrigine > Levetiracetam > Topiramate

The risk of AED teratogenicity must be balanced with
the risk of seizure occurrence during pregnancy



Psychogenic nonepileptic seizures (PNES)

A reported 10% to 30% of patients evaluated at tertiary
referral centers for medically refractory epilepsy have
PNES

There is no EEG correlate during the seizure
Considered psychogenic in nature
Some patients may have coexisting epileptic seizures

Many patients with PNES have comorbid psychiatric
illnesses or a history of abuse

Continuous video-EEG monitoring differentiates
psychogenic events from epileptic seizures



Thank you
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