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The Motor Cortex

The responsible lobe for motor cortex is the frontal lobe — primary
motor cortex located in precentral gyrus, area (4) = between central
sulcus and precentral sulcus

 The motor cortex located anterior to the central
cortical sulcus, occupying the postlefri(?rf one tlhird of
the frontal lobes.
* The motor cortex 1s divided into three areas:
‘ The primary motor COrte€X,Aeas . pemeonprmeny bbis nasony
Behind it primary somatosensory cortex = area 1,2,3 gyrus there is central sulcus

‘The premotor area,

‘The supplementary motor area.sua
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Levels of the Central Nervous System Function

The Splnal Cord level. Like spinal reflexes or stretch reflexes

The lower brain or subcortical and brain stem levels.

Like respiratory center, cardiovascular centers, micturation and these things

The higher brain or cortical level (Motor Cortex): 1s

3 parts

an area of the frontal lobe located immediately anterior

to the central sulcus.



Corticospinal tract decussate at lower part of MO

Components of the Motor Cortex |corex s

The primary motor take the plan (signal) to start the movement from premotor cortex
Then through corticospinal tract it give signals to motorneuron in AHCs (2nd order neuron)
in spinal cord

Then these motor neuron what ever its type alpha or gamma it will transmit the signal
to skeletal muscle through spinomuscalar fibers

Area 4 .
1. The Primary motor cortex: control the execution of

Responsible for movement

movement. Programmed patterns of motoneurons are

activated in the motor cortex.

2+3
2. The premotor cortex and supplementary motor area

Responsible for planning

(SMA): are responsible for generating a plan for
movement, which 1s transferred to the primary motor
cortex for execution. The supplementary motor cortexswa

programs complex motor sequences.
primary corticallendeien 8\l upper motor neuron ve il AHCsda\i\ bogedd
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ascending fibers to reach the the voluntary skeletal muscled




Cdmponents of the Motor Cortex

The primary motor area (4) take the plan (signal) to start the movement from premotor cortex

Then through corticospinal tract it give signals to motorneuron in AHCs (2nd order neuron)
in spinal cord

Then these motor neuron what ever its type alpha or gamma it will transmit the signal
to skeletal muscle through spinomuscalar fibers

bosle ) primary cortical areadlundiias 8\l upper motor neuron ve il AHCsi\i\ bogedd )
UMNL J\$>6 < ¢{ Je AHCs )
Joxiyy mixed spinal nerve nerve sy post. rootdlanssy ant. rootd s s e HAHCS dlan
ascending fibers to reach the the voluntary skeletal muscle

Corticospinal tract decussate at lower part of MO

If the damage in the upper motor neuron UMN — symptoms below the level.
If the damage in the lower motor neuron LMN — symptoms at the level.

In descending tracts if the damage before the decussation or crossing the symptoms
at the contralateral side of the body and affect below the level of the lesion

At each spinal cord segment it gives motor fibers like C5 axillary nerve for deltoid muscle
So damage of the ant. horn cells means lower motor neuron and the symptoms ipsilateral at the same level

Even if the anterior horn cells damaged it will cause the same — cause it LMN

Corticospinal tract UMN
Brain - LMN

Lateral

Anterior— for chest and respiratory muscles

sC Ends at T6

U N
e
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/ The Functions of Motor Part of the Nervous System

\
\

\; * The motor function of the CNS is achieved by controlling:
| 1. Contraction of appropriate skeletal muscles of the
)| Somatic

body (Somatic Motor nervous system) Either cranial or spinal parts

2. Contraction of smooth muscle in the internal organs

In voluntary

(Autonomic nervous system).

3. 'Secretion of active chemical substances by both

In voluntary

exocrine and endocrine glands 1n many parts of the

Through a duct then to epithelial Direct to bloodstream
surface

body (Autonomic nervous system).

¢ The muscles and glands are called effectors.
target organ g beis\ s ool an\a agibl WYy Ny sy




Motor nerve Motor
to muscles area

Caudate
nucleus

Post.
Ant.

Thalamus
Putamen

Globus pallidus
Subthalamic nucleus

Bulboreticular formation
Cerebellum

pfimary motord i eliydisin premotor and SMA d\us,s\wolf cortex either primery or secondary o>
spdogihislldiay voluntary muscles diedosmilaliy AHCs)\3 SCllboseiis) corticospinal tract se s\ i dusim cortex
AHCsWx>w | alpha and gamma motor neurondiesdsl voluntary muscles b,

Premotor and SMA — primary motor cortex ( if head and neck it take from lower 1/3, if upper and lower limbs take from

upper 2/3) — Corticospinal tract or Corticobulbar tract (connection with brainstem) — then brainstem 2nd order neuron
motor nuclei of cranial nerves, so the movement may be achieved by SC(corticospinal) or brainstem(corticobulbar)

Alpha motor fiber Gamma motor fiber

. = I
Stretch receptor fiber Muscle spindle



/ The Primary Motor Cortex

\\ * The primary motor cortex, lies in the frontal lobes
anterior to the central sulcus. This area is the same as
area 4 in Brodmann’s.

* The primary motor cortex:he humanis inverted
Lower1/8v" Beginning with the face and mouth region near the
sylvian fiSSure,vateral sucus — separate the temporal from parietal and frontal
miadie 18v" The arm, hand and trunk area, in the midportion of the
primary motor cortex,
{upper13¥” The leg and foot areas, in the upper part of the primary

motor cortex that dips into the longitudinal fissure.

Clinical case next slide In theg



Clinical case

If meningioma in the medial surface of frontal lobe

sy i \aag ol b ad,bb s an hyperreflexia 3% oo\ mg bilateral paralyzed s 1ol S>unomdly paraparesis ois ogdohl gw ol
SC or notalfihl i\ g\ enadb SC lesiony il snos- areflexiadiy oy
falx )\ u§ wenonly motor deficit without sensoryci ¢l SCoe flle sensory level deficitd\dfy sensation il uasl i zg
foot and legs dlue dgubl g9l sode b malnly 2cerebral hemisphere dluy )\ cerebri meningioma

If patient had lower paraplegia, spastic (stiffness), with normal SC examination — it may be falx cerebri lesion and
do pressure on upper part of the primary cortex that responsible for leg and foot

But if there is sensory level deficit — we can confirm that it is SC lesion not cortical lesion

If we do surgical removal to a tumor either it is glioma or benign or it's degree if low grade or moderate or high
grade these things contribute to whether the patient will walk after the operation.

The responsible artery for upper superiolateral Cortex (responsible for leg and foot) of the frontal
lobe is the ACA = anterior cerebral artery
While hand and upper limb from MCA = middle cerebral artery



Motor cortex
Notor cortex controls different muscle group
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Primary

—ss=> Premotor The PremOtOr Cortex

~»  The premotor area, lies anterior to the primary motor cortex.

* The posterior part of the premotor cortex sends its signals

elthel' The net result the signal reach to primary motor cortex. Either direct or indirect.

q The primary motor cortex make the movement done either by corticospinal or corticobulbar tracts
!, v'( Directly to the primary motor cortex.

Ind\i{ectBy way of thebasal gan lia and'thalamus back to the

ei

primary motor cortex.

Edp)\.u\\bh o Jay,d o \aadliy &5, i g unY e

* A special class of neurons called mirror neurons becomes
Not always activated ACt1VE When a person performs a specific motor task or when
he or she observes the same task performed by others.
*  The mirror néurons may be important for understanding
the actions of other people and for learning new skills.
* The premotor cortex, basal ganglia, thalamus, and primary

For planning .
Formovement MOtOr cortex control of complex patterns of coordinated

muscle activity.




The Supplementary Motor Area (SMA)

Has relation to plan of movement
Bilateral grasping movements

The SMA lies mainly in the longitudinal fissure but
extends in the superior frontal cortex.

Stimulation frequently leads to bilateral grasping
movements of both hands, ‘esion in SMAsseiasityfasistollabibl oo bt

In general, this area functions in concert with the premotor
area to generating a plan for movement, and programs

complex motor sequences.



Other Specialized Motor Areas

-y 1 To take in consideration that the dominant hemisphere
™~ for speech and language is the left in 97% of people

Broca’s Area: area 44 or motor speech area, lying immediately
While Wernik’s area is sensory speech area If damaged it will cause contralateral hemiologia

anterior to the primary MOtOr COrteX,. ifdamagein ACA - weakness in lower limb.

If damage in MCA — faciobrachial hemiplegia.Face and upper limb

. 'Voluntary Conjugate Eye Movement Field: area 8, lies

Both eyes
immediately above Broca’s area, for controlling voluntary eye

Work in contralateral way —pp The responsible hemisphere for looking Lt. Is the Rt. one

movements.

Head Rotation Area: slightly higher in the motor association area,
" electrical stimulation leads to head rotation to opposite side. This

area 1s closely associated with the eye movement field.

Area for Hand SKkills: in the premotor area immediately anterior

Wheb JassloWaa  Found in middle frontal

amiefizndedle=® o the primary motor cortex for the hands and fingers is a region

that 1s important for “hand skills.” Its damage leads to'motor

apraxia.




Clinical slide: How to differentiate between rt. and 1t. lesions in @+®) and between destruction lesion and irritative lesion

Everything is contralateral cause the function work to the other side

A patient come with stroke (destruction) in right frontal area and by physical examination he's looking to the right side and his head is deviated
to the right — cause the function of the right side is to look left and its disrupts so the dominant hemisphere is the contralateral side = left side

This case is called the patient looking to the lesion

A patient come with tumor (irritation) in the right side it will cause the head to deviate to left and the eyes looking to
the left — cause the dominant function is the right and it will works to the contralateral side

Without MRI how can we differs if it is irritation or destruction?

We gonna look to the hemiplegia

Stroke in the Rt. Side If the eye and head is deviated to right and hemiplegia on the left we can
confirm it is destruction

Tumor in the Lt. Side If the eye and head is deviated to right and the weakness (hemiplegia) on the
right we can confirm it is irritative

The conclusion

If destruction — ipsilateral eye and head deviation and contralateral hemiplegia (weakness)
If irritative — contralateral weakness and eye and head deviation



Anatomy of frontal lobe

The Important Gyri of Frontal Lobe

Central sulcus and precentral sulcus inbetween there is pre central gyrus area 4
Anterior to precentral sulcus there is 2 horizontal sulcei superior and inferior frontal
Lateral sulcus separate temporal from frontal and parietal

rl;gﬁﬁ}:ﬁfﬁgﬁgﬂﬁ“““ between the central and
precentral sulci.

The superior frontal gyrus: above the superior frontal
sulcus.

The middle frontal gyrus: between the superior and
inferior frontal sulcl.

The inferior frontal gyrus: below the inferior frontal

sulcus.




_”ant Gyri of Frontal Lobe

Central sulcus (Rolando) Postcentral gyrus
Postcentral sulcus

Supenor parietal lobule
Inferior panietal lobule

Supramarginal gyrus
Angular gyrus

e \Occipital pole

Calcanne sulcus

Lateral sulcus
(Svivius)

Superior temporal gyrus

Temporal pole Inferior temporal gyrus

Middle temporal gyrus



Function

Lesion

Primary motor

Precentral gyrus

Voluntary motor

Irrltatlve. contralateral motor

Tumor

cortex & anterior activity of Jaksonian fit Focal epilepsy
@) paracentral lobule |opposite 1/2 of ]s?ensatructlve contralateral motor
the bOdy Contralateral pares1s f/[%g:? %;;:rzaiz??w?inmp;ete orpartal
Secondary Anterior part of |Gives Contralateral muscle hypertonia &
motor precentral gyrus |extrapyramidal exaggerated deep reflexes
(Premotor) in the superior fibers +ve plantar reflex
cortex (6) frontal gyrus for planning Inc. muscle tone and spasticity
' Frontal eye Voluntary Irritative: conjugate deviation of
conjugate Middle frontal conjugate eyes to the opposite side

Donef# before (8)

With head rotation area

gyrus

Contralateral

deviation of eyes
to opposite side

Destructive: conjugate deviation
of eyes to the same side. s s o e eon

Broca's area

Inferior frontal

Motor center of

Motor (Expressive or Broca's )

Verbal-non fl

(44 & 45) gyrus in domin. speech And wrltmgls aphas1a' the pt. unable to express
hemisphere oo | 1d€a TN SPOKEN WOTAS s e -
Prefrontal Higher center of Amnesia (impaired of memory),
Areas Anterior pole memory, s34 Dementia, gait apraxia
(9-12,32,46 & | Otfoneiiore orientation, Disorientation, behavior changes
47) thinking and Loss of personal hygiene
intelligence “careless”

Sphincters dysfunction,




The Important Functional Areas of the Frontal Lobe

. A
Supremarginal area 40 Primary tor cortex (4)
Located in the inf parietal gyrus in upper end of lateral sulcus
Related to association function and motor complex movements \
if damaged it will cause jargons aphasia and apraxia the patient will lose all the moto:

eye field (8)

Prefrontal cortex
(9, 10, 11,12

Broca speech area of
left hamisphere (44, 45)

Secondary somatosensory
and gustatory cortex

Primary auditory cortex (41, 42)

Primary motor cortex (4)

Premotor cortex (6)
6
Prefrontal cortex g Br. gy
\a >4
{9, 10, 11, 12) o o“\q) 24

|
10 X<
Limbic lobe S 12 {

—
Septal area a8
2L

Limbic lobe

Primary olfactory cortex (34)

Primary somatosensory cortex (3, 1, 2)
Vastibular cortex (2)

Somatosensory association
cortex (5, 7, 40)

Visual association
corttex (39, 19, 18)

Auditory association cortex (Wernicke
speech area of left hemisphere) (22)

Primary somatosensory cortex (3, 1, 2)

Somatosensory association
cortex (5, 7)

L~ Visual association
cortex (19, 18)

PR

X Primary visual cortex (17)
Uncus (28)

Parahippocampal gyrus

Primary visual cortex (17)



/ Seizure and Epilepsy

IV OO,&N‘))

e A seizure: is a paroxysmal single event "Transient disturbance

. o»\),zai)\u\m»\)\m\y\w
\ of cerebral function" due to uncontrolled‘excessive neuronal

Change
activity, that usually results in altered perception or behaviour.

* _|Single seizure| 1s not epilepsy but indication for investigation.

Fasting seizure - - . . . . . 4
Acute symptomatic seizure — like a symptom of hypoglycemia Either DM patient or insulinama

e Seizures are symptoms of a disturbance in brain function, which

can be due to epilepsy or other causes.

* |Provoked seizures: is occur in the setting of acute medical and
By drugs or alcohol

neurological 1llnesses 1n people with no prior history of seizures.

* NB: not all people having seizures have epilepsy.

Cause it may be symptomatic seizure not epilepsy

* 5-10% of the population will have a seizure at some point in

their hfetlme . Just 1% of them enters the epilepsy state



It may caused by a tumor like meningioma (benign), 67% of the people having meningioma will
face seizure — cause it is cortical and cause irritation in cortex and the neurons are in the cortex

What is Epilepsy?

epilepsy cwoilaiye il osy deepoghbh iyl dusis) siil Je gy neurons ¢y

Not single

. Epilepsy: 1s a chronic condition of recurrent
Srrarense unprovoked seizures caused by sudden excessive

No need for anti epileptic drugs

changes 1n the electrical function of the brain.
* 1% of the population currently has epilepsy.

* Status Epilepticus: a continuous seizure lasting more

If more than 30 mins it is called medical refractory status epileptics 15 tiow il 2o dnwwlo JoW avaidl an anti epilepsyorie! dibl el bust
and the patient need ICU and incubation and general anesthesia m‘.um,h . 9o/l om ,p 2 .p y L G . )
high risk for recurrence vi¢ 85 uahl g ol\>8 epilepsy

th an 5 mln S . What do we mean by high risk people!

«If the patient come with severe dense seizure with
Wi led it il if: shoulder dislocation or urine or stole incontenance
ecalled1 ep:‘l' epsy 1L = If the patient has history of neuro surgical operations on brain
2 or more seizures =If the patient has any focal damage on the brain — stroke, trauma, abscess

s
UnprOVOked . . S pe . =If he face seizures during sleep
v N _——r
E p llep S‘ ls ll O t C O ll t z‘ gl 0 u 3 If seizures come during sleep we should start treatment
o While sleeping we can confirm it is true convulsion not pseudo not psychogenic
May through sleeping previous seizures happened and not noticed
uh? U.O/ u\u) Electrical activity through sleeping is low so if he face it during sleeping he will
. . J ) - probably face it through awake
it is not a mental illness

60!:9'1?-06\9\‘(:‘“9 o o o
or a cognitive disability.




Acute Symptomatic Seizures

As a 2ndry result to an diséase or state

| \\; * Not all seizures imply epilepsy "for example, seizures
during:
v Hypoglycemia,
v Acute CVA,
v" SAH, subarachnoid hemorrhage
v Acute electrolyte disorders, fectical distumbance  sypo ormyper e v
v" Drugs (e.g., cocaine and tramadol),
v" Eclampsiavnie pregnancy
v" Kidney and hepatic failure,
v" Hypertensive encephalopathy,

\/ Menlngltls Meningoencephalitis



Seizures Terminology

L gl .
NG e Jctal = se1zure.

o Post-ictal = s toms

May-be disoriented confused and may face vokiting eadache psychosis or
an iodd's pagalysis (b aulamoacn T ¢ ddsnl di)

lowing seizure.

g\ S\

Notusualye - AIra = abnormal sensation

May smell or see hallucinations or depressed

preceding the seizure.

e Automatisms = nonsensical

involuntary movements.

e Tonic = tonic contraction
producing extension and

aI'Chin g.Hyper extension

e Clonic = alternating muscle

Jerking movements

contraction-relaxation

Flexion and extension

o Complex = consciousness impaired

Unconscious

o . Normal .
* Simple = consciousness unimpaired
Conscious

o Partial = focal region involved

J.Jiffu(s;;sggtl;%!lzed = whole brain

e Convulsions = shaking or twitching
n convulsive absence
Grand mal and petite mal = for
Convulsive generalized

convulsive and non-convulsive

seizure respectively

Seizure may be convulsive (motor) or non convulsive (non motor)



Epilepsy: Epidemiology

There 1s about 50 mullion epileptic patients in the world.
About 1-8 new cases per 1000 population each year.

Over two-thirds of all epileptic seizures begin in chilz(/ishood
(most 1n the first year of the life).

5% of the population suffer a single seizure at some time.
1% of the population affected by epilepsy.

All ages affected.

70% well controlled with drugs (prolonged remissions).
30% epilepsy at least resistant to treatments = Intractable

efractory

Ep]lep Sy. May need surgical intervention like vagus nerve stimulation



Risk Factors for Epilepsy

Idiopathic

Febrile convulsion,

Hyperthermia = fever

Perinatal insult,

CNS 1infection,

CNS mass lesion,

Tumor abscess AV malformation aneunsm

Family history of epilepsy,
Head injury,

Abnormal gestation or

delivery,

Developmental delay,

/B

!
Hemorrhage/blood leaks Clot stops blood supply
into brain tissue to an area of the brain

Stroke (ischemic or

hemorrhagic).



amu epilepsy | s afun sy \eaisis J\ dwi b ciow, b eaadl S 5V sie

@riggers for Seizures

Cause may the patient take anti epileptic and still face seizures

e Poor compliance,
e Sleep deprivation s
o Stress,

e Photo stimulation,

alob 5,38 Vgl o 2\ Lo cli)

e Hyperventilation,
e Alcohol,

 Infection,

e Menstrual cycle.



Etiology of Seizures

 Epileptic:

v

v
v
v

ENEERN

Idiopathic (70%),

Genetic factors,

Brain tumors,

Neurodegenerative disorders: Alzheimer
neurodegeneration state d\ v\ cam b oo td w7 cumasH e

disease,

Cerebral stroke,

Cerebral dysgenesis/malformation.

Hlpp Ocamp al SClGI‘OSlS If u wanna google it



Etiology of Seizures

< NO n-epileptiC: Considerd as acute symptomatic seizures

\B/\\\\\\\\

2ndry  No need for anti epileptic

Electrolyte disbalance,x ca namg
Head trauma,

Meningitis,

Encephalitis,

Poisoning / toxins.

lje%‘tr)rile convulsions,

Metabolic,
Hypoglycemia or hyperglycemia,

Generalized Focal



Epileptic etiology

Genetic & Epilepsy

adligllg Oiasdly\eaby 0 Y oy

* Some types linked to genes called familial epilepsy.

* Several types of epilepsy have now been linked to defective
genes for 1on channels, that control the flow of 1ons 1n to and
out of cells and that regulate neuron signaling.

i Examples « Most types has relation to genetic factors and need gene study
These genes related to ion channel activation — Na Ca ...
v" Benign familial neonatal seizure.
v" Autosomal dominant nocturnal frontal lobe epilepsy.

v" Progressive myoclonic epilepsy syndrome.



Relative Occurrences of Common Etiologies of Neonatal Seizures

Infectious
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Classification of Seizures/Epilepsy
I

Focal* Bilateral *
. . -
Partial Generalized
Scrzure activity starts m one Serzrure mvolves whole bram &
area of the brain consciousaess 1y affected

Conscious ¢ ' y Unconscious
Simple Complex
Retamns awarcncss Altered awseness and behavior

]

'

" Secondary generalisation (spreading from
' one area 10 the whole bramn)
)

'

- v v v

Tonic Clonic Absence Tonic or Atonic Mvoclonic
“grand-nsal” or comvulsion “petit mal™ or stanng “drop attack™ Sudden muscle
Loss of consciousness, stiffenmng fit or trance like state Abrupt fall. either with stiffening Jerks
of body then jerking of limbs (tonsc) or with loss of nmscle tone
Motor Non motor (atoaic or “astatic™ attacks) Motor

Motor




ILAE 2017 Classification of Seizure Types

Focal may cause secondary generalized

When it start focal and become bilateral

FOCAL GENERALIZED UNKNOWN

Tonic-Clonic Tonic-Clonic

Clonic Epileptic Spasm

Myoclonic Tonic-Clonic Non-Motor

Myoclonic Atonic Behavior Arrest
Atonic

Epileptic Spasm
S Unclassified

Focal to Bilateral Tonic Clonic

Absence seizure generalized non motor



Propagation of seizures Secondary generalization
of a focal seizure

Seizure focal region . Activation of both

Primary
generalized
seizure

Thalamus



Comorbdtes

ILAE 2017 Classification of Seizure Types

Type of Epilepsy s




Absence — generalized non motor I__It_tps:/ /youtu.be/ M3ulV9e]JKQQ

hyperventillation | gs\aigs triggers il angea 0% dabil ie S Sis i)

Generalized tonic conic https://youtu.be/gWZGMABB{Yo

It was called previously grand mal
\ifeag & o1y cnig csily on 8oalisn al\bo gy o 8 POt ictal dlalsm s ¥ o Sl

Myoclonic seizure

flexion and extesion i\ iy o gllamw Sag jerking movementsss) oy oo iy ];l-t_tPS/ / Youtu-be/ ZPNVYFRhthg

@3 iy Wiy e\ 12 Qi 081 L, 35 603 G oo




Pathophysiology of Epilepsy

Excessive excitation (glutamate + Ach) | So in the treatment either we increase (GABA) or inhibits(glutamate+Ach)
Decrease inhibition (GABA) To decrease paroxysmal brain activity

Small group of abnormal neurons undergo:
v' Prolonged depolarization.
v' Rapid firing of repeated action potentials.
* The action potential then spreads to adjacent neurons.
* A clinical seizure occurs when the electrical discharges of a
large number of cells become abnormally.
* Seizures may then spread to involve adjacent areas of the
brain or through established anatomic pathways to other

distant areas.




Instability of cell membrane at the cortical level leads to
susceptible cell membrane to polarization abnormalities
(lower threshold) that any 1onic i1mbalance in the
immediate chemical environment of the neurons will
spontaneously result in:

v Excessive excitation (Ach., Glutamate).

v Decreased inhibition (GABA).



At the Molecular Level

Instability of cell membrane at the cortical level leads to
susceptible cell membrane to polarization abnormalities
(lower threshold) that any 1onic i1mbalance in the
immediate chemical environment of the neurons will
spontaneously result in:

v Excessive excitation (Ach., Glutamate).

v Decreased inhibition (GABA).



Pathophysiology of Epilepsy (Molecular Level)

' » (Cortical cells membrane level:reiated to theneuron
'+ Instability of the cortical cells membrane — Polarization
abnormalities (excessive polarization), allowing the cell to

be more susceptible to activation — Hypersensitive

AAAAA

G\ Do o000 olie

neurons with lowered thresholds for firing and firing

excessively, related to:

* 1. Excess of Excitatory (acetylcholine - or Glutamate).

e 2. Decreased inhibitory ( GABA).

NMDA Rcptr Seizure Reduced GABA
Activation Rcptr function




PATHOPHYSIOLOGY

Paroxysmal discharges in cortical neurons
A seizure orignates from grey matter of any cortical or subcortical area

Abnormal firing of neurons

Breakdown of normal membrane conductance & inhibitory synaptic

currents l l

Locally widely

|

Focal seizure Generalized seizure




*Abnormality of Potassium conductance
*Defect in voltage sensitive ion channels
*Deficiency in membrane ATPase

!

Neurone membrane instability

|

seizures

GABA

Glutamate+Ach

Deficiency of inhibitory neurotransmitters

Increase in excitatory neurotransmitters

promotes

Abnormal neuronal acitvity

Seizure

Either focal or generalized




Cellular Mechanisms of
Seizure Generation

¢ Excitation (too much)
» Jonic—inward Na*, Ca** currents
+ Neurotransmitter—glutamate, aspartate

¢ Inhibition (too little)
» Jonic—inward CI, outward K* currents
* Neurotransmitter—GABA



Normal CNS Function

Excitation Inhibition

glutamate,
aspartate /\ GABA




Hyperexcitability reflects both increased
excitation and decreased inhibition

4 glutamate, Inhibition
aspartate

L

- | GABA
Excitation



[ [
Partial Epilepsy
Focal epilepsy
Mainly as a result to focal brain damage — tumor, abscess and so on

Partial seizures may arise from any disease of the brain.

The presence of partial seizures signifies the presence of focal

cerebral pathology.

Case: Parasthesia and numbness in right side of the body then general fatigue

° ., e o without convulsion — normal brain MRI, EEG shows high electrical
DlVlded lntO ° We start treatment with (carbamazepine)= anti epileptic drug
The diagnosis is simple partial epilepsy (sensory)

1. Simple partial seizures: manifest motor, somatosensory,

Conscious

and psychomotor symptoms without impairment of

consciousness (e.g. Jaksonian seizures).

May be motor or sensory

2. Complex partial seizures: impairment of consciousness

Unconscious

and strange repetitive movements (automatisms).

The most defecult type is temporal lobe epilepsy



brain il onab ghlih iiigishi i ofan cil

Propagation of seizures Secondary generalization
of a focal seizure

Seizure focal region Seizure focal region

| Activation of both

. v \ hemispheres via

Propagationto __ Propagation to & a1 o ~ | projections to

contralateral ipsilateral thalamus
cortex cortex '
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Generalized Seizures

Bilateral symptoms as a result of bilateral excessive brain discharge

Generalized tonic-clonic (grand mal) seizure, characterized by

diffuse, excessive, and uncontrolled neuronal discharges that at
the outset spread rapidly and simultaneously to both cerebral
hemispheres through interconnections between the thalamus and
cortex.

Lasts from a few seconds to 3 to 4 minutes.

More than 8 mins — called status epilepticus

Primary
generalized
seizure

i,’,’rrrThalgmusﬁ
.' [ /




Tonic-Clonic Seizures

Follow the generalized motor

(Grand-Mal Seizures Or Generalized Major Convulsions)

Characterized by 3 stages:
e Preictal stage (aura). wuswss
e Ictal stage (se1zure).u.wm
e Postictal stage. ..
1. lzl;fl\fmtzg stage (aura):
« Itis a warning sign for the coming attack.
e May be somatic (fatigue), psychic (depression),

autonomic (nausea, vOmiting).see or smell hallucination



2. Ictal stage (seizure):sstages
a. Sudden loss of consciousness: wi g
' b. Tonic phase:
* The body becomes rigid.
o Extended l1mbs.syperextension
« The patient utters a cry (spasm of vocal cord) and falls.
« Rolling of eye upwards.
. Cyanotic facess9s6  Bluish purple face because of hypoxia
« Tongue 1s usually bitten.
 Urine incontinence.sole
* Frothing. ..
c. Clonic phase:
* Generalized convulsion with frothing at the mouth.
« Rhythmic jerking of muscles (contract and relax repeatedly
and rapidly). This lasts from a few seconds to several minutes
in status epilepticus®.

More than 5 mins

hyperextensionsgydofigigs clonic d\gtonic ey sl
flextion and extensionegy il




. 3. Postictal stage:

As a result to muscle contraction and lactic acid
accumulation, that Stiéiulafe pain receptors

a. Somatic: generalized fatigue, sleepiness or coma,

-

aphasia, Todd's paralysis (paralysis not more 24

We mentioned it
hrs).

Inc. ICP

b. Autonomic: headache, dizziness, vomiting.

c. Psychic: confusion.
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Aura
It varies from

person to another,
but may include
peculiar' sensation,
dizziness, strange
smell or feeling of
numbness, followed

by the sudden
onset of the

seizures with loss of

CONSCIOUSness.

N

Phases of Tonic-Clonic Seizures

.

%

Tonic Phase

J

N

Straightening of Rhythmic, jerky
body and limbs contraction and
due r‘;?uifé?eﬂgld relaxation of all
muscles.
contraction, .
manifested by Incontinence ,
clenched jaw and frothing at the lips
hands, open eyes and some may bite
with dilated pupis. fongue or cheeks
Lasts from 30 to 60 R
SeC. Lasts several mins.

4 A

Clonic Phase

-

-

Postictal State

A period of
disorientation follows
the grand mal
seizures .

Is a neural
depression leave the
individual sleepy
and fatigue for
several hours.

s P,

5

8, Clonk phase CPostdctal

confusional fatigee
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e ADSENCE Epilepsy (Petit Mal Epilepsy )
Also called generalized nonconvulsive seizures.

Onset usually 1n childhood between 4-12 years of age.
Family history in 40% of patients.

15% to 20% of epilepsy cases in children.

The seizures consist of multiple brief staring episodes with
behavioral arrest.

The absence may occur many times a day within a duration of

5-15 seconds.

Attacks may be induced by hyperventilation.
They are associated with generalized 3-hertz spike and slow

wave dl SCharge S On EEG,Diagnostic examination



Temporal Lobe Epilepsy (TLE)

Most difficult type of complex partial epilepsy

TLE 1s the most common manifestation of complex partial
seizures.

Iiigga?nggmgngolrglcoleerosis 1s the most common underlying
cause of TLE 81%.j

About one-third of patients have secondary generalized

tonic-clonic seizures in addition to complex partial seizuremne

These patients face heterogenous symptoms

A seizure aura with sensory symptoms (abdominal pain) and

Cause the Insulla is close to the temporal lobe

. . R . and may cause intestinal cramp.
psychic such as deja vu, jamais vu.
g d e sl i oz i i



The patients are generally unaware and unresponsive during
attack.
Automatisms are COmMMmMON. wuiesdsofiies

\izag Sabbl dlay s J5¥1 dwinao 595 eilam
Chewing, lip smacking.
Less commonly observed behaviors associated with TLE
include: crying, and walking or running away.

Postictal confusion usually lasts minutes, but may be

complicated by psychosis.
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Clinical Manifestations of Seizure
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&
Indescribable \
bodily sensations

=

ins & needles
sensations

=

)

Smells or
Sounds

J

®

Clinical Manifestations
Accompanying a Seizure

Momentary
Jerks

Fear or

Depression /

\Hollucinoﬁons







Type of seizures

|
! !

Generalized Focal = partial

Convulsive Noncovulsive
Tonic-clonic Absence



Emergency state — mortality rate 10-15%

Status Epilepticus “SE”

e Serial Epilepsy: repeated seizures with brief periods of
recovery.
e Status Epilepticus:
v' SE is a state of continuous seizures “prolonged seizure >
5 min duration” or having more than 1 seizure within a 5
minutes period, without returning to a normal level of
consciousness between episodes is called status
epilepticus.
v" This is a medical emergency that may lead to permanent

brain damage or death.




Types of Status Epilepticus
Types of status epilepticus:

v Generalized convulsive status: tonic-clonic status,
tonic status, clonic status, and myoclonic status.

v Generalized nonconvulsive status:absence status.

° ey onsdilhamongyy coma as a result of nonconvulsive seizure sokadoybl
\/ P artlal Status . absence epilepsy o il b dabl b | comadi e byislie dafl anzuo e 156

We used EEG in diagnosis
3-hertz spike and slow wave

In these cases we give impiric therapy anti-epileptic drug
and the patient wakes up from the coma

Complications of SE:
v" Cardiorespiratory failure.
v Irreversible brain damage.

Due to prolonged hypoxia

Died from these §ompilations

\/ Rhab domy01ys IS JAcute kidney injury AKI

As a result to harmful proteins produced in
the blood that is nephrotoxic and cardiotoxic

Status epilepticus has a mortality of 10-15%

So we must deal with it as emergency




- We should treat the cause if infection — antibiotic, if fever — antipyretic

In children as a result of fever or hyperthermia

Febrile Seizures

Follow the generalized convulsive

No need for anti-epileptic drug we should treat the fever When we should give the patient anti epileptic
drugs— if it comes again with no triggar (fever)

Aftect 3% of children, have a genetic predisposition.
Occur in children before 6 years of age. s eumssins oo s

Are usually, generalized tonic-clonic seizures occurring with

a rapid rise in fever.

If a bacterial infection, especially meningitis, 1s present, it

needs to be 1dentified and treated.

If simple, does not affect intellectual performance or risk of

developing epilepsy, and AEDs not indicated.
If complex, 4-12% risk of subsequent epilepsy.



Pseudoseizures

 The fit usually occurs in the presence of other people to gain

their sympathy e

« The patient alert with dgeneralized convulsion, I pseudo
In true seizure the patient not alert and can’t talk about what happened

« Eyes often closed during attack.

* Itnever occurs during sleep.just during the day

« The patient never hurts himself (by tongue-biting or body
njury).

 Autonomic signs during attack uncommon. i e may face -Tachy or brady

cardia, cyanosis, HTN

 Urine incontinence never OCCuUr.

e EEG i1s normal and AED contraindication.

Anti-epileptic drugs
« Normal prolactin level after attack.




/ The Electroencephalogram (EEG)

Sndl bubss
\

- TheEEGisa recording of the electrical activity of the

brain from the scalp.

- The first recordings were made by German Psychiatrist

Hans Berger m 1924 1sttime

EEG Electrodes

{ Sliver Electrodes Electrodes Cap




/ 10/20 System of EEG Electrode Placement
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Brain Waves

'+ Electrical recordings from the surface of the brain or even
from the outer surface of the head demonstrate that there 1s

continuous electrical activity in the brain.

ablBeinl

* The recorded clectrical potentials, are called brain waves,

and the record is called an electroencephalogram (EEG).

Effect of Varying Levels of Cerebral Activity on the Frequency of the EEG

Delta waves Beta waves
Delta waves Alpha waves

And in childrens

Surgical Sleep Psychomotor Relaxation Attention Tonic-clonic
anesthesia Disorder Deteriorated epileptics Fast component
of absence seizure
Confusion

1 second




EEG Frequencies

Frequency
Y WA A 8-13 Hz
S 1 100 uv |
S 7 we——— wone  14~30 Hz
v 3 W &~7 Hz
» Alpha Rhythm (8-13 Hz — cycles/second) s \/\’S/\/\ 05-3Hz
| Normal
» Beta Rhythm (> 13 Hz Hz — cycles/secon M"’\/\ Eplleptic
The fastest spikes

*  Delta Rhythm (<4 Hz — cycles/second).

3 Hz spikes anx
The slowest waves (pett m:

In children's mainly )

v) Theta Rhythm (4-7 Hz — cycles/second):

If we saw spikes it means there's paroxysmal epileptic and brain activity

We used EEG in diagnosis
3-hertz spike and slow wave 1

Means — Absence epilepsy, generalized non convulsive seizure




Different Types of Brain Waves in Normal EEG

Rhythm Frequency Amplitude Recording
(Hz) (miclovolte) & Location
Alpha(a) 8-13 50-100 Adults, rest, eyes closed.
Occipital region
Beta(p) > 13 Hz 20 Adult, mental activity
Frontal region
Theta(0) 4 -7 Above 50 Children, drowsy adult,
emotional distress
Occipital
Delta(d) <4 Above 50 Children in sleep




If a dp€tor give the patient antiepileptic whenever the ciYo 00 ¢ Yocah Sl Dby gy 1aal|
paroxysmal activity is recorded maybe psychological ~

[ ] @
problems and migrane and these problems is not E E ‘ E l
ep11ept1c ln l e S y

um‘/q )»h»)\\us

We shouldn't give the patlent anti epileptic unless there is
clinical symptoms and ma

N

fn’combination with appropriate clinical findings, epileptiform
EEG spikes or sharp waves strongly support a diagnosis of
epilepsy, classifying seizures correctly, and making therapeutic

decisions.

EEG evidence of seizures activity 1s shown typically by focal

cortical or generalized spike-and-wave activity.

A normal EEG between attacks (interictal) does not in any way

exclude epilepsy. (Y9l ——p We shouldn't stop anti epileptic drugs

True ie1zures

Many people with epilepsy have normal interictal EEG.uw e

3 Hz spike-and-waves activity occurs specifically in petit mal

Cpllepsy.Diagnostic for absence(generalized non convulsive) epilepsy

If the routine EEG findings are normal, a sleep-deprived EEG and

)\l EEGilug dn b

video-EEG should be peI‘fOI‘Ined.wnh photostimulation — increase electricity
With hyperventilation



Changes of EEG in Epilepsy

EEG 1s used to diagnosis and classifying seizures, and
depending on it the therapeutic decisions are made !

Epileptiform patterns on EEG shows Spikes or Sharp

waves.

High amplitude

Generalized tonic-clonic seizures shows high voltage

Fast waves = sharp
[ ]

& high frequency patterns “Spikes”,

Generalized non convulsive

Absence epilepsy shows brief period of slow & spiky

° Slow ° °
waves “3 Hz spike-and-waves activity”.



Electroencephalogram ( EEG)

high-voltage, high-frequency discharges J100uv

occur over the entire cortex

Generalized tonic-clonic seizure

50 uv
spike and dome pattern WWWM ] u

Absence seizure
low- frequency rectangular wave with a ] 50 uv
frequency between 2 and 4/sec and with
occasional superimposed 14/sec waves Psvchomotor
]¥igorder

We diagnose it by taking history
and see irregular slow wave
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And going to secondary generalized seizure — P4
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CT
CTA
MRI

MRIA
PET

SPECT
([ ]

Cause it may be secondary epilepsy not primary idiopathic

Neurological Imaging Studies in Epilepsy

So we must exclude the organic causes like tumors or AV malformation

Magnetic Resonance Imaging
(MRI).

Functional MRI (fMRI).
Computed Tomography (CT).
Positron emission tomography
(PET).

Single-photon emission
computerized tomography

(SPECT).




Possible
SEIZURE
+

EVALUATION EMERGENCY ROOM or PRIMARY CARE PROVIDER

(medical history, medical and neurologic exam, blood tests, EEG, brain imaging)

DIAGNOSIS: COULD BE EPILEPSY DIAGNOSIS; NOT LIKELY EPILEPSY

<}___J] SECOND Other MEDICAL IL.> PSYCHOLOGICAL
Seizure Cause ¢ ‘ Cause

LOW RISK *HIGH RISK :
NON SEIZURE

for
Second Sy.nw.pc .
o Migraine Psychogenic
eaure Sleep Disorder Nonepileptic
Movement Disorder Selzure (PNES)
PROVOKED SEIZURE
Acute IlIness/Fever
Review Individual Sl Toeatnars Vascular
Risks and Benefits i il by L Trauma
Antiseizure Medication Toxic/Metabolic

of +/- Treatment

If we face medical cause like electrolyte disturbance or '
hypoglycemia induced seizures we should always treat the cause. Treat Underlying Cause

Treat with
Psychotherapy




How to start anti-epileptic therapy

Guidelines for Anticonvulsant Therapy

Our goal is — complete seizure control with minimum side effects

- 1. Start one first line drug.
J 2. Start with 1ow d0OSe.To avoid the side effects like ataxia, dizziness, teratogenicity in pregnancy.
3. Gradually increase dose to effective control of seizures or side
effect "use serum drug level®.
4. If first drug failed "seizures continue or side effects", start

second-line drug whilst gradually withdrawing first.

3 monothera

5. Try three smgfgl drugs before using combination.

To avoid the side etfects from this combination

6. Do not use more than three drugs in combination.

7. The goal of therapy should be complete seizures control with a

If young female patient and wanna get pregnant we
should take the loss teratogenic drug (valproic acid)

single drug and without side effects. o i ot o maepine

=g s 5930 0w Bl 9509 e giahl il o oy ) Z il eiVg. A




When to start treatment after the first seizure?
Which patients are at highest risk for recurrent seizures?

High risk for recurrence and we should strat the treatment from the 1st seizure

Seizure recurrence is more likely if the patient has:
“*Focal neurologic deficit.
“*Mental retardation.
“*EEG demonstrates severe epileptiform abnormalities.
**Structural brain lesion.
“* An initial high density of seizure. ssss
“*Positive family history.

“*Seizure during sleep



When should antiepileptic treatment
be stopped?

a1 0V Tl 2 sl Ush ogfing £ dadsss danyg aygh §1 09 O\giantiom
u)bu»%&\ﬂ\&)\Sn\zwngqd\w\&pcﬁxmwswg\\gx)\Mx&\&)wgu‘/&\ubm\um_,&\wq

70-80% will eventually become seizure free, 1t 1S common

practice to consider drug withdrawal after becoming seizure

free for 2-3 years.

Withdrawal should be undertaken slowly, reducing the drug

dose gradually over 6 months.

Recent studies suggest that approximately 33% of adult
patients and 25% of children who are seizure free fore 2

years well relapse after termination of AED.

Yo\ Groale dein| 3 wam e dngilly adgsd eilan )\ triggers I &S cisis 6l dowdl Jogo
Any thing related to the recurrence



Refractory Epilepsy

We may call it resistant to treatment aubyi gvively medical refractorylaic >\ die

AED J\an,5| 9’\6‘_)9)‘\\“(,\9 gfn\noﬂﬁg: Jo¥h
s\ QY5 Ay £ o, 35| oo L

* There is no unifying definition of refractory epilepsy.
* “Failed” 3 or more AEDs.

e More than 4 seizures /month.

. Resistant

20-30% of epilepsy are mtractable to medical therapy.

 Intractable epilepsy accounts for 60-75% of total cost

of epilepsy care.




Clinical Uses of Antiepileptic Drugs

Generaljzed convulsiye Valproic acid

' o Tonic-clonic (grand mal) seizures: valproate, phenytoin
Tegretol

or carbamazepin. Use of single drug 1s preferred when
possible, because of risk of pharmacokinetic interactions

and side effect.

e Partial (focal) seizures: carbamazepine, valproate,

clonazepam or phenytom.

Generalized non convulswe

e Absence seizures: ethosuximide, valproate or

Lamictgl

lamOtrlglnC > Carbamazepine is contraindicated disi>ghailsl Jeg

Gradual increase of the dose.
To avoid s tven] nson syndrome

e Myoclonic seizures: valproate, clonazepam or

Valproate is contraindicated for female planning

phenOb arbltal. to get pregnant — cause of its teratogenerity

If overweight patient we give it topirmate for migraine and epilepsy




4

Mechanism of Antiepileptic Drugs i ram.

Our goal in treatment of epilepsy
By understanding the pathophysiology

\ . Antiepileptic drugs include the following:

W

1.

Block of voltage-dependent sodium channels: e.g.,
carbamazepine and phenytoin.

Altered calcium currents: e.g., ethosuximide.

Increase in GABA activity: e.g., phenobarbital and
benzodiazepines.

Inhibition of receptors for glEliiCtigtrolrlYate: the most prevalent
excitatory neurotransmitter, e.g., perampanel.

Multiple mechanisms of action: e.g., valproate and

topiramate, which block of voltage-dependent sodium

channels and increase GABA activity in the brain.



Common Antiepileptic Drugs

d.. (l C

Valproic acid May cause loss of hair weight gain | »  Depakin
Phenytoin  May cause gingival hyperplasia » Epanutin i status epilepticas IV
Carbamazepin  May Ca“i?wﬁﬁiiﬂtﬁﬁfiﬁg““&":a> Tegretol
Phenobarbital » Luminal
Topiramate » Topamax
Vigabatrin May cause visual field defect > Sabrin
Gabapentin » Neurontin
Levetiracetam 0 5 bl qarins-| »  Keppracveniniiver failure patient
Clonazepam » Clonex
Lamotrigine May cause Steven-Johnson syndrome | 3> L amictal
Diazepam S~ miion B » Assival, Valium
Lorazepam P » Loracare
Midazolam » Dormicum
Propofol » Diprivan

>

AC THIn treatment of west syndrome(epileptic/infantile spasrrr

)

AC T H Adrenocorticotropic hormone




Epilepsy Drt

Felbamate
Gabapentin

For absence

Not used cause its toxicity ,T

|

' éionazep Topiram

Tiagabin

Bl | 3

857 1912 1937 1954 1960 1974 1975 1978 1993 1995 1997 1999 2000 2005 2008 2009 2012

Irirymi

For treatment of essential tre:

choice beta
*‘b@~

* Carbamazepine * Lamotrigine

» Oxcarbazepine
Zonisamide

e Rufinamide
- Ezogabine

midone Valproate Levetiracetam

Lacosamide

* Pregabalin



/ Surgical Treatment

\ ¢ For medical refractory epilepsy. Focal brain resection
is the most common type of epilepsy surgery:
1. Hemispherectomy.
2. Anterior temporal lobe resection.
3. Lesionectomy: epileptogenic structural lesion
With PET and SPECT scan

reseCtlon. Or by gamma knife destruction

4. Vagus nerve stimulation.

Corpus callosum disconnection between the right and the left cerebral hemisphere

b z¥e din gl e Uy Lodl Ao Yl S\aa




» Hemispherectomy




Vagus Nerve Stimulation
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