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Cerebral Blood Flow

Brain consumption about 20-25% of CO—BFL-PCM of the cardiac output.

Cerebral blood flow (CBF): 1s the blood supply to the
brain in a given time.

In an adult, CBF 1is typically 750 ml/min.

Reglonal blood s u.PPL

50-54 ml ot blood per 100 g of brain tissue per min.
Ischemia results 1f blood flow to the brain below " 18-
25 ml per 100 g per min, and tissue death occurs 1f

flow decreased below 8-10 ml per 100 g per minute.




Cerebral Blood Flow

e The adult brain weight 1s about 1300 — 1500 g (2% of
TOtal BOdy Weight).Awd take 1/5 of cO —BSD its a very important orgawn.

e Consumes:
v “15-20% 0O, of the total cardiac output.

v'25% glucose

* Able to respond to variations in demand.
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BY a way called autoregulation




Brain Autoregulation

'» The brain is very sensitive to over and under perfusion.

» Cerebral autoregulation refers to the physiological
mechanisms that maintain blood flow at an appropriate level

during changes in blood pressure.

autoregulationdy e Al MY\ o2 gas0

1 Physiological Mechanisms of Autoregulation:
*Myogenic/Arterial blood pressure. syve+vs

* Chemical:
v' Arterial partial pressure of carbon dioxide “PaCO2”.

Decreased O2 cuz VD

v' Arterial partial pressure of oxygen “PaO2” .. on csve

Hypergly cemia cuz Ve

* Metabolic regulation.@ieese vypopueemia cuzve
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Factors Affecting Cerebral Blood Flow

Cardiac CO;

output \ 7 ’,’—f"""',.”'"‘.‘- /
Cerebral /'\ LCBF

/ S— Oxide
A
Parasympathetic | Glucose
nervous activity | Lactate
|
Sympathetic

nervous activity




Myogenic / Arterial Blood Pressure

Arterioles dilate or constrict in response to changes

ntracranial pressure cerebral (cranial) blood flow

in BP and ICP 1n order to maintain a constant CBF.

The response to lower pressure, 1s arteriolar dilation
in the brain.

While when blood pressure rises they constrict.
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Arterial Blood Pressure

e Cerebral Perfusion Pressure (CPP)

- |CPP =MAP - ICP MAP = Mean Arterial Pressure

ICP = Intra Cranial Pressure
- ICP — can be measured directly.
» MAP: pushes blood into the brain.
 Intracranial Pressure (ICP).

55s—dius

MAP = Diastolic pressure + 1/3 PulSe pressure.

- Pulse pressure = Systolic BP — Diastolic BP.
Eg. BP =140/80, MAP =80+ 20 = 100 mmHg

1/3 *60
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Cerebral Blood Flow

CBF = Cerebral perfusion pressure( CPP (divided by

the cerebrovascular resistance( CVR).

CBF = CPP/CVR

CPP=MAP-ICP

CPP = 1s normally between 70 - 90 mmHg in an adult
human.
Increase in ICP — decreases CBF & cerebral

perfusion.




Chemical Autoregulation
-LFElevation of PaCO, leads tovasodilatation “High ICP”.

-J7Depressi0n of PaCO,, leads to@a80CONStHCHOID
.‘I‘Elevation of PaO, leads tmrmm oraiin edem

“Hyperventilation used for management of brain oedema”.

-JyDepression of PaO, “Hypoxia”: leads to vasodilatation
“High ICP”.

Vasoconstnction Normal blood vessel Vasodilation




Arterial Blood Pressure Autoregulation

* Baseline CBF: 50 54 ml/100g/min
° gﬂﬂﬁﬁl}ﬁggﬁmic threshold: 20 —25 ml/100g/min

e Severe Hypertension: sz

> Damage to blood brain barrier.

o Risk of cerebral oedema and acute hypertensive

encephalomalacia due to vasodilation.
VC o>y bl 950) 2 o gehl




Neurogenic Autoregulation

* Neurogenic Autoregulation:

o Sympathetic fibres: vasoconstriction

o Parasympathetic fibres: vasodilatation




The Blood—Brain Barrier

It 1s the barrier between cerebral capillary blood, the
CSF and brain tissue.

CSF fills the ventricles and the subarachnoid space.
It consists of the endothelial cells of the ‘cerebral

capillaries and the choroid plexus epithelium.

)
’ l;' Macroglial cells from ectoderm = types astrocyte, ependymal, and oligodendrocyte
| The astrocyte world as BBB

f J
/' I while oL'Lgoolcwolrocgte produce wugeLiw sheath and impaired in multiple selerosis, it work,
Tight junction // \ as Shaww cells in PNS
\,\ while ependymal cells in choroidal plexus and produce CSF
P e
/ = ~ \ Microglial cells from mesoderm and distributed through
ST \ ) Astrocyte work as protection against tnfection and microorganisms
/ / \'\J foot process and remove waste products inside the brain to the CSF
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1 Fluid-filled cavity
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Blood-Brain Barrier )/ i

J Ependymal cells Brain or spinal
| cord tissue

Cells of

pia mater Protoplasmic

astrocyte
Oligodendrocyte
Node of Ranvier
Microglial cell
Myelin sheath
Axon

Oligodendrocyte

Production of myelin sheath

Neuron

Blood capillary
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Fibrous
astrocytes

Protoplasmic
astrocyte

Microglial cell

Found on choroidal plexus produce CSF Ependyma]
cell

Cilia




Blood-Brain Barrier

@

Glucose (via transport proteins). |* Large molecules ex.
Lipid-soluble substances. Proteins.
O,, CO,, alcohol, anesthetics. * Most antibiotic drugs.

Trauma. inflammation and certain toxins can break down the BBB

(a) Typical capillary

(b) Brain capiflary




Functions of the Blood—Brain Barrier

cell bodtes

1. It maintains a constant environment for neurons in

Metabolic and waste products.

the CNS and protects the brain from endogenous or

That came from outsioe

€X0genous toxins.

BBE oo galy naasl bl CNS d\ s oanss\goinbo 5 eaal\

2. It prevents the escape of neurotransmitters from

their functional sites in the CNS into the general

circulation.

3. Drugs penetrate the blood.

CNS Ul o5y BBER )\ $mg penetrationdan\sll zgum )\ drugs dlamodlie




Development of BBB

o2 ol o\ 2w e J \oilgin 1 Bilirubin Ls a toxie material

e Premature infants with hyperbilirubinemia, free

bilirubin pass BBB, and may stain basal nuclel

ganglia \ieiif>\ng necli \aie il i) ol
) W\ ke nuceli ol ale gl CNS OIS osoay b i 8,3\ glél

. ° \
causing damage (Kernlcterus). e Jidulale s

And cause cerebral palsy with hyper kinetic type qanglia is nerve cells located outside the NS
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Blood Supply of the Brain

- Brain blood supply formed of two main systems
(arteries):

s

Internal carotid system: Right & Left internal

Supplies about 0% of cerebral blood flow and called ant. Circulation.

carotid arteries (ICA). e Mo Lo cepea

Rt A.ch.a Lt A.ch.a
Awterior choroidal artery

Also called cerebral a.

2. Vertebro-basilar system Right & Left

ARosERGR =t and Lt vertebral a. Supplies about 20-25 % of the cerebral blood flow and called post. Circulation.

Cuz it supplies cerebellum pceipital Lobe brain stem

vertebral arteries (VA). REPCA  Lipoa

REPCA + Lt PCA wand ouiinBasilararetery dlslinl

PCA — posterior cerebral artery Bastlar artery

conmnection between the 2 systems dne ol 3,003 awncal ol B\aag

internal carotid and the vertebro-basilar systems

Rt vertebral Lt vertebral
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ECA
lC,

F_ ~. 1. The Internal Carotid Artery (ICA)

—— —

CCA

% Origin: arises in the neck of terminal branches of the

Commown carotid arter

CCA (gt Bifurcation), at the level of the upper border of

Give bnternal and external forthe face. To external and tnt

the thyroif&\lbf:artilage (opposite the disc between (Cs & Ca).

2 Function: the ICA supplies structures in the orbit and a

large part of the brain (70- 80% of the brain blood

nternal carotio O\ 'l Yan s system.\
system

supply).
= Each ICA enters the skull through the carotid

foramen.

branches forneck and face s ECA bl Jog

» ]t gives No branches at the neck.




Left middle meningeal anery |mmm|MCA

PcAlmsmcerdudml I/_\mmimlACA

Superior cerebellar artery

Basilar antery

Left labyrinthine
(internal acoustic) anery i Posterior

—— communicating
anery

Maseoid branch of
left occipial anery
Cavernous sinus
Amefior inferior

pon anery The blue matter is internal carotio artery

hac al sywpathetic plexus.
Fosterior meningeal
branch of left ascending
pharyngeal anery

Poserior inferior
cerebellar anery

Left and right
verwebral aneries
(mracranial part)

anery

Fosterior meningeal . ‘ / wemporal
branch of venebral \ anery
anery
- External
Anterior meningeal , f carotid
beanch of vertebral anery anery
Poserior auricular anery Facial anery

Lingual anery
Ascending pharyngeal anery
Superior laryngeal anery

Superior thyroid anery

Common carotid anery

Ascending cervical anery (cut)

Infesior thyroid artery
Thyrocervical erunk

Brachiocephalic trunk

Inernal thoracic anery




Branches of the Internal Carotid Artery

Anterior communicating artery

1. Ophthalmic artery..com i bmmn o Cummm——=

2. Posterior communicating artery.~+

Awnastomosts between the vertebro-bastlar system and internal carotid system.

3. Anterior choroidal artery.

K4° Anterior cerebral artery (ACA). L] =

terminal
Two terminal branches MCA

R.5. Middle cerebral artery (MCA): s e

Lateral branch




1. Ophthalmic Artery

Ophthalmic artery which enters the orbit through the

optic canal with the optic nerve.

its terminal branch

Supplies the eye, orbit contents & givem
Supply the Retina (alil\) of the eye

Also supplies the frontal sinuses, part of frontal area of

scalp and dorsal part of nose.

Its occlusion results inm

(f the occlusion happens to the patient and wot treated by anti thrombotic
drugs he will face lifelong blind, cuz it ha“suppl,g




Arteries and Veins of Orbit and Eyvelids

Superior View
Supratrochlear artery

Medial palpebral artery

- g

Dorsal nasal artery
Lateral palpebral artery
Aaoterior meningeal artery

Lacnmal gland
Aotenor ethmoidal artery Supraorbital artery

Zygomatic branches
of lacrimal artery

Postenor ethmoidal artery

Continuation of
ophthalmic artery

Posterior ciliary artenes

Muscular branch
of lacnmal artery

Muscular branch of
ophthalmic artery

Lacrimal artery

Ophthalmic artery -

Central artery of retina

Intemal carotid artery




2. Posterior Communicating Artery

» The posterior communicating artery joints the ICA with

the corresponding posterior cerebral artery to establish

m nternal carotid system

The conpection

> It supplies:

* Optic tract and chiasma.

vertebro- bastilay system Basilar artery

* Part of diencephalon.

med:’.aLLg the thalantus and related structures

 Walls of third ventricle.

* A common site of Mo{
co Ao

mﬁ»qnﬁw(&) aneurysms

Rt vertebral Lt vertebral




Arteries of Brain
Inferior View

Aoterior communicating artery

Mdial orbitofrontal artery

Recument artery (of Heubner)

Circle of Willis (broken line)

Middle cerebral artery Posterior communicating artery

Lateral orbitofrontal artery Posterior cerebral artery

Ascending frontal

(candelabra) artery Supenor cerebellar artery

hizdial and Iateral Pontine artenes

lenticulostnate artenies

Aaoternior choroidal artery
Basilar artery
Intemal acoustic
(abyninthine)

‘ertebral artery

Aaotenor infenor

cerebellar artery Aaterior spinal artery

Postenor infenor

cerebellar artery
Postenior spinal artery




3. Anterior Choroidal Artery

From its name it supplies the choroidal plexus

» Origin: from the ICA just/before origin of the anterior &

middle cerebral arteries.

»> It supplies:
* Choroid plexus of the lateral and third ventricles.
* Optic tract and optic chiasma.
* Hippocampus, tail of caudate nucleus, amygdaloid
nucleus, globus pallidus and crus cerebri.
» Lateral geniculate body.

* Posterior limb of internal capsule. ;. [/

*posterior Limb, and Genu.




Arteries of Brain [Continued]

Inferior View
Aotenor
communicating Recumrent artery (of Heubner)

antery N

-, d
1
-

Aoternior cerebral artery

Posterior
communicating
artery

Middle cerebral artery

Aaterior choroidal artery

Optic tract
Postenor cerebral artery

Lateral geniculate body

Postenior lateral
choroidal artery

Cerebral peduncle

Choroid plexus of

Posterior medial Iateral ventricle

choroidal artery

Mizdial geniculate body Lateral ventricle

Pulvinar of thalamus




4. Anterior Cerebral Artery (ACA)

Medial branch

* It 1s the smaller terminal branch of the ICA.

* It runs forward and joins the ACA of the opposite side
by the anterior communicating artery (the commonest
site of (UACHEYSHIS) -

»Branches of the ACA:

1. Cortical branches.

2. Central branches (Striate arteries).




Territory of Anterior Cerebral Artery (ACA)

* Medial surface of the cerebral hemisphere from frontal
pole to the parieto-occipital sulcus.

* Medial 1/3 of the orbital surface of the frontal lobe.

* Superior lateral surface of cerebral hemisphere (except
occipital lobe).s«icd oy rea

* Anterior part of lentiform nucleus.

* Head of caudate nucleus.

* Supplies part of the corpus striatum and the anterior limb
of the internal capsule via the medial striate artery (of
Heubner).

N.B.: The ACA supplies motor and sensory areas of the leg
and foot “paracentral lobule” -owertin

Supero Lateral Lobes of the cerebrum




Arteries of Brain
Inferior View

Aoterior communicating artery

Mdial orbitofrontal artery

Recument artery (of Heubner)

Circle of Willis (broken line)

Middle cerebral artery Posterior communicating artery

Lateral orbitofrontal artery Posterior cerebral artery

Ascending frontal

(candelabra) artery Supenor cerebellar artery

hizdial and Iateral Pontine artenes

lenticulostnate artenies

Aaoternior choroidal artery
Basilar artery
Intemal acoustic
(abyninthine)

‘ertebral artery

Aaotenor infenor

cerebellar artery Aaterior spinal artery

Postenor infenor

cerebellar artery
Postenior spinal artery




Right
antenor
cerebral
artery

Frontopolar artery

Arteries of Brain
Medial View
Fatenor medial frontal branch of callosomarginal artery
Middle medial frontal branch of callosomarginal artery

g
5

Medial orbitofrontal artery
Aotenior communicating artery

Recument artery

Right intemal carotid artery

Posterior communicating artery

-

s

-

Posterior medial frontal branch of callosomarginal
~= g

Paracentral artery
.- Cingular branches

Vo ’-"" % Pericallosal artery
A . Panetooccipital

-~ »
- E arntery

=0 L_',.* Calcanine
™ «,_ﬁ - - artery

——

Precuneal artery

Postenor penicallosal artery

Posterior temporal artery

Right postenior cerebral artery

Aotenor temporal artery



5. Middle Cerebral Artery (MCA)

Lateral branch

MCA and ACA

¢ The lateral branch as the largest of the 2 terminal

branches of ICA.

The fissure or sulel that separate the temporal Lobe from
frontal and parietal Lobes

¢ It pass laterally in the stem of the lateral sulcus.
¢ It turns backwards and upwards in the posterior ramus of
the lateral sulcus.
¢ Finally it divides into:
- Cortical branches.

- Central branches.swi




Arteries of Brain
Inferior View

Aaterior communicating artery

Mdial orbitofrontal artery

Fatenor cerebral artery

) Recument artery (of Heubner)
Intemal carotid

Circle of Willis (broken line)

Mddle cerebral artery Posterior communicating artery

Lateral orbitofrontal artery Posterior cerebral artery

Fecending frontal

(candelabra) artery Supenor cerebellar artery

hizdial and Iateral Pontine artenes

lenticulostnate artenies

Aoternior choroidal artery
Basilar artery
Intemal acoustic
(abyrninthine)

ertebral artery

Aaotenor infenor ,

cerebellar artery Aoterior spinal artery

Postenor infenor

cerebellar artery
Posterior spinal artery




Arteries of Brain
Lateral View

Aotenor panetal (postcentral) artery Postenor panetal artery

Central (Rolandic) artery

Precentral (pre-Rolandic) artery

Ascending frontal Fogular artery

(candelabra) artery

Terminal

Terminal
branches
of antenor 4

orbitofrontal
artery

Right anterior cerebral arte Posterior temporal artery

Aatenior communicating artery Middle temporal artery

Left anterior cerebral artery

Aotenor temporal artery

LAt Itemal omrotid stery Left middle cerebral artery




Territory of Middle Cerebral Artery (MCA)

1. Cortical branches: supply:
* Lateral 2/3 of the orbital part of frontal lobe.
* Temporal pole and 1nsula.
* Most of the lateral surface of cerebral hemisphere

EspecLaLtg Lower and middle While wpper bg ACA and

Except: oceipital by PCA
* The upper part (superior inch): supplied by the
ACA.

* Lower part of temporal lobe: supplied by the
PCA.

* Occipital lobe: supplied by the PCA. .

* Supplies the trunk, arm, and face areas of the cortical

motor and sensory aAreas. race and wepper Linbs &siowofM(‘/AwiLLauz contralateral

hewmiplegia (hemihgpooesthcsia )




2. Central Branches: are many branches called striate
AL LRSS ¢ vivided to wedial and Lateral according to corpus striatin
s, Medial striate arteries: supply:
* Posterior part of lentiform nucleus.
* Body of caudate nucleus.
* The most of the g@&%@ﬁ!ﬁ%ﬂ%ﬁ%ﬁ (posterior limb,
genu, and posterior part of anterior limb).
s . (Lateral striate arteries: supply:
* Corpus striatum (lentiform & caudate).
* Most of the internal capsule.
* One of these arteries 1s large and 1s liable to
hemorrhage 1t 1s called the artery of cerebral

hemorrhage (Charcot's artery).

o intracerebral hematoma )\g\i\i>g hemorrhogic strokedl og i IS pei si\b
Aag chareots or gemorrhagic artery ol artery 3ol iy basal nuell dyosinadhy
swmooth layer very thiwd\oqﬁp\mw




Arteries of Brain
Frontal Section

Falx cerebn

Callosomarginal arteries
(branches of anterior

. cerebral artenes)
Pericallosal arteries (branches
of antenor cerebral arteries)

Corpus stnatum (caudate and lentiform nuclei)

Mizdial and Iateral lenticulostniate artery

b
Insula (island of Reil [/
s
/)
5 |

~ = o
:

Trunk of corpus
corpus callosum

Umen of insula
Intemal capsule

Precentral (pre-
Septum pellucidum

Rolandic), central
(Rolandic) and
panetal arteries

Rostrum of corpus callosum

p U‘ . Aoterior cerebral arteries

y.- Recurmrent artery (of Heubner)

Foterior communicating artery

Lateral cerebral
(Sylvian) sulcus

Temporal arteries

Temporal lobe
Middle cerebral artery Optic chiasm

Intemal carotid artery




Rt PCA

Rt vertebral

Bastlar artery

Lt PCA

I1. The Vertebrobasilar System
. Vertebral Artery

Origin: each vertebral artery arises from the first part
of subclavian artery. " -@SEsmEEn

Supplies structures of the brain (20- 30% of the?
brain blood supply).

Course: e
From subclavian artery — then passes upwards through

the transverse foramina of the upper 6 cervical
vertebrae — foramen magnum — they pass upward and
medially in front of the medulla oblongata — at the
lower border of pons two vertebral arteries unite to

form the single Basilar Artery.ren vifocoe ad give post. corcbrat avtery




Subclavian Artery
Right Anterior Dissection

Intemal jugular vein

Fscending cervical artery.

Phrenic nerve O
Aetterior scalene muscle £2.C '.‘l

4

Inferior thyroid artery. v I < Jig.
Transverse cervical artery “ J-L': —

Extemnal carotid artery

Thyroid gland

Middle cervical
sympathetic ganglio

‘agus nerve (X)

Thyrocervical trunk

Subclavian vein

Subclavian artery

Recurrent laryngeal
nerve

Brachiocephalic
trunk




Transverse foreman of upper & cervical vertebra

| Verahral atery |

Deep cervical artery (ascending
to anastomose with descending
branch of occipital artery)

Costocervical trunk

Supreme intercostal
antery

1st posterior
intercostal
artery -

2nd posterior
intercostal p
artery < y

Scapula ‘ ,? !

-~

External carotid artery

Internal carotid artery

B : Ascending cervical artery

Inferior thyroid artery

Transverse cervical artery

Common carotid artery

Thyrocervical trunk

Suprascapular artery

Subclavian artery
(1st part medial to,
2nd part posterior to,
3rd part lateral to
anterior scalene muscle)
——

<

AT TS
- : ¢ Internal thoracic arte
-, \..‘\ e Y

- _u—?\‘ ._./,‘.._,_
& :’:’ = ‘;'-;‘;:-' 5




Branches of the Vertebral Artery

1. The meningeal branches: are small and supply the

bone and dura in the posterior cranial fossa.

2.==~ Posterior spinal arteries: may arise from the
vertebral artery \gi\ w\g}g\ﬂb&d\mb@&nd\ﬁm

et mesiedgosterior inferior cerebellar @rteryiansonicat varian

3.4s« Anterior spinal artery: it unites with the other one

to form the one anterior spinal artery.

4.  Medullary branches: supply the ventral part of

medulla oblongata. Basilar artery

Rt vertebral

Lt vertebral

5.#c« Posterior inferior cerebellar artery.

Largest branch




Posterior Inferior Cerebellar Artery (PICA)

'O The largest branch of vertebral artery.

* It supplies the:
* Posterior part of inferior surface of cerebellum.
* Inferior cerebellar peduncle:......ui. s

* Posteriolateral part of medulla oblongata.

* Choroid plexus of 4t ventricle.

< @EQESIOMof this artery leads to~

case: 52 y/o female with HTN and DM came to the clinic complain oY Horner synaronee.dlfila o )\ sl i Jo'55 oMy danage i cerebellum. dr-glaill
from sudden onset of ataxia with MRI scan we find multiple Lesions o csymepathatic flbres Is>-odiyl spinal corddldsbs hypothalanus dlung\ il ool
and patches in cerebellum and wmedulla oblongata and they diagnose damage of dese. spinal nuoleus vy sensation of faced\giiy

it mistakenly with multiple selerosis beeause it was multiple Lesions Ul o diay sl Je2 500




Arteries of Brain
Inferior View

Aoterior communicating artery

Mdial orbitofrontal artery

Recument artery (of Heubner)

Circle of Willis (broken line)

Middle cerebral artery Posterior communicating artery

Lateral orbitofrontal artery Posterior cerebral artery

Ascending frontal

(candelabra) artery Supenor cerebellar artery

hizdial and Iateral Pontine artenes

lenticulostnate artenies

Aaoternior choroidal artery
Basilar artery

Intemal acoustic
(abyninthine)

“ertebral artery

Aaotenor infenor

cerebellar artery Aaterior spinal artery

Postenor inferior
cerebellar artery

Posterior sginal artery
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Otactoy bub ant vt ).

& Basilar Artery

Origin: at the lower border of pons by the union of the
two vertebral arteries.

It ascends along the basilar groove infront of the pons.
Termination: at the upper border of the pons by
dividing into two terminal branches (posterior

cerebral arteries)z~

It lies@iedialto the ~and “rlerves.




LEscA

~ ==,  Branches of the Basilar artery

AAAAAA

From Lts name

1ac~«Anterior inferior cerebellar artery: supplies the
anterior part of inferior surface of the cerebellum.
it e 2t Iternal auditory (labyrinthine) artery: it arises either
" from basilar or anterior inferior cerebellar arteries.
Supplies the inner ear.
3. Pontine (paramedian) branches: are small branches to
supply the pons.
4. Superior cerebellar artery: the oculomotor nerve
separates 1t from the posterior cerebral artery. Supplies

the superior surface of cerebellum, superior cerebellar

peduncle, pons and midbrain.

SreaPosterior cerebral artery: terminal branches.




Arteries of Brain
Inferior View

Aoterior communicating artery

Mdial orbitofrontal artery

Recument artery (of Heubner)

Circle of Willis (broken line)

Middle cerebral artery Posterior communicating artery

Lateral orbitofrontal artery Posterior cerebral artery

Ascending frontal

(candelabra) artery Supenor cerebellar artery

hizdial and Iateral
lenticulostnate artenies

Pontine artenes

Aaoternior choroidal artery
Basilar artery

Intemal acoustic
(abyrninthine)

‘ertebral artery

Aaotenor infenor

cerebellar artery Aaterior spinal artery

Postenor infenor

cerebellar artery
Postenior spinal artery




Posterior Cerebral Artery (PCA)

* It 1s the largest and terminal branches of the basilar

artery at the upper border of the pons.

* It 1s separated from the superior cerebellar artery by

(¢ oculomotor nerve ey

* Connects with the 1psilateral ICA by the posterior

communicating artery.




Arteries of Brain
Inferior View

Aoterior communicating artery

Mdial orbitofrontal artery

Recument artery (of Heubner)

Circle of Willis (broken line)

Middle cerebral artery Posterior communicating artery

Lateral orbitofrontal artery Posterior cerebral artery

Ascending frontal

(candelabra) artery Supenor cerebellar artery

hizdial and Iateral
lenticulostnate artenies

Pontine artenes

Aaoternior choroidal artery
Basilar artery

Intemal acoustic
(abyrninthine)

‘ertebral artery

Aaotenor infenor

cerebellar artery Aaterior spinal artery

Postenor infenor

cerebellar artery
Postenior spinal artery




Branches of Posterior Cerebral Arteries

1. Cortical Branches:
* Inferiolateral part of temporal lobe.

* Occipital lobe “Visual cortex™.

Prima ry and secondary

2. Central Branches:

Dlencephalon and subcortical structure

*Supply parts of the ‘thalamus, medial ‘geniculate body,
splenium of the corpus callosum, lentiform nucleus,

midbrain, and pineal body.

3. Posterior Choroidal Arteries:

*supply the choroid plexus of the lateral and third ventricles.

For ICA




Frontopolar artery

Right
antenor
cerebral
artery

Medial orbitofrontal artery
Aotenior communicating artery

Recument artery (of

Arteries of Brain
Medial View

Fatenor medial frontal branch of callosomarginal artery

Middle medial frontal branch of callosomarginal artery

Posterior medial frontal branch of callosomarginal

.‘ - —

g
5

Right intemal carotid artery

Posterior communicating artery

-

s

-

Paracentral artery
.- Cingular branches

Precuneal artery

~u~Pencallosal artery
Parietooccipital

- , artery

Postenor penicallosal artery

Posterior temporal artery

Right postenior cerebral artery

Aotenor temporal artery




Arteries of Brain [Continued]
Inferior View

Fotenor
communicating Recument artery (of Heubner)

artery

-

-/

Aotenor cerebral artery

Posterior
communicating
artery

Middle cerebral artery

Aotenor choroidal artery

Optic tract
Postenor cerebral artery

Lateral geniculate body

Posterior lateral
choroidal artery

Cerebral peduncle

Choroid plexus of

Postenor medial Iateral ventncle

choroidal artery

Medial geniculate body Lateral ventricle

Pulvinar of thalamus
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clinteal anato my:

~+  The @EERIONBERERBESN) s 2 rare anatomical variation

in the brain vascularization in which a single arterial
trunk arises from the PCA to supply both sides of

the thalamus and midbrain.
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Normal anatomy

Anatomy with artery
of Percheron

PCA

Pons

Thalamus Am

. Artery
of Percheron

PCA

T~ Basilarartery




S Lateral view
Coronal section through left cerebral hemisphere

Corpus Lateral
callosum venincle

Internal Hippo-  Globus
capsule Campus pallidus

Arterles

Medlal view
Coronal section through right cerebral hemisphere

Internal
capsule

Antenor cerebral
artary

Middle carebral
arlery

Central branches of
middle cerebral artery

(Putaman, upper intormal
cape i, lomer cormns
dlata, body of caudale)

Antarior choroidal

anery Poslerior cerebral

artery

Horlzontal view

Lateral ventricle
(anterior horn)

Lateral ventricle
| (posterior horn)




N

Lateral view of left hemisphere

Medial view of left hemisphere




Circle Of Willis

*» Definition: 1t 1s an arterial anastomoses between the
vertebral and internal carotid arteries of both
sides).

¢ It lies 1n the interpeduncular fossa at the base of the
brain

» Function:

 Direct blood to other branches in cases of occlusion.

* Connect caroticglo%system with vertebrobasilar system.




Circle Of Willis

Anterior communicating arteryzs:«

Right & left of ACA.

Right & left ICA.

Right & left posterior communicating arteries.

Right & left PCAT:ost. Cerebral artery

q artertes

Basilar artery, et




Circle of Willis - Vessels Dissected Out
Inferior View
Aoterior communicating artery

2 feterior cerebral artery Perforating artenes

Hypothalamic artery
Ophthalmic artery

Recument artery (of Heubner)

' “ Lenticulostriate arteries

Supernior hypophyseal artery

2 Intemal carotid artery:.

LS
A\ o)
Mddle cerebral artery —mq

D

Inferior hypophyseal artery

Aaotenor choroidal artery

2 Postenior cerebral artery

Supenor cerebellar artery Aotenior thalamostnate artery

Postenor thalamostriate artery

Long and short pontine arteries
Basilar artery

Intemal acoustic (Jabyrinthine) artery
Aotenor infenor cerebellar artery

Vertebral artery




The Important Anastomoses Between the
Cerebral Arteries

Between anterior middle and posterior branches

1. Anastomoses between the branches of the cerebral
arteries on the surface of the cerebral hemisphere.

2. The circle of Willis: between ICA and veretebro-basilar
system.

3. Anastomoses between the branches of the internal and
external carotid arteries:
a. Anastomoses between the branches of the
<~ophthalmic artery with the facial and maxillary =+
arteries.
b. Anastomoses between the meningeal branches of

the internal carotid artery with middle meningeal
branch of maxillary artery.

ECA




Venous Drainage

Superficial cerebral veins: laceration of these

vessels results in subdural hemorrhage (hematoma).

Deep cerebral veins.
e

Dura matter in the brain its a part of connective tissue composed 2

layers outer endostial layer and inner menengial Lager
,_)‘/egaqu)mﬂl)\!»\)\é'i S 9l @y bynogh e ¥ sl lanb

Dural Cerebral Sinuses.
A 21,0 8 won 58Ukl dosy 8 9l ey S\ siues )
dura matter )\ oy enibi\

The veins of the brain have no muscular tissue\in
their thin layer.

No valves.

Drain into the cranial or/dural yenous sinuses.

Take the blood from cerebral veins and CSF




Cerebral Veins

1. Superior cerebral veins: drain into the superior
sagittal sinus.
2. Inferior cerebral veins: drain into the petrosal and
transverse sinuses.
3. Middle cerebral veins:
a. Superficial middle cerebral veins: drain into
the cavernous sinus.
b: Deep middle cerebral veins: drain into'basal

vein —@Great cerebral vein — the straight sinus.




~ Superior anastomotic
vein

Superior sagittal sinus

g 2 /' Inferior anastomotic
e vein

Superficial middle cerebral vein




-vivs 4. Basal vein (vein of Rosenthal): by union of three veins:
Deep middle cerebral vein.
Anterior cerebral vein.
Striate veins.

- The two basal veins drain into the great cerebral vein.

avivs 5, The Internal Cerebral Vein: there are two internal cerebral

veins and they are formed by the union of
el sorebral vein s e (nferior sagital stnus.
« Thalamostriate vein \\

Straight sinus.
Great cerebral vein
o o
* Choroid vein. //
Basal vein

nternal cerebral vein

 Thetwo'internal cerebral veins run in the roof of the 3

ventricle backwards to form the great cerebral vein, which

with addition the tnferior sagital stnus

drains into the straight sinus.




1- Deep middle cerebral vein.

2- Anterior cerebral vein.
3- Striate vein.

B.. Basal vein.

i.: Internal cerebral vein.
G.: Great cerebral vein.

Thalamostriate
vein
(vena teminalis)

Choroidal
vein

Internai
T cerebral
vein

(Great cerebral
vein of Galen




6. Great cerebral vein ( vein of Galen):
- Is the main vein of the medial surface of C.H.
- Formed by union of the two internal cerebral veins.

- The great cerebral vein unites with the inferior

sagittal sinus to form the iFRAIERESIAGES

- It recerves also the two basal veins.

vein

\ (vena teminalis)

i Internal

“a
= 1
) —{lcerebral
ARl ¢ \‘Q vein
]
' I
J

N
Great cerebral
vein of Galen
1- Deep middle cerebral vein
2- Anterior cerebral vein
3- Striate vein
B.. Basal vein
I.: Internal cerebral vein.
G.: Great cerebral vein




Left superior and inferior colliculi Left pulhinar

Basal vein (Rosenthal) Right pulhinar
Posterior mesencephalic vein “lnternal cerebral veins
Medial geniculate bocdly Splenium of corpus callosum
Lateral ?roat cerebralvein (Galen)
mesencephalic vein Dorsal vein of corpus callosum
Lateral geniculate body Inforior saeittal sinus

Left thalamus Straight sinus
(cut surface) e
Falx cerebri
Optic tract Confluence of sinuses
Tentorium
Inferior thalamo- cerebelk (cut) Left ransverse

striate veins

Deep middle
cer al
vein (cut)

sinus (cu?)

Superior
sagittal
sinus

Anternior
cerebral
vein

nerve (1)

vermian vein

Falx cerebelli (cut)
and occipital sinus

Inferior combolhr
ispheric veins

Anterior ponto-
mesencephalic vein

Trigeminal nerve (V)

@é

Transverse pontine vein Intraculminate vein

Petrosal vein (dain&ng Supernior cerebellar vein (inconstant)
1o superior petrosal sinus) Preculminate vein

Lateral pontine vein Precentral cerebellar vein

Anteromedian medullary vein Superior retrotonsillar vein

Vein of lateral recess of 4th ventricle 3&?&;?:‘:32::3:‘.3,‘, Parts of cerebellum
) ' cistern L Lingula TU Tuber
Superior, middle and CL Central lobule P Pyramid
inferior cerebellar peduncles Posterior spinal vein C Culmen U Uwvula
D Dechve N Nodule

Anterior spinal vein 4th ventricle F Folium ¥ Tonsil




The Cerebral Dural Sinuses

» The dural venous sinuses (also called dural sinuses,
cerebral sinuses, or cranial sinuses) are venous channels
found between two layers of dura mater in the brain.

» They receive blood from superficial and deep veins of the
brain.

» They receive CSF from the subarachnoid space (by the
arachnoid granulation and vill).

» The dural sinuses finally connected with the internal jugular

V11 . mhen to brachiocephalic vein then right atrivwm.

» There are at least three single and six paired dural sinuses.




So it occlusion happens it may euz bilateral sywmptoms and they came with
heworrhage and bleeding. Cuz there is no drains to the cerebral veins so it will
lnerease the venous pressure ano rupture all the vetns. The treatment is full
dose ooa ulant to open the sinus

waeiseass The Single Venous Sinuses

1. The“sinus: usually terminates in the

right transverse sinus.

2. The”sinus: joins the great cerebral vein

to form the Straight Sinus.with great cerebral vein.

3. QHORRRARID @R GEDsinus: formed

by the union of the great cerebral vein and the

inferior sagittal sinus, and usually drains into the left

tr an Svers e sinu S .bmiws to sigmotd Thew to LwtcrwnLjuguLar veln.




The Dura Mater and Dural Sinuses

Superior
sagittal sinus

Falx cerebri

Straight

e _Tentorium

| Cerebelli

Crista galli of the
ethmoid bone

——Falx cerebelli
Pituitary gland ’

(a) Midsagittal view




Supenior sagittal sinus

Absorption the CSF from
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Meninges and Diploic Veins
Coronal Dissection

Supernior sagittal sinus
S
Acachnoid granulation

Dura mater two layers)
Epidural space (potential)

Diploic veins

Frontal and panetal tnbutanes
of superficial temporal vei

Emissary vein .
k4 ; Fcachnoid
Frontal and parietal ’ YN O % Subarschnold

branches of superficial N

Granular foveola Pia mater

(indentation of

skull by arachnoid
granulation)
“enous lacuna
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Deep and superficial
middle cerebral veins

Inferior sagittal sinus Middle meningeal artery and vein

Thalamostnate, supenor choroidal and intemal Deep middle and superficial
cerebral veins and choroid plexus of Iateral P. . upert
temporal artenes and veins

Cerebral vein penetrates subdural space to enter sinus




The Paired Sinuses Rt and Lt

1. The spheno-parietal sinus: drains into the cavernous
sinus.

2. The cavernous sinuses: drains into the superior and
inferior sinuses.

3. The superior petrosal sinuses: extends from the cavernous
sinus to the junction of the transverse and sigmoid sinus.

4. The inferior petrosal sinuses: drains the cavernous sinus
into the sigmoid sinus.

5. The transverse (lateral) sinuses: drains into the sigmoid
sinus.

&. The sigmoid sinuses: a continuation of the transverse sinus
at the superior petrosal sinuses and drains into the internal

jugular vein.




Hypophysis (pituitary gland)
Dptic nerve (1)

. . l‘
Falx cerebn (cut
Supenor ophthalmic vein

Intemal carotid artery

Intercavemous (circular) sinus Oculomotor nerve (1)

Superficial middle » Y. ¥ Sphenoparietal sinus
cerebral vein (cut) ‘ Trochlear nerve (IV)

: / Ophthalmic nerve (V1)
Maxillary nerve (\V2)

Trigeminal ganglion

Cavemous sinus

Basilar venous plexus

sMandibular nerve (\V3)

Middle meningeal artery

Superior petrosal sinus Abducens nerve (M)

Infenor gnmsal sinus

Tentonal artery

Petrosal vein

Facial nerve (M),
nervus imemedius
and vestibulocochlear

Tentonum cerebelli

Inferior cerebral nerve (VI
vein (cut) Gl X
. . ossopharyngeal (I
Inferior sagital and vagus (0 nerves
sinus (cut)

Sigmoid sint ontinuation
of of transverse sinus)
Jugular foramen

Transverse sinus

Straight sinus
I

Confluence of sinuse

Aecessory nerve (X1)
Hypoglossal nerve (XII)

—
Ead

Great cerebral vein (of Galen)

Sugerior saamal sinus ‘cut}




Superior sagittal sinus

Superior
cerebral veins

Straight
sinus

nfluens stnus.

Transverse
sinus

Occipital
sinus




The Cavernous Sinuses

] Contains within the lateral wall of the cavernous sinus:

1.

2.
3.
4.

The oculomotor nerve.

The trochlear nerve.

The ophthglmic division of the trigeminal nerve.

The maxivflary division of the trigeminal nerve.

(] Contains within the medial wall of the cavernous sinus:

1.

The abducent nerve.

2. The internal carotid artery.

cavernous sinus thrombosis = painful ophthalmoplegia.

Lateral

Medial

Lateral

3

5

V2

- e = —— - > = e o
s
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(CA

L Abducent n.
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Cavermnous Sinus

Cavemous sinus

Oculomotor nerve (1)
Trochlear nerve (I
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Maxillary nerve (V2)
Ophthalmic nerve (V1)

Fbducens nerve (V)

Coronal Section

Hypophysis (pitutary gland)

Optic chiasm

Postenor

Intemal
carotid artery

Nasopharynx
Sphenoidal sinus

communicating artery




The Cerebral Dural Sinuses

Name

Drains to

Inferior sagittal sinus

Straight sinus

Superior sagittal sinus

Typically becomes right transverse sinus or confluence of sinuses

Straight sinus

Typically becomes left transverse sinus or confluence of sinuses

Occipital sinus

Confluence of sinuses

Confluence of sinuses

Right and Left transverse sinuses

Superior sagittal sinus

Sphenoparietal sinuses

Cavernous sinuses

Cavernous sinuses

Superior and inferior petrosal sinuses

Superior petrosal sinus

Transverse sinuses

Transverse sinuses

Sigmoid sinus

Inferior petrosal sinus

Sigmoid sinus

Sigmoid sinuses

Internal jugular vein

The confluence of sinuses is the connecting point of the superior
sagittal, and straight sinuses.




Classification of Stroke

Thrombotic Stroke Embolic Stroke

occlusion of arteries
L/

+ Ischemic Stroke: 85%.
*  Thrombotic.

4

area deprived

of bl area deprived

) of blood

¢ EmbOIiC.Migmtorg thrombus

Fatty plaque or
blood clot
(embolism) breaks

*  Lacunar.

Blood clot (thrombus)
blocks flow of blood

. in brain. away and ﬂoyvs to
© Hemodynamic waternia syndrome ooy
Rupture of blood vessels. Cerebral . i

<+ Hemorrhagic Stroke: 15 %. e

Hemorrhage
Intracerebral and intracerebellar \

hemorrhage .

Subarachnoid hemorrhage ‘

n subarachnoid space.

\f

Break in blood vessel
(aneurysm) in brain.




Antenor cerebral

Anterior communicating
artery

antery
Middle cerebral
anery

Internal carotid
artery

34%

Posterior communicating

Posterior cerebral anery

anery

—T— Basilar artery
)
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11 . Hemorrhagic ! 2% Pe Ischemic

.o Stroke ’/; | Stroke
j( ‘ w Weakesmil:::g )( ;,‘..ﬂ H
Y, rupture. ‘ . .

occlusion

R A Blood clots stop the
Blood leaks?mo flow of blood to an area
brain tissue of the brain

Rupture of large artery cause subarachnoid hemorvhage
If penetrating artery like charcots artery it will cause intracerebral hematoma




CA

Occlusion Internal Carotid Artery

1. The symptoms and signs are those of MCA including

contralateral hemiparesis and hemianesthesia.

2. There 1s/partial or'complete loss of vision on the
same side, but permanent loss is rare (emboli
dislodged from the internal carotid artery reach the

retina through the ophthalmic artery).

Glves retinal artery.




Occlusion of the main Anterior Cerebral Artery

- Contralateral weakness and hyperreflexia in the lower
extremity.

» Contralateral somatosensory loss in the lower
extremity with paresthesia, numbness, and loss of
vibration sensation.

» Urinary incontinence with bilateral infarction.

. Apraxia,ws_g of weotor skills

* Mentality and personality changes.




Occlusion of the main Middle Cerebral Artery |-

Contralateral facial weakness and weakness and loss of
sensation in the upper extremity and face “Contralateral

faciobrachial type hemiplegia and hemihypoesthesia”.

* Loss of sensory discrimination and stereognosis.

* Hemineglect (may occur with either left or right parietal
lesions).

* Conjugate deviation of the eyes to the affected side

* Frontal lobe syndrome.

* ‘Brocca’s expressive aphasia, agraphia.resfuen

* Wernicke “sensory” aphasiarues:

* Contralateral homonymous h%}%&nﬁgpia) damage to the
optic radiation.( |

*  ANOSOZNOSIA. s slossoddobsbinimi




Occlusion of the main Posterior Cerebral Artery -

* Unilateral Lesion of occipital lobe: contralateral
homonymous hemianopia with macular sparing due to
the occipital pole receiving CSIIZteratlhl;fc;gcf Ssuz?)ply from
the middle cerebral artery.

* Bilateral Lesion of occipital lobe: cortical blindness
(pupils are reactive to light).

* Irritation of occipital lobe: Visual hallucination.

* Memory deficit (amnesia).

* Visual agnosia.

Th alamic Syndrome. Contralateral pain hemdi type

contralateral anesthesia
emotional LiabLLitg
DECIrease CONSCLOUSNESS




Vertebrobasilar Artery Occlusion

Damage of trigeminal sensory nucleus

1. Ipsilateral pain and temperature sensory loss of the face and

contralateral pain and temperature sensory loss of the body

2. Attacks of hemianopia or complete cortical blindness.

. ‘Bulbar syndrome. s

Vertigo, nystagmus, nausea, and vomiting
Ipsilateral Horner syndrome

Ipsilateral ataxia and other cerebellar signs

Unilateral or bilateral hemiparesis

© N v kW

. Coma







The Cerebro-Spinal Fluid

Definition: 1t 1s the fluid which circulates 1n the ventricles
and central canal of the CNS and also fills the subarachnoid
space.

Production of the C.S.F.:

* The C.S.F. 1s secreted by the ependymal cells
covering the choroid plexuses of the ventricles,
mainly the lateral ventricles.

* The ependymal cells extract the CSF from the
capillaries and secrete 1t into the cavity of the
ventricles.




Formation of Cerebrospinal Fluid

* CSF is formed mainly 1n the choroid plexuses of the

lateral, 3 & 4th ventricles.

* Some originates from the ependymal cells lining the
ventricles & from the brain substance through the

perivascular spaces.

* The choroid plexuses actively secrete CSF.




Circulation of the Cerebro-Spinal Fluid

The CSF 1n each lateral ventricle — interventricular foramen of
Monro — third ventricle — aqueduct of Sylvius — fourth

ventricle — some fluid enter the central canal of spinal cord but

the majority passes through the 3 foramina (one median of
foramen Magendie to cerebellomedullary cistern of

subarachnoid space & two lateral foramens of Luschka to

pontine cistern of subarachnoid space) — subarachnoid space

were 1t flows over the surface of the brain and spinal cord.




A

Lateral ventricle's

f > | choroid plexuses

Third ventricle's
choroid plexus

3 Fourth ventricle's

choroid plexus

Arterial blood

CSF )
-3 |_ateral ventricles

Through
interventricular
foramina

ﬁ) Third ventricle

Through
cerebral aqueduct

ﬁ) Fourth ventricle

Through
lateral and median
apertures

Subarachnoid space

l

Arachnoid villi of dural
venous sinuses

Venous blood

Heart and lungs




Choroid plexus of lateral
ventricle (phantom) Superior sagittal sinus

Cistern of corpus callosum Subarachnoid space

Arachnoid granulations
Dura mater

Arachnoid

s . -
—_—

Interventricular
foramen (Monro)
Choroid plexus of 3rd ventricle
Cerebral aqueduct (Sylvius)
Lateral aperture (foramen of Luschka)

Choroid plexus of 4th ventricle .
Median aperture

(foramen of Magendie)




Absorption of the Cerebro-Spinal Fluid

o The CSF circulates in the subarachnoid space.

* Absorbed by arachnoid villi and granulations
which absorbs the C.S.F. from the subarachnoid space
into the dural venous sinuses, especially the superior

sagittal sinus to reach the blood stream.




Granular foveola .
#cachnoid Superior sagittal sinus

granulation

Emissary vein

Tributary of
superficial
temporal vein

Calvana
Pencranium

Galea aponeurotica

Skin
Diploic
vein

Pia
-
A
F: Cerebral
9 ‘ artery
= |
= | |
1 b
2 f 1
=y :
N lh ‘ iih
t?:r:i:::en Superior cerebral vein
Dura mater
Subarachnoid space Falx cerebr ———
Acachnoid Epidural space (potential)
chnoi
Subdural space,




Functions of the Cerebro-Spinal Fluid

1. Support and protects the CNS against trauma.

2. It takes the place of the lymph in the CNS which 1s
devoid of lymphatic vessels.

3. Regulation of the intracranial pressure.

4. Removes metabolites and toxics from the central nervous
system.

5. Nourishes the central nervous system.




Characters of the Normal Cerebro-Spinal Fluid

® Appearance: clear watery fluid, 1sotonic.
® Amount: 100- 150 ml.

¢ Replacement: 1t continuously produced and absorbed

at a rate of 400-500 ml daily (it 1s replaced 3 times per
day).

e Pressure: 100-180 mm of water.

 Rate of production: 0,3-0,4 ml/min.
e (Cells: 0-5 WBCs per cubic millimeter.

® Glucose: 60 mg/dl (70% of serum glucose).
® Total protein: 15-45 mg/dl.




Formation of CSF by the Choroid Plexus Epithelium

* Lipid-soluble substances (CO2 and O2) and H20 freely
cross the blood—brain barrier and equilibrate between blood
and CSF.

* Protein and cholesterol are excluded from the CSF because
of their large molecular size.

* Other substances are transported by carriers in the choroid
plexus epithelium.

* They may be secreted from blood into the CSF or absorbed
from the CSF 1nto blood.




CSF Sampling

e To analyse the constituents of the CSF:
> Meningitis
> Malignant disease
> Multiple sclerosis and other neurological diseases
e To remove CSF to reduce intracranial pressure:
> For Surgical access

o Pseudotumor cerebri




Hydrocephalus

e Definition: Distension of the ventricular system
(Ventriculomegaly) due to inadequate passage of CSF
from 1ts point of production to the point of
absorption”.

e 3 causes:

1. Choroid plexus papilloma: Rarely over-secretion of
CSF.

2. Can be from Obstruction to flow of CSF from the
ventricles into the subarachnoid Space (Obstructive)

o Masses 1n ventricles or adjacent brain.
Developmental membranes or stenosis of aqueduct.

3. Can be from failure of absorption (Communicating)

o Failure of the absorbing mechanism usually after a
change 1n CSF contents e.g. acutely after Meningitis
or SAH, Chronically also. Cryptogenic, congenital







Raised CSF Pressure & Papilledema

The optic nerves are surrounded by
sheaths derived from the pia mater,

arachnoid mater, and dura mater.

A rise of CSF pressure will compress
the thin walls of the retinal vein.

This will result in congestion of the
retinal vein, bulging forward of the
optic disc, and edema of the optic dis
)papilledema).

Persistent papilledema leads to optic
atrophy and blindness.

Signs of Raised ICP

Normal

Papilledema

Papilledema
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