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. Cerebral blood flow (CBF) :is the blood supply to the
e —— —
brain in a given time. @sain (oeapht —s V- 3 Kilo.

> In an adult ‘s typlcalll/min
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: 1@ 1 of blood per il 00 g\of brain tissue per min.
. s e (Ischema results if blood flow to the brain below 18-
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23 mlper 100 g per min, andtiSsue death becurs if
,441\9‘"*& , flow decreased below 8-10 ml per 100 g per minute.
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Cerebral Blood Flow

@  The adult brain weight is about 1300 — 1500

of Total Body Weight).

@ Consumes:

v “15-20% 02” of the total cardiac output.

v é@ slucose of ool

@ Able to respond to variations in demand.




& N 2§ oL Fls ag

Brain Autoregulation
»e ww’ijﬁ:‘t\()rla\fn 1s very sensitive to over and under perfusion.
< Cerebral autoregulation refers to the physiological
mechanisms that nwfl(wv_g; an appropriate level
during changes in blood pressure.

J Physiological Mechanisms of Autoregulation:
*  Myogenic/Arterial blood pressure.

ACo>2 — vase di\adron

+ Chemical; o g SOO) B s st
v Arterial partial pressure of carbon dioxide “PaCO2”.
V4 Arterial partial pressure of oxygen “PaO2”.

*  Metabolic regulation. e il 50 SO W

*  Neurogenic regulation. NP S Bt
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Factors Aftecting Cerebral Blood Flow
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Myogenic / Arterial Blood Pressure
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Arterioles dilate or constrict in response to changes in
e —

BP and ICP in order to maintain a constant CBF.
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Cerebral blood flow is “auto-regulated” extremely
well between arterial pressure limits of 60 and 140
mmHg.

Thus, hypotension can result in severe cerebral
ischemia & hypertension can result in stroke or
rupture.
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Arterial Blood Pressure &

¥

Cerebral Perfusion Pressure (CPP)

CPP =MAP - ICP

MAP = Mean Arterial Pressure

ICP = Intra Cerebral Pressure

ICP — can be measured directly.

—

MAP: pushes blood into the brain.

Intracranial Pressure (ICP).

w3 o e (S
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MAP = Diastolic pressure + 1/3 Pulse g)ressure

Pulse pressure = Systolic BP — Diastolic BP.

Eg. BP =140/80, MAP =

80

+20 =100 mmHg

Ho_go-r_éo
\[3X6o = 2=

An autoregulatory plateau between mean arterial
pressures of 60 and 150 mmHg
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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.

Normal intracranial pressure is 10 mmHg.



Chemical Autoregulation
Elevation of PaCQ2, leads to vasodilatation “High ICP”.

Depression of PaCO2, leads to vasoconstriction.
- T — ~ ~——

Elevation of Pa02, leads to vasoconstriction
“Hyperventilation used for management of brain oedema”.

Depression of PaO2, “Hypoxia™: leads to vasodilatation
“High ICP”.

-

Normal blood vessel Vasodilation
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Arterial Blood Pressure Autoregulation

Baseline CBF:

50-54

ml/100g/min

|eadd v T schemic  changes

Critical 1sc@m;c_%;hgd 20 —25 ml/100g/min

below lower limit of autoregulation

Watershed zones are particularly vulnerable

Severe Hypertension:

Damage to blood brain barrier.

Risk of cerebral oedema and acute hypertensive

encephalomalacia due to vasodilation.



Neurogenic Autoregulation

@ Neurogenic Autoregulation:
0 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
felease TS5

capillaries and the choroid plexus epithelium.
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Blood-Brain Barrier

Can Pass Cannot Pass
G.lu.cose (via transport proteins) Large m(-)le.cu.les ex.
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Functions of the Blood—Brain Barrier

Noll 2P a5 @ L
It maintains a constant environment for neurons

in the CNS and protects the brain from endogenous or

exogenous toxins.

. Gefan /‘L”@?\WW’&;@\CM%L@
It prevents the escape of neurotransmitters from

their functional sites in the CNS into the general

circulation.

Drugs penetrate the blood.



Development of BBB

@® Premature infants with hyperbilirubinemia,
in cW\dree 4 B deadl Yo Fundice 3014 AR B3\ ene RBR.

free bilirubin pass BBB, and may stain basal

nuclei causing damage (Kernicterus).
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Blood Supply of the Brain

Brain blood supply formed ©f two main systems

(arteries):
aefid( SS9 e
Internal carotid system: Right & Left internal
2o -3 7 A L St

carotid arteries (ICA).

post-  Epsten .
Vertebro-basilar system Right & Left
20 ~3o7 A Rya)n

vertebral arteries (VA). de, Rosy Sultun,
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I. The Internal Carotid Artery (ICA)

fno Rranch nthe neck-

Orlgll:a ] f},nf?f 12/4 the neck of terminal branches of the
@a‘t Bifurcation), at the level of the upper border of
the thyroid cartilage (opposite the disc between C: & Ca)
Function: the ICA supplies structures in the orbit and a
large part of the brain (70- 80% of the brain blood
supply).
Each ICA enters the skull through the carotid
foramen.

It gives No branches at the neck.

———



Left middle meningeal anery

Fostecior cerebral anery

Maddie cerebral anesy
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Branches of the Internal Carotid Artery
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Anterior choroidal artery.

S || medial Ryq nola.

Anterior cerebral artery (ACA).
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Mlddle “cerebral artery (MCA).

M%m\ Cyael..



1. Ophthalmic Artery

By Branch ot 1Ch

Ophthalmic artery which enters the orbit through the

optic canal with the optic nerve.
cealf and do1sal part-A dhe nose.

Supply the eye, orbit contents & gives central retinal

e ==

artery.

Also supply the frontal sinuses, part of frontal area of

scalp and dorsal part of nose.

Its occlusion results in|Ipsilateral Blindness.
WV centrml pegipg \ A/er,&,




Arteries and Veins of Orbit and Eyelids
Superior View

Supratrochlear artery
Medial palpebral artery

Dorsal nasal artery
Lateral palpebral artery
Aotenor meningeal artery

Lacrimal gland

Supraorbital artery

‘ ’ - Zygomatic branches
’ L -
h 5 . ¢ of lacrimal artery

Fatenior ethmoidal artery

Posterior ethmoidal artery
Continuation of
ophthalmic artery

Muscular branch of
ophthalmic artery

Muscular branch
of lacimal artery

—
.

\
- g Posterior ciliary artenies
ey N ’

Lacrimal artery

Central artery of retina

Ophthalmic artery —

Intemal carotid artery } i O
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2. Posterior Communicating Artery

] The posterior communicating artery joints the ICA with

the corresponding posterior cerebral artery to establish
the circle of Willis.

/1t supplies:

. Optic tract and chiasma.

*  Part of diencephalon.
. Walls of third ventricle.

. A common site o

T ””’\ . .
med sy Sy oms— & e i

walipevy’s sy e

9’([9(441 +f6v

—_—

——

2. p-om B

& Pon

{\‘"‘3\/9 Pos . cert bail J.
L&R\ﬂﬁ‘ cerelein A
¢ In At A
&.
5 chQ®
L@—’(—) WLP‘ fost sl 4-
B+ VR £ Vv.A
rebal  Bleod sy ppl.



Arteries of Brain
Inferior View

Aotenor communicating artery

Medial orbitofrontal artery

Aoterior cerebral artery

. Recurmrent artery (of Heubner)
Intemal carotid

Circle of Willis (broken line)

Middle cerebral artery Posterior communicating artery

Lateral orbitofrontal artery Posterior cerebral artery

Ascending frontal

(candelabra) artery’ Supenor cerebellar artery

Medial and Iateral Pontine artenes

lenticulostnate artenes

Aotenior choroidal artery

Intemal acoustic B Q
(abyrinthine) b - ]

’ é: v “ertebral artery
cerebellar artery ’ Feterior spinal artery

Aatenior inferior

Posterior inferior

cerebellar artery
Postenor spinal artery




3. Anterior Choroidal Artery

gid bwEnclh
1 Origin: from the ICA just before origin of the anterior &

middle cerebral arteries.
VVM'\‘/] —@vxmc-\’\;f @koocl 5\4@4‘? J:{ CW{(QC\J (?\LYU() =/£ 10/7\L ‘///@! E/J

W}dlmc—\(ov V:E g VeNYitla
|| It supplies: -

. Choroid plexus-of the lateral and third ventricles.

Optic tract and optic chiasma.

e

Hippocampus, tail of caudate nucleus, amygdaloid
nucleus, globus pallidus and crus cerebri.
e  Lateral geniculate body.

*  Posterior limb of internal capsule.



Arteries of Brain [Continued]
Inferior View

Aotenor
communicating Recument artery (of Heubner)

Aaterior cerebral artery

Posterior
communicating
antery

£aterior choroidal artery

Postenor cerebral artery

Middle cerebral artery

Optic tract

Lateral geniculate body

Postenior Iateral
choroidal artery

Cerebral peduncle

Choroid plexus of

Posterior medial Iateral ventricle

choroidal artery

Meadial geniculate body Lateral ventricle

Pulvinar of thalamus




4. Anterior Cerebral Artery (ACA)

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

|Branches of the ACA

Cortical branches.

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).

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

Jf/ Strs ke Q’),./z-’ﬁd «—
Heubner). s

n ow&/ ((mh

N.B.: The ACA supplies motor and sensory areas of the leg
and foot “paracentral lobule”, ¢ < ama e/ arenl Gorkon

AC‘\' — Suferis (qler o
- ot limb.
poyor and rensory « mch = Benssny and  awder’]
aren ol fax , wppe limb Aunk



Arteries of Brain
Inferior View

Aatenior communicating arteny

Medial orbitofrontal artery

Recurmrent 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

Medial and Iateral Pontine artenes

lenticulostnate artenes

Aotenior choroidal artery

Intemal acoustic B Q
(abyrinthine) b - ]

’ é: v “ertebral artery
cerebellar artery ’ Feterior spinal artery

Aatenior inferior

Posterior inferior

cerebellar artery
Postenor spinal artery




Arteries of Brain
Medial View
Aaterior medial frontal branch of callosomarginal artery
hiddle medial frontal branch of callosomarginal artery

Postenor medial frontal branch of callosomarginal
Paracentral artery
Cingular branches

=

Precuneal antery

‘ - Pericallosal artery
A . Parietooccipital

artery

Frontopolar artery

Right
antenor
cerebral
antery

Calcanng
artery

Medial orbitofrontal artery ". /3 Posterior pericallosal artery

Aatenior communicating artery
Recumrent artery

Posterior temporal artery

Right posterior cerebral antery

Right intemal carotid artery

Postenor communicating artery Aaterior temporal artery




5. Middle Cerebral Artery (MCA)

+* The lateral branch as the

branches of ICA.

7 he 2 terminal

mdiad swleas N P

« It pass laterally in the stem of the lateral sulcus.

s¢ It turns backwards and upwards in the posterior ramus of
the lateral sulcus.

¢ Finally it divides into:
- Cortical branches. st

- Central branches. %<y



Arteries of Brain
Inferior View

Aaterior communicating artery

Medial orbitofrontal artery

Faterior cerebral artery
Intemal carotid

Mddle cerebral arte:

Lateral orbitofrontal artery

Recurmrent artery (of Heubner)

Circle of Willis (broken line)

Posterior communicating artery

Posterior cerebral artery

Ascending frontal

(candelabra) artery’ Superior cerebellar artery

Medial and Iateral Pontine artenes

lenticulostnate artenes

Aotenior choroidal artery

Intemal acoustic B Q
(abyrinthine) b - ]

’ é: v “ertebral artery
cerebellar artery ’ Feterior spinal artery

Aatenior inferior

Posterior inferior

cerebellar artery
Postenor spinal artery




Arteries of Brain

Lateral View

Aotenor panetal (postcentral) artery Postenior panetal artery

Central (Rolandic) artery
Precentral (pre-Rolandic) artery

Fecending frontal
(candelabra) artery

Terminal
branches

of antenor of posterio

Lateral
orbitofrontal

artery
Right anterior cerebral arte

Aaterior communicating artery

Left antenor cerebral artery

Ladt intarnal carctid 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 insula.
Most of the lateral surface of cerebral hemisphere

Suferd laten |

. The upper part (superior inch): supplied by the
ACA.
inbesd Jerporal .
. 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 areas.
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2.Central Branches: are many branches called striate

arteries:

Shotk

a. Medial striate arteries: supply:

Posterior part of lentiform nucleus.

Body of caudate nucleus.

The most of the internal capsule (posterior limb,
genu, and posterior part of anterior limb).

) : :
b. Lateral striate arteries: supply:  ;b.o o foobmcial Sy p

A
!

. . hem) Eleary,
Corpus striatum (lentiform & caudate). ....°"%.

AR il vrsr Haan owe

Most of the internal capsule. -

B e M I

One of these arteries is large and is liable to
hemorrhage it 1s called the artery of cerebral

Pin- \eadl do guplum
hemorrhage (Charcot's artery). = "5 i 50 oo
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Arteries of Brain
Frontal Section

Falx cerebn

Callosomarginal arteries
(branches of anterior

. cerebral arteries)
Pericallosal arteries (branches
of anterior cerebral arteries)

Corpus strigtum (caudate and lentiform nuclei)

Medial and Iateral lenticulostriate artery

Trunk of corpus

Insula (island of Reil
corpus callosum

Limen of insula [ /N
‘7 ]

Precentral (pre- J’ "l
Rolandic), central /3¢
(Rolandic) and o
parnietal arteries "f \

Lateral cerebral 9

(Sylvian) sulcus Y

Intemal capsule

Septum pellucidum

Rostrum of corpus callosum

Aotenior cerebral artenes

N

Temporal arteries Recumrent artery (of Heubner)

Temporal lobe Aaterior communicating artery

Mddle cerebral artery Optic chiasm

Intermnal carotid artery




I1. The Vertebrobasilar System

A. Vertebral Artery
Origin: each vertebral artery arises from the first part of

subclavian artery.
Supplies structures of the brain (20- 30% of the brain

blood supply).

Course: J
asSCen
From subclavian artery — then passes upwards through the

transverse foramina of the upper 6 cervical vertebrae —

an S evie

foramen magnum — they pemw@d medially in

n Ao,

front of the medulla oblon ata — at the lower border of

pons twc Vral arteries unite to form the single
Basilar Artery. o/ 2y P cerebml 4.




Subclavian Artery
Right Anterior Dissection

Thyroid gland

Intemal jugular vein

Fecending cervical antery.

sympathetic ganglion
Phrenic nerve
Acaterior scalene muscle

Inferior thyroid artery.

ar / - : - . . :
M o o B O—F— — Common carotid arteny
L \e—

Transverse cervical artery

Costocervical trunk

Thyrocervical trunk

Subclavian vein




Vertahral artery

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

Costocervical trunk

Supreme intercostal
atery

1st posterior
intercostal
antery

2nd posterior 2 j
intercostal
atery

Scapula ;

External carotid artery

Internal carotid artery
Ascending cervical artery
Inferior thyroid artery

Transverse cervical artery

Common oarotid artery
Thyrocervical trunk
Suprascapulat artery

Subclavian artery

(1st part medial to,

2nd part posterior to,
31d part lateral to
anterior scalene muscle)

Internal thoracic artery




Branches of the Vertebral Artery

The meningeal branches: arnd supply the
(bone and dura ; the posterior cranial fossa.
r o~———

Posterior sEinal arteries: may arise from the

posterior inferior cerebellar artery.
'\f

Anterior spinal artery: it unites with the other one

to form the one@lterior spinal artery. )

Medullary branches: supply the ventral part of
——= e ——

medulla oblongata.

Posterior inferior cerebellar artery.
e 0

_s ank @Xéééjmﬁﬂﬂ;% p oCClusive Vnthe
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Posterior Inferior Cerebellar Arter (@

The largest branch of vertebral artery.

It supplies the:

Posterior part of inferior surface of cerebellum.
e

Posterlolateral part of medulla oblongata

oee————T

Choroid glexus f 4th ventricle:

Occlusion of this artery leads tq lateral medullary

_swne (Wallenber’s syndrome). (q/
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Arteries of Brain
Inferior View

Aotenior communicating artery

Medial orbitofrontal artery

Fotenior cerebral artery

" Recurmrent artery (of Heubner)
Intemal carotid

Circle of Willis (broken line)

Middle cerebral artery Posterior communicating artery

Lateral orbitofrontal artery Posterior cerebral artery

Ascending frontal

(candelabra) artery’ Supenor cerebellar artery

Medial and Iateral Pontine artenes

lenticulostnate artenes
Aotenior choroidal artery
Basilar artery

Intemal acoustic B Q
(abyrinthine) b S

§ B ‘ertebral artery
cerebellar artery Peterior spinal artery

-

Aatenior inferior

Posterior inferior

cerebellar artery
— Postenor spinal artery




>v1”~ Basilar Artery

\r éav
—

Origin: at the lower border 0 the union of the

two vertebral arteries.

f
[t ascends along 4- infront of the pons.

Termination: at th€Cupper border of the pon? by

dividing into two terminal branches #posterior
ﬁ—’ —

cerebral arteries).
P

It lies medial to the abducent and oculomotor nerves.
—_—

[




Branches of the Basilar artery
Arch

Anterior inferior cerebellar artery: supplies the

anterior part of inferior surface of th
———

Internal auditory (labyrinthine) artery: it arises

either from basilar or anterior inferior cerebellar arteries.
Supplies the inner ear.
Pontine (paramedian) branches: are small branches
/
to supply the pons.
Superior cerebellar artery: the oculomotor nerve

— — : :
separates it from the posterior cerebral artery. Supplies
the superior surface of cerebell 1

peduncle, pons and midbrain.
fitm ne pUNLL e anurt crpn. P> lp & SUE

3l
7Posterior cerebral artery: terminal branches. @
e
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Arteries of Brain
Inferior View

Aotenior communicating artery

Medial orbitofrontal artery

Fotenior cerebral artery

" Recurmrent artery (of Heubner)
Intemal carotid

Circle of Willis (broken line)

Middle cerebral artery Posterior communicating artery

N
sterior cerebral artery

%;rior cerebellar ane;?’

Lateral orbitofrontal artery

Ascending frontal
(candelabra) artery’

Mdial and Iateral
lenticulostnate artenies

Aotenior choroidal artery

Intemal acoustic N Q
(abynnthine) : < o)

v

> "

Fotenor inferior
cerebellar artery

<)

Aotenor spinal artery

Posterior inferior

cerebellar artery
Postenor spinal artery




Posterior Cerebral Artery (PCA)

(i ]

Itist larges}/and terminal branches of the basilar

artery at the upper border of the pons.

It 1s separated from the superior cerebellar artery by

the oculomotor nerve.

Connects with the 1psilateral ICA by the posterior
communicating artery. |- &0 e Cucle o el




Arteries of Brain
Inferior View

Aaterior communicating artery

Medial orbitofrontal artery

Fotenior cerebral artery

X Recurmrent artery (of Heubner)
Intemal carotid

Circle of Willis (broken line)

Middle cerebral artery Posterior communicating artery

Lateral orbitofrontal artery Posterior cerebral artery

Ascending frontal

(candelabra) artery’ Supenor cerebellar artery

Mdial and Iateral
lenticulostnate artenies

Pontine arteries
Aotenior choroidal artery
Intemal acoustic N Q
(abynnthine) : < o)

> "

Fotenor inferior
cerebellar artery

<)

Aotenor spinal artery

Posterior inferior

cerebellar artery
Postenor spinal artery




Branches of Posterior Cerebral Arteries

Iz Cortical Branches: ¢y dong (ed bo tondpuloren) hemiprr
oy Y\ nelu lay Sff’l/qivl]

. Inferiolateral part of temporal lobe.

. Occigital lobe “Visual cortex”.

2. Central Branches:

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

midbrain, and pineal body.

3. Posterior Choroidal Arteries: visual coticnl ¢ pey <=

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

o ddle IN csls pwitala ) Z



Arteries of Brain
Medial View
Aaterior medial frontal branch of callosomarginal artery
hiddle medial frontal branch of callosomarginal artery

Postenor medial frontal branch of callosomarginal
Paracentral artery
Cingular branches

=

Precuneal antery

‘ - Pericallosal artery
A . Parietooccipital

artery

Frontopolar artery

Right
antenor
cerebral
antery

Calcarine
artery

f‘» £ Posterior pericallosal artery

Medial orbitofrontal artery
Aatenior communicating artery
Recument artery (of

Posterior temporal artery

Right intemal carotid artery Right posterior cerebral artery

Postenor communicating artery Aaterior temporal artery




Arteries of Brain [Continued]
Inferior View

Acterior
communicating Recurmrent artery (of Heubner)
artery

Aatenor cerebral antery

Posterior
communicating
artery

Fatenior choroidal artery

Postenior cerebral artery

Lateral geniculate body

Posterior lateral
choroidal artery

Cerebral peduncle

Choroid plexus of
Posterior medial Iateral ventricle
choroidal artery
NGRS oo s body Lateral ventricle
Pulvinar of thalamus




The

single A-

cupfly bt A

artery of Percheron

iIsar tomical variation

in the brain vascularization in which a single arterial

trunk arises from t

—_

supply both sides of

the thalamus and midbrain. bi)Yerq) ifarctive tnFhqlugg

/g@ﬁ fuches A 7 $LICY



Anatomy with artery
Normal anatomy of Percheron

_ Artery
of Percheron

Pons

J

Basilar artery —



; Lateral view
Coronal section through left cerebral hemisphere

us Lateral
ik ventricle

= Middle carebral
artery

OGS SOOI T v

. Central branches of

Pulamen
capsule campus pallidus :,‘m;;'o'c d”' Poslerior cerebiral
i {anefy '

Medlal view

Imernal







Circle Of Willis

Definition: it 1s an arterial anastomoses between the
A% Swsten
vertebral and internal carotid arteries of both sides).

It lies in the interpeduncular fossa at the base of the
TN — —

brain
Function:

Direct blood to other branches in cases of occlusion.

- =

Connect carotid system with vertebrobasilar system.



Circle Of Willis
Llepy

Anterior communicating artery.

Right & left of ACA.

Right & left ICA.

Right & left posterior communicating arteries.
Right & left PCA.

Basilar artery.



Clircle of Willis - Vessels Dissected Out
Inferior View
Aaterior communicating artery

Perforating artenes

Aotenor cerebral artery

Hypothalamic artery
Ophthalmic artery

Recument artery (of Heubner)

. Superior hypophyseal artery

Intemnal carotid artery.

hiddle cerebral artery

Postenior communicating artery

Infenior hypophyseal artery

. Aatenor choroidal artery
Posterior cerebral artery

Superior cerebellar artery Aaotenior thalamostnate artery

Posterior thalamostnate artery

Long and short pontine arteries
Basilar artery
Intemal acoustic (abynnthine) artery

Aatenor inferior cerebellar artery

‘ertebral artery




The Important Anastomoses Between the
Cerebral Arteries

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 maxillaﬂ/ arteries.
b. Anastomoses between the meningeal branches of the
internal carotid artery with middle meningeal
" branch of maxillary artery.




Venous Drainage

)
6_{}‘@,(\1\0\ .
A. Superficial cerebral veins: laceration of these

| §”)

vessels results in subdural hemorrhagg

(hematoma).
B. Deep cerebral veins.
C. Dural Cerebral Sinuses. cx/ sqfesir Sxgite
gt S T mE-
e o aetes
*:‘A':;de"”\ ¢ The veins of the brain have no muscular tissue in

+ .
theif thin Tayer.)
%oézfq\w AVEN COV\M( Vo | 3“’%&1

° No valves. o Ctania
——



Cerebral Veins

1 Superior cerebral veins: drain into the superior
sagittal sinus.

2 eins: drain into the and
ransverse sinuse

3. Middle cerebral veins:
(——J\_/\/

a. Superficial middle cerebral veins: drain into

the cavernous sinus:

b. Deep middle cerebral veins: drain into basal

vein — the straight sinus.,




- Superior anastomotic
vein

Superior sagittal sinus

Superior cerebral veins

o 2 _? / Inferior anastomotic
hid vein

Superficial middle cerebral vein



\af o A
4. Basal veins (vein of Rosenthal): by union
Deep middle cerebral vein.

Anterior cerebral vein.

Striate veins.

of three veins:

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

5. TheInternal Cerebral Veins: formed by the union of

Thalamostriate vein

Choroid vein.

The two internal cerebral veins form the |

sreat cerebral vein

which drains into the straight sinus.

é 2 Basql
2 wterng)




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
/‘
cerebral

"
N

Basal vein

Great cerebral
vein of Galen



6. Great cerebral vein ( vein of Galen): g

- Is the main vein of the medial surface of C.H.

- Formed by union of thMerebral veins.

- The great cerebral vein unites with the inferior sagittal
sinus to form the straight sinus.

- It receives alen the twe haeal veipe

/ A _.‘ N\ Thalamostriate
| vein
B :

\ (vena teminalis)
\

f [ \
£ A
1
~ )
> 2
G i
N
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
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The Cerebral Dural Sinuses

The dural venous sinuses (also called dural sinuses,

cerebral sinuses, or cranial sinuses) are venous blood filled

space found between two layers of dura mater in the brain.

They receive m superficial and deep veins of the

brain.

2L ANE

'fvl,,z,;‘/U'f’”’} = e
They receive @from the subarachnoid space (by the

apslpion 2 g
chnoid granulation and villi).
The dural sinuses finally connected with the internal jugular
— .

velin. Yo e £ aﬁ(wQ

—_—
There are at leasf three single and\six paired dural sinuses.




The Single Venous Sinuses
W AL rvd Ve

. The supegi}z;ggtal sinus: usually terminates in the

right transverse sinus.

- The inferior sagittal sinus: joins the great cerebral vein

K%‘/&v\ carebrg) ven.

to form the straight sinus.
—_— 2

. The straight sinus “tentorial or rectus sinus”: usually

drains into the leyt@w“.



The Dura Mater and Dural Sinuses

B T Superior
. T sagittal sinus

Falx cerebri

Straight o \
i | ) ' "}, j""‘ Tentorium
Crista galli of the || Cerebelli
ethmoid bone

L_Falx cerebelli

Pituitary gland

ol If

Y,

(a) Midsagittal view




The Paired Sinuses

The@o—parietal sinus: drains into t

sinus.

Thecavernous si : drains into the superior and

inferior; sinuses.
L' fer\r.oSaL\~ .

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

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

The transverse (lateral) sinuses: drains into the sigmoid

sinus.
2. The sigmoid sinuses: drains into the internal jugular vein.



Hypophysis (pituitary gland)
Optic nerve (I1)

PLILES T 1O

Falx cerebn (cut
Supenor ophthalmic vein
Intercavemous (circular) sinus

Superficial middle
cerebral vein (cut)

Intemnal carotid artery

Oculomotor nerve (111

Sphenoparietal sinus

Trochlear nerve (IV)

Ophthalmic nerve (V1)

Maxillary nerve (\V2)
Trigeminal ganglion

Cavemous sinus

Basilar venous plexus

Mandibular nerve (V3)

hiddle meningeal artery
Foducens nerve (M)

Petrosal vein

Supernior petrosal sinus

Infenor mrosal sinus

Tentonal artery

Facial nerve (M),
nervus intermedius
and vestibulocochlear
nerve (VI

Tentonum cerebelli

Infenior cerebral

wvein (cut)
i f Glossopharyngeal (IX)
Inferior sagtal
sinus (cut) and vagus () nerves

Sigmoid si Ortinuatio
of of transverse sinus)
Jugular foramen

. e
Accessory nerve ()
=" Hypoglossal nerve (XII)

Superior sagittal sinus (cut) Great cerebral vein (of Galen)

Transverse sinus

Straight sinus
T —
Confluence of sinuse




Superior sagittal sinus

Superior
cerebral veins

straiohe- € N80 1! SN
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The Cavernous Sinuses

Contains within the lateral wall of the cavernous sinus:
The oculomotor nerve.
The trochlear nerve.
The ophthalmic division of the trigeminal nerve.
The maxillary division of the trigeminal nerve.
Contains within the medial wall of the cavernous sinus:
The abducent nerve.

The internal carotid artery.

L cavevn ow 3-\4% '



Cavernous Sinus

Coronal Section
Hypophysis (pituitary gland)
Cavemous sinus, Optic chiasm

Oculomotor nerve (1)
Trochlear nerve (I

Intemal
carotid artery

Maxillary nerve (V2)

Ophthalmic nerve Postenior

Nasopharynx communicating arte
#Fbducens nerve (V1) Sphenoidal sinus sl




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 Left4ransverse sinuses

Sphenoparietal sinuses

Cavernous sinuses

Cavernous sinuses

Superior and inferior petrosal sinuses

Superior petrosal sinus

Transverse sinuses

Transverse sinuses

Sigmoid sinus

Inferior petrosal sinus

W sinus

Sigmoid sinuses

Internal jugular vein

Superior sagittal sinus

The confluence of sinuses 1s the connecting point of the superior sagittal

sinus, straight sinus and transverse sinus.




Blood Supply of the Spinal Cord

Anterior (ventral) spinal artery.

Posterior spinal arteries (right and left).

Radicular arteries.



Blood Supply

Arise from the:

of the Spinal Cord

Vertebral Arteries: a branch of the subclavian
2 An)- Jsin A"'%Q‘W‘-qul( go(m S{ﬂvlt_ And J‘f'\n-\ R

artery. GGives rise to

the anterior spinal artery

» and

may give rise tg the posterior spinal artery.

Segmental “Radicular” Arteries.



Arteries of Brain
Inferior View

Aotenior communicating artery

Medial orbitofrontal artery

Fotenior cerebral artery

" Recurmrent artery (of Heubner)
Intemal carotid

Circle of Willis (broken line)

Middle cerebral artery Posterior communicating artery

Lateral orbitofrontal artery Posterior cerebral artery

Ascending frontal

(candelabra) artery’ Supenor cerebellar artery

Medial and Iateral Pontine artenes

lenticulostnate artenes

Aotenior choroidal artery

Intemal acoustic B Q
(abyrinthine) b - ]

§ B ‘vertebral artery
cerebellar artery ‘ ’ Feterior spinal artery

Aatenior inferior

Posterior inferior

cerebellar artery
Postenor spinal artery




Posterior spinal artery

Peripheral

. y Central
Anterior spinal artery



1. Anterior Spinal Artery

Formed inside the cranial cavity by the unjon of right
& left anterior spinal arteries arising from the right and
left vertebral arteries.

It descends infront of the anterior median fissure of the
i1 e one o Ane o1 in wctludedh leadlto  medial meda\lu ry-

szm(nww E.K *.

spinal cord.
4.

i L anierior letera 22

the anterior two-third of the spinal cord
(anterior and lateral columns, anterior and lateral
e ——————————— ——— o

horn cells).
101N CELS
Supplies the pyramid, medial lemniscus, and

om Yhe veridonl A and Qa3 3o

hypoglossal nucleus in the medulla . s - metiat frisws saery
/ - lateral 242 J£ SC.

The anterior spinal artery is the longest artery in the

e G Ve ﬁf\“\- Sfino\\ B. =D occluded |catlto ;- Anterior
bOdy. \ esrel SDAA!QW\.



2. Posterior Spinal Arteries

gL veryentl N 25l B .
QICA AN
L raze

Two Bosterlor spinal arteries (Right & Left).

Each artery arises inside the cranial cavity from

: Yarel, .
vertebral artery and may be arises fro arely
—L ——

= S
Supply posterior one third of the spinal cord (Posterior

horns and posterior Qlumns)

V\\(C\C\ Uﬂ PQ&'\‘ hava <o \\.
Supply the Gracile and Cuneate nuclei in the medulla.

_» A((»&.-f»ybrr verkepl B arwl 94{)/? — fo.sr)- )2

L
A
may e arise Pan }gA



Posterior spinal
artery territory
Posterior spinal arteries Spinal

arterial
plexus

Anterior spinal :;;;Z?Of
artery territory o



B. Segmental Arteries
¥ s

. Ank. P
C’Mw\.. Wit Hw‘r-_s(snu\ A L. communicate Wit post. spivml A
. Arise from the aorta, vertebral arteries, and common

iliac arteries as medullary arteries “Radicular

arteries”, which anastomose with the anterior and

posterior spinal arteries.
. One large “great rWry (artery of

o gg@mkie@. Its origin varies from T12 to L4, and it

T usually arises on the left side.




Posterior inferior
cerebellar artery (PICA)
Basilar artery

. . Posterior spinal arteries
Anterior spinal artery

Cervical radicular artery
Right vertebral artery

Anterior spinal artery
Left vertebral artery

Posterior spinal arteries
Aorta

Thoracic radicular artery

Great radicular artery of Anterior spinal artery

Adamkiewicz

Ascending sacral artery



Arteries of Spinal Cord - Intrinsic Distribution

Right posterior spinal artery.

Perpheral branches from pial plexus

Sulcal (central) branches
to right side of spinal cond

Suleal (central) branches
to left side of spinal cord

Right anterior radicular artery: Left posterior spinal artery

Zone supplied by penetrating

X ’ branches from pial plexus
Pial artenal plexus

Zone supplied by central branches
Zone supplied by both
central branches and
branches from pial plexus

|Right posterior radicular artery

Aoterior spinal artery

Left posterior radicular artery

Left antenor radicular artery




Classification of Stroke

e do occlundv

Thrombotic Stroke Embolic Stroke
" @ Stroke: 85%. TN Dy
—_— -

Thrombotic. —> Athensclepsis &4

neatt
Embolic. —= cwo!-o oY avderid> arierial emy/\
Lacunar Blood clot (thrombus) 7 imdﬂm “
{ ?rl‘o;ka?nﬂow of blood (embolismabreaks
Hemodynamic. \ | o
blocks an artery.
o(u\l-\'v P Jure

area of bleeding

uprn & e Intrace ral and —
Lt or e cerebellar —

hemorrhage 10%.
Subarachnoid hemorrhage 5%.

<8 troke: 15 %. Cerebral
— Hemorrhage \ j

( l Break in blood vessel
g9 (aneurysm) in brain.

G due Yo Nﬁumd‘f— Giatapine of Arlery
n the “bavachnsid sface -



Antenor cerebral %municatﬁg
artery ‘ artery

Interal carotid
artery

34%

: Y
' municall
Posterior cerebral arvery

anery
ooy >

o)




= Stroke

{ FX /‘ " Hemorrhagic | ' ‘/‘ B Ischemic
i —_— Stroke

blood vessels

)( N w Weakened/diseased

Blood clots stop the
flow of blood to an area
of the brain

Blood leaks into
brain tissue

M el hematoma—, supkure nti pentratisy Ccemtral- coria\D A -



Internal Carotid Artery Occlusion

The symptoms signs are those of MCA including

cL ovea bness )
contralaterahe miparesis and hemianesthesia.

2. There is partial or comggeloss of vision on the

but permanent loss is rare (emboli

dislodged from the internal carotid artery reach the

retina through the ophthalmic artery).



Occlusion of the main Anterior Cerebral Artery

£
vz

Contralateral|jweakness and hyperreflexia in the lower
domenant inthe LL e~ ~§ J‘Umﬁvw Jl

extremity. . pa
e e ‘-O “

Contralateral Somatosensory loss in the lower

extremity with paresthesia, numbness, and loss of
vibration sensation.

Urinary incontinence with bilateral infarction.

. > loss o v skills--
Apraxig. > "

M‘gl_t_a_l_l_i_ty and personality changes.
L daé)v\&ss%b n- T



Occlusion of the main Middl rebral Artery

. Contralateral facial weakness and weakness and loss of

sensation in the upper extremity and face “Contralateral |
in Ahe face and UL

Cfaciobrachial type hemiplegia and hemihypoesthesia”.

. Loss of sensory discrimination and stereognosis.

. o oo’ Heminegleet (may occur with either Wal
£ lesions).

. Conjugate deviation of the eyes to the affected side

. Frontal lobe syndrome.

8 veko 1 . . . . " .
* % ,— Broca’s expressive aphasia, agraphia— <%, ¢35
wses> s 2 s —Wernicke “sens()ry” gphasia. ghoa Pphasia — wacas  oemicrs Apun.

[P T s

* o Contralateral homonymous hemianopia (damage to the
optic radiation).
. Anosognosia.

LI\ AE) it a0\ P 380 r G
L P I



Occlusion of the maig PosteriOECerebral Artery
Jasyev- A i

Unilateral Lesion of occipital lobe: contralateral
middl. & gost e\ A. Lol

homonymous hemianopia with macular sgaring due to
the occipital pole receiving collateral blood supply from
the middle cerebral artery.

ilateral Lesion of occipital Iobe: cortical blindness

_ . _ Nl occtusic n Al Reddlad B s
(pupils are reactive to light). e wnwm - - ore

Irritation of occipital lobe: Visual hallucination.
Memory deficit (amnesia).
Visual agnosia.

Thalamic syndrome.

L" CL Arasthesia o fain, Yemp.
cL \pss oA deef sensabivw
oL hemipain



b

Vertebrobasilar Artery Occlusion

dne \e d‘"“"-{"‘i A!Scc.d.’ﬁJ

. ‘ as ot medullayy -yndrovu,- SPinal nuckspd L‘:g,f':..&;.}
Ipsilateral|pain and temperature sensory loss of the face and

r Ctud=  Youchh+ ProPeci@ i

contralateral] pain and temperature sensory loss of the body

Zedt e B SR S

L. dw damye A %_#:memuu. of depered on the fhe x\a,ukrow.._
. . oY " . .
Attacks of hemianopia or complete cortical blindness—5=*

m‘dlh} m&‘w\\n{; lat- mdmqua
y J
Bulbar syndrome. s op frdos  lessd dis
+ froyeiex pAi-, Ptivy, Yemp,
Vertigo, nystagmus, nausea, and vomiting R

Ipsilateral Horner syndrome
Ipsilateral ataxia and other cerebellar signs
Unilateral or bilateral hemiparesis

Coma



Anterior Spinal Artery Occlusion

] Lesion of the anterior part of the SC.

[ Total loss of motor function on both

Level
S | of injury

sides below the level of lesion.

] Loss of pain and temperature

sensations on both sides below the
level of lesion.

1 Dysfunction of sphincter tone.

Loss of movement, pain

and temperature

] Deep sensation “proprioception” is
Still able to feel position,
vibration, and touch

preserved.




Dorsal Fasciculus gracilis
(posterior)
column

Lateral
corticospinal
tract

Lateral
spinothalamic
tract




M2 Superior
Division

M2 inferior ‘
Division

Po:chmn

Aﬂoryof f’é .\"‘ 7

Perforator

i’b Artery of Heubner

't‘ Lateral Lenticulostriate

Artery

(/s Anterior Choriodal




The Cerebro-Spinal Fluid

Qmw,}wj 1 Yhe wepicala s 5-0&3:&»\ Lo Hh
o o ».QYACMY}O\'CJ Spac: _
Definition: it 1s the fluid which circulates in the ventricles

and central canal of the CNS and also fills the subarachnoid
space.

Production of the C.S.F.:

Tho. 1S secreted by the ependymal cells covering
the choroid pf'w xuses of the ventricles, mainly the
Q and Z_)Z[ venmiricle.o/ A¥W =0 ¢=1 g5
The ependymal cells extract the(CSF| from the
capillaries and secrete it into the cﬂity of the

ventricles. arterint Blood s
then 4, Ve nowy blpocl-




Formation of Cerebrospinal Fluid

/

CSF is formed mainly in the choroid plexuses of the

lateral, 3rd & 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

ar there ]ndiﬂeck- conriec i e e 6&-/\3 4V So 4 C.S?
A cerebnl heml's ghe ~ lér\/’t("“ ')-/W

Th@n each la?éﬁral ventricle — 1nt§rvgnmgular foramen of
e < s

@’\ ' Fra\wms i;o/f' &RJXM\W\L EE\N.MM" favivg A

A’ # Lo
Monro —> third ventricle =% aqueduct of Sy1V1us > fourtheenss
L envity z Siencephubon. G cavitryy A musencephulan  Tmid brai n) L“M___/):m\:(:

ventricle — sqme fluid enter the central canal of spinal cord but
Y _9 sbarachumid. sp14,
the majofity passes through the 3 foramina (one median of

Ci\\Y iy n,
foramen Magendle to cerebellome ﬁ’i‘la?}? Cistern of 0

subarachnoid space & two lateral foramens of Lusch%
e _—_

pontine cistern of subarachnoid space) — subarmmize
were 1t flows over the surface of the brain and spinal coch

LA e el OLA(A Vinou s e Fhen i\ e gbsovibed )7

1*‘“""‘\: Lﬁa\‘_\u/ vein .S; M) ‘]’l"l- G{AC‘/‘N\'CI L/l\\\) E}ﬁnm adson
an penV




Lateral ventricle's
choroid plexuses

> Third ventricle's
choroid plexus

3 Fourth ventricle's
choroid plexus

Arterial blood
A

CSF .
3 | ateral ventricles

Through
interventricular
foramina

ﬂ) Third ventricle

Through
cerebral aqueduct

A 4
ﬁ) Fourth ventricle

Through
lateral and median
apertures

\J

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

Dura mater

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

Lateral aperture (foramen of Luschka)

Choroid plexus of 4th ventricle .
horold plaxus of 4ty veniric Median aperture

(foramen of Magendie)

Arachnoid granulations



Absorption of the Cerebro-Spinal Fluid

- Trculates in the subarachnoid space.

* Absorbed by arachneidvilli-and-granulations which

absorbs the C.S.F. from the subarachnoid space into
Ces I\

the dural venous sinuses, lally the superior

sagittal sinus to reach the blood stream.
— e —

e e




Emissary vein

Superior sagittal sinus

granulation

Granular foveola
Calvana

superficial

Trbutary of

Galea aponeurotica

temporal vein

AN Y

Skin

Superior cerebral vein

Dura mater
Epidural space (potential)

Cerebral
hemisphere

Subarachnoid space

Falx cerebn

Acachnoid




Functions of the Cerebro-Spinal Fluid

-

-

slte
1. Support and protects the CNS again

2. It takes the place of the lymph in the CNS which i1s

devoid of lymphatic vessels.

3. Regulation of the intracranial pressure.

4. Removes metabolites and toxics from the central nervous

system.

6 @ ¢ central nervous system.



Characters of the Normal Cerebro-Splnal Fluid

a@w (D sl |umVer f\mu\-v\m_ ) Qn_.{;,

perigitis. o5 A8l 5 015 P i
Appearance: clear watery fluid, isotonic.
B

Amount: |100- 150 ml.

Replacement: it continuously produced and absorbed

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

Pressure: 100-180 mm of water.

Rate of production: A

Cells: 0-5 WBCs per cubic millimeter.

™ main \ m(’hﬁ Ye.

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 into blood.

clear CSE./ar 5o po disekion mRRC / pal o krauwadic Bised Bloeel Lo . 1P Us o

Clve ) & CSE ) SsS s Sub amthnoid Lleedli



CSF Sampling

@ To@nalyse the constituents of the CSF:
@ Cre =0 oy
O Meningitis
©  Malignant disease

G - . MS , ] :
/2l o) Multiple sglerosm and other neurological diseases
o\\ab Clenal band % sy e i A - TN

@® Toremove CSF to reduce mtracranl al pressure:

O For Surglcal access
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Hydrocephalus

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

@ 3 causes:

. 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)
0 Failure of the absorbing mechanism usually after a

change in 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, SigllS of
arachnoid mater, and dura mater. |

Papil

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 di:
(papilledema).

Persistent papilledema leads to optic
atrophy and blindness.
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